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FOREWORD. 

The volume which is here presented to the scientific world contains the results of 

the most extensive piece of geodetic work attempted by any nation, a geodetic triangu

lation across the continent and the resulting arc of the parallel. Thi~ work has been 
conducted with the greatest care, and many improvements in the means of observation· 

have marked its progress. 

In presenting this complete record of a great undertaking, carried through by a 

bureau of the Treasury Department, the executive officers of the Department feel that 

it will prove"a contribution to the science of the world worthvof the United States. 

L. J. GAGE, SccrdmJ'. 

TREASURY DEPARTMENT, llfay, I900. 
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INTRODUCTION. 

The. completion of the measure of an arc of the parallel across the Continent of 
North America marks an epoch not only in the scientific history of the United States 
but in the world's geodesy as well. The results of the work, not only to geography but 
to geodesy, are most important and far-reaching. In the present volume are brought 
together not only the observations themselves and a discussion of the results, but also a 
description of the instruments and methoc1s employed, and the improvements which have 
been brought about in the progress of the work. This progress has been coincident with 
that of the science of geodesy itself and, in a measure, the work has been a history of the 
science. 

The transcontinental triangulation, which was designed to connect the triangula
tion lines already executed on the Atlantic and on the Pacific coasts, began under my 
predecessor, Professor Benjamin Peirce, the third Superintendent of the Survey, and 
the work has been prosecuted under the succeeding superintendents-Patterson, Hilgard, 
Thorn. Mendenhall, and Duffield. 

Soon after the close of the Civil \Var it became evident that greater extension must 
be given to geodetic operations, in order to keep pace with the material development of 
our country. It was at that time that Superintendent Peirce asked Congress for $15 ooo 
to begin a triangulation connecting the Atlantic and the Pacific coasts. He characterized 
the sum as ''small in amount but of inestimable importance.'' So favorably was the 
project received in Congress that the necessary legislation was immediately enacted. 
The appropriations increased with each succeeding year until 1~74 1 when $50 ooo were 
allotted to the work. 

During the next decade no· specific amounts were set aside for this enterprise, but 
the work was carried on in connection with the general triangulation. Congress always 
authorized the expenditure of certain parts of the great items of appropriations for this 
particular ·purpose. The original idea was steadily kept in view, however, and in 1883 

it again found fqrmal expression in the sundry civil bill, by the appropriation of $30 ooo 
for "transcontinental geodetic work." From this date to the completion of the general 
field work, regular annual appropriations were made. The total cost, from 1871 to 

18732-No. 4--2 17 



18 UNITED ST:'\.TES COAST AND GEODETIC SURVEY. 

1897, exclusive of salaries of officers, was approximately $500 ooo, giving an average 
expenditure of about $20 ooo yearly. 

The cost per mile of progress was least in Maryland and Delaware, being $103, 

and greatest in California, where it was $463. The average expense of occupying one 
station was $598 in the former case and $9 031 in latter. The cost per square mile of 
territory, strangely enough, however, is greatest in a flat country, where short lines 
are necessary. The work in Indiana and Illinois cost $11 per square mile, where the . 
avernge cost per point 1'YaS $1 725, while that in Colorado cost about $2, where the cost 
of occupying each station was $6 r3r. 

The immediate results are these: Sixteen States are given fundamental and per
manent points on which all their subsequent surveys may be based. The longest arc of 
a parallel ever undertaken by any single governmt:nt ha_s been completed, and valuable 
material has been supplied for a more exact determination of the earth's size and shape. 
Precision in scientific work has been substantially increased during the period mentioned, 
and improvement in the field methods has been marked in the base measures, in t]1e 
triangulation, and in the astronomical determinations. In fact, the progress of this 
work has kept pace with the progress of geodesy. Since the inception of the work, and 
growing- out of its prosecution, great strides have been made in point of rapidity an~l 
accuracy. New methods have been introduced, consequent upon the gigantic scale of 
the operations. Astronomical results obtained at an altitude of q. ooo feet require 
special treatment on account of changed conditions in attractive and centrift~gal forces. 
Horizontal angles, if the stations are extremely elevated, are sensibly different from 
what they·wouldbe at the level of the seil. The ordinary formula for spherical excess 
must be extended to meet the demands of the great triangles from Pikes Peak to .the 
Sierra Nevada. The laws of refraction applicable at lower and equal elevations require 
modification when great inequalities exist in the heights of stations. The calculation 
of geographical positions enters a new phase when lines of sight 182 miles long are to be 
dealt with. · The adjustment of the triangulation-that refined operation by means of 
which incongruous observations are made to blend harmoniously according to the mathe
matical theory of probabilities-assumes greater significance in a chain of 2 600. miles of 
continuous geometrical figures. The nature of the country traversed has developed new· 
ideas in signals and tripods. The mounting of a!1 instrument 152 feet above the ground, 
and the erection of an observing pole ~o a height of 27 5 feet, are featur~s hitherto 
unknown in similar work. For the first time corrections have been introduced for the 
variations of latitude. The present volume, therefore, marks an epoch in the a1mals of 
the Coast" and Geodetic Survey, and the completion of this great arc may be fittingly 
called one of the historic events in the progress of geodesy. 

· The method of treatment and the general results may be briefly stated as follows: 
Each base net was first adjusted separately. This gave, at intervals along the arc, cer
tain lines whose lengths depend more directly upon measurement, and which were 
regarded as absolute. The triangulation intervening between any. two adjacent figures 
thus established was treated by the method of least squares, so as to reconcile discrep
a11cies between the fixed values and those resulting from the angular measurements 
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connecting them. The operation thus far gave a connected homogeneous system of 

figures throughout, and opened the way for the final computation of the individual 
geographical positions. · 

In order to determine standard data to which the entire arc should refer, a first 
preliminary reduction was made. This gave provisio:Q.al values, which were afterwards 
corrected so that the average discrepancies between the computed positions and those 
determined by astronomical observations should be as small as possible. 

Latitude was observed at 109 stations, azimuth at 7 3, anci longitude at 37. The 
average local deflection, irrespective of sign, in the plane of the meridian, from 51 lati
tude comparisons, was about ::i"·4, and those in the prime vertical may be assumed, in 
general, to be of equal magnitude. After rejecting values ·which were clearly inadmis
sible on account of local configuration, the following corrections were made to the posi
tions first adopted: In latitude - 0"·64 and in longitude + 0'"37. No change was 
reqnii;-ed in the pt;ovisional azimuth. 

'l'he discrepancies between the positions deduced through triangulation and those 
determined astronomically may result from deflections of the plumb line or from the· 
fact that the geometrical figures are developed on a spheroid whose dini.ensions are dif
ferent from those of the actual earth. Moreover, the deflections may be local, as when 
caused b); mountains, valleys, etc., or they may extend over great areas, where a change 
of density in the earth's crm;t is the underlying cause. As far as the present measures. 
go, the curvature of the North American Continent along the 39th parallel seems to be· 
intermediate between that of the Bessel and the Clarke spheroids .. The accuracy of this 
deduction is evident from the fact that the probable error of the measured length of the 
total arc (+ 2::i4 kilometres) is only 26 metres, whereas the difference between the arc 
of a parallel in latitude 39° on the Clarke and on the Bessel spheroids is 6r5 metres. 

It would be well-nigh impossible to give credit, in exact proportion to the service 
rendered, to all persons who have contributed to the accomplishment of this task. Pre
eminent on the list stands the name of C. A. Schott, who has been in active service in 
this Bureau for more than fifty years. He has had charge of all the computations, and 
the present report on the work stands substantialiy as it came from his hands. Assist
ance in the computations was given, principally, by M. H. Doolittle, E. H. Courtenay, 
D. L. Hazard, and J. F. Hayford.· The volume was edited by E. D. Preston, assist.eel 

by A. F. Belitz. . 
Prominent among the officers who had charge of the field operations, and who are 

here arranged in the order of linear distance covered by their trigonometrical operations, 
appear the following: \V. Eimbeck, F. D. Granger, A. T. Mosman, G. A. Fairfield, 
F. \V. Perkins, G. Davidson, and 0. H. Tittmann. 

The following table is believed to contain the names in alphabetic order of all the 
officers in the regular service· who took part in the operations. The year in which the 
observations were made and the character of the work executed by each officer are also 

shown: 
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The present addition to the literature of geodesy will ever remain of value, and will 
doubtless take its place among the epoch-making contributions to the subject. 

Although the influence of this arc in the determination of the earth's figure is one 
of its cardinal virtues, the work ~ill exercise its full power and accomplish its complete 
purpose only when combined with an arc now being measured on the ninety-eighth 
meridian, and which will ultimately traverse Mexico, the Uni~ed States, and the British 
possessions. When this great counterpart of the triangulation along the thirty-ninth 
parallel shall have been measured, and the results of the two have been combined, 
we shall be in possession of sufficient data to de.fine a surface of the country which, in 
the present state of exact.measurements, may b~ considered a finality. 

HENRY s. PRlTCHETT, 

Supo-i11 tnzdent. 
UNITED STATES COAST AND GEODETIC SURVEY, 

Superin.tmdent's Office, Apn'l, I900. 



PRELIMINARY STATEMENT. 

I. LOCATION, SCOPE, AND PURPOSE OF THE TRANSCONTINENTAL TRIANGULATION, 

WITH HIS'.!-'.ORICAL NOTES AS TO rrs INCEPTION AND PROGRESS. 

This transcontinental .triangulation· and measure of an arc of the parallel extends 
from Cape May, New Jersey, on the Atlantic coast, in longitude 74° 55'·8, to Point 
Arena, California, on the Pacific coast, in longitude 123° 41; '8. The intervening 
distance is about 4 225 kilometres, or 2 625 statute miles, corresponding to 48° 46'·0 of 
longitude. · 

Its terminal points are near Cape May and Point Arena light-houses, which are in 
latitudes 38° 55'·9 and 38° 57'·3. respectively. 

'the desirability and necessity of uniting the main triangulations along the eastern 
·and western coasts of the lTtiited States must have impressed itself upon the minds of 
those engaged in the work. It was recognized that such a connecting bond was 
demanded in order that these separate parts might be made to depend upon the same 
geodetic and astronomic data. By this means only could the unity and consistency of' 
the work of the Survey be secured; besides, it was apparent that any proposed surveys 
of States lying in the path of the connection or adjacent thereto could at once be based 
upon the same standard data, thus securing uniformity and accuracy for the whole 
work. An operation of this character could not well be undertaken by separate State· 
action, since it would involve too many contingencies respecting uniformity of treatment 
and of timely cooperation. Its execution was therefore properly intrusted to the Coast 
and Geodetic Survey as one of its functions. · 

Besides its immediate practical benefit of providing a· tier of interior States with a 
nucleus of systematic triangulation at once available for the extension of surveys over 
adjacent areas and furnishing geographic positions within these extended limits, the 
measure has a much higher value from a scientific standpoint. It is a considerable 
contribution toward those data of which geodesy must ·avail itself for the more ·exact 
determination of the earth's shape and size. For thi~ and kindred measures an addi
tional stimulus was given in 1889, when the United States became a member of the 
International Geodetic Association for the measurement of arcs and for the special duty 
of investigating the geoid or deformed physical surface of th~ earth as co.ntrasted with 
that of a mathematically defined figure. 

The initial step toward the accomplishment of the measure was taken by Superin
tendent Benjamin Peirce. Under date of February 7. r871, he asks, in his annual report 
to Congress for the year 1870 (page 7), for a specific appropriation for this object. 
On page 4 of that report we find, "A new item is proposed in the estimates, small 

. in amount, but of inestimable . importance to the scientific accomplishment of the 
Survey." . Speaking of the geodetic connection between the Atlantic and Pacific coasts, 

2.' 
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he remarks: "It will give to the National Government and incidentally to the several 
States the best possible basis for all accurate surveys which may hereafter be required.'' 
Ground was broken in July, 1871, in the vicinity of St. Louis, Missouri, by laying out 
a triangulation extending to the eastward and westward of that city and providing for 
a base line and astronomic measures. It was also evident that part of the operations 
already carried out by the Survey-in central California during nearly twt:nty years could 
be utilized or incorporated into the arc measure; likewise at its eastern encl it was 
expected that some part of the very much older triangulation ·with its astronomic 
measures would be included. 

Since the year 1871 the work has been continued under the several superintendents. 
Although the annual accretions.were small, owing to the meager appropriations _allotted, 
it can be said that at the close of the year 1896 the measure of horizontal angles of the 
triangulation was completed. The last of the base lines was measured in 1897, but 
the determination 9f heights of the Rocky Mountain stations yet demanded certain 
measures of zenith distances and spirit levels, which were ·supplied in 1898. In .the same 
year the last of the astronomic longitude determinations was made. The reduction of 
the observations· and the preliminary computation of positions were kept abreast with 
the field work, but some unavoidable delay in the final adjustment and preparation for 
the press occurred in consequence of the late supply of the height measures required for 
reducing two of the principal base lines to the sea level. . . 

The accompanying map A (in pocket), on a scale of .,.-111,-3·-;nru, has been specially 
designed to give at a glance a general view of the location and comparative extent of 
the triangulation connecting our east and west coasts. It exhibits by contrast of color 
the base nets and the intervening chains of triangulation, and by their variation in width 
it indicates the dependence of the size of the triangles on the hypsometric features of 
the country. On map B (in pocket) is shown, by means of the simple conventional signs 
adopted on the Survey, the number and d_istribution of the astronomic stations whether 
for longitudt:, latitude, or azimuth. 

In connection with the measure of this arc of the parallel it may not be out of 
place here to direct attention to the report of the Geodetic Conference of January and 
February, 1894, convened by Superintendent T. C. Mendenhall. (Appendix No. 9, 
Coast and Geodetic Survey Report for 1893, Part II, specially pp. 360-363.~ Reference 
will be found therein to other arcs measured either by the United States Lake Survey 
or by the Coast and Geodetic Survey. The measures of the great meridional arc in 
longitude 98 ° west of Greenwiclt were commenced in 1897. * This proposed arc may be 
considered· as complementary to the arc of the parallel, one giving a measure of the 
curvature in a north and south direction, the other in an east and west direction, thus 
affording within the limits of the country the means for determining an osculating 
spheroid closely approximating to the curvature of the earth's surface. The first half 
of the current year (1898) also saw the completion of the measures, geodetic and astro
nomic, of the great oblique arc stretching from Calais, Maine, at the Canadian boundary 
to west base, Dauphin Isla~d. Alabama, on the Gulf of Mexico, thence to New Orleans, 
Louisiana, a length of 23° 31', or 2 612 kilometres or r 623 statute miles. 

* Reconnaisance ,vas made in the tJrect:ding year. 
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2. SUBDIVISIONS OF THE CHAIN OF TRIANGULA'riON AND THEIR DISTINGUISHING 

' CHARACTERISTICS. 

The contrast in the physical features aloqg the arc of the thirty-ni~1th parallel is so 
well pronounced as conveniently to mark out for general description three.subdivisions, 
which moreover demand, in part at least, different mathematical treatment in the reduc
tion of the observations. These subdivisions are designated the western, the central, 
and the eastern sections. 

The wt·stcnz. section is characterized by the great altitudes of its stations and the 
unusually large size of its triangles, many of the sides being. over I 60 kilometres, or 
roo statute miles in length. The triangulation crosses the Coast Range, the Sierra 
Nevada, the \Vasatch Range, and the main ridge of the Rocky Mountains, with many 
of its statiomi more than 3 kilometres, or nearly 2 statute miles, above the level of the 
ocean. The total linear developmerit between Point A.reua on the coast and Big Springs 
off the ·eastern flank of Pikes Peak, Colorado (as projected on the parallel of 39°) is 
nearly 1 685 kilometres, or 1 047 statutt: miles. 

The central section, which ex.tends from Big Springs, Colorado, eastward as far as 
·St. Louis, Missouri, over a distance of about 1 217 kilometres, or 756 statute miles 

(measured on the parallel of 39°), partakes of the very opposite character from its 
neighbor with respect to width of development or average length of sides. The latter 
is but 27·3 kilometres, or 1]"0. statute miles, and is therefore a minimum value. This 
feature was imposed upon it by the general flatness of the gre~t plain which lies between 
the eastern slope of the Rocky Mountains and the Mississippi River, descending very 
gradually from about r 800 metres (5 900 feet nearly) to about 135 metres, or 443 feet, 
above the sea level. As a rule the theodolite was mounted on tripods or scaffolds in 
order to overcome the earth's curva tnre and keep the line of sight sufficiently elevated 
above the ground. . 

The third or eastern section differs from the others by its small but diversified 
hypsometric . feattires being composed of plains,· low hills, and mountain ranges. 
V.There the triangulation traverses the Alleghenies altitudes exceeding r 300 metres, or 
4 265 feet. are met. The section crosses the Chesapeake and Delaware bays, terminating 
at the capes of the latter. Its total (referred) length is about 1 3:?J kilometres, or 822 .. 

statute miles. 
The triangulation across the cpuntry possesse::? great internal rigidity by reason of 

its composition throughout. Either quadrilaterals or central figures such as polygons 
fonned by combination of triangles compose the scheme, while its length is supported 
by 10 base lines suitably distributed. 

3. GJ~NERAL STATEMENT IN REGARD TO THE ASTRONOMIC "MEASURES. 

Respecting the astronomic measures there are 109 stations directly connected with 
the triangulation at which the latitudes were determined almost cxdusive(l1 k11 Talcott's
method. These observations fall between the years 1846 and 189S. Eight latitudes 
depend on other than Coast and Geodetic Survey authority. Astronvmical azimuths 
were obtained at 73 of the trigonometric stations between the years 1849 and 1897. A 
variety of methods, suitable to the circumstances at the time, were employed in this 
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work. On account of local deflections of the vertical, which are present to a greater or 
less amount at all stations, the value of an arc of the parallel depends, crrteris pm ibus, 
largely upon the number of subdivisions or component arcs which together make up its 
whole longitudinal amplitude. Ther~ are 37 astronomic longitude stations not very 
unevenly distributed over the arc, though rather crowded in some places. They were 
determined by means of the electric telegraph, and are either part of or depend directly 
upon the general telegraphic longitude system of the United States. An account of 
this system is contained in the annual report of the Survey for 1897. Appet1dix No. 2.* 
The longitudes were determined between the years 1869 and 1898. The stations, in 
consequence of the impracticability of establishing wire connections, are not, as a rule, 
also trigonometric stations in the main series of triangles, but all are geodetically 
connected with the nearest triangulation station. 

*An abstract of this paper appeared in No. 412 (September 14, 1897) of Gould's Astronomic Jourm11. 
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I. UNIT OF LENGTH. BASE LINES. AND BASE· NETS. 

(.A.) INTRODOCTION. 

In this first part of the exposition of the measurement of the arc of the parallel, 
stretching centrally across the country, will be presented a discussion of the unit of 
length upon which its whole extent is devdoped. This is followed by an individual 
account of each base line with its resulting length and probable error, and the adjust
ment of its net of triangles referring the base to a principal side of the triangulation. 
The methods of local and of figure adjustment of angles and sides are here explained. 

(B.) THE UNIT OF LENGTH. 

I. HISTORY OF THE COi\Il\fITTEE :METRE OF 1799· 

The unit of length of the transcontinental triangulation is the metre. Its material 
representative' as used on the Survey from the beginning up to the year 1390 was an 
iron bar standardized at Paris in 1799 by the Committee oi1 ·weights and Measures. 
It was brought to America in ·1805* by F. R. Hassler (afterwards first Superintendent 
of the Coast Survey l and presented by him to the American Philosophical Society of 
Philadelphia, and later placed by the society at the disposal of the Coast Survey. Mr. 
Hassler received it from J. G. Tralles, deputy to the commission from the Helvetic 
Republic. It was made by Lenoir at Paris and is one of 16 rpetres. of w11ich 
twelve were distributed to the foreign commissioners, and bears among other distin
guishing marks that of three dots : · It is an encl metre with cross section 9 by 27 · 5 
millimetres. For an account of its constrnction, the apparatus employed, and method 
adopted for cutting the several metre bars to the desired length, the pt1blications t 
given below will be found to conta~n nearly all that may be of present interest. Its 
use was discontinued after the receipt in November, 1889, by the Government of 
the United States from the lnternatioiial Bureau of \Veights and Measures at Paris 
of three representative platinum-iridium bars of the International or Prototype .Metre. 
Hence part of the triangulation depends for its length 011 the Committee Metre, or 
C. M., part on the International Prototype Metre and part through aLijustment on 
both. Under these circumstances it became imperative to carefully compare these 
standards, which were supposed to be equal, and .. if different, to correct the length of 

* Puh. Doc. No. :?991 H. ,)f Rep&., :?.::d Congress, 1st session, \\'ashington, 183.:?1 p. 6. . 
t Transaction:; American Philosophical S•Jcidy, Philadr~lphia, Vol. II, ntw serieg, No. XII. •· Papi:::rs 011 variou's 

subjects connected with the Sun·ey of the Coast of tht: United ~tat~·s.!' by F. R. Hassler. !\'larch 3, 18..::1..""' (p. ~.: . .:,in par
ticular); United States Coast Sur\'ey Report for the year 18'5j, AtJpendix N•:i. 7 pp. 134-13j; Recherch1.:::; histi-,riqui::s 5-Ur les 
Eta Ions cl<: Poids et Mesures de l'observatoire et les appareils qui ont s.:rvi ales co11&truire. Par M. C. Wolf. Paris, 1882 .. 
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the older base lines depending 1)n the Committee Metre of r799, in order to express 
their length and that of the whole triangulation in terms of the International Proto-
type Metre. · 

In attempting to determine their relative length, two difficulties presented them
selves-one due to the demand of modern science for greater accuracy and better defi
nition than was the case- a century ago, and the other clue to a slight yet perceptible 
deterioration of the encl surfaces of the iron metre by oxidation and by wear. It was 
hoped that the length of this metre could become known with no greater probable error 
than one micron. An error of one-millionth part of the length would produce one of 
4 ·2 metres in the width of the country in latitude 39° and would be a negligible quan
tity in comparison with the inevitable errors introduced through the triangulation. 

2: THE COEFFICIENT OF EXPAN$ION OF THE IRON COMMITTEE METRE, OR "C.M.". 

There is no information of a special determination of the co~fficient of expansion of 
this metre by the committee of r799. The average value for the several metres was 
rr·56 >: ro-6

• Adirect determination made at Newark byF; R: Hassler in rS17* gave 
him o·ooo 006 963 5 for Fahrenheit's scale or the value for the centigrade scale of 
12·534 :< ro-'". This rather large value was supposed due to the method employed, 
which wo\1kl now be characterized as crude. The result was not adopted on the Survey, 
but the committee's value was employed fostead up to about the year rSSr, when an 
elaborate series of observations was made by Assistants C. A. Schott and H. W. Blair 
at the Survey office in connection with the work of standardizing a new 5-metre bar. 
During these observations the C.M. and 5 other metres were immersed in a bath of 
glycerin, the temperature of which, when steady, was found ·by means of standard 
thermometers. The ends of the bars protruded slightly beyond rubber diaphragms 
placed tightly in holes piercing the ends of the trough, which was then brought between 
two Bessel-Repsold screw spirit-level comparators. The range of the temperature of 
the ·glycerin and immersed bars was between 4° and 38°C. (39° and 100° F.). The 
results. from the several series were as follows : 

lSSo, Dec. 23-24 

27-19 
rSS1, Jan. 3-8 

2-3 

4-5 
7~S 

16-17 

Expansion 
for r° F. 

6·576tt l 
6 ·603 

6·613 

6 .508 ) Mean ~5~~ JI . · 

6 ·495 equal to II ·790 ·y, ro-6 for C. scale 
6 ·579 . ± 25 . 

6·474 

Particulars of these operations will be found in Coast and Geodetic Survey Report 
for rSS2, Appendix No. 7 (p .. r24 in particular). 

In 1S8S and 1889, Assistant 0. H. Tittmann made a series of comparisonst for 

* 1'ran:=; . .Atner. Phil. Society, Philadelphia, Vol. I, new series, No. XVI. An account of pyro111etric t:xperitnents 
made at Newark, New Jersey, April, tSr7. By F. R. Hassler. 

t Coast and Geodetic Snn·ey Report for t889, Appendix No. 6: "The relation between the metric standards of length 
of the United States Coast and Geodetic Snn·ey and the United States Lake Survey." By C. A. Schott and 0. H. 
Titt111a1111, Assistants. pp. 17s--197. 
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relative lengths of the United States Lake Survey Repsokl Metre R. M. and the com
mittee metre. These gave in connection with the coefficient of expansion of the 
R. M. (as finally given by Dr. Foerster, viz: 10·654 :< 10-0, by Lake Suryey observa
tions, l0"615 ~< w-6

, and by International Bureau of \V. and M., 10·563 :A 10-6
), 

±II 

the resulting values, in combination with other measures. for coefficient of R. M. 
ro·6o6;..: 10-·•, and for C.M. 11 ·795 >". ro-•, a value practically identical with the 

± 25 
one found in 1880-Sr. A further confirmation of this value was had through the 
direct comparisons of the C. M. with one of the national prototype metres. Mr. L. A .. 
Fischer obtained between July, 1894, and May, 1895, a large number of micrometric 
differences between the length of the C.M. and of the N.P.M. 2r. These observations 
were made in a vault at the office, in which the temperature was varied 21 }6 ° C. 
The optical method was employed, varied by the use of 2 prongs 3 millimeters distant 
on each side of the axis, the bars and thermometers being under glass cover on the com
paring carriage, provided with the necessary adjustments. The details of the process 
being explained farther on, it suffices to state here the resulting differential expansion, 
viz:)'=+ 3·12311. The coefficient of expansion of the N.P.M. 21 was determined 
at Breteuil, viz:.+ S "665 I< ro- 6

, whence the coefficient for the C. l.VI. = r r ·788 Y 10-•. 

Recapitulation of vaiues for coefficient of expansion of the C. M.: 

Ii99 

1SS0-81 

1888-89 

1894-95 

Mean adopted 

II ·56. ·. 10-6 

II "i,90 

JI ·795 
II"jSS 

II "79 I · 10-6 

± 2 

3. THE LENGTH OF THE IRON COl\'IMITTEE METRE, OR '' C.M." 

From the particulars given by F. R. Hassler* respecting the construction of the 
original metres it would appear that the aim of the committee was to secure an accuracy 
in their length which should be trustworthy to within about half a micron. It is 
further stated that the difference ir~ length of the temporarily selected standard and 
metre : · or the C. M. was two ten-millionths part of a toise, the latter being the shorter. 
If. this was correctly understood we would have C.M. = IJll - 0·411 .. 

In 1867 the C.M. was taken to Paris for direct comparison with the standards pre
served there. · A full accoimt of the work done is contained in Coast Survey Report for 
1867. t During these comparison; the respective metres were immersed in melting ice. 
'l'he measures were made by means of the Silbermann comparator with the aid of two 
abutting pieces. The resulting length of the C. M. arrived at makes it too long b)· 
3:36µ, but the first and third series of comparisons show rather a wide difference, and 
considering that so few series of ·comparisons were made we may regard the result as a 
weak one. The actual operation occupied but a few hours of August 2+ 

* Puh. Doc. No. 299. pp. iS and 77. t Rc:port for 1867. App<:ndix No. 7, pp. 134-r37. 

18732-No. 4--3 
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A more satisfactory although indirect comparison was obtained in 1889 * through 
the medium of what is known as the Repsolcl steel metre of the United States Lake Survey, 
R.M., the length of which had been determined at Breteuil, near Paris, in Jamrnry, 
1883. The C.M. being an encl and the R.M. a line metre, Assistant Tittmann 
employed the optical or reflection method for comparing the two bars, which was 
effected at Washington in a cold-storage room and other localities between September, 
1888, and March, 1889. The R.1vl. is otherwise of importance through the fact that the 
length of the Olney base line in Illinois is expressed in terms of it, for which see Report 
upon the Primary Triangulation of the United States Lake S~1rvey, by Lieut. Col. C. B. 
·Comstock. t In a supplement by General Comstock, dated February 28, 1885, the 
length of R. M. is -given provisionally, but very closely, as 1 m + 97·31 µ at the tempera-.. . 

Jt 
ture of melting ice, and for any temperature t (centigrade) there is to be added 10"615!; 
but in the 1889 report, p. 18<?. the preferable value, l0"6o6 Y 10-6

, is deduced for the 
± 25 

coefficient of expansion. From these \Vashington observations we derive 

Jl 
R.M. - C.M. = 8 . .f."28/t - I"1925 (t- II

0 "66) 
±"49 ± 425 

and C.M. =rm - 0·3SJ.1 ±0·70µ 

Between July, 1894, and May, 1895, an extensive series of comparisons before alluden 
to was made at Washington by Mr. L. A. Fischer, of the Weights and Measures Office, 
between the C.M. and one of the new National Prototype Metres known as N.P.M. 21, 
received here in July, 1890. The latter is a platinum-iridium line metre of length 

Jt ft 
lm+2·5µ+s·665t+o·oo1 oot", as standardized at Paris. The comparisonst were 

± ·15 
made in the office comparing vault by means of micrometer microscopes clamped to a steel 
beam as support. The two standards were placed in a glass-covered box or carriage 
and were supported at two points 54 centimetres apart, with Tonnelot thermometers 
placed on their upper surfa~es in contact with them. The carriage rested on i.ron 
rollers and was provided with all necessary adjusting devices. For defining the ends of 
the C.M. the optical method was employed, but as the end surfaces are less perfect in 
the axis of the bar than at a short distance from it, two points 6 millimetres apart were 
placed symmetrically to the axis to admit of their direct and reflected images. Illumi
nation was secured by means of right-angled prisms placed about I centimetre below 
the bar, the light from incandescent lamps being .thus thrown upward. The defining 
lines of the N.P.M. were made visible by throwing the light upon them through 45° 
prisms placed between the two lenses of the objectives of the micro~opes. An observa
tion consisted of. the following operations: r. Reading of thermometers. 2. Paintings 
on C.M. 3. Pointings on N.P.M. 4. Paintings on C.M. 5. Reading of thermom
eters-the whole occupying about 12 minutes, during which time the thermometers 

* u. s. Coast and Geodetic Survey Report for 188<}, Appendix No. 6. "The relations between the metric standards 
of length of the u. S. Coast and Geodetic Survey and the U.S. Lake Survey, by C. A. Schott and 0. H. Tittma1111, 
pp. 179-'97· 

t Professio11al Papers Corps ef Engineers, U. S. A., No. 24, Washington, 1882. 
t Not y~t published. 
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rose about o 0 ·1 C. Following a regular scheme, the bars at different times were placed 
in different positions with respect to the observer and microscopes. The temperature 
of the vault ranged between 2°·7 and 24°·2 C. The· 96 individual observations when 
condensed into 4 groups gave the following conditional equations: 

whence the normal equations 

J.l 
x+ 22· 34Ql' = 69· 71 
X + 7 . 442)' = 2 3 . 7 I 
X + 3. 747)' = I I '68 
X + IO' 55qy = 34. 07 

4·ooox + 44·079y = + 139· 17 
44·079x+ 678·908.Y = + 2136·97 

hence :i- = + 0·3SJ.l, or the difference C. M. - N.P.M. at o° C and _v = + 3 · 1231-1 or the 
differential expansion per degree centigrade. The result is C.M. = w1+2·88J.1 at the 
temperature of melting ice. 

The preceding 4 determinations not being as accordant as desirable, further obser
vations were undertaken al the office by Mr. Fischer and also by Assistants G. R. 
Putnam and A. Braid between January 17 and March 3, 1896. These operations dif
fered from the preceding one by the substitution of the contact piece method for the 
reflection method; otherwise the conditions were the same. Since no publication has 
been made, a somewhat more full description will be given here, taking the same from 
the preface as given by Mr. Fischer.* Two platinum abutting pieces were ri1ade, con
sisting of thin disks about 6' 3 millimetres in diameter with their central areas hollowed 
out in order to produce a ring contact about the axis of the C.M. On the side opposite 
the contact surface there was a ledge, level with the center of the disk, upon the hori
zontal surface of which were drawn two lines parallel to the axis of the bar and a fine 
perpendicular line about o·s millimetre from the plane of the disk for observation; when 
under comparison, the disks· were held by light springs supported by a collar clamped 
about the ends of the C. M. After observation had been made in one position the end 
pieces were taken off and their abutting surfaces placed· in contact and the distance of 
their fiducial lines measured. After this the end pieces were again put on the metre, its 
ends having been reversed. The values of micrometers Nos. 5 and 6 were found by 
measuring the millimetre spaces on N.P.M. 21, which were at its A enci 1008'6/t and 
at its Bend 997·0).1 apart. The value of r turn of micrometer No. 5 is 74·697µ and of 
No. 6, 75·98211 (January rS and 24); differential expansion of the two metre bars 
3·12611 for 1° C.; range of temperature during the comparisons between 0°·72 and 
5°·62 C.; corrections were applied to thermometers Tonnelot Nos. 4333 and 4334 for 
position of zero point, graduation and reduction to hydrogen. scale; distance of lines on 
disks when in contact, 162]' 32p; the outer lines of the N.P. M. having been observed, 
we have the distances 1 to 2 = 499·7 J.t, and 5 to 6 = 493 ·9J.1. 

*After the above had been written, a paper read before the Philosophical Society of Washington 011 May 28, 1898, 
by Mr. I,. A. Fischer, was received. It is entitled "On the comparison of line and end standards'' (see Bulletin Vol. 
Xlll, p. 241, and fol.). The result (that of 1896) is the latest 011 record, and the author thinks it is at least as trust
worthy as that derived from the optical or Fizeau method. 
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No. of series 

Corrected temperature of C.M. 

Corrected temperature of N.P.M. 

Observed micrometric difference of length 

C.M. at o° C. shorter than l m. 

Mean length= wr- 1"3/1 ±0·111. 

Fischer. 

17 

4°·210 

4 ·204 

643 ·07rp 

l ·36 

Putna111. 

9 
4°·218 

4 '23i 

6.p ·692p 

l '55 

S11111-111<11:11 <?f n·sultsji>r h'llgl/1 of C. 11I. hr tows of tile P. ill. 

Yt:ar. Length. 

179<) !Ill - 0 ·411 

1867 +3"4 

1889 -0·4 Indiscriminate mean Im +o·Sp ±0·711. 

!894--9.'i +2"9 

1896 - l ·3 

Braid. 

I2 

2°·656 

2 ·672 

638 ·240}1 

I ·q 

Scanning these results, it would appear that they represent rather irregularities of 
the surfaces about the axis than measures of the true length of the bar. If. so, equal 
weight would attach to them. On the other hand, the value of 1867 rests upon a: very 
meager number ofobservations, on which account less weight< one-half) might be assigned 
to it, whereas somewhat greater weight (two) u1ight be given to the 1896 comparisons by 
reason ,of the great care bestowed upon. the measures and in particular on the determi
nation of the temperature of the bars. Applying these weights we get the length of 
the C.M. at o° C. =rm +0·211. The probable error of the determination being much 

±o"6tt 
larger than the difference in length of the bar from one metre, we may take the C.M. 
to be equal to the prototype standard without any serious error and with a probable 
uncertainty of about three-quarters of a micron. 

(C.) THE LOCAL OR STATION ADJUSTMENT OF HORIZONTAL ANGLE 
AND DIRECTION OBSERVATIONS. 

The abstract of resulting directions from theodolite measures and the adjustment of 
the triangles composing the base nets, together with the computation of the probable 
errors of resulting sides, demand further exposition of the methods employed. 

The great majority of the angular measures were made in series with different 
positions of the circle. These are called direction observations. At three only of the 
base nets do we find some angular measures by means of repeating theodolites. In the 

·latter case the weights introduced will depend on the number of repetitions. The least 
square adjustment to satisfy the conditions among the measured angles generally 
proceeds by the method employing correlate equations.* By addition, tlie adjusted 
angles are referred to an initial direction and the results given in the abstracts are in 
the order in which azimuths are counted (i. e., clockwise). For some of the base nets 

•The process is so well understood as to need 110 further remarks: rderenc~ may be made to T. W. Wrights'. 
Tn:atise 011 the Adjustment of Observatious, New York, r88.\, Chapters IV, V, and Part of VI. · 
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the station abstracts include a column giving rough values of prolpble errors of the 
respective directions, which were not in all cases computed, and had herc::tofore been 
made use of only in one instance-that of "''· ·. 
the:: Yolo Base net, as will be explained l 

further on. 

I. GENERAL DISCUSSION FOR LOCAL ADJUST

MENT OF DIRECTION OBSJ<:RVATIONS.* 

" Let 0 be the station occupied and 
1, 2, 3. . . . . . . the station!? sighted at in 
order of azimuth. Let some one direction, 
as 01, be selected as the zero direction. and 
let .4, B, ...... denote the most probable 
values of the angles which the directions 
of the different signals make with this di
rection." 

In the first series of readings let X, de
note the most probable value of the angle 
between the direction defined by the zero 
of the limb of the instrument and the direc-

"'1 1-----
1 I 
\ I 

. \ I 
I I 
\ -r---r 1 .r.z 
\ ' 
\ I 
\ I 

\ I 
I I 
\I ,, 
1, 
\1 

0-

/ 
/ 
' ' \ 

' \ 
\B 
I 
I 
I 
I 
I 

3 

tion 01. Let 11:!,', 11£,", 111,"', . . . . . . denote the readings of the limb on signals 
I, ·2, ,''\, ...... 

Then for the first series of readings we may write the following observation equa
tions, one for each reading: t 

.\·, - !If,' = "-'.' 
.\·, -t· .-1 - Al," = "-' ," 
.\", + B - 111,"' = v, '" 

Similarly for the second series of readings we may write 
,\'"o - JI/,' = 'i' .' 

.\", + .-1 - 111," = 'i',11 

.Y, + B - 111/" = z•,'" 

and so on, for all the series. 

................... (1) 

The number of observation equations is equal to the number of readings (signal 
sightings) at the station, and is designated by n.. 

The subscript in each case indicates the number of the series, while the superscript 
indicates the signal sighted. 

The unknowns are X,, X
0

, .\~, ••••••• , one for each series, and A, B, C, ...... , one 
for each direction except the initial direction. The total number of unknowns is 
s + d - 1, in which s =number of series and d =number of directions. (or signals 

*See Wright's Treatise on Adjustment of Observations, New York, r884, pp. 315-320. 
t The essential difference between dinction observations and angle obsen·ations, from the point of view of least 

squares, is that with dfre·clio1t observations there is an obsen•ation equation for each 1·eadi11g, while with a11gle observa
tions there is an observation equation for eacl1 augle 111easun:d. 
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sighted upon). Of these unknowns it is important to note that the X's are 110! 

nvuired; they are unknowns introduced by the method of observation. _..,/, B. C. 
. . . . . . are the required unknowns, and the solution is to be put in such form as to 
give only these unknowns and not the X's. 

To insure that only small numerical terms shall occur in the solution, let 

~Y, =ill,'+ x, 
,\'2 = ilI/ + .1"2 

A~ . ..J'+( • ..J) 
B=B' + (B) 

where .!If:, llf.', ...... , the readings upon· the initial direction, are taken as convenient 
approximate values of X,, X

0
, •••••• : and A', B', . . . . . . are ~pproximate values of 

. ..,/, B, ..... . . 
Then the observation equations showri in (I) may be written_ 

.r1 =t'/ 
x, + ( . ./) -111/ 1 = <.•," 
.i-1 + (B} - 111/" = ;:•/" 

x. =v.' l 
.r. + ( ,./) - 111.'' = ''•" . + (B) ,,,_ - ,,, ................. (2) 
-1.2 . - /JI':! - ''2 
.. . . . ... .. . ... 

in which m/' = 111,11 -111,' - . ./' 
111,"' = 111/" -- ill/ - B1 

111/' = llf.'' - ill.' - . ./' 
m/'' = 111.'" - ill.' - B' 

The absolute term in the first equation of each group is necessarily zero ( = 171_' - il/",', 
111.' - 111.'. . .... - ) . . 

Let the weights of the various observations be P,'. p,", ..... , P.'. P.'' . ...... , the 
subscripts and superscripts havii1g the same meanings as before. 

Then the normal equations formed from the observation equations shown in ( 2) are 

[p,]-r., 
[p.]x. I 

+P.''( • ..J)+P.'"(B)+ ........ - · [p,m,]=o j 
+ p~'.''. ~~! + ~~,:~~~). + ·. ·. ·.: ·. · ... ·.- .. -~~~,'.'.·~ ~ ~ r· · · · · · · * ( 3) 

p," .i-, +Po" x. + .... + [P"](A) - [P" m"] =o I 
N"x, +N"x.+.... + ~:.'~?,(~~ ......... - [~'.'~'.'~~'? =~ ... ; ·: .. . (4) 

Since the unknowns x,. x •. x, . ..... are not required, we may eliminate them from 
the full set of normal equations shown in ( 3) and ( 4) by substituting their values as 
derived from the separate equations of (3) in each of the equations of (4). The result 
will be a set of equations, shown in symbolic form in ( s), equal in number to the 
required corrections (A ) , (Bl ...... and from which (A), ( B) ...... may be derived 
directly without resorting to the long set of equations shown in (3) and (4). 

[aa](.4) + [ab](B) + [ac]( ~) ............... - [al] =O l 
[ab](A) + [bb](B) +[be]( l) ............... - [bl] =o 
[ JI ··+[b·](BJ+[··](C) . [/] i·················(S) 
.'~~-~:~~ .. ~ ...... ~'. ... ::::::·::::::::-.Co.=~ 

*'The square bracket [ ] is used as usual to indicate the summation of similar terms. 
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in which (Pl' J0 
( p." l0 

[aa] = [P" ] -: [p.f - [p.] - ......... -... --- - - - -

[bb] = [P'"] - (P/"l" - (P.'"l" -[Px] [P~J ................... . 
(p,")(f,"') (}.")(}."') 

[ab]= - [p,] · - [p.] - .............. . 

( P/' J( p,'"') ( p." JI P.''" J 
[ac] = - · [p,] - [p.] - .............. . 

. ................ (6) 

[p
l/ II] p,11[p,111,] p."[p,1110] 

[al]= .111 - [p,] - [p.] -

[bl] -- [p111 ,,, ] Pl11 [p,m,] p."'[p.111.] 
. Ill - [p,] - [p.] 

The symbols, p, reprer;;enting the relative weights have been used in the preceding 
equations merely to keep the equations in a convenient general form. In actually 
making the local adjustment all observations are given equal weight, and the various 
p• s are all called unity. It is known .that observations upon some signals (which appear 
d\stinct and steady) are more accurate than others (upon signals which appear unsteady 
or indistinct). But the difficulty of properly estimating the relath·e weights, and the 
extra labor of making the computation after they have been introduced, make it advis
able to assign equal weights to all observations. ·The actual computation of the coeffi
cients and absolute terms in (s) is therefore much less laborious than would appear from 
the forms shown ii1 ( 6 ). This computation is also considerably shortened by grouping 
together all series in which every one of the (d> signals were observed, all series in 
which (d - 1) signals were observed, and so on. Within these groups subgroups are 
also arranged comprising series upon the same combination of signals. 

Under equations (5) the following additional check equation [oo]O + [oa] (A)+ 
[ob] (B) + [01] C . .. .. . . .. .. . .. .. .. .. - [ol] = o . . .. . .. ....... · ..... <fl 
may be written. 

This equation is to be used simply to furnish checks. In form it bears the sa111e 
relation to the initial direction 01 that the first of ( 5) bears to the direction 02. Thus 

. ,. (p,')" (P.'l" 
[oo] = (p )- [p,] - [p.f- ...... .. 

[ ] _ (p,') CP,") .CP.' l (P.'') 
. oa - - [p,] [pJ 

[o!] _ _ Pr'[p,1n..J _P.'[P.mJ _ 
- [p,] [p.] ...... .. 

In eq11ations ( 5), as thus augmented by the addition of equation ( 7), the sum of the 
coefficients in t·ad1 vertical column is zi;:ro. For example, in the column containing 
(A) [aa.J + [ab]+ [ac] ......... + [oa] = o. Also the sum of the absolute terms 
[al]+ [bl]+ [cl]+ .... .... + [o!] = o. The sum of the diagonal coefficients [oo] + 
[aa] + [bb] + ....... : = n - s = number of observations - 11umber of series, when 
all the p's are made unity. Also the sum of the coefficients in formula <fl is zero. By 
writing out in detail the literal. equation corresponding to each of these checks it may 
be shown to reduce to an identity in each case. Hence the muuerical checks will be 
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completely satisfied, except for the small effects of omitted decimals. if the computation 
. is free from mistakes. · 

All the observations having been given equal weight the rigorous formula for the 
probable error c of a single observation of a direction is 

.o _ 0·455~v· _ 0·4552.J• · ,. 
t- - ........ (::;) 

No. Obs.-No Independent Unknowns 11 - s- d + 1 · · 

(S) gives a rigorous determination of e if the observations up01i all signals are actually 
of equal accuracy. .If the observations upon different signals are of different degrees of 
accuracy, even though they have been assigned equal weight, ( S .>will furnish an average 
value for c. 

To derive e, the probable error of an adjusted angk. by the rigorous method 
involves so much heavy computation in solving the various weight equations, that one 
is forced to use some approximate formula for computing it. 

Although observations upon different signals (different directions) have been given 
equal weight in the adjustment, it is nevertheless recognized that a difference of 
accuracy exists and that it is desirable that it should be taken into account in computing 
the probable errors. This may be accomplished to a certain extent by making the 
computed probable error for each direction depend upon the residuals from that direction 
only, instead of basing it upon the whole group of residuals. 

\Ve may assume that t,_0
·, the square of the probable error of a single observation 

upon signal x, is to e0
, the square of the probable error of the average single observation, 

as the average .J• upon signal x is to th~ average .:Y at the station, i. e., 

. .:·2 .J' 
c.,.!:' == s_,. x .............. ; .............. (9) 

in which s, is the number of sightings upon signal x and the subscript of the upper :8 
indicates that the summation includes only the .J• 's pertaining to the direction x which 
is being treated. 

If (9 l is solved fort," and the value of t'
0 is substituted from (S">, there is obtained 

0·4552,.J• ll . c/ = . -- ......................... ( 10) 
n-s-d+x~ · 

.(fall siguals are ,>bst·n1cd in e<.•oy series at the ~tation then 11 = sd and s = s,. After 
substituting these values for 11 and s, ( IO) may be written 

" o·,~5c;d~ Li= . c·=. '. ' ........ · .................. (II) 
' (_d-I)(S-1) 

In the usual case· occurring in practice, in which not all t?{ th1: signals are obser<.1t•d in 
ead1 series, 11 < sd and s > s,. and the transformation from <.IO) to ( 11 "J is approximate. 
A detailed comparison of <.IO) and ( 11) indicates that. for the usual case in practice 
( 11) gives values of t':, which are slightly too small. 

Having c,. the· probable error of a single observation upon signal x, the rigorous 
expression for E, the probable error of the adjusted angle between signal x and the 
initial signal, is given by 

e= = t',0 Q ................. · ............. (12) 
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in which Q is the reciprocal of the weight of the adjusted angle and is determined from 
the following weight equations in which the coefficients are identical with those in ( J) 
and (4). 

The weight equations for angle .-1 (second direction) are · 

[p,]q, + f.''QA + P,"'qn + · · · · · · · · · · = o 
+ [p,]q, + P."QA + A"'qs +. · ...... ·. = o 

P.''q, + P,"q, + ...... + [p"] QA ................. - I= 0 
........ ( 13) 

P,"'q,+p,"'q, + .... · · +[P"']qn .......... = o 

A similar set of weight equations may be written for each of the other angles B, 
C. ...... in turn. 

To solve each set. of weight equations of the form indicated in ( I 3) by the usual 
method of elimination is so heavy a task that an approximate solution must be sought. 

'fhe following procedure furnishes a quick solution which is exact when all series 
are complete, and which is approximate when some of the signals are omitted from 
some series. 

In the first half of equations ( 13) change all signs-that is, nmltiply each term 
by - 1; multiply the equation which contains the absolute term -- I by + ::? , and write 
the remaining equations unchanged. Equations 113) as thus modified are: 

- [p,]q, - P.''Q .. 1 - P,"'q11- .... ...... = o 
-[pJq, - P,"QA - P."'q,,- .... ...... = 0 

::?P," q, + ::?P," q, + ........ + 2 [p"] Q .. 1 -::! == 0 

P,"'q, + P,"'q" + + [p"']qn =o 

Adding together all the equations in this group, remembering that the subscript in· 
each case is the number of the series and the superscript is the number of the signal 
observed upon, and that each p is unity, there is obtained the, following equations. 

If a/I scri.:s are comp/de, the addition gives* · 

-which may be written 

whence, without approximation 

[p"]Q .. , - 2 = 0 

sQ..i - 2 = o 

Q =::? .••.••..••...•...•.....••• (14) 
s 

On the other hand, {/some c?i Ilic stTics arc incomfldc, the above addition gives 

± q, ± qo ±. • • .. • ..... • + [p"] QA -2=0 ........ (15) 

*The term involving qi disappears in the addition, becaul;e 2P1'' = P1' + P1'' (('-ach p being unity) and hence 
2p1'' + f1"' + ..... = [P1]. Shnilarly the term~ in,·olving rJ:i '/:.· ..... disappear. 
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in which the coefficients of q,. q
0

, ••••• • are always unity or zero. The coefficient will in 
each case be + l if the initial signal is not observed in the series in question while the 
second* signal is observed, will be - 1 if the initial is observed .but not the second 
signal, and will be zero if both the initial and the second signal are observed, or if both 
are omitted. 

The form of equations ( lJ) shows that the various q's are in general small in 
comparison with Q. Also [p] will in general be much greater than unity. Hence it 
will be a close approximation to drop the terms ± q, ± q, .... .. from (15) and write 

[p"] Q_~ - 2 = 0 

whence, as before 
2 Q=-······ ........................ (16) 
Sx 

in which sx is the number of series in which the signal in question was observed. 
Equation (12), after introducing the value of ex• from (II) and Q from (1+) now 

becomes, ?f all series are complete', 
• 2d (0·455) ~x.J= 

t· == . . . . ......................... ( 17) 
s(d-1)(s-1) · 

From equations (6)jt may be seen that the diagonal coefficient in. each normal 
eqttation (5), viz: [aa], [bb], etc., when all series are complete, is 

s· s(d-r) 
s-y= d 

Hence (17) may be written 

-~ 2(0•455) ~,.d· .. 
,;· . = ( s - 1) (diagonal coefficient) · · · · · · . ............... ( 18) 

If some' qf t!te so-ies art' incomplde, the approximate value of Q from ( 16) instead of 
(14) must be substituted in (12), whence there is obtained the approximate formula 

2d (0·4~5"> ;g ,!]• . 
l:"=s.(d"_I~)(S, . ...:.l) .......................... (l9) 

x . . ..• 

Also, approximatc(1•, the diagonal coefficients in l.5) are 

. s s(d-1"> s ----=..,..._ x. . . 
x d- d 

whence (19) may be written, as an approximation, 

o - :? (0•455) ~x.J• 
r. - (Jx - I) (diagonal coefficient) · · · · · · · · · · · · · · · · · · · · · C20) 

Formula ( 19"> is evidently somewhat more accurate than (20). 

To sum up, formula (:10) may be used for both complete and incomplete series with 
the understanding that it is exact if all series are complete, but is otherwise approximate 
only. In this formula ~xLJ• inch1des only the .1•s from pointings upon the particular 
signal under consideration, sx is the number of pointings t upon that signal, and the 

"The second signal being the one which, with tlie initial, defines the angle A. 
f The mean of t•vo pointings, one in the direct and one in the re"erse position of the telescope, being here counted 

as one 'Pointing. 
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"diagonal coefficient" is the [aa] or [bl>] •... of the normal equation (S) corresponding 
to that signal. 

It should be kept clearly in mind that the E is the probable error of the augk 
between the sign::il under consideration and the initial signal. When for use in the 
triangulation the angle between, say, 02 and 03 = (B - . ..J ), see figure p. 37, is required, 
it should be noted that angles A and B, as derived from the adjustment, are not inde
pendent.· The errors due to erroneous pointings upon the i1~itial signal are comnion to 
both angles and are canceled out from their difference. Hence, assuming that errors 
in A are due in equal parts to errors in pointing upon the initial signal and upon the 
second signal, and similarly for B, we may write 

............ (::?I) 

The following portions of the local adjustment at the station Mount Helena, Cali
fornia. will serve to illustrate the arrangement of the numerical work . 

• .J.bsin1d t?J. dirtYflOJIS . 

. I Mt. Table Snow Az. Marys-
1876. ville 

----1-D-i-ab_l_o_. _l\_:1_t._J\_H. ( E ). J\-:I-ar_k_· ·_n_r_it-te_._Lola. 

01 0/ 0 0 0 

Pine 
Hill. 

Round Monti-
Top. cello. Vaca. 

0 0 0 

Assumed 
directions II .II II II II II I/ /I II /I 

oo ·o 57 '.:! 44 7 49·s 43·s 10·2 41 'l 44 ·3 

" " " II II II II ,, II II 

Arithmetic oo·o 02·8 IS ·3 IO'S 4S 7 16 ·s 49·8 rS·9 43 ·s rs 7 
complement oo·o 12 ·s 07 7 42 ·9 13 7 47·0 16 'l 4I 'O 12 ·9 

oo·o SS ·2 30·4 OI '2 34·s 03·6 28·s 00·4 

I/ II II II " " 
Oct. II I9 ·22 07·39 Tr ·27 37 ·28 36 78 06·02 

a. m. IS ·s6 04·83 09·71 32·43 3S'Ol os ·12 

Pos. 12 17'39 o6 'II 10·49 34·8s 35·89 05 'Si 

Series33 oo·oo 48·72 53 'IO 17·46 lS·so 48 ·18 
oo·oo or ·22 oo·So 00·36 59·50 01 ·08 

" 
,, II II " " 

Oct. I:? 21 ;64 19·67 IS ·27 3179 37 ·oo 05·39 
a. m. 17 ·32 16 'IO, w·6r 2979 35·06 05·5s 

Pos. 13 19"48 17·88 12'94 30·79 36·03 05 ·47 

Series 36 oo·oo 5S·40 53 ·46 JI '31 16 '5.5 45 ·99 

oo·oo 01 ·20 03 ·96 01 'II 00·3s 01 ·69 
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The assumed directions A', B', C' .... were taken from the field computation. 
The arithmetical complements of the seconds of these angles are to be used to trans
form subtractions into additions. They are giveh for each signal in turn used as an 
initial. 

In the abstract proper two series only, the thirty-third and thirty-sixth, are here 
given out of the 152 series shown in the original computation. The first line gives the 
seconds of the mean reading of the three microscopes for each signal sighted with the 
telescope direct. The corrections for run have already been applied. The second line 
gives the corresponding readings with the telescope in the reverse position, when 
sweeping back over the same signals in the opposite direction. The third line is the 
mean of the first and second. The fottrth line is derived by subtracting the first value 
in the third line from each of the values on that line. The fifth line is derived by 
adding to each value in the fourth line the corresponding arithmetical complement 

· from the table shown. The values on the fifth line are the m's of the observation 
equations ( 2). To avoid negative signs, 59 · 50 is understood to be equivalent to - o· 50. 

An abstract of the m's is next made, as illustrated below. It is made in a rearranged 
order such as to facilitate the formation of the normal equations ( 5 J. All series of 
pointings upon nine signals were placed in the first group (no series included all ten 
signals), upon c~g-lzt signals in the second group, and so on. Also. ·within each group 
all series involving precisely the same combination of signals were placed together . 

• -lbs/rad l~l di111i11is/i,·d mea.rnres. 

No. Mt. Table Snow Az. l\'.Iarvs- Pine Round Monti-
[Means. Series. Diab lo. l\'It. l\'It.~El l\'Iark. ville. Lola. Hill. Top. cello. Vaca. 

II " 
,, ll ll ll ll 

36 oo·oo OI "20 03·96 01 "II 00·35 OJ ·69 +r ·385 

J3I oo·oo 00·08 58·35 59·62 00·58 59·50 -0 ·312 

33 oo·oo 01 ·22 oo·So 00·36 59·50 oJ ·os +0·493 

·---
Sums. oo·oo +0·98 +4"34 -9·17 +i ·37 -12 "0) -JO "32 -3·54 -10·97 -rs ·oo 

No. S:i 6o Sr 12::? 56 54 55 so 6i 56 

The means of the horizontal lines, as given in the last column, serve to furnish the 
negative terms in the expression for [a!], equations ( 6), while the sums of the columns, 
as shown at the bottom, are [p" m."], [p"' 111"'], . . . . . . . . . The numbers of entries in 
the separate coltmms, as shown at the bottom, are [p'] [P"] [p'"], ........ . 

The normal equations corresponding to ( 5 ) , as formed from this abstract, are shown 
below, together with the checks upon their form~tion. 
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1Vor111al i·qmlfi,ws. 

. <A I (lj'/ ID1 (E! (Fi !G! (H) Ill 

+-l-7 "S:?S - 4 ·841 - S ·927 - 3 ·447 - .2 ·oS6 - ~ -~")5 - 1 ·f,t;q - 8 ·564 - 7 ·3,;4 

- +·8.J1 +62·893 -14':!5.? - 6·19'~ - 9·227 - 5·736 - 6·639 - 4·701 - =3"368 
- s·9:i7 -q·25:: +90·251 - s·s91 - s·q~ -1(·115 - 6·s.:.+ -11·900 - 9·427 
- ,2. ·447 - 6 "19'~ - 8 ·591 +44 ·t.S.7 - .3 ·952 - .; '4'-'tl. - 4 ·531 - 3 ·673 - 3 ·1~,) 

- ::·oS6 - 9·227 - 8·14$ - .)'~:l.5.? +41 ·540 - .3·-1-67 - 5·:::43 - 2·054 - 1 ·229 

- 2'9?S - 5"7'86 -II ·11.; - 5·4S4 - ._;·467 +4.~·os::: - :!'945 - 2'9.?0 - 2'795 

- I ·807 - 6-~;39 - 6·534 - 4 ·531 - 5·2.i3 - ::?'945 +3~1·i.:-S - ;-;::S3 - 1 ·750 

- S ·564 - 4 701 -Il ·¢0 -- J '673 - 2 ·054 - :? ·920 - 2 ·2S3 +SI ·985 - S "823 

- 7 ·._;6-t- - .. ~ ·3f:S - 9 ·427 - ,'.\ "190 - I ·~:-9 - .:! "i95 - I "750 - $ "8.?.3 +44 ·218 

[0<1] lodj . [od kfl [vii) [oi] 
·· 7·797 - /"8$2 -II ·299 - 5·6~1 - 6"1J.5 - 5·576 - 7·597 - 7"•)L•7 - 1)·273 

Ahso· 
lute 

term. 

+ 3·0&; 

-- "·o.io 
-12·0-:09 

-- s·6~o 

+10·637 

-- 0·942 
-- I "(•°'9 
+ 7 ·;t..i 
+I! ·54> 

[<>!) 

+ i ·s22 

Sum:-<. ,·, ·oi::10 - rJ ·001 - o ·oo:? o ·oci0 o "0t.o0 - o ·001 - o ·001 o ·ooo - o ·001 + o "L•OI 

[oa] = - 7 "797 ,, I [ob]= - 7·S82 [A] = --o ·058 

[vc] =-11·299 [B] =+0·2121 
[od]=- .5 ·621 [C] = +0·143 

=o 
=o 
=O 
=O 

=O 

=O 

=O 

=O 

=O 

[<>t'] =- 6 ·135 [D] = + o ·223 Residuals 

[<~(] =- 5 ·576 [£] = -·0·159 from normal 
equations. 

[~!.?"] = - i ·597 [FJ =+o·o8o 

[0!1] = - 7·007 [G] =+0·077 
[oi] 6·273 [H] = '- o ·129 

II 

.-- 0 ·008 

+0·027 

+ 0·002 

-0·009 

+0·017 

-0·017 

-0·013 

-0·025 

[aa] = + 47 ·S2S 

[bb] = + fo ·893 

[<'<"] = + 90 ·251 

[dd] =+44·6S7 

[ci·] = + 41 ·540 

[J/] = + 43 ·082 

[g!("] = + 39 ·p'l 

[lili] = + 51 ·985 

[ii] = + 44 ·:!!8 

[<><•] = + 65·1~7 [<'0] =+ 65 ·1S7 [fl = -0·230 • + o ·cor 
+ 152 ·ooo=No. of series. 

o ·ooo = Sum. 
- 683 ·c<00 =No. of observationj;. 

o ·001 = Su11J. 

The •·residuals from normal equations'' were obtained by substituting the adopted 
values for (A), (B) .... in the normal equations. 

The values of (.4), (B) .... being substituted in the" abstract of diminished meas
ures'' there is obtained an ''abstract of remaining differences'' written in precisely the 
same form. In this latter abstract if the mean of the horizontal line as given in the last 
column is subtracted .from each of the individual values in that line the differences are 
the .J's from which the probable errors are computed by (20) and (21). 

A portion of the abstract of remaining differences and of the abstract of values of 
L1 and .:J• is shown below . 

• -lbstrad <?l 1-emai11il~t; d(ffe•n·11ci·s-.llf"omt1 Hde11a. 

No. Mount Table Snow Az. l\·Iarvs- Lola. Pi11e Round Monti- Vaca. Meai;is. SerieS. ])iablo. Mountain. Mt. (El. Mark. ,·Hie. Hill. Top. CE:.Jlo. 

36 oo·oo or ·26 03·S2 QI ·03 00·48 OI ·92 or ·42 

I3I oo·oo 00·14 58·21 59·54 00 71 59 73 5972 

33 00·06 01 ·01 00·66 00 ·14 59·63 01 · ... ~I 00·47 



No. 
Series. 

.16 
J3J 

········ 
.......... 

Sums .. 
No ..... 

I Mount 
Diahlo. 

J. .J.O 

-1 ·4, ~ "(J 

+ ·os O'l 

...... ... 
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Table 
l\Jount'n. 

.J. 

- ·16 

+ '4' 

- ·41 

.J.• 

o·o 

0'2 

O".? 

31 '6 

"° 

• -lbstrad of mlucs <?f .J and .J0 -1lf,11ml Hdm,1. 

Snow Az. ~tarys-. Lola. Pine Ronnd 
Mt.(El Mal'k. ville. Hill. Top. 

.J. ·.J.• .J. .J.< .J. .J.O .J. J.• .J. .i.• .J. .J.• 

+"'4" 5·~ - ·39 O":? 

-1 ·s1. .'.!'3 -·1s o\., 

.. . ..... ... ... ····· .. . ... ... 
+ ·54 n·3 + ·19 o·o -· .. ::.3 O'l 

..... .. . ..... ... 

l\'Ionti-
cello. 
J. J.• 

- ·94 (• "•) 

+ ·99 f'r) 

..... ... 
-'84 •) 'i 

6; 

Vaca. 

.J. .J.• 

+ ·50 0·3 
+ '01 '-"' \.l 

+ •84 •) ·; 

f...7 ·9 :!. .l.2 =40.~ ·7 

51) 

Hence the probable error of a single observation of a direction is by formula (_ 8) 

t" = I 0·455 :E .J• ~ I (0·455) (408'il = ± 0"·60 
. ""1t - S - d + I ""683 - 152 - IO+ I 

The probable error of the angle between Table Mountain and Mt. Diablo is, by 
formula 

Jo·910 ~ .J0 J' 0·910'> (, l "6') /--
( 20 ), E= . ."' .. · . = \ .. ~'. · =' 0°0100=±0"·10 
· \s,. - I) (chagonal coefficient) (60) (47"8) 

similarly the probable error of the angle between Snow Mountain and Mount Diablo is· 

By formula (2 I) the probable error of the angle between Table Mountain and Snow 
Mountain is 

J}-6 (0·0100 + 0·0069) = ± 0·09 

In case of the adjustment of the Yolo Base net, already referred to above as the 
only one where special weights to the resul~ing directions from station adjustments were 

introduced in the net adjustment, these weights were not those obtained by p =EI. as 
. ' 

roughly approximate values, but they were modified by adding to the respective prob· 
able error a constant one depending on the closing of the triangles. This latter probable 
error is shown to be much greater than the above E, and the eff~ct was to to1ie down 
the variations in the respective final weights to the directions. · In connection with this 
it may be noted that the influence of weights rather diminishes with an increased 
geometric complexity of the net. For particulars of the treatment of the Yol9 Base 
net, see Appendix No. 9, report for 1885. 

The value of e, or the probable error (p. t".) of a single observation of a direction at 
a station, as given along with the abstract of the clirectiqns at the station, merely serves 
the purpose of giving some general information bearing upon the accuracy' of the means 
employed. 
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(D.) REDUCTION OF HORIZONTAL DIRECTIONS TO SEA LEVEL. 

The resttlting directions at a station, as given in the abstracts, still m:ed a small 
correction to redttce them to what they would have been had the object observed upon 
been at the sea level. The altitude of the observing station and the distance between 
them does not enter into the case: the reduction is due to the circumstance that, in 
general, the verticals at the two stations are not in the same vertical plane. The cor-

. .. . .. c• h . • • a• - b0 
• 

rechon ¥ 1s g-1ven by - · - s1112tr . cos-,P, when::,·-= --.- and h =altitude of the sta-
~ :! p ,i-

tion observed upon. p = radius of curvature in the plane normal .to the meridian, 
a = azimuth of the line< counted from south around by west) and tf.i = latitude of place. 
With log c• = 7·s305 and log P = 6"8054 for ,P = 39° and Clarke's spheroid (of 1866), 
and dividing the expression by sin 1", we get for the correction in seconds and the 
height in metres 

o"·ooo 066 sin2«.h 

This correction has been applied systematically to all. measured directions of the 
base nets and intervening triangulation from the Salina base to the Pacific coast, but 
no application was made to the triangulation east of S_alina base on account of the ·lower 
altitudes and consequent smallness of the correction in this part of the arc. In com
parison with the magnitude of the average triangle closing error, the effect of omitting 
this correction, except for the higher altitudes, seems justified. About the Salina base 
stations the average reduction of a sight to the sea level is but 0"·02. 

The probable error of a single observation of a direction </> is given under the list 
of directions at each station as a convenient index of the accuracy of the observations. 
When the parenthesis (D. and R.) is used, the observations were made with a direction 
instrument. A single observation of a direction comprises two paintings upon the 
signal, one with telescope direct and one with telescope reversed, and two readings 
(forward and backward) of each micros.cope, of which there are usually three, for each 
pointing. c' is computed by formula (8) shown on page 40. 

When the parenthesis ( 6 D. and 6 R.) is used, the observations were made with a 
repeating instrument and a single observation q/ an angle comprises rz paintings upon 
each of two signals, 6 with telescope direct and 6 reversed, and 3 readings of the P,ori
zontal circle, at the beginning and end of the direct measure and again at the end of the 
reversed measure. The quantity given is the probable error of a single observation of a 

direction (not angle) and is ~"2 times the probable error of a single observation of an 

angle. 
It was also computed by the formula (S) shown on page 40. 
The parenthesis (3 D. and 3 R.) has a meaning analogous to ( 6 D. and 6 R. ). 

(E.) ADJUSTMENT OF BASE NETS OR OTHER 'I.'RIANGULATIONS. 

The method is the same as that usually employed to satisfy the geometrical 
conditions of a triangulation by application of the niethod of least squares. For the 
sake of convenience the leading fornmlre referring to condition observations, together 

*"Geodesy," by Col. A. R. Clarke,' Oxford, iSSo, p. 113. 
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with those for the computation of the probable error of a function of the adjusted 
quantities, will he briefly recapitulated here.* 

Suppose we have given as the direct ·result of observation the 111 quantities I, !
0 

/
3 

•••• 

which are connected by 11 conditions. Let x, x,, .r
3 

•••• be their most probable values; 
also let i•, 'Z'

2 
'', •••• he the corrections to the observed values, so that in general we have 

xi = Ii+ ·vi; remembering that necessarily m > n in order that any adjustment may 
exist, then the conditions involved may be expressed by 1l equations, of linear form, 
thus: 

o = a
0 
+ a,x, + a

2
:1·0 + a3x 3 + ... . 

O = b
0 
+ b,x, + b0:1:2 + b3:~;3 + ... . 

o = c,. + c,x, + c0x 2 + c_r1·3 + ... . 

Introducing the observed quantities these equations will not be satisfied, but will 
leave the discrepancies w, w

2 
'<X', ...... viz: 

zc•, =a,.+ a/,+ a/2 + a/3 + .... 
W 0 = b0 + b/, + />/, + b/3 + · · · . 
w,= c0 + c/+ t/2 + c/3 + .... 

where the sign of wr is to be taken in the sense of observed value minus true value. 
We have then the n condition equations: 

a,·v, + a,z 1
0 + a

3
v

3 
+ ...... + ·w, = o 

b,'i', + />2 7.•2 + bpi+ · · ... · + 'Zf'0 = 0 

C1'-'1 + C2t'.:!. + £~·;13 + ...... + tt'3 = 0 

Letp, P, p
3 

•••• be the weights of the quantities I, I, /
3 

•••• then the quantity [p. zizi] 
must be inade a minimum; this leads to the equations of correlates which introduce the· 
multipliers C, C

0 
C, as yet unknown. These correlate equations are : 

P,<', = a,C, + b,C2 + ,~C3 + ... . 
p;v2 =a/ ... "",+ b,C0 + c,l~ + ... . 
P,i•, = al",+ b,C,, + c3C3 + ... . 

and the normal equations become 

[aa] C + [ab] C + [l!!J C + .... +tc•. = 0 p l p 2 p J I 

[ab] [bb] [be] p C, + p C, + p C3 + .... +w, = o 

[~·] (_- + [be] (_" + c~J c + +~ I = p J p 2 p J ' '" tlJ Q 

* Cf-T. \V. Wright's Treatise on the Adjustment of Ob:;eryations, New Yurk, IS-'!4, Chapter V, t>. 213 and fol., 
and W. Jordan'' Vermessuug,kumle, Vol. I t 1SSS), p. io.i and fol. 
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which may be written, putting 11 = 1.ip 

[.ii.aa] C, + [p.ab] C, + [11.a1J C
3 
+ .... + w, = o 

+ [11.bb] C0 + [11.br] C~ + .... + w, = o 
+ [Ji.cc] _C

3 
+ .... + w

3 
= o 

-t ... . 

Solving these equations the values of C; become known, and consequently also the 
values of ;:11 and x;. 

The mean error of an observation of unit weight is given by 111, = . /[pt•t•] where 
. . ~ H 

the sum [pv-.:1] is found by means of the individual corrections and checked in the case 
of the base nets by the relation [pi•i1] = - ["wC] . . 

To find the weight and probable error of an adjusted value of an observation, also 
the weight P of any function of the adjusted observations, we put 

which function can not contain· all the x' s, but only 111 - 11 of them. 
The coefficients/i are found by partial differentiation, viz.: 

;:=/, 
l 

\Ve next form the sums 

JF . 
dx, =J. 

JF_f -d .. - 3 , etc . 
• \: J 

[~] , [~] , [J'J etc., also [1] 
and combine them with the former normal equations, at the same time introducing a 
new set of indeterminate quantit_ies R, R, R

3 
•••• in the place of the former C, C

0 
C

3 
•••• 

then. the requirement of the coaditionecl minimum leads to the following ·so called 
·transfer equations: · 

[u.a.a] R, + [u.ab] R
0 
+ [u.ac] R

1 
+ ........ + [u.1if] = o 

+ [u.bb] R
0 
+ [u.b1] R

3 
+ ........ + [u.lf] = o 

+ [u.cc] R
3 
+ ........ + [u.if] = o 
+ ....... . 

Solving we have the values R;, and consequently also Fi by the relations 

F, =J,+a,R,+ b,R,+c,R3 + . ._. 
F0 = f., + a0 R, + b,R, + <R3 + ·· .. . 
F3 = /~ + a3R 1 + b3R0 + c3R3 + ... . 

and finally we have the reciprocal of the weight P of the function F by ~ = [u .FF] Also 

the mean error of 

For mp= :;p = m,v [u.FF] and the probable error of For 1·F = 0·6745 nip 

18732-No. 4--4 
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(F.) REMARKS ON WEIGHT COEFFICIENTS IN THE NET ADJUST~ENT 
AS DEPENDING ON THE STATION ADJUSTMENTS. 

In accordance with Bessel's method of proceeding, the corrections as determined in 
the net adjustment depend with respe'ct to weights on coefficients furnished by the gen
eral solution of the station or local adjustments; although theoretically strict, this pro
ceeding has in later times either been greatly modified or abandoned for reasons imposed 
by practical considerations. . It has been from the beginning the practice on the Survey 
to treat these adjustments independently of each other and to give equal or nearly equal 
weight to the directions in the net adjustment. This separate treatment is justified by 
the following consideration: The errors incident to the angular measures as indicated 
by the local adjustment either depend on other causes or at most are of a subordinate 
character to the error in the subsequent operation-that is, in the net adjustment. In 
the latter combination of the measures new sources of error show their effects; as, for 
instance, the effect of the deflec.tion of the plumb line causing the angles to be measured 
out of the normal horizontal plane, want of coincidence of the center of a station and of 
heliotropes or targets subsequently mounted ovei; it, persistent lateral deviation of the line 
of sight, constant or uncompensated graduation errors of the instrument .. all of which 
causes exert no influence on the station ·adjustment. It is a matter of experience that 
the value of the probable error of a direction derived from the measures at a station is much 
smaller than the same when derived from the triangle dosing errors-thus if weights 
are introduced at all they should be made to exert but a comparatively weak influence. 
As an example of the process followed, the adjustment of the Yolo Base net may be 
referred to (Coast and Geodetic Survey Report for 1885. Appendix 9, pp. 447-448). 

Let t"s =average value of ·the probable error of a direction as derived from the station 
adjustment. c1 =average value of the same as derived from the closing errors of the 
triangles co1~1posing the net. Put c/ = t"t" - t".°. Cc" is a constant quantity for the figure 

. under consideration, and is to be combined with every probable error of observation c, 
in order to obtain the appropriate probable error and . consequent weight of each direc
tion as needed for the figure adjustment. Hence we have e• = t".° + t'c" and the weight 

I p - -- In this manner the weights from the station adjustment are made to - e.= + Cc"
0 

undergo a considerable equalization.* In connection with the above consideration we 
may note also the important feature that the process theoretically called for, involving 
.the introduction of weight equations from the local adjustment, becomes prohibitive for 
any extended triangulation on account of the excessive labor introduced thereby. The 

modified weights p = e; ~ t'/ are introduced in the adjustment of t~1e triangulation 

betwee1~ El Paso and Yolo Base nets, whereas in other parts of the triangulation equal 
or unit weights are assigned to all cli'rections. 

*We have the following values of Cs and e, in the west<:r? section of the arc: 

Locality. Number of Result· Number of Res nit· 
directions. inges. triangles. • ing e,, 

El Paso base net 16 ±0·32 
Triangulation El Paso to Salt Lake 67 ±0'094 2J ±0"27 
Salt Lake base net ·56 ±O"o8$ 33 ±0'28 
Triangulation Salt Lake to Yolo 9'l ±o"oSo 30 ±0"20 

Yolo base net . 34 ±o'o81 19 ±0'24 
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(G.) THE COMPUTATION OF THE SPHERICAL EXCESS OF THE 
TRIANGLES. 

For all that part of the triangulation which lies east of the Rocky Mountains, 
and which traverses the plains and gentle slopes of Kansas, Missouri, and Ohio, 
the comparative shortness of the sides of the triangles admits of the application of 
Legendre's theorem in its sirµple form. The spherical excess E (in seconds) is given 

by a 1~1 s.in ~:. where a,b,C, refer to sides and i~cluded angle of a plant• triangle, whose 
2r sm 1 · 

angles are those of the corresponding small spherical triangle after each has been dimin
ished by .I.·'3 E. When greater precision is required as for the larger triangles which 
stretch across the peaks and ridges of the Allegheny Range, we introduce the radius 
of an osculating sphere (referring to the center of the triangle) and take 

ab sin C a.b, sin C1 [ ••• ,,,]" e- 11 1 
- 1-CSlll'I' 

· - 2p
111

p" sin 1" - 2a0 (1 - ti') sin 1" 

[1 - e• sin "tp]" 
The quantity w• ( 

1 
_ e") sin 

1
,, has been tabulated with the latitude <p as argument, 

for which see Coast and Geodetic Survey annual report for 1894.* 
For triangles of unusually large size and approaching the limit for possible obser

vation, certain terms in the development of the theorem which ordinarily could be 
neglected need examination .. It has been shown that spherbidal triangles may be com-· 
·puted as spherica1 and hence as plane ones by application of the same theorem 
extendecl.-f Various forms have been given to the development of the theorem. t Let 

S
1 

=surface of the corresponding plane triangle = Jf a, b, sin C
1

, 

and let 111" = }'3 ~a.,•+ b," + c,"), then 

,, - Sl (.- + __!!!___ + 
E - • 11 I S . 

P,,,P11 Slll I ·. . P111P0 

.. ) 
where Pm and p

11 
are the radii of curvature in the plane of the meridian and normal to 

it, and Eis to be distributed unequally over the angles,§ viz: 

E . E 111.•-a • 
.-/.-A.=-+-·--1 + 

1 3 60 PmP,. 

E E m"-b 2 

B-B1 =3+60 PmP,,' + 

E E 111 2 -c• 
C - Cl = 3 + 60 p,,.p,: + 

E (~ 111?-a "') . or - 1+---1 

3 , 20PmP ... 
E (- JJt"- b,") .. - r+--3 , 2op,,.p,. 

E ( 11t"- c.1")' - r+--3 , 2op.,p,. 

A convenient logarithmic formula has been given by the late C. H. Kummell, 
tables of the factors log A and log B of the Coast and Geodetic Survey method for the· 

*Appeudix No. 9, pp. 290-291. 
tThe spherical excess of.a spheroidal triangl<: is equal to that of a spherical triangle whose augular points have 

the same latitudes and longitudes as the corresponding points of the spheroida.l triangle-Clarke's Geodesy (rSSo), pp. 
49 and 107. . 

: Helmert's Theorieen der Hoheren Geodasie (18$o), vol. 1, pp. SS-rn1. 
e Helmert, ibid, p. 98. 
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compt1tation of geographical positions being on hand (Appendix No. 9, report for 1894). 
Put in the latest form given by him,* let L::.. = area of the plane triangle, 

log m = log .-l +log B + :r 384 545 

. f 

log e =log /11 +log 2 L::.. + 6 ~log cliff. r" for the three angles. 

For the larger triangles within the region of the Rocky Mountains and of the Sierra· 
Nevada the spherical excess rises to r', and even.exceeds this amount. To show the 
effect ·of the higher terms, also the change of e when computed for the Clarke and the 
Bessel spheroids, t the following example has been added.· For the largest triangle
Tushar, Wheeler Peak, Mount Nebo-we ·have the following approximate data, and for 
distances given in metres-

Distance. 

log a,= log (Wheeler P. to Mt. Nebo)= 5 ·376 146o 

log c~ =log (Wheeler P. to Tushar) = 5 ·247 S364 

log b,=log (Mt. Nebo to Tushar) =5 ·215 5r:q 

log a, b, sin C. = 10 ·463 150 

log 1/2 Pm p,. sin r" = r ·404 6ro (see table appended) 

log first term = r ·S67 760 First term 73" ·7497 

log m• 

log Pm p.,_ 

logs 

log lit •JS Pm p,. 

log first term 

log second term 

= 10·5S3 

13·009 

0·903 

6·071 

I '868 

i ·939 Second term = o ·0087 

e = 73 ·7584 

Lat. of Tushar 

Lat. of Wheeler P. 

Lat. of Mt. Nebo 

<p.,. 

log ( 111•-a,o) = 
log I/:20 p,,. p,. 

log.!·; e 

Similarly-

log(A~A.-D 

log(B-s, -D 
log(c- c.-D 

and the distribution to the spherical angles becomes 

to A 
to B 
to C 
sum 

II 

- 24 ·5856 
- 24 ·5863 
- 24 '5864 

73·7583 

0 

38 25·1 

39 4S·5 

38 59 ·r 

39 04 

,.IO '26 

5·09 

,.5·35 

I ·.~9 

,, 
•. 6. 74 -0.00055 

6·32 + 0'00021 

6·53 +0·00034 
----

Checksum=o 

This example shows that on account of the second term the third place in the 
decimals of the ·difference between the spherical and plane angles is not ·affected by as 
much as a unit. 

Difference in the above value of E clue to a change of reference spheroid. 

* Astrono1nische Nachrichten No. 2116. 
. cfE 2dt1 

t\Vehave -;-=-a+ 2 cos ~IJ'ede. C.See Die" geod3.tischen Hauptpunkte," etc. Von G. Z~chariae, translation l":y 

Dr. E. Lamp, Berlin, 1gis. pp. 300-30,\. l 
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By direct computation the values stand as fol.lows:* 

Clarke spheroid Bessel spberoid. 
log a, b, siil C. 10 ·463 150 
log 1/2 p,. p,. sin 111 

log first term 
I ·404 610 
I '867 760 

IO ·41)3 150 
1 ·404 711 
I 0 867 861 

The difference in the value of E is 
011 ·017 1. or :rh:r ·part 
of itself. 

First term 
Second term 
Resulting e 

73 11 ·749 7 
+o ·oo.S 7 

7311 758 4 

73 766 s 
+o ·oo.S 7 

7311 "775 5 

The computation o~ e according to Kmnmell's logarithmic form stands as follows: 
0 II 

Angle at Tushar SS 16 

Angle at Wheeler 4.~ 40 

Angle at Mt. Nebo 48 03 

o6 log cliff. 111 +1 
in seventh 

log a, 
log b, 

log sin C, 

log 2.d 

=s ·376 146 

5 ·215 512 

9·S7r 492 

w ·463 150 

13 place 
41 dee's. 

Sum 

~ .. ~ sum 

log }"6 sum 

log 1st + 2d term 

516 

of +22 

+19 

42 

7 
0·845 l 

I ·867 8 

2 71·2 9 

log A=:= 
logE 

log const. 

logm 

log 2,6. 

log 1st+2d 

8. 509 142 1. From table app. 
8 ·5ro 922 .I 9, rep . .for 1894. 

4·384 545 

1·404 609 

. term I ·867 759 or 7311 "749' 5 

3d tenn + 52 

Resulting log E 1 ·867 81 l and E = 7 311 758 3 
as before 

Values of log lfop,,,p,. sin l" for the spheroids of Clarke (1866) and Bessel (184(! 
and argument <P between latitudes .P = 30° and .P = 50°. 

Here p,,, = rad_ius of curvature in the meridian and p,. radius of curvature in the 
plane normal to it; the dimensions of the spheroids are those given in Appendix No. 9 1 

Report for 1894, p. ::iSo, and are expre~sed in metres. 

Clarke's spheroid. Di ff. Bessel's spheroid.t Piff. 

•P 
for 11 for 11 

log 1/2 p,., in 6th log r/2 p.., in 6th log p,,. log p .. p" sin 1'-' place. 'log p ... log Pn • II place. Pu Slll I 

0 

30 6·So2 852 6·So5 066 1·405 477 6"So2 823 .6°805 006 1·405 566 
1"48 

5 089 3S7 
r50 

2 890 5 0:'.!8 3r 2 919 
·1·53 477 

r50 
32 2 <jSS 5 1!2 295 2 957 5 051 387 

3 058 
1"55 

3 026 
r53 

33 5 135 202 ns 5 074 295 

3 096 
r55 

34 3 129 5 159 107 5 097 202 

I"6o r5S 
35 3 201 5 183 l"405 O!l 3 167 5 I2I 107 

1·62 I"6o 
36 3 274 5 207 1·404 914 

1°63 
3 239 5 145 r·405 OJI 

!"62 
37 3 348 5 231 816 

1·6s 
3 312 5 169 1·404 914 

r63 
38 3 422 5 256 717 3 385 5 194 816 

3 497 5 281 617 
r67 

3 459 5 218 718 
r63 

39 

*For computation by the formula for c!.:.. wehave: 
Ill. da . da = -809·,, a=- - 0"000 I.27, d,· = - o·aoo 56, and 

d• 
,;de.· = - o·ooo 046; hence -; = + o·o)o 234, or df: = + 0 11 ·01 7 ~. 

tSee Table 35e of radii of curvature in Dr. Albrecht's Fo~mel!t uncl Hiilfstafeln fiir geographische Ortsbestim-
mungeu; Leipzig, 189'1, pp. >68-,159. 
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Clarke's spheroid. 

log p .. , 

3 5i3 
3 650 

3 726 

3 So3 

3 S~o 

3 957 

4 035 
4 Il2 

4 189 

4 265 

4 342 

log p,. log 1/2 Pm 
p,, sin 1 11 

5 30i 515 

5 332 413 

5 358 3n 

5 383 209 
. 5 409 I06 

5 435 Y·404 003 

5 46o ·1·403 900 

5 486 797 

5 512 694 
5 537 592 

5 563 490 

Diff. 
for 11 

in 6th 
place. 

r70 

. r70 

r70 

1"7G 

r72 

1"72 

1"72 

I"i2 

1"72 

1·70 

I"iO 

Bessel's spheroid. 

log p,. 

3 534 

3 609 
3 685 

3 761 

3 837 

3 913 

3 989 
4"o65 

4 I41 
4 216 

4 292 

,log p,. log ~/2 P·• 
p,. sin 1" 

5 243 618 

5 268 518 

5 293 417 

5 319 315 

5 344 214 

5 369 II,~ 

5 395 1·404 011 

5 420 1·403 910 

5 445 809 

5 471 7o8 

5 496 6o7 

(H.) ACCOUNT OF THE BASE LINES, 

Diff. 
for 11 

in 6th 
place. 

I"iO 

1°68 

1"68 

I"jO 

r6S 

r6S 

r68 

r6S 

their positions, apparatus. used, measurements, resulting lengths and probable errors, 
together with the abstracts of angles and adjustment of triangles forming the base nets, 
with description of stations composing the ·same. 

GENERAL STATISTICS OF THE DASE LINES, ARRANGED IN THE ORDER OF TIME OF 

MEASUREMENT. 

Table I. 
No. Name of line. State. Date of n1easure. Chief of party. ·A pparatu• used. 

l The Kent Island Base Md. 1844, May and Juue. J. Ferguson The Hassler base apparatu5, 4 
iron bars of 8-111etre joint. 
length, optical contact. 

2 The A111erica1I Bot- Ill. 1872, Oct. and Sept. C.H. Boyd The 6-m<:tre contact~slide iron 
tom Base rods Nos. 1 and 2. 

3 The Olney Base 111. 18;9, July to Sept. E. S. Wheeler* The Repsold 4-metre steel and 
zinc coinbint-d bar, t•ptkal 
c:01.1ta.c.t. 

4 The El Paso Base Colo. 1879, Ang. and Sept. 0. H. Tittmann The 6-metre steel contact-slide 
rods Nos.3 and 4. 

s The Yolo Base Cal. 1881, Sept., Oct., No\'. · G. Da,~idson Schott's 5-metre contact-slide 
compensating steel and ziuc 
bars Nos. 1 aud 2. 

6 The Holton Base Ind. 1891, July, Ang., Sept. A.T.Mosman The 5-metre contact-slide steel 
rods Nos. 13 and q. and steel 
tape 111easures, also used in 

The St.Albans Ba~e 
part, steel bar No. 17, in ice. 

7 w.va. 189~. October R. s. Woodward ·rwo IOcHnetre steel tapes Nos. 
85 and 88. 

8 The Salina Base Kans. i8¢, June a!1d July F. D. Granger The 5-metre contact-slide steel 
rods Nos. 1.~ and 14. 

9 The Salt Lake Base tTtah 1896, Sept. and Oct. W.Eimbeck Eimbeck's s-metre contact-
slide duplex apparatus. steel 
and brass rods. 

IO The Versailles Base Mo. 1897, June A. L. Baldwin The 5-metre contact-slide rods 
Nos. 13 and q; and the so-
metre steel tape No. 204. 

*Gen. C. B. Comstock, ti. S. E .. in charge United States I.ake Sul'\•ey. 
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2. THE MEASUREMENT OF '.tHE BASE I.INES. 

The measure of the linear extent of the triangulation, or what comes here to the 
same thing, the width of the country, is made to depend on the measure of 10 base lines 
located at ·suitable distances and connected with the triangulation by means of base nets. 
Through these nets, by gradual expansion, the comparatively short length of a base is 
developed to that of the sides of the principal triangles. The bases were measured with 
a variety of apparatus and in time range over a period of fifty-three years, the first one 
having been measured long before the survey across the country was contemplated. 

In what follows we shall give for each base complete, yet brief, information respect
ing : The geographic position, nature of the ground traversed, its altitude above the 
sea, description and standardization of the apparatus, observer and method of measure, 
resulting length with probable error, and other matter pertinent thereto. This is fol
lowed by abstracts of the angular measures-at the stations composing the net, by its 
adjustment and final length of its triangle sides; finally there is given the probable error 
of the sides of the net which bind it to the main triangulation on both sides of it. 

(a) .Kmt Island Base Lhu:, JJ:lt.11J•land, I811· 

LOCATION, MEASUREMENT, AND I,ENGTH. 

Kent Island, in Queen Anne County, Maryland, on the western shore· of which 
the base was measured, is situated on the east side of Chesapeake Bay and nearly oppo
site Annapolis Harbor, Maryland. Originally the base in this locality was intended to 
serve as a check 011 the length of the sides of the primary triangulation brought south 
from Fi.re Islaud, New York, and to provide a basis for the triangulation of the Chesa
peake Bay, but its situation close to the parallel _of 39° has made it available for the 
transcontinental triangulation, proposed more than a quarter of a century later. The 
surface of this' part of the island is slightly undulating, composed mostly of cultivated 
fields, but in parts swampy and wooded. It is little elevated above the mean sea level. 
The northern terminal monument was placed near Broad Creek, and its foundation was 
laid in the sand, one and a half metres below the surface, with a course of rubble 
masonry. The end point of the base was marked by copper bolts in a stone slab below 
and an upright stone above ground. / The southern terminus at Prices Creek was simi
larly marked, and both monuments were finally covered with an earthen mound for 
farther. protection. When visited in 1888, it was found that the shore of the southern 
p~r.t of the isfand had been washed away and that the southern monument had disap-_ 
peared below the waves. 

The length of the base is S .2.--3 kilometres, or nearly 5 · 4 statute miles; its middle 
point is in latitude 38° 56' about, in longitude 76° :n', and the azimuth of the line from 
the sot1 them end is 194 ° JS' nearly. The alignment of the base was made by placing a 
theodolite over a point near its middle, and marking out the line by flags. · 

The ineasurement of the base was intnisted by Superintendent Bache to Assistant 
James Ferguson, aided by Mr. R. D. Cutts, who made a preliminary measure and.drove 
stakes at every 200 metres of the line. 

The apparatus used was that known as the Hassler Base Apparatus. It is described 
in the Transactions of the American Philosophical Society (Philadelphia) for the year 
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1825, pp. 273-286 (illustrated by Plate III), and had been used for the measure of the 
Fire Island base by Superintendent Hassler in 183+ It consists of a box in which are 
placed, in line, 4 rectangular iron bars, each 2 metres long, the joined length being S 
metres. Over the forward end of the box a microscope was mqunted on a tripod, the 

No. 3, 

K1lome1res 

0 10 ,. 
St<>tu.te Miles 

0 10 

•• so 35 

•o 

cross hairs 0f which 
served again as a fixed 
point when the rear encl 
of the box was. later 
brought under the same 
fiducial lines of the mi
croscope. The focus of 
the . fixed microscope 
was never changed after 
it had onct:: been placed 
in position. The level 
of the combination of 
bars was indicated by 
means of a sector at
tached to one of the 
bars (A) and their tem
perature was indicated 
by means .of thermome
ters. At distances of 
1 kilometre two stakes 
were driven, one on each 
side of the line, but no • 
permane1it marks were 
left; there is, however, 
a stoneware cone in line 
1 kilometre from the 
north end. Transfers 
of the end of a bar to 
ground at the close of a 
day's work were made 
either by means of a 
plummet or by means of 
a theodolite. But one 
measure was m~de, and 
the time occupied was 
between May 3 and June 
5, r844. 

The ::?-metre iron bars, known as the Hassler bars A, B, C, D, were made by 
'l'roughton & Simms about 1813, and were standardized in February and March, 1817, 
by means of the committee metre, which is of the same cross section (17·5 by 9 milli
·metres) and· the iron Lenoir Metre-all the bars being i't·l>out. Hassler again determined 
their length in May, 1834, and in March, 1835, with the aid of the Troughton scale. 
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In May, 18+i, and January, 1845, Messrs. J. Saxto1i and W. Wiirdemann and Superin
tendent A. D. Bache again cpmpared them by means of a Bessel comparator. 

The valqes were : 

In 1817, 
.1834-35, 

:E = 7"999 950 6111 at o 0 C. 
7"999 976 4 m at oo C. 
7 ·999 871 6 111 * at o 0 C. 

± . 5 5 

which last value was adopted by the obser\rers and verified by Assistant J. E. Hilgard 
on July 11, 1854, and was to he used for the Kent Island as well as for the· Massa
clmsetts base measured in the same year: The coefficient of expansion of the bars was 
determined by Superintendent Hassler in 1817 at Newark,t the value found by him 
was o·ooo 006 963 534 for the Fahrenheit scale, or o·ooo 012 534 for the centigrade 
scale. This value has been supposed to 6e rather large, yet it may be corr~ct for these 
particular bars and has been taken so by all previous investigators.! We shall, how
ever, increase the probable error of the leng"th of the base by the effect of a change in 
the adopted coefficient of expansion amouhting to its "fi1Tj part, which amount is supposed 
to cover the whole uncertainty. 

We find for the length of the base : 

1086 boxes of 8 metres each ................................................ , .......... . 
Defect of each box on 8 .metres, 1086 / o·ooo 128 35 ........................ : ... · ....... . 
Correction for excess (25°·44 C.) of temperature of bars above o° C. and graduation error of 

thermometers { - o0 · 255 C. ) ....................................................... . 
Correction for inclination of boxes ................................................... . 
Excess of box at south end, as measured by bar D and scale· ........................... . 
Reduction to half tide level of bay, for surface elevation and height of box 5·0 m ........ . 

Metres. 
86SS·oooo 
-0·1394 

+ 2 ·7424 
- I "0007 

-2·05o8 
-0·0069 

Resul~ing length of base·, ......... ,............................................. 8687 ·5446 

The probable error of this value can only be estimated, since the base was measured 
but once. Supposing the combined length of the metres subject to ± 2011, the effect 
on the base will be± 0·022 metre; an assumed error of ±-du part in the expansion 
coefficient would produce ± 0·055 metre; again, the effect for imperfect temperature 
correction for inequality in number of boxes laid with rising and with falling tempera
ture may be taken as ± 0·034 metre, while other minor uncertainties may be omitted. 
Combining the several values for probable error, we get ± o·o6S~netre, equal to TH~TjiJ 
of the length nearly. This may be taken to.represent the measuring error, and to include 
the probable error due to our practical unit of length, the Committee Metre, taken as 
± Hfl. 

Resulting length of the Kent Island Base 8687 · 5446 metres, 
· ± ·o6So 

and its logarithm 3 ·938 897 05. 
± 3 40 

*Coast Sur\"ey Report for 1865, Appendix No. 21, pp. 187, 1SS, and 189, and Coast Survey Rtport for 1866, Supple
ment to Appendix No. 8; I,ength of the Kent Island Base, p. 140. 

t Trans. Amer. Phil. Soc., Vol. I, new series. Philadelphia, 1818, pp. 210-22~. 
t In connection with this it may be worth remarking that the co<:ffident of expansion for the 82-inch Troughton 

brass scale, which was df.terntined by l\Ir. Hassler at the sa111e tin1e and by the sa111e ineans, also '"·as found rather 
large, viz: 0·01>> 010 509 for Fahrenheit's scale, or o·ooo 018 916 for the centigrade scale. On the Qther hand, we have 
Fizeau's determination for onr brass o.ooo OIS 410, yet brasses probably differ e,·en more than different kinds of iron. A 
search was made for the recovery of the fonr Hassler bars, bnt without succtss. 
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS OBSERVED· AND ADJUSTED A't STATIONS FORM

ING THE KENT ISLAND BASE "NET, I844, I846-47-48-49:-50, 1868 AND 1896-97. 

Ji(enf Island So11t11 B11sc, Queen Anne County, Maryland. May 30 to June 4, 1847. ,30-centimetre 
repeating theodolite, No. 11. E. Blunt, observer. 

No. of 
direction. Objects observed. 

Resulting direc
tions from station 

adjustment. 

Corrections 
from base-net 
adjustment. 

Final seconds 
in 

triangulation. 

2 

Marriott 

Taylor 

0 II 

o oo oo·oo 

58 53 46 ·24 

II 

+0·03 
+o·o6 

J Kent Island North Base 111 41 18 ·25 ·-O ·09 

Poplar Island 283 38 46 ·74 
Probable error of a single observation of a direction (6 D. and 6 R. i = ± o'1 ·69. 

II 

00·03 

46·30 
18 "16 

Km! Isla•11f Nort/1 Base·, Queen Anne County, Maryland. May 21 to May 28, 1847. 30-centimetre 
theodolite, No. 11.. E. Blunt, observer. 

4 

5 

6 

Kent Island South Base 

Marriott 

Taylor 

~ 
0 

50 
SS 

" " 00 oo·oo +0·19 

05 05 ·36 -0·47 

35 36·91 -0·12 

7 Linstid 121 02 04 ·33 +o ·16 

S Swan Point 181 09 45 ·47 -j-o ·24 
Probable error of a single observation of a direction ( 6 D. and 6 R. ) = ± o'1 "6S. 

,, 
00·19 

04·89 

36·79 

04·49 

45 "71 

Swan Poi11t, Kent County, Maryland. October 16 to October 21, 1848. 30-centimetre theodolite, No. 
1 I. E. Blunt, observer. 

0 
,., 

II II 

34 Kent Island North Base o oo oo ·oo --o ·2., 59 ·n 
35 Linstid 56 oS · 57 ·92 +o ·52 58 ·44 
36 . Pooles Island 169 16 25 ·5 r -o ·29 25 ·22 
Probable error of a single observation of a direction ( 6 D. and 6 R.) = ± 111·35. 

Tay/01·, Anne Arundel County, Maryland. June 8 to June 16, 1847. 30-centimetre theodolite, No. II. 
E. Blunt, observer. 

0 I/ II II 

IO Kent Island North Base 0 ()() oo·oo +0·36 00·36 

II Kent Island South Base 38 36 52 ·37 -0·23 52 ·q 

12 Marriott II9 32 44·32 +0;53 44·85 

9 Linstid 247 12 54·29 -o·.66 53·63 
Probable error of a single ol_:iservation of a direction ( 6 D. and 6 R.) = ± 0"·66. 

Pooks Island, Harford County, Maryland. May 17 to May 27, 1848. 30-centimetre theodolite, No. 
· I 1. E. Blunt, observer. 

0 II II II 

31 J Swan Point 0 00 00'00 +o ·30 00·30 

Linsticl 
I 

36 32 22 15 ·13 +0·17 15·30 

33 Finlay II6 o6 54·92 -0·47 54 ·45 
Osborne's Ruin 170 34 06·56 

Turkey Point 225 05 01 ·56 
Probahle error of a single observation of a direction ( 6 D. and 6 R.) = ± 0 11·69. 
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Webb, Anne Arundel. County, .Maryland. July 10 to August 14, 1848. 6o-centimetre theodolite, 
No. 2. A. D. Bache, observer. October 21 to December 2, 1850. 75-centimetre .theodolite, No. 1, 
A. D. Bache, observer. September IS to S·eptember 25, 1868. 75-centimetre theodolite, No. I, 
C. 0. Bot1telle, observer. 

0 0 II II " 
26 Linstid 0 00 oo·oo -0·02 59·98 
27 Marriott 76 16 06·19 -t-0·25 o6 ·44 

Hill 129 26 58·53 
Soper 178 32 04·72 
Stabler r86 55 II ·56 

Azimuth Mark 275 40 Ol ·37 

25 Finlay ~89 44 43·01 -0·23 42·78 

Probable error of a single observation of a direction ( D. and R.) = ± 0 11 ·94. 

Jlfarrioll, Anne Arundel County, Maryland. November 18 to December 9, 1846. 30-centimetre 
theodolite, No. II. E. Blunt, observer. May 18 to June 18, 1849. 60-ce11timetre theodolite, 
No. 2. A. D. Bache, observer. 

0 II II 11, 

Hill 0 00 oo·oo 
Soper 32 o6 10·36 

13 Webb 70 08 37 ·17 -0·24 36.93 
Azimuth mark 82 23 48·68 

14 Linstid 107 33 48·30 +0·34 48·64 

15 Taylor 125 56 32·84 -0·20 32 ·64 

16 Kent Island North Base 147 53 I6'8o -0·10 16 70 

l/ Kent Island South Base 166 06 54·12 +0·19 54·31 

Poplar Island 206 5S 03·32 

Blake 24S 21 51 ·62 
II 

Probable error of a single observation of a direction- (6 D. and 6R. )=±0·67 in 1846 • 
(D. andR.) '==±!"IO in 1849 

Liustid, Anne Animlel County, Maryland. May 24 to June 26, 1848. 6o-centimetre theodolite, 
No. 2. A. D. Bache, observ.er. January 8 to January 31, 1897. 30-centimetre theodolite, No. 16. 
F. w. Perkins and W. B. Fairfield, observers. Telescope above ground (in 1897) :?7"89 metres. 

0 II II II 

18 Finla;v 0 00 oo·oo -t-070 00 70 

19 Pooles Island 46 42 57 '73 -0·1S 57·55 

Clough 69 13 07·73 

20. Swan Point 77 .13 16'97 -0·52 r6·45 

Hope I02 07 23 "JO 

21 Kent Island.North Base 140 56 37·60 -0·26 37·34 

22 Taylor 175 43 02 ·43 ·+o 75 03·18 

23 Marriott 209 40 1 I '28 -0·50 1078 

24 Webb 275 -58 53 ·59 +0·02 9 53·61 
v 

. Probable error of a.single observatio·n of a direction- (D. andR.) =± l'l:? in 1848 
(6 D. and 6 R.)=±0·73 in 1897 
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Finlay, Baltimore County, Maryland. · August· 29 to Septemher· 11, 1844. 6o-ce·ntimetre theodolite, 
No. 2. J. Fergu_son, observer. October 1.5 to December 27 1 1896. 30-centimetre theodolite, 
No. 16. G. A. Fairfield, observer. Telescope above grou1~d rs metres. 

0 II ,, 
" 

· Osborne's Ruin 0 00 oo·oo 

Still Pond 30 48 ·tr ·9s 
28 Pooles Island 48 03 34 ·rs +0·4S 34·63 

Clough 5S ?• 
__ , 

20·93 

29 Linstid JOI 36 Ol "26 -0-"72 00·54 

30 Webb 127 19 37 ·46 +0·25 37 ·71 

I Rosanne IS9 25 03 ·26 
II 

Probable error of a single observation of a direction- ( D. and R. ) = ± l ·52 in 1844 
·(6 D. and 6 R.) ±O ·65 i11 1896 

FIGURE ADJUSTMENT. 

Obs,'1<•alio11 •'q11alio11s. !' 

O = + 1"05 - ( 2) + ( 3) - ( 4) + ( 6) - ( IO) -f- ( P ) 

2 o=-0·62- (5)+ (6)-(10)+(12)-(15)+(16) 

3 o= + 0·49- 1.r"l + (3)-,- (4) + (_5) - ( 16) + ( 17) 
I 

41 o_=-2·31- (6)+ (7)- (9)+(10)-(21)+(22) 

5 0=+2·97+ (9)-(12)-(14)+(15)-(22)+(23) 

6 0 = - l '3 7 - (I 3 ) + ( J4) - ( 23 ) + ( 24) - ( 26) + ( 27 ) . 

7 o ~ - rS7 + ( l 8) - ( 24) - ( 2S) + ( 26) - ( 29) + ( 30) 

s o=+n3-(18J+119)--(28J+l29)-<32)+(33) 

9 o= + !'26- (19) + (.::o)- (31 J + {_;2) - (35) + U6) 

IO o=-ro7- (iJ+(8)-(::io)+(21)-{34)+(35) 

JI I o= :- 39 + I7"1(4) - 1r6(5) + 0·5(6) + 26·4( 10) -· 29·8( II)+ 3·4( 1:i) + 24·9( 15) -63·9( 16) 

+39·0(17) 

12 cj =+JI+ 26·4(s) - 59·5(6) + 3.~ 'I( 7) -t- 63·4( 14) -- u5·6( IS)+ 52·2~ r6) + ,N'3(21) - 61"6( 22) 

+31·3(z3) 

131 o= - 28 + 7 ·3(5) - 19"4( 7) ·+-12·1(8) + 27'5( 13)"-:- 52·3( q) + 24·8( 16) +·7'6{ 25) - 12·7( z6 i 
+ 5•1(27) + 15·5(28) -59·2(29) + 43·7(30) + 28·6(31) -.32·4(32) +3"8(33) + 14"2(34) 
- s·2(3s)--9·0(36) . . . 

Lorrdak t-q11atio11s. 

Corn~c-I 
'ic11JS .. c, c. C3 C4 Cs c6 c 7 Cs c 9 C,o Cu C,. C,3 

( l) -:-:I 

( 2) -I' 

(3) +1 +r 
(4) -I -1 +17 'l 

(5) -I +r -17'6 + 26 ·-1- + i '3 
(6) 

I 
-t-r -f-I -I +O'S - 59·5 

{ 7) +r -I + 33 ·1 -r9·4 

(8) I +1 +12 'I 

(9) - I +r 
* Nun\ber of eqnati.·-11u; 1·etating h-, -;.\nu!:- of angles ro. ancl to ratio of sicles ,;. total number 1;\; the ~idt: eQimtions 

were established with 7 places of decimals in the logarithms and the differenceg for i'' are given i1~ units of t]mt place. 
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FIGURE ADJUSTMJ;:NT-continued. 

ll>rrelalt! e·q11atitms--Conti11ued. 

Correc- C, c. C3 C4. Cs c. C1 Cs C9 C,o c .. c, •. C,3 tions. 

(IO) -I -I +1 +i6·4 
(II) +r -29·8 
:1.:i) +r -r + 3·4 
(13) -I +27"5 
( 14) -1 +1 + 63 ·4 -52·3 
(rs) -I +I +24"9 -rrs ·6 

. (r6) +1 -I -63·9 + 52 ·2 +24·8 
( 17) +r +39"0 
( 18) -j ·I --I 

( 19) +r -I 

(w) +1 -I 

(21) -r +r + 30·3 
(22) +1 -I - 61 •6 
(23) +1 -r + 31 ·3 
(24) +1 --r 
(25) -r + 7·6 
(26) -I +1 -1.2 "7 
(27) +1 + 5·1 
(28) -I +rs ·5 
(29) ·-! +r -95·2 
(30) -j I +43 ·7 
(31) -I +28"6 
(32) -r +1 -32 ·4 

i33l +r + 3·8 
(34). -1 +14·2 
(35) ..... -I -j-1 - 5 ·2 
(36) +1 - 9·0 

Normal cq11ali~11s. 

C1 C2 Cs C4 c. c. C7 c~ C9 C10 Cu C,2 C13 

o=+ 1"05 +6 -+- 2 +2 _.., -72·8 .-59·5 
- 0·62 +6 -2 -2 -2 - 93·7 +81 ·9 + 17 ·5 
+ 0·49 +6 + 68 ·2 -25·8 -17 ·s 

- 2·31' +6 -2 -2 +25"9 + 0·7 - 19·4 
+ 2·97 I +6 -2 + 21 ·s -86·1 -t-52·3 
- 1·37 +6 -2 +32"1 -62·0 

- .1·87 +6 -2 +s·2·6 

+ 2 "73 +6 -2 -38·5 

+ I "26 +6 -2 -64·8 

- I "07 +6. - 2·8 + 12 "I 

-39 +.S.423 ·2 6 ioS ·4 l 713 "2 

+31 +31 132·9 2 470·7 
-28 + 12 774 ·1 
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Rt?stelti11g v.il11es of corrdait's and <!f cori"<Ylio11s to a11gielar dirt?dio11s. 

Corrections. 
c i= -0 ·059 67 II II II 

C2 +0·305 45 (1)=+0·031 0 (13) = - 0 ·239 4 ( 25) = - 0 ·230 I 

C3 -0·031 00 (2)=+0·059 7 (14)=+0·341 I (25)=-0·021 3 
c.,, +0·45·2 So (3)=-0·090 7 (15) = -0·195 4 (27)=+0·251 4 
C-. -0·204. 00 {4)=+0·189 7 (16)=-o·ror 2 (28)=+0·475 8 
c6 +0·249 54 (5)=-0·471 6 (17)=+0·194 8 (29)=-0·724 7 
c 7 +o ·232 93 (6)=-0·116 7 (18)=+0·703 0 (30) = + 0 ·249 0 
c 8 -0·470 07 (7)=+0·16-1 2 (19)=--0·184 9 (31) = +0·295 7 
C9 -0·285 20 (8)=+0·'237 3 (20)=-0·518 0 (32)=+0·173 0 
CIO +0·232 83 (9)=·-0·656 8 (21)=-0·2645 (33) =-o ·468 7 
c1; -\-o ·005 79 (ro)=c:-t-0·359 9 (22)=+0747 4 (;'>4)= -0·227 6 

Cu -o·oor 47 {11)=-0·232 2 ( 23) = - 0 ·499 6 (35)=+0·516 I 

Cia + ? ·oo::i 367 .(12)=+0·529 I (24)=+0·0166 (36)=-0·288 5 

Checks: Sum of+ corrections 55·35 and .:5' P<'v = + 4·867 
Sum of- corrections 55·32 -.:5'wC= + 4·872 

. Mean error of an observed ·dirt?ction (of unit weight) m1= /[Pr"<'] = / 4 ·S7o = ± 0 11 061 where v 11 v 13 
11 =number of conditions. 
Meai! error of an a11glt: 111> = m1 ,./2- ~ ± 0 11 ·87 and probable error of the same ± 0 11• 59. 

TRIANGLES OF THE KENT ISLAND BASE NET, MARYLAND, 1$44 TO 1897. 

Spher- SJ?her- Distances No. Stations. Observed angles. C?rrec- ical 1cal Logs. 
tlons. angles. excess. in metres. 

0 II II II ,, 
{ T•ylo• 38 36 52·37 -0·59 51 ·78 o·os 3•938 897 I 8 687·545 

1 ~ent I. ~· Base · 88 35 36·91 ·-0·31 36·60 0·08 4 ·143 529 I 13 916·47 
J;,.eut I. ~- Base 52 47 32·01 ·-() ·15 31·86 o·oS 4·044 816 9 II 0'37 ·07 

01 ·29 0·24 

{ M•rriott 21 56 43·96 +0·09 44·05 0·15 4·044 816 9 II 087·07 
2 Tavlor · 119 32 44·32 +0·17 44·49 0 ·15 4 "4II 76_5 6 25 &08 °67 

Kent I. N. Base 38 :,o 31 ·55 +o·:,6 31·91 0 ·15 4 ·266 498 4 18 471 ·34 

59 ·83 0·45 

r Marriott 40 IO 21 ·28 +0·39 :!1 ·67 0·21 4 °143 529 I 13 916 ·47 
3 Taylor So 55 51 ·95 +076 52 "71 0·22 4·328 444 0 21 303 °16 l Kent I. S. Base 58· 53 46·24 +0·03 46·27 0·22 4·266 498 5 IS 471 ·34 

59·47 0·65 ! Marriott 
18 13 37·32 +0·29 37·61 0·14 3 ·938 897 I 8 687·545 

4 Kent I. N. Base 50 05 05·36 -0·66 04 70 0 ·15 4·328 444 I 21 303 ·16 
Kent I. S. Base III 41 18 ·25 -0·12 18 ·13 0 ·15 . 4 ·411 765 8 25 8o8 "68 

00·93 0.44 

{ Lln,tid , 34 46 24·83 + 1 ·01 25·84 0·09 4·044 816 9 II o87 ·07. 
5 · Kent). N. Base 32 26 27·42 +0·28 27·70 0·09 4·018 198 2 IO 427 °9.~ 

Taylor 1!2 47 05 "71 +I 002 06 "73 0·09 4·253 398 I 17 922 •48 

57 •96 o"'n 
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TRIANGLES OF THE KENT ISLAND BASE NET, NARYLAND, IS.:14 TO 1S97-continued. 

No. Stations. 

r Linstid 

6 ~ Taylor 

l Marriott 

I 
Linstid 

7 Kent. I. N. Base 
Marriott 

I 
Webb 

S Linstid 

Marriott 

·1 Finlay 
9 Linstid 

Webb 

I . Pooles Island 

IO l J,i nslid 
Finlay 

I 
Swan Point 

II Kent I. N. Base 

Linstid 

I 
Swan Point 

12 Linstid 

Pooles Island 

Observed angles. 

0 /I 

33 57 oS ·85 

127 40 09·97 

IS 22 44·54 

03·36 

(?S 4.3 33 :68 

70 56 58·97 

40. 19 28 ·50 

01 ·15 

76 16 o6 ·r9 

66 18 42 ·31 

37 25 II "13 

59·63 

25 43 36·20 

84 01 06 ·41 

70 15 16·99 

59·60 

79 44 39 "79 
. 46 42 57 ·73 

53 32 27 "II 

04·63 

s6 oS 57·92 

60 07 41 ·r4 
63 43 20 ·63 

59·69 

113 07 27 ·59 

30 30 19 ·24 

36 22 IS ·13 

C Spher- SJ?her-
<;>rr~c- ical teal 

hons. angles. excess. 

II II II 

- I "25 07 ·6o 0 "13 

- 1 ·18 oS 79 o ·13 

- o ·54 44 ·oo o ·13 

0·39 

-0 ·24 33 ·44 0 ·37 

+0·64 59·61 0·37 

-0·44 28·06 0·37 

+0·27 06·46 

I "II 

0·33, 

+0·52 42·83 0·33 

+0·58 11"7I 0·34 

I "00 

+0·97 37·17 0·49 

+ 0 ·69 07 "IO 0 "49 

-:ro·2r 17·20 0·49 

T 
047 

- 0 "64 39 "I 5 0 •64 

- o ·S9 56 ·S4 0 ·63 

--'I "20 25 "91 0 ·63 

I ·go 

+ 0 ·74 58 •66 0 ·25 

+0·07 41 "2I 0"25 

+0·26 20·89 0·26 

0 76 
- o ·Sr 26 ·78 o ·23 

- o "33" rS ·91 o ·23 

-0·12 IS ·01 0·24 

070 

PROBABLE ERRORS. 

Logs. 

4·266 498 5 

4·417 956 2 

4·01~ 198 2 

4 ·4u 765 7 

4·417 956 2 

4 ·253 3g8 2 

4·417 956 2 

4·392 324 7 
4 ·214 204 0 

4·214 204 0 

4 "5.74 26r 9 

4·550 316 3 

4·550 316 3 

4 ·419 418 8 

4·462 716 4 

4·253 398 2 

4 •272 151 I 

4·286 689 I 

4 ·462 716 4 

4·204 626 3 

4·272 151 2 

Distances 
in metres. 

18 47I "34 

26 179 :19 

TO 427·93 

25 Sos ·67 

26 179 ·19 

17 922·48 

26 179 ·19 

24 67S·S4 

I6 375·86 

I6 375·86 

37 519·92 

35 507·19 

35 507 ·r9 
26 267·50 

29 021 ·27 

17 922·48 

18 713·33 

19 350·36 

29 021 ·27 

16 018 ·66 

18 713·34 

Dclt'r111i11atio11 of Iii<' probable errors <?f llit• le11gtli of ll1e sides common to botli l11e nt't and tl1e 11dj11ce11t 
dzai11s of tri1111g11/atio11. 

For the side Finlay to Linstid, as adjusted, we make use of the expression-

Finlay to Linstld 
Kent Id. Base 

sin (3 -- 1) sin (7 - 5) sin (14 - 13) sin (26 - :25) 
sin (17 - 16) sin (23 - 21) sin (27 - 26) sin (30 - 29) 
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hence the function-

F= log sin (3 - l) +log sin (7 - 5) +log sin (14 - 13) +log sin (26'.- 25) 
- log sin ( 17 - 16) - log sin (23 -21) - log sin (27 .- 26) - log sin ( 30 - 29)" 

Establishing and solving the transfer equations, we find the reciprocal of weight 

~ = 27·23, also the mean error lllF and the probable error rF, both ~xpressed in units of 

the sixth place of decimals in their logs., viz: ± 3·18 and± 2·15 respectively: hence 
log. distance Finlay to Linstid 4·550 316 3 and the distance 35 507·19 nietres. The 

±21 ±0"18 
probable error is about TH\n;u part of the length. 

'fo this must be added the proportional error depending upon that of the base 
''i <;07 . 

measure, or ± 0"068 X ~8 = ± 0·278 metre, hences 6 7 
Probable error of length of side Finlay to Linstid ../(0"18)2+ (0·278)2 = ±0·33 

metre. 
For the side Webb to Marriott, we use the expression-

Webb to Marriott 
Kent Island Base sin (27 - 26) sin (23 - 21) sin (17 - 16) 

F= log sin (24 - 23) +log sin (7 - 5) +log sin (3 - 1·) - log sin (27 - 26) - log 
sin (23 - 21·) - log sin (17 - 16) 

Establishing and solving the transfer equations-

Vl e get~= 1]"91, also mF= ± 2·53 and rF= ± 1·74, hence log. distance \Vebb to 

Marriott 4·392 324 7, and distance= 24 678·84 metres. The probable error is about 
±I 7 ±0"10 

yn1ollli part; adding to this the proportional error arising from the base meast!re or 
24 678 0·068 X -_-- = ± o· 193 metre, we have 

::_; 687 
Probable error of length of side Webb to Marriott J(o"ro) 2 + (_0·193)2 = ±0·22 

metre. 

DESCRIPTION OF STATIONS FORMING THE KEN~ ISLAND BASE NET, l\IAR\"LAND. 

}fr11t lsla11d 1Vorll1 Bast', Queen Anne County: established in 1844 by James Ferguson. 
The island i"s situated on the east side of Chesapeake Bay nearly opposite Annapolis 
Harbor. The station is located on _the south side of Broad Creek,_ near its mouth, on 
the western shore of the island. The end of the base line was carefully marked, both 
by underground and surface monuments. It is reported by persons living in the vicinity 
in r8g6 that the ground at this encl of the base has been washed away. 

· I<cnt ls.land South Bas<', Queen, Anne County; established in 1844 by James Ferguson. 
The station was situated near the extreme encl of the point of land between Prices Creek 
and Chesapeake Bay, and was.marked in a similar manner to North Base. A careful 
search for this point in 1888 proved that the ground h;:id been washed into the bay years 
before. · 
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Ta_ylor, Anne Arundel Count~·; established in 1844 by James Ferguson. The station 
is situated on the west sicle.of Chesapeake Bay, on Greenburg Point, bet.ween Mill.Creek 
and the Severn }liver. The geodetic point is on the most prominent spot on a hill, 91 
feet above the level of the bay, belonging to Capt. Lemuel Taylor. It is about one
fourth mile frnm his house, on the north side of the road leading to the Severn Ferry. 
Its position was marked by three stakes, each 40 feet distant, one in the direction of 
'·Marriott,'' another in the line to '· Linsticl,'' and the other one on that line extended 
southwardly. It is also 226 feet from a small chestnut tree toward the line to " Mar
riott." This point was searched for in 1859 and iii 1888, but no trace of it could be 
found. 

Swa11 Point, Kent County; est!lblished in 1842 by James Ferguson. This station 
was originally situated on a point of land on the north side of the mouth of Chester 
River, on the eastern shore of Chesapeake Bay. A resurvey of. this shore in 1896 shows 
that the site of the original station is some distance out in the bay. 

11/arriott, Anne Arundel County; established in 1844 by James Ferguson. This 
station is situated about :?O miles east of \Vashington City, 6% miles southwest of 
South River, and about 9};j'. miles southwest of Annapolis. The geodetic point is on 
the property of B. Marriott, about 100 yards east of the road leadjng from Annapolis to 
St. Marys. It is 99 feet from the main post of an old \vindmill and 34 feet I I inches 
from a small hut on the south side of the hill. Three stakes were driven into the ground, 
each 30 feet distant, one in the direction of ''Taylor'' and the other t\VO at right angles 
to that line. 

(No mention is made in the original description of either surface or underground 
marks, but I presume an earthenware cone was buried there, as seen's to have been the 
custom at that time.-G. A. F.,) 

f.Pcbb, Anne Arundel County; established in 1846 by A. D. Bache. This station 
is situated about I 2 miles northwest of Annapolis and about 2 }·~ miles, by road, east of 
Odenton, the junction of the Baltimore and Potomac Railroad and the Annapolis branch 
of the Baltimore and Ohio Railroad. The land now ( 1896) belongs to James Woodward, 
president of the Hanover National Bank, New York City. The geodetic point is on a 
small hill covered with a thick growth of young trees about 45 feet high, and is marked 
as follows: The subsurface mark is the usual earthenware cone, the top I ·7 feet below 
the surface, and over this a small granite block, 7 inches square and 5 inches thick, the 
top l ·1 feet below the surface of the ground. The surface mark is a rough block of 
granite l ·2 feet long with a 4-inch square dressed on top and two shallow cross· lines 
marking the center. As reference marks 3 granite posts-each 2 feet and 2 inches 
long and 5 inches square at the top, with diagonal ljnes cut on them-were set 5 feet 
distant from the geodetic point; one clue north, one clue south, and one due east. 

. Lin.slid, Anne Arundel County; established in 1S44 by James Ferguson. 'fhis 
station is situated on the west side of Chesapeake Bay, on what is known as Eagle 
IIill, near the head of Broad Creek on the north shore of Magothy River. It is about 
one-half mile in a northerly di;rection from the old Linstid ~louse and just east of the 
road which passes over the west side of the.hill. The station was re-marked, in January, 
1897, as follows: The underground mark is·an earthenware cone. 15 l.nches high, upper 
diameter 6·5 in~hes and lower diameter 12·5 inches: the center marking the station. 

I8732-No. 4--5 
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The top is 26 inches below the surface. About 2 feet north of the center and 9 inches 
below the surface a granite block (6 by T by 18 inches, with one end dressed to 5 inches 
square and diagonal cross lines on it), was laid horizontally, the dressed end toward the 
center. The surface mark is a rough granite block 1S inches long, the head dressed to 
5 inches square with a hole one-half iiich in diameter a'ncl three-eighths inch deep in 
the center; the top being even with the surface of the ground. The reference marks 
are triangular blazes cut in 2 chestnut trees, with sixtypenny nails driven in the center. 
One tree is::?".~ feet in diameter, bearing north 76°'5 east magnetic, and distant +s·87 
feet, and the other 1·7 feet in diameter, bearing south 2°·7 east magnetic, and distant 
IJ"3I feet from the station. 

Fhzlcu'. Baltimore County; established in 18++by James Ferguson. This station is 
situated on Cub Hill, about 9 miles from Baltimore on the old Harford road and about 
5 miles east of T<:>wson. It is located on the old Finlay farm-now (1896) the property 
of Mr. Theodore Fastie-about 300 feet east of the old Harford road and five-eighths 
of a mile west of the Harford turnpike. The geodetic point was re-marked in 1896 as 
follows: A glazed drain tile 4 inches in diameter and 30 inches long, filled with cement 
and gravel, was sunk in the ground so that the upper encl was 3 ·feet below the surface. 
It was set in cement and gravel and a sixtypenny nail at the center of the tile marks 
the station. The surface mark is a chestnut post, the top being even with the surface 
of the ground and having a fortypenny nail in the center. 

The northeast corner of an olcl.log house-now used as a blacksmith shop-distant 
253·71 feet, bears north 47° 06' west (true); a large cherry tree, distant 126·85 feet, 
bears south 22° 46' east (true), and the east gable of the stone barn on the Fastie place 
bears north 9° 27' east (true) from the geodetic point. · 

Proia Island, Harford County; established in 1844 by James Ferguson. Pooles 
Island is in Chesapeake Bay, near its. head, about opposite the mouth of Gunpowder 
River. The geodetic point is located near the south end of the upper half of the island, 
about 450 feet in a northwesterly direction from the large dwelling house of Mr. John 
Masheter, present (1896.l owner of the island. 

A careful search was made for this point in 1896, but as all surface and reference 
marks, except one, had been destroyed many years before, the miderground marks 
could not be found. 

( b) • ..J mcrican Bollom Base Linc, J//i11ois, IS72. 

LOCATION, MEASUREMENT, AND LENGTH. 

This base is located in St. Clair and Madison counties, Illinois, in the bottom 
lands of the Mississippi River, on the eastern or Illinois side of it, and ·nearly opposite· 
·st. Louis, Missouri, and about 16 kilometres ( 10 statute miles J distant from it. It 
served, in the first instance, for a local survey about St. Louis. The t\:vo encl points are 
upon spurs of bluffs about 15 metres (say 50 feet) or more elevated above the general 
level of the bottom lands. These elevations were desir;lble in order to have a clear line 
of sight over the forests that fringe the low lakes, ponds, and swamps which occupy the 
middle portion of the lowlands. The middle point of the base is in latitude 38° 3S'·2 
and in longitude 90° 02':0, nearly; the azimuth of the lower or southern point, as seen 
from the northern end, is 24° 40': the total length is 7'27 kilometres, or 4·52 statute 
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miles. The line lies for more than nine-tenths of its length over·wheat and corn "lands, 
crosses 3 main roads, 2 railroads, and S bridges over creeks and dry nms. The latter 
structures were of a simple 'kind, and designed only to support the measuring bars. 
The measurement was made with two 6-metre contact-slide rods, known as Nos. l 

and 2. A description of the apparatus, embodying the principle and construction of 
Colonel Mudge's apparatus, and as modified and improved, will be found in Appendix 
No. 17, Coast and Geodetic Survey Report for lSSo, pp. 341-345. Only one measure 
was made, and the work was in charge of Assistant C. H. Boyd, aided by Assistant 
Van Orden and Mr. Featherson, civil engineer; it occupied th~ time between October 30 
and November I 1, lSp. A line of spirit leveis was carried from the so-called City 
Directrix at St. Louis to the Lower Base Monument. The St. Louis bench mark is 
counectecl with the Gulf and l\tlantic levels. 

No. 4., 

SugctrLoar Neou.nd 

lTpperBase 

1 

Dru!i"'" 

Statu.te M-il"s 

• 0 JO •• io 

Kilom.etres 

0 10 ·~ zo ~b 30 •• 

The Upper Base or northern terminus is marked by a limestone monument with 
marks above and below the ground; that on the monument is a cross cut in a copper· 
bolt, while under the center and about l ·2 metres (4 feet) below ground is an earthen
ware pyramid. After these terminals had been built for about a month, the line was 
staked out at distances of 120 metres; during the measurement every twentieth bar was 
plumbed clown and secured by a stake and copper tack; the bars were protected by a 
portable tent; their inclination was had from sector readings, which also gave the profile. 
of the whole line. A thermometer was attached to each bar and recorded. 

The 6-metre contact-slide rods, Nos. I and 2, were made at the Survey office in 
August, 1867. The last determination of their length before the measure of the 
Aiuerican Bottom Base was in April and August, 1870, and was made by comparisons 
with the 6-metre standard bar No. 2. The length of this last bar, which dates back to 
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February, 1855, was determined in April, rS6o. by Assistant J. E. Hilgard, with the 
result-

s. = S ·999 982 3 metres at o0 C. 
± IO 

Its coefficient of expansion was not determined until March, 1897 (see Assistant A. 
Braid 's report of March 27, 1897.l; it was found equal to o·ooo or r 25 for tbe centigrade 
scale. The comparisons of s. "with rods Nos. 1 and 2 were made by means of a Repsold 
lever comparator, of which r turn= 316·75 microns and I division= 3·16Sp. 

The comparisons of April 29, 1870, give-

0 rl Ill . 

S, ·-No. r at 6o ·3 F. = + 33 ·50 or 
S0 -No. 2at60·1 F.=-;:.5·17 or 

No. l = 6 ·001 149 5 at 15 ·72 C. 
No. 2 = 6 ·-:ioo 924 6 at 15 ·61 C. 

The.comparisons of August ;)o, 1870, give-:-

d · m o 
S0 -No. lat73·07F.=+31·40 or No.r=6·oor 622 lat22·82C. 
S.- No. 2 at 72 ·90 F. = - 35 ·91 or No. 2 =6·001 402 lat 22 ·72 C. 

Hence we have-
Length of rod No. r at 19 ·27 C. 
Length of rod No. 2 at 19 ·16 C. 

Mean, 19 ·215 

6 ·001 385 8 111. 

6 "001 163 4 Ill. 

6·001 274 6 

In the absence of other determinations for the coefficient of expansion of the rods 
Nos. l and 2 we deduce from the above comparison for-

No.1a=11·roµ} 
N for the C. scale. 0.2 . II"I9/1. 

For the elevation of the base above the mean sea level we have from the unadjusted 
(not yet completed) lines of spirit levels the "height of the St. Louis City Directrix, 
transferred to the bridge across the Mississippi I 25 ·s ±a· 3 metres; also by spirit level
ing in rSS2 by Assistant A. Braid, top of monument (copper bolt) at Upper Base above 
the City Directrix 32 ·79 metres: hence the elevation of Upper Base is 158 '6 metres: also 
by spirit leveling in November, 1Sr1, by \V. Bauer, top of monument at Lower Base above 
the City Directrix 2.r ·67 metres, and elevation of Lower Base 147" 5 metres. The difference 
in height of the base ends r r · r metres is verified by the sector readings during the base 
measure. \.Vhence we gc:::t the average elevation of the base a"bove hal.f tide level of the 
ocean 132 · l metres, to which is to be added 1 · r metres for height of apparatus above 
ground. The total elevation is therefore 133 ·2 metres; log radius of curvature 6"So3 S. 

\.Vi th the-above data the length of the American Bottom Base comes out as follows: 

Lengtl! of l 210 mean rods Nos. l and 2 at an average temperature 
of 5$0 ·69 F. or q 0 ·828 C. 

Length of rod No. 1 at 15°·0 C 
Excess of Lower Hase mark over the last bar laid 
Correction for inclination 

"Reduction to sea level 

Resulting length 6f base 

.11/d11·.s. 

7 261 ·187 3 
+ 6·001 7 
-!- o·S56 9 

I ·010 r 
0 '152 l 
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As the base was measured but once, the· accuracy of the result can only be roughly 
estimated. 'fo the mere comparing error ( ± I 'OJI) of S

0 
we add ± 6µ-that is,_ I micron 

for each metre.,--hence probable 'error for .base or 1 :2 11 bars, ± 7' 4 millimetres, 'rhe 
temperature of th~ rods may be uncertain by± o0 ·2 C, considering that there was but 
one thermometer· attached to a rod: the effect of this upon the letigth of the base is 
± I6'2 .millimetr~s. · . A probable error of o· 5 metre in the adopted elevation of th& base 
would produce ±.0'6 millimetre. 'faking the probable error of a single measure of a 
kilometre to be± I '2 millimetres (Salina Base), that of the base becomes± s·7 milli
metres. Combining these fou;r · probable errors we get± 19 ·9 millimetres or 11 n 1;Hio 

of the length. 'fhis may be taken to represent the measuring error.; combining it with 
the probable error due to our practical unit of.length, the Committee Metre, taken as± 

%.Jl, we get J<.19·9)'+ (5·4)0 == ± :20·6 millimetres or about 1!n\ruo part of the length. 
Final result for length of base 7 266"883 7 metres, 

± 20 6 
and logarithm of its length 3·S61 348 21 

± I 23 

ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUSTED AT THE STATIONS 

FORMING THE AMERICAN BOTTOM BASE NET, 1871-72-73 AND 188o. 

A111<·ric.w Bottom Low,'r Base, St. Clair County, Illinois. November 12 to No\·ember 13, 1872. 
25-centimetre theodolite, No. 92. C. H. Van Orden, observer. May 24 to May 28, 1873. 2Sccenti· 
metre theodolite, No. loo. C. H. Boyd, observer. 

No.of 
direction. Objects ohseI"Ved. 

Resulting direc
tions from station 

adjustment. 

0 /I 

Corrections 
· from base-11et 

adjustment. 
,, 

Insane Asylum o oo oo ·oo +o ·33 

2 Minoma 2S o6 02 ·46 +o ·31 

Standpipe 28 I4 37 ·u 
3 1 Sugar Loaf Mound 109 16 57 "79 -o ·Sr 

4 I AmericanBottomUpperBase II4 45 13·03 +0·17 

Final seconds 
in 

triangulation. 

,, 
00·33 

02 "77 

56 ''}'3 

13·20 

Probable error of a single observation of a direction (3D. and 3R. )= ±1"·14 . 

.A111aica11 Bottom Upper Base, Madison County, Illinois. October 24 to November 13, 1872. 25-centi-
111etre theodolite, No. 74. C. H. Boyd, observer. May 8 to May 23, ;873. 28-centimetre theodo
lite, No. 100. C. H. Boyd, observer. 

0 ,, ,, ,, 
5 American Bottom Low~r Base 0 00 oo·oo +o ·17 00 ·17 

6 Clarks Mound 2 04 23 ·41 +0·57 23·98 

7 I In~n< A•ylum 49 IO 58·48 ..l...0·62 59·10 

Standpipe 67 SI 38 ·28 

8 Minoma 75 09 13 ·s8 -1°36 I2 '22 

Probable error of a single observation of a clirection ( ;i,D. and 3R. )= ± l"· 19. 
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Dre.yer, St. Clair County, Illinois. October 26 to October 27, 1871. 30-centimetre theodolite, No. 32. 
R. E. Halter, 0. · H. Tittmann, observers. June. 20, 1873. 25-centimetre theodolite, No. i4· 
C. ·H. Van Ordei1, observer. November 19 to December' 1; 18So. 30-centimetre theodolite, No. 
107. G. A .. Fairfield, observer. Telescope above ground 10·21 metres in lSSo. 

0 II II II 

31 Kleinschmidt 0 00 oo·oo +0·77 00 "77 

32 Insane Asylum 56 04 42·32 -l ·40. 40·92 

Standpipe 85 08 41 ·16 

33 Clarks Mound · 140 o8 32·76 +0·63 33·39 
Turkey Hill 184 o6 27 "79 

Probable error of a single observation of a direction (D. and R.) = ± 011·9S. 

Clarks llfozmd, St. Clair County, Illinois. ·October 13 to November 10, 187I. 30-centimetre theoclo
lite, No. 32. R. E. Halter, 0. H. Tittman, observers. M;ay 28 to May 31 1 1873. 25-centimetre 
theodolite, No. 74. C. H. Van Orden, observer. August i3 to September 4, 1880. 30-centimetre 
theollolite, No. 107. G. A. Fairfield, observer. Telescope above ground 10·o6 metres in 188o. 

0 II II ·,, 
25 Dreyer 0 00 oo·oo + 0 ·39 00·39 

26 Kleinschmidt I7 23 30·35 -I ·So 28·55 

27 Insane Asylum 46 08 58 ·34 +075 59·09 
28 Minoma· 73 51 07 ·94 +0·73 08·67 

Stamlpipe 77 38 29··97 

29 Sugar Loaf Mound 149 26 05 ·45 +0·95 o6·40 

30 American Bottom Upper Base 154 17 03 ·14 -1 ·02 02·12 

Berger 210 04 34·22 
, Turkey Hill 256 or II "05 

Probable error of a single observation of a direction ( D. and R.) = ± 111"39 C. 

St1gt11· Loil_/ J1/01111d, Madison County, Illinois. May 12 to May 24, r8j3. 25-centimetre theodolite, No. 
74. C. H. Van Orden, observer. September r3 to September 24, r8So. 30-centimetre theodolite, 
No. 107. G. A. Fairfield, observer. Telescope above ground, 14·20 meters in 1880. 

0 // // ·'' 
Parkinson 0 00 oo·oo 
Berger 30 24 26·70 

. 21 America.11 Bottom Lower Base II.f. 53 21 ·82 +0·09 21 ·91 

22 Clarks Mound II7 35 06·48 -0·24 o6 ·24 

23 I Insane Asylum 161 07 27·22 -0·33 26·S9 

Standpipe 174 35 29·21 

24 I Minoma 185 II 47 ·19 +0·48 47·67 
Probable error of a single observation of•a direction (D. and R.) = ± 111·20. 
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Jnsai1e Asylnm, St. Louis County, 'Missouri. · ·November 8 to November Io, I871. 30-centimetre · 
theodolite, No. 14. W. Eimbeck, observer. October 2 to October I2, I872. 25-centimetre 
theodolite, No. 92. C.H. Van Orden, obsen'er. June 5 to June 23, 1873. 28-centimeter theodo
lite, No. 100. C. H. Boyd and C. H. Van Orden, obs_ervers. 

0 " 
,, II 

I4 Minoma 0 00 oo·oo -0·27 59 "73 
Standpipe 39 46 44·35 

15 Sugar Loaf Mound 65 21 o6·63 +1 ·27 07·90 
16 ·American Bottom Upper Base 73 46 19 ·17 - ·88 . IS ·29 

I7 American Bottom Lower Base 89 50 07·81 -1 ·oo o6 ·Sr 

I8 Clarks Mound 98 31 40·32 + ·29 40·6I 

I9 Dreyer I48 IS 49·26 + 
066 49·92 

20 Kleinschmidt 200 16 I2"64 :..... ·07 I2. 57 
Patterson 235 1S 46 ·97 

I Kessler 27I 34 38 "II 

Morgan 3o6. 29 3o·S8 

Probable error of a single observation of a direction ( 3D. and 3R.) = ± 1"·30. 

J(/ei11sd1111idl, St. Louis County, Missouri. November 21 to December 9, 1871. 30-centimetre 
theodolite, No. 32. \V. Eiml:ieck, observer. June ~1 to June 22, I873. 25-centimetre theodolite, 
No. 74. C. H. Van Orden, observer. 

0 II II II 

Patterson 0 00 oo·oo 

Morgan 85 05 58·51 

34 Insane Asylum 124 05 37 "73 +0·5s 38·31 

Azimuth Mark 124 37 35 ·99 
Standpipe 132 54 24 "I4 

35 Clarks Mound 173 35 37 "II -0·76 36·35 

36 Dreyer 196 03 35·63 +0·19 35·82 

Probable error of a single observation of a direction ( 3D. and 3R.) = ± 0 11 ·90. 

llfinoma, St. Louis County, Missouri. June 5 to June II, IS73. 25-centimetre theodolite, No. 74. 
C. H. Van Orden, observer. 

0 II " II 

9 Sugar Loaf Mound 0 00 oo·oo -I 020 58·8o 

IO American Bottom Upper Base IO 18 59·95 +1·6o 61 ·55 

Standpipe 28 II 26·91 

II American Bottom Lower Base 28 30 38·95 +0·52 39·47 

12 Clarks Mound 36 48 21 ·53 -1 ·08 20·45 

13 Insane Asylum 90 34 30·33 +0·16 30·49 

J Morgan 164 32 12·93 

Probable error of a single observation of a direction t3D· and 3R.) = ± o'1•84. 
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FIGURE ADJUSTMENT. 

Obscr- a' "011 ,-q11alir>11s. * 

0=+2·74.+(rr)-(w)+ fS)- f5)'-\- (4)- (2) 
2 o=+nr+(r7)--'l.I4i+lr3)-(rI)+ (2)- (r) 
3 0=+3·83+(23)--(u)+ (3)- (r)+(r7)--{r5) 
4 o= -37r-r(r3)-- (9)-1-(24)-(23)-!-(15)-(14) 
5 0=+0·55+(30)-(27)+(18)-(16)+ (7)- (6) 
6 0=+6·36+(,'I0)-(2~)+(12)-··(10"1+ (8)·- (6) 
7 a= - I"7i + (28)- (27) +(IS)- (14) + (13)-(12) 
8 o=-J"o6+(29)--(2S)+(r2J- l9i +(24)-(22) 
9 O=- 2·76+ (33) - (.32) + ( 19) - (18) + (27)- (25) 

IO O= +3·29+ (36)-(34) ..j... (20) -{I9) + (32)-(31) 
rr o=+ 1·38+ (33)-- (3i) + (36)-(35) + (26)- (25) 
12I0=+4·0-r26l5)+1°82\7) -0·56(8) -6·4o(rn) +rs2(n)-n2(13) + r31(16l-r31(17) 
13 O= + 5·3 -4·68( I)+ 3·94( 2) + 0°j4(3) + 0·02(9) + 1"12( II)- 1"14( 13) - 2"02( 21) + 6·74(23) 

-4·72(24) . 

14 O = + 1]"4- 1"31(6) + 1·95(ii -0·64(8) -- 4·22( IO)+ 5"7i( 12) - 1'55( 13) + 0·31( 14) + 4·57( 16) 
-4·88(18) . 

15 0 = - 0·6- 2·82( 9) + 4·37( 12) -- 1·55(13) + 0·31( 14) + 3·22( rs) - 3·53(18) - _r35(22) +2·22(23) 
-0·87(24) 

16 o = + 18·7 - q3( 18) + 3 ·43( 19) - r65( 20) - no( 25) + 6·72( 26) - 2·02( 27) - 0·68(34) 
+ 5·09(35) -4·41(36) 

~ 
(.;) 

(3) 

(4) 

(5) 

(6) 

( i.l 
(St 
(9) 

(10) 
(II.I 

( 12 / 
(13) 

( '4) 

I.Isl 
(!6) 

(17). 

( 18) 

( 19) 

(20) 

( 21) 
( 22) 

(23) 
(24") 

(25) 

(26) 

( 27) 

I 2S) 

I 
c, Co 

-I 

-I +z 

+r 
-1 

+1 

-I 

+r -1 

+1 
-r 

+r 

-I 

+z 

-I -I 

+r 
+1 

-I 

-I 

+1 
+1 
-I 

-I +1 
-r 

+1 
+r 

-I 

+r -1 

+1 

-I 

-I 

<...orrdali' eq11atio11s. 

Cs 

.... .... .... 

-I 

.... 

-I +r 
+r 
-I 

+1 -1 

+z -r 

+z 

-r 

+r 
-I -I 

+r 
-1 +r 
+z -I 

-1·2(. 

+1 ·s2 
-o·~ 

-6·40 

+;·52 

-I'I.:! 

+1·31 
-7·31 

-4·6$ 

+3"94 
+0·;4 

+0·02 

+1·12 

-1·14 

-.1'0:? 

+6·74 
-4·;2 

--1 ·31 

+1·95 
-0·64 

-2·82 
-4·2z 

+5·;7 +4 ·37 
-1 ·55 -1 ·55 
+0·31 +0·31 

+:;·22 
+4 ·57 

-4 ·ss -3·53 

-1 ·35 
+2"22 
-0·87 

-178 

+3°43 
-1 ·65 

-4·70 

+672 
-2·02 

*Number of angle equations 11 and of side equations 5; the latter are established with 7 place logarithms. differ
ence!"o for i'' refer to tht: sixth place of decimals. 
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FIGURE ADJUSTMENT-continued. 

Corrdaf,, t'qllatio11s-Conti11ued. 

+1 
+1 +1 .... 

-1 -I 

-1 +1 
+1 +1 

-i -o·6S 
-l .... +5'09 

Ti +1 -4 ·41 

JVormal cq11atio11s. 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Cr~ C14 C15 C16 

o=+ 2·74 

+ I 'II 

+ 3·83 
- 3•71 

+ 0·55 

+ 6"36 

- 1 ·77 
- 1·06 

- 2·76 

+ 3·29 
+ l ·38 
+ 4·0 

+ 5·~ 
+17·4 
- o·6 

+18·7 

+6 

C ,=+o·r74 
c. -1 ·742 

C3 -I '229 

C4 +1 ·742 

Cs +0·453 
c6 -I '470 

C1 +0·20S 

Cs +0·950 

C9 +0·972 
C,o -0·429 
C,, -0 ·342 
C,. -0·270 

C,3 +0·565 
C,,, +0·338 
C,s -0·527 
C16 -0·217 

-2 +• 
+6 +• +• +o 

+6 -2 

+6 +2 
+6 +• +2 

+6 -2 

+6 

.... .... . ... .... 

+• 
-2 

+2 
-2 -2 
+6 

+6 

+ 14 ·62 - :! ·:S2 + 3 ·5S 

- 15'95 + 6"36 - I 86 - l'S6 
- 7 ·31 + 14 ·1a, - 1 ·oo 
- 1·12 - 12·62 - 1·86 + 1·09 

5·49 - 6'19 - 3·53 + 0·24 
+ 5·84 + 10'66 + 4 ',\7 
- I'll - 1'14 - 10'51 -9'76 ·+ 0'24 

- 4 '74 + 5 '77 + 7 '67 

-2 +• + 4 ·&~ + 3 ·53 + 7 '89 
+6 +2 - s·s1 

¥ + I~ 
+•10 ·S5 + 9 ·71 + 66 'o6 + l '74 

+11.:?·31 + 1·77 +20·7s 
'+IC'4 '23 +44 '94 + 8 '69 

+59'88 + 6 28 
+134 ·So 

Res11lti11g val11es of correlates and of ,vrredio11s lo a11g11/11r dir .. ctio11s. 

Corrections. 

II II II 

(1)=+0·327 ( 13) = + 0 ·159 (25)=+0·390 
(2) + ·310 ( I4) - ·266 (26) - I ·Sou 
(3) ·Su ( 15) + l ·274 (27) + ·749 
(4) + ·'174 (16) ·SS2 ( 2S) + ·72S 
(5) + ·166 ( 17) ·997 (29) + ·950 
(6) + ·574 (18) + ·286 (30) -1 ·017 
(7) -i- ·621 ( 19) + ·657 (31) + 771 
(S) -- I •361 (20) ·071 (32) -1 ·401 
(9) - I ·195 (2I) + ·ot;S (33) -L ·630 I 

(IO) -f- I ·59S (22) ·~39 '(34) + -·577 
( 11) +0·519 ( 23) ·333 (35). 763 
(12) - I 'o8I (:q.J + ·4S3 (36) + ·186 

1 Checks: Sum of all +corrections 12·217 and :SP<«' = + 23 ·648 
Suni of all - corrections 12·217 and -:S<i'C= + 23·615 

Mean error of an observed di,-..ctio11 111, = f [P<'<'] = ± i "· 22 . y II 

where n =number of conditions. 
Mean error of an a ng/e 111L=111,,/2 = ± 1"·72 and probable error of same ± 111·16. 
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TRl_ANGLF;S OF TH~~ AMERICAN BOTTOlI BASE NET, ILLINOIS AND l\1ISSOURl, rS71 to rSSo. 

No. Stations. Observerl angles. 
Correc- Spher- Spher-

Logs. Distances ti 1 1cal 1cal in metres. 0 15
" angles .. excess. 

!I " " 
,, 

J Minoma 18 II 39·00 -I ·oS 37·92 o·q 3·S6r 348 2 7 266"S84 
I Am. B0t. Up. Base 75 09 · 13 ·5s -I ·53 12 ·05 o·q 4·352 12,:; 5 22 496 ·94 l Am.Bot.Low.Base S6 39 IO :57 -o·r3 ro·44 0·13 4·366 12S 5 .,. 234·24 _ _, 

03 "JS 0 ·41 

J Insane Asylum 7.3 46 19 ·17 -0·61 IS ·s6 0"2I 4·366 12S s 2 ... , 234 ·24 
2. Minoma So I5 30·38 -l ·44 28·94 0·20 4 "37i 47S 4 23 849 ·45 l Am. Bot. Up. Base ;i5 58 15 "IO -r "<}'> 13 "12 0 ·21 4·025 166 I IO S96 ·59 

04·65 0·62 

J I1isane Asylum 89 50 07·S1 -07,:; 07·oS o "IS 4·352 123 5 22 496·94 
3 Minoma . 62 03_ SI ·38 -0·36 5I "02 o ·rs · 4 ·298 ,FS 3 19 875 ·51 l Am.Bot.Low.Base 28 06 02·46 -0·02 02·44 o ·rs 4·025 166 I IO 596"S9 

or ·65 0·54 

J l1~sane Asylum 16 03 48·64 -0·12 4S ·52 o "II 3 ·S6I 348 2 7 266"884 
4 Am. Bot. Up. Base 49 10 58·48 +0·45 5S·93 O"II 4·298 318 3 19 87s"SI l Am.Bot.Low.Base II4 45 13 ·03 -o·r5 r2·ss O "II 4 ·377 478 3 23 849 "4S 

00 ·15 o·33 

r Sugar Loaf Mound 46 q 05 ·40 -o ·42 o4·9S o "IS 4 ·298 31S .:; 19 875 ·51 

5 l Am.Bot.Low.Bas~ 109 r6 57 79 -r·q 56 ·6s o ·rs 4 ·414 600 7 25 977 70 
Insane Asylum 24 28 61 ·18 -2 ·27 sS ·9r o ·rs 4·057 !Ii 2 II 4os·57 

04 ·37 O"S4 

J Sugar Loaf Mound jO 18 25·37 +o ·40 2S ·77 0·21 4·3s:i 123 s 22 496·94 
Sr IO SS ·33 -I "12 54 "2I 0·22 4·373 1"" • 23 612 ·03 6 l Am.Bot.Low1 Base .._"I.) ._'I 

Minoma 28 30 3$·95 +r "jI 40·66 0 ·21 4·057 II7 2 II 40S "57 

s9·65 0·64 

{ S'W"' Lo'fl\!oond :1-1 04 19 ·97 +0·82 2079 0"2I 4·02s 166 I IO 596"S9 
7 Insane Asylum 65 2r o6·63 +r ·s.i 08·17 o ·2r 4 ·,:;73 133 2 23 612 ·02 

Minoma 9C> 3.J. 30·33 +r ·3s ,:;I "68 0"2:? 4 ·414 6oo 7 25 977 70 

56·9:; 0·64 

[ Cl~k•M®od "27 42 09·6o -0·02 09·s8 0 ·16 4·025 166 l IO 596"S9 
8 Insane Asylum 98 JI 40 ·,:;2 +o·s5 4o·S7 0 ·17 4 ·,:;52 994 4 22 542 ·ro 

J.Vlinorna 53 46 oS·So +r ·2.i IO "O.j. 0 "16 4·264 sos 3 IS 386 76 

5S"i2 0·49 

[ CWk• Mound w3 17 07 ·a +o ·20 • 07 ·31 0 ·22 4 ·414 6oo 7 2s 977 "70 
9 Insane Asylum 33 IO 33 ·69 -0·99 32·70 0'22 4 ·16.j. 534 3 I4 606 "IO 

Sugar Loaf Mound 43 ·~ ::?074 -0·09 20'65 0·22 4·264 505 3 18 386 ·76 _,_ 

01 ·54 0"66 

J Clarks Mound rnS oS 04·So -I"ji 03 ·03 0 ·rs 4·377 478 3 23 849 ·.is 

10 l Insane Asylum :q 45 2r ·rs +1 ·17 22 ·32 0 ·16 4·02r 566 I IO 509 "II 
Am. Bot. Up. Base 47 06 3s·o7 +0·05 35 ·12 0 ·16 4 ·264 sos 2 rs 386 76 

01 ·o~ 0 ·47 
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'rRJANGLES OF 'rHE AMER,ICAN BO'rTOl\I B.~SE NE'r, II.LINOIS AND MISSOURI, 1871 T_O 1880-cont'd. 

No. Stations. Observecl angles.-
Correc- Spher- SJ?her-

Logs .. Distances 
tions · 1cal 1cal. in metres. · angles. excess . 

,, • . II ,, II l Cla.bM~od iS 34 Si ·sr +0·22 s7"73 0·27 4 ·373 I.,., ., 23 612 ·03 ... ,., ..... 

II Minoma 36 48 21 "S3 +o·r2 21 ·6s 0·27 4 ·164 S34 3 14 6o6 ·10 

Sugar Loaf, Mr!. 67 36 40 71 +072 41 ·43 .0 ·27 4·352 994 4 22 S42 ·10 

59 75 o·8r 

( Cloclra Moonol So 25 55 ".?O -I '75 S3 ·4s O"I9 4 ·366 128 s 23 234·24 
12 Minona 26 29 21 ·58 -2·68 18·90 0·20 . 4 ·021 56/.) I IO 509 "II 

Am. Rot. Up. Base 73 04 so ·17 -I ·93 48 ·24 0·20 4·352 994 3 22 S42 "IO 

06·95 0·59 

nJ 
Dreyer 84 03 50·44 +2'03 52 ·47 0·16 4·264 505 3 rs 386•76 
Insane Asylum 49 47 08·94 +0·37 09"3I 0·16 4 ·149 726 7 14 116 ·49 ' l Clarks Mound 46 oS s8 ·.w +0·36 ·58·70 0 'I6 4 ·1.24 866 r 13 33I "IO 

57·72 : .. ~ 0·48 

r Kleinschmidt 49 29 59".)8 -I ·34 58·04 0·18 4·264 50s 3 r8 386 76 

14 l Insane Asylum IOI 44 32 ·32 -0·36 31 ·96 0·17 4·374 278 9 2.) 674 ·40 
Clarks Mound 28 45 27"99 +2"54 30 "S3 0·18 4 ·065 715 r II 633 ·63 

s9·69 0·53 

J Kleinschmidt 71 S7 57 ·90 -0·39 57 "5I 0 "JI 4 "124 866 I IJ 331 "IO 

·rs l Insane Asylum 5i: 57 23·JS -0·73 22 ·65 0 "IO 4·043 OI6 7 II 041 "2I 

Drey"r 56 04 42·32 -:!"IT 40 "I5 0'10 . 4 ·o65 7I5 2 II 633·63 

03 ·6o 0"3I 

( Kl<i=hmidt ::?::? 27 58·52 +0·95 59·47 o·og 4 ·149 726 7 14 II6"49 
16 Clarks Mound 17 23 30·3s -2 ·19 28 ·16 o·os 4 "04J 016 6 II 04I ":!I 

Dreyer 140 oS 32 76 -o·q 32 ·62 o·oS 4·374 278 9 23 674·40 

OI ·63 0·25 

l'ROBABJ,E ERRORS. 

Dd.:r111i1111tio11 •?i Ille' probabk ,,rrvrs of tlie ft>11gtl1 <?f Ifie sides co111111011 to !11<? 11d a11d tilt? adfaff11l 
cliai11s of tria11g11latio11. 

For the side Sugar Loaf Mound to Clarks Mound, as adjusted, we make use of 
the expression-

Sugar Loaf Mound to Clarks Mound_ si 11 ( S - 5) sin ( 3 - 2) sin ( I 2 - 9) 
Alllerican Bottom Base - sin (II - IO) sin ( 24 - 21) sin ( 29 - 28) 

hence the function 

F= log sin (8-S) +log sin (3- 2) +log sin { I2 - 9) - log sin (11 - IO) - log sin ( 24 - 21) 
- log sin (29- 28) 

Establishing and solving the transfer equations, we fit~d the reciprocal of the 

weight~= 46·04, also the mean error 111F and the probable error rF, both expr~ssed in 

units of the sixth place of decimals in their logarithms, viz: ± S ·25 and ± 5 · 56, 
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respectively, hence log distance Sugar Loaf Mound to Clarks Mound 4·r64 534 3 and 
. ± 56 

the distance q 606 · 10 metres. The probable error is .about '!Ttruu part of the length. 
± 0·19 

To this must be added the proportional error depending upon that of the base measure, 
. 14 606 . 

or ± 0·0206 X --6- = ± 0·04 r metre; hence probable error m length of side Sugar 
7 2 7 

Loaf Mound to Clarks Mound ~<.0·19-Y+ (0·041)2 = ±0·19111etre. 
For the side Clarks Mound to Dreyer we use the expression-

Clarks Mound to Dreyer sin (4- 1) sin (7 - 6) sin ( 19- 18) 
American Bottom Base = sin ( l 7 -· 16) sin ( 30 -- 27 ) sin ( 33 - 32) 

F= log s·n (4- 1) +log sin (7 - 6) +log sin ( 19 - 18) - log sin ( 17 -'16) - log sin (30- 27) 
- l()g sm ( 33 -- 32) 

I 
Establishing and solving the transfer equations, we get p = 40·94, also m ~· = ± 

7·78 and rF= ±5"25, hence log distance Clarks Mound to Dreyer.4·149 726 7 and 
±, 5 2 

d.istance 14 116·49 metres. 1'he probable error is about ~-g·bii·ii part of the length. 
. ±. 0·17 

Adding to this the proportional error due to that of the base measure, or <Yo206 /'. 
1 ~ ~~~ 

= ± 0·040 metre, we have probable error of length of side Clarks Mound to Dreyer 

~(o·I7)2 + (0·040)2 = ± 0·17 metre. 
For the side Minoma to Insane Asylum we use the expressi.on-

. Minoma to Insane Asylum sin ( 8-5) sin ( 2 -1) 
-American Bottom Base =sin (II - 10) sin ( 17 - 14) 

F=.log sin (8 - 5) +log sin ( 2 - 1) - log sin (II - 10 l -- log sin (I7 - 14) 

Establishing and solving the transfer equations, we find the reciprocal of the 

weight ~ = 41 ·4s, a_lso the mean error m.~· = ± 7 ·s3 and probable error rp == ± 5 ·2s; 

hence log distance. Minoma to Insane Asylum 4·025 I66 I and 
± 53 

metres. The probable error is about -s 2 huu part of the length. 

distance Io 596·59 
± 0·13 

Adding to this the 
IO 'i97 

Proportional error dt1e to that of_ the base measure, c_,r 0·0206 X ---"--
6
- = ± o·o:;o 

7 2 7 ' 
metre, we have probable error of length Minoma to Insane Asylum J(o· 13)2 + (0·030)" 
= ± 0·13 metre. . 

For the side Insane Asylum to Kleinschmidt we use the expression-

Insane Asylum to Klein!>chmidt sin (4 - r) sin ( 7 - 6) sin ( 27 - 26) 
American Bottom Base =sin ( 17 - i6) sin ( 30 - 27) sin (35 - 34) 

F=log sit1 (4-1)+log sin (7-6)+log sin (27-26)-log sin (17-16)-log sin (30-27) 
- log sin (35 -- 34) 

Establishing and solving the transfer equations, we find the reciprocal of the 

weight];= 47"36, als_o the mean error mp= ± 8"42 and the probable error rF = ± 5 "68, 
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hence log distance Insane Asylum to Kleinschmidt 4·065 7I5 I ai~d distance II 633·63 
± 5 7 ± 'IS 

metres. The probable error is about 77 ho part of the length. Adding_ to this the 
II 634 

Pro1Jortional error clue to that of the base measure, or 0·0:?06 :< -'-,,- = 0.03-:. metre, . 7 207 v 

we have probable error of length Insane Asylum to Kleinschmidt J-(o ___ I_5_)_2 _,+,---(,_o-·o-3_3_)_" 

= ± o'I5 metre. 

DESCRIPTION OF STATIONS FORMING THE AMERICAN BOTTOM BASE NET-ILLINOIS AND MISSOl.TRI. 

,../.mcricau B<1fto111 L£l7:(10' Base, St. Clair County, Illinois; established in I872 by 
c;. H. Boyd. This station is situated on th~ west slope of the I11inois bluffs on the east 
side of the American bottom, opposite St. Louis, Missouri, on land belonging to Mr. 
Francis Simoin. The geodetic point is on the west side of the road running north from 
the Belleville rock road along the foot of the bluffs through the small settlement of 
~rench Village. It is about I mile from the rock road and one-fourth mile from the 
village, 4 metres west of the fence at the side of the road, and about I93 metres north 
of Mr. Davenroi's house. The center is marked by a cross cut on a copper bolt set in 
the toiJ of a limestone mom1me11t 12 by 14 by 40 inches, having the letters U.S.C.S. cut 
on the side facing the base, 1872 on one side and BASE on another. An earthenware 
pyramid is buried 4 feet below the surface of the ground, under the cross on the copper 
bolt. Two reference stones were set, one in prolongation of the base, distant 39·37 
feet, and the other at right angles to the eastward, distant 63 feet from the center. 

,-/11wican Bottom Upper Bast·, Madison County, Illinois; established in I872 by 
C. H. Boyd. This station is situated on the west slope of the Illinois bluffs on the east 
side of the American bottom, opposite St. Louis, Missouri, on land belonging to Mr. A. 
Smnner. The geodetic point is about one-fourth mile north of the road from East 
St. Louis to Collinsville and a short distance east of the road running n'orth from the 
Collinsville road along. the foot of the bluffs. The center is marked by a cross cut on a 
copper bolt set in the top of a limestone monument 12 by 14 by 40 inches, inscribed in 
a similar manner as the monument at Lower Base. An earthenware pyramid is buried 
4 feet below the surface of the ground directly under the cross on the copper bolt. 
Two reference posts were set, one in prolongation of the base and one at right angles to 
the eastward, ~ach 5 by 5 by 30 inches and distant 24 feet from the center. 

. 1lfino111a., St. Louis County, Missouri; established in 1872 by C. H. Boyd. This 
station is on the cupola of the residence of Mr. Jefferson Clark, situated about one-half 
inile north of the Natural Bridge road and about 7 miles from St. Louis. The geodetic . 
point is the center of the flagstaff on. top of the .cupola. 

lnsmzt' .-lsy/11111, St. Louis County, Missouri: established in rS7r by R. E. Halter. 
This asylum, also known as the "County Lunatic Asylm11," is situated on the "County 
farm forming part of a larger tract of land known as the ••Gratiot League Square.'' It is 
about 5 ·miles southwesterly from the court-house at St. Louis and about 500 feet south 
of the Arsenal street road, at ·a point about one-half mile westerly from its intersection 
with the Kings Highway. 'fhe geodetic point. is the finial of the cupola of the building. 
Eccentric points were occupied on the main floor of the cupola. 

Sugar Lo1~l Jlfouud, Madison County, Illinois; established in rS]I by R. E. Halter. 
This station is situated near the middle of the north line of the northeast quarter of section 
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2o, township 3 north, range S west, about 3 miles northwest of Collinsville on the Van
dalia Railroad. It is on a very prominent mound on the edge o~ the bluffs, with a steep 
slope in all directions falling off about 50 feet to the level ground· to the eastward and 
150 to 200 feet to the westward down to the American bottom. A small private grave
yard is just south of the mound. The geodetic point is a little to the north of the cen
ter of the mound and is marked with the usual earthenware pyramid, the apex being 
3 · 1 feet below· the surface of the ground. The surface mark is a white marble post, 
6 by 6' inches square and 2 feet apd 6 inches long, projecting about I inch above the 
ground, having cross lines cut on the top with the letters U.S.C.&G.S. cut in the four 
squares. 

Clarks llfou11d, St. Clair County, Illinois; established in 1871 by R. E. Halter. 
This station is situated near the middle of the south line of the northwest quarter of 
section 35, township 2 north, range 9 west, directly on the bluffs overlooking the 
American bottom, about three-fourths mile south of French Village and about 7 .% miles 
northwest of Belleville. The mound is quite prominent, the property, in 1880, of Mr. 
"William Clark, of St. Louis. The underground mark is the center of .the bottom of a 
soda-water bottle buried, bottom up, 2 feet and 7 inches below the surface of the ground. 
The surface mark is (in 1880) a white marble post 6 inches square, 2 feet 6 inches long, 
projecting about 2 inches above the ground, the top cut and inscribed like the one at 
Sugar Loaf Mound. Two white marble posts, 4 inches square, 2 feet 6 inches long, 
with diagonal lines cut on the top, an arrowhead at the end of one of the lines pointing 
to the station, were set a~ reference marks; one in prolongation of the line to the Blind 
Asylum, St. Louis, and the other in prolongation of the line to Sugar Loaf l\found, each 
50 .feet distant. Additional reference marks are nails in the centers of triangles cut on 
3 trees, as follows: 

A hickory 64·3 feet distant,· bearing north 41° 3o' east; a white oak J9'3 feet 
distant, bearing south 57° JO' east, and a hickory 92·;i feet distant, bearing south 51° 3o' 
east-bearings magnetic. 

Drqer, St. Clair County, Illinois; established in 1871 by R. E. Halter. This station 
is situated in the southern part of section 27, township I north, range IO west, mi the bluffs, 
about 6 miles northwest of Centerville, about I j·f miles nearly south of Falling Springs, 
and nearly east of where the Carondelet rock road, which crosses the bottom, strikes 
the bluffs. It is on land belonging' to Friedrich Dreyer, about 370 metres west by north 
from his house and about 17 metres north of the road leading to the bluffs. The apex 
of an earthenware pyramid, 3 feet below the surface, marks the geodetic point. The 
surface mark is a spike in the center of a cedar stub, 4 by 4 by JO inches, projecting 
about 3 inches above the ground. A white marble post, 6 by 6 by 29 inches, with cross 
lines cut on top and the letters U.S.C.&G.S. cut in the four squares, was set south of 
the station in the fence line north of the road, a trifle below the surface, distant 64 · 4J 
feet from the geodetic point and l 210 feet from the northwest corner of Dreyer's corn 
house. Two other marble posts, 4 by 4 by JO inches: with diagonal lines (arrowhead 
at encl of one line pointing to the station) were set in the fence line, projecting about 2 

inches above the surface, as reference marks-one west and one east of the larger post, 
the west one distant 107'95 feet and the east one 76·55 from the geodetic point. The 
following angles were measured at the center: East stone, o0 ·oo'; south stone, 45° ·09'; 
west stone, 90° · 18'. 
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Kld11sd1111idt, St. Louis County, Missouri; established in rS71 by R. E. Halter. 
This station is situated in township 44 north, range 6 east of the fifth principal meridian, 
on an eminence known as Terrills Hill in the sonthwest part of the commons of Caronde
let, south of the River des Peres, on lot belonging to Henry Kleinschmidt, at northeast 
corner of intersection of Lemay Ferry and Sappington Barracks roads. The apex of 
an earthenware pyramid, set 2 feet and 4 inches below the surface of the ground, marks 
the geodetic point. The surface mark is a tenpenny nail in the center of a white pine 
stub 4 inches square: Two cedar stubs were set, 41 feet apart, within 1 foot of H1.e 
fence on the north side of the Sappington Barracks road. as reference marks--one due 
south of the geodetic point, 41 feet 4 inches distant, and 132 feet distant from the east 
corner of the lot, the other 37 feet 7 inches distant from the geodetic point and 225Yz 
feet from the west corner of the lot. Distance from geodetic point to southeast corner 
of rock foundation c•f Kleinsclunidt's house is 149 feet. and to northeast corner of rock 
foundation of Bauer's house, south of Sappington Barracks road, 165 feet and 3 inches. 
The angle at the station between the house corners is 75° 18'. 

(c) O/ue_v Base' Lilu, Illinois, I879. 

LOCATION, MEASUREllIENT, AND LENGTH. 

This base line is due to the labors of the United States Lake Survey, and, on account 
of its position with reference to· the transcontinental triangulation and its high accu
racy, has been incorporated into the scheme of triangulation passing over this region 
between the American Bottom Base, Illinois, and the Holton Base, Indiana. A full 
account of the measure of this base is given in ··Report* upon the Primary Trian
gulation of the United States Lake Survey by Lieut. Col. C. B. Comstock, Corps of 
Engineers, brevet brigadier-general, United States Army, aided by the assistants of the 
Survey," to which the reader is referred who may desire more information than what is 
given here, viz, a brief abstract of a chapter (XII) in that publication. 

The Olney Base is situated on a prairie in the southern part of Jasper County, Illi
nois, about 13 kilometres (say 8 statute miles) fron~ Olney, about one-half "the length of 
the line being on cultivated ground and the other on unbroken prairie sod. The line is 
a straight one, and the greatest difference of elevation of its points is but 7 meters (23 
feet); its length is approximately 6·59 kilometres (4 ·09 statute miles); its middle point 
is in latitude 38° 51'·s and in longitude 88° 03'·9 west. nearly. The azimuth of the line 
at the west encl is 268° 301 west of south, about. The ends of the base were marked by 
granite posts set in brickwork, ·and the terminals are agate hemispheres set in brass 
cylinders leaded into granite posts, and are 3 feet below the surface of the ground. 'rhe 
base was divided into 6 nearly equal sections by marks on stones, the mark beitig a drill 
hole in the top of a copper bol~ leaded into the stone. Each of these sections was 
measured in duplicate in opposite directions. 

The measurement was made with the Repsold apparatus by a party under the charge 
of Assistant Engineer E. S. \Vheeler, between July 9 and September 15, 1879. 'rhis 
apparatus arrived at the Survey office. Detroit, in November, 1876. With it the meas
urement is made with one tube, which is 4 meters long, and is a metallic thermometer 
consisting of a bar of zinc:: and a bar of steel joined at their middle points; the tube 

*Profe•sional Paper" of the Corps of Engineers, United States Army, No. 24, Washington, 1.S.S2, pp.J<O-J".5· 
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lengths are defined between microscopes provided with reading micrometers for measuring 
interyals between successive tube ends and mounted on .stable iron stands, so constructed 
as to admit of all needed adjustments of the microscopes over the ends of the tube. A 
full description, with plates, of the apparatus and of the manner of using it will be found 
in Chapter VIII of the 1 

• Professional Papers, Corps of Engineers, United States .Army, 
No. 2+" . 

·when used in the field, the tube and microscopes are protected from heat radiation 
by awnings. The apparatus was accompanied by a steel meter designated 11 R. 1876." 

. A line of levels was run along the base lil\e and checked by the observed inclinations of 
the tubes. '!'he average height of these tubes above the mean tidal level of the ocean, 
as found by combinations of various levels, is given for the western part of the Olney 
base 489 ·7 ± 5 ·o feet ( 149 · 25 metres ± 1 ·5 2) and for the eastern part 480 · 5 ± 5 ·o feet 
{146·45 metres± 1·52). The resulting length and its probable error are given on 
pages 303-304 in terms of the Repsold Metre. 

f6o 0 ">9F Olney Base at sea level= 6 589·2 (R 1876 at -
1 

o.- c') - 165·04mm ± 3·48mm . 
. 15 717 . 

In order to obtain a reliable value for the length of this metre, it was sent to the 
International Bureau of Weights and Measures at Sevres, France, in April, 1882, for 
comparison with the standards of that Bureau. The results are given in Tome III, 
Travaux et Memoires du Bureau International des Poids et Mesures. Paris, x884. The 
expansion of R i876 for 1°C was 10·56311; at that time, however, the length of the 

± 'Oii 

Prototype Metre had not been finally adopted, though the uncertainty was supposed not 
to exceed a few tenths of a micron. The value given is R 1876 = 1111 + 9]·S1J.1 at o0 C. 

We hav.e next the result from direct comparisons of the Committee and the Repsold 
metres made by Ass~stant 0. H;. Tittmauu at \.Vashington, District of Columbia, between 
August, 1888, and March, 1S89, for which result see 11 The relation between· the metric 
standards of length of the United States Coast and Geodetic Survey and the United States 
I,ake Survey." A report by C. A. Schott and 0. H. Tittmann, Assistants.* From these 
elaborate observations we have the result (p. 185): 

R 1876 =Committee Metre+ 9S·19J1±0·70Jt at o°C., 

a result almost identical with that obtained at Paris. In the same report ·we find a com
parison of the several independently determined values for the expansion of R 1876, all in 
excellent agreement, and we therefore adopt the values a R1s76 = 10·606p and ac.,1r. 
= I 1·795µ (p. I 86); further we take the Committee Metre to represent in length the 
Iriternational or Prototype. Metre. In this connection see the discussion relating to 
the standard of length of the transcontinental triangulation; in fact relating to all 
distances determined by the Survey. 

Substituting the value of R m6 = 1111 + 98· 211 ± 0·7 JI at o0 C. into .the equation given 
above for length of base, we find it to be 6 590·780 4 metres, and if we take± 1 Jt for 
the probable error of the length of the Repsold bar, t that of the base becomes 

...j(6'6f + (3•5)"mm. Or± 7'51111/l. which is about i!HISliu part of the length of the base. 

*Appendix No. 6, Coast and G<:odetic Snn•ey Report for 1889. 
t This can not be cous1dered too l:irge if lVe i-emen1ber that the direct con1parison of line and end 111easnres offers 

special difficulty, part1c11larly when the rcyic·.•· method is applied to the end surface. 
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This may be taken to represent the measuring error, combining it with the probable 
error due to our practical unit of length, the Committee Metre, taken as± ~-~µwe get 

.J<fs)"+q·9)° = ± s·9mm., or about n1looo part of the length. We therefore have 
the final value for length of base 6 590·780 4m., and its logarithm 3·818 936 84 

± 8 9 ± 59 

ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS OBSERVED AND ADJUSTED AT THE STATIONS 
FORMING THE OLNEY BASE NET I879, 1883-84. . 

0/11ey East Base, Jasper County, Illinois. November, 1879. 35-centimetre theodolite, T. & S., No. 4. 
Telescope above ground 11·43 metres. J. H. Darling, observer .. 

No. of Resulting direc- Corrections Final seconds 

direction. Objects observed. tions from station from base-net in 
adjustment. adjustment. triangulation. 

0 II II II 

39 Claremont 0 00 oo·oo -0·43 59·57 
40 Check Base IS 20 42 "II +0·35 42·46 

41 Onion Hill Sr 38 03 ·54 +0·35 03·89 

42 Olney Middle Base IOI 56 20·04 -0·10 I9"94 

43 Olney \Vest Base IOI 56 23 ·oo -o·o6 22·94 

44 Buffalo l\'.Iound 162 57 14 ·89 -0·12 I4"77 

Ol11q West Ease', Jasper County, Illinois. October and November, 1879. 35-centimetre theodolites, 
T. & S., Nos. 3 and 4. Telescope above ground 15·70 metres. R. S. Woodward and J. H. Dar-
ling, observers. 

·o II II II 

45 Buffalo l\'.Iound 0 00 cio ·oo -0·30 59·70 
46 Olney East I!::.::: 47 46 00·53 +0·04 00·57 

47 Olney Middle Base 47 46 03 ·17 +0·40 03·57 
4S Check Base 94 31 34 "7I +0·29 35·00 

49 Claremont 99 54 21 ·74 +0·03 21 ·77 

50 Denver IS3 I6 48·00 +0·15 4S ·15 

51 Onion Hill I90 4S 14 ·04 -0·61 13·43 

Ol11e_y lJliddlt? Base, Jasper County, Illinois. October, I879. 25-centimetre theodolite, R., No. I. 

Telescope above ground I ·9S metres. E. S. \Vheeler, observer. 
0 II II II 

58 

·I 
Olney West Base 0 00 oo·oo -0·43 59 ·57 

59 Buffalo Mound 100 04 09 ·23 +0·3S 09·6I 
6o Olney East Base I79 59 53 ·52 +0·05 53·57 

C/1cck· Base, Richland County, Illinois. November and December, 1879. 35-centimetre theodolite, 
T. and S., No. 4. Tdescope above ground t~:9~ .... metres. J. H. Darling, observer. 

0 ,, II II 

34 Claremoilt 0 00 oo·oo +0·60 oo·6o 

35 Onion Hill 127 15 17 ·17 -0·17 17 ·oo 

36 Olney West Base 167 12 31 "73 -0 "O'J 31 ·66 
. 37 Buffalo Mound 200 59 15 ·44 -0·39 15·05 

3S Olney East Base 216 SI 16·S2 +0·03 I6"85 

18732-No. 4--6 
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ABSTRACT OF RESUT.TING HORIZONT.U. DIRECTIONS OBSERVED AND ADJUSTED AT THE STATIONS . 
FORMING THE or.NE\" BASE NET 1879, ~883-84-continued. 

011io11 I-fill, Richland County, Illinois. November, I8i9· 35-centimetre theodolite, T. and S., No. 3. 
Tele~cope above ground I ·83 metres. R. S. \XJ'oodward, observer. 

No. of Resulting direc- Corrections Final seconds 

direction. Obj~ct~ observed. tions from station from base-net in 
adjustment. adjustment. triangulation. 

0 II II II 

.52 Buffalo Mound .o 00 oo·oo +0·2I OO":=?J 

53 Olney West .Base 4 40 27·96 -O'o8 27·88 

54 Olney East Base 21 19 56·39 -0·34 56·05 

55 Check Base 48. 26 34 ·48. +0·49 ~4"97 

56 Claremont 65 34 23 ·07 +0·07 23 ·q 

5Z Denver I66 59 J2 ·21 -0 ·-~5 II 086 

Oblo11g, Crawford County. Illinois. October and November, 1879. 35-centimetre theodolite, P. a11d 
M., No. 2. Telescope above ground 30·94 metres. G. Y. \Visner, observer. 

0 II II II 

22 Claremont 0 00 oo·oo +0·37 00·37 

23 Buffalo Mound 34 36 "'~I "20 -0·38 jo·82 

24 Hunt City JOO 27 20·78 +0·02 20·80 

Casey I32 34 08·03 

Belle Air r6o IO 26·65 

Buffalo .llfo1111d, Jasper County. Illinois. October and November, I879. -~5-centimetre theodolite, 
T. and S., No. 1. Telescope above ground 31·24 metres. A. R. Flint, observer. 

0 II I/ II 

25 Olney East Base 0 00 oo·oo +o·os oo·oS 

26 Claremont II 54 58 ·16 +0·36 58·52 

27 Check Base I9 3I 25·93 +0·09 26·02 

:is Olney :Middle Base 39 o• _, 2I 0 6I -0·27 21 ·34 

29 Olney .west Base 71 I' .J 07·72 -0°::?6 07·46 

30 Denver 73 29 29·29 +0·38 29·67 

3I ·onion Hill 77 20 53·39 '+o"I7 53·56 

32 Hunt City 2::?1 26 33·58 -0'62 32·g6 

33 Oblong :i66 I5 21:90 +0·07 21 ·97 

N,wto11, Jasper ·county, Illinois. October 3 to October 16, I883. 30-centimetre the~dolite,'No. 135. 
Telescope above ground I::? 0 65 metres. G. A. Fairfield, observer. 

. I 

0 II II /I 

:3 Denver 0 00 00'00 -0·13 59·87 
Lucas 79 44 I3"0l 

'' 

I 
Island Creek 129 23 45·69 
Hunt City 205 20 35 ·47 +0·46 35·93 

I 
Claremont 38 00·83 2 ! 307 -0·32 _00·51 

Probable error of a single observation of a direction ( D. and R.) = ± 111·00. 
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS OBSERVED AND .ADJUSTED AT THE STATIOl"S 
FORMING THE OLNEY BASE NET 1879, I883-84-contihued. 

De11vo-,. Richland County. Illinois. November, I879. 35-centimetre theodolite, T. & S., No. 3. 
Telescope above ground 23·16 metres. R. S. "Woodward, observer. -November r2 to December:!. 
r883. 30-centimetre theodolite, No. 135· Telescope above ground 23 ·16 "metres. G. A. Fairfield. 
observer. ' 

No. of 
direction. Objects observed. 

Resulting direc
tions from station 

adjustment. 

Corrections 
from base-net 
adjustment. 

Final second~ 
in 

triangulation. 

4 Newton 

5 Onion Hill 
6 Buffalo Mound 

7 Olney West Base 
8 Claremont 

Parkershurg 

H1e11t Ci(v, Jasper County, Illinois. 
scope above ground 23 ·32 metres. 
30-centimetre theodolite, No. 107. 

Belle Air 
Honey Creek 

18 Oblong 

19 Claremont 

20 Buffalo Mound 

21 Newton 
Island Creek 
Casey 

0 

0 00 

19 57 
29 06 
30 07 
So 43 

r29 20 
26o 42 
300 I" ,) 

II I/ 

+070 
+0·09 
-0·16 
-0·19 
-0·44 

II 

00 "jO 

16·36 
40·87 
07 ·14 
I3'27 

October, 1879. 35-centimetre. theodolite, T. & S .. No. 3. Tele
R. S. ·woodward, observer.-September 5 to September 17, r8S4. 
Telescope above ground 23 ·32 metres. G. A. Fairfield, observer. 

0 I II II /I 

0 00 00'00 

74 41 37·75 
75 44 47 ·03 +0·12 47 ·15 

131 OI 27 ·19 -0·07 27·12 

145 05 08'9I -o·r2 o8 ·79 

173 22 02 ·r9 +0·07 02·26 

232 34 09·67 
313 18 25·33 

Probable error of a single observation of a direction (D. and R.) = ± I11'25 in I884. 

Clart'111011t, Richland County, Illinois. November, 1879. 35-centimetre theodolite, P. & M., No. 2. 
Telescope above ground 24·84 metres. G. Y. \Visner, observer.-July 26 to August 22, 1884. 
30-centimetre theodolite, No. 107. Telescope above ground 24·84 metres. G. A. Fairfield, observer. 

0 II " N 

9 Denver 0 00 00'00 +0·65 00·65 
IO Onion Hill 17 49 15'39 -0·12 I~ '27 
lI · Olney West Base 46 01 29·05 -0·41 28·64 
12 Newton 46 54 49·55 -0·01 49·54 
13 Check Base 53 26 l I '<Y] -0·21 m·S6 

14 Buffalo Mound 66 48 58 ·rs -0·30 57·85 

15 Olney East Base 71 56 44·50 -0·23 44 ·27 
16 Hunt City 82 16 50·46 +0·56 51 ·02 

17 Oblong 106 32. 51 ·56 +0·07 51 ·63 
Honey Creek 138" 23 II ·73 
Summit 174 40 19·45 
Parkersburg 2i4 17 40·86 

Probable error of a single observation of a dir~ction ( D. and R.) = ± 111·03 in r884. 
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FIGURE ADJUSTMENT. 

Obsn<'<llio11 t'q11atio11s. * 
I 0 = + I'6o + ( 12) - ( 9) + ( 8) - ( 4) -f- ( 3) - ( 2) 

2 o=+o·oS+(2r)-(19)+(16)-(c2J+ (2)- (r) 

·' O= + 1"2I-!- (30)- (26) T (14) - (9) + (8) - (6) 

4 o= + r·oi + (24) - (22) + ( 17)- (I6) + ( 19) - ( rS) 

S o = - 0·85 + ( 24) - ( 23) + (33) - (32) + ( 20) - ( rS) 

6 ll = -t- 0·09 + ( 26) -- ( 33) + ( 23) - ( 22) + ( 17) - ( 14) 

7 0=+1·72+(57)-(56)+(ro)- (9)+ (8)- (S) 

8 O= -f-0·51 -j- (56) - (52) + (31) - (26) -j- ( q) - (IO) 

9 o=+nS-!-(50)-(49)+(11)- (9)--i- (8)- (7) 

IO 0 = -f- O" I 8 -f- ( 49) - ( 45) -j- ( 29) - ( 26) -f- ( I4) - ( II) 

II O= -j-0·77 -j- (SI) - (49) + (II) - (lo) -j- (56) - (53) 

12 O= - ro8 + (41) - (39) -f- (IS) - (IO)+ (56) - (54) 

13 O= - 0·53 + (43) - (39)-t- ( 15) - (II)+ (49) - (46) 

14 O= - 1"03 + (38)·- (35) + (55) - (54)-!- (4r) - (40) 

rs o = + n8 + ( 35) - ( 34 l + ( 13) - ( ro) + ( 56) - ( 55) 

16 O= + 0"06-!- (43) ·~ (40)-!- (38) - (36) :f- (48) - (46) 

I7 O= +0·04+ (44) - (40) + (38) - (37) + (::!7) - (25) 

I 8 I 0 = _, 1 • 53 -f- ( 59) - ( 58) -f- ( 47) - (45 ) + ( 29) -- ( 28) 

19. 0=+0·71+(6o)-(59)+(28)-(25)-j-(44)-(42) 

20 o= -o·ss+ (60)-(58) + (47)-(46) + (43) -(42) 

21 O= -f- 0·32 + (43) - (42) - (47) + (46) 

22 o=- 3·0+·46(1) + n6(2)- r·62(3) -·34(4\ + 1·67(6)- r·33(8)-6·m(19) +s·41(20) 

- 2·31(2!) + 2·58(26) + r14(30) -372(32) 

23 O= -j- 3·2 + 5·07(14) - 7"61( 16) + 2·54( I7) +·79(18) - S·4r( r9+ 7"62( 20) + 3·05( 22) - 3·99( 23) 

+·94( 24) 

24 O= - 0·4 - 2·60( 25) -f- 5'95( 28) - 3"35( 29) + l ·17(42) --1'17(44) -I ·91(45) + l '91(47) 

25 o= - r666- 1·1744(5) + 11·975(6) - m·Soo6(7) -3·3447(29) +5·3054(30) -1·96o7(31) 

-2·5751(52) + r9149(53) +·66o2(57) 

26 0 = + 5;45 -- II ·744( 5) + 13·473( 7) - r729(S) - 2·032(9) + 3 ·926( IO) - I •&)4( r I) - 7"774( 53) 

+ 1· 172( 56) + 6·602157) 

27 O= + 18·65 - 3·926(IO) -f- 9·471( II) - 5"545(14) - 1"250(26) + 20·$57(29) - 19·607(3r) 

-25·75r(52) + 26·923(53) - n72(56) 

28 o= +qr - 3·926( 10) + 8·258( u) -4·332( 15) +·445(39) + 5·69(41) -6·135(43) -5·865(53) 

+ ro37(54) -1·172(56) 

29 o = + 3·76 - JI"S54( II l + 16·186( 13 l - 4·332( 15) - 9·273( 34 l + r4S4(36 l + 1 .. 789(38) + ·445( 39) 

+ ·236(40) - ·681(43") 

30 O= -f- 0·77 - 2·513(35) -j- .rJ02(36) - q89(38) -·236(40) -f- 5·69(41) -5·454( 43) - 4·839(53) 

+ ro37(54) - n98(55) 

31 o = - 0·26 - r·213( r 1) + 5·545( 14 l - 4·332( 15) -·7r6( 25) + 1"25( 26) - ·534( 29) + ·445( 39) 

+·72r(43) -1·166(44) 

32 o= + o·SS-·716( 25) + 1·663(27) -·947( 29) - 1'359(36) + 3·148(37) - qS9(3S) -·236(40) 

+ qo2(43) - 1:166(44) 

*Number of angle equations oi and of side. equations u; in establishing the latter either 7 or S places in the 
logarith1ns are used and the logarithtnic differences for 1'' are gh~eu in units of the siXth place, with one exception. 
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Corrdatc t'lJllalio11s. 
Correc- C, c. C3 C4 Cs c6 C1 Cs C9 Cro c .. C,. .C,3 C,4 C1 5 'tions. 

(I) -I 

(2) -I +x 
( 3) +x 
(4) -I 

Is.> -I 

(6) -I 

(7) -I 

(8) +x +r +1 -t-1 
(9) -I -I -I -I 

( 10) ....... +1 -I -I -I ··I 

(Tl) -t-r -I +r ···I 

( 12) +x -I 

( 13) t I 

( 14) +x -I -t-r I I 

(15) ·+·r t I . 

(16) +r -I 

(17) +r +r 
( 18) -I -I 

(19) -I +1 
(20) +r 
(21) +r 
(22) -I --I 

(23) -I +1· 
(24) +r +1 
(25) 

. (26) -I +1 -I ·-I 

(27) 
(28) 
(29) t·1 
(30) +r 
(31) t [ 
(32) -I 

(33) -t I -I 

(34) ·-l 

(35) -I +r 
(36) 
(37) 
(38) +1 
<.w> . -I -I 

(40) -I 

(41) +r +r 
(42) 
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Li>rrdate ,-q11,1tiv11s-Continued. 

Correc- C,6 C,1 C,s C,9 Coo Cor c •• c.3 Co, ~25 tions. 

(24) +0·94 
(25) 2·60 ' -I -I ··'······ 
(26) +2 ·5S 
(27) +1 
(2S.) .. . -I +1 · +5 ·95 
( 29) +1 . ··3 ·35 - 3 ·344 7 
(30) +1 ·q + 5 ·305 4 
(31) I ·¢o 7 
(32) -3·72 
(33.) .. 

(34) 

(35) ••!••···· 

(36) i -I ... 

(37) -I 

(38) +1 +1 
(39) 

(40) -I -I ... .... · .... 
(41) 

(42) -I -·I -I +1 ·17 
(43.).: .+r +r .. +1 .. 
(44) +r +1 -I ·17 

(45.l -I ···.··· -I '9I 
(46) -I -r +r 
(47) +r +r -I +1 ·91 

·(4!l) +1 ...... 
(49) 

(50). 

(51) 

(52) -- ~·575 I 

(53.) ... 
. .... +I '914 'i> 

(54) 

(55) 

(56) 

(57) + o·66o 2 

.(58.) .. -I -I 

(59) +1 -I 

(6o) +1 +r 
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Con-elate t'qualhws-Continued. 

C1_.rrec- co(i c.7 c.s c.o C:io c .. c3'> tions. 

(I) 

(2) 

(3) 

\4) 
(5) -TI °744 ........ 
(6) 

(7) +13 ·473 
(8) - I ·729 

(9) - 2 ·032 

(IO) + 3 ·926 - 3 ·926 -:; 9:6 
(II) - I •894 + 9 ·47r +8·.58 -p :854 -I "2I3 
(12) 

( r3) +rG-·186 
(14) - 5·545 +s ·545 
(rs) -4·332 - 4·332 -4 ·332 
(r6) 

(r7) 

(r8) 

(19) 
(20) .. .. . ········ 
(21) 

(22) 

(23) 

(24) 

( 25) ........ -0·7r6 -0·7r6 
(26) - I '250 +r ·25 
(27) +r ·663 
(28) 

(29) . +20·857 -0·534 -0·947 
(30) 

(31) .....:19 ·6o7 
(32) 

(33) 

(34) - 9·273 
(35) -2 ·5r3 
(36) + 7 ·484 -f-4·302 -I ·359 
(37) +3 ·148 
(38) +I 789 -I •789 -I ·789 
(39) +0·445 + 0·445 +o·M.s 
(40) + 0·236 --o ·236 -0·236 
(4I) +s·69 +s·69 
(42) 
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lorrdali' ,·q1111tio11s~Completecl. 

Correc- c.6 . c.1 C.s C29 ·c,., c., C31 tions. 

(43) -6 ·135 - 0·681 -5 ·454 +0·721 -tr ·402 

(44) -1 '166 -I '166 

'(45) 

(46) 

(4i) 

(48) 

(49) 
(50) 

(51) 

(52) -25 ·751 

·. (53) - 7 ·774 +26 ·923 -5 •865 --4·S39 

(54) +7 ·0.,7 +7 ·037. 

(55) -2·198 

(56) + l "172 - I. ·172 -1 ·172 

(57) + 6·6o2 
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A'ormal e·qm1tio11s. 

C, c. C3 c • Cs c6 C; Cs Cg C10 C,. C,. C,3 c,. C,s 
-----
O=+ I "00 +6 -:? +:? +2 +2 

+o·oS +6 -2 

-f- I "21 +6 -2 +2 +2 +2 +2 
+I "02 +l? +2 +2 
-0·85 -t-6 -2 
+0·09 -t-6 -2 -2 
+I ·72 +6 -2 +2 -2 -2 -2 
+ o·.5r +6 +2 +2 +2 +2 
·+I "18 +6 ·-2 +2 --2 
+o·r8 +6 -2 +2 
+0·77 +6 +2 :-2 +2 
-I "o8 -t-6 +2 +2 +2 
-0·53 -t-6 
- l "03 ··+6 -2 

-f- I "28 +6 

Normal eq11alio?1S-:-Conti11ued. 

C,6 C,1 C,s C,9 Coo C., c •• c •.• c., c.s 

+ I '00 3 'i7 

+ 0·08 +· 4·49 + o·So 

+ I "21 4·44 + 5 ·07 6•6696 

+ I '02 6"!0 I "I6 
0·85 + 12 ·13 + I I ·76 

+ 0·09 + 2·58 9 ·57 
+ J 72 1 ·33 + I '8346 

+ o·sr 2·58 + s ·07 + 0 ·6144 

+ 1 ·rs I '33 + ro·Soo6 

+ 0·1S +z 2·58 + 5 '07 - I "44 3·3447 

+ 0·77 I ·9149 
r ·as 

0·53 +2 -t-2 
I "03 +2 +2 

+ I "28 

o=+ 0·06 +6 +2 +2 

+ 0·04 -t-6 +2 + 1·43 
I ·53 +6 -2 ·+2 -I - 5·48 3·3447 

+ 0 "71 -t-6 +2 +r + 6"21 
o·ss +6 + 074 

+ 0·32 +4 - 3·oS 
3·0 +143·924 +us ·385 + 26 ·046 

+ 3·2 -t-245 ·59 
0·4 +63 ·42 . + II ·205 

- .[ '666 + -' 15 "J.l.5 
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Normal equatio11s-Completed. 

c"6 c., C.s c.9 C;., C3, C3• 

+ r·6o + 0·303 
+ o·oS 

+ I '21 + o.·303 4·295 + 4 ·295 
+ I '02 

- 0·85 

+ 0·09 + 4·295 + 4 ·295 
+ 1 ·72 + 2I ·403 2 '754 2·754 
- 0·51 2·754 + 4·603 + 2 '754 + 4 ·295 
+ I '18 i5·064 + 9·471 + 8·258 Il ·854 - I '213 

+ 0·18 I r ·894 + 7 ·091 8. 258 + II ·854 + 4 '974 - 0·947 T 

+ q·77 + 3 ·126 l4 ·6gS + 16·877 II ·854 + 4> ·839 - I '213 
- I ·oS 2 '754 + 2 '754 3·370 4 777 l '347 - 4 ·777 
- 0·53 + I 0894 9·471 19 ·170 + 6 ·39"i 5·454 - 2·843 + I ·402 

- I '03 I '347 + [ ·553 2·585 - l '553 
+· i·2s 2·754 + 2'754'. + 2 754 + 25 ·459 0·3-15 

+ 0'06 6 ·135 6·612 JI '309. + 0·721 + i ·2o8 

+ 0"·04 + I '553 I '553 - o. 450 -: 3 ·488 

- l '53 + 20"·857· - 0·534 - 0·947 

+ 071 - p·450 - 0·450 
- 0·88 6 ·135 o·6Sr 5·454 + 0 '721 + I ·402 

+ 0·32 6 ·135 0·681 5'454 + 0 ·721 + I ·402 

- 3·0 + 2·299 ·3 ·225 + 3 ·225 

+ 3·2 28 'll3 +28 'II3 

- 0·4 - 69 ·S74 + 5 ·015 + 6·398 
- J "666 -142 ·251 + 86'549 - II '231 - 9 ·267 + I .'786 + 3·168 

o=+ S ·45 +4so·95 -244 ·025 + 13 ·167 + 22 ·45~ +. 3~ '618 + ,2 ·29'3 

+18 ·65 +2346 '21 - 62 ·905 -Il2 '269 -130 ·28o -54 ·935 -19 ·752 

+ I 71 +257 ·877 - · 74 748 · · +r4~nJ6 + 4 ·524 - 8·601 

+ 3 76 +s67 ·.19 + 32 ·658 +32 ·851 -14 ·383 

+ 0·77 . +167 ·967 - ,; ·932· -IO '237 

- 0·26 +5s ·422 + 3 ·389 
+ 0·88 +:?2 ·513 
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Res11ltint( ·values of corrdales a11d of corrcctio11s to a11g11lar directio11s, 

CI=-o ·5C}S 2 c 9=+0·152 4 Cr7=to ·r95 o C25=+0 ·059 44 
2 -0·590 4 IO +0·199 9 rs +0·066 6 26 +0·044 86 

3 +0·390 3 II -0 ·612 I 19 -0·314 5 27 -0·014 35 

4 -I ·745 2 I2 +r ·r33 6 20 +0·365 7 28 +o·o6S 6o 

5 +.r ·688 3 13 -0·631 I 21 +0·065 9 29 +o ·056 51 

6 +1 ·618 0 I4 -0787 5 22 -0·286 7 30 -0·067 75 

7 -0·685 7 15 -1·r27 I 23 +0·078 6 3r -j-0·044 29 

8 -j-0·003 5 16 +0·288 0 24 +0·018 44 32 -0·062 67 

Corrections: 

(1)=+0·458 5 (16)=+0·556 7 (31)=+0 ·168 4 (46J=+o·043 3 
(2) ·324 s (17) + ·072 4 (32) ·621 8 (47) + ·401 8 

(3) ·133 7· (18) + 'II9 o· (33) + ·070 3· (48) + ·288 0 

(4) + ·695 7 (19) ·o66 9 (34) + '003 I (49) + ·028 5 

(5) + ·o89 I (20) '123 9 (35) ·169 3 (50) + ·152 4 
(6) ·157 3 (21) + ·071 9 (36) ·071 5 (51) ·612 I 

(7) ·190 0 (22) + ·366 9 (37) ·392 3 (52) + '212 9 

(8) ·437 5 (23) ·383 9 (38) -\- ·029 9 (53) ·oS3 6 

(9) + ·650 0 (24) + ·017 0 (39) ·427 2 (54) ·340 2 

(10) '120 5 (25) + "o84 8 (40) + ·348 6 (55) + ·488 5 

(II) ·4o6 5 (26) + ·357 9 (41) + ·350 9 (56) + ·072 6 

(r2) ·007 8 (27) + ·090 s (42) ·095 5 (57) ·350 3 

(13) '212 4 (28) ·271 4. (43) ·057 5 (58) ·432 3 

(14) ·300 6 . (29) ·2~7 7 (44) 'II9 6 (59) + •381 I 

(15)=-0"::!31 4 (30)=+0·378 9 (45)=-o ·301 9 (6ol=:'+o·o51 2 

Check: .:s'f''''=+s ·¢4 3 :S+corrections=7 ·701 r 

-.:s'iuC=+5 ·¢3 S .::s'-corrections=7 ·701 4 

Letting n stand for the number of .conditions we have-

Mean error of an observed direction 11Z,= 1T:ifP.=±0
1

:43 
1l 

Mean error of an-angle 111L='11,../2 =±o ·61, also 

Probable error of an angle =±0·41 
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TRIANGLES OF THE OLNEY BASE NET, ILLINOIS, 1879, 1883-84. 

Observed angles. 
C Spher- Spher- · 

Logarithms. Distances No. Stations. tfrrec- ical ical 
in metres. Oils. angles. excess. 

0 !I II II II I Buff•lo Mound 71 13 07·72 -0·34 o7·3S 0·03 3 ·SrS 936 S 6 590·7So 
Olney East Base 6r 00 5r •Sc) -o·o6 51 ·S3 0·03 3·784 5i9 2 6 oS9·47 
Olney West Base 47 46 00·53 +0·34 00·87 0'02 3\712 r75 5 5 r54 ·37 

oo·q o·o8 

{ Ol0<y Middlo B= •oo 04 09·23 +o·Br 10'04 O'OI 3·784 579 2 6 oS9·47 
2 Olney West Base 47 46 03 'I7 +0·70 03·87 O'Ol 3·660 So2 7 4 579·34 

Buffalo Mound 32 09 46 'II +0·02 46 ·13 0'02 3·517 499 3 3 292·30 

~ 58 ·5r 0·04 

{ Olnoy Middlo Ba~ 79 55 44·29 -0·33 43 ·96 0·01 3 ·712 175 5 . 5 I54 '37 
3 Buffalo Mound 39 03 :n ·61 -0·36 21 ·25 O'Ol 3·5r8 3r3 9 3 298·48 

Olney East Base 61 00 54·85 -0·02 54·83 0·02 3·66o So2 6 4 579·34 

00 '75 0·04 I Check Rase 33 .46 43 ·7r -0·32 43 ·39. 0·04 3 784 579 l . 6 089·47 
4 l Olney West Base 94 31 34 '7I +0·59 35 ·30 0·05 4·038 158 0 ·IO 918 '37 

Buffalo Munud 5r 4r 4r '79 -0·35 41 '44 0·04 3 ·934 229 7 8 594 '68 

00 '21 0·13 

J Check Base 49 38 45·09 +0·10 45 ·19 0·03 3·8r8 936 8 6 590 ·7So 
5 l Olney West Base 46 45 34 ·rs +0·25 34 '43 0·04 3'799 370 I 6 300·43 

Olney East Base 83 35 40·89 -0·41 40·48 0·03 3·934 229 7 8 594·68 

00'!6 0·10 

(Chock"'~ IS .52 OI ·.~8 +0·42 OI ·So 0'02 3 ·712 r75 5 5 154·37 
6 Buffalo Mound r9 .3r 25·93 +o·or 25 ·94 0'02 3 '799 370 I 6 300·43 

Olney East Base 144 . 36 32 78 -0·47 32 ·31 0'01 4 ·038 158 0 IO 918·37 

00·09 0·05 

{Onion Hill 4 40 27 ·96 -0·30 27·66 O'OI 3 7!t1 579 2 6 o89•47 
7 Buffalo Mound 6 07 45·67 +0·42 46·09 o·oo 3 ·901 934 2 7 978 '74 

Olney West Base 169 II 45'96 +0·31 46·27 0·01 4·146 340 6 14 006·85 

59·59 0·02 

J Onion Hill 2I 19 56·39 -0·56 55 ·83 o·o6 3 ·712 175 5 5 154 ·37 
8 l ~uffalo Mound 77 20 53·39 +o·oS 53·47 o·o6 4 ·140 668. 5 13 825 'II 

Olney East Base . 81 19 11 ·35 -0·47 10·88 o·o6 4 ·146 346 5 14 oo6·S5 

OJ '13 0·18 

J Onion Hill 48 26 34·48 +0·27 34·75 0'11 4·038 158 0 IO 918•37 
9 l Buffalo Mound 57 49 27 ·46' +0·08 27·54 O'II 4;'091 670 2 12 ;;so ·09 

Check Base 73 43 58·27 -0·23 5S·c4 0'11 4 ·146 340 4 14 006·85 

00'21 0·33 
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TRIANGLES OF THE or.NEY BASE NET, II.LINOIS, 1879, 1883-84-continued. 

Correc- Spher- Spher- . Distances No. Stations. Obsen·erl angles. tions:· 1ca I 1cal Logarithms. in metres. angles. excess. 

0 II II II II 

{ Onion Hill 16 39 28 "4., -0·26 28 ·17 o ·02 3·S18 936 8 6 590·7So 
10 Olney \Vest Base r43 Ol 13 ·51 -0·65 r2 "86 0·03 4·140 668 5 13 825 "II 

Olney East Base 20 18 19 ·46 -0·41 19·05 0·03 3·901 934 0 7 978·73 

01 ·40 o·os 

r . Onion Hill 43 46 06 ·52 +0·57 07 ·09 o·o6 3·934 229 7 8 59,i "68 
II l Olney \Vest Base 96 16 39".B -Cl ·go 38 "4.~ I) •o6 . 4 ·091 670 2 I2 350·09 

Check Base 39 57 LI ·56 +0·09 I4 ·65 0·05 3 ·901 934· 0 7 978·73 

00 ·,p 0 ·r7 I Onion Hill 27 06 38·09 +0·83 38·92 0·07 3·799 370 1 6 300·43 
12 l Olney East Base 63 17 21 ·43 o·oo 21 ·43 o·o6 4·091 670 3 12 350·09 

Check Base 89 35 59 ·65 +0·20 59·85 0·07 4 ·140 668 5 I3 825 "II 

59 ·17 O"::!O 

{ ci.~mont 28 12 I,) ·66 -0·29 13 ·37 b "IO 3 ·901 934 l 7 978·74 
13 Onion Hill 6o 53 55 "II +0·16 55 ·27 O"IO 4·1688260 I4 751 ·rs 

Olney \Vest Base 90 53 52·30 -0·64 51 •66 0"10 4·227 3So 2 r6 8So·30 

01 "07 0·30 

,, l Claremont 35 36 "55"68 -0·09 55"59 0·05 4 ·091 670 2. I2 350·09 
Onion Hill I7 Oj 48·59 -0·42 48 ·17 0·05 3 ·795 6.)8 4 6 246·52 
Check Base 127 15 17 ·17 -0··77 16"40 0 ·06 4·227 3So 2 16 8So·30 

or ·44 o·r6 ! Cl•=>0nt 48 59 42 ·76 --o ·18 42·58 0·18 4 ·r46 340 5 q oo6·85 
15 Onion Hill 65 34 23·07 -0·14 2~ "9.) 0 ·19 4·227 867 4 16 899 ·25 

Buffalo l\foun•l. 65 25 55·23 -0·19 55·04 0 ·18 4·227 38o l 16 88o ·30. 

or ·06 0·55 

{ Cl•~ont 54 07 29 "II -O"ll 29·00 0·14 4 ·140 668 5 13 825 "II 

16 Onion Hill 44 I4 26"68 +0·41 27·09 0·13 4·075 679 3 II 903 ·63 
01 ney East Base Sr 38 03·54 +078 0'.i-"32 o·14 4·227 38o 1 16 8So·30 

59·33 0·41 l Cfai<'mont 7 24 42 ·02 +0·19 42·21 O'OI 3·934 229 7 s 594·68 
17 Olney West Base 5 22 47·03 -0·26 46·77 Cl "01 3 ·795 638 7 6 246·53 

Check Base 167 12 31 ·73 -Cl "68 31 ·05 o·or 4 "168 826· l I4 751 ·16 
I 

00·78 0·03 I Claremont 20 47 29 ·ro +o·n 29 "21 0·07 3:784 579 2 6 u89·47 
18 l Olney West Base 99 54 2r ·74 -1-0·33 22·07 o·os 4·227 867 5 16 899"·25 

Buffalo Mourid 59 18 09·56 -0·62 oS·94 ·0·07 4 ·168 826 0 I4 751 ·15 

00·40 0":22 ·I 
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'fRIANGLES OF THE OLNEY BASE NET, ILLINOIS, J879, J883-84--continued. 

No. Stations. Observed angles. 
Correc- Spher- Spher-

· L-0gari th ms. Distances t" · 1cal 1cal in metres. 10118
" angles. excess. 

0 II II II II 

( Cfa~•ont 2S ·ss IS "4S +0·18 IS"63 0·07 3 ·818 936 8. 6 S90 780 
19 Olney West Base s2 oS· 21 ·21 -0·02 2I ·r9 0·06 4 ·075 679 4 II 9'J3 ·63 

Olney East Base IOI 56 23·00 +0·37 23·37 ci "(16 4 '168 826 0 I4 751 ·1-s 
". 

s9·66 O"I9 
f Claremont I3 22 47 ·08 -0·09 46·99 0'02 4 ·o.:;8 158 o IO 918 '37 

20 - Check Base IS9 •00 44·s6 +1 ·00 4S'56 0'02 4 ·227 867 4 16 899 ·25 l Buffalo Mound 7 36 27·77 -0·26 27"5I 0'02 3'79S 638 7 6 246·53 

59·41 o·o6 

J Claremont IS 30 33·43 -0'02 33 ·.p 0·02 3·799 370 r 6 300·43 
2I Check Base 143 oS 43 ·18 +o·sS 43·76 0·02 4·07s 679 4 II go3·63 l Olney East Base J8 20 42 "II +0·78 . 4~ ·s9 0'02 3'79S 638 3 6 246·s2 

s8 72 . 0'06 · 1 Cla«moot s 07 46:35 +0·07 46 ·42 0·02 3·712 175 5 s 154 "37 
22 Buffalo Mound II 54 sS ·16 +0·27 5-~ ·43 o·or 4·075 679 4 II 903 ·63 

Olney East Base 162 57 14 ·89 +0·31 15 '20 0'02 4·227 867 s I6 899·25 

s9·40 0·05 I D""" 9 09 24 76 -0·2s 24 ·sr · o·or 4 •146 340 5 14 oo6·85 
23 Onion Hill I66 S9 ·12 ·2r -0·56 II "65 0·02 4·297 098 3 I9 8I9;75 

Buffalo Mound 3 51 24·10 - 0 '21 2.1 ·s9 0'02 3·772 326 8 5 920·07 

... 
01 '07 0·05 I D•n«< IO 09 SI •o6 .:._0·28 s?·7S O'OI 3"gDI 934 I 7 978 74 

24 Onion Hill 162· I8 44·2s -0·27 43 ·98 0"01 4 "I37 89-".l 6 I3 737 ·21. 

· Olney West Base 7 3I 26·04 -0·76 2s ·28. 0"02· J-'772 327 0 5 920·07 

oi ·35 0·04 

(Den~ · 6o 45 S7 ·44 -o·s3 s?·91 0 ·o.'l 4 ·227 38o 2 16 8So;30 
2s Onion Hill IOI 24 49 ·r4 -0·42 48 72. 0 ·og. . 4 '2i7 875 3 . I8. 961 ·62 

· Claremont 17 49 I5 ·39 -077 I4 ·62 o·oS 3·772 327 0 5 920·07 

01 ·97 0·25 

r Denver I 00 26·30 -0·036 26·264 0·004 3 ·784 579 2 6 089·47 

26 l Buffa lo Mound 2 16 2I ·57 +0·634 22·204 0·004 4 "I37 Sg8 8 I3 737 '22 
Olney West Base I76· 43 I2'00 -0 ·456 I I "544 0 '004 4·297 ogS I 19 ·SI9 7~. 

59·87 O"OI2 

J Denver 5I 36 32·68 ....:.0·28 32·40 0·25 4·227 867 5 I6 899·25 

27 l Buffalo Mound 6I 34 31 "I3 +0·02 31 "IS 0·25 4·277 SiS 4 18 961 ·62 

Claremont 66 48 58 ·15 -0·95 57·20 0·25 4·297 098 5 19 819·76 

01 ·96 I· 0 "75 
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TRIANGLES OF THE OLNEY BASE NET, lLI.INQlS, 1879, 1883-84-continued. 

Stations. .Observed angles. 
Correc- Spher- Spher-

Logarithms. Distances No. ti on 1cal 1.cal in metres. s. angles. excess. 

0 II II II II ! Don~ 50 36 o6 ·38 -0·25 o6 ·13 0 ·17 4 ·168 826 0 14 751 ·15 
28 ~llney West Base 83 22 26·26 +0·13 26·;:9 0 ·17 4·277 875 3 18 961 °62 

· Claremont 46 01 29·05 -1·o6 27·99 0 ·17 4 ·137 898 5 13 737 ·21 

OI 
0 69 0·51 

r Newton 52 21 59 ·17 +0·19 59 ·36 0·28 4 ·277 875 3 18 961 °62 

29 l Claremont 46 54 49·55 -0·66 48·89 0·28 4·242 702 7 17 486·49 
Denver So 43 13 '71 -r ·13 12·58 0·27 4'373 466 I 23 630 ·13 

02 ·43 0·83 

r Hunt City 14 03 41 ·72 -o"o6 41 •66 0·13 4·227 867 5 16 899·25 

30 l Claremo11t 15 27 52·31 +0·86 53·17 0·13 4 ·268 259 5 18 546·39 
Buffalo Mound 150 28 24·58 +0·98 25·56 0·13 4·535 016 4 34 '278 ·07 

58·61 0·39 ! Hunt City 42 20 35·00 +o·q 35·14 0·40 4·373 466 l 23 630 ·13 
31 Claremont 35 22 00·91 +0·56 or ·47 0·40 4·307 622 I 20 305·39 

Newton 102 17 25·36 -0·78 24·58 0·39 4·535 016 5 3.J. 278 ·08 

01 ·27 l ·19 

J Oblong 34 36 31 ·20 -0·75 30·45 0·26 4·227 867 5 16 899·25 
32 Claremont 39· 43 53·41 +0·37 53 78 0·26 4·279 177 2 19 018 ·54 l Buffalo Mound 105 39 36·26 +0·29 36·55 0·26 4 ".J.57 IIS 7 28 6.j.9°61 

00·87 0 78 ! Obl~g 100 27 20 78 -0·35 20·4-~ 0·34 4·535 or(i 4 34 278·07 
· 33 Claremont 24 16 01 'JO -0·48 00·62 0·34 4 ·156 lf4 3 14 325·65 

Hunt City 55 16 40 ·16 -0·19 39·97 0·34. 4·457 us 7 28 649 °6! · 

02 ·04 I '02 ! Oblong 65 50 49·58 +0·40 49 '9''3 0'21 4 ·268 259 5 18 546·39 

34 Buffalo Mound 44 4fl 48·32 +0·69 49·01 0'21 4 ·156 Il4 2 14 325·65 
Hunt City 69 20 21 ·ss -0·24 21 •64 0 ·21 4 '279 Iii 2 19 018·54 

59·78 0·63 
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PROBABLE ERRORS. 

Dele.rmilzalio11- of tilt' probable· errors of Ifie lmgtl1 of Ilic· sid,·s co111111t>n to Ilic net and 1,, tile adjace11t 
d1ai11s of tria11g11la/i,111. 

For the side Hunt City to Oblong, as adjusted, we make use of the expression 

Hunt City to Oblong sin (43-39) sin (49-45) sin (17-14) sin (33-32). 
Olney Base .=sin ( 15- II) sin (29- 26) sin ( 23- 22) sin (20- 18) ' 

hence the function-

F= log sin ( 43-49) t log.sin (49-45) +log sin ( 17- 14) +log sin (33-32) 
-log sin (15 - ll)-log sin (29-26)- log sin (23 - 22)-log sin (20-18). 

Establishing and solving the transfer equations, we find the reciprocal of the 

weight; =26'615, also the mean error mF, and the probable error rF, both expressed in 

units of the sixth place of decimals in the logarithm, viz, ±2·227 and ± 1·502, 
respectively; hence log distance Hunt City to Oblong 4·156 n4 2 and the distance 

±I 5 

14 325 '65 metres. 
± 0·05" 

. I 
The probable error is about part of the length. 

287 000 

To this must be added the proportional error depending upon that of the l?ase 
r4 •?6 measure, or ±0·0089 X ---->2..:.... = ±o·or9 metre; hence probable error of length of side 
6591 

Hunt City to Oblong, v <_0·05)" + (0·019)2 = ± 0·05 metre. 
For the side Hunt City to Newton, we use the expression 

Hunt City to Newton= sin (43- 39) sin (50-49) sin (S-4) sin (16- 12) 
Olney Base sin (15 - II) sin ( S - 7 ) sin (3 - 2) sin ( 21:-19) 

F=log sin (43-39) +log sin (50-49) +log sin (S-4) +log sin (16-12) 
-log sin (r5-II)-logsin ( 8-7 )-logsfo (3-2)-logsin (21-19) 

Establishing and solving the transfer equations, we get 

I . . 
-p= 20·859, also mF= ± 1·97 and rF= ± 1-·33; hence 

log. distance Hunt City to Newton~- .j.·307 622 1 and distance= 20 305·89 metres. The 
±I· 3 ±0'06 

probable error is about 1 part of the length: adding to this"the proportional error 
327 000 

ari.sing from the base measure, or ± 0·0089 X 
20
6 

306 = ± 0·028 metre, the probable error 
59r 

of length of side Hunt City to Newton is v(o.06)"+ (0·028) 2 = ±0·07 metre. 
- We may also take without sensible error the probable error of the side Hunt City 

to Claremont as 1 part, or ±0·112, to which error must be added that propor-
306 000 

tional one due to the base measure, or ±0'0089 >: 34 278 = ±0·046; hence probable 
6591 

error of si'de Hunt City to Claremont= ± o· 12 metre. 
18732-No. 4--7 
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GENERAT. DESCRIPTroN OF STATIONS FORMING THE 01.NEY BASE NET, 11.LINOIS. 

East BaSt', Jasper County, Illinois; established in I879 by the United States Lake 
Survey. This station, marking the east encl of the Olney Base Line, is situated. in 
section 19, township 5 north, fractional range l 1 east, St. Marie Township, about 3! 
miles east and one-half mile north of the railway station of West Liberty, on the Gray
ville and Mattoon Railroad. The geodetic point is marked by a brass cylinder leaded 
into the top of a stone post of the usual form, set 2! feet below the surface of the 
ground, and surrounded by brickwork 3 feet square and 3 feet deep. Two side stones 
are set on a line at right angles to the direction of the base line, and at a depth below 
the surface of the ground of about 2i feet; one bear~ north l 

0 28' west, distant ]"91 
metres, and the other south 1° 28' east, distant 8°04 metres from the geodetic point.* 
Three stone reference posts are set as follows: One bearing north 49° 49' east, distant 
361 metres; one bearing south 58° 02' east, distant 322 metres, and one bearing south 
35° 5o' west, distant 208 metres from the geodetic point. The northwest corner of 
section 19, township 5 north, fractional range I I east, bears north 77° r 2' west,_ and is 
distant about l 054 metres from the geodetic point. 

TVi•st.Base, Jasper County, Illinois; established in 1879 by·the United States Lake 
Survey. This station, marking the west encl of the Olney Base Line, is situated in the 
northwest quarter of the northeast quarter of section 2 r, township 5 north, range IO 
east, Fox Township. The geodetic point is marked by a stone post of the usual form, 
set in a bed of brickwork 3 feet square, with its top 4 feet below the surface of t1 e 
ground. Two additional stones are set on a line through the geodetic point perpe1:
dicular to the direction of the base line and at a depth below the surface of the ground 
of about 4 feet, one bearing north 1° 30' west, distant 8 ·02 metres, and one bearing
south 1 ° 30' east, distant 8 "06 metres from the geodetic point. Three stone reference 
posts are set as follows: Two on the south side of the road ·north Qf the station, one 
bearing north .2° 45' west, distant 246·7 metres, and one bearing north 45° 32' east, 
distant 356·0 metres, and one bearing south 6r 0 oo' east, distant 301·0 metres. An oak 
latitude post 17 inches in diameter, occupied in rSSo, bears south 88° 36' east, and is 
di~tant 16·19 metres. The northeast corner of section 21 bears north 67° 19' east, and 
is distant about 727 metres. . 

Buffalo 11Iou11d, Jasper County, Illinois; established in 1879 by the United States 
Lake· Survey. This station is situated in section r, near the line between sections 1 and 
2, township 5 north. range IO east. of the third principal meridian, Fox Tovvnship, on 
a hill known as Buffalo Mound, abo11t·2~-~ miles squthwest of the village of St. Marie. 
The geodetic point is inarkecl in the us11al manner by two stone posts set one above the 
other. Three stone reference posts are set on the west side of the section-line ~oad just 
west of the station, as follows: One bearing south 40° 46' west, distant 44.4 metres; 
one bearing north 87° 19' west, distant 28·9 metres, and one bearing north 38° 54' west, 
distant 45 · 3 metres. The c.orner of sections r, 2, r r, and l 2 bears south l 

0 29' west, 
and is distant 966 metres from the geodetic point. 

llfiddle Base, Jasper County, Illinois; established in 1879 by the United States Lake 
Survey. 'fhis station, near the middle of the Olney Base Line, is si~uated in the north
west quarter of section 23, township 5 nort~. range IO east, Fox Township, about l · 1 

~All bearings in the Olney Base Net are true. 
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miles east and one-half mile north of West Liberty, a station on the Grayville and Mat
toon Railr~ad. The geodetic point is marked by a stone post of the usual fonu, set 2! 
feet below the surface. The northeast corner of section 23 bears north 66° 18' east, 
and is distant about 712 metres from the geodetic point. 

Check Base, Richland County, Illinois; established in 1879 by the United States 
Lake Survey. This station is situated in section 6, township 4 north, range 11 east, 
Preston Township. The geodetic point is n1arked by a hole in the top of a stone post 
set 2t feet below the surface of the ground, with a stone post set directly over it as a 
surface mark. Three stone reference posts are set as follows: One on the south side 
of the road on the south of the station, bearing south 12° 12' west, distant 22·6 metri;!s; 
one at the northeast corner of the cemetery just west of the station, bearing north 3° 35' 
west, distant 7 3 metres, and one on the north side of the above road, bearing south 
80° 21' east, distant 53·5 metres. The southeast corner of the German Reformed 
Church bears north 53° 10' west, and is distant 20· l metres. The quarter-section stone 
of the west line of section 6 bears north 3 l 0 4+' west, and is distant 943 ·9 metres from 
the geodetic point. 

011ioll Hill, Richland County, Illinois; established in 1879 by the United States 
Lake Survey. This station is situated in the northeast quarter of section 2, township 
4 north, range 9 east, Denver Township, about s miles southwest of West Liberty, a 
station on the Grayville and Mattoon Railway, on Onion Hill. · The geodetic point is 
marked by a stone post of the usual form :;et 3 feet below the surface, ·with a stone post 
set directly over it as a surface mark. Three stone reference posts were set as follows: 
One on the south side of the road north of the station,.bearing north 33° o:l east, distant 
205 '68 metres; one on the north side.of the same road, bearing north 25° 31' west, distant 
r 8 i ·04 metres, and one on the west side of the road west of the station, bearing north 
84 ° 35' west, distant 354 ·02 metres from the geodetic point. The northeast corner of 
section 2 bears north 69° 25' east, and is distant 502·7 metres from the geodetic point. 

C/aremo11t, Richland County, Illinois: established in 1879 by the United States Lake 
Survey. This_ station is situated in section 29, township 4 north, range 14 west, German 
Township, about 3 miles northwesterly from the town of Claremont, a station on the 
Ohio and Mississippi Railroad, on land belonging to the Brinkley heirs. The geodetic 
point is marked by two stone posts set one above the other, in the usual manner. 
Three stone reference posts. are set as follows: One bearing north 67° 33' west, distant 
23·1: metres; one bearing north o0 39' west, distant rs metres, and one bearing north 
71° 45~ east, distant 24·6 metres from the geodetic point. The northwest corner of 
section 29 bears north 60° 03' west, and is distant 847 metres from the geodetic point. 

De""ltver, Richlan,d County, Illinois; established in 1879 by the United States Lake 
Survey. This station is situated in the northwest quarter of the northeast quarter of 
section 21, township + north, range 9 east,. Denver Township, about 5 }·~ miles north of 
station Noble on the Ohio and Mississippi Railroad, on land belonging to Mr. Kinkade, 
living a little more than one-fourth mile east of the station. The ge9detic point is 
marked by a stone post of the usual form set 3. feet belOw the surface of the ground, 
with a stone post set directly over it as a surface mark. · 

Three stone refen;nce posts were set as follows: One on the north side of the road 
north of the station, bearing north 15° 27' east, distant 344·92 metres; one on the east 
side of th,e road east of the station, bearing north 69° 35' east, distant 578'78 metres> 
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and one on the west side of the latter road, bearing south 70<! or' east, and distant 568·15 
metres from the geodetic point. 

The corner ·of sections r5, 16, 21, and 22 bears north 58° 52' east and is distant 
628 · 32 metres. 

Nezc1ton, Jasper County, Illinois; .established by F. W. Perkins in r883. This 
station is situated near the northwest corner of the southeast quarter of the southwest 
quarter of section :?5, township 6 north, rai1ge 9 east. Smallwood Township, about 4.% 
miles south _of Newton, the county seat. The geodetic point is marked by the apex of 
an e~rthenware pyramid set in mortar J;.-5 feet below the surface. The surface mark is · 
the intersection of two cross lines cut on top of a white marble post, 6 inches square 
and 2}~ feet long, projecting 6 inches above the· surface. The letters U.S.C.&G .. S. are 
cut in the 4 squares formed by the cross lines. This post stands on a brick foundation r 
foot thick and 16 H inches square and is solidly encased in brick to its top. From this 
point up. a height of 3 feet, the brick pier is hollow· and is capped by a marble slab 2 
inches thick and 16 }6 inches square, with a small hole in the center to mark the station. 
At the top of the marble post openings were left in the brickwork in order that the 
c::ross lines on the post could be seen. The whole height of the brick pier is 6.% feet. 
_Another brick pier 21 by 16~-6 inches, used for latitude observations, was built about 50 
feet distant due west. Two marble posts 5 inches square and 2 .1i feet long, with arrows 
on top pointing to the station, were set as reference posts, nearly west and in range, 
one 22r·+ feet and the other r 5os·s feet cli!?tant, bearing (true) south 89° 591 ·west 
from the station. 1'he following true bearings and distances were measured from the 
geodetic point: East lightning roGl of I. Wilson's house south 9° 13' west southwest· 
corner of section 25, south 50° 59' west 607·+ metres distant. Chimney of McMurray's 
house north 54 ° 26' \Vest. Chimney of schoolhouse north +6° 20' west. Chimney of 
Weaver's house north 22° 33' west I 180·3 metres distant. Southeast corner of section 
::i5, south 71° 5o' east r 21r6 metres distant. 

Hunt Ci~11, Jasper County, Illinois; established in I8i9 by the United States Lake 
Survey. This station is situated in the northeast quarter of the northwest quarter of 
section i· township 7 north, range q west, Grandville Township. about ro miles north
east of Newton, and about three-fourths mile northeast of Hunt City, a small station on 
the Danville, Olney and Ohio River Railroad. The geodetic point was marked by a 
stone post of the usual form, set 3 feet below the surfact:, with a stone post set directly 
over it as a surface mark. T!n·ee s_tone reference posts were.set as follows: Two on the 
south side of the section~line road north of the station, one bearing north 33° 5:?' east, 
distant 334·7r metres, and one bearing north 9° 54' west. distant 282·62 metres; and 
one on the east side of the section-line road west of the station, bearing south 85° 32' 
west, and distant 678 ·ss metres from the geodetic point. The section corner at the 
northwest corner of section 7 and southwest corner of section 6 (above township) bears 
north 66~ +6' west, and is distant i49'o metres. The section corner at· the southeast 
corner of sectio:n 6 and the northeast comer of section 71 township 7 north, fractional 
range rr east, bears north 67° 05 1 west, and is distant 747·0 metres from the geodetic 
point. These two section corners are 4·56 metres apart. 

Oblong, Crawford County, Illinois; established in 1879 by the United States Lake 
Survey. This station is situated in the southeast quarter of the southeast quarter of 
section 32, township 7 north, range I3 west, Oblong Township. The geodetic point is 
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marked in the usual manner by t_wo stone posts set one above the other. Three stone 
reference posts are set along the east side of the road west of the station as follows: 
One bearing south 44° 151 west. distant 12~·7 metres; one bearing south 78° 321 west, 
distant 90·0 n1etres, and one bearing north 65° r3' west, distant" 97·7 metres from the 
geodetic point. The first reference post mentioned is set near the land-survey stone on 
th.e south line of section 32, one-fourth mile west of the southeast corner of the section, 
the land-survey stone bearing south 46° 23' west, and being distant. 131 metres from 

. the geodetic point. The southeast corner of section 32 bears south 7 3° 42 1 east, and is 
distant 325·6 metres from the geodetic point. 

( d"i El Pas<' Base Lint·, Colorado, 1879. 

J,OCATION, MEASUREMENT, AND LENGTH. 

This base is located on the eastern slope of the Rocky Mountains, in El Paso County, 
Colorado. A r~connaissance made by Q. H. Tittmann, Assistant, Coast and Geodetic 
Survey, in August, No.7. 

1878, resulted in tl].e se
lection of the site about 
48 kilometres (30 stat
ute .miles) east north
east of Pikes Peak, with 
the middle point in ap
proximate latitude 38° 
581 and longitude 104 ° 
3 1' west, a n d a b o u t 
2 063 metres (6 76S 
feet) above the sea 
level. It is. the most 
elevated base line Oil 

the arc. The length is 
approximately 11·29 
kilometres ()"02 stat
ute miles "l and the azi-' . 
mu th East Base to West 
Base about ro2°·s. 
The line is on the table 
land south of the 
divide between the val-
leys of Monument and 

West Base 

0 

North 

Stamte Miles 
10 15 20 

Bracket creeks, with a general slope of the ground upward fron-1 east to west, the 
western terminus being ~nearly 172 me'tres above the eastern one, as determined by two 
lines of spirit levels. The line was free of all obstructions, such as trees, shrubs, fences, 
or buildings, and required no grading· whatever; the ground was dry, gravelly, ai1d 
sandy and co~rered with a short growth of grass. The line crosses the dry bed of 
Squirrel Creek and a few gulches and running springs. A masonry monument on the 
Townsend Ranch marks the east end, another like it .on the old Pugsley Ranch the 
west encl. The underground marks are two granite posts, set in cement and one above 
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the other. Each has a hole .drilled in its upper sm;face, filled with lead with a copper 
tack driven into it; a line drawn on the head of the tack marks the terminal point d 
the base. The monuments are of brick, about a metre high, and capped with a stone 
slab 15 centimetres (6 inches) thick. 

A preliminary measure was made with a 60-metre steel chain, and stubs were placed 
in alignment subdividing the line into 54 sections. The base was measured twice, 
once forward and once backward, by Assistant Tittmann, with the 6-metre con.tact-slide 
steel rods Nos. 3 and 4, between August 7 and September 4, 1S79. This apparatus 
was made by E. Kiibel, of 'Washington, District of Columbia, in June, l87S, and was 
employed here for the first time. A description of this kind of apparatus will be 
found in Appendix No. I7, Coast and Geodetic Survey Report for 1880, pp. 341-345. It 
embodies the "principle and construction of Colonel Mudge 's apparatus,* but received great 

N•>. 6. improvements in the hands of 
Assist~nt J. E. Hilgarcl, as stated 
by him in the above appendix. u.Prqf~cting ledge at,, end surface 

n.fibulting end, CJllinib-ic and 1LJ of' 1im.71?; r:a..Cbius 

Length qf the co1ilad-s/ide rods 
1Vos . .3 and /.-These rods are 
agate-capped and about S milli
metres in diameter. They \.Vere 
compared at the Survey Office 
with the standard iron 6-metre 
bar No. l; by Assistants H .. G. 
Ogden and 0. H. Tittmann, in 
May, 1879, and again after tlle 
return of the rods from the base 

measure by Assistants Ogden and S. Forney in November, 1879. The 6-meter standard 
bar No. l· elates from March, I 84 7, and was made for standardizing the Bache-Wiirdemann 
compensation base apparatus, last used in I 87 3. The length of this encl standard t was 
·determined at various times, in 18'47 by J. Saxton and A. A~ Hm_nphreys, in 1853-54 by 
J. Saxton, in 1860 by J. E. Hilgard and W. L: Nicholson, and in ·1s77 by H. W. Blair. 
These last comparisons are dependent on six n~w steel metres spe~ially constructed for the 
purpose, and bE:ing the most elaborate and nearest in time to the base measure, their result 
alone is given here. E~tensive observations were made at the Smithsonian Institution 
between February and April, iS6o, for the determination of the coefficient of expansion. 
For an account of these observations, as well as of the standardizing of the bar, see the 
description given by Assistant Hilgard in Appendix No. 26, Coast Survey Report for 
1862. The range of temperature during these observatiop.s was between o 0 and 38° C. 
< 3~ to 100° F.), with resulting coefficient of expansion o·ooo 011 54 for the centigrade 

± 4 
scale ( o·ooo 006 4 I· for the Fahrenheit scale). The observations of February and March, 

± 2 

1877, for length of 6-metre standard, consist in the first place of comparisons of the 6 
steel-end t metre bars (Nos. l, 12, 13, 19, 28, 35) inkr se, and of No. 19 with the 

*Triangulation of Engl~ud and Wales, etc. V•;l. I. Lond•)n, 'i99, plate h-. 
t Projectingleclge at end surface. (Sc:e abo\•e cut.) 
1Abuttingeudcylin<lricandof 1I.~ millitnetresradiu:;. (~eeaho\•E:=cnt.) 
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Committee Metre; and, secondly, of comparisons of length of the. 6 metres joined, con
tacts secured by SP.rings, aligned, levelecl, and duiy supported with the 6-metre bar. In 
these comparisons seyeral thermo1~1eters \Vere used. They \Vere properly distributed 

. and corrected for index error and defect in graduation, besides the rcl;ith•e positions of 
the various bars were systematically changed: the average temperature was about 
7~° C. (45~° F.). Saxton's reflecting comparator (called pyrometer) was Used for 
the differential measures. At the same time a copy of the 6-metre standard, ktiown as 
No. 2,* cut to length in February, 1855, was standardized in the ·same manner and com
pared with No. r: it was found to be :!4 ·7 µ (microns) longer than No. 1 (both at 
5°·1 C.). 'fhe comparisons of 1860 give the result: Length of the 6-metre iron 

111 

standard No. r = 5·999 940 7 at o°C. 
± 8 

and of No. 2 = 5 ·999 982 3 at o"C. 
±I 0 

From ·the comparisons of 1877 the following results t have been deduced: 

m 0 

Length of 6-metre iron standard No. I= 5·999 954 7 at o C. 
± 25 

Length of 6-metre iron standard No. 2 = 5·999 982 6 at o C. 
± IO 

An .additional value for length of standard No. ·I is obtained from comparisons 
made by Assistant C. A. Schott in August and September, 1882, at the Survey Office in 
connection witl:i the standardizing of a 5-metre standard to which was joined a .single
metre bar, both of known length,! whence we have length of 6-metre standard No. I 

Ill 0 

5·999 946 r at o C. For final value of length of this standard we take the weighted 
± 46 '. 

mean of the three values of 1860, 1877, and 1882 with their weights }-6, l, and %. 
. ni o 

respecth·ely, and find length. of standard No. r = 5·999 949 at o C. Comparisons 
± 3 

made in May and November, 1879, of the 6-metre contact-slide rods Nos. 3 and 4 with 
standard No. 1 gave the following results: · . 

May 17 and ~8, r879. H. G." Ogden and 0. H. Tittman, observers. 
111 0 

Length of No. 3 = 6 ·001 076 at 17 ·28 C. 
± 5 

Length of No. 4 = 6 ·001 142 at i7 ·28 C. 
± 4 

November 26 and 28, 1879. H. G. Ogden and S. Forney, observers. 

11\ ,, 

Length of No. 3 = 6 ·ooo 514 at 7 ·74 C. 
± 4 

Length of No. 4 = 6 ·ooo 476 at 7 '74 C. 
± 4 

*An end measure •vithout projecting edge. 
tThe observer's result was: Length of standard, 5·999 9:;8 3 metres at cf' C.; but a discussion of March, 1S.S3, gave 

the result in the text. ± 7 
t Appendix No. 7, Coast and Geodetic Survey Report for 1880, pp. 137-138. 
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In the absence of a rel1able value for the coefficient of expansion of these rods, it 
was decided to have special observations mar~e. Under date of March "27, 1897. 
Assistant A.· Braid, in ch3;rge of \Veights and Measures, reports the results of his 
observations as follows: 

Observations 

in March, 

1897. 

Hence we have: 

For 6-metre standard No. 2 

For 6-metre bar No. 3 

For 6-metre bar No. 4 

o ·ooo or r :!5 for the C. scale 

o ·uoo oII 49 

0 "000 Oil 41 

Length of No. -~at 12° ·51 C. (or 54° ·52 F.) 6 ·ooo 795 metres, 
Length of No. 4 at 12° ·51 C. (or 54° ·52 F.) 6 ·ooo 809 metres, 

or at o° C. 5 ·999 933 metres 
or at o° C. 5 ·999 953 metres 

·The probable error of each may be estimated at± 6p. The corrections to the 
graduation of the Tagliabue thermometers attached to the rods were determined by 
means of a· Casella standard No. 18411. They are as follows: 

Thermometers. 

Correction Rod No. 3. Rod No. 4. 
at 502 503 
0 0 0 

92 F. -0·6 --?"5 

82 -0·6 -0·5 

62 -0·5 -0·4 

45 -0·7 -0·4 

For the purpose of comparing the results by the forward and backward measures, 
or those of the day and night measure, tl1e agate encl of the rods was referred to the 
ground by means of a sector (with level attached) set at right angles to the length of 
the base. ·A short distance away and opposite to it, at the ground mark, an iv:ory scale 
divided into millimetres was read off. 

In the folkrwing summary of resulting lengths of the forward and backward meas
ures the distances are corrected for errors arising from temperature, inclination and 
alignment of the bars, but no reduction to sea level has been applied. 

s~·ctiou m<asurt·s <~f tire Ei RHo Ease. 

Mean Mean 
temp. F. kmµ. F. No. of Cor1·eCted Corrected Differ-

Section marks. corr'd. C'(•rr.'d. (a\•erage) dist::i.nce. distance:, lkan. ence 
For- Back- bars. forward. backward. from 

'"·ard. ward. n1ean. 

0 Ill. 111. ///.. 111111. 
East Base to A (day) 57 '.4I l 240 ·oq 50 

l I ·39 
(night) 57"38 

f 
40 ·or3 09 240·013 II o·o.z 

(night) 59 ·79 "OII 74 1 '37 
A to B (day) 6u _"76 l 198 ·023 56 

l 
0·26 

B to A \clay) 68·37 

J 
33 198·025 33 198·023 82 1 ·sr 

A to B (night) SI "II 198·022 57 I "25 
B to C (day) 66·45 

l. 
222·033 6.3 

) 
I "60 

CtoB(day) 70·09 

J 
37 222·033 85 222·032 08 I 76 

n to c (night) 49 ·29 22.:? ·028 72 3 ',6 
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Section marks. 

C to D (day) 

D to C (day) 

C to D (night) 

Dto E 

Eto F 

F to G 

GtoH 

Htol 

I to J 
J to K 

KtoL 

L to Ridge 

Ridge to l\:I 

1\'I to N 

N to 0 

Oto P 

Pto Q 
Qto R 

R to S 

S to Signal 

Signal to T 

T to U 

U to V 

v tow 

WtoX 

X to Y 

YtoZ 

Z to Gulch 

Gulch to Range 

Range to Dot 

Dot to Spring 

Spring to Road 
Road to a 

tt to f'J 
fJ toy 

r to lJ 
0 to E 

t to~ 

~ to 17 

11 to (J 

0 to I 

S,·ctio11 111cas11rt's of tilt" El Pa&; Ease-Continued. 

Mean 
temp. F, 
corr'd. 

For
ward. 

0 

6S·3s 

46·39 
64 ·18 

54 '22 
63 'Ol 

71 '12 

So·45 
S8·g6 

82 ·34 
63·08 

74·47 
6o·10 

64·99 
71 '00 
62 ·44 
58·20 
69·26 

78 ·36 

65 "lI 
76·98 
84·91 
94 ·15 
67 ·34 
66·91 

75 ·rs 
82·47 
87 ·16 
61 ·91 
71 •6o 

79·23 
89·39 
72·89 

87 74 

67·33 
si ·18 
ss ·rs 

87 ·47 
68·53 
76·o6 

Mean 
temp. F. No of 
corr'd. (a,·e;age) 
Back- bars. 

Corrected 
distance, 
forward. 

Corrected 
distance. 

backward. 
ward. 

0 

75·61 
66 71 

72·44 

77 ·59 
76·84 
68 ·72' 
61'·63 

73·68 

83·44 
74·74 
82·So 

85·i7 
81 '02 

76·99 
82 ·50 

84 ·43 
86·37 
86·34 
88·65 
82·22 

77'59 
87 ·06 

84·87 
S1 ·43 
77'20 

69 70 

60·43 
S6·42 
82 ·30 

85·97 
S9·22 
80:81 

84·83 
87 '22 

86·59 
83·41 
82 'Ol 

34 

/I{. 

204·023 29 

204·021 82 
46 276 ·030 So 

33 198'0Cl4 29 

Ill. 

""' ~" ,. } 
276·031 00 
198 ·003 68 

35 210·016 96, 210'020 12 
32 192·027 78 192·027 SS 

37 222·046 79 222·043 99 
39 234·06o 44 234·056 21 
30 1So·o22 54 1So·o2r 29 

34 203·983 4S 203·983 7S 
36 215·974 32 2r5·977 16 
34 203·983 SS 203·984 87 
29 174·020 09 r14·020 oS 
32 192'006 14 r92'Q02 53 

34 204·oo6 22 204·004 38 

34 203·976 90 203·977 06 
37 222·027 92 222·026 39 
34 204 ·033 84 204 ·031 '09 

40 239·993 41 239·995 71 
34 204·022 39 204·021 65 
34 204·042 62 204·041 20 
34 204·049 97 204·046 68 
34 204·030 96 204·032 42 
34 204·029 70 204·033 rs 
34 204 'Oil 04 204 '01 I 62 
34 204·041 71 204·040 92 
31 186·054 94 186·055 22 

44 264 ·005 55 264 '008 99 
34 204·034 09 204·034 96 
24 144·006 45 144·007 29 
33 198·017.23 198·018 03 
49 294 ·oos. 15 294 ·005 oS 
32 192·028 30 192·024 21 
37 222·004 64 222·004 68 
32 r92 ·038 Sr 192 ·036 36. 
3S 2!0 ·025 44 210 ·022 97 

34 203·993 45 203·992 05 

34 203·995 83 203·994 ~5 
35 210·029 95 210·028 6'6 

35 210·037 34 210·035 46 

Mean. 

m. 

204·023 61 

276·030'90 

198·003 99 
21o·or8 54 

192·027 83 

222·045 39 
234·058 32 
1So·o21 91 

203·983 63 

215·975 74 
203·984 38 
174'020 og 
192 ·004 33 

204 ·005 30 
203·976 98 
222 ·027 16 

204·032 47 

239·994 56 
204 '02:? 02 

204·041 gr 
204 ·048 32 

204 ·031 69 

204 ·031 44 
204 °01 I 33 

204·041 32 
186·055 o8 

264 ·007 27 

204 ·034 52 
144 ·006 Si 
198 ·017 63 
294 '006 62 
192·026 25 

. 222 ·004 66 

192 ·037 5~ 
210·024 20 

203 '99:? 75 

203 ·995 I4 
210 ·029 31 
210 ·036 40 

Differ
ence 
from 

n1ean. 

111111. 
0·32 
2 'IO 

I ·79 
0'10 

0·30 
1·5s 
0·05 
I '40 
2 'l I 

0·62 

0 ·15 
I '42 
0·50 
o·or 
I ·Sr 

0·92 
o·oS 
0·77 

I ·37 
I '15 

0·37 
0·71 
I ·65 

0·73 
I ·74 
0·29 
0·40 

o·q 

I '72 

0·43 
0·42 

.0·40 

I '53 
2·04 
0·02 

I '23 
I '23 
0·70 
o·6g 

0·64 

0·94 
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S1Ylio11 111eas11rt·s qf !lie El Pa.w Base-Continued. 

Mean Mean Differ-temp. F. temp. F, No. of Corrected Corrected 
Section marks. corr"d. corr'd. (a,·erage) distance distance. Mean. ence 

FCJT. Back- bars. foTward. back\vard. frou1 
ward. ward. n1ea11. 

0 0 111. 111. 111. mm. 
z to i< 60·29 73·6o 34 203·987 39 203·988 .55 203·987 97 0·5S 
Kto;\. 66 ·s.~ 66·87 .3.5 209·977 26 209·978 42 209·977 84 0·58 
il top 74·57 56·61 4r 246 ·0,,3. 64 246 ·033 64 :146 ·033 64 o·oo 

tt to v 65 ·rs 91 ·og 28 167"945 30 167 ·944 47 167·944 SS 0·41 
I' to .; 67 ·S3 87 ·96 24 143 ·999 69 l43 '999 SS 143 ·999 79 0·10 

.; ·too 75·54 79·20 40 239 ·967 06 239·965 39 239 ·966 23 0·83 
o to it 6S·6S 69 "70 35 2JO ·005 83 210 '004 77· 210·005 30 0·53 
n: top So·51 61 "•IS 36 215 ·953 II 215 ·950 94 215·952 02 l ·og 

fJ to d 85·41 53·60 34 20,, ·985 44 20,:; ·984 31 203 ·gS4 SS 0·56 
<J to r 85·84 48·28 36 ~.rs ·978 09 215·976 83 215 ·977 46 0·63 
T to v So 77 78·41 29 173"974 49 173 ·973 6r 173•974 05 0·44 
v to West Base 6o·95 258 ·207 93 4·62 

v to 'Vest Base 61 ·62 258·215 12 

,,..,., M) 
2·57 

43 258·212 55 
"\Vest Base to v 7H' l 3 ·3r 
West Base to v S5·os 258 "21I 27 . I ·27 

East Base to \Vest Base I 882 JI 292 ·S23 09 

The forward and backward measures of the subdivisions wei:e frequently made with 
greatly different average temperatures, yet when \Ve compare their respective SUJUS we 
find 11 292·833 1 metres and II 292·815 7, showing the small difference of 17"4 milli
metres. 

The matter µs to whether the thermometers indicate the true temperature of the 
rods has been inquired into, and it seemed as if the rods were lagging somewhat behind 
the thermometer. indications, but there are so many exceptions to this that no satisfac
tory result (numerical value) could be deduced. 

For the reduction of the length of the El Paso Base line to the sea level we have 
the following data and results: 

The provisional value for height of _the St. Louis, Missouri, bench mark is at present 
taken as 1::?5"8 ± 0·25 metres or 412·7 ± o·s.feet. This mark, known as the City Direc
trix. is identical in level with the benc_h mark K

3 
on the St. Louis great bridge. They 

are referred to the mean level of the Gulf of Mexico (and probably alSo to the Atlantic 
Ocean at Sandy Hook, New Jersey,_ within the assigned probable error). 

The difference of height between the St. Louis bench mark K.
3 

and top of base 
monument marking the west end of the El Paso Base, as derived from spirit leveling in 
1882-88 and 1891-95-96-97-98, a distance of r 437 kilomet.res nearly, is b.li = 2 040·91 
± 0·044 metres or 6 695 "89±o·15 feet. Hence the height of West Base Monument 
(top*) above sea level is 2 166"7±0·25 metres or 7 108"6±0'8 feet. In August and 
September, 1879, J. B. ·weir ran a line of spirit levels over the base and found the East 
- -- . ·-· ·---------------

*Top ab:rvt: gn.:mnd t ·05 111etres. 



TRANSCONTINENTAL TRIANGULATION-PART I-BASE LINES. 107 

Base Monument (top*) 172·14metres or 564·76 feet below the West Base Monument, 
whence the height of East Base Monument (top) is 1 994·56 metres or 6 543·s feet. 
From 1.0 equal subdivisions of the base its average height above the East ~ase Monu
ment (top) was found to be 66"86 metres or 219·4 feet; hence the average height of 
base line .is 2 061"4 metres. or 6 763·1 feet .. To the.above height we must add the 
elevation of the base bars above ground or 1 ·25 i11etres (4 · io feet): hence the final 
result for height of base above sea level is h = 2 062"65 metres or 6 167·2 feet with 
an estimated probable error of ± o· 5 metre or ± 1 '6 feet. In latitude 39° and azimuth 
103°, log. [radius of curvature] or log p = 6"805 19 and the reduction to sea level t 

1/1 th° 
-- + -- becomes - 3·64fi -1 metr"'S ± o·ooo u metre p p• .. " 

hence wit1~ the measured length of the base l = 1 r 292 ·823 1 metres the final or reduced 
b::i.seL =II 289·r76 4 metres and its logarithm 4·052 662 26. 

The probable error of measure of the base is: 

For the part between East Base and D, where the number of measures is three 
For the part lying between D and Upsilon from double measures 
And for the remaining part to "\Vest Base 

Tl•tal for length of base 

nun. 

±I "57 
±4'57 
±I "::?4 

±4'99 

The probable error clue to uncertainty iii the length of the ·rods is 1882 x 6µ 
= ± I 1 ·29 millimetres. 

The probable ei;ror produced by au uncertainty of one-half metre in the value of 
the elevation of the base above the ocean ± 0·90 millimetres.· 

Combining these probable errors we get for the base ~ (4 ·99)° + ( 1 r29)°+ ( 0·90)2 

= ± 12 · 38 millimeters, which is about •r:l-uiHi part of .the length and corresponds to 
the logarithmic difference E NIJ I = ± 4 ·s in units of the seventh place of decimals. . 

This may be taken to represe1it the error of measure and of reduction to sea level, 
coml?ining it with the probable error due to our practical unit of length, the Committee 

Metre, taken as± !Ji, we get ~ ( 12·4)" + (8'5)° == ± 15·0 millimetres, or about n'.!1 uuu 
part of the length. 

Resulting length of the El Paso Base 

and its logarithm 

*Top abovE.: ground 1·06 1netres. 

111. 

II ::?89 ·176 4 
±15 o 

4 ·052. 662 26 
± 58 

tTo this reduction a swell as to its probable error attacl1esthe uncertainty due to any error in the radius of cun·atu1·e 
or the reference sphe

0

roid. strictly speaking, to the height should be added the elemtion of the equipotential surface 
Ito which spiritlevdsnecessarily conform) under El Paso as proJ.uced inland fro111 the sea le\•el. 
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ABSTRACTS OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUS'tED, FORMING THE 

EL PASO BASE NET, 1879-So, r895. 

Et Paso East Base, El Paso County, Colorado. September 29 to October 13, 1879. 30-ct:ntimetre 
theodolite, No. 108. 0. H. Tittmann, observer. 

Resulting Approxi- Correc- Fiual ·No.of Reduc- tions fron1 
di rec- Objects observed. direction~ fron1 mate tion to sea Resulting base nt:-t seconds in 
tion. station adjust- probable level. seconds. adjust- triangula-

n1ent. error. u1ent. tion. 

0 " I! .. , " 
Azimuth mark 0 00 00'00 

Holcolm Hills 67 48 _q·45 +o·w ,'14 ·55 -0·652 33 ·s9S 

2 Big Springs 141 17 47 ".)6 -0·12 47 ·24 +0·864 48 ·104 

3 Corral Bluffs 229 57 10·48 +0·13 10·61 --o ·~16 10·394 

4 El Paso \.Vest Base 282 -1S or ·59 -0·06 OJ ·53 -0·051 l•I '479 

5 Didde 340 58 34'49 -0·09 34 ·40 +0·055 M'455 

Probable error of a single observation of a direction (D. anc'i'R.) = ± 111 '17. 

El Pasv IVi·st Base, El Paso County, Colorado. October 17 to November r, 18;9. ,:;o-centimetre 
theodolite, No. ro8. 0. H. Tittmann, <•hserver. 

0 II ,, I! // 

6 Divide 0 00 oo·oo +0·14 00·14 -0·463 59·677 

7 Holcolm Hills 50 45 56 ·46 +0·03 56·-19 +o 716 57 ".:!o6 

8 El Paso East Base 69 55 02 ·84 -0·06 02 78 -0·466 02 ·314 

9 Corral P,luffs i48 54 5:'>",)4 +0·01 53·35 +0·214 53·564 

Bear Creek 202 33 37 ·97 

Glen Eyrie 219 .J.4 .:q ·05 

Prohable error of a single obserrntion of a c1irection ( D. and R.) = ± 1"·12. 

Carmt Blu.ffs, El Paso County, Colomdo. November 2 to November 6, l8i9· 
0. H. Tittmann, .observer. 

30-centim~tre theodolite, 
No. loS. 

0 /I /I I.I ,, II 

JO El Paso \Vest Base 0 00 00'00 +o·or OO'OI +0·0-12 00·052 

II Divide 15 36 52 ·4.i. +0·09 52 ·53. -o ·162 52 ·36S 

12 El Paso East Base 48 09 17'97 +0·13 18 "JO -o·o"p 18·058 

13 Holcolm Hills 56 40 ![ ·06 +0·13 II 'I9 +0·097 rr ·2S7 

I4 Big Springs IJ2 06 29·68 -0·09 29·59 +0·065 29·655 

Bear Creek 255 TS 13·89 

Glen Eyrie 2i5 rs .. p •66 

Probable error of a single o!.1servation of a direction ( D. and R.) = ± 111 ·12 
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ABSTRACTS OF RESULTING HORJZONTAT, DIRECTIONS, OBSERVED AND ADJUSTED, FORMING THE 

ET, PASO BASE NET, 1879-So, 189s-continued. 

Hol<olm Hills,. El Paso County, Colorado. July 20 to August 16, r8So. 30-centimetre theodolite, 
No. 108. 0. H. Tittmann, observer. 

Resulting Approxi- Correc- Final No.of Rednc- iions front 
direc- Objects obsen•ed. din:ctions front mate tion to sea Re~ulting base net seconds in 
tion. station adjust- pn1hable level. st:conds. adjnst- triangula-

inent. error. 
lllE:Ut. 

t1011. 

ll II II II ,, 
Holt 0 00 1....K)"OQ +0·03 00·03 

Square Bluffs 29 q l.:? ·37 -0·08 12·29 

20 Big Springs 86 36 27 ·8s -o·os 27 ·83 -o ·370 27·460 

2r Corral Bluffs lS6 :'.!8 04 "74 +0·12 04·86 -t-0·4s7 os·317 

·~ El Paso East ;Base 16S 48 3S ·8s +0·09 3S"94 -0·190 3S 7SO 
:23 El Paso 'Vest Base r81 ;~8 s8 ·1s +0·03 s8 ·18 +0·26s s8·44s 
24 Divide :21:2 IO 36·84 -O"II 36 73. -0 ·162 36:s68 

Probal'•le error (•f a single obsen'atio11 of a direction (3 D. and 3 R.) = ± 0 11 ·81. 

Di"i;idc, El Paso County, Colorado. November 12 to November 19, 1879. 30-centimetre theodolite, 
No. 108. 0. H. Tittmann, observer. August l to August JI, 189s. 30-centimetre ·theodolite, 
No. IJ8. F. D. Granger and J. B. Boutelle, observers. 

0 ll II II II II 

rs Holcolm Hills 0 00 oo·ooo -o·u 59·89 +0·191 00·081 

16 Rig Springs 33 19 29 ·190 ±0·134* -O"II4 29·076 -0·926 28·1so 

17 El Paso East Base 46 47 s9·87 -0·08 S979 +0·492 60·282 

iS Corral Bluffs 83 I4 l-l "24 -t-0·08 l I "32 -0·314 II ·006 

19 El Paso \Vest Base 98 41 :q ·3r +0·13 24·44 +o·ss7 24·997 
Pikes Peak l 26 S9 19·980 0 "III* +0·240 21)"220 

Bison Peak 168 ::!9 32 ·6_p 0·088* -0·104 3::! ·s38 

Probable e1·ror of a single observation of a 1lirectio11 (D. anrl R.) = ± 111• 19 in 1879 and± o''·6S in 1895. 

B~i; Spri11gs, El Paso County. Colorado. August ::!l to September 3, 1880. 30-centimetre theodolite, 
No. 108. 0. H. Tittmann and G. F. Bi rel, o hservers. June 23 to July 6,, 1895. 30-ce11timetre, 
theodolite, No. l 18. F. D. Granger and J. B. Boutelle, observers. 

0 II ,, II ,, II II 

2s Corral Rluffs 0 00 oo·ooo -0·10 s9·90 +0·002 s9·902 

26 El Paso East Base 27 23 27·sr -0·13 27·38 -0·268 27 "II::? 

::?i Divide 33 3S 42 ·180 ±o·nst -~ ·137 42 ·043 -0·370 41 ·673 

:?8 Holcolm Hills S4 42 04·99 -o·os 04·94 +0·636 OS"Si6 
Square Bluffs 138 ~8 19·83 +0·06 19·89 
Cramers Gulch 188 O' _, 38·61 -0·10 38·s1 

Dry Camp 23s 37 Si. rr9 0·228t -0·040 S7 ·079 
Plateau 279 28 24·329 o ·root -t-o·roS 24·437 
Pikes Peak 344 :22 41 ·s63 0 ·121t -0·0S3 41 ·4So 

Probable error of a single observalio11 of a rlirection ( D. a1111 R.) = ± r"·42 in 18Soaml ± 0 11 77 in 189s. 

*Directions marked with a* dept::nd on thi:: prohal,lt:" i::rror ± 0"·13-1- of Big- Springs during the :o;econd occupation. 
t Directions marked with at depend on the probable error± 0"·115 of Div_ide during the second occupation. 
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FIGURE ADJUSTMENT. 

Ol>scrvatio11 equations.* 

I 0=-0·168.+(.19)-(17)+ (5)- (4)+ (8)- (6) 
2 0=-0760+(12)-(10)+ (9)- (8)+ (4)- (3) 
3 0=+0·415+(12f-(11)+(18)-(17)+ (5)·- (3) 
4 0=+1·32?+(23)-(22)+ (1)- (4)+ (8)-- (7) 
5 0=+0·377+(24)-(22)+ (1)- (5)+(17)-(15) 
6 0=+0·073+(22)-(2I)+(13)-(12)+ (3)- (1) 
7 o=+r243+)26)-(25)+(14)-(12)+ (3)- (2) 
8 0=-2·125+(27)-(26)+ (2)- (5)+(17)-(16) 
9 0=-2·599+(28)-(26)+ (2)- (1)+(22)-(20) 

IO o=+ 3 ·24-0·77( 6)+r 18( 8 )-0·41( 9)-1"89( 10)+3·30( II )-1"41( 12)-1"20(17)+2·85( 18) 
-I ·65(19) . 

II 0=+21·22-6•o6(7)+6·47(8)-0·41( <j)-1"89( 10)+15·94( 12)-14·o6( 13 )-12"&l(21 )+20·22(22) 
_:7 ·42( 23) . . 

12 o=-10·97-0·77( 6)+6·o6(7)-5·29{ 8)--1·98(15)+3·63( 17)-1·65( 19)-5·41( 22)+r42( 23) 
-2 ·01(24) 

13 o=-15·94-3·30( II )+4·33( 12)-1·03( 14)-879( 16)+1r64(17 )-2·85( 18)-4·06( 25 )+23·43(26) 
- 19 ·37( 27) . 

J4 0=+1 ·59-3·30( II )+4·33( 12 )-1"03( 14)-1"98( 15)+4·83( 17)-2·85(18)-0·40(20 )+2·41( 22) 
-2·01 { 24)-4·06( 25)+8·14( 26)-4 ·oS{ 28) 

Correc
tion~. 

(I) 

(2) 

(3) 

(4) 

(Sl 
(6) 

(7) 

(8) 

(9) 
(IO) 

(II) 

( 12) 

( 13) 

( 14) 

(15) 

(16) 

(17) 

( 18) 

( 19) 
(20) 

C, 

--I 

-I +1 

+1 
-I 

+1 -I 

+1 
-I 

+1 

-I 

+1 

C, 

-ti +r -1 

-I +1 
-[ 

+1 -I ... 

-I 

+1 

, ... 
--1 

+1 -1 

+r 

-I 

-1 +1 

+r 

(iJrrdalt' cq11atio11s. 

c7 c .. 

-I 

-I +1 +1 

+1 

-I 

-0·77 -0·77 

- 6·06 +6·06 

+r ·18 + 6·47 -5 ·29 

-0·41 - 0·41 

-I ·89 - I ·S9 

+3"30 - 3·30 
-1· · -I "41 +is ·95 + 4·33 

-14 ·06 

+r - I '03 

-I ·98 
-I - 879 

+1 -I "20 +3·63 +II ·64 

+2°85 - 2 ·85 

-I 065 -I ·65 

-I 

• N11mher of conditions in the net 14. of which 9 relat~ to the s11m• of :ingles and 5 to the ratio of sides. 

-3·30 

+4"33 

-I "03 

-I 098 

+4 ·.33 

-2 ·~s 

-o".F> 

. The side equations are established with S places of logarithms and differences of 1" are cut off at the sixth place. 
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FIGURE ADJUSTMENT-continued. 

Correlate equatio11s-Completed. 
Correc- c. Co C3 c. Cs c6 C1 Cs C9 C,o c .. c .. C,3 c .• tions. 

{21) -I -12·So 
(22) -I -I +r +r +20"22 -5·41 +2·,p 
(23) +r - 7·42 +1 ·.p 
(24) +r -2·01 -2·01 
(25) -I - 4·o6 -4·06 
(26) +r -I -I +23"43 +s·q 
( 27) +1 -19 ·37 
(28.) +1 -4·08 

Normal ,·,711atio11s. 

C, Co C3 c. Cs c6· C1 Cs C9 c .• c., c .• C,3 c •• 

O=- 0·168 +6 -2 +2 +2 -2 +2 + I ·50 + 6·47 q "8o -II •64 4·83 
- 0·760 +6 +2 -2 -2 -2 - 1 'II +rn·¢ + 5·29 + 4·33 + 4 :3~; 
+ 0·415 +6 -2 -2 -2 -2 ·- 0"66 +rs ·95 - 3 ·63 - 6'86 ~ 0·05 

+ I ·327 +6 +2 -2 -2 + I "18 -15·II + I ·48 2 ·41 

+ 0·377 +6 --2 +2 -2 - I '20 -20·22 + 9·01 +n ·64 + 2·39 
+ 0·073 +6 +2 +2 + I "41 + 3·01. - 5·41 - 4·33 - I ·92 

+ I ·243 +6 -2 -2 + I '41 -15 ·95 J...22 ·13 + 6·84 
2 ·125 +6 +2 - I '20 + 3·63 -22 ·37 - 3·31 

2·599 +6 +w ·22 - 5'41 --23 ·43 - 9·41 

+ 3·24 +30·89 -11 '12 - 7·27 -39 ·oS -30 ·90 
+2r ·22 -t-l 162 "16 -235 "4(> +69·06 +117·79 

-10·97 +173 ·4s +42 ·25 + 12·45 

-15·94 +r 192 ·22 +302 ·24 

+ I ·59 + Ii5 ·47 
Rcs1tlti11g <1al11cs of corre!.ilel and <if corredio11s to a11g11/ar din-c1i,111s. 

C,=+0·493 2 

Co=+o·168 O 

C,=-0·093 3 

·c,=-o ·274 1 
C5=--o ·176 5 
C6=-0·193 I 
C7=-0·051 4 

C s=+o ·52·1 4 
c 9=+0·393 8 
c,.=-o ·090 i:17 
C.,=-o ·u20 63 
C,o=+o ·052 T4 
C,3=-to ·046 04 
C,.=-o ·059 3Y 

;s of+ corr's. =4 ·643 4 
:::S of - corr's. =4 ·653 2 

and [pvz•] = 4 ·893 7 
-[wC] =4·893 6 

and 

,, 
(I )=-0·651 9 
( 2 l=+o ·S6J S 
(3)=-0'.'.!16 4 
( 4 )=-0 ·050 5 
(5)=+0·055 0 
( 6)=-0 ·463 4 
(7)=+0715 7 
(S)=-o ·-465 8 
(9)=+0·213 6 

( 10)=+0 ·042 4 
(I I )=-0 '162 I 

(12)=-0·042 3 
( 13 l=+o ·097 o 
(I4l=+o·o65 I 

,, 
(15)=+0·190 7 
( 161=-0·926 I 

( 17)=+0·402 5' 
( 1S)=-o '31.; 9 
( 19 l=+o ·556 8 ' 
( :?0)=-0 ·370 I 

( 21 l=+o ·457 .2 
(22)=-0"ICJO 3 
(23)=+0·265 3 
( 24 l=-0 '162 I 

( 25 l=+o ·002 5 
(26 )= -o ·267 9 
(27)=-0·3zo 4 
( 28)=+0 ·635 8 

Mean error of an observed dircdio11 111, =. /[/>'Vi']=± 01 '·59 where 11 = number of conditional 
v II 

equations; mean error of an angle m = 111, v2 = ± 0"·84, also probable error of the same = ± 0 11 ·56. 
!. 



II2 UNITED STATES COAST AND GEODETIC SURVEY. 

TRIANGI.ES Oft THE EL PASO BASE NET, COLORADO, IS79--I89S· 

Correc- Sp her- Spher- Distance h1 No. Stations. Observe(\ angles. tion. ical 1ca1 Log. s. metres. angles. excess. 

0 II II II /I 

{ Di"id• SI 54 24·65 +0·064 247q o·ro9 4 ·052 662 26 II 289 ·176 
I El Paso _East Base sS JO 32 ·S7 +o·ro6 32·976 0 ·109 4 ·085 933 07 12 1S8·02 

El Paso West Base 69 55 02 ·64 --c. "00.:! 02·638 o ·no 4 "I29 440 rr 13 472 ·2s 

00·16 0·328 

, { Corral Bluff~ 48 C'9 18·09 --0·085 18·005 0 "IJ• 4•052 662 26 II 289·176 ·' 
El Paso We;;t Base 78 59 so·57 +0·679 SI ·249 0·114 4 "1i2 476 96 I4 87s ·68 
El Paso East Base s2 50 50·92 +o "I66 sr ·oS6 o ·n3 4·082 009 II J2 078·39 

S9 ·58 0·340 

31 
Corra\1 Bluffs . I5 36 s2·52 --0 ·20s 52"3IS· 0·064 4 ·o8s 933 07 J2 188·02 

El Paso West Base 148 S4 S3 ·2r +0·677 53 ·SS7 0·065 4 ·368 826 86 2.~ 379 ·05 
Divide 15 28 I3 ·12 +0·871 I,> ·99I 0·064 4 "O'l:! 009 II I.2 078 ·39 

5S·S5 0·193 

· l 
Corral Bluffs 32 32 25 ·57 +o ·120 25·690 0·158 4 ·129 440 II 13 472·25 
Divide 36 26 JI ·53 -o·So6 107.:i4 0 ·158 4 "I72 476 97 I4 875 ·68 
El Paso East Base III OI 23·79 +o"::!iI 24·o61 0·159 4·368 826 86 23 379·05 

00·89 0·475 l Holooln• Hill• 9 .20 31 ·oS --:0 •647 30 ·433 0·052 4 ·r72 476 97 I4 875 ·6S 
5 Corral Bluffs 8 ·o 53·09 +0·139 S3 ·229 0·052 4 ·132 546 81 13 568·97 .J 

El Paso East Base 162 oS 36·o6 +0·435 36·495 o·os3 4·448 717 64 28 100·73 

00·23 0 ·157 

{ Hol<olm Hill• 25 IO S3 ·32 --:-0·193 53 ·y 27 0 ·240 4•0$2 009 ll 12 078·39 
6 Corral Bluffs 56 40 I I ·IS +o·os5 II ·235 0·240 4 ·375 oSo _q 23 718 ·I 2 

El Paso West Base 9S oS 56 ·86 -o·so2 56 ._,58 0·240 4·448 717 64 28 roo ·73 

or ·36 0 ·720 

( Holoolm Hilb S5 42 31 ·87 -0 "6I9 3I ·251 0·36s 4·368 826 86 23 379·05 
7 Corral Bluffs 41 o· 18·66 +0·259 18·919 0·365 4 ·269 174 15 18 585·50 ·' 

Divide 83 I4 II "4J -0 ·505 10·92s 0·36s 4·448 717 63 28 IOO ·73 

Ol ·91) I '09S 
J Holcolm Hills 15 50 22 ·24 +0·4s6 22·696 o·n7.1 4·052 662 26 II 289 ·rs 

8 l El Paso East Base 145 00 33 ·~2 -o ·6or 32 ·4r9 0·075 4·~75 oSo 34 23 7I8·12 
El Paso West Base I9 09 06· 29 -I ·182 05 ·108 0·074 4·132 546 Sr 13 568·97 

or ·55 0·223 

', l Holcolm Hills 46 22 0079 +o ·028 00·818 0·1s4 4 ·129 440 II 13 472·25 
El Paso East Base 86 49 60 ·15 -0707 ·59·443 0 ·155 4·269 174 15 I8 585 ·50 
Divide 46 47 s9·90 +0·30~ 60 ·202 0 ·154 4 ·132 546 Sr 13 568·97 

00·84 0·463 



TRANSCONTINENTAL TRIANGULATION-PART I-RASE LINES. IIJ 
TRIANGLES OF THE ET. PASO BASl, NET, COLORADO, 1879-189s-Contin11ed. 

Correc- Sp her- Spher-
Distance in No. Stations. Observed angles. tion. ical ical Log. s. metres. angles. excess. 

II 0 II 

JO J 
Holcolm Hills 30 ... 11 38·55 -0·4::?7 3~ 'I 2,, 0·189 4·0Ss 933 07 I2 188·02 
El Paso West Base so 45 56·3s +r ·179 57 ·529 0·189 4 ·269 174 16 l~ 5Ss ·so . l 
Divide 98 p 24·55 +o ·366 24·916 0·190 4·375 oSo 35 23 718 ·12 

59 ·45 0·568 

r 
Big Springs 2j ?• 27·48 -o ·270 2i ':?IO 0·366 4 ·172 476 97 I4 875·68 

__ , 

II 

l 
Corral Bluffs 63 S7 II ·49 +0·107 I I ·597 0·366 4·463 r51 95 29·050·39 
El Paso East. Base SS· 39 .'.?,, ·37 -r ·oso 2.'.? ·290 0·36s 4·sog S45 78 32 32s·s4 

(12 ·3..i I ·097 

I 
Big Springs 33 35 42 ·q -0·37J 41 ·767 0·63s 4·368 826 86 ..,. 379·05 

__ , 
12 Corral Bluffs 96 29 37 ·06 +o ·227 3i ·287 0·636 4·623 059 02 41 981.·60 

Divide 49 54 42 ·24 . +0·612 42 ·852 0·635 4·509 54S 79 32 325·54 

01 ·44 I ·906 

r Rig Springs 54 42 os·o4 +0·633 05 ·673 0·633 4·448 717 64 28 100·73 
I" Corral Bluffs S5 26 18·40 -0·032 IS·36S 0·633 4 ·452 618 46 28 354·27 _, 

l Holcolm Hills 69 51 37 ·03 +0·828 37 ·sss 0 ·63,; 4 ·509 SolS So . .., 325·54 _,_ 

00·47 I ·899 

'4 [ 

Rig Springs 6 12 I4 ·66 -o ·103 I4 "5S7 0·112 4 ·129 440 II 13 4p·25 
El Paso East Base 160 19 12·84 +o ·809 13·649 0 "I I I 4·623 059 03 4I 981 •6o 
Divide 13 28 3071 +1 ·419 32·129 0·112 4·463 IS! 98 29 050·39 

58·21 0·335 

I 
Rig Springs 27 IS 37. 5'6 +0·904 38·464 0·320 4 ·132 ~46 Sr 13 568·97 

rs El Paso East Base 73 29 J2 ·69 +r ·515 T4 "205" 0·320 4·452 6I8 46 28 354 ·27 
Holcolm Hills 79 I2 08 ·11 -c.-180 08 ·290 0·319 4·463 151 .98 29 oso·39 

58 ·36 0·9s9 

•61 
Big Springs ::?I 06 22 ·90 +r ·006 23·906 0·363 4·269 174 15 rs 585 ·50 
Divide 33 19 29 ·19 -I "116 28·074 0·363 4·452 618 47 zS 354·27 
Holcolm Hill;; 125 34 08·90 +0·208 09 ·108 0 ·_;62 4·6:?3.059 04 41 981 ·61 

00·99 1 ·oss 
18732-No. 4--8 
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PROBABLE ERRORS. 

D<"lt"r111i11lllio11- of t/J,· prvbabk error L~f Ilic lc11gt/J of t/Je side Big Springs to dh•i1it', c,>1111cdi11g 1/1,, 
cc11trlll wit/1 Ille w,·s!t"1"11 sedio11 <?f !lie 111<1i11 tria11g·11llllio11. 

This side is related to the base by the expression-

Big Springs to Divide_ sin ( 9 - S) sin ( 5 - 3) sin ( I4 - 11) 

El Paso Base - sin ( L! - IO) :;iu ( 18 - I 7) sin ( :?7 - 25) 

Take F =log sin (9 -S) +log sin (5 - 3) +log.sin ( q.- u°l - log sin(_ 12 - ro) 
- log sin (18 - 17) ·-log sin (27- 25 ). 

Establishing and solving the transfer equations, we find the reciprocal of the 

weight or p = ]"545; .also_ the mean error mF and the -probable· error rF both 

expressed in units of the sixth place of decinials in their logarithms, viz, ± 1 ·62 and 
± I· 10 respectively. Hence log. distance Big Springs to Divide 4 ·623 059 03, and the 

" ±I IO 

length of the side in metres 41 981 "60. The probable error equals about nll"\100 part 
±!06 

of the length. 
To this must be added the uncertainty arising from the base measure, viz, 

4 1 982 --- >< 0·015. Hence we have
! I 289 

Probable error of length of side Big Springs to Divide .J ( · 106 )0 + (_ ·056 l" 
= ± 0·120 metre. 

The probable error of the side Holcolm Hills to Big Springs may without sensible 

b t k ± I f tl 1 th d ± 28 354 ' . . H error e a en as 1l"liil" uuu o . 1e eng an --
0

- ,,, o 015. ence-
I l 209 

Probable error of length of side Hokolm Hills to Big Springs .J <. ·070)" + ( ·038 / 
= ± 0·080 metre. 

GENERAL DESCRIPTION OF STATIONS FORMING THE EI, PASO BASE NET, COLON.ADO. 

El Paso East Bast', El Paso County: established in 1878 by 0. H. Tittmann. This 
station is situated on Munson & Hamlin's ranch, commonly known as the Townsend 
ranch, which is included in the southwest quarter of section 33 and the southeast quar- · 
ter of section 32, township I.:? south, range 63 west of the principal meridian. The 
west gable of Munson & Hamlin's barn bears north 14° 35'·3 east, and is 376·6 metres 
distant from the geodetic point. The underground mark is a line 011 a copper tack in 
a lead plug in drill hole in the top of a granite post, l foot square and about 2 ~--f feet 
long, set in cement, the top o.f the post being 3 ;; feet below the surface and having the 
letters U.S.E.B. cut on it. Over this· about 6 inches:of earth was packed, then a 6-inch 
bed of concrete, on which a similar granite post, marked in· the same way, \vas set as a . 
surface mark. Around this a brick pier, rising about 2 .% feet above the surface \Vas 
built and capped with a so-called lava stone about 26 inches square and 6 inches thick, 
having upon it the letters U.S~E.B. Arches at right angles to each other run through 
the pier a few inches above the ground, in order that the mark on the Sll,rface stone can 
be seen. 
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El Paso fVi;·st Bast', El Paso County: established in 1878 by 0. H. Tittmann. This 
station is about 15 miles northeast of Colorado Springs and about 1 mile north of the 
sheep corral and main spring of water of the Pugsley ranch, so called. The monument 
stands on a knoll somewhat higher than a similar one to the southward and lower than 
a knoll to the northward of it. The geodetic point is marked in a manner exactly 
similar to that of East Base, except that the letters W.B. are substituted for the 
letters E.B. 

Divide, El Paso County: established in 1879 by 0. H. Tittmann. This station is 
situated on the western end of the middle and largest of three small hills or buttes rising 
.more than 150 feet from the plateau,. near the head of Bracket Creek, about s miles 
southwest of Bijou Basin post-office, about 3 miles east of the town of Eastonville on 
the U.P.D.& G.R.R., and about one-fourth mile south of the l1luffs forming the southenl. 
edge of a large plateau or mesa. The underground mark is a flat stone about IS inches 
square, 10 ipches thick, irregular in shape, and sunk about 18 inches below the surface. 
A cross cut on lead run into a hole I }6 inches in diameter marks the geodetic point. 
Four reference stones were set in the ground north; east, south, and west approximately. 
Lines drawn from the leaden bolts in these stones intersect at the geodetic point. The 
marks in the lead in the north and ea,st stones are each distant s feet r 1 ?.''s inches, and 
those in the south and west stones 6 feet one-eighth inch from the center. The surface 
mark now ( 1895) consists of the capstone of the former stone pier, 20 inches square and 
6 inches thick, having a hole 1 inch in diameter and 3 inches deep in its center, buried 
flush with the surface. 

Corral Bluffs, El Paso County; established in 1879 by 0. H. Tittmann. This 
station is situated on the edge of the bluffs forming the northern boundary of what is 
known as the "Big Corral," a natural formation used _to pen up cattle during the 
"round-ups." It is on the highest land in that immediate vicinity, and commands a 
view of the plains as far south as the Arkansas River. Soine of the houses in Manitou 
are visible from here as well as the rocks forming the entrance to the ··Garden of the 
Gods.'' 

A solid brick pier, capped with a hewn stone, was built over the underground 
mark at this station. The top of the capstone is .r ·276 metres above the surface of the 
ground. 

Holcolm Hills, El Paso County; established in 1879 by 0. H. Tittmann. This station 
is on the highest land bordering the valley of Bracket Creek on the east. The knoll on 
which it is located overlooks the plains toward the west and the head of the valley of 
the Big Sandy toward the northeast. .To the eastward the land drains into Horse 
Creek. The station is about r mile northeast of the Paint Rocks. 

The underground mark is a cross cut on lead run into a hole drilled in the upper 
surface of an irregular stone, about 12 by 18 by 18 inches, set 3 feet below the surface. 
The letters U.S. 8 T.S. are roughly cut on the stone. 

The surface mark is a hole filled with lead on the upper surface of a large irregular 
stone about 2 ~-f by 3 by I~{ feet in size, also having the letters U.S. T.S. cut on it. 
Four smaller stones with crosses cut on them were set approximately north, south, east, 
and west and 4 feet distant from the center of tlie station. · 

A cairn was built over the station. 
Big Spri11gs, El Paso County; establ~shed in 1879 by 0. H. Tittmann, This station 
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is situated about 30 miles east of Colorado Springs and about 6 miles south of Mr. 
Pebble's home ranch, known as Big Springs. It is on _the highest point within a radius 
of about 6 miles. A road connecting various outlying ranches with the home ranch 
rtms dose to the station. 

The underground mark is an ·irregular white conglomerate stone, laaving a triangle 
and the letters U.S. 8 T.$. roughly cut on it, set about one-half metre below the surface. 
The surface mark is a small leaden bolt in an irregular red sandstone. · Four reference 
marks of similar sandstone, each having a small hole filled with lead in its upper surface; 
were set in the ground at a distance of 1 metre from the center. A pile of loose 
stones was erected over the station. 

LOCATION, i\IEASUREi\IENT, AND T.ENGTH. 

Location c?f the b1is( /i11c.-The line is in Yolo County, in the Sacramerito Valley, 
nearly midway between the Sacramento River and the Vaca Mountains and a short 
distance to the westward of the towns of Davisville and 'vVoodland. The site was 
selected by Assistant G. Davidson in April, 1876: it is about 28 kilometres (17;.-6 
statute miles) to the westward of Sacramento City. Approximately the latitude of 
the southern terminus is 38° 31' 34-" and that of the northern term:inus is 38° 4-0'·6 
the azimuth of the line at Southeast Base is 163° 07'·2, making the inclination of 
the base with the meridian at its middle point about 16° 53'·S. The length of the 
line is approximately I7"5 kilometres, or a little short of II statute miles. The 
ground at Southeast Base is 21 ·6 metres and at Northwest Base 4-6"6 metres above 
the mean tidal level of the Pacific: these two ends of the base were finally located 
and marked in June, 1880. The southeast station is about 25 metres from the left 
bank of Putah Creek. Appendix No. S, Report of the United States Coast and 
Geodetic Survey for I882, entitled ''Report of the measurement of the Yolo Base, 
Yolo County, California," by G.· Davidson, Assistant, contains all needful informa
tion respecting the organization· of the party and its method. of working, as well as 
the description of monuments and markings of the base. As the high ridge of 
\Villow Slough lies directly across the line, it was decided to build a brick shaft of 
about IO metres elevation above the grou.nd at Southeast Base and one ~f 5 metres 
elevation at Northwest Base for occupation with the theodolite in connection with 
the triangulation and the astronomical observations. · The underground marks of the 
base underneath the monuments are copper bolts inserted in stone blocks. A line 
of levels was run twice over the base and a stub placed at every 50 metres. ·The 
soil is a rich, dark loam, sandy near Southeast Base and composed of stiff clay near 
Northwest Base; the grade is very easy, almost level, except when nearii~g the 

"upper end, where for about TOO metres the ascending slope. is nearly { 0
• ·A line or" 

spirit levels connects the base with the half-tide level at San Francisco Bay. 
Tlic' 111casure111c11t •?/ lh<' baS<'.-The line was measured twice aticl in opposite 

directimis; and some parts of it thrice: the time spent in the first measure was 20 

days, in the second 18, and in the third S working days. The measurement was 
in charge of Assistant G. Davidson: it comnJenced ~eptember 19 and was completed 
November ·24-, 1881. The· apparatus used was of new construction, the mea!?uring 
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bars being composed of two metals, steel and zinc, rigidly joined and cut to lengths, 
so as to nearly compensate for changes of temperature. The bars are 5 metres in 
length and contact is made by means of contact-slide pieces. A full description of 
it is given in Appendix No. 7, report of 1882, entitled ·'Construction and description 
of a new compensation primary base apparatus, including the determination of the 
length of the corresponding 5-metre standard bar," by Charles A. Schott, Assistant, 
pp. 107-138. A third repor-t, Appendix No. l 1, Coast and Geodetic Survey Report 

.10 
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for 1883. pp. 273-::!SS, contains the results of the base measures. These publications 
render any lengthy report of the base in this ·place superfluous. 

Tltc lcngtlt cif lltt? compound. 5-mctrc base bars I ,md 2.-For the purpose of deter
mining the length of these measuring bars, two 5-metre standard bars of steel* were pro
cured and standardized by means of the combined length of-5 single metre steel bars known 
as A, B, C, D, E. The first operation, therefore, consisted in determining the length of 
these se,:eral metres in terms of the Committee Metre. To effect this, the following 
subsidiary measures and results had to be obtained-

*For particulars se~ C•)ast and Gti.."detic Sun·ey Report for 1SB.'.!. pp. 111-136. 
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(a) The length of the Saxton stop-metre comparator from 4 measures made between 
April, 1872, and March, 1879, by various observers, 

S,,, = 1m at 20°·20 C. 
(b) The length of the brass decimetre, known as D,878 , from measures made 

between May, 1878, and October, 18801 by several observers, 

Jl 
D,,,3 = o· 1111 + r799 (t- 14 ° "67 C. l. 

(c) The length of the brass centimetre, known as C,078 , from observations made 
in October, 1878, 

).l 

C,8, 3 = 0·01111+o·180 (I - 30° ·s C. ). 

( cl"l Values of 1 turn of the Bessel-Repsolcl comparators Nos. 1 and 2, depending 
on preceding lengths, 

No. 1 = 276 ·06 + o ·oo,;6 (I- 14° C.) microns. 
± "01 

Ne•. 2 = 2i6 ·33 + o ·0036 ( / - 14° C) microns. 
± "OI 

The inequalities of the screws of these comparators were determined anct a table of 
corrections was constructed for whole and fractional turns. . 

(e) Values of 1 turn of the Fauth & Co. comparators, known as Nos. 3 and 41 

. from comparisons made in May and June, 1881, one turn of No. 3 and of No. 4 = :?54·53 
+ 0·002 (t- 20° C. _)microns. The inequalities for these screws were likewise deter
mined . 

. (fl The subsidiary steel metres A. B. C, D. E are end metres,' with platinum 
iridium cylinders of 2 millimetres diameter projecting 0·5 millimetre beyond their encl 
surfaces. For comparison of length and determination of the coefficient of expansion 
they were placed side by side with the Committee lVIetre in the middle position, in a 
trough filled w·ith glycerin the temperature of which could be changed and was read by 
means of two :lmmersed standard thermometers. Observations made between December, 
1880,· and February, r SS 1, gave the following results: 

.-1=Ill/+175 "8!/I + 6 ·35911 ( /- 57 ·5_; F. ). 
± ·52 ±Ii 

E = 1111 + 157 "LI/I+ 6 ·38811 ( /- 57 ·53 F. ). 
± ·48 ± s 

C = 1111 + 174 "j711 + 6 ·,;9611 (I -·57 ·5,; F. ). 
± ·45 ± 12 

D= I Ill+ 155 ·,;ltl + 6 ·363/1 (I - 57 ·53 F. ). 
± ·51 ± 7 

E= 1111 + i64 ·7711 + 6 ·34511 (I - .57 ·53 F. ). 
± ·51 ± 19 

Also ::S or .-1 + B + C + D + E 
II /I 

= 5111+827 ·so + 31 ·851 ( t - 57 ·53 F. ). 
±I "92 ± 6o 

It /I 
=5111+827·80 +57·332 (t-14°·1SC.J. 

±I ·92 ± 108 

Length and cc>t._ffecientof <·.i-pcwsi<m <!/the· 5-metrc standard bars 1Vos. I and //-known 
as the 5-metre office and field standards. They are of steel and terminate in ·steel 
cylinders sitnil:::r to those of the ~1ietres. Firmly attached to them. at their ends are two 
zinc bars, each of half the length of the steel bar, one on each. side, with two Borda 
scales at the middle of each standard bar. Th~y were mounted on rollers in a water-
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tight wooden box and immersed in glycerin which could be raised to different tempera
tures; four thermometers gave the temperature of the fluid. 

Mounted on the same movable platform in the office comparing room was a second 
box containing. the five metres, joined together by spiral springs to make proper con
tact* and carefully aligned. Six thermometers gave the temperature of this compound 
bar, which at the contact ends only was exposed to the air. The cylindric ends of the 
bars protrude through small holes in thin brass plates and are secured by india-rnbber 
diaphragms, permitting contact with the screw comparators ·mounted on independent 
brick piers. Observations made in March, 1881, comprising 35 sets, gave the coefficients 
of expansion of the office or No. I standard o·ooo 011 491 and of the field or No. II 

standard o·ooo 011 495 for the centigrade scale. 
±41 

± . .., 
,J-

The comparisons· for length made at various times gave the following rest11ts: 

188 r, April and May 

1882, May ancl June 

1SS3, January and February 

1883, February 

~883, February 

II-I=65"ild 1 ·211 

I =5111+r 22r·.111±1·811 

II-!=61 ·011±o·S11 

I =5111-f- ~ 047·S11±0·6tt 

II =511t+1 155·w1±0·511 

/I 
Whence length of I= 5111 +r 101·811 -1- ST46 (/- 17'"·07 C. ). 

± 2'1 ±"16 
and of II =5111 -f- I 163 "Ott+ 57"47 ( t- l/"07 C. ). 

± 2"T ±":?I 

0 

at 20 ·46C 

19 ·rs 
12"68 

16 "I I 

16·96 

The length of the base measuring 5-metre bars depend on the latter value. Com
parisons with this field standard were made every .morning before commencing the 
measure on the base; generally between the hours of 7 and S a. m. The mean error 
from two sets of compa:risons is for base bar 1, ± 3·s11 and for base bar 2, ± 5·211. On 
other clays bihourly comparisons were made extending over clay and night hours in order 
to ascertain the diurnal variation in length of the roughly compensated base bars. In 
connection with this work the temperature of the bars is given by the readings of mer
curial thermometers. 

The following table gives tilt: length of the base bars [5m + tabular quantity (in 
microns)] between the hours 8 a. m. and 6 p. 111. and for two periods, from bihourly 
comparisons on 5 days in September and from hourly comparisons on 4 clays in October 
and November, rSSr. 

Bar. Sh a. 111. 9 1q II Noon. I p.m. 2 3 4 5 6h 

,o 29 2j 26 24 27 

56 69 71 86 84 86 SS 80 79 69 68 

'.:! 121 114 117 III I06 IIO 

... , ... ,., 336 350 359 363 359 ,;65 362 355 345 335 
- ·-·--------------- ····--·--·- ·---··----·---------- -

*During the progress of the co111parisons the rnetres were variou~ly arranged as 1.-_, rt:lnti\'t" position. 
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The Borda Scales were found unreliable on account of the zinc bars taking up a new 
set after changes of temperature. The length of the base bars adopted in the computa
tion was determined as follows: For any one day it depends on the morning comparison 
with the standard, to which is added differentially the diurnal difference for the particular 
hour, taken from the normal or tabular values and multiplied by a factor of the ratio of 
the range of temperature on the particular day to the normal range. Before and during 
the first measure of the base the diurnal range of length was very small, but during the 
second and partial third· measure it had sensibly increased. This change was most 
pronounced between October .4 and October 15. Fractional lengths of the base bars 
were measured by means of a 3-metre steel rod and fractiOnal parts of a metre by means 
of a brass-metre scale, and for transfers to the ground a small ivory scale graduated to 
half i.nillimetres was employed; one or the other of these means came into use at the base 
encl, at the r7~kilometre marks and the subdivisions at the crossing of fences and at 
the numerous temporary stopping places during the measures. For reduction to sea 
level, we have from spirit leveling the bench mark at Woodland 17·78 metres above the 
half-tide level of San Francisco B_ay and the average height pf the base, including 1·25 

··metres for height of bars, 26°8 metres. The reduction is separately applied to each 
kilometre. The total amount equals 6S ·06 millimetres. 

Kilo-
metre First 
di,•i- measure. 
sions. 

"/JI. 

999·938 57 
2 ·865 46 

3 ·919 67 

4 ·955 17 

5 ·9y> 61 

6 ·993 26 

7 ·910 55 
8 ·948 47 

9 ·961 21 

IO ·973 48 
II ·9r1 85 
J2 ·914 50 
I" _, "9.3:? 28 

I4 ·957 92 

rs ·903 46 
16 ·S75 82 

17 999 ·9,;6 2:! 

( 18) 487 ·6S.3 sr 
---I ::s i 17 486 ·51::; 01 17 

Tabular r<sulls of 111t"as11n·s ,,f Ilic J"oft1 /Jase. 

Second Third Mean. measure. measure. 

·111. Ill. m. 

999·936 74 999·941 30 

I 
999·939 20 

·861 57 •864 42 ·S64 15 

·920 53 ·920 IO 

·953 37 ·954 27 

·934 55 ·935 58 

·99::! 40 ·992 83 

"9II 54 ·911 04 

·950 99 ·949 73 
·965 86 •963 54 

·975 17 ·974 ,2 

·909 45 ·910 65 

·917 O' _, ·915 j6 

·931 l.:I 999 ·9,;2 43 ·931 95 
·954 I:! ·958 57 ·956 87 

:899 ii ·902 53 ·901 92 

·872 70 ·873 59 ·s74 _04 

999·933 ,_,,_, 999·934 54 999·934 70 
487·679 34 48; •681 00 487·6S1 28 

486 "50) 6o 17 486 ·511 93 

-1, 

111111. 

+0·63 
-I ·._;I 

+0'43 
-0·90 

-I "03 

-o·.u 

+0·49 
+r ·26 

+2 ·33 

+0·84 
-1".:!0 

+1 °:?6 

-0 ·3._; 

-I "05 

-l ·54 

-I 78 

-I ·52 

-2".'.!3 

J, 

111111. 

+2·46 

+1 ·58 

-C".f3 
+o·qo 

+r ·03 

+0·43 
--0·50 

-I 0 26 

-2 ·32 

-0·85 

+1 ·20 

-I ·27 

+o·Sr 

+2"75 

+i·15 

+r ·34 

+1 ·37 

+1 ·94 

/I/ II/. 

-3·10 

-0·27 

-l 70 

-0·61 

+0·45 
+0·16 

+0·28 

The kilometres count from the southeast end from which the first measure started, the second 
one was run in the opposite direction, and the third measJtre was equally divided as to direction. 
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The prob1ibk aror <?f t/1c n·sulting kngtli.-That clue to the measure proper; which 
includes errors of contact, of transfer (bar to ground and back to bar), of fractional 
parts of bars, of inclination, of alignment, and i;if assigned length of bars, is± 3·29 
millimetres; also the mt·an error of a single measure of 1 kilometre = ± 1 ·s1 millimetres. 
The probable error arising from the field comparisons· of the standard bar with the base 
bars has been taken as ± 1 ·2 millimetr~s. and ·that due to uncertainty in the length cif 
the bars due to diurnal variation has been estimated as ± 5 millimetres. The 
probable error due to uncertainty in the length of the measuring bar is given by 
±2"1/I ><. 3 497 = ±7"34 millimetres: the probable error due to uncertainty· in the 
expansion coefficient .is but ± q· 3 millimetre, and the probable error depending on an 
uncertainty of 0·35 metre in the height of the base is ± I"o millimetre: hence the 
probable error of the whole base, combining the 6 separate values, equals ± 9·6 milli
metres, which is about T"1!"2+~00 part of the length, or± 0·009 6 metre and in the sixth 
place of log's ±0·238. 

This may be taken to represent the measuring error. Combining it with the 
probable error clue to that of our practical unit of length, the Committee Metre, taken 
ail± ~ .. ~11. we get 

../ (9·6) •+ ( lJ" l) 
0 = ± 16·3 millimetres, or about ru1+000 part of the length. 

Resulting length of the Yolo Base, 17486·511 9 and its logarithm 4·242 703 189. 
± 16 3 ± 405 

ABSTRAC1.' OF RESULTING HORIZON1.'AL DIRECTIONS, OBSERVED A·ND ADJUSTED. AT THE STATIONS 
FORl\IING THE YOJ.O BASE NET. 1876, 1880, 1SS2, 188-1-, lS9I-92. 

Yolo Soutlicasl Base, Yolo County, California. July ::!2 to August I6, IS8o. so-centimetre U1eodolite, 
No. IIS. G. David50JJ, observer. 

No. of 
dir~c
tion. 

4 

2 

Approxi- Correc-
Resulting directions matt- Rednctiou Resulting 1;ol1s front 

Objects observed. fro111 probable to seconds. base-net 
station adjustment. error. sea 1e,•e1. adjust-

lnent. 

0 ,, fl ,, II ll 

Yolo Northwest Base 0 00 00 "1X>O ± ·0-1-3 -·002 s9·99S + ·232 

Marysville Butte JS .).'.! .39 "3.?0 ·085 -"00.'.! .39"3I8 

Pine Hill 89 SI .47 ·s40 ·069, + "0::?-1- 47·s64 

Mount Diablo 20-1- 49 .3S ·777 ·oss -\- "02I .3s·79S + "O::!J 

Vaca 252 -1-r. SS ·204 ·079 + ·0-1-s SS"::?49 - ·220 

Monticello .)IO S4 .36 ·56-1- ·074 - ·046 .36 ·srS - ·064 

Probable error of a single obse•·vati(•n of a direction (D. and R. l = ± o''"S:?. 

Final sec-
rJnds in 

triangula-
tion. 

00 ".'.!30 

.3S ·S19 

ss·o29 

.36 "45-1-

"Yolo 1Wirtli;wsl Bast?, Yolo County, California .. August 19 to September IO, I88o. so-centimetre 
theodolite, No. us. G. Dal"idson, observer. 

0 II ,, II ,, 
" II 

5 Yolo Southeast Base 0 00 00 "O•Xl ± 0038 - ·001 s9·999 -·160 s9·S39 

6 Mount Diablo 20 0-1- ::?4·623 ·080 +·008 ::!4·63I -

01)$2 24·s49 

7 Vaca 47 20 .34 ·1s3 ·067 + ·042 34 ·19s + ·060 .3-1- ·25s 

s Monticello 10.3 4::? ~I ·,;8-1- ·059 + ·007 ::!! ·391 + "I88 2I "S79 

Marysville Butte ::!OO 07 47·730 ·07s +·006 47 736 

Pine Hill ::?83 I.3 29 ·s22 ·069 + ·oos ::!9 ·s27 

Probable error of a single observation of a direction ( D. and R.) = ± o" ·46. 
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUSTED, AT THE STATIONS 

FORMING THE YOLO BASE NET. 1876, 1880, 1882, 1884, 1891-92-continued. 

Ti1<a, Solano and Napa counties, California. October .30 to December n, i8So. so-centimetre 
theoi'lolite, No. II5. G. Davidson, observer. 

Approxi- Correc- Final sec-No.of Re~ntting directions Reduction tions fro111 
di rec- (Jl)jects ob~ervecl. Irotn mat~ to Resulting lmse-net onds in 
tion. station adjust111ent. p1·ohable sea level. seconds. adjust- tr;angula-

err01·. 1nent. tion. 

0 ,, II II II II II 

JO Yolo Southeast Base 0 00 oo·ooo ±"064 + ·001 oo·oor -f-o "III OO"IL! 

Pine Hill 12 12 58 ·103 ·o8o +- ·030 sS ·13_3 

II Mount Dia blo 109 n• 
__ , 

23 738" ·083 -·040 23·698 ·347 23 ",3Sl 
L! Mount Tamalpais 166 20 4.:? ·497 ·107 +- ·052 42 ·549 ·078 42 ·471 

I' _, :Mount Helena 248 47 II ·1Ss "JO.) - ·082 I I "10.) + ·488 I I "59I 

LI Monticello 288 18 44 "2JO ·ws -- ·032 44 ·r98 + ·qr 44·339 
lVfarysville Butte 318 IS 04 "S3.3 ·098 -f- "O::?O 04 "S.53 

9 Yolo ~orthwest Base 3 .. '4 .38 38 "?II ·073 +·003 38 "il4 - ·259 38·4ss 
Probable error of a single observation of a direction ( D. and R.) = ± 011 ·67. 

11ft>11ticdh>, Yolo County, California. September 2_3 to October 19, r88o. so-centimetre theodolite, 
No. 115. G. Davidson. obsen•er. 

15 

16 

0 ,, ,, ,, II // 

Mount Helena 0 00 oo ·ooo ±·052 -·003 s9·997 + ·121 

Marysville Butte I!6 50 54 ·20'3 "OiJ + ·036 s4·244 
Pine Hill 175 09 43·409 ·053 + ·006 43 ·41s 
Yolo Northwest Rase 175 30 36·:?88 ·051 "00) 36,288 - ·080 

Yolo Southeast Base 202 42 51 ·8so ·08~1 - ·001 51 ·849 + ·09r 

Vaca 252 48 57":?54 ·ciJ6 -·026 s7·~:8 -·on 
Mount Diablo 253 17 07 "JI.) ·107 - ·041 07·072 - ·137 

Mount Tamalpais 292 27 41 ·ros ·062 + ·039 41 ·144 + ·062 

Prohable error of a single observ~ltion of a direction !.D. and R.) = ± o'l·sr. 

" 
00 ·1 IS 

36·208 

SI ·940 

Si ·151 

o6"9J5 
4! ·206 



TRANSCONTINENTAL TRIANGlTLATION-PART I-BASE LINES, 123 

ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUSTED, AT THE STATIONS 
FORMING THE YOLO BASE NET. 1876, 1880, 1882, 1884, 1891-92--continued. 

lllou11t Diab!o, Contra Costa County, California. June 2s to S.eptember 8, 1876. so-centimetre 
theodolite, No. S· G: Da\·idson, C. Rockwell, and \V. Eimb.eck, observers. No\•ember q to 
December 29, I884. so-centimetre theodolite, No. 11s. R. A. Marr, observer. { G. Davidson, chief 
of party.) Jun,;, 28 to July 19. 1892. so-centimetre theorlolite, No. 115. G. Davidson, obs.erver. 

No.of 
direc
tion. 

2:! 

23 
::q 

2s 

:n 

Objects observed. 

Mount Helena 
Monticello 
Vaca 

Azimuth Mark (Clayton) 

Yolo Northwest Base 
Marysville Butte 
Yolo Southeast Base 
Mount Lola 
Pine Hill 
Round Top 
Mount Conness 

Moc ho 

Loma Prieta 
Sierra Morena 
Mount Tamalpais 
Ross Mountain 

Resulting directions 
fro:n1 

station adjustment. 

0 00 00 '000 

20 03 30 ·643 
20 19 S9 ·sos 

2s 49 17 ·w4 

38 
3.<; 

,;9 09 ·129 
40 ,;o ·881 

20·921 

31 ·s.w 
43 ::q 
73 06 
76 I4 00 ·524 

32 04·ss1 97 
12::! 21 10"·679 

1So 16 12 ·207 

::?II .,., 06 ·404 
249 16 39·858 
310 I2 09 ·226 
339 oS 13 ·637 

±'066 
·090 
·098 

( ·092\ 
.\* ·cq4J 

*·11s 
·094 

* '11)6 

·o8q 
·106 

·w7 
t ·062 

f* ·u1·1 
lt·o62f 

<>·084 
'" "()()2 

·c95 
'•'·087 

- ·o ... ~2 

- "OTO 

·ooo 
+ ·005 

'000 
+ ·185 
+·043 
+·1~1 

-l- ·0~9 

- ·080 

- "OTI 

+ ·046. 
-·oos 
- ·04::? 

59·918 
30 ·611 
59·481 

17'194 

- "101 

+ ·319 

09 ·129 + ·086 
30 ·SS6 
..'.!O ·911 + "524 

32 ·019 
(10 ·567 
04 "732 
10 708 

12 ·127 

o6 ·,;93 
39·904 
09 ':!IX - ·047 
I3'S9S ___ _ 
Mean + ·023 

59 ·273 
,;o ·so9 
s9·800 

21 '44S 

Probable error of a singl.e observation of a direct1on (£>. and R.) = ± 0 11 ·72 . 

.lllo1111t Hdc11a, Napa County, California. September 23 to 
theodolite, No. s. G. Davidson, \V. Eimbeck, observers. 
centimetre theodolit.e, No. ns. E. F. Dickins, observer. 

• , // ,, 
29 Mount Diablo 0 00 OJ"OCJO ±·os8 

.30 Mount Tanialpais 33 43 57. 142 ·071 
Ros~ Mountain IO:? S::? 47·356 
Colcl Spring IS3 oS 4.? ·,;24 
Mount Sanhedrin. 193 0-'.? S3 "::!SI 
Snow l\'fountai1.1 \Vest 208 09 n ·su 
S1ww Mountain East 208 37 44·912 ·0.59 
Azimuth Mark (Woods) 225 16 49·64J ·os2 
Marysville Butte 26s 31 q·s23 ·078 
Mount Lola 2SI S4 43·341 "•'o83 
Pine Hill 303 14 w·280 ·083 
Round 'J'.op 305 18 41 ·177 "Oj4 

27 Monticello 306 46 16·071 ·076 
28 Vaca 340 03 44 ·142 ·113 

November 26, I876. so-centimetre 
August 14 to August 21, 1891. 50-

II " /I 

- ·073 59·927 +·rs,; (X) 'I IO 

- ·004 57 ·138 + ·30,; 57·441 
+ ·032 47 ·3s.8 
- '04.5 42·279 
- ·089 53 ·162 
- ·038 lI ·473 

+·1x•7 49·6so (49·618) 
+ ·op 14 ·56s 
+·qo 43 ·481 
+·004 I0".?84 
+ ·oos 4r ·is2 

·-·002 16 ·o69 +··J08 16 ·077 
-·o..is 44·097 -·621 43·476 

Mean - ·03.'.? 

Probable error of a si11gle observation of a direction ( D. and R.) = ± o1'·62. 
-

*The directions tnarked by a ·i: depend on the 1:.irobable error ± o"'oj4 of the azitnnth mark duriug the second 
occupation. 

t Tht=- directions 111arked by at dept:nd on the probable error± o"·o6~ of 'Macho during the third oc·cupation. 
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUSTED, AT THE STATIONS 

FORMING· THE· YOLO BASE NET. 1876. iSSo, 1SS2, lSS4. 1891-92--completed. 

111011111 Tamalpais, Marin County, California. August 24 to October 9. 1S82. 'so-centimetre theodolik, 
No. I 15. G. Da\·idson, observer. 

Correc-Approxi- Final st-c-No.of R~snlting directions mate Rednction Resnlting tions fro111 oncls i11 di rec- (1bjt::ct~ (1bo;i:n·c.::d. frotn probable tu seconds. base-net triangnla-tion. station adjustn1ent. error:- sea level. adjnst- tiun. 

34 

31 

32 

33 

No. 

2 

4 

5 
6 

7 
s 

·9 

JO 

JI 

12 

n1ent. 

/f ll ·" ,, 0 

Mount Diablo 0 00 1x1·000 ± ·053 - ·orJ 59 ·9S9' +·2n 

Moc ho ,, __ , 
47 56·302 ·064 - ·071 56·231 

Sierra Morena 61 37 29·923 ·076 - ·03j 29 •886_ 

Ross Mountain 230 31 2S·9-10 ·090 - ·043 28·897 

Mount Helena 263 JI 35 "Oi5 ·086 _:.006 35·069 + ·054 

l\fonticelk· 289 OJ ,p·852 ·072 + ·045 42·S97 -+- "04-8 

Vacn 307 25 02"J77 ·ofo +·0-18 02·225 - ·38o 

Probable error of a single obseryation r_,f a direction .(D. and R.) = ± 0''·54. 

FIGURE ADJUST:\IENT. 

o= -o·8q+ (4)-- (3) + (16)- (15) + (Sl -- (5) 

0=+0·043+ (3)- (2)-j-(10)-(q)+(q)--(16) 

O=-T041+ (4)- (2)+(10)- (9)+ (7)-- (5) 

0=-0·726+ (6)- (5)+ (4)- .(1)--J-(.:?6)--(25) 

o=+•n;8+ (7)- (6\+III)- (9)+1251-(24) 

o=-0·313+ (_;.)--'- (I)--i-(JS)-(16)+(26)-(23) 

O= +0·071 + ( 19)- ( 17) + ( 14)·- ( 12) + (3,;) -- (32) 

0= -0·349+ (:!O) - ( 19) + (3l) - (31) + (30) _: (27) 

O= +0·779+ (20)- ( 17) +·( J4) - (13) + (28) -- (.:?7) 

0 = - 2 ·603 + ( 24} -- ( '.!2 ) -!-- ( 29} - ( 28 ) + ( 13 ) -- ( JI } 

O= +0·254 + (22) -- ( 21) + (.;4) - (Jl) + (30) -- ( 29) 

fl 

00·266 

35 ·123 

42·945 

or ·845 

0=+1·046+J·96•)_6(2)-1·3048 (_;j-0·6558 i4)+1·9400 (5)-3·3408(7)+1·4008(8) 

+ 0·474 ,;(I~) --- l"jOO 4( 16} + r2S6 l ( l 7) 

13 · o=-2·809+1·9044(1)-1·2486 (2)-0"6;58 !.4l+J·9400 (5)-4·0847(6)+2·1447(7) 

+ I ·416 7(24) -- 6·359 3('.!5) + 4·942 6(26) 

15 

16 

O= + 198·013+r9044( l )-3·2092(2) + 1·3048(3) + q604( J6)--258·7574(17) + 256·9970(18) 

+ 439·179 2( 23) - 444· 121 8( 24) + 4·942 6( .:?6) 

+ 0·760 9( ·21) - 5·703 5(24\ + 4·942 6( 26 l + 6·33,; 6U2) - 7·944 4U3l + 1·610 8(34) 

o == - 3 ·964 + 0·76o 9( 21) - 5·681 8( 22) + 4·920 9(:24) + 4 · 2.:;6 2( 28} - 5·804 6( 29) + r548 4( 30) 

+ n88 6(31) --3·799 4(33 l + r6ro 8(_;4 l 
I7 O= - 1"205 + 3 "192 2( J7) - 2"541 I( 19) - 0·651- I( 20) + 3·206 5(27) - 4·754 9(28) + 1 ·548 4(30) 

+ n88 6(31)-6·333 6(32) +4"145 of.;_;) 

* Nunther of conditions iu the net 17, of which 11 refer to angle and 6 to side equations: the latter are established 
with 9 placeoj in the log·arithms, and the k1garithn1ic difft:rences for 111 are given in units of tht:- sixth place. 
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/, 
QJ -~ ... = ... 0 

Cr-=: c- ... 
u~ 

( 17) +1 ·286 I 
(1S) 

(19_) 
(.?I)) 

(21) 

( 22) 

(23) 

(24) 

(.?.51 

( 26) 

( 27) 

(28.l 

(29) 

(30) 

(3r) 

!.;2) 

(33) 

(34) 

UNITED STATES COAST AND GEODETIC SURVEY. 

c, 

FIGtTRE ADJlTSTMENT-completed. 

+1 ·411) 7 

-6 ·359 .~ 

+.i ·942 6 

Corrdate ,·q11atio11s-Completed. 

c,. 

-2sS·75; .J 
+256 ·997 0 

+439"1i9 :! 

-·444 "Ill S 

1Vor111al cq11atirJ11s. 

C4 Cs C6 

-4 ·301 5 

-s •703 5 

+'5 ·.~33 6 

-{"<:.44 4 
+1 ·610 :-3 

·------------ ---- -- -----

C16 

+0·760 9 
-5·(·8: s 

+• ·920 ~ 

+.J ·256 2 
-5·~:0.i 6 

+1 ·5-18 4 
+2·18:-3 6 

-3"i<':fe 4 
+1 ·6ro 8 

C;; i:9 

C17 

+J.1'}2 , 

- ,·541 l 

-0·651 l 

+3"206 5 
-4 ·754 9 

+1 ·;;48 4 
+2"18~ 6 

-6 ·333 6 

+4 ·145 0 

C1~, Cn 

o=- (I ·!)q. +19·35 - 6·93 + 6·04 + rj"('4 - 6·9S 

+ (~"(1.1.) 

l"•J..JI 

0'7J.f.. 

+ O"Ii8 

0·313 

+ 0·071 

0·349 
+ 0·7-;9 

2·003 

+ 0·254 

o·S14 

+ 0"0.?3 

1 ·0-1-1 

0 ·726 

+ 0·17S 
0·313 

+ 1) ·071 

0·34•> 

+ 0·779 
2 ·6o3 

+ 0".?5.\. 

•)=: + I ·046 

·- 2 ·fo9 

+19S·o13 
5 ·817 

3 "964 
I "205 

+21 "o6 

C1~ 

- 6·6 ... ,2 I 

- O"i4.3 5 
-25 "l'-94 6 

- 7 "813 6 

-11 ·o~S " 
+ I ·835 3 
- 4 ·244 I 

- 4 ·244 l 

+92".'.?.J.5 9 

+ 6·75 +.;·93 -7·33 - i 'JJ 
+19·4·; + .;·04 + 6 "70 

+.'.H . .?S - i '6!'.\ + i ·56 

+21 ·75 
-1-22 ·21 

+::1·19 - 6"6.? + 1· .. ;3 

+10·15 +6·57 

- 737 

+21 ·96 - s ·oo 
+21 ·9.3 

+ 6"¢ 

·- 6·50 

+20·36 

1Vor111al <vuatimis-Completed. 

C1_l C1-1 

i ·B13 6 + .1 ·s ... ;5 .l 

+ +·,:..is 1 - 844 ·566 7 

+ 3 ·630 5 + 1\" 168 " 
+ 1i".P.5 6 + 12 ·S53 s 

10·.~98 3 +1 <i96 ·545 -~ 
+ 12 ·~~53 8 5i2 ·781 I 

853 •899 4 

+ 85,1 ·399 4 

+ 5 "4II s -1 69b·s4s 3 

19 ·6~'7 0 -I 136·9')5 0 

+378 ·566 7 -2 ~iQ ·339 (• 

+1 946 641 ·900 4 

··········· ················· 

CT5 

+ l ·s3.=; 

- 4 •862 
+11·16S 

+12·$53 

+21 ·787 
+u ·018 

-24 ·719 

+13·174 

+14 ·195 
-21 "iSi 

+ 2·196 

-si ·021 

+93 ·:90 
+13 ,512·:n6 

+119·565 

J 
2 
,, 
s 
4 

5 

3 
4 
0 

4 

9 
I 

5 

" 
7 

-18·797 s 

-J..:!")10 I 

- 2·676 3 

+1i"6~(J 7 

-i- I "352 4 
- 0·654 6 

+06'630 9 
-s 348·029 6 

+ 0·900 7 

+464 ·246. 3 

~-16 ·009 9 
_,g ·919 ,, 

-4 ... ~ ·287 s 
+19·6S5;; 

- 2·676 ~ 
+1 ... \".5'-!S I 

-2 725 ·S1i i 

-3o3 ·51,1 l 

-109·;e;10 l 

-1-..j.Cil"J~ :! 

----------------
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Rt•sreltil(!t <'alucs qf correlates and qf ,-orrt'dio11s lo a11gul<lr dircdio11s. 

C,=+0·033 900 

Co + ·023 593 
c 3 + "010 217 

c. + ·043 i6o 

C5 =-to ·066 122 
II 

(I)=+o·ow 6 

(2) ·219 9 

(3) ·o6,, 9 

(4) + ·231 6 

(5) ·159 8 

(6) ·oS2 2 

(7) + ·o6o 4 

(8) + ·187 8 

"(9)=-0·258 8 

C6= -O'OJl 325 C,0 = + o ·163 816 

C1 +. ·019 388 c .. + ·036 i90 

Cs + ·009 930 C,o + ·017 565 2 

C9 =-to·o39 218 C,3 = + o ·ooo 276 1 

ff // 

(rn)=+o·uo 6 (19)=+0-o61 5 

(II) ·346 s (20) + "J2I 0 

( 12) ·077 6 (2r) ·047 I 

(r3) + ·488 4 (22) -644 6 

(14) + ·141 I (23) "JOI 8 

( I,5) ·079 8 (24) + ·318 7 

(16) + "091 _l (25) + 'o86 I 

(17) "O/i 3 (26) =-to ·523 6 

(18)=-0·136 8 
II 

::S of the +-corrections 3 ·316 

::S of t11e - correctiolls 3 ·298 

Also [pz•v] = o ·6245 

- [wC] = o ·6249 

C, 4 = ·- o ·ooo 088 96i 

C,s + "Ol9 867 4 

c,6 + ·012 o~o 3 

C,7 =+0·016 115 3 

// 

(27) = + 0 ·ooS. 3 
(28) ·621 3 

(29) + ·183 2 

(30) + 'JOJ 4 

(31) + ·053 s 
(32) + ·048 4 

(33) ·3So I 

(34)=+0·276 8 

Mean error of a direction of unit weight m, = f[Pv1'] = ± 0"·192 1 where n = 
" 11 number of conditional equations; the average 

m = m1 /.jp
0 

= ±0"'36 and the mean error of 
also the probable error of the same= ± 0"·34. 
of the Survey for 1885.) 

weight of a_ direction is 6· :?85: hence 
an observed angle= m l2= ±0"·51; 
(Cf. Appendix No. 9-Aunual Report 

TRIANGI.ES OF THE YOLO BASE NET, CALIFORNIA, 1876-1892. 

Stations. Observed angles. Correc- Sp her- Spher- Distances No. tions. 1cal ical Logs. in metres. angle. excess. 
0 II II ff II 

r~ 
25 21 21 ·287 +0·369 21 ·656 0·424 4·242 703 19 17 486 ·512 

1 Yolo N. W. Base 47 20 34 ·196 +0·220 34·416 0·424 4·477 552 13 JO 029 78 
Yolo S. E. Base 107 18 04·749 +0·452 05·201 0·425 4 ·590 907 73 38 985·91 

00 ·232 I ·273 

{ Mo"ti~llo 27 12 IS ·561 +o "I7I 15 ·732 0·416 4·242 703 19 17 486·512 
2 Yolo N. W. Rase ro3 42 21 ·392 +0·348 2I "740 0·415 4·570 o85 OI 37 16o ·&> 

Yolo S. E. Base 49 05 23·4So +0·295 23·775 0·416 4·461 001 97 28 906·93 

00 ·433 I ·247. 

Iv"' 71 41 15·803 -0·031 IS ·772 0·802 4·570 085 OI 37 16o·So 

3 Monticello 50 o6 05 ·379 -0·168 05 '2II o·So3- 4"4i7 552 12 30 029·78 

Yolo S. E. Base 58 12 41 ·269 +0·156 41 ·425 o·So3 4·522 072 61 33 271 ·52 

02·451 2·4oS 
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TRIANGLES OF THE YOl.O l!ASE NET, CALIFORNIA. r876-rS92-continued. 

Observed angles. Carree- SJ? her- SJ?her-
JJog s. Distances No. Stations. tions. 1cal 1cal in metres. angle. excess. 

0 /I II II I/ 

' l i\:Ionticello i7 rs 20 ·940 ; +0·003 20·943 o 794 4·590 907 73 3S 9S5·9r 
Yolo N. W. Base 56 2I 47 ·196 +0·12; 47 ·323. 0794 4·522 072 6r 33 271 ·52 
Vaca 46 19 54·516 -0·400 54 "II6 0·794 4 ·461 OOI 97 28 906·93 

02 ·652 2·382 

5 J 
:Mount Diahlo 4 45 II 792 +o ·437 I2·'229 0·450 4 ·242 703 T·9 r7 486 ·512 
Yolo N. W. Base 20 04 24 ·6,;2 +0·078 24 "iJO 0·450 4·859 908 79 72 428·38 

t Yolo S. E. Base 155 IO 24·200 +o "2II 24 '4II 0·450 4 ·947 4SI IS SS 6o3 ·s6 

()() ·624 I I ·3so 

f 1V~9unt Diahlo 18 19 09·64.3 -0·233 09·4rs r·339 4"590 90i 73 38 9Ss·91 

6 l Vaca 134 24 44·984 -o·oSS 44·896 I '340 4·947 451 IS SS 603·s6 
"Yolo N. \V. Base 27 16 09·s64 +0·143 09 707 I ·339 4 7S4 sSo 63 s6 830·39 

04 ·196 4·or8 

( >fount Dfabln 2· 04 2I ·440 +0·205 2I '64S I ·365 4 '4i7 552 I2 30 029·78 ·' 
7 Vaca 109 03 ·23 ·6gj -0'4S7 23·240 I ·36S 4·859 908 79 72 428·3S 

Yolo S. E. Base 47 s2 r9·45r --o ·:qr T9 ·2ro r ·36s 4 '7S4 sSo 63 s6 S30·39 

04·588 4·09s 
f Mount Diahlo TS 35 38·518 +0·18S 38'io6 2 'IS4 4·461 DOI 97 2S 906·93 

S l Monticello 77 46 30 ·784 -0·057 30·72j 2 ·154 4·947 451 14 88 603·s6 
Yolo N. W. Base 83 37 5676o +o ·:qo 57 ·030 2 ·rss 4 '9S4 7:ZS 45 90 JOO ·14 

06 ·062 6 ·463 

9 l Mount Diablo 23 20 so ·310 +0·62s so ·935 2 ·189 4·s70 oSs Ol 37 r.6o ·So 
Monticello 50 34 rs ·22; j ·-0 ·228 i'4 '99S 2 ·189 4·859 908 78 j2 428·38 
Yolo S. E. Base ro6 04 6o 720 . -0 ·084 6o•636 2 ·188 4 ·954 725 45 90 JOO ·14 

06·253 6·s66 

'° ( 
Mount Diablo 0 16 28·870 +o ·,po o 29 ·290 0 0'021 0 4·522 072 61 33 271 ·s2 
Monticello 0 28 09·844 -o ·o6o i 09 ·783 3 0'021 0 4·754 s8o 63 s6 830 ·39 
Vaca 179 15 20·500 +0·488 7 .:?0'988 7 0~020 0 4 ·954 72S 45 90 100 ·14 

.59 ·214 0 ·062 0 ! M~mt Hdeno "·' 17 28·028 -0 ·630 2i ·398 I ·038 4 ·s22 072 6T 33 271 ·s2 
II 'l\:Ionticello ro7 IT o.~ 769 +o ·198 02·967 I 'o•- 4 762 757 83 57 9ro ·57 ,)/ 

\iaca 39 3r 33·095 --0 ·347 32·74S I ·038 4·586 334 73 38 577·56 

03·S92 3 ·113 

pf i\:Iount Diahlo 20 r9· 59 ·563 +0·963 6o ·526 I ·&Jo 4 762 757 _83 57 9:0·57 
:Mount Helena 19 56 15 ·S,;o +o ·sos 16·635 1 ·Soo 4·754 580 63 56 830 :39 - t Vaca· 139 43 47'40.5 -t-o ·835 4S·240 I ·801 5·032 332 46 107 728·96 

02 •7g8 I 5 ·401 
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TRIANGLES OF THE YOLO BASE NET, CALIFORNIA, 1876-1892-continued. 

Observed angles. Correc- SJ? her- Spher- Distances 
No. Stations. tions. 1cal 1cal Logs. in metres. angle. excess. 

0 II II // II 

[ Mount Diahlo 20 03 30·693 +0·543 31 ·236 2·8r7 4·586 334 73 38 577 ·56 

13 Mount Helena 53 13 43·858 +0·175 44·033 2·817 4·954 725 45 go JOO ·14 

Monticello 106 42 52·925 +0·258 53 ·183 2 '818 5·032 332 46 107 728·96 

07 ·476 8·452 

[ Mount Tamalpai• '' 23 19 ·328 -0·429 18·899 I "6o7 4·522 072 61 33 271 ·52 

14 Monticello 39 38 43·916 +0·139 44·055 I ·007 4·827 9So o8 67 294·s8 

Vaca 121. 58 01 ·649 +o ·2~9 OI ·868 I '6o$ 4·9s1 716 47 89 478·04 

04·893 4·822 

[ Mouut Tom•IP"i• 2s 30 07·328 -0·005 07 ·823 2·699 4·s86 334 73 38 S7i ·56 

lS Mount Helena 86 S7 41 ·069 +0·29s 4r ·364 2·;00 4·9sr 7r6 47 89 478·04 

Monticello 67 32 18·853 +0·059 18·912 2 '7<XJ 4·918 o6r 79 ~2 So6·oo 

07·750 8·099 I Mom>t Tan~lpai• 43 S3 27·156 -0·434 26 ·722 3·269 4·762 7S7 83 S7 910·57 
16 Mount Helena S3 40 r3·041 +0·925 13·g66. 3·269 4·827 98o o8 67 294·ss 

Vaca 82 26 28·s54 +o·s66 29 '!20 3 '270 4·918 o61 So 82 So6 ·oo 

08 7.51 9·Sos I Mount Diablo 49 47 so "700 -o·s97 so·ro3 4 ·192 4·918 o6r 79 82 So6·oo 

17 Mount Tamalpais 96 28 24 ·920 +o ·223 2s ·143 4 ·r93 5 ·032 332 46 107 72S·g6 

Mount Helena 33 43 s7·211 +0·120 S7 ·331 4 ·192 4·779 637 67 6o 2os·71 

12 ·831 12 ·577 

I "1·95r 716 47 ,. [ Mount Diablo 69 SI 21 ·393 -0·054 21 ·339 4 '3!0 89 478·04 
Mount Tamalpais s8 +0·2:!9 

I 
70 17 ·092 17 ·32r 4·310 4'9S4 72s 44 go 100 ·14 

Monticello 39 IO 34·072 +o ·198 34·270 4 ·310 4 '779 637 67 6o 205·71 

I2 '557 12·930 

[ Monnt Diablo 70 07 50·263 +0·366 50·629 :i.·;24 4 ·827 980 o8 67 294·58 
19 Mount Tamalpais s2 34 S7 ·764 +0·657 s8·421 2 '723 4'7S4 sSo 63 s6 830 ·39 

Vaca 57 17 18·8s1 +0·269 19 '120 2 ·723 4·779 637 68 6o 2os·71 

06·878 8·170 

18732-No. 4-9 
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PROBABI.E ERRORS. 

Ddcr111i11alio11 qf tlze probabltl errors of tlze lc11gl/1 of !lit• sides commo11 to t/1e net and /lie adjacent 
cliai11s <?f tria11g·ulalio11. 

· Fqr the side Mount Helena to Mount Diablo we make use of the expression·-* 

Mount Helena to Mount Diablo _ sin ( 2 - 1) sin ( 7 - 5) sin. ( 13 - II) 
'Yolo Base --: sin ( lO - 9) sin ( 26 - 24) sin (29 - 28) 

hence the function 

F=log sin (2-1)+log sin (7-5)+Iogsi11 (13.,-11)-logsin (rn-9)-logsin(26-24) 
- log sin (29 - 28) 

Establishing and solving the transfer equations, we find for the reciprocal of the 

• h I we1g t p = 7 4 · 469; also the mean error m F and the probable error rF, both expressed 

in units of the sixth place of decimals in the logarithm, viz: ± l ·654 ~nd ± I"II6, 
respectively; hence log. distance Mount Helena to Mount Diablo yo32 332 46 and the 

± l II6 
distance 107 728 '96 metres. The probable error corresponds to about 3 -gv11qr0 part of 

± 0·277 
the length. To this must be add~d the proj)ortional error depending upon that of the 

107 729 base measure, viz: 0·016 3 ~< 
17 486 

= ±0·100 metre; hence probable error of length 

of side Mount Helena to Mount Diablo ~(0·277)'+ (0·100)" = ±0·295 metre. 
I<'or the side Mount Tamalpais to Mount Diablo we use the expression-

Mount Tamalpais to Mount Diablo sin ( 7 - 5) sin ( 2 - 1) sin ( 12 - II) 

Yolo Base =sin (IO- 9) sin (26- 24) sin (34- 33) 

hence the fnnction 

F=logsin (7-5)+logsin (2-1)+logsin (12-u)-logsin (10-9)-logsin (26-24) 
- log sin (34 - 33) 

Establishing and solving the transfer equations, \~e get ]> = 89·796; also 

11lb· = ± l "817 and rF = ± r ·225; hence log. distance l\fou~t Tamalpais to Mount Diablo 
4·779 637 68 and distance 60 205·71 metres. The probable error is about·n0 1000 part 

± I 22 ± O'I7 

of the length. Combining with this the proportional error arising from the base 
60 206 

measure, or 0·016 3 X --86 = ± 0·056 metre, we have prohable error of length of 
17 4 

side Mount Tamalpais to Mot{nt Diablo .J(o· 17)2 + (0·056) 2 = ± 0·18 metre. 

GENERAI, DESCRIPTION OF STATIONS FORMING THB YOLO BASE NET, CAI.iFORNIA. 

J olo Southe·ast Base, Yolo County; established in 1876 by G. ·navidson. This 
station is situated in the northwest quarter of section 19, township 8 north, range 2 east, 
Diablo meridian, 378 miles west and r 78 miles south of Davisville and about 25 metres 
from the left bank of- Putah Creek. The geodetic point. is marked as follows: The sub-

*Appendix No. 9, Report for 1SS5. 
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surface mark is _a .fine needle hole in a German-silver plug inserted in a copper bolt in 
the top of a granite block 35 inches long by 20 inches square at the base and dressed to 
.12 inches square at the top and having the letters U.S.C.G.S. deeply cut on it: The 
top of the block is 4~ feet below the surface and a glass hemisphere is placed over _the 
copper bolt. The surface mark is a fine needle hole in a copper bolt set in lead on the top 
of a granite block, 25 inches square by 26 inches deep, having the letters U.S.C.S.S.E. 
YOLO BASE cut on it. The top of this block is eyen with the surface of the ground 
and the block itself is in the <;enter of a solid brickwork pier, having a base of 70 inches 
sq·uare at a depth of so inches below ·the surface, battering to 54 inches square at the 
surface. This brickwork was carried up as a hollow pier to a height 33}.l'. feet above the 
ground and capped with a granite slab, 40 inches square by 8 inches thick with a l 74 
inch hole in the center. Charcoal and charcoal dust were mixed with the earth in 
filling in around the subsurface part of the struc;ture. 

Four reference marks were set, consisting of granite blocks l foot square and 
l J4 feet high, with copper bolts and drill holes on the top. ·They were incased in brick
work with their tops 18 inches below the surface. Two were set in line to Northwest 
Base at distances of 18 feet l lrt inches and 327 feet 10 inches from the center and two 
in line at right angles thereto eastwardly at distances of 20 feet five-eighths inch and 328 
feet 5-r\- inches from the center. 

Yolo .Northwest Base, Yolo County; established in 1876 by G. Davidson. This 
station is situated in the extreme southeast corner of the southeast quarter of section 28, 
township 10 north, range 1 east, Diablo meridian, 4~,3 miles west of the railroad passing 
through woodland, and immediately on the north side of the county road running west 
toward Madison and Copay Valley. 

The marking at this station was practically identical with that at Southeast Base, 
with the exception that the hollow brick pier was carried to a height of only about 12 

feet above. the surface, and the letters N.\V. were substituted for S.E.'on the granite 
blocks. No reference marks were established. 

Vaca, Solano County; established in 1876 by W. Eimbeck. This station is situated 
in the southern part of section 9, township 6 north, range 2 west of the Diablo meridian, 
on the dividing ridge between Solano and Napa counties, about 7 miles a little north of. 
west from Vacaville. The mountain slopes gently to the eastward, but is much more 
precipitous on the western slope. The station can, however, be approached from either 
side. Mr. A. J. Raney, living in 1880 at Gordon Valley, to the '\vestward of the 
mountain, is referred to as knowing the locality well. The underground mark is a 
soda-\vater bottle filled with sand, buried neck upward; the top is 1 ·1s feet below the 
surface, and has a copper nail stuck in the sand. ·Oyer this was built a rough stone 
pier laid in Portland cement. The center mark at the surface is a copper bolt, five
eighths inch in diameter by 5 inches long, projecting about one-fourth inch and having a 
silver pin set in it, set in cement in a large stone in the center of the .pier. · 

The top of the pier is 3 · 44 feet above the underground mark.· The astronomical 
piers built of concrete, situated as follows, serve as reference m~rks. Vertical circle 
pier bears south 6° 02' east (true), distant 15·9 metres, and zenith telescope pier soµth 
58 ° 42' east (true), distant 72·1 feet from the geodetic point . 

. Monticello, Yolo County; established in 1876 by W. Eimbeck. 1;'his station is 
situated in the extreme northeast corner of- section 4, township 9 north, range 3 west of 
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· the Diablo meridian, on the highest summit of the mountain range lying between the 
Sacramento and Berryessa valleys, about 5 miles northward from the town of Monticello 
in the lower portion of Berryessa.Valley. It may be most readily approached from this 
town, from which it is visible. Its location is well known to the people of the neigh-· 
borhood. The lower underground mark is a loaded metallic cartridge placed ball 

·downward in a half inch. hole, 1 }'~ inches deep, drilled in the bottoni. of a 6-inch round 
hole 1 foot deep excavated in the sandstone rock, the top of the cartridge being 2·5 feet 
below the surface. Over this was placed a stone about 4 inches square and 1 foot long, 
with a copper bolt in the top,· its top being r · r feet below the surface. A. rough stone 
foundation was laid over this and crowned with a large stone coming even with the 
surface. As a surface mark a copper bolt five-eighths by 5 inches, with a si-lver pin in 
it, was set in cement in a hole drilled in this stone. The bolt projects about one-fourth 
inch above the stone. A rough stone theodolite pier was then built to a height of 3 "84 
feet and capped with a flat stone 32 inches square, having crosslines on it. Reference 
marks are the transit pier ·3I"288 feet north and 3;687 feet east of the station; the 
latitude pier 31·413 feet north and s·s23 feet east of the station, and the vertical circle 
pier beari1ig south 38° 17' east (true) and distant 19"786 metres from the station. 

ll:ltJu11t Diablo, ~ontra Costa County; established in 1852 by· R. D. Cutts. Mount 
Diablo is a prominent and well-known peak of the coast range of mountains about 26 ~ 
miles to the eastward of Sa1~ Francisco .. The station is on the highest summit, about 3 , 
feet from the starting point for the public lands survey of California, and can be readily 
approached by a graded wa,gon i;-oad reaching the summit ( 1876). 

The geodetic point is marked by a .cross cut 011 a copper bolt firmly cemeuted in a 
hole drilled into the solid rock of the mountain. Over this a brick pier was built 3 feet 
3 inches above the surface ( 1892), and a three-fourth inch "copper bolt cemented in a 
hole in the top, with a cross cut on it, marks the point. 

The reference marks are the latitude and transit piers built of brick, distant nearly 
due west 167·84 feet and 171·42 _feet, respe<;tively, from the geodetic point. 

Jlfozmt Helena, Napa County; established in 1876 by 'vV. Eimbeck. This station is 
situated on the summit of Mount Helena, :which is about 12 miles distant in a northerly 
direction by wagon road and trail from Calistoga, a station on the Southern Pacific 
R~ilroad 73 miles from San "Francisco. It is 7 feet 1 ~-:i inches distant in a southeast 
direction from a basaltic rock, with a large clri11 hole in it, marking one angle of the 
boundary between Lake and Napa counties. The mountain top toward the south and 
east is smooth, but falls off precipitously and is very rough toward the north and west. 

The geodetic point is niarked by a fine drill hole and cross cut on the top of a 
copper bolt, one-half inch in diam~tei- by 5 inches long, set in cement in a drill hole and 
projecting about one-fourth ·of an inch above the bed rock. Over this was erected a 
brick pier for the theodolite to rest on, having a half-inch drill hole on the top to mark 
the station. The reference marks are 4 brick piers situated as follows: Transit pier in 
a south southeast direction, distant 55 feet 11 inches; latitude pier a little more to the 
eastward, distant 58 feet 2}f inches; vertical circle pier about southeast, distant 109 feet 

. 376 inches, and the collimator pier a little west of north, distant 7 feet 7 76 inches from 
the geodetic point. . 

.llfount Tamalpais, Marin County; established in 1852 by R. D. Cutts. This station is 
situated on the highest part of the peninsula north of. San Francisco Bay, about 10 miles 
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distant from the Golden Gate, on the western and highest of three peaks on the bold 
ridge running east and west. The top of this peak is tolerably flat and the station is on 
the highest part, at an elevation of about 2 570 feet above the sea. 

The geodetic point was re-marked in rSSr as follows: The lmderground mark is a 
stone bottle set in concrete, neck up, 20 inches below the •surface, around and above 
which was . built a solid stone and concrete pier, hexagonal in shape, 36 inches in 
diameter at the base, and battering to 26 inches at the surface of the ground. The 
surface mark is a copper bolt in an irregular shaped stone set in the middle of the pier 
even with the surface. The pier was continued with the same diameter (26 inches) to 
a height of 53 inches abov<;: the ground, having on its top a ~-inch copper bolt with a brass 
screw in center as a station IJ1ark. At a height of 24 inches above the surface another 
stone bottle was set, neck up, in the solid concrete pier. 

Three other concrete piers will serve as reference marks-one bearing north 76° 47' 
west (true), distant 18"36 feet; one north 79° 48' west (true), distant 2,~·2ofeet, and 
one north 5° 54' east (true), distant 41 ·r2 feet from the geodetic point. 

Holton Base Linc, /11dia11a., I89I. 

r.OCATION, MEASURJ;;MEXT, AND r.ENGTH. 

This base is located in Ripley County, sout~eastern Indiana, with its middle point 
in lati.tude 39° 03'·3, and in longitude ·85° 22'·2 west; the azimuth at the south end is 
175° 53'·8. The length of the base is 5"50 kilometres or 3·42 statute miles nearly. and 
its approximate height above the sea level is 283 metres. Besides the measure of tl;e 
base by a contact·slicle apparatus, test measures were made with a bar-in-ice apparatus 
and also with metallic tapes. The last two means as applied to the measures of length 
teing new to the Survey, a full account of the apparatus and methods employed by the 
observers was required, and will be found in Appendix: No. S, Coast and Geodetic 
Survey Report for 1892, pp. 329-503. The general c;harge of the measurement of the 
_Holton Base was with Assistant A. T. Mosman, the measures and experiments with the 
bar·in-ice were conducted by Assistant R. S. \Voodward, and the experiments with 
metallic tapes were intrusted to Assistants \Voodward and 0. H. Tittmann. In conse
quence of these several op~rations the party remained in the field during June, July, 
August, September, and part of October. 

As the result of the office computation! a report was submitted Augnst 23, 1894, by 
Assistant C. A. Schott, giving in Appendix: No. 5, Coast and Geodetic Survey Report 
for 1894, Part 2, in· a systematic and succinct manner, the final conclusions reached: 
hence it .suffices to restrict this account to brief statements respecting the outcome of 
the several operations. 

The site of the base was seleeted by Assistant Mosman in October and November, 
1890; it is on a nearly level tableland between the villages of Holton a11d New Marion. 
The line passes over grassy ·soil and plowed fields, aml in part through woods. At cer
tain places and times the ground was found wet and springy. Its elevation was obtained 
by spirit-level with the line of levels from Sandy Hook, New Jersey. 

The whole length of the ba.Se was measured twice with the contact-slide apparatus, 
5-metre steel rods Nos. 13 and 14, once forward and once backward; two extra measures 
were made of part of it. One kilometre of the base was measured four times with the 
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bar-in,ice apparatus and its 5.metre steel -bar No. 17. There were made besides for each 
of the six sections of the base from 6 to 30 steel tape measures, those over the bar-in-ice 
kilometre being quite numerous. 

The terminals of the ba~e are marked by stone monuments, in which are inserted 
copper bolts with cross lines on their tops. The' subsurface mark is a bolt in a.limestone 

No.9. 

Sutn.te MHes 

0 & 10 

lElcmi.et:res 
... •• • • 

post. Section stones 
were set at 1·2, 2·1, 3, 
4, and s kilometres 
.from South Base, also. 
at 3_·9 and 4 ·9, for the 
measure. of a kilo-

Reia:on. metre with the bar
in-ice. At the camp 
near Holton then: was 
also established under 
a cov~recl shed a 
standard 100-metre 
line or hectometrP-, 
and repeatedly meas
ured with the same ap
paratus for the pur
pose of testing the 

Cu.Zber-t&an 
combined length of 
the 5-metre contact
slide bars and of stand

20 

30 

ardizing the metallic 
tapes. 

Lmgtk qf the 5-
111ctre skcl bar No. 

Ii.-This being the bar, when immersed in melting ice, to serve for the determination 
of the lengths of the rods Nos. 13 and 14 1 the first step taken was to find its value in 
terms of the International Prototype Metre, for which latter No. :2I was selected. We 
have the following results from elaborate series of observations made at \Vashington 
under different conditions by observers \Voodward, Tittmann, and Siebert. Both No. 
I 7 ancl No. :2 I are line measures. 

Date. 

July, 1891 (in office vault) 

February and· March, 1S92 (in vault) 

April to May, 1S92 (in vault) 

July and August, 1892 (on field comparator south of office building) 

Weighted Mean 

Length of 
B,7 at o° C. 

5111--11 "Ott±! "4}1 

5m-- 15 ·411 ±o "7Jl 

. 5111--II "jll±l "8/1 

5111-16 ·611±(• "4tl 

5m--16 ·211±o·4/l* 

It was noted, however, that for \Voodward and Siebert, observers, there obtained an 
·effect of a personal equation which made the length 5111 - 1s·oµ ± 1 ·3µ. 
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Dekr111inatio11 of the cotjjicienl c?f e.1-pmwim qf rods .Nos. IJ and IJ._-Ohservations 
were made for this purpose in the office vault by Assistant Tittmann and Mr. L. A. 
Fischer, iQ Ma)r, 1891, with the following results: 

For rod No. 13 0 "000 01 I 776 l 
, ± 27 J f~r the centigrade scale 

0 "000 Oii 7LJ. 
± 29 . 

The lmgth of flit• 5-mdre l°outact-slidt: rods Nos. r3 and I,,r.-Four different detennina
tions were made, two or three of which were of a confirmatory character only. 

(a) Comparisons in the vault at Washington, of Nos. 13 .and 14 with No. 17 in melt
ing ice, observers \iVoodward and Tittmann, July, 189I. Whence 

No. 13 = 5m. +I 278/1 and No. 14 = 5111 + 1 29711, at the temperature 22°·2 C. 
. ± 4 ±3 

and using for the length of No. 17 the Woodward-Siebert value.* 
(b) CompariSOI\S of the combined length or of :S ( 13 and 14) made at the hecto

metre line in the Holton camp, observers Woodward and Siebert (July to October, 1891 ). 
Twelve measures of this line were made with No. l 7 and twenty-one, by Mr. Tittmann, 
with the rods Nos. 13 and 14 under a variety of conditions. "Whence we get 

I . 

:S ( 13 + 14) = lOm + 2 '6o8mm at 22° ·2 C. 
±5 

(c) Comparisons of :S (13 + 14) at north end hectometre of the Holton Base. 
Four measures were had with No. 17 and thirteen measures with the two rods, in 
September, 1891. Whence we get 

:S (13 + 14) = lom + 2··609111111 at 22°·2 C. 
±6 

(d) Comparison of the :S (13 + 14) at the Holton Base kilometre 3·9 to 4·9. This 
distance was. measured 4 times \.vith No. 17 and 6 times with the rods in August and 
September, 1891. Whence we have "for the above temperature 

:S (13 + 14) = wm + 2·61Smm. 
± 5 (?) 

The value finally adopted i~ 

1om + 2'61omm at 22°·2 C. 
±s 

Tlze measurement of the base.-The measureiuent of the base proper with rods Nos. 
13 and 14 was made between July 28 and August r3, r89r, Assistant Tittmaim being 
aided by Mr. J. F. Hayford and part of the time by Prof. J. H. Gore. Special measures 
were continued up .to October 6. Pages I 10 to 114 of the Coast· and Geodetic Survey 
Report for 1894 (part 2) give all needful information respecting the results in detail. 
The following two tables showing the discrepancies of the forward and backward measures 
of subdivisions of the base are taken from that publication.· 

*When joining these rods. their combined length must be inci·eased by 0·03<' millimetre for slant of knife-edges. 



136 UNITED STATES COAST AND GEODETIC SURVEY. 

Section of base. Forward Backward Differ-
measure. measure. ence. 

111. 111. 111111. 

S. Base to 66th bar 330·002 4 330·001 8 +o·6 

66 139 364·946 2 364 ·943 9 +2"3 

139 240 505 "Oi5 8 505 ·on 2 -l ·4· 

240 420 899·964 5 899·968 4 -3 ·9 

420 6oo 900·063 9 900·o63 6 +0·3 

6oo 780 900·018 7 900·021 4 -2 "7 

7So Soo 99·995 9 99·994 2 

780 Soo ·993 4 ·991 7 
Mean. ·994 6 ·993 0 +1 ·6 

(Sao) (875) (374·Sj-4 7 374·875 I (-o ·4) 

_(875) (gSo) (525·128 l 525_·125 4)" ( +2 "7 J 
Sum. 900·002 s goo·ooo 5 +2."3 

Soo 980 900·004 9 900·001 7 +3"2 
Mean. 900·003 s 900·001 I +i·7 

9So l 000 99·945 l 99·946 0 -0·9 

1 ooo to N. Base 500·799 4 500 799 4 o·o 

;f; 5 5oo·Sq 4 5 500·815 s -1·4 

Mean 5 500·815 I 

The above tabular results when further condensed become as follows: 

Bar number. Number Length. Forward. Backward. Differ-
of bars. ence. 

Ill. 111111. //////. Ill Ill. 

S. B. to 240 240 I 200 + 24·4 + 22 ·9 +r·5 

:140 420 180 900 - 35·5 - 31 •6 --3 ·9 

420 600 180 900 + 63·9 + 6.) •6 .+0·3 

6oo 7So 18o 900 + 18·7 + ;n ·4 --2 "7 

7So 9So 200 l 000 - I ·5 - 6°0 +4"5 

980 N.B. 120 600. +744 ·5 +i45 "4 -0·9 

::3 5 500 +SI4."5 +s15 7 -1·2 

This difference for the space 780 to 980 is derived from the several measures 
involved. 

The length of the base, 5 5oo·Sr5 metres, given above is yet to be corre~ted for the 
small change made in the length of the combined rods, viz: - 550 X o·or millimetres 
or - 5·5 millimetres. We may also substitute the length of the base kilometre as 
derived from the bar-in-ice apparatus (999·996 6 metres) for the value derived from 
the rod measures (g99·996 8): whence the length of the base, 5 500·809 metres. 

For the reduction to the sea level, Mr. Siebert connected bench mark LXVII of the 
transcontinental line of spirit levels with North Base and the base~line levels. The north 
end was found 2·743 metres above the southern encl and the average level 4·401 metres 
above the latter. We have height of North Base 281 ·651:i1etres and of the average base 
283 · 3 r metres, and adding r · 16 metres for height of bars above giouncl, we have 
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284·47 metres. From this must be subtracted 0·61 metre, a correction to the line of 
levels betweei1 Sandy Hook and St. Louis at mark LXVII, making the reduction to 
sea level= - 0·245 5 metres and the length of the base 5 500·564 metres. 

Probable. t'rror c~f Ille !llt'<lSlll"t' <c•itli Ilic ,w1tad-slidc rods. 

Let s, = length of first section and d, the difference of forward and backward measures, 
s. = length of second sectioi1 and d, the difference of forward and backward measures, 

etc. etc. 
s .. = length of /1 section and d., the difference of forward and backward measures, 

then the mean error of a single measure of the unit of length, here assumed one kilo

metre, m, = I ~cdd]· and the mean error of a double measure m,, ~ !.. f .!:_[dd]. and -v 211 s . 2 -v 1l s. 

the probable error of a double measure of length L becomes r = 0·674 5 / L [dd J . . -v 411 s 
We get 

m,= ± 2·cn millimetres and r = ± ::?"24 millimetres. 

The probable erro<of :S (13 + 14) has been estimated at± 0·005· millimetre, and 
sitice there·are 550 double bars, the error arising from this source is± 2·75 millimetres. 
The question of the relative temperature of the rods (axes) and the attached thermometers 
was inquired into, but the relation was too uncertain to admit of a general deduction. 
Whatever error may arise from this cause is included in the above value of r. Any 
error in the correction of the thermometers would be felt as a constant, and supposing 
it to be ± o., ·03 C. the effect on the base would be ± 1 ·94 millimetres. An uncertainty 
in the height of the base of ± o·6 metre would produce an error of ± 0·53 millimetre. 
Combining these four probable errors, we find for the base ± 4 · l millimetres or about 
rn··~--000 of the length.* 

At the south end the ti:iangulation station was 6 J11illimetres inside the line as 
marked by the monument. As a side of the triangulation,. therefore., we have 
5 500· 558 inetres and its logarithm 3 "j40 406 S. · 

± 4 . :±:3 . 
As already stated, ·certain experimental work undertaken at the Holton Base had 

for its object the inquiry into the practicability of applying long metallic tapes or wires 
for the measurement of principal base lines. The practical methods applied and the 
apparatus used, as well as the theory of such measures, are given in Appendix No. S, 
Coast and Geodeti"c Survey Report for 1892, ci1apter IV, pp. 413-490, and it will here 
suffice to exhibit the differences in length resulting from certain measures by bars and 
tapes. A condensed account of the facts brought out will be found in Coast and Geo
detic Survey ·Report for 1894, part 2, pp. 114-II6. At Holton two 100-metre steel 
tapes, supported generally at intervals of IO metres, were standardized at the camp 
hectometre under given tension and temperature, and were subsequently used on the 
base itself. It was thought that whatever advantage and disadvantage a tape measure 
may have over a bar measure could here be realized; it is evident that· the main 
advantage of .the tape lies in its long unit of length and the ease with which measures 
of a line can be repeated when once the ground has been prepared. But to secure 

* F•)r fi11al result set: further on. 
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these advantages a standard length must be provided for by other means (i: e. ,. bar 
·measures) and the ground must be suitable for the driving of stakes and maintaining 
their horizontal a'nd vertical alignment. The main uncertainty in the results from tape 
measures lies in the difficulty of knowing the temperatu.re of the tapes under various 
atmospheric conditions during the day as well as during the night; hence what we 
have to fear are coi1stant errors due to this cause. . 

Three meastfres by Assistant \Voodward in August ai1d October, 1891, with the· 
. ': ·m. 

bar-in-ict:: No. 17 gave the length of the- camp hectometre /-£0 == 100·039 r6 
o8 
01 

The same distance was gone over 77 times ·between August 6 and October 9, 1891, 
with tape No. 85, and 85 times between August 1 and October 9 with tape No. 88, 
the temperature· during these measures ranging between 32°·1 C. and 3°·5 C. The 
resulting lengths of the tapes were: 

·m.. nnn.. 
~5 = 100·003 50 +. I ·094 7 I 
I's, = rno·oos 95 + l '091 4 t 

with the probable error of a sillglc measure of the length of the tape· No. 85, ±0·17 
millimetre and of the tape No. SS,± 0·22 millimetre. The standard lengths of the 
tapes being known, 30 measures of the base kilometre were made and compared with 

m. iJl.IJl. . mm. 
the supposed true length A"= I ooo - 3·4 ± 0·4, viz: 

Date. 
1S9r. 

Sept. s 
~3 

,30 
Oct. 

2 

3 

7 
8 

1'ime of day or night. 

Ii. II/. 1i: Ill. 
5 25 to 7 I2 p.tn. 

6 27 9 32 

6 .33 7 55 
6 50 s 07 
6 48 7 55 
2 56 4 38 

JO 02 Il 3r a. m. 

i 44 9 58 P· m. 

Error of 
No. of · measure 

measures. ohserved
true value. 

mni. 
_, + 3 '2 

4 3·0 
2 0·4 
2 o·6 

2 + 2'0 

4 4·6 

5 ro·o 

s 0·4 

The day measures are com_;iderably in error, while the night measures appear fairly 
correct. 

The following table exhibits a comparison between the results of the bar and tape 
nieasures of the length for the several sections of the base. Two sets of results are 
given for the tape measures, one depending sqlely on night (after sttnclown) meisttres, 
the other depending on night and day measures and after a certain correction had been 
applied for the case of insolation. Some results of August -;J.7 and 28 and all of September 
4 .were rejected. 
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Length.by tapes Bar minus 
No. of Length of tape. 

Section of base line. measures. section. integer metres Night 
+or-. measures. 

"Ill. 11/IU. /JI Ill. 111111. 111111. 

South Base to I "2 km. 7 I 200+ 23 •6 + 30·0 .+ 30·0 - 6 ·-1 

l "2 km. · 2 "l km. s 900- 33 •6 - 30·0 - 30·~ - 3·6 

2 ·1 km. 3 ·o km. 7 900+ 63 ·s + 67 7 + 65 ·-1 - 3·9 

3·okm. 3 ·9 km .. 6 900+ ."?O "O + 17"0 + 16 ·-1 + 3·0 

3·9.km. 4 ·9 km. 30 l 000- 3 ·8 - 3·6 - 3 ·2 - 0·2 

4 ·9 km. North Base. (12 and 7) 6oo+745 ·o -t-750 ·9 "-j-750·0 -. 5 ·9 
---- ------

Sum 5 500-t-815 ·o 5 500 5 500 -17 "•) 
.+832·0 +s2s·-1 

From. 46 tape measures, covering 6 sections of .the base, the observer deduces the 
probable error of a measure (of a single tape) ± 0·55 millimetre, !l-11Cl that of the single 
measure of .a kilometre ± .1 ·74 millimetres, which equals nearly ll"'fr{uou part of the 
length; yet the length of the base from the bar and tape measures differs 17 millimetres,* 
that is, by its·n-t·uuu part. The observer assigns± 3·6s millimetres for the probable· 
error of the base from tape measures. The reduction to sea level for the tape measures 
is - 0·245 o metre and the length of the base is 5 500·587 metres. 

We may take foe simple mean or t (5 500·564+ 5 500·587) or 5 500·576±]"7 
millimetres, where the probable error appears largely increased in consequence of th~ 
above discrepancy between the bar and tape~results; it is about "'ITi-nll part of the 
length. 

Length of base between monuments 5 500·576 and its logarithm 3·7-10 .j.08 17 
± 4 ± 32 

Length of base as side of triangle 5 500·570 and its logarithm 3·740 407 70 
± . 4 ± 32 

. . 
ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUSTED AT THE STATIONS 

FORMING THE HOLTON BASE NET, 1889-90. 

Hotton Nortlt Base, Ripley County,· Indiana. November 13 to November 18, · 1890. 3c-centimetre 
theodolite, No. IIS. Telescope above ground 30·94 metres. A. T. Mosman and \V. R Fairfield, 
observers. 

No of 
direction. 

24 

25 

26 

27 

Objects obsen·ed: 

Glasgow· 

Correct 

Holton South Base 

Resulting direc
tions front station 

adjustment. 

0 fl 

0 00 OO'OO 

66 o.:i 33 ·34 

109 oo -15 ·4r 

Approximate 
probable 

error. 

II 

±0·12 

·10 

"II 

Corrections 
frotn base·net 
adjustment. 

/I 

-0·35 

+0·1$ 

+0·16 

Gree1i 215 ·36 23·49 ·19 o·oo 

Probable error of a single observa~ion of a direction ( D. and R.) = ± 0"·70. 

*Aud 23 millimetres as finally given. 

Final seconds 
iu 

triangulatio11. 

II 

59·65 

33·52 

.45 ·57 

23·49 



140 UNITED STATES COAST AND GEODETIC SURVEY. 

ABSTRAC'r OF RESULTING HORIZONTAL DIRECTIOrJS, OBSERVED AND ADJUSTED, AT THE STATIONS 

FORMING THE HOLTON BAS:E NET, 1889--gc-contimi.ed. 

Holtv11 50111/1 Base, Ripley County, Indiana. November 6 to November 12, 1890. 30-centimetre 
theodolite, No. IIS. Teiescope above ground 30·94 metres. A. T. Mosman and \V. B. Fairfield, 
observers. 

No. of 
direction. 

21 

.,. __ , 
20 

Object< observed. 

Holton North Base 

Glasgow 

Correct 

Resulting direc
tions from station 

adjust:rnent. 

II 

o oo oo·oo 

40 ,P 07_·51 

100 58 54"57 

Approxintate Corrt:ctions 
probable from base.net 

error. adjustment. 

// ,, 
±O"ll -0·13 

"IO -0·16 

'12 +0·14 

Green 3o8 :i6 09 ·05 ·17 +o ·15 

Probable error of a single observation of a direction (D. and R. I=± 0"·68. 

Final seconds 
in 

triangulation. 

// 

07·35 

54 ·71 

09·20 

Jllud Lick, Jefferson County, Indiana. August 29 to September 1, 1890. 30-centimetre thec:dolite, 
No. II8. A. T. Mosman and. W. B. Fairfield, observers. 

0 // II // 

Correct o oo oo·oo :±:0 ·q +0·47 

Culbert~n 71 51 23 ·22 ·u -o ·19 

Stout 247 58 54 ·69 ·rr -o ·28· 

Probable error of a 'sing!~ observation of a direction ( D. and R.) = ± 0"·72 . 

// 

00·47 

23 ·03 

54·41 

Rd:::i11, Ripley County, Indiana. September 21 to September 28, 1889. 30-centimetre theodolite, 
· No. uS. Telescope above ground 35·81 metres. A. T. Mosman, observer. 

0 // " 
,, // 

3 Glasgow 0 00 oo·oo ±0·13 -o·q 59·86. 

Tanner 161 59 13"94 ·13 

Stow 215 26 34·50 ·12 

c"utbertson 255 56 07 78 ·q -0·15 

2 Correct 318 50 47·95 ·12 +0·29 

Probable error of a single observation of a direction ( D. all(: R.) = ± 0 11 ·79. 

C11lb<"rlso11, Switzerland County, Indiana. June 7 to June 19. 1Sgo. 30-centimetre theodolite, No. nS 
Telescope above ground 35·81 metres. \V. B. Fairfield, observer. 

6 

4 

5 

0 " " " 
Reizin 0 00 oo·oo ±o·os -0·42 

Stow 71 44 14"42 "II 

Dry Ridge 96 41 06·92 ·r3 

lVIti.d Lick 265 16 50:27 "IO -0·04 

Correct 328 10 57 ·5r ·ro +o ·46 

Probable error of a single observation of a direction ( D. and R.) = ± 0 11·64. 

// 

50·23 

57 ·97· 
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUSTED, AT THE STATIONS 

FORMING THE HOLTON BASE NET, 1889-90-continued. 

Glasgow, Ripley ~ounty, Indiana. June 24 to July I, November 21 to November 2,;, 1890. 30-centi
metre theodolite, No. uS. Telescope above ground ,;5·81 metres. A. T. Mosman and \V. B. 
Fairfield, observers. 

No. of Resulting direc- Approximate Corrections Final seconds 
Objects obsen•ed. tions from station probable front base-net ill 

direction. adjustn1ent. error. adjustmi::::ut.r triangulation. 

0 ,, ,II II I' 

15 Reizin 0 00 oo·oo ±O"II -0·33 59·67 

16 Correct 58 15 27 ·56 ·09} 
·15 +0·5r ::?8 ·07 

17 Holton South -Base IOI 36 56·15 . "II* -0·07 56·08 

18 Holton North Base 132 ~4 02 ·37 ·17* +0·41 02 78 

19 Green 154 r9 54·47 ·13 -0·52 53·95 
Probable error of a single observation of a direction ( D. and R.) = ± 0'1 ·77. 

* 'l'he directions 111arked by a* d~pend on the pro ha hie err..-_.r ± ,)''·15 of ··correct'' duriug the second occupation. 

Corn·d, Ripley County, Indiana. July,; to August 27, and_ November 25 to November 30, 1890. 30-
centimetre theodolite, No. II8. A. T. Mosman and \V. B. Fairfield, observers. 

0 ll " " 
,, 

7 Glasgow 0 00 oo·oo 
±o·oS1 

·is.I -0·23 59 "7i 

8 Reizin So 35 r9·93 "iI +0·15 :?O ·08 

9 Culbertson 165 51 3S·47 ·15 -1-o "II 38 ·58 

IO Mud Lick 21 l 06 09·57 ·16 -0·49 09·08 

II Stout ::?4: 49 02 ·23 ·q +0·84 03·07 

12 Holton South Base 289 48 14"74 ·-16* +0·::?2 14·96 

r3 Green 303 52 33 "77 "I:? -o·.p 33·36 
I4 Holton North Base 319 SI 08 ·.~7 ·16* -ci ·19 08 ·18 

Probable ·error of a single observation of a direction ( D. and R.) = ± 0'"84. 
*'rhe directions 1narked by a* depend on the prc·bable error ± o'' · 1Sof ''GlaSgow" during the st:cond occupation. 

Stout, Jefferson County, Indian·a. August 29 to September 13, I890. 30-centimetre theodolite, No. 
147. Telescope above ground 41 ·91 metres. J. B. Boutelle, observer. 

0 Ii II II /.I 

Tripp 0 00 oo·oo ±0°13 

36 Green 32 33 05 72 ·24 +o·q 05·86 

37 Correct 74 Ol 21 ·01 ·20 -0·17 20·84 

38 Mud Lick III 17 21 ·59 ·22 +0·03 :21 ·62 

Holman 224 28 07·36 ·32 

Miller 287 48 14·96 ·26 

Probable error of a sb1gle. observation of a direction (D. ancl R.) = ± 111 • 38. 
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ABSTRACT .OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND' ADJUSTED, AT THE STATIONS 

FORMING THE HOLTON BASE NET, I889-90-completed. 

Green, Jennings· County, Indiana. July 11 to August q, and November 19 to November 20, 1890. 
30-centi~etre theodolites, Nos. 1 ~8 and· 147. Telescope ubove ground 46·79 metres. J. B. Bou
telle and W. B. Fairfield, observers. 

No. of 
direction. 

31 

32 

33 

34 

35 

Ob~ects observed. 

Tripp 

Weed Patch 

Glasgow 

Holton North Base 

I Co=ct 
Holton South Base 

Stout 

Resulting direc-
tiuns f ron1 station 

adjustment. 

0 II 

0 00 00'00 

49 57 43 ·52 
222 13 20·09 

235 33 52 ·93 

250 01 28·54 

2~7 24 24 "IS 

326 29 45 ·14 

Approximate Corrections 
probable· . from base-net 

error. adjustment. 

,, II 

±0"12 

·20 

·16 +0·15 

'22 +0·10 

'20 -0·15 

·rs +0·41 
·20 -0·51 

Probable error of a single observation of a direction ( D. and R.) =:= ± 1·11·15. 

FIGURE ADJUSTMENT. 

Obse•rvation eq11atio11s. * 
No. 

O= + 0"17 + (q) - (12) + (23)- (2I) + (26) - (25) 

2 0=+0·73-t- (7)·-(12)+(23)-(22)+(17)-(16) 

,:\ 0= +0·13 + (34) - (32) + (27) - (26) + (21) - (20) 

4 o= +<l'so+ (34)- (;i,r) + (19)-(17) + (22)-(20) 

5 0=+!"33-t-(24)-(27)+(32)-(31)-t-(19)-(18) 

6 O=-/-I'I4-/-(33)-(31)-/-(19)-(I6)+ (il-(13) 

7 o=-0·78-t- (3)- (2)+ (8)- (7)+(16)-(15) 

S O =" + O' 49-/- ( 6) - ( 5) + ( 9) - ( 8) -/- ( 2) - ( l ) 

9 0=+1·93-/-(37)-(36)+(35)-(33)+(13)-(ll) 

JO 0= - 2'28-/- (29) - (28)-/- (38) - (37)-/- {II) - (IO) 

11 0=-/-0·76-/-(30)-(29)-/-(IO)- (9)-/- (5)-- (4) 

Final seconds 
in 

triangulatiou. 

II 

20·24 

53·03 

28·39 

24·59 

44·63 

l.? O= + 4·5 -0·76( 7) -- 2·SS( 12) + 3·64( 14) - 2·23( 16) + 5·S1( 17) -·3·58( 18) + 0·73(24) + 2·26(25) 

- 2·99( 26) 

13 O= + 2"I-/- 1·98( 17) - 3·58(18)-/- 1'60(19) -t-0·73(24)- 1'36(26) +0·63(27)-/- 2·98(31) -5·25(32) 

+ 2·27(34) 

14 0 =-/- 13 "9 ....:.0·76(7) - 7"64( 12)-/- 8·40( 13) - 2'23( I6)-/- 3·83(17) - I'6o( 19) - 2·98(31)-/-16·25(33) 

+ 13·27(34) 

15 0=-3·4 - 1'07(1) + 3·48(2) - 2·41(3) - 1'08(4) + 4·47(5) - 3·39(6) - 1'30(15) + I'07(I6) 

I 
+ 0·23(19) + 0·85(28) -·0·16(2q) - 0·69(30) - 3·99(31) + 4'50(33) -.0·51(35) 

- 2·39(36) + 5·16(3i) - 2·77(38) 

*The uet contaius 11 angle and 4 side equations; the coefficients in the latter refer to the sixth place in the·log·s. 
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F~GURE ADJ1/S't!IIENT-continued. 

Correlate equations. 
c, c. C3 C4 Cs C6 C7 Cs C9 C10 Cu c .. C13 c •• 1"15 

(1) -1 -1 ·07 

(2) -r +r +3·4~ 

(3) +1 -2·41 

(4) -1 -1 ·os 

(S) ... -1 +r +4 ·47 
(6) +1 -3·39 
(7) +1 +1 -l -0·76 0·76 

(S} +z -I 

(9} +1 -1 

(10) -1 +1 

(11) -I +r 
(12) -r -r -2·ss - 7"64 
(13} . -I +1 i- 8"40 

(14) +i +3"64 

(15) . -r -1·30 
(16) -I -I +• -2·23 - 2·23 +1·07 

( 17) +1 -I +5·81 +1·98 + 3"83 

(18) -I -3"58 -3·58 

(19} +1 +1 +• +t"6o - l"6o +0·23 

(20) -1 -I 

(21) -I +1 

(22) -l +1 
(23) +1 +1 

(24) +1 +0·73 +0·73 

(25) -I +2"26 

(26) +1 -I -2·99 -I ·Y, 

(27) +1 -1 +Q"63 

(28) -I +o·ss 

(29) +1 -l -0·16 

(30) +1 -o ·0 
(31) -I -I -I +•·98 - 2·98 -3·99. 

(32) -1 +1 -5·25 

(33} +• -I +16·.25 +4'50 

(34} +1 +1 +a·27 -13 ·27 

(35) +1 -0·51 

(Y,} -I -2 .l<J. 

(37} +1 -1 i-5"16. 

<38) ..L; -2 ·n 

l\7ormal cq11atio'11s. 
c, c. c:i C4 c5 C6 C7 Ca C9 C10 Cu c .. C13 C14 C15S 

o=+ 0·17 +6 +2 -2 + 1 ·27 - I '36 - 7 '64 

+ 073 +6 -2 +2 -2 +10·16 + 1 '!>S + 12·94 - I '07 

+ 0·13 +6 +2 -2 + 2·99 + 9·51 - l.3'2j 

+ 0·50 +6 +• +• - 5·S1 - 1·09 - 15"i2 + 4 '22 

+ 1 ·33 +6 +• + 4·3! - 2·95 + I ·3.~ + 4 ':?:? 

+ l'lol. +6 -2 -2 + 1'47 - 1 ·3S + 10·;0 + 7·65. 

- 078 +6 -2 - I ·47 1 ·47 3 ·52 

+ 0·49 +6 -2 .3 ·31 

+ 1 ·93 +6 -2 i ·s.; + 2 ·54 

- 2·28 +6 - s·94 
+ 0·76 +6 + .5"02 

i" 4 ·5 +ss·•? +2S·Q2 + ·49·~.a 2 ·39. 

+ ::!"l +63 ·67 - 33 ·9s - 11·52 

+13·9 +6oo·74 + s2·2s: 

- 3·4 +132·2.;. 
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Res11lti11g z1al11t's of «orrclalcs. 

c,=-0·186 
C, +o ·322 
C3 -0·3r3 
l'.4 +o ·162 
Cs -o ·329 

C6=-0·422 
C1 +0·164 
Cs +0·010 
C9 -0·448 
c,. +0·388 

C .. =-0·101 
c .. -0·001 2 
C,i -0·022 9 
C,4 -0·046 3 
Crs +o ·128 I 

Corrcxlio11s to a11gular dirt'dio11s. 

/I // /I // 

(1),,,;-0·147 (I I )=+o ·8.36 (21)=-o ·12] (31)=+0·148 
( 2) +0·::?92 (12) +0·221 (22) -0·16o (32) +0·104 
(3) -0·145 (13) -o ·415 (23) +0·136 (33) --0·150 
(4) -0·037 (q) -0·190 (24) -0·347 (34) +o ·411 
(s) +0·462 (rs) -0·331 (25) +0·183 (35) -o ·513 
(6) -0·424 (16) +0·507 (26) +0·162 (36) +0·142 
(7) -0·228 lI7) -0·070 (27) +0·002 (37) -0·175 

(28) -0·279 (38) ~0·033 
(29) +0·469 

(8) +0·154 (18) +0·415 
(9) +o·r.u (19) -o ·522 

(ro). -0·489 (20) +o ·151 (30) -0·189 

also ::Ep1·r = + 3 ·758, 
- ::Eooc = + 3 756 

Che;;ck r ::s of+ corrections 4 ·939, 
l ::E of - corrections 4 ·938 

l\'Iean error of an obsen,ed directio11 111, = /CP 7
'

7
'] ~ ± 0 11 ·50 where 11 = number of conditions, 

. "' 11 
and mean er~or of an angle m = 111, ~2 = ± 0 11 ·71, also probable error of the same ± 011 ·48. 

L 

TRIANGLES OF THE HOISON BASE NET, INDIANA. 

Correc- Sp her- SJ?her- Distances No. Stations. Observed angles. tions. ical 1cal Logs. in metres.· angles. excess. 

0 II II II II 

f Correct 30 02 53·63 -0·41 53·22 0·03 ' 3·740 407 7 5 500·570 

r l Holton South Base ro6 58 54·57 +0·26 54·83 0·03 4·021 444 9 IO 506 ·18 

Holton North Base 42 58 12·07 -0·02 12"05 0·04 3·874 346 0 7 487·66 

00·27 0·10 

{ G1'"'°w 43 21 28·59 -0·58 28·01 0·06 3:874 346 0 7 487 •66 
2 Correct 70 II 45·26 -0·45 44·81 o·o6 4 ·011 195 8 IO 261 ·14 

Holton South Base 66 26 47·o6 +0·30 47·36 o·o6 3·999 893 9 9 997·56 

00·91 0·18 

r~ 
73 48 34·Sr -0·10 34 ·71 0·05 4·021 444 9 10 5o6 ·18 

3 Correct 40 ciS SI ·63 -0·04 51 ·59 0·06 3·848 417 4 7 053·71 
·Holton North Base 66 02 33·34 +0·53 33·87 o·o6 3·999 893 9 . 9 997 ·56 

59·78 0 ·17 I G1'"'°w 
30 27 06·22 +0·48 06·70 0·03 3 ·740 407 7 5 500·570 

4 Holton South Base 40 32 07·51 -0·04 07·47 0·03 3·848 417 4 7 053 7r 
Holton North Base 109 00 45 ·4r +0·51 45·92 0·03 4 ·orr 195 s IO 261 ·14 

59·q . o·og 
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TRIANGI.ES OF THE HOI.TON BASE NET; INDIANA-continued. 

Observed angles. · Correc- Spher- SJ? her- Distances 
~No. Stations. tions. 1cal 1cal Logs. in metres. angles. excess. 

0 II II II II ,, 

r~· 
13 20 32 ·84 -0·04 32_ :So 0·04 3·848 4r7 4 7 053 '71 

.5 Glasgow · 22 15 S2 'IO -0·94 SI ·16 0·04 4·063 736 7 II S80 '75 
Holfon North Base 144 23 36·s1 -0·3s • 

0

36 ·16 0·04 4 ·2so 322 2 17 79S'99 

(lf ·45 0 '12 

r~ 
27 48 08·4s -0·30 oS ·cs 0 'IS 3 '999 893 9 9 997·56 

6. Glasgow 96 04 26·9r -I '03 2s·ss o ~IS 4·328 671 I 21 3r4·30 
Correct S6. 07 26·23 +o·r9 26·42 o 'IS 4·2so 322 4 17 796·00 

or ·s9 0'4S 

r=· 3S II 04·09 +0·26 04 '3S 0 'I2 4 'Oil 19s 8 JO 26I '14 
7 Glasgow _s2 42 sS ·32 -0.·45 s7·87 0 '12 4 ·151 332 3 - 14 168·78 
. . Holton ~u~h Base 92 os ss ·46 -0·31 sS ·15 0 ·13 4 ·2so 322 4 17 796 ·oo 

00·87 o·37 

r=· 14 27 3s·6r -0·2s 3s·36 o·o6 4·021 444 9 ro so6 ·rs 
S Holton North Base 149. 33 so 'IS -o·~s 49·97 0·05 4 vs 671 l 21 3r4·30 

Correct rs sS 34·6o +0·23 34·83 0·05 4 ·o63 736 cj II 58o '75 

00·36 o·r6 

(G=" 2I so 31 '2S +0·31 31 ·s6 o·os 3 '740 407 7 5 soo·s70 
9 Holton North Base ~Q6 3S 3S·oS -0·16 37·92 o·os 4 'JSI 332 3 14 168·78 

Holton South Base SI 33 so·95 -0·28 50·67 o·os 4·o63 736 S· .II S8o '75 

00·28 o ·rs 

r=· 7 22 55·64 +o·s6 56·20 0·04 3·874 346 0 7 487·66 
ro Correct 14 04 i9·03 -0·64 . 18 ·39 O'OJ 4 ·151 332 3 r4 168·78 

Holton South Base 158 32 45·s2 -O'OI 45 ·5r 0·03 4··328 671 I 21 314·30 

OO•'I9 0'10 

( ReWo 41 09 12'05 -0·44 II ·61 O'II 3·999 893 9 9 997'S6 
II Correct So 35 19·93 +0·38 20·31 O'IO 4 ·175 733 8 14 987·66 

Glasgow s8 lS 27 ·56 +0·99 28·40 o ·u 4 'III 2S4 5 12 9r9 76 

59'S4 0·32 

( Culbomo• 31 49 02·49 -0·89 OI ·6o 0·24 4'III 254 5 12 919·76 
12 Correct Ss 16 l8·s4 -0·04 18·so 0·23 4·387 791 s 24 422·s8 

Reizin 62 54 40·17, +0·44 40 ·61 0·24 4·338 809 3 21 817·72 

01 '20 0·71 

( Mud"I,iok ]l Sl 23 '22 -0·66 22·s6 0·26 4·338 So9 3 21 8i7·72 
13 Correct 4S 14 31 'IO -o·6o 3o·so 0·27 4·212 268 2 16 303·03 

Culbertson 62 S4 07·24 +o·so 07 '74 0·27 4 ·310 46o 5 20 439·04 

Ol. 56 o·So 

18732-No. 4--10 
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TRIANGI.ES OF THE HOJ.TON BASE NET, lNDL.\.NA-completed. 

Stations. Observed angles. Correc- SJ? her- Spher-
Logs. Distances No. tions. !Cal !Cal in metres. angles. excess. 

0 ,, 
" " " II r- 41 28, 15"29 -0·32 q.·97 0·50 4·328 67I I 2I 314•30 

14 Green 76 28 r6·6o -0·36 J6.·24 0·50 4·495 436 5 3c 292·23 
Correct 62 03 31 ·54 -r ·25 30·29 0·50 4·453 827 3 28 433·30 

03·43 r ·so 

\ Stunt ' 37 16 00·58 +o·n 00·79 0·28 4·310 46o 5 20 439·04 
15 Correct 30 42 52 •66 +1 ·32 53·98 0·28 4 ·236 549 3 17 240·48 

Mud Lick II2 or 05·31 +075 06·06 0·27 4·495 436 6 31 292 ·24 

58·55 0·83 

PROBABLE ERRORS. 

Detcn11i11atio11 of !lie probablt! errors q/ Ilic le11gt/1 of Ilic sides ow1111io11 lo t/1c 11et a11d lo tl1e adjacc11t 
chains of tria11g11fatio11. 

·For the side Reizin to Culbertson, as adjusted, ·we make use of the expression-

Reizin to Culbertson 
Holton Base 

sin (9"-8) sin (16-- 15) sin (25- :24) sin (23-21) 
sin (6-5) siu (3- 2) siu {18- 16) sin (q- 12) 

hence the function: 

F=1og sin (9-8)+log sin (r6-r5)+1og s!n (25-24) +log sin (23-21) -log sin(6-5) 
-log sin (3-2)-log sin (18-16)-log sin (14-12) 

Estaolishiug and solving the transfer equations, we find the reclp~ocal of the 

weight p = ·1r776, also the mean error m.F a_ncl the probable error rF. both expressed in 

units of the sixth place of decimals in their logarithms, viz: ± 2 · 1 ::! and± 1·43, 
respectively; hence log. distance Reizin to Culbertson 4· 387 791 5 and the distance 

± 14 

24 422 · 58 metres. The probable error is about 106
1
000 part of the length. 

± o·os 
. To this we have. to add the proportional error depet;ding upon that of the base 

24 42~ measure, or 0·0041 X ---' = ± 0·018 metre; hence probable error of length of side 5 501 . 
Reizin to Culbertson, 

~(o·os)'+ (0·018) 2 = ±o·os2 metre. 

For the side Green to Stout, we use the expression-

Green to Stout 
Holton Base 

sin (23--2r) sin (27-25) sin (13- 11) 
sin ( J4 - 12) sin (33- 32) sin (37 - 36) 

F= log sii1 (23..:. 21) + iog sin (27 - 25) +log sin (13 - u) - log sin ( q- r2) - log sin (33 - 32) 
-- log sin (37 - 36) . 

. I 
Establishing and solving the transfer equations, we getp= 14 ·783, also mF= ± l "93 
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and rF = ± 1·30; hence log. distance Green to Stout 4'4.'i3 827 3· and distance 
± I 3 

2 8 433 · 30 metres. 
± 0·085 

The probable error is about nTt000 part of the length; c01i1bining 

. h h' l . 1 l th . b . x 28 433 ± . wit t is tie proporbona error cue to e ase measure, or 0·004 1 
5 501 = o 021 

metre, we get probable error of length of side Green to Stout-

../(0·085)"+ (0·021)" = ± 0·09 metre. 

• 
GENERAL DESCRIPTION OF STATIONS FORMING HOLTON BASE NET, INDIANA. 

Holton Soutli Base, _Ripley County; established in 1890 by A. T. Mosman. This 
station is situated in the" northwest cqrner of section 25, township 7 north, range ~o 
east of the second principal meridian, in Center Township, about 1 j-f miles north of 
the village of New Mari'on. The geodetic point is marked as follows: The under
ground mark is a fine drill hole one-fourth inch deep at the intersection of cross lines 
cut on a copper bolt set in the top of a limestone post 6 inches square and 2 feet long, 
its top being 3 feet below the surface. Above and ·around this post, except for a. space 
of 1 foot square immediately over it, is a layer of concrete 1 foot thick and 4 feet 
square, which serves as a foundation for the surface monument, consisting of a lime
stone block composed of two parts firmly cemented together, 3 feet square and 30 
inches high, projecting 6 inches above the surface. The upper part is beveled to 24 
inches square, and a fine drill hole at the Intersection of cross lines cut on a copper bolt 
set in the top marks the geodetic point at the surface. On this ·surface monument was 
placed a limestone shaft 3 feet high, 2 feet square at the base, and 1 foot square at the 
top, having the following inscriptions cut on three of its faces: On the south face, 
"U. S. COAST AND GEODETIC SURVEY;'' on the east face," SOUTH BASE,'' 
aucl on the west face, "HOLTON BASE LINE, 1891." As referenc.e marks, four 
stone posts, each 6 inches square and 2 feet long, with copper bolt on the top, were set 
as follows: One about northwest, on.the fence line on the south side of the public road, 
distant 54 ·so feet; one about northeast, on the same fence line, distant 51 ·60 feet; one 
about soi1theast, distant 38 · 55 feet, and one about southwest, distant 42·71 feet from 
the geodetic point, forming a square 65'62 feet on e~ch side. 

Holton North Base, Ripley County; established in 1890 by A. T. Mosman. This 
station is in the southeast corner of section 2, township 7 north, range 10 east of the 
second principal meridian, on land of Mr. Sam Cox, in Otter Creek Township, about 1 

mile east of Holton, ·on the south side of the Ohio and Mississippi Railroad, and distant 
94 ·32 feet from the south rail of the track. The markings and monuments at the 
geodetic poin~s are exactly similar in every respect to those at South Base, ·with the 
exception of the inscription on one end· of the faces of the upper limestone shaft, 

-NORTH being substituted for SOUTH. As reference marks, fottr stone posts, each 6 
inches square and 2 feet long, with copper bolt on the top, were set as follows: One on 
the line to South Base, distant 49·24 feet; one in prolongation of the base line north
ward, distant 49·05 feet; one at right angle to the eastward and one at right angle to 
the westward, each distant 49·21 feet from the geodetic point, formi~g a square 69·5 
feet on each side. 
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Correct, Ripley County; established in 1887 by F. W. Perkii~s .. This station .is 
situated in the southwest corner of the southeast quarter of the southeast qµarter _of 
section 27, township 7 north, range 11 east of the second principal meridian, Johnson 
Township. It is nearly ·on the line divicling sections. 27 and 34, and 40 "feet west of the 
county road running from Versailles to Correct, Versailles being 14 miles north ai~d 
Correct P. 0. a half mile south of the station. The geodetic point is marked by the apex 
of an earthenware pyramid buried 3 feet. below the surface, over which is placed· a tile 
drain pipe 6 inches in diam~ter and 2 ~{ feet long, filled with cement concrete, and 
having a 6-inch spike in the center of _the top as a surface mark. The hole around this 
pipe was filled with concrete so that the pyramid is covered \vith a solid block; of con
crete 2 ~,( feet high and 30 inches in diameter, with the drain pipe in its center.' Four 
4-inch tile drain pipes, filled with concrete with nails in the center, were placed as 
follows, as reference marks: Two to the ea:;itward of the station; one on the west side· 
of the road,'distant 23·8i:; feet; and one on the east side of the road, distant 65·11 feet; 
and one sm~t'l'.i oi1 the fen~e line, distant 30·23 feet; and the fourth "One just inside of the 
fence line on the west side of the road, distant 66·43 feet, and bearing north 40° 43' 
east from the geodetic point. 

Glasgow, Ripley County; established in 1887 by F. W .. Perkins. This ·station is 
situated in the southeast quarter of the southeast quarter of section 28, township 8 
north, range 1 I east of the second principal meridian, .584 feet north and 94~{ feet west of 
the section corner. It is on the land of Ashman and Glasgow, about I~ miles south 
of the town of Osgood, on the west side of the road running from that town to the stone 
qu·arries of the above firm, but beyond the quarries. The geodetic point is marked by 
the ·apex. of ati" earthenware pyramid sunk 3 feet below the surface, over which is placed 
a section of draiiHile pipe. 6 inches in diall}eter and 2 3{ feet long, reachfog to the surface 
and filled with concrete. The hole around the pipe, 1S inches in diameter, is also filled 
with concrete, making a solid block of concrete with-the pipe in the center. As reference 
marks, four 4-inch pipes filled with concrete were set as follows: Three on the western 
line o~ the road, one bearing ·north 46° 45' east (true), distant 100·5 feet, one bearing 
east 1° 37' south, distant 75·34 feet, and one beari·ng south 51° 17' east, distant 91·55 
feet from tlie geodetic point; the fourth one is·on the eastern line of the roacl (which 
runs along the section line between sections 27 and 28), bearing east 1 ° ·37' south, and 
distant 112 ·94 feet from the geodetic point. 

Grceu, Jennings County; established in 1887 by F. W. Perkins. This station is 
situated in Columbia Township, near the northeast corner of section 34, township 8 
north, range 9 east of the second principal meridian, and is distant 927 feet west and 61 
feet south from the section corner stone. 'It is on land belonging to.Samuel Rush, abotit 
5 miles north of the town of Butlerville, 011 the Ohio and Mississippi Railroad, and 
about 2 miles southwest of the town of ·Zenas. The geodetic point is marked by the 
apex of an earthenware pyramid buried 3 feet below the surface. Over this is a terra
cotta drain pipe, 6 inches in diameter and 2 feet long, filled with cement and projecting 
about 2 inches above the surface. The letters U.S. are. marked on the cement and a 
naii inserted head downward in the cement at the top of the pipe serves as a surface 
mark. As reference marks, three 4-inch drain pipes, filled with cement with nail in 
cetiter, were set in the fence line north of station, their tops projecting 2 inches above 
the ground; the western one distant 69 feet 4 inches, the northern one distant 42 feet 
1 r inches, and the eastern one distant 67 feet from the geodetic point. 
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Reizi11, Ripley· County; established in 1887 by F. W. Perkins. This station is 
situate.d about l ·mile east of the town of Elrod, and about 120 yards south of the road 
.from Elrod to Dillsboro, 'on land belonging to Mr. Joseph. B~~ll. 39 feet east of the line 
fence dividing the lands of Mr. Beall from those of Mr. Reizin Johnson. The geodetic 
point is ·marked by the apex of an earthenware pyramid buried 3}·6 feet below the 
surface, ov~r which is placed 4 inches of soil, then 3 i~1ches of blacksmith's cinder from. 
the forge, then 3 inches mcire of. soil; over this is placed a solid shaft of concrete 20 
inches high and about 16 inches in diameter, having embedded in its center a drain-tile 
pipe 6 inches in diameter and 2 f~et long, filled with cement, the top even_ with the 
surface and having a spike in the center to mark the geodetic point. 

· As refere~ce marks, fou~ 4-inch drain-tile pipes, filled with ce1~1ent and nails in the 
center, were set as follows: One true north, distant 5·98 feet; qne true· south; distant 
5 ·96 feet; one true east, distant 6·05 feet, and one true west, distant 39·2 feet from the 
geodetic point. ·A ·hickory tree standing alone in the field, bearing north 24 ° II' east, 
and distant 181 ·3 feet from the center mark, was blazed and marked with a triangle of 
small nails and a large one in the center, as an additional reference mark. 

Culbertson, Switzerland County;· established in 1887 by F. \V. Perkins. This 
station is situated in the northwest corner of·the southeast quarter of section 33. town
ship 5 north, range 12 east of the second pr:incipal meridian in Pleasant Township, on 
land of James Culbertson. It is about l l miles northerly from the town of Vevay on 
the Ohio River. It is on the highest part of the pasture just east .of Culbertson's 
·house, .about 700 feet from the pike and 48 feet east of center of country road running 
south from the pike. The geodetic point is marked by the apex of an earthenware 
pyramid buried 3 feet below the surface, over ·\•:hich is placed a coi1crete block 18 · 
inches in diameter by 2 ~i feet long, having embeclded in its center a drain-tile pipe 
6 inches in diameter, with a nail at the intersection of .cross lines on top as a surface 
mark. As reference marks, four 4-inch drain-tile pipes were set in concrete in a_, similar 
man~ier: One due north, distant 5·92 feet; one· due east, distant 6·12 feet;· one due 
south, distant 5 ·93 feet, and one due west, 35 ·63 feet distant from the geodetic point. 
Ti1e west pipe is in the fence line on east side."of road. 

llfud Lie!.:, Jefferson County; established in 1887 by F. W. Perkins. Tliis station 
· is situated in the southeast comer of the northwest quarter of section ::?6, township 5 

north, rat1ge IO east of the second principal meridian, on land of Mr. \V. H. Buck
hannon. It is on the west side of the Michigan road, about one-half 1i1ile south of 
Mud Lick post-office and 7 miles from Madison, a town. on the Ohio River, and just 
north of a county road running west to Lancaster. The geodetic point is marked by 
the apex of an earthenware pyramid buried 3 feet below the surface, over which is 
placed a solid concrete block 2 feet in diameter and 2 3:{ feet high, having embedded in 
its center a drain-tile pipe, 6 inches by 2 ~-( feet, filled with concrete. The letters 
U.S.C.S. are marked on top, and a 6-inch spike at the ititersection of cross lines marks 
the point at the surface. As reference marks, four 4-inch drain-tile pipes filled with 
cement were set as follows: One nearly 'east, distant l 65 ;5 feet; one nearly southeast, 
distant 189'7 feet; and two nearly south, one 107'4 feet and the other 144·9 feet distant 
from the geodetic point. 

Stout, Jefferson County; established in 1887 ,by F. W. Perkins. · This station is 
situated near the northeast corner of section 25, tow1iship 5 north, range 8 east of the 
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second principal meridian, on land of Mr. A. 0. Stout, who lives about one-third mile 
south of the station. It. is about 5 miles southwest of the town of Dupont and the 
same distance northeast of the town of Paris, and about l mile north of Neils Creek 
post-office. The section line a few feet north of the station is the boundary line between 
Jefferson and Jennings counties. 'fhe geodetic point is marked by the_ apex of an 
earthenware pyramid buried 3 feet below the surface, over which is placed a drain-tile 
pipe, 6 inches in diameter and 2·5 feet long, filled wit.h cement, the top projecting about 
l inch above the surface, and having the letters U.S. cut in the cement, and a nail in 
the center as a stfrface mark. Three· drain-tile pipes. 3 inches by 2·5 feet, filled with 
cement and a nail in t}1e center, with the numbers r, 2, and 3 cut in the cement, were 
set as follows, for reference marks: No. r, bearing south 43 ° 12' west, distant 40·95 feet; 
No. 2, bearing south 86° 48' west, distant 2r72 feet, and No. 3, bearing north 36° 41' 
west, distant 45 ·94 feet from the geodetic point.· · They were placed in the fence line 
west of the station. An additional reference mark is tl:ie quarter-section stone marking 
the northwest corner of the northeast quarter of the northeast quarter of section 25, 
which bears north 39° _55' west and is 43·16 feet distant from the geodetic point. The 
above bearings are magnetic . 

. (g) St. Albans Base Linc, TFcsi T-'irginia, I892. 

LOCATION, MEASUREMENT, AND LENGTH. 

This base is situated in the valley of the Great Kanawha River, ·near the village of 
St. Albans, in Kanawha County, West Virginia. The middle·· point of the base is in 
latitude 38° 23'·0 and in longitude 8r 0 48 1 '9 west of Greenwich; the azimuth east end 
to west end is 108° 03' ·9. The length of the base is nearly 3 ·s7 kilometres or 2 ·40 statute 
miles; its elevation above the ocean is about iSo metres. This is the second base of 
precision the measure of which was effected by means of metallic tapes, and the first 
one where the tape measures were accepted exdusive of other means. The experimental 
work at the Holton Base of 1891 (_see account of that base) seemed to prove that tape 
measures could be depended upon for refined results in those c

0

ases where the requisite 
close attention is paid to all circumstances and to minute details which have or may 
have an influence on the result. Among these influences the condition of the atmos
phere is the most potent, and measures made after sundown or during 11ighttime 
were considered more favorable than those taken in daytime and during sunshine. For 
a comprehensive understanding of the use of tapes for the above purpose, no better 
reference need be given than the report of Assistant R. S. Wood·ward, by whom the 
method was developed on the survey (see Appendix No. 8, Coast and Geodetic Survey 
Report for 1892, part 2, pp. 453-489). This also includes his account of the St. Albans 
Base. · A more condensed paper of the results as reviewed by the office is given in 
Appendix No. 6, Coast and Geodetic Survey Report for 1894 .. 

The base was located by Assistant ·A. T. Mosman, and in the summer of 1891 
the terminal stones were set ancl the profile of the line secured by Subassistant W. B. 
Fairfield ; * the measurement of the base in October, 1 892, was in charge of Assistant R. S. 
Woodward. The base was divided into four sections and between October I and 9 the line 
was cleared of obstacles and the marking and support stakes for the tapes were set, IO 

i' The connection of the base with the n1ain tl"iaugulation was tnade by the san1e observer in 1Sy3. 



Coast. and Geodf!tic Sw·1·e.r-1'rn.n.scontinental Triangul.ation 

.Big 

SAINT ALBANS BASE NET, W.VA. 
1880 TO 1893 

ELELE-3 
I 0 I 

~o 30 

Sin11ns 

Stalu I e Miles 
3 . '• ,, ?o 
J{i]ome lres 

= 10 20 

EXTENDED NET 

Statute Miles 
20 3'(, 

!Glometres 
e-=--3 I 

Bo 9u 100 

Nos. IO and 11 



TRANSCONTINENTAL TRIANGULATION-· -PART I-BASE LINES. IS_I . 

metres apart, and carefully aligned and the slope determined. All measures were made 
between October IO and October 14· Four of these were made at night and one 
during bright sunshine, but the obsen·er excluded the last result from his final com
bination. Of the four effective measures two were forward and two were backward; they 
were made with steel tapes Nos. 85 and SS, the same as had been previously employed 
and standardized at the Holton Base in the preceding year. As there stated, the lengths 
of the tapes depend on co1i1parative measures with the 5-metre steel bar No. 17 when 
embedded in melting ice. The dimensions of these tapes are: Length IOI ·01 metres, 
cross section 6°34 by 0·47 millimetres. Their ·weight is 22·3 grammes per metre of 
length. When not in use, they are rolled up op reels. During measure the tension 
applied was 25 pounJs 6 ounces. The following_ results were found: 

Bar B,7 = 5111 - 1S·o)1 at o° C. and 
nun. mm. tntn. mm. 

Tape Ts5 = 20 B,7 + 3 ·S6 + 1··094 7/ or Ts5 = 100111 + 3 ·so+ I ·094 7t 
Tss= wB,7 +6·31 + rogr 4t T8s= loo/I/.+ 5·95 + r·091 4/ 

These numbers answer to the standard tension of 25 pounds and 9 ounces* and 
are for the centigrade temperature t (referred to the hydrogen scale). The fractional 
part of a tape was obtained either directly from the 20-metre subspaces of the tapes or 
by means of a 1·5-1petre tape graduated to millimetres. The several positions of. the 
tapes were marked on zinc plates left in position throughout the measures, these marks 
forming part of the record. The corrections to the thermometer readings during the 
base measures are as follows : 

Thermometers. 
Tempera- Green Green Green 

ture. No. 5598. No. 5620. No. 562r. 

0 0 0 0 

0 -O'IO -0'20 -0·25 

5 '12 ·15 ·20 

IO ·09 '2I ·26 

15 ·oS ·25 ·32 

20 ·oS ·27 '34 

25 ·07 ·25 ·32 

30 

I 
- '04 ·25 ·25 

3S -0·09 -0·23 -0·2S 

These· therfnometers were provided with steel sheath~ of thin steel tape slipped 
over their bulbs, in the hope of securing a close approximation to the actual temperature 
of the tapes. Two of the thermometers were placed at a distance of IO metres from 
the tape ends and the third one was placed at the middle. 

. *With 3 ounces less than the standard tension the tape shortens 0·14 millimetre. 
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The results of the several measures of the base sections in terms of the length of_ 
B,

1 
are as follows: 

Date, 
1S.,2. 

. f . Oct. I I 
I2 

I l I3 
I3 

I4 

f Oct. ~1 

II l ~~I 
f .Oct. :: 

III. l 13 13 

I4 

' f ·Oct. II 
I2 

IV l 13 
13 

I4 

Tinte of day'. 
p.JJl. 

11. Ill. 11. Ill • 

7 20 to S 02 

903 9·44 

7 06 7 40 
IO 49 II 21 

'.! 53 3 16 

8 O'.! 8 44 

9 44 10 25 

7 40 s 12 

II 2I II 53 

3 16 3· 49 

8 44 9 26 

7 40 8 22 

8 12 8 4-1 

9-15 1017 

3 49 4 02 

9 26 IO 08 

s 22 9 03 

8 .j4 9 16 

"JO I7 JO 49 

4 O'.! 4 26 

w. 
E. 
W. 
E. 
w. 

W. 
E. 
W. 
E. 

·w. 
W. 
E. 
w. 
E. 
w. 
W. 
E. 
W. 

E. 
W. 

. End 
points. 

No. of te~~!~a-
tape. · lure. 

1g ~r ~: 

I
·~ B~-

1 
85 

.... .s 85 rJ). rJ). 

. . 88 

1 I
. SS 

. ~ S, SS 

J
·~ £~, 85 
. ....., ~ 8 
.rJ). en 5 

SS 

1~ ~r ~! 
l~s;l 85 

rJ). Ill 85 
88 

oc. 
9:04 
7.62 

13·30 

9·56 

32 'II 

·5 ·92 

6·39 

10·38 

9·05 

30·47 

6• 23 

7 ·s-1 

9·92 

8 "75 
3o·oS 

4·80 

7·92 
9·24 

8 ·57 

29·80 

Tempera
ture 

rising or 
(alling. 

f. 

r. 

f. 
r. 

r.; f. 

f., r. 

· f., r. 

f., r. 

f., r .. f. · 

f., r. 

r., f., r. 
·r., f. 

f., r., f. 

r .. f., r. 

r., f., r. 

f., r. 

f., r. 

f., r. 

f., r., f. 
r., f., r. 

Length. 

535·5 

533·0 

536·0 

200B,1+527 ·o 

52-1 ·o 

527·8 

528·9 

534·0 

9 323·0 

9 321. 4 

9 328·6 

9 333·0 

Grade 
correc

tion. 

.o 
;:: ;T 
:::: ,.,, 
-1 

Su11wia1y <?l res11lli11g 101gtl1s of ,·ad1 sc·dio11 * and by cacli lap<', but 0111itti11g !lit• fi.tl/1 or dayligl1t 

Section. 

I 

II 

III 
IV· 

Total 

/llt0

ll S II rt". 

Length b)·-

Tape No. SS. Tape No. 85. Mean. 

111 Ill. Ill Ill. 111111. 

'.!ooE,7+ 251 '35 + 252·05 + 251 "]O 

200 + 535 ·15 ..L 534·50 + 534·S2 I 

200 ..J_ 525·50 + 528 ·35 + 526·93 I 

172 + 9 324 ·25 + 9 325 '00 + 9 324·62 

772B,1+10 6~6 ·25 +10 639·90 +10 63S'07 

Length of base* from-
111. 

2 westward measures 3 870 ·513· 5 
2 eastward measures 3 870 ·509 3 

Mean 3 870 ·5u 4 

Correction 
for slope. 

·mm. 
- 8·52 

- 93 ·58 

7 "20 

3·40 

-112 ·70 

Also difference of measure by the two tapes 3 ·65 millimetres. 

*Unreduced t·~ sea le\·el. 

Resulting 
length. 

·111. 

l 000 ·239 6 

l 000·437 6 

I. oco ·516 I 

86?'318 T 

3 ~10 ·5u 4·. 
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The individual results of the 4 night and the r day 111eastires are: 

Oct. II 

12 

Mean 

·· Mean. l\i~ean. 

Ill : 111 Ill • 

:N .. 3 s10 ·srs 9 · 

N. , ·500 4 } 509_ "6 ) 111111. 

N. ·soS :? ) SII ·4r 
N. . .. ·5rS .4 J 513 ·3 

p. ·524 5 

. For the reduction to sea level we have the following data: Average"distance of tape 
below ·stone 1.t West Base, 2'66 feet; stone at \Vest Base below bench mark at".St. 
_Albans, I ·29 feet; result of· spirit leveling in November, r89r, by .Sub-Assistant 
Fairfield, fron1 fonvard and backward measures, bench mark below triangulation ·statioi1, 
Big Rocks, 576·05 feet; top of -pier at Big Rocks above ground, ~r40 feet; hence tape 
below ground at Big Rocks, ,576·60 feet, or 175·75 metres. The height of this station 
resulting from measures of zenith dii;tances brought over from the survey . of the 
District of Columbia is 356·23 m~tres ± l ·75 metres; adding to this accumulated 
probable error the uncertainty in the starting level ± 0·~3 metre, we get for tbe 
average height "of the base 180"48 .metres± r ·76 metres, with the corresp.onding 
reduction to sea level '--- 0·109 6 metre; the length of the base reduced to ·sea levelis 
therefore 3 870·401 8 metres. There is still to be applied a small correction to the 
length of the base, due to thermoinetric corrections, amounting to* + 0·97 millimetre; 
hence final length of base is 3 870·402 8 metres. · 

The pc'~-'- 1 - ----- -~ • 1, 0 ._<15signed length of the bas.:: may be deduced. in different 
ways; that due to the uncertainty in measure may be made to depend on the discrep
ancies as shown by the 5 measures of each of the 4 sections and noting the fact that 
the sum of the sqiiares of the differences for the last, or daylight, measttre is not 
the largest of these valttes. Vie find for the probable error of the' base uieasttre. 

( 
:SS' ) 1 .. .; . ·1"1· o·6'Z4 -(-. --. ,_ = ±2·3s 1111 nnetres. 

. . ,n .11 - I ) : · 

The probable· error arising from the ttncertainty in the assigned length of a tape, 
is ·given by the observer as ± 0·06 millimetre; hel.1ce probable error of the base from 
this cattse is 38·7 x· 0·06 = ± 2·32 millimetres. The probable error of the base from 
uncertainty in th? reduction to sea level is ± 1 ·Io millimetres; hence total probable 

error .J(2·3S)2 + (2'32)" + (1·10)" = ± 3·50 millimetres, or about nuhou- part of the 
length. 

Resttlting length of the St. Albans Base 

and its logarithm 

:Ill. 

3 870·40:;? s. 
± 3 5 

3·587 756 17 
± 39 

*See )>. 46$. Coast and Geodetic Survey Report for 1892. i-)art""' 



154 (INITED STATES COAST AND GEODETIC SURVEY. 

ABSTRACT OF RESULTING HORJZONTAJ. DIRECTIONS, OBSERVED AND ADJUSTED, AT THE STATIO?\S 
FORMING THE ST. ALBANS BASE NET, JSSo--81, lSS,;, 1891-92-9,;. 

SI .• ..Jlbaus East East', Kanawha County, \Vest Virginia. January ::q to January 31, lS93. 30.centi
metre theodolite, No. I IS. \V. B. Fairfield, observer. 

No. of 
direction. Objects observed. 

Resulting rlirec
tions from station 

adjustment. 

Corrections 
from base-net 
adjustment. 

Final seconds 
in 

triangulation. 

0 " " II 

6o Rogers o oo oo·oo +0·37 00·37 
6I St. Albans \Vest Base 13 54 31 ·28 -o ·oS 31 ·20 

62 Ryan S•) I I 54 '74 -o '29 54 '45 
Approximate probable error of a single observation of a direction (D. and R.) = ± 0 11 ·9,;. 

St .• ..Jlba11s. TT<:.;! E,rs,·, Kanawha County, \Vest Virginia. February 3 to February lo, 1893. 30-centi
metre theodolite, No. uS. W. B. Fairfield, observer. 

Big 

I Ryan 

0 

63 0 co 

64 I St. Albans East Base ::?8 S7 
65 Rogers 132 -H 

II 

00'00 

00·54 

39 '75 

II 

-0·61 

+o·6o 

+0·01 

II 

59·39 
or ·q 

39 76 
Approximate probable error of a single observation of a rlirection ( D. and R.) = ± 011·73. 

Rocks, Kanawha County, West Virginia. November 30 to December 9, 1891. 30-centimetre 
theodolite, No. IIS. \V. B. Fairfield, observer. 

I Piney 

0 ,, II II 

.;ci 0 00 00'00 -0'02 59·98 

31 Simms 79 I7 34·08 +c·86 34·94 

32 Rogers 109 27 or ·41 -0·02 or ·39 

33 Ryan ll2 06 27 ·25 +0·20 27 ·45. 

.'o-1 Holmes 120 or 36·3~ -0·59 35 '71 

35 Coi!l 130 04 18·04 -;-0 ·43 i7·61 

Table Rock 170 12 . 30·58 

, Pigeon 270 35 38 ·35 
Approximi:i-te prohabie error of a single observation of a direction ( D. apd R.) = ± 0 11 ·59. 

Pint')', Cabell County, \Vest Virginia. August 21 to September 4, 1883. 50-centimetre theodolite, No. 
lJ4. A. T. Mosman and \V. B. Fairfield, observers. December 16 to December 21, 1891. 30-centi
metre theodolite, No. uS. \V. B. Fairfield, observer. 

0 ll " " 
29 Pigeon 0 00 =·oo -~·17 59·83 

JJavis 66 33 51 ·05 

Gebhardt II7 16 o6·or 

24 Simms 265 09 53·84 -0·2S 53 ·s6 

25 Holmes 270 36 07·62 +0·21 07 ·S3 

26 C,oal 293 29 6o'l9 -0·39 59·So 

27 Table Rock 304 16 56·84 +0·4s 57·29 
28 .Big Rocks 310 51 38·03 +0·18 38 '21 

Ivy ·~· .) ...... "I 43 20·68 

Probable error of a single observation of a direction (D. and R.) = ± 0"·65. 



TRANSCONTINENTAL TRIANGULATION-PART I-BASE LINES. I-55 

ABSTRACT OF RESlTL'rING HORIZONTAL DIRECTIONS, OBSERVED AND ADJllSTED, AT THE STATIONS 
FORMING THE ST. ALBANS BASE NET, r8So--S1, 1883, l89r-92-93-continued. 

Simms, Putnam County, West Virginia. Janpnry r6 to February Io,. 1892. · 30-centimetre theodolite, 
No. u8. \V. B. Fairfield, observer~ Telescope above ground about I7 metres. 

Resi1lting direc- Corrections Final seconds 
No. of Objects observed. tions from station from base-net in 

direction. adjustment. adjustment. triangulation. 

0 II II ,, 
37 Ryan Q co 00'00 fo·S5 00·85 

38 Coal 25 32 09·02 +0·20 09·22 

39 Rogers 34 34 53 '7I +0·09 53·So 

40 Big Rocks 64 55 28·25 -0·41 21 ·s4 

41 Piney II9 56 09·04 -0·26 oS·7S 

36 Holmes 310 o6 23·22 -0·48 22·74 
Probable error of a single ohservat.ion of a direction (D. and R.) = ±0"·59. 

Rya11, Kanawha County, \Vest Virginia. November 29 to December 22, 18<)2. 30-centimetre theodolite, 
No. JIS. W. B. Fairfield, observer. 

0 // II " 
59 Simms 0 00 00'00 -0·64 59·36 

54 St. Albans East Base 216 09 15·81 +0·23 16'04 

55 Coal 245 30 30·40 +0·07 30·47 

56 Big Rocks 277 44 18'60 +0·03 18·63 

57. Rogers 282 20 26 ·53 + 0 ·39 26·92 

58 St. Albans \Vest Base 291 54 51 ·14 -o·oS 51 •o6 

Probable error of a single observation of a direction ( D. and R.) = ± 0"·70. 

Rogers, Kanawha County, \Vest Virginia. February 23 to February 28, 1893. 30-centimetre theodolite, 
No. uS. W. B. Fairfield, observer. 

0 II. " 
// 

48 Simms 0 00 oo·oo -0':20 59·So 

49 St. Albans West Base 30 04 39·08 -0·10 3S·9S 

50 Ryan 6-I 45 34 ·27 +0··22. 34"'49 
51 St. Albans East Base 92 22 30·48 --0 ·93 29·55 

52 Coal 147 02 33·78 +1 ·51 35 ·29 

53 Big Rocks 240 30 00·64 -0·50 00·14 

Probable error of a single observation of a direction (D. and R.) = ± 1"·30. 

Coal, Kanawha County, \Vest Virginia. March 14 to March 29, 1893. 30-cen timetre theorlolite, 
No. ll:::i. W. B. Fairfield, observer. 

• 0 

0 II II /l 

42 Big Rocks 0 00 00'00 +0·99 00·99 

43 Piney 32 34 04·93 +0·28 05·21 

44 Rogers 65 55 21 ·51 -I '53 . 19 ·98 

45 Simms 89 49 60·49 -0·56 59·93 
46 Ryan 129 48 22·62 -1-0·15 22·77 

47 Holmes r65 55 04·33 +0·67 05·00 

Prohc:hle error of a single observation r,f a di:-ection (D. nnd Ji.'.)=±• '"66. 



UNITED STATES COAST AND GEODETJ.C SURVEY. 

ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUSTED, A'J'. THE STATIONS 

FORMING THE ST. AI.BANS BASE NET, r88o-8r, 1883, 1891-92-93-continued. 

Su11111u·1-s·ville, Nicholas County, West Virginia. Nove111ber 9 to December s. 1880. so-centimetre 
theodolite, No. 114. A. T. Mosman and W. B. Fairfield, observers. 

No. of 
direction. 

I 

2 

3 

Objects observed. 

Beach 

Ivy 

1'able Rock 

Holmes· 

1 Briery 

Resulting direc-
t~ons from station 

adjustment. 

0 II 

0 00 00'00 

9S s6 ss·36 

132 04 23·34 

rss 27 36·Ss 

339 07 44 ·10 

Corrections 
from base-net 
adjustment. 

II 

-0·27 

+0·29 
--0 '02 

Filial seconds 
in 

triangulation. 

/I 

s8·09 

23 ·63 

36·83 

Probable erroJ;" of a single observation of a direction .(fl. and R.) = ± 011·86. 

I~'.1', Raleigh County, \Vest Virginia. June 14 to June 21, 1881. so-centimetre theodolite, No. 114. 

6 

7 
3· 

4 
s 

A. T. Mosman and W. B. Fairfield, observers. 
0 II II 

1'able Rock 0 00 oo·oo --o·os 

Holmes 6 33 23·49 -j-o·rs 

Summersville sS 22 03·66 -0·09 

Beech 78 34 r9·os 

Keeney 104 44 04·82 

Pig~on 327 S7 II "S4 +o·b9 
Piney 339 33 29·00 -0·10 

Probable error of a single observation of a direction (D. and R.) = ± o11 ·8r. 

II 

S9"9S 
23·64 

03 'S7 

II 
063 

.28 ·90 

Table Rock, Kanawha County, \Vest Virginia. July 19 to ,'\ugust rs, r88r. so-centimetre theodolite, 
No. 114. A~ 'f. Mosman and Vv. B. Fairfield, observers. 

0 ,, II II 

12 Holmes 0 00 oo·oo -·0·03 s9·97 
Creed 7 II 29·86 

13 Summersville 76 37 16 ·12 +0·37 16·49 

q Ivy 162 07 ss·os -6·06 s4·99 

9 Pigeon 2j2 29 39·43 -0·48 38·9s 

l'.'> Big Rocks 299 02 rs·27 +0'·17 IS ·44 

II Piney 302 lS 04 ·12 +0·03 04·15 

Probable error of a single observation of a direction ( D. and R.) = ± 111 ·09. 



TRANSCONTINENTAI4 ·TRIANGULATION-PART I-BASE· LINES, 157 

ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUSTED, AT THE STATIONS 
FORl\IING THE sT; ALBANS BASE NET, 18So-8I, 1883; 189I-92-93-Cci11tinued. 

Holmes, Kanawha County, \Vest Virginia. August 26 to September 27 1 1881. so-centimetre theodolite,. 

No. of 
direction. 

17 

18 . 

19 

IS 

No. u4. A. T. Mosman and \V, B. Fairfield, observers. 

Resplting direc- Corrections 
Objects observed." tio11s from sta tio11 from base-net 

adjustment. adjustment. 

0 II II 

Table Rock ·O 00 00'00 -0·30 

Martin ·' 33. 12"21 

Elk 13 47 2076 

Coal 64 49 

. ~ig Rocks 68 5I 22 ·56 -0·33 

Piney 88 ,W 16·67 +0·50 

Simms 93 18 

Summersville :?So 00 2s·so -0·42 

Creed 307 49 07·41 

l\·y 348 4r r6·93 +0·55 

Final seconds 
in 

triangula tio11. 

II 

59 70 

oS·o.) 

22 ·23 

r7 ·r7 

17 ·05, 

2s ·o,S 

li"48 

Probable error of a single observaticin of a direction ~D. and R.) = ± 111 ·48. 

Pigc·o11, Lincoln County, West Virginia. July 21 to August 5, 1883. 50-ce~timetre theodolite, No. rq 
· A. T. Mosman and \V. B. Fairfield, observers. 

0 f. II " 
:m Pilley 0 00 00'00 -O"I:! 

21 :::.ig Rocks 41 27 17·14 +0·20 

22 Table Rock 94 31 34·23 +0·32 

::!3 Ivy 132 07 07 '02 -0·40 

Davis 296 48 34·59 

Gebharrlt 332 13 32 ·79 

Probable error of a single observation of a direction (D. anrl R.) = ± o'1 ·72 

No. 

FIGURE ADJUSTMENT. 

Obscrr.•atio11 ~·q11atio11s. *. 

o=--0·09+(14)-(13)t (2)- (1)+ (8)- (6) 

2 o=-0·9S+(r6)-(I5)+ (3)- (1)+ (8)- .(7) 

3 0=-0·22+(·17)-(15)+ (3)- (2)+(13)-(12) 

4 o=-0·98+ (27) -(25) + (19) -(17) + (12) - (n) 

5 o=+.1 ·29+ (23) - (22) + (9) - (14) + (6) - (4) 

6 0= -0·33+ (22.) - (20) + (29) - (27) + (II) - (9) 

7 O= -0 '24+ (34) - (30) + (28) - (25) + (19) - (18) 

8 0=-1 ·49+ (41) -(40) + (31)- (30~ + (28) -- (24) 

9 0=+0·54+ (43)- (42) + (3S) - (30) + (28).- (26j 

IO o=+ I "4I -j- (45)- (43)-\- (26) --- (24) + (41) ·- (38) 

11 o= - 2 ·58+ (52) -- (48) + (39) - (38) + (45l - (44) 

12 O= +IP+ (56) - (5S) -j- (46) - (42) + (35) - (33) 

II 

S9"::i8 

r7 ·34. 

34'5S 
o6·62 

*Number of conditions in the net 30; of these 1S relate to ~um• of angles and r2 to ratio or sides. The side equations 
are established with 7 places or decimals in the lo~s. and differen~es for 1'' are cut off at the sixth place, except equations 
24 and =:51 which are carried one place farther. 



No. 

UNITED STATES COAST AND GEODETIC SURVEY. 

FIGURE ADJUSTMENT-continued. 

Obsa·<1alio11 equatio11s-Continued. 

13 0=+0·66+ (59)-- (55) + (46) -(45) + (38) -(37) 

I4 0= + l ·36 + (59) - (57) + (50) - (48) + (39) - (37) 

15 0=+0·13+ (53).- (50) + (57) -·- (56) + (33)-- (32) 

16 O= +I ·65 + (62) - (60) + (51) - (50) + (57) -- (54) 

17 o=-0·46+ (65)- (63.) + (58)-(57) + (50) - (49) 

18 o=-0·69+ (62)- (61) + (~4)- (63) + (58) - (54) 

19 0 = - 15"7 - 2·88(1) +7'75(2) -4·87(3) - lj"02( 6) + 18."32(7) - 1"30(8) - 0·37( 15) + 10·52(16) 

- IO"l5(I7) 

20 o= - r3-:n6(4) + u·'1r(5) - 8·25(6) - 5·g6( n)+ 5·g6(14) + 0·17(20) + 2·57(22) - 2·74(23) 

+ 1"43(27)-1"43(29) 

21 o = - 6·3- 2·SS(1) + 7"75(2) -4·87(3) - 3"36(4) + 4·66(6) - r30(8) -0·37( 15) + 0·42( 17) 

-0·05.(19) + 0·17( 20) + 2·57(22) - 2·74( 23) - 3. 16( 25) + 4"59(27) - r43(29) 

22 O= -4·3 -4·22( 9) + 41"72( IO) - 37".50( :1) - 2·38(20) + 3 ·96(21) - 1·58(22) - 18·25(27) 

+ 20·07(28)--1"82(29) 

23 o= +o·8 -4·22(9) + 5·39( IO)- I"17( I2) -0·81(17) + 6•68(18) -5·87(19) - 2·38(20)+ 3·96(21) 

- q8(22) ·- :q8(25) +.no(28) - r82(29) 

24 o= + 29·8-39·05(24) + lo6·40(26) - 67"35(28) + 1n1(30) + 1r18(31) - 34·E:9(35)-- 2n6(38) 

+ 25·64(40) +.r62(41) 

25 0 = - 112"1 - 39·05( 24) + 97"70(25) - 58·65(26) - 44·27(36) + 42·65(38) + l ·62(41) + 4]'85 (43) 

- 38·80(45) - 9·05(47) 

26 o = + 4·5 ~ 9·77( 25) + r6·5rp6) -- 6·74(28) + r ·77(30) + 4171(34) - 43 ·48(35) + 29·83(42) 

- 4·78(43) - 25·05(47) 

27 o= + 7"5 - 3·6:?(31) + 9·21\32) -S-59(35) - 13·23(38) + 16·82(39) -3·59(40) - 0·94(42) 

+ 5·69(44) - 4"75(45) 

28 0 = + 3"9- 3·62(31) + 48·98(32) - 45·36 (33) - 3•o6(37) + 6·65(39) - 3·59(40) -.26·16(56) 

+ 26·62(57) -0·46(59) 

29 o= + 4·2 - 3·62(31) +_9·21(32) - 5·59(35) -:3·o6(37) + 6·65(39) -3·59(40) -0:94(42) 

+ 1"97(44) - 1"03(46) -- 2·81(55) + 3·27(57) - 0·46(59) 

30 o=-3·9-r62(49) + 2·73(50) -I"Il (51) -0·53(54) + 12·48(57)- n·95(5::i)-8·50(6o) 

+ 9·05(61) - 0·55(62) 

Cori-daft' eq11atio11s. 

Correc- C, Co Ci C4 Cs c6 c Cs C9 Cro C,, c •• tion~. 7 

( l) -I ·-I 

(2) +1 -I 

(.>,) +1 +1 

(4) -I 

(5) .... -··· 
(6) -I +1 • 
(7) -I 

(Sl +1 +1 

(9) +1 -I 

CI3 



TRANSCONTINENTAL TRIANGULATION~PART I-BASE LINES. 1 59. 
FIGURE .ADJUSTMENT-continued . . 
G>ndate eq11ativ11s-Conti11ued. 

Cr,rrec_I C, c. C3 . C4 Cs .c. C1 Ce . C9 C1., C,. C,. C,1 tions. ! 

(IO) . ·.·· .... .... 
(II.) --I +r 
( I:?) -:I, -t-1 
( 13) -I -t: 

( 14) +r -r 
( 15) .... ·-.I -I 

(16) +r I 
( 17) +1 -I 

(l,18) -I 

(19) +r +1 
(20) -r .... .... .... .. .... 
( 21) 

( :u) -·1 +r 
(23) ·I r 

"(14) -I --1 
( 15) - 1 -I .... .... 
116) -I +r 
( 17) f L -I 

( :?S) +r +r +r 
( 29) +1 
(30) .... -I .-l -;-I .... . ... . ... .. · 
(31) +r 
(3:?) 

C>Jl -I 

(34) I +1 
(35) i .. · .. +r +1 
(36) I 
(.>7) I -i 

(38) 

I 
-I -I +r 

U9l +1 
. (46) -I 

(41) 

·I 
+1 +r 

(4:?) -I -I 

(43) 

I 
+r -I 

(44) -I 

(45)· .... . +1 +r -I 

(45) . i +r +1 
(47) I (48) -r 

{49) I (50) ..... .... .... . ... 



160 UNITED STATES COAST Al'ID GEODETIC SURVEY. 

FIGURE ADJUSTMEJ:lT·-continued. 

C'orrdale eq11alic•11.s-Co11tinued. 

Correc- C, c. c, c. Cs c. c, Cs Cg Cro c .. c .. C,1 lions. 

(ST) 
(52) +1 

(53) 

(54) 

(SS) -1 -I 

(56) +1 

(s?l 
( s~il 
(S9) +1 

Co1:rdate o:q11atio11s - Continuecl. 

Correc- C,4 C,s C,6 c,, C,s C,o C,,, c .. Coo . ti•JllS. 
--------- ---·--

(1)· - 2·88 -2 ·ss 
(2) ·I 7 '75 +i '7S 

(Ji -- 4 ·87 -4·87 

(4) - 3·36 -3 ·36 

(S) +11 ·61 

(6) .... l/'02 - 8·2s -4·66 

. ( 7) j 18 ','\2 

(S) ·-- I'30 -1 ·30 

(9) - 4'"" --
(IO) +41 ·;2 
(11) - 5·96 -37'50 
( 12) 

( 13) 

. ( "') + 5·96 

(IS) I ..... ..... ·- o·.37 -0·37 

(16) j 10·52 

( 17) -10·15 +0·42 

(18) 

( 19) -0·05 

(20) + 0·17 +0·17 - 2·38 

( 21) + 3·96 
(22) + 2·57. +2 '57 I 'S8 

( 2.)) - 2·74 - 2 ·74 

( 24) 

( 2si -3·16 

(26) 
I 

(27l . I + I '43 +4'S9 -18·25 
I 

+20'07 (28) 
., 
I 



TRANSCONTINENTAL TRIANGULATION-I' ART I-EASE LINES. 161 

FIGllRE ADJllSTMENT-COllti11ued. 

Correlate t•qualio11s-Continued. 

Correc- c:,. C,s C,6 C17 C,s C,g Coo Co, C,, tions. 

(:?9) I '43 ... r·.B I ·i)2 

(30) 
(31) 
(32) -I 

(3:;) +1 
(34) 
(35) 

(36) 

(37) 
(38) 
(.wl +r 
(40) 
(41) ' 
(42) 
(43) 

(44) 
(45) 
(46) 
(47) 
(48) -I 

(49) -l 

(50) +1 -I -I ·t· I 
(51) +r 
(52) 

(53) +~ 

(54) -I -I 

(55) 
(56) -I 

(57) -I +r +·r ,-. I 

(58) -! . [ Ii 

(59) +1 
(60) -I 

(61) -· I 

(62) +1 -j-r 

(63) -I -I 

(64) +r 
(65) +r 

18732-No. 4-_ -II 



1()2 UNITED STATES COAST AND GEODETIC SURVEY. 

FIGURE ADJUSTMENT-continued. 

G>rrdat,· t:qi1citio11s-~~ntinued. 

C?rrec-1 
tlt)ll~. 

C,3 c ••. Cos .c." C.7 Cos C,9 CJO 

-(1_J_I 

(:!) 

(3) 

(4) 

(5) 
(6) 

(7) 

(S) 

(9) -l ., > ·- --
(IO) -;-5 ·39 

(II) 

(I:!) --! ·17 

(13) 

(14) 

(15) 

( 16) 

(17) -0·81 

( 18) +6·68 

(19) -5 ·87 

(20) -2·38 

{.:!I) +3"96 
(22) -1 ·5s 

( 2,;) 

(;:q) - 39·05 -39 ·05 

(25) -2·4S +9i"70 - 9 "77 ..... 
(.:!6) +w6 ·40 -58 ·65 +16 ·51 

(27) 
(.:!S) +4·30 - 67 ·35 - 6 ·74 

(29) -I ·82 

(30) + I 7 "71 + I ·77 

(Jr). + 17 ·18 - 3·62 - 3·62 -3 ·62 

(32) + 9 ·21 +48 ·98 +9"21 

(33) -45 ·36 

(34) +41 "jf 

(35) - 34 ·89 -43 ·48 - 5·59 .... -5·59 

(36) -44·27 

(37) - 3·06 ~3"06 

(38) - '27 ·26 +42 ·65 -13 ·2 .. 1 

(.39) +16·82 +. 6 ·65 +6··65 

(40) + 25·64 - ·3 ·59 - 3·59 -3·59 

(41) + 1 ·1j2 + l •fo 



TRANSCONTINENTAL TRIANGULATION-PART I-BASE 

C?!TE:C-1 
tlOllS. 

Co3 

(42) 

(43) 

(44) 
(45) 

(46) 

(47) 
(48) 

(49) 
(50) 

(51) 

(52) 

! s.;l 
(,54) 

(55) 

(56) 

.(Si) 

(58) 

(59) 
(60) 

(61) 

(6::!) 

C, 

0=-0'09 ·+6 

-0·9'3 
-0·22 

-0·98 

+1 ·29 

--0 ·33 

-0·24 

-T ·49 

c •• 

Co c, 

-2 

+2 

FIGURE ADJUS'l'MENT-continue1l. 

Lo1:rdatc ev11alio11s-Completed. 

c~5 Co;, Co, Cos 

+29 ·s3 •:0'94 

+47 ·ss - 4 ·7~ 

+ 5 ·69 

-38 ·&o - 4 '75 

- 9·05 -2.;·05 

-·26·16 

·i :!.6 ·62 

.. - c ".::t!? 

1\T~1rm1tl <'q11ati,J/ls. 

.c. c, Cc; c, c C9 c, .. 

-2 

-2 

·-·-2 

+6 ···:l 

16 
+6 +2 +::! 

+6 +1 +2 
+6 -2 

LINES. IO' . ~, 

c,,., c .... 

-0·94 

+r '9i 

-I "OJ 

l '6:! 

+ , ·- .. - /.) 

I 'JI 

- (1 ·.;.:. 

-.2'8I 

t 3 ':?j +11 ·4.~ 

-TT ·95 

. () ·40 

·-S ·50 

+9'0 5 
--0 ·55 

ctt C,, Ct 3 

+o·.;4 

+1·41 
-2 ·58 

+T ·52 

+0·66 

+6 +z -2 

+6 -2 

+6 +2 
+6 



164 UNITED STATES COAST AND GEODETIC SURVEY. 

FIGURE ADJUSTMENT--continued. 

1\Tormal ,·q11ati"o11s-<:;onti11ued. 

c,. C,s c,6 C1 7 C,s C19 C-::-, (,, C,,,, 

- 0·09 +26 ·35 +q. ·21 + 4·67 

-.0·9$ --I0"]2 - 2·92 

- 0·22 --22 ·40 -II ·83 

- 0·9S +ro ·rs +7·39 + r2S +19 ·25 

+ I "29 -17 "O:? -16·16 + 2 "]I - 2·64 

- 0·33 - 6·42 - _; ·62 -16 ·os 

- 0·24 I + 3 ·u +20·07 

- I ·49· +20·07 

+ 0·54 --f-20·07 

+ l ·41 

- 2·58 -j-:? 

+ r-52 

I 
-2 

+ 0·66 +:i 

o=+ 1·36 +6 ·-2 -2 +2 
+ 0·13 +6 +2 -- 2 

+ I ·65 -t--6 -·· :i 1 ·• 
·- 0·46 j 6 I . 

- 0·69 : ' .,) 

-15 ·7 +932 ·90 ·I qr·,·,p I JO ·_:,2 

- I ·3 +303"42 4·40 + 195·54 
- 6 ., 

.) -j-174·33 85·63 
- 4·3 +3 927·64 

1V,;>r111al ,·q11atio11s-Continued 

c.3 C,4 c.; C,.; c.7 C~s c.,, C10 

0'22 +0·36 

0·98 -3 "75 - 97 ·70 + ' 9 ·77 

+ l "29 -2·64 
0 ., , .,_, +3 ·20 

0·24 -s "77 - 85·06 - 97·70 + 42 ·97 

l ·49 +4"30 - s2 ·ss + 40·67 - $·51 - 0·03 - 0·03 -0·03 

+ 0:54 -t--4·30 -226 ·35 +w6 ·50 -!03 'II -- '4 ·.S5 --4 ·65 

+ I ·41 +174 ·,;3 -q.7 ·2s + 2I "29 + 8·48 

2·5S + 27·26 - Sr ·45 +19·61 + 6·65 +4·6$ 

+ I "52 - 34·$9 - 73·31 - 4·65 +19 ·20 · -2 ·S7 

+ 0·66 - 27·26 + 81 ·45 - 8·48 + 2·6o +4 ·,;8 

+ l ·36 +r6 ·82 -Ii ·37 +s·9~ - 9 "75 

+ 0:13 ...... - 9·21 -41 ·56, -5·94 + 9·75 

+ l ·65 +26"62 +3 ·27 +17 ·12 
0·46 -26 ·62 -3 ·27 -2o·o8 

0·69 -21 ·02 



TRANSCONTINENTAL TRIANGULATION-PART ·!---:-BASE ·LINES. 165 

15 "7 
I ·3 

6;3 

4·3 

c.3 

+s·2::? 

-1 ·86 

+5-'93 

+356 ·13 

+1i9 ·76 

-I 

-

. FIGURE ADJUSTMENT-completed. 

;Vormal ccq11atio11s,-Completed. 

c., · C,5 : C~o L::i 

-3o8f~ + 30·$7 

351 ·7r -135·17 

289·60 -242 ·30 - 4 '73 

Coa c.9 C;io 

o=+ o·8 

+ 29·8 +20 6II "12 - 5 875:48 + 3 .758 ·65 . +:1.or ·45 ·-:154 ·24 + 40·80 

-ll2 ·1 

+ 4"5. 

+ i ·5 

+ 3·9 
..L 4 ·2 I 

3·9 

+2? ·168 ·45 - C 925. JO -379 ·96 

+~ 586·94 +2r5 ·01 +215 ·01 

-!--655 ·S3 +5ss ·cj5· +266 ·or 

+5 929 ·.u -t-617 ·94 +332 ·22 
+i20 ·28 + 40 ·Sr 

+464"'6o 

Resulting values of correlates and of c1)rrecti9ns to angular directions: 

C,=-0·272 
C.=+o ·294 
C3=+o"E'98 
C4=+,.:i ·130 

C5=-o ·2154 
C6=+o '•)t).:! 

C7=+0·694 
Cs=+o ·648 

"(I )=-0 ·267 
.. (2)=+0 ·20 
(3)=_:0·022 
(4)=+0·087 
(5)=---:o ·096 
(6)=-0·050 

. (7)=+0·148 
(8)=-o·o88 
(9)=-0·483 

{ IO)=+o "171 
(11)=+0·030 
( I:!)=-0 ·031 
( 13)=+«? "3i0 
( 14)=-·0 ·057 
( 15 )=-0 ·424 
(r6)=+0·548 
(17)=-0·295 

C' 9=-l ':?I2 

Cro=-0 ·928 
Cu=+ I ·5'12 
C,.=--o ·556' . 
C,!=-i-o ·64:? 
L14=-I ·307 
C, 5==~o ·499 
c.6~_..:o ·s65. 

(r8)=·-o-·332 
(r9)=+0·503 
(20)=-o·n5 
(·21 )=+o ·20,3 
(22)=+0·316. 
(23)=-0·403 
(24)=-o ·2n 
(25)=+0·205 
(26)=-o ·391 
(27)=+0 :449 
(28)=+0 ·181 
(29)=-0 ·i"67 
(30)=-o ·024 
(31 )=+o ·863 
(32)=-o ·024· 
(33)=+0·201 
(34)=-o ·591 

C17=+0·005 
c;s=+o·ilos 

. C,9=+0 ·024 I 

Coo=-0 ·008 24 
C,.=+o ·061 o 
c •• =-:-o ·002 9r 
c.,=+o ·054 2 

c.,=+o ·003 45 
: /1 

(3s )~-o ·426 
(36)=-0·47s 
(37)=+0·849 
(38)=+0. 197 
(39)=+0 "C'94. 
(40)=-o ·406 
(41 )=-0 ·257 
(42)=+0·987 
(43.l=+o ·~So 
(44)=-I ·526 
(45)'""':._o ·559 
(46)=+0·145. 
(4i)=+o ·674 
(48)=-o ·205 
(49)=-0·099 
(50)=+0 ·221 
(51 )=-0 ·930 

· :S of + corrections II · n6 
~ of _..'.. correctioiis II ·226 

Cl~eck: [P<•i 1] = + q ·199 
- [;c•C] = + 14 ·207 

(:::!5= to ·010 ~ 

c •• =--o ·030 s 
· C,7=+o ·01 7 2 

. Cosc=-O ·003 18 
C-==9=-o ·o.si o 
C3-:.=-f-o ·o,<;8 2 · 

.'/ 

(52)~+1 ·512 
(53 )=-0 ·499 
(54)=+0 ·229 
(55)=+0 ·074 
(56)=+0 ·026. 
(57.)=.f-o ·393 
(58)=-o ·c>S5 
(59)=--,o ·638 

. (6o)=+o ·3io 
(~! )=-·O ·079 
(62)=-o ·291 

(63)=-g_·610 
(64l=+o:6os 
( 65 )=+o ·005 

Mean error of an observed.· diredio11 m, "== · f [P<'<'] = ± o" ·69 ~vhere /1 =number. of conditional v I/ . 

equations: mean error of an a11g/i: 111 < = m, y2 = ;±: 011 ·98; also probable error of the same=± o" ·66. 



166 UNITED STATES COAST AND GEODETIC SURVEY. 

TRIANGLES OF THE ST. ALBANS BASE NET, WEST VIRGINIA, I880--r893. 

No. Stations. 

I. Ryan 

.l St. Alban;; East Base 

St. Albans \Vest Base 

Observed angles. 

0 // 

75 45 35 ·33 

75 I7 23·46 

28 57 00 ·54 

r Rogers 

2 ·l St. Albans West Base IOJ 47 

St. Albans East Base 13 54 

59·33 

sr ·40 

39':?! 
31 ·28 

01 ·89 

Ryan 66 II IO '7::! 

St. Albans East Base 89 11 54 ·74 

Rcgers 

Rogers 

St. Albans West Base 

Ryan 

J Coal 

5 Rogers 

l Ryan 

I. Simms 

6 l Rvan 
Rogers 

r Simms 
7 · Coal 

l Rogers 

r Simms 

8 l Ryan 
Coal 

f Big Rocks 

. 9 ) Ryan 
. Coal 

f 
IO I 

Big Rocks 

Simms 

Ryan 

24 36 56·3r 

or ·67 

37 40 55 'I9 

I,;2 44 39 ·75 

9 34 24·6r 

59·55 

63 53 or· II 

79 16 59'5I 

36 49 56 ·13 

56·75 

.34 34 5_; ·7r 

77 39 33 ·47 

67 45 34 ·27 

OI ·45 

9 02 44 ·69 

23 54 3s·9s 
r47 02 3.3 78 

57·45 

~s 32 09·02 

II4 29 . 29 '6o 

39 58 22 ·r3 

00 '75 

17 57 50 '79 
,;:? ·I3 48 '20 

1"29 4:> 22 ·62 

OI ·6r 

32 48 53 ·17 

64 55 28 ·25 

82 15 4r ·40 

02·82 

Correc- Spher- Spher-

tions. m:~f ~s .. e~~:!s. 
II " II 

-0 ·,;l 

-0·21 

35 '02 0'00 

23 '25 0 'OJ 

or '75 o ·or 

-o ·S3 50 ·57 

-o '6o 38 '6I 

-0·45 30 ·83 

0·02 

o·oo 

O'Ol 

o·oo 

O'OI 

-t-o'I6 10·88 o·or 

-0·66 54·08 0'00 

-I ·rs 55·06 O'OI 

-f-o '32 55 '5 I 

+o ·62 40 ·37 

-o ·48 24 ·13 

0'02 

0'00 

O'OI 

0'00 

o·or 

-!-1 ·67 02 '])) 0 'OJ 

+I ·30 6o ·Sr o ·02 

-t-u·32 5~'45 o·or 

0·04 

-0 '76 52 ·95 0 ·03 

-I ·03 32 '44 0 '03 

+0··43 34 70 0 ·03 

o·og 

-o 'Io 44 ·59 o ·or 

+0·97 39·95 o·or 

-l-1 ·71 35·49 o·or 

0·03 

-0·65 08·37 0·03 

-0·7r 28·89 0·03 

+0·70 22·83 0·03 

0·09 

-o·.J_; 5o·I6 0·03 

-o ·05 48 ·15 0 ·03 

-0·84 21 ·78 0·03 

0"·)9 

-0·66 52·51 o·o8 

-1 ·26 26 ·99 o ·08 

-o ·66 40 '7-1 . o ·as 

0 ·24 

Logs. 

3 ·587 756 2 

3 ·586 836 6 

3·286 203 6 

3 ·587 756 2 

.3 ·627 920 6 

3·021 5I6 3 

.3 ·627 920 6 

3·666 52r 8 

3 ·286 203 7 

3·586 836 6 

.3 •666 521 8 

.3 '021 5I6 2 

3 ·666 521 8 

3 705 6-19 9 

-' ·49r i:X?2 6 

3·666 521 8 

,; ·902 .'44 7 

'3 ·878 923 I 

Distances 
in metres. 

3 870·-103 

3 862·22 

I 932·87 

3 870 ·403 

4 245 ·-12 

I OSO '79 

4 245·42 

4 6-10·04 

I 932 ·87 

3 862·22 

4 6-10 ·04 

I' 050 '79 

4 640·04 

5 077·50 

3 097 ·s1. 

4 640·04 

7 986·28 

7 566·99 

·3 ·49I 062 6 3 097 ·87 

3 ·902 :;4-1 -1 7 986 ·2s 

4·030 152 l IO 7I8·95 

3·705 6-19 9 

4·030 152 3 

3·878 923 0 

3 ·705 6-19 9. 

3'943 497 8 

4 ·101 993 4 

3•878 923 I 

4 'IOI 993 7 

4 ·qr or3 o 

5 077·50 

IO 7r8·95 

7 566•99 

5 077 ·50 

s 780·07 

I2 647·17 

7 566·99 

12 647·18 

13 836 ·as 



TRANSCONTINENTAL TRIANGULATION-PART I-BASE LINES. 167 

"TRIANGLES OF THE ST. ALBANS BASE NET, WEST VIRGINIA, r8Sc-I893-Continued. 

No. Stations. 

f ~~g Rocks .. 
11 l :Simms 

Cqal 

Big Rocks 

Simms 

Rogers 

·1· Big Rocks 

i",3 Rogers l Coal 

,, l Big Rocks 

Rogers 

Ryan 

r Piney 

15 l Simms 
Coal 

l 
Piney 

r6 Simms 

·Big Rocks 

r - r 
I 1 

Piney 

Coal 

Big Rocks 

Holme~ 

Big Rocks 

Piney 

Holmes 

Coal 

Simms 

Observed angles. 

0 ,, 
50 46 43·96 

39 :?3 19 ·23 

89 49 6o·49 

03·68 

30 09 27·33 

:,o 20 34 ·54 

I 19 29 59 ·36 

OI ":?J 

:.:?O 37 16 °63 

93 27 26 •86 

65 55 2r ·51 

05 ·oo 

2 39 25 ·s.i. 

172 .J.4 26 ·37 

4 36 07 ·93 

00 ·q 

28 20 06 ·35 

94 ~3 60 ·02 

57. 15 55 ·56 

01 ·93 

45 41 44·19 

55 00 40 79 
79 17 3.j.·08 

59·o6 

17 :!I 37 ·84 

,;2 3.J. 04 ·93 

l30 04_ 18 "04 

oo··8r 

19 .j.2 54 "II 

120 or 36 ·30 

40 IS 30 ·41 

28 2':) 

76 05 03 ·s.i. 

75 25 45 ·So 

Correc- Spher
ical 

tions. angk:s. 
II " 

SJ?her-
1cal 

excess. 

" 
-I·29 42·67 o·os 

-0 '60 18 ·63 0 ·oS 

-I ·55 58 ·94 (> ·08 

o·:q. 

-0·89 26·.i.4 0·05 

-0 ·50 34 ·04 0 ·05 

+o ·30 59 ·66 o ·04 

0 ·q 

-0".j.l 16"22 0"02 

-2 ·or :q ·s5 o ·02 

-::! "5.:? 18 ·99" 0 "(tJ 

+0·22 26 ·06 

-0 ·72 25 ·65 

+o ·37 oS ·30 

o·o6 

1) "(x) 

0·01 

(I "(II) 

o·or 

-u· ·u o6 ·24 o ·r7 

-o ·46 59 ~56 o ·1s 

-o ·84 54 72 0 ·17 

0·52 

+o ·46 44 ·65 o ·rs 

-to ·1_5 40 ·94 o ·rs 

-to ·88 34 ·96 o ·r9 

+0·57 

-071 

-() ·40 

cq ·2 .. .1 

17·64 

+o ·83 54 ·9.i. 

-,-o ·57 35 "73 

-o ·o~ 30 ·39 

0·55 

0·09 

0·09 

0·09 

o ·,;5 

0·36 

0·35 

I ·06 

09 ·02 0 ·19 

-tI ·23 05 ·07 0 ·19 

+o ·6S 46 ·48 o ·19 

I) ·57 

Logs. Distances 
in metres. 

4 ·030 152 2 IO 71~ ·95 

3 ·943 497 7 s 7&0 ·o6 

4·r4r 012 s 13 836·07 

3 ·902 _;44 6 

3·904 754.9 

4_"141 QI.:! 9 

3·49I 062 6 

3·943 497 s 
3·904 754 9 

,; 

0 666 521 ::; 

4 "IOI 993 I 

·' ·904 755 3 

4·030 151 2 

4·_;5~ 518 6 

.j. ·278 6cp 4 

3 097·S7 

f; 7So~o7 

s 030 73 

·I 640·04 

u 647 ·rs 

8"030 ·74 

IQ 718 ·95 

22 517 ·42 

is 997·24 

.J. ·141 0!2 9 13 S36 °<•7 

.i.·199 742 8 15 839·55 

.i.·278 690 6 18 997·24 

3·943 497 s 
.j. ·199 7.J.:? 7 

4·352 518 8 

4 °I99 j.j.2 s 
4_·609 o83 9 

.j. ·482 059 9 

4 ·0.30 r52 2 

.j. ·338 751 .j. 

4 ·337 .J.90 9 

8 780 ·07 

I5 839·54 

22 5T7 "4.) 

15839·55 

40 652 "I9 

30 343 ·10 

IO 7r8·95 

21 Sq ·Sr 

:ir 751 ·59 



168 UNITED STATES COAST AND GEODETIC SURVEY. 

TRIA.NGJ.ES OF THE ST. ALHANS HASE NET, WEST VIRGINIA, .rSSo-1893-Continued.· 

Observed ·angles. Correc- Spher- Spher-
Distances Nu. 5tations. tions. ical ical Logs. in metres . . angles. excess. 

0 / /I I/ /I II 

J Holmes 4 02 r4·20 0·04 3·943 497 s 8 7So·o7 
20 Coal 165 55 04 ·33 .-0·31 o..i·o2 0·04 4·482 059 s 30 343 ·09 l Big Rocks +o·r6 

I 
IO 02 41 "74 41 ·90 0·04 4"2'37 491 0 21 ·?SI "S9 

0 "12 

,. I Holmes 4 43 59·89 o·o6 4 ·278 690 5 IS 99i·24 
Piney s 26 r3·7S +0·48 14·26 o·o6 4·338 7Sl 2 2I Sq ·So 

Simms 169 49 4s·82 +0·22 46·04 0·07 4 ·6o<J o83 6 40 6s2 ·16 

0 ·19 

{ Tobh-Rock S7 44 55·88 -o·o6 5s·S2 0·92 4·009 083 9 40 652 :19 
22 Piney 33 40 49·22 +0·24 49·46 0·92 4·42s 805 7 26 6s6·66 

Holmes 88 34 16·67 +0·80 17 ·47 0·91 4·681 725 0 48 053 ·so 

01 ·77 2·75 

J Pigeon 9.J. 31 3.J. ·23 +0·43 34·66 o·8r 4·681 725 0 48 os3·so 
23 Piney 55 43 OJ ·16 -o·6r 02 ·55 0·80 4·6oo 201 9 39 829·23 · l Table Rock 29 45 :q. ·69 +0·51 25 ·20 o·So 4 •378 842 6. 23 924 ·49 

02 ·os 2·41 

J Big Rocks 89 24 21 ·65 0·25 4•378 842 6 23 924 ·49 
24 l Pigeon 41 27 17 ·q +0·32 Ii ·46 0·24 4 ·199 742 9 15 839 ·55 

Piney 49 oS 21 ·97 -0·35 2I ·62 ") ·24 4 ·257 s6r 3 IS 095 "II 

0 "73 
J Big Rocks JOO 2' 07 "77 0·48 4·6oo 201 9 39 829 ·23 _, 

25 Table Rock :!6 32 35·84 +0·65 36·49 0·49 4 ·257 561 2 IS 095 "II 

I. Pigeon 53 04 17·09 +o·rr 17·20 0·49 4 ·510 131 () "32 369 ·1-~ 

I ·46 

r Big Rocks 50 ]() 54 ·S7 0·64 4 "•J.25 So5 7 :26 656 ·66 
:."?6 Holme~ 68 51 22 ·56 -0·04 22·52 0·64 4 ·510 IV 0 32 369 ·13· 

1. Table Rock 60 57 44·73 -0·20 44·53 0·64 4·482 059 9 30 343 "IO 

I ·92 

J Big Rocks 170· 12 30·59 o··oS 4•681 p.5 0 4S ·05,3 ·50 
27 Pinev 6 34 41 ·19 -0·27 40·92 0·07 4 ·510 I,~l 0 32 369 ·13 l Tabl~ Rock 3 12 48·85 -o·q 48·71 0·07 4 ·199 742 8 15 839·55 

0·22 

{ Pi""" 22 53 52 ·57 ~o·6o 51 ·97 0·30 4 ·337 490 9 21 751 ·59 
28 Holmes 23 45 09·14 0·30 4·352 s18 s 2? 517·43 

Coal 133 :!O 59·40 +0·39 59"i9 0·30 4 "6o9 o8~ s 40 6s2 ·is 

0·90 



TRANSCONTINENTAL TRIANGULATION-PART I-BASE LINES; 169 

TRIANGLES OF THE ST. ALBANS BASE NET, WEST VIRGINIA, r880-r893-Completed. 

Observed angles. Carree- SJi>her- S]?her-
Logs. Distances No. Stations. tions. teal 1cal 

in metres. angles. excess. 

0 I II II II I/ 

r· Holmes 24 26 .... 54 ·83 0·23 4·qr 012 9 13 836·07 

29 l ~~g Rocks 40 44 0.::? "22 . -.r ·45 00 "77 0·23 4·338 751 5 :!I Sq ·Sr 
::iunms II4 49 05 ·03 +0·07 05 "IO 0·24 4·482 059 8 30 .H.' ·09 

. 070 

[ Ivy 32 02 48·46 -o·q 48·32 l "45 4 •ti<Jo wr 9 39 829·23 
30 Pigeon 37 35 3:? 79 -072 .32 ·07 I ·45 4;660 783 ::? 45 79r ·33 

Table Rock lIO :!I 44·3S -0·43 43·95 r "44 4 ·847 408 2 70 373 ·34 

05·63 4 ".34 ! Ivy 
20 26 31 ·oo +0·05 31 ·05 I "I9 4·681 725 0 48 os3·50 

3r Piney 19 ::?6 23 ·.~7 l ·19 4 •66o 7.\; I) 45 791 ·31 
Table Rock 140 07 o9 ·or -+ 0 ·09 09·16 I 0 .::?0 4·945 576 .3 SS 221 ·ss 

3·58 

,2 J 
Ivy JI 36 17 ·46 -··o·r8 17 ··28 l •o6 4·378 842 6 23 924·49 
Pigeon 132 07 07·02 - ·0"29 o6 7.3 l "05 4·945_576 7 s::; 221 ·96 

- I. Piney 36 16 39 ·16 r ·o6 4·847 408 4 70 373 ·3$ 

3·17 r Iw 26 59 54·49 ·f-0 ·24 54 7_; 2·43 4•609 oS3 9 . 40 652 ·19 

33 l Piney 53 07 12 ·85 2·43 4·855 "99 I 7r 630·6$ 
Holmes 99 52 5974 --0·04 59 "70 2·42 4·945 576 5 SS ::?21 ·92 

7·28 

34 l Ivy 6 33 23 ·49 +0·20 23·69 0·32 4·425 805 7 26 656·66 
Table Rock 162 07 55·05 -0·02 55 ·o., 0 ~31 4·855 099 I 71 6_;o ·68 
Holmes II 18 4:3 ·07 -o·S4 ..i.2·23 0·32 4·660 783 2 45 791 ·,;3 

or ·61 0·95 
J Snn1111ersvill" 36 07 24·98 +0·56 25 "54. 2·55 4•66n ;S3 2 4.'i i9 1 ·33 

35 hy 58, 22 03"·66 -0·04 03 ·62 2·55 4·820 429 8 66 134 76 l Table Rock 85 30 :18 ·93 -0·43 38·50 2 ·56 4 ·SSS cqS 7 i7 .:,37 ·04 

<J7'57 7·66 
J Summersville ,, 2_, 13 ·51 -0·3r 13·20 I ·45 .4·425 805 7 26 651)·66 

__ , 

36 l Table Rock 76 ,;7 16 '12 +0·40 16'52 r ·45 4·81~ 138 7 65 333 ·92. 
Holmes 79 59 34·50 +0·13 34 ·6,:, l ·45 4·820 429 s 66 134 76 

04 ·13 4·35 
( Sunim<ra>ill< 59 30 .~s ·49 +0·25 38 74 3 •6g 4·S55 099 l 71 6,,0 •15.'3 

37 IYy 51 48 40 ·17 -0·24 :'>9"93 3·6g 4·815 138 7 . 65 333 ·92 
Holmes 68 .40 5r ·43 +0·97 52 ·40 3·69 4·888 948 6 77 437 ·02 

10·09 ll ·07 



170 UNITED STATES COAST AND GEODETIC SURVEY. 

PROBABLE ERRORS. 

Ddr:n11i11atio11 c~f tlie probahtc r:rrc>rs of tile lt;11gtll <~(tile sides co111111011 to tile 11d 1111d to tilt· adjacent 
dwi.'!S c!f tria11g11!alio11. 

For the side Sum1.nersville to Ivy, as adjusted, we make use of the expression-

Summersville to Ivy 
- St. Albans Base. 

sin (16-1s) sin !s-7+16-I9) sin (34-30) sin (43-4~) sin (53-52) 
sin (3 - 1) sin (7 -5) sin (_ 19- 18) sin ( 28- 26) silt (3S -32) sin (46- 4,i) 

sin (S7-S5) sin (6~ -6o) sin (64-63) 
sin (SI -so) sin ( 58 -54) .• 

hence the function-

F =log sin ( r6- IS)+ log sin (5 - 7 + 16 - I9) + log sin (34 - 30) +log sin (4.~ -42) + log sin 
· (S,\ - 52) +log sin (57-SS) +log sin (62 - 6o) +log sin (64-6,\) - log sin (3 -1) -log 
. sin (7 -5) - log sin ( 19 - 1S) - log sin (28- 26) - log sin (.~5 -32) - log sin (46-44) -
log sin (SI - 50) - log sin (S8- 5-1-). . 

Establishing and solving the transfer equations ·we get the reciprocal of the weight 

~-= 32·3so, also the mean error mp and the probable error rF. both expressed in units 

of the sixth place of decimals in their logarithms, viz: ± ;.; ·92 and ± 2 ·64. respectively; 
hence log. distance Summersville to Ivy 4·SSS 948 6 and the distance 77 437·02 metres. 

± 2 6 ±0·47 
The probable error is about 165

1
000 part of the length. 

· To this must be added the proportional error depending upon that of the base 

measure, or 0·003 5 Y. 17 437 - ± 0·07 metre; hence 
3 870 

Probable error of length of side Summers·;r.ille to Ivy ""(0·47 )0 + (.·0·07 l" = ±0·48 
metre. 

For the side Piney to Pigeon we use the expression-

Piney to Pigeon_ sin ( 20 - '.!I+ '.!8 - 29) sin (43 -42) sin (S3 - s2) sin (S7 - s5) 
St. Albans Base- sin (21 -20) sin (28-26) sin (3s-32) sin (46-44) 

sin (62-6o) sin (64--63) 
sin (51 - 50) sin (58- 54) 

F =log sin (20- 21+28-29) +log sin (43-42) +log sin (53-s2l +log sin (Si-SS).+ log 
sin (62 - 60) +log sin (64-63) :-- log sin (2r - 20) - log sin (28 - '.!6) - log sin (~S - 32) 
- log sin (46 - 44) - log sin (SI - so) - log sin (58 - S4). 

Establishing and solving the transfer equations we get~ = 22 "696; also /11 F = 

± 3·2s and rF = ± 2'"2r: hence log. distance Piney to Pigeon 4·378 S42 6 and distance 
' ± 2 2 

23 924·49 metres. The probable error is about Hil\loij part. \Ve add to this the 
± 0·12 

' ?·• 924 
proportional error arising from the base measure, or 0·003.s X ~= ± 0·02 metre; 

3 u70 ' 
hence-

Probable error of length of side Piney to Pigeon ~(0"12 )" + (0·02 )° = ± 0·12 metre. 
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GENERAL DESCRIPTION OF STATIONS FORMING ST. ALBANS BASE NET, WEST VIRGINIA. 

St. Albans East Bas,', ·:Kairnwha County: established by \V. B. ·Fairfield in 1891. 
This station is situated about 2 miles east of the Chesapeake and Ohio Railroad station 
in the town of St. Albans, about 150 feet west of the west bank of Swindlers Creek and 
60 feet north of the north rail of the ma"in line of the Chesapeake and Ohio Railroad 
track. ·It is in the southeast corner of a large field belonging to Mr. Samuel Shrews
berry. The geodetic p(lint is marked by a copper bolt \-;,·ith fine hole drilled a"t t11e 

intersection of cross lines cut on it in the top of a limestone post 6 inches square and 2 

"feet long, buried with its top <\- feet below the surface. Over this was placed a concrete 
block 3}f feet square and r foot thick, having a hole 9 inches square in the center. On 
this foundation was placed a monument of Indiana limestoi1e 18 inches square and 4 
feet high, the upper foot. projecting above the surface of the ground and being cut in a 
pyramidal form with a copper bolt in its apex. A fine hole, ·drilled at the intersection 
of cross lines cut on this bolt, marks the geodetic point. 

St. Alba.us T+cst Base, Kanawha County; establi.shecl by W. B. Fairfield in 1891. 
This station is situated iu the town of St. Albans, on the we~t side of First street, 60 
feet north of the north rail of the main line of the Chesapeake and Ohio Railroad track 
and on the line of the fence forming the eastern boundary of the land belonging to 
Mr. Daniel J. Lewis, who lives in the brick house on this lot. The markings and 
monument at this encl of the base are similar in every respect to those at the East 
Base station. . 

R_11a.11, Kanawha County; established by W. B. Fairfield in 189r. This station is 
situated about 2 miles northeast" of the town of St. Albans· on the north side of the 
Kanawha River. It is on the top of a ·small, cleared, rounded hill on the land of Mr. 
Pat Ryan, and is on the highest part of the Ryan farm. The geodetic point is marked 
by the apex of an earthenware pyramid, buried 3 feet below the surface, over which 
was placed· a 6-inch draiutile pipe filled with concrete and having a 6-inch spike in 
the center of the top, which projects about 2 inches above the surface and is marked 
U.S.C.&G.S. 1893. As reference marks, four 4-inch draintile pipes filled with concrete, · 
with a nail in. the center of each. were set as follows: One due north, distant 5 ·95 feet; 
one clue east, distant 6 feet; one due south, distant 6·04 feet, and one clue west, distant 
6 feet from the geodetic point. The tops ·of these pipes project about 3 inches above 
the surface of the ground. 

· Rogers, Kanawha County; established by W. B. Fairfield in 189r. This station is 
situated on a sharp. rocky hill with a small top on the west side of Coal ·River, about 
one-half mile from the town of St. Albans in a southwest direction, l-in land belonging 
to Mr. L. R. Rogers. The geodetic point is marked by a cross cut on a copper bolt sunk 
i11 the solid rock 15 inches below the surface of the ground, over which was placed a 
6-inch draintile pipe filled with concrete and with spike in the center, projecting about 
3 inches above the surface of the ground. 

The reference marks. are holes drilled in the rock, north, east, and south, and a 
4-;nch draintile pipe, filled with concrete and with a nail in the center, to the west, at 
the following distances· from the geodetic point: North hole, I 3 feet; east hole, 11·20 

feet; south hole, 5 · 58 feet, ancl pipe to west, 6·64 feet. 
Coal, Kanawha County: established by W. B. Fairfield in 189r. This station is 
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situated about 2 miles .from the town of St. Albans, "in a sotitherly 'direction. It is on 
the highest point of the ridge known as the Indian Creek Hills,,.on a sharp rocky 
point, small on top and with very few trees on it, belonging to Mr. Tom Vickers. The 
geodetic point is marked by the apex of an earthenware pyramid, buried 3 feet below 
the surface, over which was placed a 6-inch draintile pipe, filled with concrete, with a 
6-inch spike in the center as a surface ma1:k. As reference marks, 3 holes about I inch 
in diameter and 6 inches deep were drilled in the solid rock, as follows: One bearing 
south 3° 38' west (true), distant 17·55 feet: one bearing north 16° 26' west· (true l, 
distant 9·60 feet, and one bearing.north 32° '2o' east, distant 13 feet, from the geodetic 
point. . . 

Simms, Putnam County; established by W. B. Fairfield in 1891. This statioi1 is 
situated on the west side of the Kanawha River:, about 5 miles in a northerly direction 
from St. Albans. It is on the land of Mr. Robert Simms, and on the highest point of 
the first river hill north from Scary station on the Chesapeake and Ohio Railroad, 
about 2 miles distaiit. The geodetic point is marked by the apex of an earthenware 
pyramid buried ,-; feet below the surface of the ground. Over this is placed a 6-inch 

· draintile pipe. filled with concrete, and having a 6-inch spike in the center as a surface 
mark. A circle of cement 6 inches thick and z feet in diameter, marked with the 
letters U.S.C.S., was put around the top of the pipe. 

As reference marks four 4-inch draintile pipes, filled with cement, with a nail in 
the center of each, were set as follows: One due north, distant 5 ·35 feet; one due east, 
distant 7"50 fet;t: one due south, distant 5·95 feet, and one due west, distant 6"85 feet, 
from the geodetic point. 

Big Rod~s. Kanawha County; established by A. T. Mosman in 1881. This station 
is situated on the highest point on Big Rocks Hill, about 5 %. miles, air line, in a south
westerly direction from St. Albans. The distance by road is between 7 and S miles. 
It is about 150 yards ·to the right of a road winding up the ridge for a distance of about 
one-half mile from the house of Mr. Oxley, who lives at the foot of the hill on the 
eastern side. The geodetic point is marked by the apex of an earthenware pyramid 
buried ,-z, feet below the surface of the ground. Over this was placed a draintile pipe, 6 
inches in diameter and '2 feet long filled with concrete with 6-inch, spike in the center and 
projecting about 2 inches above the ~urface. As reference marks, four 4-inch clraintile 
pipes, filled •.vith concrete and with nail in center of each, were placed as follows: One · 
due north, distant 6" II feet: CJne due east, distant 4 ·92 feet; one due south, distant 
6"1$ feet, and one due west, distant 5°87 feet from the geodetic point. 

Pint:J'. Cabell County: established by A. T. Moi;man in 1880. This station is situated · 
on a ridge near the line between Cabell and Putnam counties, about 2 ·miles in an air 
line and about 4~( miles by road northwest of Hurricane station on the Chesapeake and 
·Ohio Railroad. 'rhe geodetic point is marked by the apex of an earthenware pyramid 
buried about z feet below the surface in a hole in sandstone rock. Above this were 
placed two concrete. blocks, each 6 inches thick, the lower one 8 inches and the upper 
one 3 feet square. On this foundation was built a concrete pier 2 feet in diameter, 
having a 6-inch spike i11 the center just below the surface of the ground. In 1891 this 
pier was built up with cement, forming a dome 2 feet in diameter and about 6 inches 
above the surface with a spike in the center and the letters U.S.C.S. marked in the 
cement. 
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As reference marks, 4 concrete blocks 8 inches square with a 6-inch spike in the 
center of each, were placed even with the surface as follows: One north, distant 6" 22 feet; 
one south, distant 5 ·95 feet; one east, distant 5 ·90 feet, and one west, distant 6'.05 feet 
from the geodetic point. . 

· Holmt·s, Kanawha County; estab~ished by A. T. Mosman in r88o. This station is 
situated 8 ~-6 miles northward from Charleston, \Vest Virginia, on the ridge dividing the 
waters _flowing into Coopers Creek, and thence into Elk River from those flowing by 
T\vo Mile Creek into the Kanawha Rh•er. It is on the land of Mr. S. \V. Gibson, 
about one-half mile northeast from the house of Marshall P. Holmes at the head of the 
left fork of Two Mile Creek (of Kana.,vha). The geodetic point is marked by a bottle 
set in cement and over this a sandstone post 6 by 6 by JO inches with cross lines and· 
the letters U.S.C.& G.S. cut on top, reaching to the surface of the ground. 

As reference marks, four sandstone posts of the same dimensions with diagonal 
litJes and an arrowhead pointing to the station cut on the tops we1'e set as follows: One 
due north, distant 6·94 feet: one due south, distant ·6"60 feet; one dne east, distant 
6·95 feet, and one clue west 6"69 feet, from the geocletic point. 

Table.Rodt, Kanawha County: established by A. T. Mosman in 1880. This station 
is situated about 12 miles in an air line south of Charieston, \Vest Virginia, on a long, 
cleared, very narrow and steep ridge on the range of hills lying between the two forks 
of Lens Creek, which flows into the Kanawha at Brownstown, and is near the head 
waters of the creek. The geodetic point is marked by a small bottle set in cement 30 
inches below the surface, in a hole dug in the sandstone ledge underlying the soil. 
Over this was placed a sandsto11e post 6 by 6 by 30 inches with c1:oss lines and the letters 
U.S.C.& G.S_. cut on top. reaching to the surface of the ground. 

As refer~nce marks, four sancl5tone posts of the same dimensions, with diagonal 
lines and an arrowhead pointing to the station cut on the tops, w€re set as follows: One 
due north, distant 7·0.1 feet; one due south, distant 6·97 feet; one due east, distailt 7·05 
feet, and one due west, distant 6"98 feet, from the geodetic point. 

Pigeon, Lincoln County; established by A. T. Mosman in 1880. This station is. 
situated about 18 miles in an air line southwest from St. Albans. It is on the land of 
Tom Huffman at the Jiead of Middle Creek, which flows into· Mud River, at a point 
about 3}6 miles from Hamlin. on the road to Griffithsville. A path leads to the top 
from Huffman's house. There is also a good path on the east side of the hill, about 
one-half mile loug, from the house of \Villiam Stowers, 011 Laurel Creek, S miles from 
Hamlin. The geodetic point i~ -marked by the ape~ of an earthenware pyramid buried 
3 feet below the surface of the ground, over which was placed a sandstone post"6 by 6 
by 30 inches. with cross lines and the letters U.S.C.&G.S. roughly cnt 011 ·the top, 
reaching to the surface. 

As reference marks, four sandstone posts of the same dimensions, with diagonal 
lines and an arrowhead pointing to the station, cut on the tops, were set as fo!lo,~s: 
One clue north, distant 9·07 feet; one.due south, distant 9·05 feet; one due east, distant 
9·07 feet, and one due west, distant 9·01 fc:et, from the geodetic point. 

h.~v. Raleigh County; established by A. T. Mosman in 1879. This station is 
situated on a knob of the Cherry Pond Mountains, known as Ivy ,Knob, near the corner 
of Wyoming and Boone counties, West Virginia. It is on the highest part of the knob, 
which is of a rounded form \vith a very· steep ascent-1 700 feet to a mile. The top· 
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was cumpletely cleared with the exception of one tree left standing near the st~tion. 
It is about 50 miles by road from Brownstown and about 43 miles from Quinnimont, · 
two st;:itions on the Chesapeake and Ohio Railroad, and about 3 % miles by bridle path 
from Mr. Thomas \Vebb's house on Peach Tree Creek. The geodetic point is marked 
b~' an iron spike set in cement in a hole drilled in the ledge 1S inches below the surface 
of. the ground,· over which is placed a sandstone block with a cross cut on its top. 

As reference marks, four sandstone blocks, with cross and arrowhead pointing to 
the center cut on each, were set as follows:· One north, 24 inches long. "distant 7·07 
feet; one south, ·rJ inches long, distant 6·95 feet; one east, 23 inches long, distant 6·99 
feet, and one west, JO inches long, distant 6·95 feet, from the geodetic point. A hole 4 
inches deep is drilled iu the solid rock under both the east and .south blocks. 

Summ1xsz•z'/lc, Nicholas County; established by A. T. Mosman in 1S79. This 5ta
tion is situated on a ridge distant r mile and bearing 6° north of west from Nicholas 
court-house belfry, in the town of Summersville. The prolongation of the main street 
of Summersville, which runs nearly east and west, cuts the ridge very ne::i.r. the station. 
'fhe nearest railroad station is Kanawha Falls, on the Chesapeake and Ohio Railroad, 
3:? miles distant. The geodetic point is marked by a bottle set in a hole in the iedge 
underlying the white day at the sta_tion, over which was placed a sandstone block 30 
inches long and 6 inches square, having cross lines cut on tlie top. · 

As reference marks, four sandstone blocks of the same dimensions, having cross 
and arrowhead pointing to the center cut on each, were set as follows: One north, 
distant ro~ feet; one south, distant 7 feet: one east, distant 7":?9 feet, and one west, 
6·90 feet, distant from the geodetic point. Additional marks are a spike in a large tree 
standing alone, bearing north 5° 20' wes.t, distant r5·4 feet; a spike in a stump bear
ing south 29° 43' east, distant 14 feet, and a spike in a stump bearing north 38° 09' 
west and distant 2o·s feet, from the geodetic point. 

( kJ Salina Base Lint', A<wsas, r896. 

LOCATION, MEASUREMENT, AND LENGTH. 

Lomfi,111 <!f !lit' Ba&' Lilu.-This base is located in central Kansas, near Salina, 
Saline County. The reconnoissance for a base was made iu 1S95: the site was selected 
and the line laid out by Assistant F .. D. Granger in October, 1895. Its- middle point is 
approximately in latitude 38° 52' and in longitude 97° 34', and its elevation is about 
369 metres (1 2ro feet) above the ocean. The length of the base is approximately 6·55 
kilometres (4·07 statute miles) and its azimuth from the east end is 6873°, 

The base is in the valley of the Saline River, north of and ne.arly parallel to 
the Union Pacific Railroad, between Saline and New Cambria. The general character 
of the ground is smooth and hard, rising gradually from East Ba:;;e to \Vest Base with 
a difference between the base. ends of about 6.% metres (21 feet): both ends were 
connected with the transcontinental line of spirit .levels. Beginning at the west encl, 
the line crosses a cultivated field and enters the.Salina and Cambria road, and following 
the north side of the road for a distance of 5·16 kilometres, it reaches East Ease through 
cultivated fields. At a distance of 6 · l 1 kilometres from West Base the ·tine crosses a 
gully, which was bridged. The measuring bars rested on the bridge. but were handled 
by the observers, supported by plank walks constructed on each side of" it. The east 
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end mark is situated abont 1 '6 kilometres ( 1 mile) west of New Cambria and the west 
end mark is in North Salina, east of the iron tanks of the Standard Oil Cornpan);, on 
land owned by the city. These base terminals are marked by two stone posts, one 
above the other; the subsurface mark is a copper" bolt. with cross lines set in a limestone 
and sunk three-fourths metre (2Jf feet) below the surface of the ground; above.this 
rests a double block of limestone, set in a layer of cement, also marked with copper bolt 
and reference lines. The exposed surface bears the inscription. U. S. Coast and Geod. 
Survey, 1896. Section stones with -copper bolts and cross lines were set 1. ::?, 3, 4·. 5, 
and 6 kilometres from \Vest Ba~e. set in cement with their top surfaces 10 centimetres 

No. 1:. 

North 

l'ineC~ek 

I 
0 lf> 

l~H O 11). "!o 30 

(4 inches) below the level <:>f the ground. The measllring force consisted of F. D. 
Granger, in charge of the party; \V. C. Hodgkin:;, A. L. Baldwin, and E. B. Latham, 
with a foreman aml six laborers. 

T/1c 111cas11rcmc11t <?/ th,· base.-'fhe base, excluding a practice measure of the first 
section and an extra measure of the west nalf of the third section, was measured twice 
by Assistant Granger between June i9 and July 23, 1896. He used the 5-metrccontact
:;licle steel rods Nos. 13 and 14. They were constructed at the office shop 'in Jt1ly, 1891, 
by Mr. E. G. Fischer, and embody the principle of contact and mode of construction 
proposed by Colonel Mudge,* but have received great improvements, due to Assistant 
J. E. Hilgard, as explained by him in Appendix No. 17, Coast and Geodetic Survey 
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Report for rSSo, pp. 341-345, and they have since been further perfected. These are 
the same rods that were -used in the measure of the Holton Base, Indiana: in 1891. 
For particulars and length of this base o;;ee Appendix No. 5, Coast and Geodetic Survey 
Report for rS94, pp. 103-r 16. On page 107 of that report we find the values of the 
coefficient of ·expansion of the rods as determined at the Survey office by Assistant 
Tittniann and Adjuster Fischer on May 18 to 26, 1891, as follow~: For the centigrade 
scale- · 

Coeffi<;ient of expansion of rod No. r 3 or a,~== o·ooo 011 776 
±27 

Coefficient of expansion of· rod No. 14 or a, = o·ooo or r 714 
±::i9 

or for mean rod Ir ·745 microns per metre. 
±o'o:.'.!S 

Tlze kngt/1 c?f"-· !lie 5-111clrc 1·ods Nos. IJ and I.,t.-These rods were standardized 
several times, the comparisons depending directly or indirectly on the length of the 
steel bar No. 17 when immersed in melting ice. The following four values for .the 
combined length of the two rods are taken from Coast and Geodetic Survey Report for. 
1S94, Appendix No. 5, pp. 103-110. To the first value, on page l IO, however, 30 microns 
were added, since it was subsequently found that the knife edges and abutting surfaces 
were not in perfect contact during measurements. (Report for 189-2, pt. 2, p. 49r.) 

Results for length of the combinefi rods Nos. 13 and 14 as in measurements .. at 
temperature 2.::!

0 '20 C. 1iyc1.: 

(1) July, 189r 

( 2 l August, rS91 

(3) September, r89r 

(4) September, 1891 

I 
Comparisons with B,7 in. vault 

Comparisons with hectometre in camp 

I 
Comparisons with hectometre on base · 

Comparisons with kilometre 3 ·9 to 4 ·9 on base 

ro m. + 2 ·605 mm. ± 5tt 
2·60S 5 
2·6o9 6 

2·618 5(?) 

In June, 1894, the rods were used for the measure of a base line in Maryland, and· 
on the rett1n1 of the rods the outer, or wqoden ," packing ·b1)x of one of them was found 
damaged, which made it desirable to submit them to a ne\v comparison before sending 
them into the field. The new observations ·were niade in· February, March, and April, 
1896, in the grounds to the sonth of, and adjacent to, the Survey office at \Vashington, 
A. Braid, assistant in charge of weights and measures. conducting the operation.* 

A 50-metre test line was laid out between two, heavy blocks of concrete, and the 
ends were marked by the central axis of bronze bolts. The horizontal distance between 
them was measured a number of times with the 5-metre steel bar No. 17, immersed in 
melting ice. It was found th:i.t the two end blocks were not absc.lutely stable, appar
e.ntly due to variations of moisture in the ground. 

· . 1'he results by bar No. 17 are corrected for differential micrometre measures at the 
ends of the line and for grade and alignment. The length of this bar is 5 metres 
- 16'".::!tt:-±:: l'Ift; the results by the rods :S (1,:; anc;l 14) are corrected for micrometre 
and cut-off scale readings at the ends of the. line; also for grade: alignm~nt, and tem
perature difference: the corrections applied to thermometer readings for errors of 
calibration and reference to the hydrqgen scale are given below. 

*For further infor111:itii:111 see remarks in connection \\<"ith the Salt Lake:: Ba~e of 1&;i6. 
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Centigrade thermometers on-

At Rod No. 13. Rod No. 14. 

Green Green Green Green Green 
sfio9. s6o4. s6o6. 5613. s612. 

0 0 0 0 . 0 0 

0 -0·27 -0·30 -0·3s -0·30 -0·05 

3 ·33 "S9 "4S ·47 ·23 

6 ·28 "S4 "Sl ·41 ·14 

II ·30 ·s3 ·53 ·40 ·16 

16 . ·34 ·52 "S4 ·41 ·17 

2! ·43 '.S6 ·43 ·43 ·21 

2s ·33 ·51 ·s6 ·48 ·26 

32 ·38 ·s6 ·s6 ·so ·27 

34 ·39 "S7 ·s2 "S4 ·32 

37 -0·43 -0·63 -0·48 -o·so -0·28 

Thermometer No. s6o6 was accidentally broken April 29, a·nd during the base measure ther-
mometer No. s612 took its place. 

R.:mlli11g le11gl'1 of 50-metr.: co111pamtor or test line as measured b_v bar No. r7 a11d tl1e mds Nos. IJ 
and r.;.. 

Date, Length by No. 17 Date, Corr'd Length by ~ 13 temper~ r8¢. so m. +. 1896. ature. and 14, 5 ~+. 

0 c. p ti 

February 2s + SO#} 2811 
February27 + 6·91 + So + So 

2s + 6 + February28 4 ·13 2II }-
March 9 SS 

}~ 
28 6·s8 97 

IS4 

9 47 79µ February29 9·37 + 

"') 9 136 29 9·80 + 143 
March 31 -I 216 

}-r 24811 
29 10·00 + 160 + 

31 -I 278 29 IO"Il + 105 
134 

31 -r 2s1 29 10"24 + 166 
April 2 -I 07S 

}-1 09711 
29 IO ·32 + 112 

2 -I 092 March 2· 2·s8 37 37 
2 -I 12S March 7 7 ·18 

~ )-April 7 458 

)-
7. 7·87 

20 
7. s2s 488)1 7 II "03 6 
7 489 7 1172 26 . 
7 481 April 9·22 -I 031 ) 

April ·8 384 
f- I O'J2 

}-
9 ·51 972 

8 384 38711 April 2 7·46 _, "") s 394 2 7·41 -I 048 
-I 048 

2 7·39 -I 035 
2 7·35 -I 023 

April 7 5 ·77 .,, ) 
7 6•o8 573 -
7 6·31 523 

571 

7 6·49 555 
April 8 6·97 6o6 ., 

8 7·41 512 ,.- 559 

N. B.-For dates between February 27 and March 7, inclusive, we take 50 111. - 26p appro:s:i
mately.· For April r we use so m. - l 172# approximately. · 

The probable error of a single measure of the so-metre test line is ± 2111. 

18732-No. 4--1 2 
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F'rom the preceding measures we derive the following values for the length of 
;g (I3 q) at 0° C.: 

Lenlthsof Same length Resulting iiel com- Relative 
paratorby bv $(r3+ql length of .:s (r3+I4) weight. 
barNo. 17. 

. 5.:8+ .:8(r3+14) 

111. Ill. Ill. 

49·999 974 + So1t 9·999 978 s l . 
9i4 r54 ro ·qoo 025 6 :Mean. 

974 + 134 9·999 968 0 l 9·999 994 7 
974 j7 ro·ooo 002 2 

974 ~ 9·999998S_' 
49·998 S:iS -I 002 9·999 966 0 2 

8 903 -r 048 9·999 990 2 4 

9 ST:! 57r ro·ooo 016 6 4 
9 6r_; 559 xo·ooo 034 4 2 

Weighted mean 10 "()(X) OOI ::! ±7 ·w 

This value has been adopted in the computation of the Salina Base. To compare 
it with former determinations we get ;g (13 + 14) at n°·2 C. = 10·002 6o8 6 metres, 
showing an excellent accord with the mean of the four older values, xo metres+ 2·610 
millimetres. The observations of x89r, July, show that rod No. q is nearly 19 microns 
longer than No. 13; hence when tqe indivldual lengths of the rods are required we have 
I (13) = 4·999 991 I metres and l (14) = 5·000 010 I metres at o° C. 

For measttring fractional parts of a rod at the kilometre marks. the 3-meter 
fractional bar No. r was used. It is provided with a sliding-scale attachment, and its 
errors of graduation are known and corrections were applied accordingly. The adjust
ment of the· sectors which determine the inclination of the rod at1d the adjustment of 
the aligning telescopes were. frequently tested. Transfers of end of rod to a· ground 
mark were effected· by mounting: a theodolite sector a short distance off the line, 
pointing and moving the. telescope down in. a vertical pla:ne. For the reduction to 
the sea level of the measured length of the base we have the following data: 

The approximate height of the bridge bench mark or City Directrix (so-called) of 
St. Louis, Missouri, above the average level of the Gttlf of Mexico is 125 ·s metres 
± 0·3 metre. The di.fierence of height (.:.lh) by spirit level St. Louis B. M. and 
B. M. LXIII near Holliday at Mill Creek Bridge is + rn6·7 metres; thence .:1/1 to B. M. 
called F, on window sill of the Missouri· Pacific Railr0ad depot at Salina. Kansas, is 
+ 140· 5 metres; thence to \Vest :aase copper bolt - I·+ metres, maki~g the elevation 
of West Base 37r"6 metres. Further from spirit levels along the base line, June 8 to 
July 17, 1896, by E: B. Latham, we get the average elevation of the ground of the first 
kilometre 37r4 metres, the second 37!"2 metres, the third 369·7 metres, the fourth 
369·5 metres. the fifth 368 metres, the sixth 36r4 metres, the last half kilometre 
366·1 metres, also the bolt at East Base 365 ·6 metres. These heights are to be increased 
by I • r metres for ·height of base. bars above. ground.. For radius of curvature in the 
latitude and azimuth of the base, we have log. p = 6'805 o; average height of base bars, 
370_'4 metres (or· 1 215 feet). 
±0'5 
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Tal>le <?f res If.Its for ltwgtl1 of base ,md its s11bdh>i.1io11s. 

No. 
·For

N111nber ward.or 
of back-5~~- Section. 

tiou. 
averag~ ·ward 

bars. nieas-

{
w. Basel 

I ~ f 

III { 

v{ 

VI { 

:ZOI 
to 

400 

401 
to 

6oo 

601 
to 

Soo 

Sol 
to 

I 000 

I 001 
to 

I 200 

} 

} 

} 

} 

} 

r I 201 I" 
VII. I l;IO l or E. Base 

ure. 

200 { 
f. 

b. 

200 JI r. 
b. 

200 Jl f. 
b. 

{ 
f. 

h. 

f. 
200 

h. 

{ f. 
200 

h. 

{ r. 
IIO 

h. 

[011e a,·erage bar =s·ooo ooo 6 n1etrcs.] 

Date of tneasure
n1e11t, 18¢. 

Jnly 23 to July 23 

Jnly 21 July 21 

JuRe 23 

July 20 

June 27 

Jnly 16 

Jnne 29 

Jnly 14 

June so 

July 13 

July 3 

J\\\y l\ 

July 7 

July 9 

June 27 

July::». 

June 29 

July 20 

Jnne 30 

July I4 

Jnly I 

July 13 

July 6 

)\\\y 11 

July s 
July IO 

Corrected Corrections for'--
a,-erage ~-------~------·~ Resulting 
t~::~~e~r- Excess of Inclina- Excess Height !~~,\~,;~ 

double t(t~1~~~~f- t~a1!-~f 1~~~~- abo,·e sea. and base. 
bar. bars. 

0 c. 
26 ·;54 

.25 ·oo6 

.?3 'i3.5 

25 "t.}2· 

26·461 

"6"J.!3 

27 ·3o6 

31 ·154 

:!4":!16 

26·1~3 

23"3<'3 

:!2"4I4 

:!2"850 

IH1Jl, 

+3'4"36 

293 ·~2 

301 ·ss 
310·92 

366 "06 

2S,i·54 

3o6·95 

273 ·Si 

144·85 

+147 '67 

mm. 
-21 ·35 

28 ·12 + 

35'64 

19 '22 

I6'I(J 

46·ss 

42 ·71 

53·35 -
46•31· -

25 "62 ·l 
3·58 f 

175 ·49 lf 
19-J"·P 

2o6 ·33 

125·45 

145"10 

119·29 

61 ·2.1 +1 FS'S9 

}--95•33 +1 757".>6 

mm. 

!\Iean I OuO '.:!IO I 

Jt 000 '09i 8 

[ ·roo 9 

1\-Iean 1 oou 'l);J9 4 

·{I 000 ·03~ S 

I ·o-- o . ._,.).i.> 

:\'[ean 1 ooo "OJ4 3 

JI (J(lf)".21$ I 

l ·218 7 

l\Iean 1 ooo ·21S 4 

JI 000 "955 I. 
-57·S3 

I ·o.;8 7 

Mean I oJ00"056 9 

=-----= 
{' OCWJ ·047 ~ -57·;4 
. ·050 tJ 

---
Mean I 000'049 2 

=---= 

~ 551 "7i7 5 
31 "75 

l ·77S 2 

---
Mean 55I "7i7 9 ---

Total length 6 552 ·44(, 2 

It is noticeable that in every section the iorward measure is smaller than the 
backward ·measure. That this is not clue to an iu;1perfect coefficient or"" expansion is 
shown by comparison of the temperature difference of Sections III and V. "Ko 
adequate cause of the phenomenon cou~d be assigned, though it seems to be connected 
with the fact that the reversal of the direction changes the insolated and shady sides of 
the apparatus. The question of a possible difference of temperature of the rods as 
indicated by the thermometers in contact therewith was looked into, but no definite 
result could be had for want of measures withj(i/ling temperature. 

Additional mcasztres ~f the base b_.1• means qf a 50-mctre steel "tape (.No. 137), June 8 
b I8, I896.-Three measures \Vere made, the object being to gain some further exp~rience 
respecting the value by such means. Th_e work was conducted bY. A. L. Baldwin and 
E. B. Latham, aided by D. \V. Eaton, a volunteer observer. All measures were made 
in ·daytime, generally in the early mcrning hours, the thermometer was read as each 
tape was laid, and was held at the same height as the tape, about 0·3 metre above 
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ground. The steel tape was tested for length on the bench standard at the Survey 
,office in May, 1896, and again in February, 1897; its average value at o° C. temper;:i.
ture and with a tension applied of ro kilogrammes indicated at _division 25, 25 metres + 
o·8 millimetre, and at divi~ion 50, 50 metres+ I ·5 millimetres; total weight l 082 
grammes; correction to spring balance - 0·3 kilogramme; assumed coefficient of 
expansion o·ooo 01 I 4. During measure the tape was supported at its ends and in the 
·middle and was under a tension of 9·7 kilogrammes. Making all due corrections for 
temper_ature, tension, inclination, catenary, and excess at tlie section marks, we ha,·e 
the following results for length of the sections by tape measures: 

Meas- Reduction Resulting length by- · Differ-
No. Section. Measured length. to ence ure. sea level. Tape. Bars. B.-T. 

111. 11nn. Ill, JI/. 111111. 

l; l 000'242 8 l l QfXJ I 000 
I _{ West Base to first 

·264 4 f ·249 3 - 5S·24 + '191 l + '210 l +19·0 I kilometre mark 
·240 6 

J : l 000 '129 8 l l 000 I 000 

2 Second kilometre . ·155 6 ·142 2 - 58 ·21 + ·084 0 + ·099 4 +15·4 

l ~ ·141 3 . 

J l '=-,,,,' ] 1000 l 000 

3 Third kilometre I 2 . '102 8 ·096 6 - 57 ·97 + ·038 6 + ·034 3 - 4·3 

I 3 ·0S9 ·6 

J l '=-,g, 6 l I 000 I 000 

4 I~ourth kilometre 

l ; 
·281 2 ·277 9 - 57 '94 + ·220 0 +·218 4 - l '6 

·270 9 

f l ' =·w6 4 l .I 000 I 000 

5 Fifth kilometre 

l ; 
·126 0 'll2 7 - 57 71 + ·055 l) + ·056 9 + I '9 

·105 7 

I: I 000·096 2 l 
- 57 ·61 I 

l 000 I 000 

6 I Sixth kilometre ·rr5 l ·100 5 + ·042 9 . + ·049 2 + 6·3 

·ogo l . 

I Last half kilometre 
r I "' "'" ) 551 551 

7 . 2 ·S13 l ·So9 4 - 31 •68 + ·777 7 + ·777 9 + 0·2 
I l 3 I ·Sq I · 

First measure 6 55'"755' l 6 552 ·375 8 

Second measure ·s5s 2 -379·36 ·478 s 

Third measure 752 3 ·372 9 
-----

Mean 6 552 788 6 6 552 ·409 2 6 552·446 2 +37"0 
± 'OJO S ± ·007 0 

The difference in the length" of the base by bar and tape measures is 37 millimetres, 
about 1 n 1ruu part of the length. To obtain the probable error of the length of the 
base from the three tape measures, we form for. each section the differences from its 
mean; let S = the sum of these squares, then for all sections* 2 s• = 0·001 551 65 

*Clarke's Geodesy, Oxford, 18So. 
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I ~ s· _and the probable error for leD~th of base= 0•674 5 "V·n (n....,... I)=± O'OIO 85 metre. 

This is equal to iru·i000 part nearly. On the other hand, if we base· the probable error 
on the discord of the three measures of the whole line, we find prol;iable error=± 23·5 
millimetres, which we regard as a more just value than the preceding one. This last 
probable error is vn1000 of the length. The relative weights of the results by bars (2 
measures) and by tape (3 measures) is therefore as II to I. · 

No further use .was made of the tape measures. 

Probable o;ror (If base fn1111 bar measures. 

Supposing the differences between forward and backward measures of the several 
subdivisions to represent accidental errors of measure, the mean error of a unit of 

. . /I[dd] length, here assumed as· 1 kilometre, equals m = \ - - and for a double measure 
' I 2ll S . 

111 = }6 ,/_:_[dd], where n =number of sections= 7. Also the mean error of the 
" 1l s . 

total length L of the base ism= m,. lL and probable error of same r::::;: 0·674 5 m.., '1L. 
We get 

m, = ± 1 ·77 mm and m = ± 3·2 mm 
r= ±2'2 mm. 

·The effect of the uncertainty in the coefficient of expansion becomes quite large on 
account of the high temperature during the base measurement. The average temper
ature was 25°·5 C., hence the probable error of base from this source is (25·5 - r2) 
X 28tt X 6·55 = ± 3'4 millimetres. 

The probable error of the base, due to uncertainty in the height' above the sea 
level, is± 0·5 millimetre. 

The probable error of the. length of ~ ( 13 and 14) at o° C. was found to be ± 7 · IJl; 
the corresponding-value for the whole base is therefore 6' 55 X 7' I}t or± 4 '6 millimetres. 

The probable error in length of the bar-in-ice No. 17 is ± I· 1p(the corresponding 
probable·error of the base is± 1 ·4 millimetres. . · 

Combining these five probable errors, we obtain that of the length.of the base, or 
± 6' 3 ·millimetres, which is equal to nTd·-il"Ou of the length. 

Ill 

Final result for length of base 6 552·446 2 

± ·oo6 3 
and its logarithm 3 ·Sr6 403 46 

±42 
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ABSTRAC'l' OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUSTED AT THE STATIONS 

FORMING THE SALINA BASE NET, 1890-91, 1896. 

Salina .Ea.st Bast?, Saline County, Kansas. May 26 to May 31, 1896. 30-centimetre theodolite, No. 
IIS; ro·73 metres above station. F. D. Granger, observer; 

No. of Resulting direc- Reduction Resulting Corrections Final seconds di rec- Objects observea. lions from station to from hase-net 
tion. adjustment. sea level. seconds. 

adjustnu~nt. 
in triangul!ltion. 

0 II II II II II 

II Salina West Base 0 00 oo·oo +·02 00·02 -0·13 s9·s9 
12 North Pole Mound 74 29 25·26 -·03 25 ·23 +0·19 25·42 

10 Iron Mound 277 07 18·65 -·01 18 ·64 -0·07 18·57 
Probable error of a single observation of a direction (D. and R.") = ± 0 11 ·59. 

S<1/i11,1- f.Vest Base, Saline County, Kansas, May 4 to May IO, 1896. 30-centimetre theodolite, No. 
nS; 6·10 metres above station. F. D. Granger, observer. 

0 II II II II II 

8 Salina East Base 0 00 oo·oo + ·02 00·02 +o·r7 00·19 

9 Iron Mound 52 50 52 •6o -- ·03 52 ·57 -0·36 52·21 

7 North Pole Mound 288 52 34·12 ·oo 34 ·12 +0·20 -~4 ·32 
Probable error of a single observation o~ a direction (D. and R.) = ±011 ·5j. 

Nortlz Pole• JJI01111d, Saline County, Kansas. June 5 to June lo, 1896. 30-centimetre theodolite, No. 
II8; 7"4 metres above station. F. D. Granger, observer. 

0 II II II II II 

IS Iron Mound 0 00 oo·oo -- ·03 59·97 +0·04 OO'OI 

r6 Salina West Base 25 r4 28·00 ·oo 28·00 -0·26 27·74 

r7 Heath 100 28 05·94 +·02 05·96 -0·09 05·87 

18 Thompson 152 19 04 ·79 -·03 04 ·76 +0·47 05 ·23 

l~ Vine Creek 256 37 34·03 +·03 34·06 +o·rS 34 '2.:{. 

14 Salina East Base 350 51 19·33 -·02 19 ·31 -0·35 lS·96 

Probable error of a single observation of a direction (D. and R.) = ±011·65. 

lm11 J1!01111d, Saline County, Kansas. July 30 to August 13, 1890. 35-centimetre theodolite, No. 10; 
r74 metres above station. F. D. Granger, observer. May t6 to May 22, 1896. 3o"centimetre 
theodolite, No. uS; r67 metres above station. F. D. Granger, observer. 

4 

5 
6 

2 

3 

0 II II II ,, 
North Pole Mound 0 00 oo·oo - ·02 59·98 -o·oS 

Salina East Base 13 29 1i·12 - ·01 I2 'II -0·04 

Vine Creek 45 39 51 ·96 +·02. 51 ·98 +0·33 
Frey 78 2I 30·32 + ·o .. ) 3o·35 
Taylor I06 49 58·94 +·01 58·95 
Heath 302 47 35·80 - ·01 35 79 -0·02 

Salina West Base 329 12 45·01 - ·02 44·99 to·30 

Thompson 344 26 20·14 --·03 20 'II -0·48 

Probable error of a single observation of a direction (D. and R.) = ± o11 ·6o. 

I/ 

59·90 
12"07 

52 ·31 

35·77 

45·29 

19 ·63 
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUSTED AT THE STATIONS 
FORMING THE SALINA BASE NET, 1Sgo--9r, 1896-Completed. 

Vine Crct"k, Ottawa County, Kansas. June 28-to July 21, r890. 3s-ce11timetre theodolite, No. 10; 6·07 
metres above station. F. D. Granger, observer. 

No. of Resulting direc- Reduction Resulting Correctio~s Final seconds di rec- Objects obsen•ed. tions fro:ru station ·to from base-net 
tiou. adjustment. sea level." seconds. adjustment. in triaugu~ation. 

0 II " II II II 

19 Iron Mound 0 00 oo·oo +·02 00·02 +0·3r 00·33 
20 North Pole Mound 30 S7 43"·92 + ·03 43·9s -0·67 43 ·28 

2r Heath 4S 38 34·02 +·03 34·os +0·06 34 "JI 

22 Thompson 66 SS 43"S4 +·or 43'SS +0·29 43·84 

Wilmer 247 46 44·s6 ·oo 44"S6 

Frey 276 3S. 31 "S9 - "02 31 "S7 
Taylor 288 o6 Sl ·69 -·03. 5r "66 

Probable error of a single observation of a direction ( D. ·and R.) = ± o""7S· 

Heatli, Ells~orth County, Kansas. July 8 to July 2s, i89r. 3s-centimetre theodolite, No. IO; 17"30 
metres above station. F. D. Granger, observer. 

0 II II II II ,, 
Lincoln 0 00 oo·oo -·or S9"99 

27 Thompson 46 04 27·sr +·03 27·s4 +0·68 28·22 

28 Vine Creek ·72 07 24·06 + "02 24·o.S. -1 "II 22·97 

29 North Pole Mound Sr r7 os ·14 +·02 os ·16 -0·3s 04 ·Sr 

:;o Iron Mound ro3 36 3s·S7 - "01 3S"86· +0·77 36·63 

Ellsworth water tower pole 24r 44 04·27 +·03 04·30 

Wilson 282 IS 47·2s ·oo 47 ·25 
Golden Belt 3r2 37 28·69 - ·03 28·66 

Meads Ranch 323 40 31"•61 -·04 JI "S7 
Probabl~ error of a single observatioi1 of a direction ( D. and R.) = ± 011·84. 

1iio111pson, Ottawa County, Kansas. August 6 to August IO, 189r. 3s-centimetre theodolite, No. 10; 

r68 metres above station. F. D. Granger, observer. 

26 

23 

24 

2S 

0 II " II II 

Heath 0 00 oo·oo +·04 00·04 -0"2I 

·Golden Belt 38 S4 02 ·24 + "02 02·26 

Lincoln sS 20 08·93 - "01 08·92 

Vine Creek 227 20 or "4S +·or 01 ·46 +o·6o 

North Pole Mound 267 03 34·82 --·03 34·79 -0"86 

Iron Mound 279 10 4S·so - ·03 48·47 +0·46 

Probable error of a single observation of a direction (D and R) = ± 0 11 ·s6. 

II 

s9·83 

02·06 

33·93 
48·93 
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FIC.rRE ADJiJST?.rENT. 

(lbscr:·alitm <·q11atio11s. * 
No. 

o=-t-0·93- (2)+ (5)- (S)+ (9)-(IO)-t-(11) 

2 0=+0·71- (4)+ (6)-(13)+(1,s)-(19)+_(20) 

3 o= + 2·3i- (21) '-I- (22) - (23) + (26) - (27) + (28) 

4 o=:=+o·So+ (12.)- (18) -(?o) + (22)- (23) + (24) 

5 0=-0·65- (3)+ (6)-(19)+(2:z)-(23)+(25_) 

6 O= - I"j6 + (13) - (17.) - (20) + (21) - (28) + (29) 

7 o=-0·93- (1)+ (4)-(15)+(17)-(29)+(30)-

8

1

-0=-0·70- (4)+ (5)-(10)+(12)-(14)+(15) 

9 o=+ns- (2)+ (4\- \_7l+ (9)-(15)+(16) 

JO I o= - II l + 23 ·6( 1) - 35·2(3) + II"6(6) + 9·0( 19) - 54·1( 21) + 45·1(22) + 29·8(27) - 43·1 (28) 

. + 13·3(30) 

II II O= - 207 + 75·6(3) - 96·2(4) + 2C)"6(6) + 35·1( 19) -· 64·1( 20) + 29·0(_22) + 25·3( 23) 

- 12~ ·3 ( 24) + 98•0( 25) 

12 I o= + 46 + 21"6(2) - Sr8(4) + 66·2(5) + 7"2(7) - 23·1(8) + 15•9(9) + 100"0( 14) - 13o·S(1s) 

I 
+ 30•8( 16) -

13 o= - 6o + 13"5( l) - 34· 1(4) + 20·6(6) + 35·1( 19) - n5·4(20) + 8o·3p1) + 130·5(28) 

I -18q.(29)+5r2(30_) 

Correc
tions. 

( l) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(13) 

(q) 

(15) 

(16) 

(17) 

(18) 

(19) 

(20) 

( 21) 

C, 

-l 

-I 

+r 
-I 

c . c. 

-I 

-I +1 

-l 

--1 

+1 -I 

-[ 

c s 

-I 

+r 

-I 

+r 

Gwrda!c• eq11aiio11s •. 

Cs c. 

-r 

-l 

+1 -l +r 
+1 

--1 

-j-r 

--I 

--I 

--1 -f-1 --l 

+1 
-1 --f;l 

-l 

+1 

-35·2 

c .. c .. 

+ 13 ·5 

+ 21 •6 

+15·6 
-96 ·2 - 87 ·s ~ 34 ·r 

+ 66·2 

+20·6 + 20·6 

+ 7·2 

+ 23·1 

+-15·9 

+wo·o 

_ -13q·8 

+ 30·8 

+ 9·0 + 35 ·1 

- 64·1 
+ 35 ·1 

-II5 "4 
-54·1 -+ So·3 

*Number of concl:tions in the net 13. of these 9 relate to sums of angles and 4 to ratio of sides; in establishi~g the 
side equations 7 places i11 the logarlth111s are used and the logaritlnnic differences for 1'' are given in units of the 
F"e'\•enth place. 
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FIGURE ADJUSTMENT-com J?leted. 

Correlate equations-Completed. 

Correc- C, c. C3 C4 Cs c6 C1 Cs C9 C10 c .. c •• C,3 
tionS. 

(22) +1 +1 +r +45 'I + 29·0 

(23) -I -I -I + 25·3 

(24) +r -123 ·3 

(25). +r + 98 ·(, 
(26) +x 

(27) -I +29'8 

(28) +1 -I -43·1 +r30·5 

(29) +r -I -181. '7 

(30) +r + 13 '3 + SI '2 

Normal eq1111lio11s. 

C, c. c.3 C4 c~ c6 C1 Cs C9 C,o c .. C,. C,3 

o=+ 0·93 +6 +2 +2 +83·6 
+ 0 ·71 +6 -2 +2 -2 7"2 +2 -2 + 2·6 + r7 ·6 -43·0 - 95·8 
+ 2 '37 +6 +2 +2 -2 +26·3 + 3 7 + 50·2 
+ o·So +6 +2 +2 +45"! - 55'5 +II5 '4 

0·65 +6 +s2·9 + II '6 - I4'5 
I 76 +6 -2 -II ·o + 64·r -116·5 
0·93 +6 -2 +2. -10·3 - 96·2 +43'0 +185 ·3 
070 +6 -2 + 96·2 -76·8 + 34'.I 

.+ l '25 +6 - 96·2 +60·9 - 34'! 
-III +9 894 ·9 -798 ·4 - 8 414·4 
-207 +47 023·0 + 8 446·4.+12 333'9 
+ 46 +4r- 453 '4 + 2 994 ·o 
- 6o +15 433 ',3 

Res11/ti11g z1ab1c·s of tl>rrdates and of corn:ct~·o11s lo angular diredi<>lls. 

c ·=-0 ·127 50 
Corrections. c. -o ·132 50 II /I II 

Cs -0·206 33 (1)=-0 ·027 (.II )=-o ·r28 (21)=+o·o62 
c. -0·474 39 (2)=+0·304 (12)=+0 ·194 (22)=+0 ·289 
Cs +0·1.58 27 (3)=-0 ·483 (13)=+0·185 .(23)=+~ ·6o2 
c6 +0·526 67 (4)=-0·08r (.i4 )=-o ·353 ( 24) =-0 '862 
C1 +o ·436 24 (5)=-0·038 (I5l=+o ·044 (25)=+0 ·466 
Cs +0·194 28 (6l=+o ·325 (16 )=-o ·26o (26)=-0·2o6 
C9 -0·210 63 .(7)=+0·199 ( 17)=-o ·090 (27)=+0 ·683 
c,. +o·ors 98 (8)=+0·164 (18)=+0·474 (28)=--I 'I07 

·C,. +o ·003 I4 (9)=-0·363 ( 19)=+0 ·313 (29)=.-o ·347 
c .• -0·001 59 ( I0)=-0 ·067 (20)=-o ·664 (30)=+0 ·772 
C,s +o ·002 41 

Checks: ::S of + :com::ctions 5 ·076 and ::E Pz«• =+ 5·557 
::E of .- corrc:=ctions 5 ·076 -::Sz.:1C =+ 5·55r 

' 
. Mean error of an observed direction ·111,= /[pz-.:•]=±011·65 where 11=number of condition~l equatio.ns; 'I/ II 

and mean error of angle 111 =1111,/2=±011 ·92, also probable error of same ±011·62. 
. < 
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TRIANGLES OF TB:i;: SAL~NA BASE NET, .KANSAS, 1890 TO 1896. 

Observed angles. Corrcc- SJ?her- Spher- Distancee No. Stations. tions. 1cal 1cal Logs. in metres. angles. excess. 

0 II II II II ! Iron Mound 44 16 2j"l2 -0·34 26·78 0·04 3·816 403 5 6 552·446 
I Salina West Base 52 50 52 ·55 -0·53 52 ·02 0·04 3·873 967 8 7 481 ·14 

Salina East Base 82 52 41 ·38 -o·o6 41 ·32 0·04 3·<)69 127 4 9_313·8I 

OJ ·05 o·r2 ! North Polo M=nd 34 2" oS·69 +0·09 oS 7S 0·06 3·816 403 5 6 552·446 ·' 
2 Salina East Base 74 29 25·21 +0·32 25·53 o·o6 4·048 42S 5 II 179 "66 

· Salina West Base jl 07 25 ·go -0·03 25 ·S7 0·06 4·040 530 4 IO 978·18 

59·So o ·rs ! North Polo M=nd 25 14 28·03 -0·30. 27 73 0·07 ·3·969 I27 4 9 313 ·Sr 
3 Iron Mound . 30 47 I4 ·99 -0·39 14·6o 0·07 4·048 428 5 II 179 "66 

Salina West Base I23 58 18·45 -0·56 x7·S9 o·oS 4·258 002 I 18 II3 •49 

01 ·47 0 ·22 ! North Pol• Mound 9. oS 40·66 +0·40 41 ·o6 0·03 3·873 g61 8 7 481 ·r4 
4 Salina East Base I57 22 06·59 +0·26 c6·85 0·03 4 ·258 002 I IS I 13 "49 
· Iron Mound · I3 29 12·13 +0·04 12·17 0·02 4·040 530 4 Io 978 ·rs_ 

59 ·38 o·oS 

r~ili 22 19 30·70 +1 ·12 31 ·s2 o·6o 4·258 002 I 18 113 ·49 
5 North Pole !\found 100 2S 05·99 -0·14 05·85 o ·6r 4·671 o83 3 46 890·33 

Iron Mound 57 12 24 ·~9 -0·05 24 ·14 o·6o 4·6o2 976 6 40 084·51 

oo·SS I ·Sr ! Thompoon 92 56 25 ·25 +0·65 25 ·go 0·62 4 ·6o2 976 6 . 40 o84·5I 
6 North Pole Mound 51 50 58·80 +0·56 59·36 0·62 4 ·499 188 0 31 563 71 

Heath 35 12 37 ·62 -I ·03 36·59 0·61 4·364 404 4 23 142 ·19 

OJ ·67 I ·S5 

rhom- . So 49 II ·57 -0·67 ro·go I ·o6 4·671 083 3 46 890·33 
7 Iron Mound 38 -0·46 43·86 I ·05 4·499 J88 0 

I 
"3I 563 7I 4I 44 ·32 

Heath 57 32 oS ·32 +o·og oS "4I I ·o6 4·6o2 882 3 40 075·81 

04 ·21 3·17 

{ ThomP"'n 12 07 13 ·68 +1 ·32 JS ·oo 0 ·16 4·258 oo:i I IS rr3 "49 
8 North Pole Mound 152 19 0479 +0·43 05 ·22 0 ·16 4·6o2 882 4 40 075 ·82 

Iron Mo~nd 15 33 39·87 +0·40 40·27 0·17 4·364 404 4 23 142 ·19 

5S·34 0·49 ! Vine Creek ·30 57 43·93 -0·98 42 ·95 0·37 4·258 002 I IS I.13 ·49 
9 Iron Mound . 45 39 5roo +0·41 52·41 0·38 4·401 lo8 2 25 183·04 

North Pole Mound 103 22 25 ·91 -0·14 25 77 0·38 4·534 704 9 34 253·50 

or ·84 1°13 
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TRIANGLES OF THE SA.I.INA BASE NET, KANSAS, 1890 TO. 18¢---completed. 

Correc- Spher- Spher-
LOgs. Distances 

No. Stations. . Observed angles. tions. 1cal 1cal in metres. angles. excess; 

0 /I II " II l Thom"'°" 
SI so 47·01 --o ·14 46·87 ·I ·02 4·s34,704 9 34 2s3 ·so 

IO Vine Creek 66 SS 43·s3 -0·02 43 ·sr I "02 4·6o2 882 4 40 0iS"82 

Iron Mound 61 13 31 ·87 +0·81 32 •68 I "02 4 ·s81 84_8 9 . 38 181 ·14 

02·41 3·06 

J. Vine Creek ' 3.S S7 s9·6o +0·9s 6o·ss 0·47 4·364 404.4 23 142 ·19 

II l North Pole Mound 104 18 29·30 -0·29 29·01 0·48 4 ·s81 848 9 38 181 ·14 

·Thompson 39 43 33·33 -I •46 31 ·87 6·48 4·401 I08 I 2S 183·03 

02 ·23 l ·43 l Vioe Cre•k 14 40 SO"IO +073 so·83 0·34 4·6o2 976 6 40 o.S4·sr 

12 North. P?le Mound rs6 09 28 "IO +o ·27 28 ·37 0·3s 4·Sos 732 3 63 934·06 

Heath 9 09 41 ·08 +076 41 ·84 0·3s 4·401 I08.1 2s 183·03 

S9 ·28 I "04 ! Th=p~o 132 39 s8·s8 --0·81 57 ·77 0·7s 4·8os 732 3 63 934"·06 

I.) Vine Creek 21 17 o9·so +0·23 09 "73 07s 4·499 188 I 31 s63 72 

. Heath 26 02 56·s4 -179 S4 "7S 0 7S 4·s81 848 9· 38 181 ·14 

04·62 2·2s 

( ViooC=k 4S 38 34·03 -0·2s 33 78 I ·33 4·671 083 3 46 8go ·33 

14 Iron Mound 102 s2 16 ·19 -1-o ·35 16·s4 I ·33 4 ·Sos 732 3 63 934·06 

Heath 31 29 II 78 ·I-I ·88 13 •66 I ·32 4"S34 704 9 34 2s3·so 

02·00 3·98 

PROBABI.E ERRORS. 

Determination qf Ille probable errors of t/1e le11gt/1 qftl1e sides co111111011 to Ille 11d and fu.t/1e adface11t 
d1aii1s of tria11g11l<ltio11. 

For the side Vine Creek to Iron Mound,· as adjusted, we make use of the expression

Vine Creek to Iron Mound sin.( IS - 13) sin ( 9- 7) sin ( 12 - 11) 
Salina Base sin (4- 2) sin ( 16- 14) sin ( 20 - 19) 

hence the function-

F= log·sin {1s- 13) + log sin ( 9..;.. 7) + log sin (12 - II) - log sin (4- 2) 
-log sin (16-14)-log sin (20-19) . 

Establishing and solving the transfer equations, we find the reciprocal" of weight 

;, = 14 ·or I al~o the mean error 1JZ F and t~e probable error 1·F· both expressed in units of 

the sixth place of decimals in their logarithms, viz: ± 2·44 and.± 1·65, respectively; 
hence log. distance Vine Creek to Iron ·Mound 4·534 704 9 and.the distance 34 253·50 

± I 6 ±0·13 
metres. The probable error is about H!1Hu part of the length. 
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To this must be added the proportional error depending upon that of the base 

measure, or ·006 3 X 34
6 

253 = ± 0·033 metre; hen~e probable error of length of side 
.552 

Vine Creek to Iron Mound ..J..,..C o-.-I-"3.,...)°_-t-..,.. .. -(.,...o-·-0-33_,),...2 = ± o· 13 metre. 

For the side Thompson to Heath we use the expression-

Thompson to Heath 
Salina Base 

sin (3-1) sin (17-15) sin (9-7) sin (12-11) 
sin ( 26 - 25) sin (30 - 29) sin (4 -. 2) sin (16 - 14) 

F=log sin (3-1) + iogsin (17-15) +log sin (9-7) +log sin (12-u). 
- log si.n (26- 25) - log sin (30- 29) - log sin (4 -2) - log sin ( 16- 14) 

Establishing and solving the transfer equation, -we get-

hence log. distance Thompson to Heath 4 ·499 188 o and distance 31 563·71 metres. The 
± 2 2 ± 0·16 

probable error is about n-.?1rnu part; adding to this the proportional error arising from 
31 564 . 

the base measure, or 0·006 3 X ' 6 552 
= ± 0·030 metre, we have-

Probable error of length of side Thompson to Heath -./(0~16)2+ 1_0·030) 0 = ±o· r6 metre. 

GENERAL DESCRIPTION OF STATIONS FORMING THE SALINA BASE NET, KANSAS. 

Salina lVest Base, Saline. County; established by F. D. Granger in 1895. This 
station is situated in the northeast part of Salina, east of the tanks of the Standard Oil 
Company. The geodetic point is marked by the intersection of cross lines on a copper 
bolt set in a limestone post, 6 inches square and 2 feet long, sunk 2·5 feet below the 
sttrface of the ground. About 5 inches of earth covers the top of the post. Above this, 
except for a space of 8 inches square over the post, is a layer of concrete 4 inches thick 
and 36 inches square, on which rests a limestone block 30 inches square and IO inches 
high, supporting another limestone· block 30 inches square ai1d 15 inches high, with 
beveled top and having a copper bolt with cross lines and a: small drill hole sunk into its 
top as a surface mark. The two blocks are cemented together and are surrounded by 
a body of concrete several inches thick. The exposed top of the block bears the 
inscription U.S.C.&G. Survey, 1896. The following distances are given as reference 
marks: _The geodetic point is 42·75 feet northwest of the line of telegraph poles which 
follow on the north side of and parallel to the track of the Union Pacific Railroad, and 
IO feet east of a north and south fence which 'marks the eastern limit of grotmcl owned 
by the Standard Oil Company, 79 feet northwest of the north rail of the main track 
of the Union Pacific Railroad. It is also 79·7 feet west of telegraph pole and 35·2 feet 
a little east of north of the fence corner of the Standard Oil Company's property .. 

Salina East Base, Saline County; established by F. D. Granger in 1895. This 
station is situated about 1 mile west of the village of New Cambria on land owned by 
Mrs. Mary ·Marlin, of Salina. The geodetic point is marked, both .underground and at 
the surface, in practically the same manner as at West Base station, the only points of 
.difference being that the underground post is 2·7·feet below the surface, with 8 inches 
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of earth and 5 inches of concrete over it. The geodetic point is 78·8 ·feet a little south 
of west from a wire fence on the Marlin farm: 22·43 feet a little west of north of a wire· 
fence alongside the railroad; 35·05 feet from the second telegraph pole-marked with a 
triangle--<west of ·the gate entrance to the Marlin farm, !).nd 70·3 feet in the same. 
direction from the north rail of the Union Pacific Railroad track. 

Iron llfound, Saline County; established by F. D. Granger iti 1886. This station is 
situated on a prominent and well-known butte in the northwest quarter of·section 26, 
township 14 south, range 2 west of the sixth principal meridian, about 7 miles south
east of Salina.. The geodetic point is marked by a stone ink bottle, filled with ashes 
and buried 2·7 feet below the surface of the ground. Over this was placed a· marble 
post 6 inches square and 2·3 feet long,-with cross lines and the letters U.S.C.S. cut on 
its top ·surface, which was flush with the ground. As reference marks, two hard lime
stone posts, each 5 inch\'!S square and 2·3 feet long and having a single diagonal groove 
and arrowhead cut on the top, were placed in the meridian of the station, one north and 

. one south of the central marble post. 
North Pole llf01md, Saline Count)•; established by F. D. Granger in 1890 .. ,This 

station is situated on a prominent and well-known hill in the northwest quarter of section 
r, township 14 south, range 3 west of the sixth principal merid1an and .about 8 ·5 miles 
north of Salina. The geodetic point is marked by .a. bottle filled with ashes, buried. I. 
foot below the surface of the ground. Over this was placed a limestone block l .foot 
square by 5 inches thick, with two cross lines and the letters U.S .. C.S. cut on its top 
surface, which was covered with several inches of earth. 

H,.:ath, Ellswor.th Com~ty; established by F. D .. Granger in 1:'90. This station is 
situated in the southwest quarter of section 12, township 14 south, range 7 west of the 
sixth principal meridian, on land owned by William Heath, who lives in a stone house 
about one-third of a mile to the southwest. The nearest towns are Brookville, 14 miles 
to the· southeast, and Ellsworth, 18 miles to the south\vest, both on the Union Pacific 
Railroad. The geodetk point is. marked by ·a glass bottle filled with ashes, the top 
being 3 feet below the surface of the ground. Over this was placed a niarble post 
6 inches square· and 2·25 feet long, having two c-ross lines and the letters U.S.C.S. cut 
on its top surface, which was tlush with the ground. As reference marks, two hard 
liniestone posts, each 6 inches square and 2·25 feet long, with a single diagonai groove 
and arrowhead cut on top, were placed in the meridian of the station, one j·5r foet 
south and one r16 feet north of the central marble post. 

Tlzomps01t, Ottawa County: established·by F. D. Granger in 1890. This station is 
situated about I2 miles southwest of the town of Milineapolis, in the northwest quarter 
of section 25, township l l south, range 5 west of the sixth principal meridian, 01~ a 
prominent round-top hill belongi11g to Judge R. F. Thompson, of Minneapolis, Kansas. 
The geodetic point is marked by a bottle filled with ashes, buried. 3 feet below the 
surface of the ground.· Over this was placed a marble post, 6 inches square and 2·25 · 
feet long, having two cross lines and the letters U.S.C.S. cut on its top surface, which 
was flush with the ground. As reference marks, two hard limestone· posts, each 6 
inches square and 2·25 feet long, with a single diagonal groove and arrowhead· cut 
on top, were placed in the meridian of the station, one l3·rs feet north and one q'ro 
feet south of the central marble ·post.· 

Vi~ze Cn·e·k, Ottawa· County; established by F. D. Granger in 1886. This station 
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is situated in the 11orthwest quarter of section l 3, township l l south, range I w.est of 
the sixth principa_l merjdiap. The nearest railroad stations are Vine Creek,. 2 ~ miles 
to the nor~hwest, and Manchester, 4 miles east, both on the Santa Fe Railroad·. The 
geodetic point is ma~kecl by a bottle filled \~ith ashes, buried 2·6 feet belmv the surface 
of the ground. Over t)lis was placed a. marble post, 6 inches square and -2·3 feet long, 
having two ~ross lines ·and the letters U.S.C.S. cut on its top surface, which was flush 
with the ground. As reference mat'.ks, two limestone posts, each 5 inches square aud 
2 · 5. feet long, with a single diagonal groove and arrow heacl cut on top, were placed in 
the meridian of the station, one north and" one south, each distant 10·01 feet from the 
central marble post. Additional reference marks _are as follows: The northeast corner 
of Mc:Q~de's house bears south 53'' 30' west, distant 270·5 feet; stone at northwest 
corner of !;iection 13 bears 119rth 7° 41' .west, distant 466·7 feet; southwest corner of old 
stone. st.able bears north 83 ° 08' east, distant 2 I 8 ·6 feet; stone on the sixth principal 
meridian at the southeast corner of the northeast quarter of section 13 bears south 
67° 12' east, distant 5 6So feet, and the northwest corner of stone "dugout" bears 
south 65° 31' east, and distant 124 "6 feet from the central marble po~t. All bearings 
are true. 

(i") Salt Lal.:t• BaSt' Lill<', Utah, r896. 

LOCATION, MEASUREMENT, AND LENGTH. 

This base line is located between Kaysville, Davis County, and Hooper, Weber 
County, Utah, about 16 kilometres or IO statute miles south-southwe::;t of Ogden, and 
withi!J. aboi1t 5 mi.les of the railroad connecting with Salt Lake City. It extends along 
the eastern shore of the Great Salt Lake, over hard and somewhat sandy ground, 
including pastures ·and. some c~ltivated fields. It is flat. throughout, but crosses j:wo 
main irrigation ditches (which had to be bridged), the railway, a turnpike, mh1or.water 
ditche~, dike_s, ·furrows, and innumerable barbed-wire fences. The northwest and south
east . ends are located on pasture grounds; the line is at an approximate elevation of 
I 297 metres (4 255 feet) above the sea level, and its length .is l I ·20 kilometres (or 7 
statute miles) nearly. . ' 

The middle of the base is in latitude 41':' 04' and in longitude 112° 04', and its 
azin1uth at the s~utheast end is 132° 05' nearly. The terminals of the base are marked 
by brick monuments rising 9 feet above the ground, with bases 4 feet square, and 
tapering upward. Each monument has a capstone, a second stone flush with the surface 
of t!J.e ground, and a third one 3 ,feet below, each having a copper bolt in its center to 
secure the end of the line. The kilometre or lint:! stones, .ro in number, have their 
upper surfaces flush with the gromid and are likewise provided with copper bolts. 

. The· site was first reconnoitered in 1883 by Assistant Eimbeck, and was again 
visited by him in 1886 and _in 1887, but the fhml location of the base was made in 1896. 
To obtain its height above the sea, a line of spirit levels (forward and backward) connects 
the _Ogden railroad station (old depot) with the Ogden Observatory. The Hooper 
bench mark on the lake _is connected with the latter place, also with Northwest Base 
and along the base, with So_utheast Base .. · The ends of the base are connected with the 
surrounding trigonometric stations by reciprocal zenith distances .. 

The base was measured in September and October, 1896, under the direction of 
Assist~nt Eimbeck, with the new base apparatus known as the •·duplex,'' designed by 
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hin~ ?,nd here used for the .first time. A detailed description of this apparatus is given 
in Appendix No. II, Coast, and G~etic Survey Report for .1897. The base .w:.J.s 
measured twice, under canvas cover;· once forward. and once back\vard. It. illclttdes 
ele,;en subdivisions. Each half kilometre was measured as ;iear as. pos;ible with 
stationary or with rising and with falling temperatures, and with interchange of the 
component b.ars with. re!'>-pect to ':up and down.''. A description of the measure will he 
found in Appendix No. 12, Coast and Geodetic Survey Report for 1897. 

No. 13. 

Statute Miles 
iii IO 3ti 1£ ti) 

'Kilometres 
n F*9il .lf4i) 4o ~ €"'46 ii\) 

Mt.Nc'bv 

Th.e s!tmdardiziitim~ ef the· duplex: conltid-slide base apparal?ts.-This consists in 
determining the length of one 0f. the rods in terrns of the o~erved difference of length 9f the 
steel and brass components at a given temperature and includes al~. as a precantionary 
or auxillaFy measure, the length.of each rod at~ given temperature and its coefficient of 
expansion. During these and .alf subsequent operations the bars were covered with f~lt 
doth. 

The metallic duplex 5-metre base bars Nos. 15 and 16 were standardized at the Sun1ey 
office at Washington both before and after the measur~ of the Salt Lake Base Line. 
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For this and other purposes a test line 50 metres in length was established. in the yard 
adjacent to and south of the office building. The location is unfavorable, being ·on made 
ground and. covering a surface originally sloping, but was the best that could conven
iently be hlitd. It, however, necessitated the frequent redetermination of its length, 
which was readily effected by means of the 5-metre bar-in-ice. No·. r1. The terminal 
marks ate bronze bolts about r8 millimetres in diameter and ending in a spherical segment 
the center of which is determined by means of the so-called cut-off apparatus. Each 
bolt is embedded in a block of concrete about 1 % metres square and 1 ~ metres high. 
Between these marks woodeti po~ts·are driven at intervals of 5 metres, which, together 
with two brick ·piers at the ei1ds I '2 metres higher than the concrete containing the 
terminals, serve for the support of microscopes as may be required during measures .. 
Alongside _of these supports there runs a wooden track capped with iron rails for the 
easy transportation of the measuring bars. The whole line is covered by a shed with 
openings in the sides for ventilation, those on the north side being opposite the posts and 
piers for illumination of the line measures. ' 

The first operation, in charge of Assistant A. Braid, chief .of Office of Weights and 
Measures, consisted of the measures of the length of the office test line, the variatiOns 
of which were found to reach a range of nearly 2 millimetres during the interval from 
February to May, 1896, and of the standardizing of the two bars of the duplex appa
ratus. The second operation at this place, and after the measure of the Salt ltake Base, 
comprised similar work in charge of Assistant w .. Eimbeck during November, r896. 
In accordance with the principle of construction of the duplex base apparatus what must 
be known first is the length of the steel and brass components for a given temperature, 
and second according to the duplex principle •. the lengths of the steel (or brass) bar 
corresponding _to a given dijft:rmce of length of th!= two components: thus the use of 
thermometei;s may, if we choose, be dispensed with in the work of standardization as 
well as in that of the base measure. It is only assumed that the steel and brass bars 

,are of the same temperature. Thermometers were employed, however, in the work on 
the test line and as a preeautic;mary measure also in the first practical application of the 
apparatus in the field. 

The method of using the bar-in-ice No. 17 for laying out a standard length is 
described in Appendix No. S, Coast and Geodetic Survey Report for "1892, pp.329-503, 
where the length of the steel bar at the temperature of melting ice was found to be 
5 metres -r6·2µ ±0·4p.* (See also account of the Holton Base measure.) 

Jl.feasun· of the 50-11u:tn· ujfia: ft·st line witlt the 5-mdre bar-in-ice No. I/.-Micro
scopes A and B were mounted over the west and east piers, respectively: microscopes 1, 
2, 3, and 4 were motmtedon posts within the line (at ~listances of 5 metres). The value of 
one turn of microri1etre of A, was 72·0611, and of B, 7r·211,· and one division of each of 
the micrometres of the intervening microscopes was equal to I}!. Cut-off cylinder No. 
1 was used at both ends of the line. Its length was ro4 ·s centimetres; one division of level 
was equal to 6". i 7, equivalent to 31·311. On April 3 a new level was substituted with a 
divisio~ = 2".43, e·quivalent to 12·311. Thecut-off scale is divided into millimetres. ·A 
sector was read for grade correction. The first series of measures covered the period 
Februa_ry to May, 1896; the second series was made in November, r896. The results 
are given below: 

*This probable error which refers to Prototype Metre No. 21 nm~t he changed to ± 1·1,.. to refer it to the Interna
tional l\ktre. Appendix Ko. 8, Report for 1892, p. 391. 
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First safrs. 

No. Date, Hour. Di rec- Length Daily No. Date, Hour. Di rec- Let1gth Daily 
1896. tion. 50111. 1nea11 50111. 1896. lion. 5om. mean 50111. 

p.m. p. p. a.m. p. p. 

Fehntary 2s 0 '7 E. + so·1 
28 

24 April 8 II 'S w. -3~] 2 2 .• w. _J_ 6 r+ p.m. _, 
I -387 

3 March 9 0·4 E. SS., 
25 0·9 E. -384 

4 2 '•J w. 47 ·---: 79 j 26 I 3 'I (?)W. -394 

2·9 E. 136 j 
127 

April 14 (l '4 ,V, - 761 s 
6 March 10 w. 

-'] 
28 I '2 E. - 17 I - 4I 0·3 

I 'O E. 97 
29 5·4 w. 29 7. 

a.m. 
s I •$ w. 9S April 18 E. +u71 I "O II ·o ·- 57 _, 
9 2'2 E. 

15 J W. +192 3r II '5 +1sr IO 2 ·8 w. S2 p. m. 

+145 I JI ,, .. E. '- 35 32 3·7 E. - .:J 

12 March 3r I '8 w. -I 2161 33 May 7 0·4 E. +'"] 13 2·8 E. -I 27$ ·-I 248 34 I 'I w. +744 +699 
I4 3 ·6 \V. -r 25I J I :;5 " 4·4 E. +676 

I5 April 2 I '7 E. -I 07S l a.m. 

r6 '•II 2 .• w. 097 36 Mays 10'6 W. +7") _, -I 092 J-1 

3 '<) E. -I 125 37 II '2 E. +675 
+696 17 

18 April 4 2·8 w. 817 ., 
p. m. 

822 38 :n W. +701 
19 3·5 E. 827 r-

11.111. 

20 April 7 II '6 w. 

"' j p. Ill. 

21. 0·3 E. s2s - 488 
22 3·2 w. 489 

23 3·8 E. 4SI 

Subtracting each result from its daily mean, squaring and summing, we find the 

probable error of a single measure of the test . . I [ 1'1' ] / "'"' "00 lme = 0·675 -- =0·675 ~ 
' (n-nJ . ' 38-12 

= ± 21µ = ;r·4 uhrou part of the length. The great change in length between March 
10 and 31 was unexpected, and since no interpolation for length during this period could 
be made, all (23 in number) measures with the duplex bar made during this period had 
to be rejected . 

. )t·.-v11d scril"s, after the llleasure of the Salt I.,ake Base. November, I896. 

No . Date, Honr. Di rec- Length Daily No. Date, Honr. Direc- Length Daih· 
18¢. tion. 50111. 1nean 50111. l·'l¢. tion. 5on1. mean 50111. 

p.111. p. p. a. m. p. p. 

November Ii 2 ·5 F -{~4 165 -1-4 165 s November 24 II '4 E. _+4 14S} ..L4 16o a.111. 
9 24 12 ·o(?)W. +4 176 ' 

2 18 10'6 ,v. +4 072} 25 I0'6 E. -i-4 '" l + 8 +4 077 
JO 

3 18 11 •6 E. 4 Cl' I. 
25 II ·3 w. +4 147 +4 I J 

4 19 JC'9 E. +4 1261 144 
r+4 166 f.m. 

5 19 I l ·5 w. +4 207. 12 25 4·0 E. +4 172 
6 2C IC'/ E. +4 161 l 

w. +4 w8f+4 135 
7 :!C II '4 

18732-No. 4--13 
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Apparently no change took place in the length of the .base; hence mean length 
= 50 metres+ 4 140J1 and ± qJt when referred to the International Metre; also the 

:±:: s . . 
probable error of a single measure ± :!j tt Qr T"'1i4"·hruiI of length. 

Dciaminalion <?f !11<' /rnglh ql th.· dupkx bars Nos. I5 and I6, jiwn measures of the 
50-:,..drc test /inc.-The stai1dardization of these bars can be effected with or without the 
use of thermometers. The results by the therm9metric method will be· given first. 
The measures cover the same dates as those on wliich the ex:~ct length of the test line 
was ascertained by means of the bar-in-ice .. measures: C~ntigrade thermometers Nos. 
88so, 8848, and SSrS were placed between the rods of No. 15, and C. thermometers 
Nqs. 8Ss6. 8854, and SSr_s between the rods of No. 16, at one-sixth of the length from 
the. ends of the rods and at the middle, respectively. Corrections to thermometers 
referred to the hydrogen scale. 

T'1er1110111de1>. 

Tempera- s S56 8 854 8 815 s S50 s 848 s 818 ture. 

0 0 0 o, 0 0 

Q "OJ ·oo ·oo ·oo ·oo ·oo ·oo 

5 - ·02 - "02 - ·16 -·04 -·04 + ·01 

IO - ·02 -·02 - ·07 - ·02 - ·05 +·o.~ 

15 -·03 -·03 -·09 -·oS -··oS - ·or . -·04 

::?O -·06 -·04 - ·10 -·06 -·06 -·04 

:?5 - ·07 - ·06 - ·17 -"II -·rr -·06 

30 -"I.? -"J.'.! - ·13 -·12 -."J.? -·oo 

35 - ·os -"IO - ·16 -·os ·- ·r ... :li - ·10 

40 -- ·09 -·q -=- ·12 - ·06 -"II -·rr 

45 -·13 -··16 -"II -·r3 -·rr - ·06 

The mean of the three thermometers attached to each bar was used in the· com
putation. 

The value· of the divisions of the· four scales on bars rs and r6, which measure the 
rdalh•c longitudinal shifting of the bars, was found to be 1 millimetre, very nearly, at a 
temperature of rr 0 "j C. 

· A table was formed which contains, for each measure of the test line, the excess 
or defect of the 10 steel rods (of IS and 16) and the IO brass rods (of rs and r6"l on 
a 50-metre· line. Due regard was paid to the actual distance between the ·terminals 
as found on the same da)' of measure with the bar-in-ice, and to all .corrections for 
slope, inclination, and scale of the cut-off apparatus. The observations, however, 
of April q., 18, May 7, S, were not made with the apparatus under the same con
ditions as afterwards employed. In the first place, no inversion of the bars took 
place; i. e., observations with "face up and face down." An. attempt was made to 
suppiy this omission by the direct measure of the difference. between the two :fiducial 
lines of each of the four rods, but these last measures proved unsatisfactory. In the 
second place, it should be noted that in the measures over the test line the same metal 
of the rods was always exposed to the south-that is, to greater heat radiation than the 
other. This circumstance was brotight about by the badt·!mrd manipulation of the 
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apparatus when changing the direction of . the measure.* ·For these reasons. it was 
thought best to depend for ·the standardization of the apparatus· on the November 
observations alone. 

The following table exhibits the 32 measures of t}ie test base (50 metres-4 qop) 
\vith the duplex bars, giving the separate results for the steel and brass components; 
the last three colum1is give the excess of length of IO-metre steel rods over 50 metres the 
same for IO-metre brass rods (the negative signs shows that they fall short of it), and the 
difference in the length of IO-metre. steel and.IO-metre brass rods for the temperatures 
noted. These quantities ate given -in microns . 

.!?t.mdardization of tile bar.~ Nos. I5 and I6 of tile D11p/e;t: Apparat11s <,,,,.,.lilt! <?flfrc 50-mdre lest li11e_ 

18 

18 

18 

4 18 

. 5 19 

6 19 

19 

19 
9 20 

IO ~a 

11 :!O 

I::? 20 

1.~ 20 

14 .20 

·~ 20 
16 20 

17 24 
18 24 

19 24 
20 24 

21 24 

22 24 

23 24 

24 24 

25 25 

:?6 25 
27 ::?.5 

.s 25 

29 25 

30 25 

31 25 

32 25 

It 

I ·9 F.. 
2·9 w. 
3·6 E. 
4·2 w. 
r·1 E. 
1·9 w. 
,._, E. 

2·s. w. 
0·9 E. 

1·3 w. 
1·6 E. 
1·9 w. 
2·2 E. 
2·6 w. 
3·0 E. 
3·4 w. 
1 ·7 \v. 
2 ·3 E. 
2·6 w. 
3·0 E. 
3·4 w. 
3 '7 E. 
4·0 w. 
4·3 E. 
1·0 w. 
1·2 E. 
I "7 \V. 

2·0 E. 

2·3 w. 
2·6 E. 

2·9 w. 
3·2 E. 

u. 
u. 
D. 
D. 
u. 
u. 
D. 
D. 

u. 
u. 
D. 

D. 

D. 

D. 

u. 
u. 
u. 
u. 
D. 
D. 
D. 

D. 
u. 
u. 
u. 
lT. 

D. 

D . 

D. 
D. 

u. 
u. 

0 

19·37 

20·49 
2I "I7 

21 ·45 
18 "28 

18 ·52 

18 ·37 
18·02 

5·oS 

5 ·13 

5 ·29 
5 ·42 

5 ·57 

5 ·74 

5·95 
6"01 

15 ·19 
16·11 

16·90 

17 ·32 
17 •68 

17 "97 
18 ·~6 

18 ·38 

15 ·09 

15 •66 

16·34 
16·91 

17 ·46 

17 ·87 

18·39 
18"61 

,,. 
-69 
+3 

+44 

~ .. 
0 • 

"= 0 
.,.~ "" .. 
E 
t.!) 

,,. ,,. 
+539 -7 
-619 7 

-233 6 

,,. 
+ 7 000 

7 
s 

-19 -175 6 s 
+" -468 9 9 
+19 +521 9 ~ 

- 8 +998 6 10 

-35 +1 058 7 10 

-91 ~ 900 6 15 

-45 +857 6 15 

-17 +755 6 22 

- 9 +148 6 22 

-54 +1SS 6 22 

-4o +152 6 » 
-36 +sso 6 15 

-6o +sso 1 15 

-2s +512 s 13 
-18 +66\l 12 

-24 - 2 s 9 

-41 + 14 9 

-45 + 21 9 
-59 + ., 8 9 
-16 +694 8 lO 

+35 +srn 10 
-Il +100 13 

+ 6 +146 7 13 
+ 6 -s66 8 10 

+ 9 -395 9 
--18 . -381 7 9 

+ I -399 7 9 
+13 -645 7 II 
-24 -6o8 -7 +n ooo 

,,. 
+ 61 

+557 
+'33 -I 493 
-135 -I 413 

-559 

-435 
213 -2 693 

+100 -2 783 
- 62 

-,146 

.-150 -6 870 

-266 -6 g63 

-162" -7 073 

-326 -6 9-~7 
-234 
-201 

- 4 -3 613 

+ 7 -3 277 

- 75 
-241 

-541 
-566 
- 39 -2 460 

+ 29 -2 413 

+5"7 -3 630 

+ 69 -3 553 
-203 

+191 

-- 6.1 

-245 

. +271 -2 520 

+66-2430, 

.P. ,,. 

+ 39 +2 162 

+521 +x 7So 
+165 
.-102 

+1 163 + Sao 

-404 +2 330 

-3So 

- 82 

+ 6 +7 183 

- 46 +7 007 
...., So 

-272 

-309 
-46$ 
-175 +6 770 
-16.> +6 543 

-- 7 
0 

- 73 !\-2 953 

-201 +• 717 

-477 +2 730 
-523 +2 620 

- 9 
+ 46 

+478 

+ 44 
-·62 +3117 

+333 +2 977 
+ 52 +2 720 

-127 +2 6o.> 
+•30 

+ 24 

. Mean 

,,. !!- ,,. 

-· 3 384 - 5 524 +2 qo 
2 794 
2 305 
2 Il2 

3 846 
3 ¢2 
3 938 

4 193 
II 6o1 

II 520 

II 572 
II 364 
l [ 32 .. ~ 

11 253 

II 114. 

J[ 142 

5 719 
. 5 234 

4 751 

4 585 
4 288 

4 249 

4 031 

4 014 

5 879 
5 521 

5 Osg 
4 658 

4 391 
4 210 

4 sos 
3 830 

3 55S 
6 36S 

6 323 

6 464 

6 794 
18 852 

18 fo7 

18 512 

18_ 321 

18 229 

18 098 

17 943 
17 723 

9 329 

8 504 

7 7o6 

i 342 
7 o.S2 

6 912 

6 sin 
6 444 

9 480 

9 049 
s 347 

7 777 
7 226 

6 931 

I 714 
I 525 

I 446 

2 522 

, 361 

2 526 
2 001 

7 251 

7 107 

6 940 

6 957 
6 9o6 

6 845 
6 829. 

6 581 

3 610 

3 ~70 

2 955 

2 757" 

2 794 

2 61;~. 

2 490· 
2 430 
3 601 

3 52s· 

3 258 
3 119. 

2 835 
, 721 

3 972 6 4$1 2 479· 
- 3 857 ,_.. 6 245 +2 388 

- 5 9¢ - 9 719 +3 723 . 

•To turn the apparatus end for end would have exposed it to the direct action of the sun. The spring measures 
were all made during riobig temperature. · 
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DETERMINATION OF THE COEFFICIENTS OF EXPANSION OF THE STEEL. AND BRASS RODS FROM 

PRECEDiNG OBSERVATIONS. 

Let l = length of IO rods (steel or brass) at temperature t; 
( = average length of same at the average temperature /

0
; 

hence the conditional equation, ,, = l
0 

- {+a (t - !J. 
Substituting the proper values from the preceding table, we get 32 observation 

equations; viz: 
· For the steel rods. 
o=-2612+4·56a 
o= -3 202 +5·6Sa 
o=-3691+6·36a. 

etc. 

For the brass rods. 
o=-4195+4·56a 
O= -5 211+5·6Sa 
o=-5889+6·36a 

etc. 

The normal equations are-

for steel, o= -567 8S4·5S + 984·103 9 a, and for brass, o = -907 90r66+9S4·w3 9a 
JI 

hence a,=57ro57 54 and dividing by 50, the coefficient of expansion· a:,= 11·541 15 per metre 
ab_=922·566 87 and div.iding by 50, the coefficient of expansi?11<1'6=18·451 34 per metre 

also the ratio~= 1·598 74. 
a·.. . 

The final results are, therefore- . 

Length of 10 steel rods at q 0 ·S1 C. ·=.50111 - 5 996J1 . 
1 steel roil = 5111 ·- 599·6µ, i. e .. the average of rods of bars 15 and 16 

Length of 10 brass rods at q 0 ·Sr C. =50111-: 9 719# 
1 brass rod = 5111 - 971 ·9# 

Since in all 11100.sures with the bars they occu:r always in pairs, it is not necessary 
to know the. length of the 5-metre components separately for bars rs and r6. They 
are, however, of very nearly ~qual length. 

If I= temperature at which the (average) steel" and brass rods are of equal length, 
we find t = + 25°·585 4 C.,* and the corresponding length of rods of bars Nos. 15 and 
16 = 10111- + 44·406p, or tha~ of the average bar 5111- + 22·203p. 

<-0111p11tatio11 of probable errors qf Ille preceding results. 
Ry means of-

r. = 0·674 5 I [pvz•] 

we find-
-v [p) (11 - I) 

Probable error of resulting value of a for steel 0·674 5 / 47_ 681 = ±2"I7 ·, -v 148·b9 ~'\ 31 

hence of a, ± 0·043 4# per metre 

Probable error of resulting value of a for brass 0·674 5 / 46 r57 = ± 2·r3; 
-V q8·69 X 3r 

· hence of m. ± 0·042 6)t per metre 

and <l", = rr·54r 2 ·'. rn-6 

±43 4 

:rn•l •.r .. = 1S·4s1 ,; . J<>"' 
ct 41 h 

*For thh; 10 n~ea~urc:s in April and May gave + 250·30 C .. 
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For the probable error of the length of an ayt:rage steel rod we have-

~ [ -iv] . ~II' 200 0·674 5 ' -0·674 5 -·'-- = ± 7'21 for JO roils; hence for I roil± 0·72t1; 
11(11-1) 992 

also for brass 0·674 5 h '7 000 = ± 7''2 for ro rods; hence for I rod± 0·7311 'V 992 ' 
and finally · 0 

Length of an (average) steel rod at temperature I equal 5m-599·6/l +57'7'/l (t- 14·81) 
. ± 0·7 ± '22 

Length of an (average) brass rod ~t temperature I equal 5m - 97 I·'9tt + 92 ·26p (I - q ·s 1) 
± 0'7 ± '21 

THJ<; DUPLEX APPARATUS PROPER • 

. Determination of length of the steel (or brass) rods as a fttnction of the difference. 
in length of the steel and· brass rods when at the same temperature. 

By the preceding table of results over the test line we have given 32 differences in 
length between the two components, together with the corresponding lengths of the 
steel, as well as of the brass rods. The former will be used. Let 10/ :::::: length of IO 

rods (steel) when the developed differential length of the two components is A, in the 
sense (s - b), also I0/

0 
and A

0 
similar quantities at their 1i1ean value or rn/

0
:::::: 5om 

-5 996µ and A
0 

= 3 723µ; then the 32 conditional equations will be of the form 
o = IO (/

0 
- I)+ c (A

0 
-A.) from which the coefficient,c will have to be determined. 

The equations are-
0 = - 2 612 + I 583 C 

o=-3202+2009c 
o= -3 691+2 19Sc 

etc. 

The normal equation is o = - 196 145 716+l17 622 895c; hence c= + r667 58* 

andtheprobableerrorofc=o·6745 / [P<'V] -0·6745 /3·5475 =±0·010J7. 
'V [p] (11---: I) 'Y 503 \. 31 

For a developed difference of length ;\. the length of the JO steel rods is given by 
ml= 5om - 5 996p + 1 ·667 6 (3 723-;\.). 

For the steel and brass components to be of equal length /,we have for ;\. = o 
Io/,= 50111 + 212}1, 

or two bars when component-; are of equal length= 10m + 42·4p and r bar/,= 5111 + 2l'2JI. 

The probable error of 10/ is . ___ · 

· o·6i4 5. li'4 0 i 2 = ± 1S'JW hence 
'\J 32 ,<31 ' 

10/ or 10 steel rods= 50111 - 5 996t1 + r667 6 (3 723·- ;\.) 
± 18 ± TO 2 

and I steel rod= 5m - 599·6t1 + 1 ·667 6;1 (372·3 - ;\.) 
± I'S ± IO 2 

\ 
where ;\. refers to one rod, and when components are of equal length 
2 rods= 1011t ± 3·6;t + 42·4;1±7'6}1=mm+42·4J1 ± S·411, and I roil= 5111+21·2}1. 

± 4·2 

~For this 10 measures of the test line in April and May ga\'e 1·656 5. 
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COMPUTATION OF THE 'r.ENGTH OF THE BASE. 

In tl:i,e application of the Duplex apparatus to the measure of a base line each sub
divisi9n, in the present case each kilometre, is measured independently, and the result 

· will depend upon the accumul~ted difference of length between the two rods of steel 
and brass; thus it may be likened to a Borda Scale, of which the component metals 
extend over the whole length of the section. At the .same time it is apparent that we 
can also deduce the length of the base· without resort to this principle by simply 
regarding the apparatus as an ordinary contact-slide apparatus, provided the thermom
eters between the rods are read during the measure. Since the apparatus contains 
two rods (steel and brass), we have the means of deducing two separate results. N01ie 
. of tl~ese three results is independent of the others, except as to the accidental errors 
special to each method and developed during the measure. 

There are Ir· subdivisions of the base, IO of which are each r kilometre and the 
eleventh I ·2 kilometre in length, of which the 'first part, 700 metres, was measured at 
the close of the whole work to take'the place of an initial measure when the party was 
insufficiently experienced. At the southeast end of the base the bar measures com
menced r · r41 06 metre past. the monument, and at the northwest end they terminated 
0·772 54 metre before coming to the monument. The base was measured forward and 
backward, and the. discrepancy shown for each subdivision furnished the data for the com
putation of the probable error. The ... face ''.of bars for the second half of each kilometre 
was reversed from that employed during the first half. · 

(a) Length <'./base and subdivisions b11 Ike tlzermometric method. 

FIRST MEASURJ<;; 

Mean R". 
tempera- 15!ng, 

Length of section from-lure of falbng, 
Length of section by-tCfg.~r~g; ~~~~1~~,!~;,j"~f~ Differ-Sec- Date, rods from '?r sta- Steel rods. Brass rods. 

tio11. 1Sg6. 6 ther- t1onary Brass inclina- ence. 
moot- temper- Steel rods. rods. tion. Steel Brass S.-B. 
eters. ature. rod. rod. 

0 Ill. ,,,,,,, ,,,,,,., mm.. 111m.. 111m. "'· .... I 111111. 

Xia Oct. 3 21 ·500 r. ;oo- 29'90 - 49·66 -23 ·03 -187 ·63 -168 '74 699'759 44 699•758 57 +0·87 
XIb Sept.4,5 27 ·374 f. soo+ "·53 + 18·71 25·oS + 4S·12 + 41 ·48 500·035 57 500·035 II +0·46 

x 5, 7 29'6¢ s.,r. 1 ooo+ sr '86 + So·27 102 ·7; -22s·s1 -256·33 999·720 28 999 ·721 17 -o·Sg 
IX 7.S 25 ·239 f.,s. + 0·43 + I ·97 132·12 + 38•31 + 41 ·07 '906 62 "906 98 -o·J6 

VIII 8,9 18 ·095 £., r. - 82·01 -r33 '77 70·70 + 53 · 16 - 104 '09 ·900 45 ·599 62 +0·83 
VII IO 16·512 r.,s. -100'28 -162·95 40·59 + 70·43 +133 '6o ·929 s6 ·930 03 -0·47 
VI II 23·531 r.,s. - 19 ·28 - 33 •48 76 '77 + 76·40 + 90·4r '98o 35 '98o r6 +0·19 
v 12 25 ·997 r.,s. + 9·18 + u·02 62·19 - 18·33 - 2o·s8 ·928 66 •928 95 -0·29 

IV 14 29·109 r. 1 s. + 45'09 + 69'44 38 '44 - 7·59 - 31·93 ·999 o6 ·999 o-; -0'0[ 

Ill 15 26°910 r.,s. + 42·79 + 65•77 44'4I - 24 '64 - 47 '.34 '973 74 '974 02 -0·28 
II 16 22 '974 r., f. - 25•7r - 43 '75 75·93 + 30 86 + 49·00 ·926 22 ·926 32 -0·10 

17 20·805 r., r. - 50·74 - 83·77 -40·65 + 66•88 + 99·95 ·975 49 •975 53 -O"<l.I 

% 11 . 199 '035 44 II 199 '035 53 i -o O\l 
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la) Length ef /lase ·and subdh1isions l~1' the• thermometric indhod-Completed. 

Date, 
1896. 

Sept. 18 ., 
23 
24 
25• 
:!6 

081 
2~ 

30 

Oct. I,: I 

Mean Risiug, 
tempera- falling 

tu re of ')r sta-' 
rods from tionarv 

6 t her- temper· 
inom- a tu re. 
eters. 

0 

23"294 r., r. 
20·578 ~., f. 

2(). 721 ]",, s. 
is·JSs r., s. 

Ii"._W9 r., s. 

17 "sS7 1"., s. 
20"660 r.,8. 

22 ·468 r.,s. 

i2 ·.s5s r.,::;. 

23 ·494 t".,8. 

•4 ·301 f., r., r. 

I 

SECOND MEASURE. 

Correc Sh'ft'ng forward Length of section fro111-
Lengtl1 of section l:>y-tion fo~ ~1· ba~kward of- Steel rods. Brass rods. 

Stt:el ri.xis. liras~ · in~lina- ~B'iiSS 
· rods. t1011. rod. rod. 

m. mm. mm. mm: I 
mm. mm. m. m. 

I 0(10- 22 '01 - 37 '85 -.37 ')[ + 37 ·34 + '53 ·23 999·978 '" 9)9 •978 27 
- 53 ·36 - 87 ·96 -90'2'2 + j0'5.'.! +105 ·07 ·9J6 94 '926 f9 
- 51 'j( ·- 35·,p -.'.!I ·51) + 48·72 + 82·31 •975 45 •975 43 
- 78"6" - 11S ·42 - i;,·~ + 89·21 +139'.'.!2 I 000'!.}1)0 65 I QUO 'QO&) 90 

·- 90·62 -147·54 -10·8i;J + 30·98 + ss·3r 999 ·929 47 999 ·9~9 88 
- 87 ·s7 -143·14 -2I "97 + s~ns +145·s5 ·979 44 'C}';Q 44 
- 52·41 - 86·45 -15·05 - 2·07 + 32•43 ·930 47 ·9~0 93 
- 31 ".55 - 53·09 -~1 ·00 -· .is ·72 - 26 ·73 •898 '.'3 ·sn JS 

- - ·- -/- O·or - 29 ·35 49·58 -49 ·o4 14 ·30 ·907 ,3l ·.:r-7 ~9 

II - 19·7r - 34·16 -27·t\9 -229·32 -214 ·94 ·7>3 oS "i.'.!3 Ol 

200- 12 ·47 - 23 ·13 -41 ·20 -148 •43 -13s·14 I 199 ·797 S'S r l•-;9"797 51 

:;: II 199 ·047 64 II 199 ·o.i9 83 

Differ
ence. 
s.JB. 

JllJll. 

--•) ·05 

+0·05 
+o·(•J 

- 0 '.'.!5 

-0·41 
··I ·ou 

-·:i·.ir> 

-0·45 
-.o·o.~ 

+0'(17 

+0·37 

-2 "I•) 

The last column shows a reti.13rkable accord between the results by the two 
metallic rods. 

(b) Lengtlz qf bas~· and subdh1isic>ns l~v tlu dupk.i: mdhod. 

"fIRs·r AND SECOND MEASURES. 

The third and fourth columns in the table below contain the differences accumulated 
during each section by the two rods, and the values are. taken from the preceding table, 
column (g) minus column (8); the corrections for inclination are the same as before. 

No. of No. of 
Accumulated dif-

Differ-ferences in total Length of mean rod 
section. bars. 1~11gth. (steel ) 5 metres, ence 

Length of section from- first-
First Second First Second second 

measure. measure. measure. measure. First measure. Second measure. measure. 

111111. 111111. /I /I Ill. Ill. 111111. 

xra 140 +1s·s9 1 -20,3 76 l_ 
50·26 l I r 199 "79''> 29 r+10 ·29 +132 ·31 J J 199 "797 os -~ ·24 

XIb JOO - 6·64. 

x 200 -27 ·52 +r4 ·38 +:i50 ·71 9S·6s 999 718 s6 999 ·723 06 -4·so 

IX 200 + 2 76 +20 "3I I ·77 -148 ·10· ·90s 84 'rp7 04 -I ·~o 

VIII 200 +so·93 +2I ·19 -403 ·41 -162 ·11 ·rpr 78 ·897 86 -f-3·92 

VII :?00 +63 ·17 f 3·t ·so -sos ·46 -266 ·41 ·928 iS ·929 60 -o·Ss 

VI 200 +14 ·01 +56·27 - 9S ·57 -447 ·93 ·9So 52· ·977 72 +2·So. 

v 200 - 2·5s +s1 ·33 + 42 "SI -4s6·77 ·927 98 ·928 74 --O"i6 

IV :?00 -24 ·34 +so ·01 +224 ·19 -39s 74 ·9C)S 8I I 000 "000 16 -l 
0 3S 

III 200 -2270 +33 ·s9 +2IO "52 ~isS·S3 ·973 os 999"9iS 39 -2 ","4 

II 200 +I8 ·14 +34 ·ss -130 ·oo --266 ·83 ·92s 93 ·926 93 -I 000 

I 200 I +33 ·07 +rs ·39 I --2s4 ·49 -Ill ·24 ·975 33 "9i7 98 -2 ·6s 

~ JI 199·033 6o II 199·042 77 --9 ·17 
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(b) Length q/ base and subdhiisic>ns· ~I' the duplex mdhod-Completed. 

RECAPITULATION OF RESULTS FOR LENGTH OF BASE. 

[1 ·913 6o 1nt:-tres has heen addc:d to preceding results to refer the measure to the ruo11un1ents.] 

First Second Mean. Probable error of measure-
measure. measure. ment. 

From steel rods using co- 111. Ill. Ill. 111111. 

efficient of expansion. II 200 "9-1-9 0 II 200 "¢I 2 II 200·955 I • ±2·0 ±1f·1f0b-1:nn:r part . 
_From brass rods usi;1g co-

efficient of expansion. ·949 I ·963 4 ·956 3 ±2"0 ±-s-'i'otooir part. 
From difference in length 

of rod~, over total line. ·947 2 ·956_ 4 ·951 s ±2 "7 ±~"!l"il"h:nnr part. 

Mean II 200·954 4 

\Vhere the probable error, in each case, rests upon· the differences 6 of the r r 

sections, between the fbrward and backward measures and is given by 0
"
674 ( ~ .6. •) ! 

. 2 . . 

It would appear from the probable errors, as found at this base, that the duplex 
contact-slide apparatus has no special advantage over the ordinary contact-slide steel 
rod with thermometric readings. While the duplex apparatus. demands considerably 
more labor for standardization, record, and computation, it. possesses the unique feature of 
being independ~nt of thermometers and produces. results vying in accuracy with the best. 

There remain for consideration three sources of minute effects upon the length of 
the base, viz: the push of the contact-slide spring at the time of contact, the change 
in length of bars due to wear of the knife-edge, and the change in position of the rod 
relative to the point of support of the metallic casing during the time of laying a bar. 

Respecting the first source actual trials indicated that the pressure of the springs 
of abotit 2 ~4 ounces prodt1ced a displacement, due to elastic yielding of the cradles 
sustaining the bars of 4}6 microns, the bars being at· an average height in the cradles· 
and trestles. The effect on the hase length would be about ro millimetres, subtractive 
from the measur~d length. 

As to the second source of error, measures taken at the close of the work (December 
r5, 1896) indicated by the increased width of the knife-edges that a considerable amount 
of agate, estimated at 9 microns per bar, had worn away; if we take one-half of this as 
representing the average value, the whole effect on the length would be 2 240 :< 4·5 or 
about + 10 millimetres. 

The last-mentioned source of error depends upon the rate of change of temperature 
and the rapidity of the base measure, which latter was, on the average, 40 bars laid in 
60 minutes. The interval of time between making and breaking contact was about·one 
minute, during which short time no appreciable change in the effective length of the. 
rods could have takei1 place. This effectiye length lies mostly between the rear or 
knife-edge trestle and the forward end of the bar, about 3;-3 metres.. The effect on the 
length of the ba.se changes sign with change fro1i1 Fising to falling temperature and is 
therefore to· some extent compensatory. 

For the determination of the height of the base line abo,;e the sea level, we must for 
the present depend upon the results of the zenith distances measured at the triangulation 
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stations in the Rocky Mountain region between Pikes Peak and the Sierra Nevada. 
The heights of the stations as adjusted depend upon Pikes Peak, { 300·2 metres, Round 
Top, 3 165 "6 metres, and Mount Lola, 2 7S6"S metres_, the adjusted height of Salt Lake 
Southeast Base being I 289·4 metre~. 

A line of spirit ·levels was nm forward and backward by J. H. Turner in October 
and November, ISS8, from the crossing of the Union Pacific and Utah Central railroads 
at Ogden (of the same elevation as the old passenger station at Ogden) to the United· 
States Engineers' astronomic observatory; thence to the Hooper bench mark on the shore 
of the Great Salt Lake, about I6 kilometres or ro miles in a southwesterly direction 
from Ogden. From the Hooper bench mark levels were nm to Salt Lake Northwest 
Base, a distance of. 7 ·2 kilometres or 4}; miles, and thence over the length of the base, 
a distance of u·2 kilometres, or·7 miles, by J. J. Gilbert in August and October, r896. 
The resulting heights based on the height of Salt Lake Southeast Base are as follows: 

Southeast Base, top of bolt and surface s~one 

Northwest Base, top of bolt and surface stone 

First kilometre stone from Southeast Base 

Second kilometre ·stone 

Third kilometre stone 

Fourth kilometre stone 

Fifth kilometre stone 

Sixth kilometre stone 

Seventh kilometre stone 

Eighth kilometre stone 

Ninth kilometre stone 

Tenth kilometre stone 

Hooper bench mark, bowlder on lake shore 

United States Enghieers' observatory, top of transit pier 

Top of rail at crossing of Union Pacific and Utah Central railroads or old 
passenger station at Ogden 

Metres. Feet. 

I 2&)·40 

I 294 ·89 

I 291 ·57 

I 293 "77 

l 295 ·37 

J 2cfa ·73 

1 297 ·18 

I ::?98 ·39 

298·65 

J :?98·01 

I 297·08 

·1 296 ·s2 

I 288 "71= 4 228 "O 

I 338 ·12=* 4 390 "I 

I .~15 "Oi=t 4 314 ·5 

The a-\1erage height of the base (stubs) above Southeast Base is 6·5 metres and 
average height of the base bars above the stubs 0·9 metre. Hence average height of 
base bars above mean sea level is I 296"8 metres. For the ·reduction to sea levels 
(reduced)= II 198·7 metres, h=I 296·s metres ::md log P=6·So+ 58: hence reduc-

tion= hs = -·2·277 5 metres. Measured length of base, I 1 200·954 4 metres. Length 
p 

of base reduced to sea level, II IgS·676 9 metres. 

*Lieutenant Wheeler gh•es the height of the transit ·pier as 4 374 ·o feet, in his report on Sun·eys West of the One
h11ndredth Mc:oridinn. 

t 111 Bulletin No. 76 of the United States Geological S\\rvey the height of this crossing is stated to be 4 303 feet. Mr. 
\V. G. Cnrti..;, engineer of tl1t:: Southern.Pacific Railroad. in his letter of December 291 1896. gh•es the elevation of bottont 
or ties above mean /,>n• water in San Francisco Bay as 4 :zg;·14 feet, corresponding to an ele\•ation or 4 293·3 fe~t of top of 
rail above half tide level, 
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PROBABLE ERROR. OF THE LUNGTH OF THE SAJ.T LAKE BASE LINE. 

The prob:;i.ble error of mea~urement may be taken as not more tha1i 4 nhnnr part of 
the length or ± 2 • 5 millimetres. · 

The error due to standardization of the base bars, whether we make use of the steel 
or the brass rods, is found from the expression for the length of an average steel rod 

5m - 599·6;1 + 57"7.I µ.(_/- 14°"81) 
±0"7 ±0"22 

the number of bars is 2 240. The mean temperature of the base measures is 22°"66C .; 
hence the probable errors ± 1 "6 millimetres and ± 3·9 millimetres. 

-The probable error of the length of the 5-metre bar-in-ice No. 17 is± 1·1 JI, the 
correspoi1ding uncertainty of tli°e base being 1·1 . < 2 240 = ± z · 5 millimetres. 

The uncertainty in the elevation is estimated at :2 .% metres ; hence. probable error 
in reduction to sea level= ± 4 ·4 !J1illimetres. Combining these five quantities we get 
for the tot~l· probable error · 

~ (2·5l + ( 1 "6)2 + (3·9l + (2"5)~ + (4·4)2 = ± 7 millimetres 

or nn1J·uiTO part of the length. 
Length of base 1 l l98·677m ± 0·007111. 
and its logarithm 4·049 166 72 

± 27 

ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND· ADJUSTED AT ·THE STATIONS 
FORMING THE SALT LAKE BASE N_i;;T, 1SS7-8S-S9, 1891-92, 1896-97. 

Salt Lake Nortlzwesl Base, Davis County, Utah. Augttst 6 to Attgust 14, 1896. so-centimetre theod
olite, No. 5. "\V. Eimbeck, observer. 

2 

3 

4 

Objects obser\'ed. 

Antelope 

Promontory 

Ogden Peak 

Salt Lake Southeast Base 

Resulting direc
tions from station 

adjustment. 

0 I " 
0 00 oo·ouo 

IOO 51 17·201 

214 3r 36·342 

287 34 49·556 

Approxi
tnate 

probable 
error. 

II 

± ·0S1 

·092 

·o&:i 

·092 

Reduction 
to 

sea level. 

II 

+ ·104 
- ·122 

+·148 
-·oSo 

Corrections 
ResnJting from 
seconds. hast'.'~net 

adjustment. 

II ,, 
00 "J04 - ·o6i 

17 ·079 + ·125 

36·4go - ·024 

49 "4i6 - ·034 
Probable error of a single observation of a direction (D. and R.) - ± 0 11 ·59. 

Final sec
onds in 

triangula
tion. 

II 

00·037 

r7·204 

36·466 

49·442 

Salt Lake Sout!Z<"ast Base, Davis County, Utah. July 17 to Jttly 26, 1896. 50-centimefre theodolite, 
No. 5. \V. Eimbeck, observer. 

0 II " II II II II 

51 Antelope 0 00 oo·ooo ±·091 +"IOI oo·ror + ·151 00·252 

6 SaltLakeNor~hwestBase 72 39 13·222 ·ro6 - ·080 .13 ·142 + ·065 13 ·207 

71 Ogden Peak 149 25 04·S32 "076 '+ ·165 04·997 - ·441 04·556 
8 Waddottp 259 37 17·050 ·113 - ·079 16·971 + ·225 17 ·196 

Probable error of a single observation of a direction (D. and R.) = ±011·65. 
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS OBSERVED AND ADJUSTED AT THE STATIONS 

FORMING THE SALT I.AKE BASE NET, 1887-88~89, 1891-92, 1896-97-continueii. 

fVaddoup, Davis County, Utah. May 25 to June 18, 1892, and June 25 to July 3, 1896. 50-centimetre 
theodolite, No. 5. W. Eimbeck, observer. 

9 
IO 

I I 

12 

13 

Objects observ~. 

Azimuth Mark. 

Deseret 

Antelope 

Promontory 

Salt Lake Southeast Base 

Ogden Peak 

Resnlting direc
tions fron1 station 

adjust111ent. 

0 II 

·Aporoxi
n1ate 

probable 
error. 

II 

o oo oo·ooo :!::·106 

82 31 23·6~4 

133 18 49 ·657 

165 03 25 ·477 

173 .>3 24 ·056 

211 28 26 ·908 

"II2 

Reduction 
.. to 

sea level. 

,, 

+ ·205 

- ·os.~ 

-·u7 
....!. ·077 

+ "005 

Corrections 
Resulting from 
secouds. base-net 

" 

23·839 

49·6o4 

25;350 

23·979 

26·913 

adjustment. 

II 

+·343 
-·ooS 
-·o66 
- ·201 

Probable error of a single observation of a direction (D. and R.) = ± 0"·88. 

Final sec
onds in 

trianguJa
tion. 

,, 

24·682 

49·5¢ 

25·284 

23 778 

26 "34.5 

Ogd.:11 Peak, \Veber County, Utah. September II to October Io, ·1888. so-centimetre theodolite, 
No. 5. \V. Eim)?eck, observer. June 24 to June 30, 1891. 50-centimetre theodolite, No .. 5. P.A. 
\Velker, observer. {W. ;Eimbeck, chief of party.) July 16 to July 29, 1896. 30-centimetre· theodo
lite, No. 146. P.A. Welker, obs_e••!er. (W. Eimbeck, chief of party.) 

Azimuth Mark (North 
Ogden) 

Draper. 

14 Mount Nebo 

City Creek 

15 \·\."addoup 

Oquirrh 

16 Salt J.,ake SE. Base 

17 Deseret 

18 Antelope 

19 lbepah 

20 Salt Lake NW. ;Base 

21 Pilot Peak 

0 I/ II I! 

o oo oo ·ooo ± ·052* - ·ns 

193 54 09·172 

196 16 31 ·242 

199 49 48·631 

200 39 53 ·835 

221 37 00·243 

232 32 39·895 

237 33 . 22 ·988 

249 12 02 ·091 

262 43 36 ·2So 

284 3 r 30 ·17J 

·rnst 

'07it 
·061* 

·oSot 

·0'35t 

·oS9t 

·089t 

- "03i 

-"0::?9 

·ooo 

+ ·002 

+ "121 

+ ·072 

+ ·202 

r ·071n , .1.,
4 °l ·061t r· T -

·062t + "22j 

'Oi4t + •o65 
·o'36t + ·038 

// 

59·882 

09 ·r35 

31 ·213 

48·631 

53·837 

00·364 

39·967 

02·318 

36·345 

30·209 

Azimuth Station 303 IO 15 ·488 - ·037 15 ·451 

I/ 

+ "790 

+·382. 

- 7S7 

+ ·292 

- 729 

+·269 

- ·274 

22 Promontory 303 42 05 ·866 ·07S:f; - ·05S 05 ·SoS + ·434 

Probable error of a single observation of a direction ( D. and R.) = ± 0"·66. 

*ISSS and 189I. t ISSS. i 1896. 

/I 

54·627 

40·349 

22·403 

32 78S 

01 ·589 

36 ·614 

29·935 

o6 ·242 
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUSTED AT THE STATIONS 
FORMING THE SALT LAKE BASE NET, 1887-88-89, 1891-92, 18<)6-:-97-continued. 

f)t'St'ffl, Too~le County, Utah. September I to September I3. 1887. so-centimetre theodolite, No. 5. 
W. Eimbeck, observer. September 4 to September 18, 1892. so-centimetre theo<lolite, No. 5. W. 
EimQeck, observer. 

Objects obsen·ed. 

Azi111uth Mark, r892 
:?,3 Promontory 
24 Antelope 
25 Og<l.en Peak 
26 Waddoup 

Oquirrh · 
Draper 

27 Mount Nebo 
28 Ibepah 
29 Pilot Peak 

Onaqui, 1887 

Resnlting direc
tions fron1 station 

adiustn1ent_ 

0 

o o) oo ·ooa 
7 07 5I·1q 

28 19 46 ·67~ 
33 44 00·630 
47 S3 36 ·612 
61 44 39 "6j3 
Sr 28. os ·028 

130 50 SI ·549 
234 34 20·5I3 

.294 03 I2 ·415 
-~59 59 59 ·342 

Appmxi
mate 

probable 
t:"rror. 

II 

± .... 
·072 
·oS4 
"Ojl 

·093 
'079 
'J02 

·10s 
·085 
"J02 

Reduction 
to 

'5.C:.a k\·tl. 

,, 

+ ·046 
+·114 
+·17S 
+ ·081 
+ ·195 
+ ·045 
-· ·2.~1 

+ "21I 

- ·170 
+·029 

Corrections 
Re~ulting from 
seconds. base-net 

51 ·160 
46 786 
00·808 
36·693 
39·868 
os ·073 
SI ·318 
20 ·724 
12·245 
59 '37I . 

adjustment. 

" 
-- •688 
+ ·210 

-- ·143. 
-- ·343 

+ ·189 
+ ·599 
+ ·1n 

·Pn;:>bable error of a single observation of a direction ( D. and R.) = ± 011·68. 

Final sec
onds in 

triangula
tiou. 
,, 

50·472 
46·996 
00·665 
36·349 

SI ·so7 
21 ·323 
12 ·422 

Ibtpali, Jt1ab County, Utah. Augm•t 23 to September 27, 1889. so-centimetre theodolite, No. -5· 
\\!. Eimbeck, ohserver. 

33 

Azimuth Mark 
Ogde11 Peak 
Deseret 
Mount Nebo 
Tushar 
\Vheeler Peak 
Diamond Peak 
Pilot Peak 

,, 
o oo oo ·ooo 

25 43 47 ·r59 
34 55 •P ·025 
67 43 o~ ·124 

rr7 31 04 ·280 
177 52 .34 "54S 
238 59 34 ·992 
332 05 10·271 

,, 
± ·04s 

·092 
·0S9 
·071 
·on 
·088 
·082 
·086 

,, 

+ ·187 
+ ·200 
+·001 

- ·237 
+ ·166 
+ ·064 
-·042 

,, 

47·346 
41 ·225 
04 ·r 25 
04·043 
34 "7II 
35·056 
I0"229 

II 

+·or.~ 
-·192 

+ ·097 

Pro1Jable error of a single observation of a direction (D: and R.) = ± 0 11·62. 

,, 

47 ·.~59 
41 ·033 
04"·222 

IO "3II 

JJ/01111! 1V,·b;,, Juab County, ·Utah. June 16 to July 29, 1887. 50-centimetre thoedolite, No. s. W. 
Eimheck, observer. 

0 ,, ,, /I ,, 
Azimuth Mark o oo oo ·ooo ± ·046 
Patmos Head 99 26 42 ·277 ·096 - ·096 42 ·181 
Wasatch 155 r3 16 ·5oS ·091 - ·137 16 ·371 
Tushar 194 ~6 40 ·046 ·ogn + ·155 40 ·20I 
Scipio 213 51 58 ·i:qs + "I88 ·59 ·036 
Wheeler Peak 242 40 45 ·694 ·075 + ·178 45 ·872 · 

34 Ibepah 265 48 49·527 ·oSo. -·ou 49·5~6 -·147 
35 Pilot Peak 299 4I 13 ·102 ·070 - ·199 ii ·9;3 - ·051 
36 Deseret 309 18 29 ·821 ·112 - ·2r9 29 ·6o.2 -· ·133 

Onaqui 3i5 22 52 ·os6 ·070 - ·176 s1 ·SSo 
Oquirrh 332 45 19 ·6o4 ·o66 - ·125 19 ·479 

37 Ogden Peak 350 55 13 ·527 ·o6j -- ·024 13 ·403 + ·330 
Draper 353 I4 45 ·19J ·097 - ·ooS 4S ·182 

Probable error of a single ohser\•ation of a direction (D. an\:1 R. )= ± 0"·61. 

,, 

49 •36g 
12°852 
29 ·469. 
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUSTED AT THE STATIONS 
FORMING THE SALT LAKE BASE NET, 1887-SS-89, I89l-92, 1~96--97-completed. 

A11tclope, Davis County, Utah. October 4 to October 23, I892. so-centimeter theodolite, No. 5. '~'. 
Eimbeck and P. A. 'Welker, observers. June 25 to July 4, 1896. 30-c~ntimt:trt: t~eodolite No. 
146. P. A. Welker, observer. ( W. Eimheck, chief of party.) 

~s Resultin~ direc- Approxi- Reduction Corrections Fin~l sec-· 
O·;:: 

Ohject• obsern:rl. tion:;. froni station nrnte to Resulting frmn {•1h"1~ 111 

~.~ adjustn1ent. probahle sea lt:vel. :-;cconds. ba£e-net trian~uln-
t:rror. adjustment. tion. 

"C ,, ,, II II ,, ,, 
44 : Ogden Peak 0 (oQ oo·ooo ± ·0S3 + ·182 00·182 - ·277 59·cp5 
45 I Salt Lake SE. Base r6 20 n3·815 ·094 + ·065 03·8So - ·206 03 ·674 
46 Waddoup 55 42 47·371 ·079 - ·034 47·337 - ·048 47 ·289 
47 Deseret 165 21 37·057 ·r23 + ·189 37 ·.:q6 + ·234 Zi ·4So 
48 Pilot Peak 226 23 o6 ·225 ·138 - ·021 06 ·204 -- ·343 05·861 
49 Promontory 288 47 49·415 ·107 - ·095 49·320 +·383 49 703 

Azimuth Mark 302 00 46·574 ·151 
5G Salt Lake NW. Base 341 24 26·394 ·oS6 + ·o67 :26·461 + ·258 26·;19 

Probllble error of a single obsen•ation of a direction ( D. and R.) = ± 1'' ·02. 

Pilot Peak, I;:lko County, :'l:evada. July .5 to July 22, 1SS9. 50-centimetre theodolite, No. 5. W. 
Eimbeck, observer. August 7 to August 18, 1892. so-centimetre theodolite, No. 5. P. A. 
'Welker,' observer. (W'. Eimbeck, chief of party.) August 6 to August 17, 1897: 50-centimetre 

. theodolite, No. 5 .. P. A. \Velk~r. observer. 
O· ll II I/ II II II 

Azimuth Mark,1889 0 00 oo·ooo ±0·049 
Reference Mark, i892 0 00 02·534 ·055* 

.ancl 1897 
Cacht" . 2 19 22 749 ·o89* 
Oxford 36 4~ 40:495 ·151* 

38 Promontory 64 26 05 747 ·o65* +·055 05·802 + ·198 ob"OOO 

39 Ogden Peak 70 34 24·955 f ·066 1 
+·043 24·998 -·145 24·853 

l·u64*f 
40 Ant~lope 79 13 44 "735 ·074 ·- ·008 44 727 + ·038 44 ·765 
41 Deseret 103 56 04·921 ·054 -·169 ·04 752 -·0S2 04·670 
42 Mount Nebo l II 06 37·692 ·069 - ·210 37·482 + ·021 37·503 
43 Ibepah 161 37 22 · r97 ·069 -·047 22 ·150 - ·030 22·120 

Wheeler Peak 1;2 37 22·903 ·075 + ·045 22·948 
Probable error of a· single ohser\•ation of a direction ( D. and.R.) = ± 0 1l·2.o. 

Pro111011to1:v, Boxelder County, Utah. July 3 to July 18, 1892. 50-centimetre theodolite, No. ,5. w. 
Eimbeck, obsen•er. August 7 to August 13, 18¢ 30-centimetre theodolite, No. 146. P. A. 

· \Velker, observer. (W. Eimbeck, chief of party.) 
0 II II II ,, II II 

Azimuth Mark 0 00 oo·ooo ± "ll2 
51 Ogden Peak 142 33 18·2S7 ·077 - ·081 18°206 -·3So I7"826 
52 Salt Lake NW. Base 167 54 30·502 ·075 - ·ojS 30·424 + ·183 30·607 
53 Waddoup I73 o6 09 ·217 ·o63 - ·081 09 ·136 -·256 oS ·8So 
54 Antelope 194 26 38·562 ·062 - ·094 3S·468 - ·495 37 "97.~ 
55 Dt"seret 229 48 34 ·243 "ll7 + "075 34·318 + ·615 ·34 ·933. 
56 Pilot Peak 297 ~4 29·422 "II6 +·0'32 29·504 + ·333 29·837 

Probable error of a single obseryation of a direction (D. and R.) = ± 0 11 ·57. 
~~~~--~~~· 

*The directions marked hy a* depend on the probable error ± "·054 of Ogden Peak, during the second and third 
occupations 
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Respecting weights to the several directions entering into the ·adjustment, it has 
be.::n decided ~o give them all the. same-that is, tm\t w·eight. This proceeding is justi
fied by the following considerations. 

From the approximi:lte probable errors of directions in the preceding abstracts we 
find the average value from 82 directions= ± 0"'088; 011 the other hand, we derive from 
the base figure adjustment, as given in tl1e fo\lowing pages, the probable error of a direc
tion by using 7-:3 of the value resulting from the 56 direction corrections, viz: ± o" · 3 I, or 
3 ·4 times the fir~t value. We may also use the 99 angular corrections of the 33 triangles,· 

whence we get for the probable error of a direction~,/ 25·o = ± 0"·2{. Again, if we 
3 2 x 99 

operate with the closing er·rors of the triangles, we find for the probable error of a 
direction-

:_ I 37·96 = ± o"·30 
3 -v 33 x 6 

vVe thus find the probable error of a direction e, as derived from the· corrections <;1.emanded 
by the adjustment of the base net = ± o" ·28 and the same e, as derived from the station 
adjustment= ± 0"·09; the fact that ei is three times as great as e8 is attributed mainly 
to the effect of local deflections in measuring angles, the vertical axis of the theodolite 
being necessarily adjusted to the plumb-line. Besides, a very careful adjustment of the 
instrument is required when the station observed upon is. considerably above or below 
the om:: occupied. Persistent lateral refraction also has a share in producing the above 
result. Following the methods outlined at the beginning of this paper and us.:!d in the 
adjustment of the Volo Base Net, we have c,, = .J(o·2S)2- ( 0·09 / = ± 0·27, which is to 
be combined with the particular value of e.; hence the relative weight of an observed 
direction becomes-

I I 

p = eo = e.• + (0·27)" 

.In the case of the Salt Lake Base Net, we have in the main figure the extreme values 
of e, ± 0"·06 and± 0"·15; hence the extreme weights to directions would be in the 
proportion of 13 to 11 nearly. The introduction of weights was therefore deemed 
unnecessary, especially when we l:Onsicler the strength of the development of the length 
of the base to that of the primary line. 
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FIGURE ADJUS'l'MENT. 

Obscrvalio11 equatio11s. 
No. 

I 0=+0·582+(45)·-(50)+ (r)- (4)+ (6)- (5) 

2 0=+0·610+(45)-(44J+(18)-(r6)+ (7)- (5) 

3 0=+0·6o2+(44)-(50J+ (I)- (3)+(20)-(18) 

4 0=-0·581+(52)-.(51)+(22)-(20)-t- (3)- (2) 

5 0=+0·7,>J+ ( 13 )-( II)-j- (53 )-(51)+(22)--(15.) 

6 0=+0·109+(13)-(12)+ (8)- (7)+(16)-(15) 

7 o=-0·3o6+( 26)-(23J+( SS)'-(53)+( II)-( 9) 

8 0=+1·123+ ( 26)-(24)+(47)-(46)+( 10)-( 9_) 

9 o=-1 "076+(39)-(38)+(56)-(51)-t-(22)-(21) 

10 o=-r·393+(40)-(38)+ (56)-(54J+ (49)-(48) 

I I 0=+1·427-J-(41)-(38)+(56)-(55)+(23)-(29) 

12 0=+0·3"18+(40)-(39)+(21 )-(18)-f-(44)-(48) 

13 0=+0·661+(41)-(40)+(48)-(47)-t- (24)-(29) 

14 o=-o·oo•H(36)-(35)+(42)-(41 )+(29)_: (27) 

JS o=-0·3SS+(37)-(36)+(27)-(25)+( 17)-( 14) 

16 o=-0·500+(30)-(33)-l-(43)-(39)+ (21)-( 19) 

17 o=-o·o6o+ (32 )-(33 )+ (43)-(42) + (,35)-· (34) 

18 o=+o·sgo+ (31 )-(30 )-f: ( 19)-( 17)+ (25)-( 28) 

19 o=-0·2!0+(32)-(30)+( .19)-( 14)+ ("37)-(34) 

20 o=+n3-0·67( 1 )-0·64(,3) +1 ·31 (4)-4 ·67( 16)+8·29( 18)-3 ·62( 20.J+r18(44 )-4"_16(45) 

-3'02(50) 

21 0=+2·25-0·67( 1 )-0·64(3 H-1·31(4)-2·49( r~)+s·19( 12 )-2·70( •3)-3·39(15 J+ror(16) 

-3 ·62( 20) + 5·59(45')-2·57( 46)-3 ·02(50) 

22 o=-7'94-7'37( 18) +9·79(20)-2·42(22)-6·26(44)-1 ·61 (49)+rS7(50)-4·44(5r)+S·66(52) 

--p2(54) 

23 o=+o·o6-2·96( ro)+ 3 ·40(11)-0·44(13(-2·02( 15)-j-3 ·39(18)-1·37(22)-1 ·65(51 H-5·39(53) 

-n4(54) 

24 o=-2·3r-1·7:?( 9)+5·12(10)-3·40(11 )-5·43(23)-t-1r·35(24 )-5·92( 26)-5·39(53) +s·36(54) 

-2·97(55) 

25 0=-26·44-12·95( l 7) +15·67( I8 )-2·72( 2!) -j-22' !0(24)_.:.22" 26( 25)-j-0'16( 29)-13 ·83( 39) 

-j-18·41 (40)-4•58(41) 

26 0=+ I ·92+ 5'4J( 23 )-5·59( 24 )-j-0·16( 29)-7'97(38) -t-12·55(40 )-4 ·58(41)-3 ·45( 54) -j-2·97(55) 

+0·48(56) . 

27 o=+5 ·33-1·35(18 J +2·72( 21 )-1·37(22)-r97(3~J+1,}'S3(39)-5·S6(40)-r65(5r) +.1·17(54) 
+0·48(56) . 

. . 
2~ O=-j-5·65-2·40( I'f )-t-4·37( Ii)-1 "97 (21 )-11:"42(35)-f-14·79(3~)-2·37(37)-3·20(39)-j-19·92(41). 

-16·72(42) . 

291 o=+6· 26-2·~0( q)-j-12·62( 17)-w·~2(~9)-13 ·00(30)-j-16·27(31 )-3·27(32)-2·22(34)+4·59(36) 

I -2·37(37) 

30 ·1 0=+4· 17-2·40( 14)+4·37( 17)-1·97( 21 l+4"3s(31)-3 ·27(32)-1·08(33)-2·22(34)+4·59(36) 

. -2·37(37)-3·20(39)+4·53(41)"'-1"33(43) . 
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FIGURE ADJU5'tM!iNT-co11tinued. 

Ci.1rrdal<' cq11,1tiv11s. 

Correc- , C C (' c. c c6 c Cs C9 C,o Crr C,. C,i c,. t:ons. 1 2 ~·~ 5 7 

--- -------·---· 
(!)= +1 I I 

(2) -[ 

(3) --1 \ 1 

(4) -r 

(5"1 -I -I 

(6) +r 

(7) +1 
_, 

(S) +1 

(9) -I -r 

(10) +1 
(I I) -I +r 
(12) -I 

(13) +1 +r 
(q) 

( 15) -I ·-I 

( 16) -r +1 

( 17) 

(18) -f I -I -r 

(19) 
(.:?o) +1 -I .... 
( 2!) -I +1 
( 2.~) ·/·I +1 +1 
(23) -I +1 
(24) -r +1 
(25) 

(26) +1 +1 

(27) -1 

(28) 

( 29) -1 -I +r 
(30) .... 
(31) 

(32) 

(33) 

(34) 

(35) ... ••.• -1 

(36) +1 

(37) 

(38) -I -I -I 

(39) +1 ·--I 

(40) +r +r -1 

(41) +1 +r -T 
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. FlGliRE ADJUSTMENT-continuecl. 

li:irrdat.' <q11atit.ws-Continued.· 
Carree- 1::. Co C3 c. l'.s c6 C; Ci: C9 c·IO Cu c .. C13 c,. tions. 
---. 

(42.)= +1 
(43) 

(44) -I +r +1 
(45) •-f-I +1 

(46) -I 

(47) +1 -I 

(48) -I -1 +r 
(49) +r 
(50) -I -I ... 
(51) -r -I -I 

(52) +r 

(53) +r --r 

(54) -r 

(55) . +r -I 

(56) +r +r +1 

<..orrdal<' eq11alio11s-Continue11. 
Cori-cc· C,s C,6 C,1 C,s C,,, Co .. Co, c., c· tlou~. ~-' 

(I) --0 ·67 -0·67 

(2) 

(3) --0 ·64 -0·64 

(4) +1 ·3r · +r ·31. 

. (5) ...... 
(6) 
(7) 

(8) 

(9) 
(10) -2·49 -2·96 
(I I) +3"40 
( 12) +5 ·19 

( 13) -270 -0·44 
( 14) 

I·· 
-r -I 

( 15) ~3"39 -2·02 

(16) -4·67 +7"0I 

( 17) . +1 --I 

(18) +s·29 -7·37 +3"39 
(19) -r +1 +r 
(20) -3 ·62 -3·62 +979 
( 21) +r 

(22) -2·42. -I "37 
18732-No. 4--q 
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FIGURE ADJUSTMENT-continued. 

Condatt· equatio11s-Continued. 

Correc· I 
ti on~. C,s. C,o C,1 C,z c .• c "" c •• c .. C.3 

·-.1 
( 23) ' 

( ::q) 

(25) -l +r 
(::?6) 

( 27) +r 

( 28) -I 

(29) 

(30) +1 -r --I 

(31) +1 

(32) +r +r 
(33) -I -l 

(34) -l ·-1 

(35) +1 

(36) -1 

(37) +r +r 

(JS) 

(39) -I 

(40) 

(41) 

(42) -I 

(43) +r +1 

(44) +1·18 -6°26 

(45) -4·16 +5"59 
(46) --2 ·57 

(47) 

(48) 

(49) -I "61 

(50) -3·02 -3·02 +7"87 
(51) -4·44 -I ·65 

(52) -l-8"66 

(53) +5·39 
(54) -4·22 --3 ·74. 

(55) 

(56) 
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FIGURE AOJUSTMENT-continue<l. 

Gwrt:'iale ,·q11atio11s-Co11ti11ued. 

Carree- c • Cos C,.; Co, C.s c,,., c,., tions.. •• 
·----·--- --· -- -----------

(r) 

(2) 

(3) 

(4) 

(5) 
(6) 

(7) 

(8) 

(9) l ·72 

~IO). + 5 ·12 

(II) - 3·40 

(p) 

( 13) 
(q) - 2·40 - 2·40 - 2''10 

( 15) 

(r6) 

(17) -I.2 '95 + 4'3i +12 '62 + 4·37 
(18) +rs ·67 - 1 ·35 
(19) 

. 
-I0'2:Z 

(20) 

(2!) - 2 ·72 + 2 ·72 _· l '97 - l '97 
(22) ·- I ·37 
(23) - 5·43 ·1· 5 ·43 
(24) +II '35 +22 'IO --- 5 ·59 
(25) -22 ·26 

(26) - 5 ·92 

(27) 
(28) 

(29) + 0·16 + o·r6 

(30) -I3 ·oo 
( 3I) +I6 ·27 + 4 ·-~5 
{3·2) - 3 ·27 - 3·27 
(.33) - r·o~ 

(34) - 2 ·22 - :2"22 

(35) -12 ·42 

(36) +1479 + 4·59 + 4·59 
(37) - 2 ·37 - 2 ·37 - 2·37 
(38) - 7·97 - 7·97 
(39) -13 ·83 +IJ ·83 - 3·20 - 3·20 

(40) +18 ·41 +I2 ·55 - 5 •86 

(4I) - 4·58 - 4·58 +I9 ·92 + 4'53 
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FIGURE ADJUSTMENT-continued. 

c_<.,,-rdatc ,·q11atio11s-Completerl. 

(orrec- c •• Cos c'"" c., c •• Cog lions. 

----
(.p) (fj "/."! 

(43) -- I ·33 
(44) 

(45) ....... 
{46) 

·(47) 

(4:'1) 

(49) 

(50) 

(51) -· I ·65 

(52) 

(53) - .<;."J9 

·(54) + S·36 - 3·45 ' I "17 T 

·(55) - 2·97 + 2·97 

(56) + 0·48 + 0·48 

J\T,,,-mal ,·q11,1tio11s. 

CI c. c,. c. Cs c. c, Cs C9 C10 C11 c,. C,3 c .• 
··-· ····---------

.0=+0·582 +6 +2 J._ . ., 
I -

+o ·610 +6 --2 -2 _, 

+0·602 -\-6 ·-·-.2 +1 
-0·581 +o +2 +2 

+0·733 +6 +2 -2 +:i 
+o ·109 +"6 

-0·306 +6 +1 -2 
+1 ·123 +6 -2 

-I ·076 +6 +2 +2 -2 

-I ·393 +6 +2 +2 -2 

+r ·427 +6 -+-2 -2 

+o ·318 +6 -2 

+0·661 +6 -2 

·-0·009 +6 

Normal cq11atio11s-Continued. 

C,s C,6 c,, C,s C,e Coo . c., c •• c., 

+0·582 -3·12 +6 ·6-~ -7 ·S7 

+0·610 +i·62 -I "42 -I "JI +3"3<) 

+0·602 -I ·74 --o ·63 +3"03 -3·39 
-0·581 +2 ·98 +2 ·98 +o·S9 +0·28 
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FlGURH AflJUSTMENT-continued. 

1Vormal cq11alio11s-Continuec1. 

C,5 c,. C,1 C1.s C,9 <.:~,) c~I C22 c.3 

+0·733 +0·69 +2"02 +3·85 

+0·109 -4·67 +2 ·~1 +1 ·s8 
-·0··3o6 -1 ·99 

+1 ·123 I +o·os -2·96 

-l ·076: -2 +2"02 +0·28 

-I ·393 ! +2 ·61 +3 74 
I 

+r ·427 ; 

+0·318 j +2 -l "II +r ·rr -3·39 
+0·661 

-0·009 ~2 -2 

o=-0·388 +6 -2 -t-2 

-o·soo +6 +2 -·2 -2 

-o·o6o. +6 +2 

+0·890 +6 +2. 

-0·210 +6 

+2 ·23 +r84 ·r9 - jr ·19 -16s ·2s +28°10 

+2 ·2s +163 "71 - s9·21 +rs ·41 

-7·94 +372"2S + I ·44 

+0·06 +83 "73 
JVormal cq11atio11s-Conti11ued. 

c.4 c.5 c.6 c.1 c·~ c~9 c 3" 

+ o·s82 

+ 0·610 +is ·67 -1 ·3s 

+ 0 ·6o2 -rs ·67 ,+1 ·3s 
- o·s81 +0·2S 

+ o·733 ·- I ·99 +0·28 

+ I "09 

- o.·306 + 0·25 - 2 ·46 

+ I 
0 123 -10·43 -22 'IO + 5·59 

I ·076 -II "JI + 8•45 +19 ·84 - l ·23 -I ·23 

I 
0

3931 - S·36 +18·41 -t-24 ·45 + l "42 

+ l ·427 - 2·46 - 4·74 + 6·17 + 8·45 +r9·92 +4·53 

+ 0·318 +13 ·85 +12 ·55 -15 ·62 + I "23 +1 ·23 

+ 0·661 +u ·35 - I "OS -22·88 + 5.'·86 +19 ·92 +4".'i3 
- 0·009 + 4 "74 + 4 "74 - 9·43 +4"59 +o·o6 

- 0·388 + 9·3r -10·39 +8·06 -0·19 

..,.... 0 ·500 +1-1 "II -II "II + I "23 -2 78 +0·98 

- o·o6o + 4·30 -1 ·os -I ·30 

I·· o ·89fJ - 9·3 1 - 4·37 +6·43 -0·02 
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c •• 

- 0 '210 

+ 2 ·23 

+ 2 ·25 - 12 75 

- 7·94 - 35 ·28 

+ o·o6 - 87 ·03 

o= - 2 ·31 +34I ·85 
-·26 ·44· 

+ l '92 

+ 5 ·33 

+ 5·65 
+ 6·26 

+ 4·17 

FIGURE ADJUSTME:NT-COlllpleted. 

Normal equations-Completed. 

C.5 c.~ Co;• c •• 

+ 0·03 

+129·90 -P'l'J 

-II5 '49 + .14 ·56 +15 ·65 

+ 53 '12 + 12·90 - 4·35 

+250·83 -130 ·59 + 9·78 

+r 955 ·77 +12S 'SI -327 ·70 -9S '21 

+323'7I - 13 ·S3 -91 ·23 

+304'55 -49 '6I 

+r 093 ·96 

Res1t-lti11g ziat11es <?f correlates. 

+134 ·41 

+745 '49 

-I '02 

~ 27 ·72 

- 20·75 

- 49·61 

+202 'i2 

+173 ·99 
+123 •66 

C ,=,+o ·065 4 
c .=-0·215 9 
C 3=-o·u6 3 
c .=-0·124 5 
C 5=-0·824 9 
c 6=+0·225 0 
c ;=-0766 6 
C s=+o·o36 l 

c 9=+1 ·334 3 
C,o=+o ·440 o 

C,,=-1 ·407 4 
c,.=-o ·294 9 
C,3=-o ·197 5 
c .• = -1 ·422 o 
C15=-I ·232 6 
C,6=+1 ·401 1 

. C17=-I ·46o l 

Cre=-0 ·599 2 

C,9=+r ·586 7 
C..,=+o 'OJ9 56 

C.,=+o ·004 65 
c .. =+o ·035 55 
C.3=-o ·102 oo 
c •• =-o ·o6s 29 
C.5= +o ·034 SS 
Co6=-o ·074 01 
c.1=;+0 ·003 JI 

C0s=+o '001 005 
C.9=+o ·o,:;o 82 
C3o=-o ·o:ir 76 

II 

(r)=-o·o67 l 

(2)=+0 ·124 5 
(3 )==-0 ·023 7 
(4)=-0 ·033 7 
(S)=+o ·150 5 
(6)=+o ·o65 4 
(7)==-0·440 9 
(S)=+o ·225 o 
(9)=+0 ·S.p 8 

(10)=-0·007 8 
(n)=-0·066 5 
(12)=-0·200 9 
(13)=-0 ·567 6 
(14)=-o ·378 3 

C'orl'<'dio11s le> a11g11lar diredio11s. 

" 
,, 

(15)=+0·790 2 (29)=+0·176 6 
(16)=+0·3S2 2 (30)=+0·012 9 
(17)=-0786 8 (31)=-0·192 4 
(18)=+0 ·292 0 (32)=+0 ·097 0 
(19)=-o·pS 6 (33)=+0·082 5 
(20)=+0 ·268 6 (34)=-0 ·146 7 
(21)=-0·273 0 (35)=-0·050 6. 
(22)=+0 ·434 3 (36)=-0·133 0 
(23)==-0·688 0 (37)==+0·330 3 
(24)=+0 ·209 s (38)==+0 ·198 2 

(25)=-o ·143 o (39)=-o ·144 9 
(26)=-0·344 0 (40)=+0·037 7 
(27)=+0 ·189 4 (41)=-0 ·o.'32 2 
(28)==+0·599 2 (42)=+0·021 3 

Check sum of+ corrections ==0·409 o a•id ::E f'<'P=6·696 
Check slim of - corre<;tions=o·408 4 -::EwL"==6·689 

II 

(43)=-0 '030 I 
(44)=-0·277 4 
(45)=-o ·205 9 
(46)=-0 ·048 I 

(47)=+0 ·233 6 
(48)=-o ·342 6 
(49)=+0 ·382 s 
(50)=+0·257 6 
(51)=-o ·379 6 
(52)=+0 ·183 4 
(-53)=-o ·256 2 
(54)=-o ·495 4 
(55)=+0 ·614 .9 
(56)=+0 ·332 9 

Mean error of an observed diffction 111 1= /[P<-'<']=±0"·473 ·where 11,,;,,munber of conditional equa'V n 
tions; and mean error of an a11gle. 111<==111,v'2 ==±0"·668; also probable error of the same =±0"·45. 
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TRIANGLES OF THE SALT LAKE BASE NET; UTAH, 1887 TO 1897. 

Correc- Spher- Spher- Distances in )lo. Statiops. Observed angles. tion. . ical ical · Logs. metres. angles. excess . 
0 /! /.' .'/ 

[ Ogd~ .... 30 IO 56 ·378 -0·114 56·264 0 ·196 4·049 I66 72 II 198·677 

S. L. Southeast Base 7(! 45 51 ·855 -0 ·506 51 ·349 0 ·197 4 ·336 120 31 21 683 ·cs 
S. L. Northwest Base 73 03 12·986 -0'0!0 12 ·976· 0·196 4·328 533 08 21 307 '.'.'3 

01 ·219 0·589 

[ Antdop< 34 55 37·419 -0·464 36·955 0 ·169 4·049 I66 72 II 198'6j7 

2 S. L. Northwest Base 72 25 10·628 -o ·033 IO '595 0 ·169 14 ·270 594 77 18 646·39 

S. L. Southeast Base 72 39 13 '04I -0·085 I2 ·956 0·168 4 ·271 I52 75 18 670·36 

01 ·088 0·5o6 

[ Antelope "16 20 03·698 +0·071 03 769 0 ·171 4'328 533 oS 21 307·53 

3 Ogden Peak 14 14 52·529 -0·090 52 ·439 0 'I7I 4·270 594 76 18 646·39 

S. L. Southeast Base 149 25 04·896 -0 ·591 04 ·305 0 ·171 4 ·585 9i7 92 38 545·88 

or 'I23 o·5r3 

· l 
Antelope 18 35 33·721 --0·535 33 ·186 0·194 4·336 120 3r 21 683 ·05 

S. L. Northwest Base 145 28 23 ·614 -0·044 23 ·570 0·194 4·585 977 93 38 545·:':8 

Ogden Peak 15 56 03·849 -0·023 03 ·826 0 ·19.i 4·271 152 74 I8 670 ·,:.6 

01 'I84 0·582 

( Promontm)• 25 2T I2'218 -t-0·563 12 ·781 0·558 4 ·336 120 3r 2I 683 ·05 

5 Ogden Peak 40 58 29·463 +o·I66 29·629 0·5s8 4·521 196 00 33 204·43 
S. L. Northwest Base Il3 40 19 '4II -0·148 19 ·263 0·557 4 •666 302 45 . 46 376·98 

01 '092 I '673" l Promonto•y 26 32 08·044 -o·6So 07 ·364 0'5I5 4 ·271 I52 75 IS 670·36 

6 . S. L. Northwest Base 100 51 16 ·975 -j-o ·191 17 ·166 0·515 4·613 249 36 41 043 ·97 

Antelope 52 36 37 ·141 -o ·126 37 'OI5 0·515 4·521 196 02 .. 33 204·43 

02 ·16o 1·545 

, , Promontory 51 53 20'26:? -O'II7 20 ·145 l ·267 4 ·5ss 977 92 38 545 ·88 

Ogden Peak 56 54 33·312 +o ·142 33 ·454 I '267 4·613 249 34 4I 043 ·97 

Antelope 71 12 1o·S62 -0°661 IO '::?OI l '266 4·666 302 46 46 376·98 

04 ·436. 3·Soo 

J \\l'addoup 40 I4 34·375 -O'I93 34 ·182 0·284 4·270 594 77 18 646·39 

8 Antelope 39 22 43·457 +o ·158 43·615 0·284 4·262 736 6o 18 312·03 

l S. L. Southeast Base IOO 22 43 ·130 -o ·075 43 ·055 0·284 4·453 179 57 28 390 ·93 

00·962 0·852 

[ Woddoup 31 44 35·746 -0 ·059 35 •687 0·7SS 4·613 249 35 41 043'97 

9 Antelope 126 54 58 ·017 -0·432 57·585 0 788 4·795 001 38 62 373·68 

Promontory 21 20 29·332 -0·240 29·092 0788 4'453 179 57 28 390·93 

03·095 2·364 
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TRlANGq;;s OF THE SAI.T .I,AKE BASE :t\l"ET, UTAH, 1887 TO 1897-continued. 

Stations. Ohserved angles. Correc- StJher- Stiher- Distances in No. tiou. 1cal 1cal Logs. 
metres. angles. excess. 

0 II // .11· lf 

wj 
:Wadrloup 78 09 37 ·,;09 -0·56o 36·749 0 764 4 ·585 977 92 .. 38 545 ·SS 
Ante~ope 55 42 47 ·155 +ci ·229 47 ·JS.i 0765 4·512 416 19· 32 539·90 
Ogden Peak 46 07 38·659 -0·498 38 ·161 0 765 4 ·453 .179 56 28. 390·93 

' 03 · 123 2·294 i 
I 

l 
Waddoup 46 25 or ·_,63 -0 ·501 01 ·062 l ·244 4·666 302 46 46 .)76·98 

JI Promontory. 30 .,, 50·930 +o ·124 51.·054 I ·244 4 "5J2 4J6 20 32 539·90 
_,_ 

Ogden Peak IO,; 02 II 971 -0·356 l l 0615 r ·243 4·795 OOJ 39 62 37,; ·68 

04·464 3 7Jl 
J Waddoup 3i 55 02·934 -0·367 02·567 o ·.31ci 4 ·328 533 08 :n 307 ·53 

12 

1 

S. L. South,east Base lJO 12 II ·974 +o ·666 12 ·640 0·309 4·5r2 416 J9 32 539·90 
. Ogden Peak 31 52 46· 130 -0·408 .45 ·72;1. 0·310 4 ·262 736 6o 18 312·03 

' OI ·038 0·929 (,_re, 21 I[ 55 ·626 +0·899 56 ·525 r ·go,; 4 ·613 :q9 35 4l 043·97 
13 Promontory 35 2[ 55 ·850 +1 "III 56 ·961 l ·903 4:Sr7 539 61 65 696 ·10 

Antelope J23 ::!6 J2 ·074 .+o ·150 12"224 I ·904 4·976 446 .'P 94 721 ·14 

03 ·550 5 "]IO 

J Deseret :26 36 09·648 +0·544 JO "J92 3 7II 4·666 302 46 46 376·98 
14 l Promontory 87 15 16 "II2 +0·992 17·Jo4 3 "]J2 5 ·014 731 73 I03 450 ·29 

Ogden Peak 66 08 42·6J~ +1 ·220 43·838 3 "]II 4·976 446 89 94 721 ·r3 

~8·378 II "J34 

•s l Deseret 40 45 45 ·533 +o ·344 45 ·Sn 4 "J77 4 "795 001 39 62 373 •68 
Promontory 56 4~ 25 ·182 +o ·S71 26·053 4 ·177 4·902 282 59 79 ·851 ·41 
Waddoup 82 .. , OJ ·51 I ! -0·909 00·6o2 4 ·r7S 4·976 446 91 94 _i"2l "14 

_,_ 

I.? 0 2:!6 J2 "53"2 

·· l 
Deseret 5 24 14 "02:? -0·354 r3·66S 0 ·_541 4·585 977 9:i 38 545·88 
Antelope 165 "21 37:o64 +0·509 37 ·573 0·54"2 5·014 731 70 103 450 ·29. 
Ogden· Peak 9 14· 09·3o6 +1 ·077 10°383 0·541 4·817 539 58 65 6g6 ·10 

00·392 l 0624 I 

1~· 
19 33 49 °9C'7 ·--0 ·554 49·353 l ·486 I 4 ·453 179 57 28 3rp·93 

17 Antelope 109 38 49·909 +0·282 So ·191 :r·486 I 4 ·902 2s2 57 79 851 "4I 
Waddoup 50 47 25 ·765 -o·S5r 24·914 1°486 4·817 539 61 65 696 "JO 

05 ·5Sr 4·458 l ~~n; 14 09 35·885 -0·200 35·685 I 709 4·512 416 19 32 539·90 
18 Ogden Peak 36 53 29"35.3 -l ·575 27 778 l 709 4·902 282 57 79 851 ·41 

. Waddoup 128 57 03·074 -r ·409 or ·665 I ;7IO I 5 ·oq 7_;1 73 103 450 ·29 

o8·_312 5·12'3 \ 



TRANSCON'fINENTAL TRIANGULATION-PART I-BASE LINES. zr7 
, 

'£RIANGLES OF THE SALT !,AKE BASE NET, UTAH, 1887 TO 1897-contirrned. 

Correc- Sp her- Sp her- Distances in No, Stations. Observed angles. tion. !Cal · ical Logs. mdres. angles. t-xcess. 

0 ,, .I.I ,, ,, 
{ Pilot P<Bk 6 oS 19 ·r96 -0·344 18·852 2·390 14 ·666 302 46 46 376·98 

19 Promontory 154 41 l I ·298 +c,.712 12 ·010 2·389 5·268.:?51 _87 185 46o ·69 
. Ogden Peak 19 IO ;:,5 ·599 +0708 36·307 ·2 ·390 i 5 ·153 7,'4 84 142 473 "75 

-- I 
06·093 7 ·169 

{ Pilot P<ok 14 47 38·925 -0 ·161 38·764 4·823 4·613 249 35 4r 043·97 
20 · Promontory 10~ 47 51 ·036 +0·828 51 •864 4·824 5 ·195 235 7i 156 760 ·16 

Antelope 62 24 43 'II6 +0·726 43 ·842 4·823 I ~ ·15" 7"4 Sr 142 473 "74 ... ...... ._'\ ._ 

13·077 q ·470 

i 4 ·976 446 9'J { Pilot P~k 39 29 58 ·950. -0·2So 58 ·670 IO ·541 94 721 ·q 
21 Promontory 67 25 55 ·r.'36 -0·282 54 ·904 IO'S·F I s ·138 358 70 l,,7 517 74 

Deseret 73 04 38·915 . -0·865 38 ·050 IO '542 I 5 ·153 734 82 q2 473·74 

33·051 .F ·6:q I 
( Pilot P<"" s 39 19 729 +o ·183 19 ·912 3·7or 14 ·585 977 92 38 ,545·88 

22 Ogden Peak 37 43 57 713 -0·566 57 ·p7 3-'701 I 5 ·195 235.69 156 760 ·16 
Antelope 133 36 53·978 +o ·065 54 ·043 3·700 I 5 ·268 251 83 "185 46o ·67 

i 
II '420 II "102 I 

I 

,, ( Pilot Peak +o·o62 39·8!6 II ·863 
I 

103 450 ·29· 33 21 39 ·754 I 5 ·014 131 12 
Ogden Peak 46 58 07·019 +o ·512 o7 ·53r II ·86,) i 5 ·1y3 358 67 1,,7 517 73 
Deseret 99 40 48·563 -0 ·321 48 ·242 IT ·863 5·268 251 83 185 46o•67 

I 

35 ·336 35·589 I 
. ( Pilot P~k 24 42 20·025 -0 ·119 19 ·<p6 7·621 I 4 ·Si- ~-q 6o 65 6g6 ·16 

I "'· 
24 Antelope 61 or 28·958 -0 ·576 28 ·382 7 ·621 5 ·138 358 6g 137 5r7 "74 

Deseret 94 16 ·34 '54 1 -t 0 ·034 34 ·575 7·621 5 ·195 235 jO 156 76o·16 

23 ·524 22 ·863 

~( 
Mount Nebo 9 37 16·699 -0·082 16 ·617 3·455 5 ·138 358 69 137 517 74 
Pilot Peak 7 10 32 730 +o ·104 32 ·834 3·455 5 "OII 887 45 102 774·99 
Deseret 163 12 20·927 -0 ·013 20 ·914 3·455 5·376 158 IO 237 770 ·57 

10·356 rn·365 

r Mount Nebo 51 13 6o·6oo +0·380 6o·9So 24·243 I 5 ·268 2~1 84 185 460·68 
26 . Pilot Peak 40 32 12"484 +0·166 I 2 ·650 24 ·243 ~·189 l-· 84 154 587·31 l Ogde11 Peak 

,_ , __ ., 
SS I4 58·9g6 +0·10.j. 59 . 100 24 ·244 5 ·-;,76 I.5$ ('9 237 770·56 

72·0So 72 730 

( Mount Nebo 41 36 43 ·901 +o ·463 44·364 8·925 5 ·014 73r F- 103 450 ·29 
27 Deseret 97 06 50·5i:o -f-0·333 50·843 8·926 5·189 173 85 154 s87·3r 

. Ogden Peak .j.I r6 51 ·977 -Cl".j.oS 51 ·569 8·925 5 "OII 887 45 107 274 ·99 

26·388 26 776 
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TRIANGLES OF THE SALT LAKE_ BASE NET, UTAH, 1887 TO 1897-completed. 

Correc- SJ?her- Sp her- Distances i 11 No. Stations. Observed angles. tion. 1cal ical Logs. metres. angles. excess. 

., ll ,, II " ( ,._ 53 38 .37·117 -0·070 37·047 20·887 5·268 251 ~ 185 460·68 

28 . Pilot Peak 91 02 57·152 +0·115 57 ·267 20·886 5·362 230 02 230 266 "II 

· Ogden Peak 35 19 27·891 +0·455 28·346 20·887 5·124 323 42 _133 144 ·56 

62 ·16o 62•66o 

291 
Ibepah 62 50 30·996 -0·273 30·723 13 ·091 5 ·138 358 69 137.517·74 
Pilot Peak 57 41 17·398 +o ·053 17·451 13·091 5 ·u6 021 94 130 623·69 
Deseret 59 28 51 ·521 -0·422 51 ·099 I,~ "091 5 ·124 323 41 133 144·55 

39·915 39 ·273 

'°I 
Ibepah 95 37 53·896 +o ·015 53 ·911 20·671 5 ·376 158 IO 237 770·57 
Pilot Peak 50 30 44·668 -0·051 44 ·617 20·670 5·265 702 6S 184 .375 ·27 
Mount Nebo 33 52 23·387 +0·096 23 ·483 20·670 5·124 323 43 133 144 ·56 

61 ·951 62·011 

r~· 
9 II 53·879 -0·2o6 53·673 4·o67 5 ·014 731 72 103 450·29 

31 Ogden Peak II 38 39 ·~28 +0·058 39 ·186 4·067 5 ·u6 021 96 130 623·69 

Deseret 159 09 4o·o84 -0 "742 39·342 4·067 5 ·~62 230 02 230 266 "II 

13 ·091 12·201 

~2 J 
Ibepah 41 59 16 ·779 +0·084 l 6 ·863 24 ·027 5·189 173 85 154 587 ·31 
Ogden Peak 52 55 31 ·ro5 -0""351 30 "754 24 ·027 5·265 702 67 184 375·27 - l l\iJ:ount Nebo 85 u6 23 ·987 +0·477 24·464 24·027 5·362 230 01 230 266"!0 

71 ·871 72 ·o81 I Ibepah 3~ 47 22·900 +0·288 23 ·188 I I ·034 5 "Oil 887 45 102 774·99 

33 Deseret l03 43 29·406 +0·409 29·815 II ·034 5·265 702 6S 184 375·27 

. Moimt Nebo 43 29 40·086 +0·013 40·099 II ·034 5 ·u6 021 95 130 623 ·69 

32·392 33 ·102 

PROBABLE ERROR. 

Delffminathm <?f tl1e p1·obable error o.f tlze lc11gtlz <?l tl1e side Ibepali. fl> 11£01111! 1Vebo o.f tlze 1lfat11 St!ries 
<?i tl1t! Tria11g11!1ilio11 across ilzt! R,1d..:1' Jlf,111111<1-ins. 

This side is connected with the Salt Lake Base by the following relation: 

IbepahtoMountNebo sin (7-6) sin (3-2) sin (s5-51) sin (17-14) sin (28-27) 
Salt Lake Base =sin (20-16) sin (52-51) sin (25-::i3) sin (37-36i sin (32-31) 

Hence we have-

F=logsin( 7-6 )+logsin( 3-2 )+iogsin(55-5ri+logsin(17--14) 
+log sin (28- 27) -log ·sin (20- r6) -log sin (52-51) -log sin (25 - 23) 
-log sin (37- 36) -log sin (32 -31) 
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Establishing and solving the transfer equations, we find the reciprocal of the weight 

or p_! = 23·70; also the mean error m and the probable error r, both ~xpressed ·in units 
F F 

of the sixth place of decimals in their logarithms, viz: ± 2·30 and± l'SS, respectively; 
hence--

Log. distance Ibepah to Mount Nebo is s ·26s 702 68 and the length in metres of 
. ± I SS 

this side= 184 37s·27.* The probable error equals about n~·uoo of the length. 
± 66 

· To this must be ac\ded the un_certainty arising from the base measure viz : 
1/r'T8i'·'ir.. X 7111111 = ± l l 51nm; hence we have_:._ · 

Probable error of length of side Ibepah to Mount Nebo .J(o'66) 2 +<_o·rr5)" 
= ± 0·67 metre, corresponding to ± 3 '6 millimetres per kilom~tre. . 

GENERAL DESCRIPTION OF TRIGONOMETRIC STATIONS FORMING THE SALT I.AKE BASE NET, UTAH. 

Salt Lake Soutlzeast Base", Davis County; established by W. Eimbeck in 1896. This 
station is situated near the eastern shore of Great Salt Lake, about rz miles in a south
westerly direction from Ogden and about 4~,f miles west of Kaysville, a town on the 
Utah branch of the Union Pacific Railroad. It is in school section 16, township 3 north, 
range.2 west of the Salt Lake principal meridian, in a large indosure used as a pasture. 
The geodetic point is marked by the intersection of two fine cross lines on the head of a 
copper bolt firmly set in the top of a hard red sandstone block, :? feet square by IO inches 
thick, buried 4 feet and 4 inches below the surface of the ground. This was covered 
with a layer of earth 6 inches thick, and on this foundation a brick pier was built, rising 
to a height of 8'8 feet above the grotuid, surmounted by a capstone, 30 inches square 
and 5 inches thick. This pier is 4}6 feet square at the base, 4 feet square at the surface 
of the ground, and 26 inches square at the top. At the surface a stone 2 feet square and 
lo.inches thick was embedded in the middle of the pier, its top surface being flush with· 
the ground and bearing the inscription "U.S.C.&G.S.," 1896. '' A copper bolt, with fine 
cross lines •vas firmly set in the stone. The pier is solid from the foundation to the 
surface, and above that it has a hollow space 12 inches square in the center, with 
openings at the surface, eastward and in the direction of t!1e base line, to afford access 
to the surface copper bolt. No reference marks were placed. 

Sall La/.:e Nort!n:l'.1cst Base, Davis County; established by W. Eimbeck in 1896. 
This station is situated in South Hooper, about 13·~ miles nort4 of Syracuse Grove, on 
the pasture land of Mr. Cato Love, who lives about 1 qS feet east of the station. It is 
in the southeast angle of the cross roads at this locality and is 167'3 feet from the fence 
to the north and 206·2 feet froin the fence to the \"\•est. Mr. Gil. Parker lives in the 
nearest house just across the road southwest of the station and Mr. John \V. Singleton's 
house is in the northwest angle of the cross roads. 

'r:he geodetic point is marked in precisely the same manner as at Southeast Base, 
except that the bottom of the brick pier and the top of the subsurface stone are r foot 
and 10 inches nearer the surface of the ground than at Southeast Base. 

Og-dm Peak, Weber County; established by W. Eimbeck in 1884. This station is 
situated 011 a peak of the Wasatch range of mountains, about IO 000 feet above the level 

*Equal to 1q·564 statute miles± 2·17 feet. corresponding to ± 0"'3 of an iuch per mile. 



"220 UNITED STATES COAST AND GEODETIC SURVEY. 

of the sea and about 4. miles in an air line east of the town of. Ogden.· The west slope 
of the mountah~ is very steep and rough; so the station is more easily reached by passing 
through Ogden Canyon and the to\vn of Huntsville in Cache Valley and approaching it 
on the east slope of the mmintain. The geodetic point is marked by a copper bolt in a 
hole drilled in the rock. This .was covered with a flat stone, havihg a drill hole in the 
top surface, cemen.ted in the space between the foot piers of the'theodolite stand, and 
the space between the piers was walled up. The top· of the copper bolt is o· 46 feet below . 
the top of the surface ·mark. As referen.ce marks,· 3 holes were drilled in the rock and 
filled with lead-_one bearing north z" 05' west, distant 9 feet 7f~ inches; one bearing 
south 71° 17' east, distant S feet 4_~; inches. and ·one bearing south 22° 35' west and 
distant 9 feet 4 inches from the geodetic point. Bearings are true. A ring wall of stones, . 
nearly 15 feet in diameter, built to serve as a· wind-break, was left standing. 

--1.nfd(lpe, Davis County; established by \V. Eimbeck in 1887. This station is 
situated on the largest island in Great Salt Lake, known as Church or Antelope 
Island. The island is in the squtheastern part of the lake, and is about 15 miles long 
north and south and 5 miles wide in the widest part. The station is about 2 400 feet 
above the level of the lake, n·ear the middle of the island, and on the highest peak of 
the low mountain range extending Ut:!arly its whole length. The geodetic point is 
marked by a copper bolt set in the solid rock at the south end of the small, nearly flat, 
top of the peak. A hollow brick pier, about 6 inches thick and 28 inches square, was 
built around this bolt and covered with a red sandstone cap block 2 -~~ inches thick and 
28 inches square. The inscription "U.S.C.& G.Survey, 1892" was cut on Its top 
surface and in its _center is a copper bolt inclosecl in a triangle. The distance between . 
the tops of the two copper bolts is SS inches. Around the pier and concentric to the 
station bolt was built a rock wall, 4 feet high and 2 feet thick, with an .outer diameter 
of q feet, to serve as a wind-break. Just outside of this ring wall.3 drill holes were 
made in the solid roc1-., as reference marks-one bearing a little west of north, distant 
S feet 51'"6 inches; one about east s0utheast, distant 7 feet 6?·ii inches, and one about 
southwest, distant 7 feet l l J.-f inches from the geodetic point. 

· Pn1mo11f,11}', Boxelcler County; established by \V. Eimbeck in 1SS7. This station 
is situated on the southern summit of the eastern ridge of a low, broken range of 
mountains-the highest summits being .about 2 500 feet above the level of the lake-on 
the Promontory peninsula extending into Great Salt Lake from the north. On the 
ridge a short dist~nce northwest of the station there are several summits higher than 
the one on which the station is located. The geodetic point is marked by a cross on a 
copper bolt set in the solid rock, .around which was built a hollow brick pier 3.:? inches 
square, S inches thick, and l.:? inches high, covered with a red sandstone cap block 2 }f 
inches thick, having the inscription '' U.S.C.& G.Survey, 1892 '' cut on its to1) surface 
and in its center a copper bolt it~dosed in a triangle. The distance behveen the t_qps 
of the two copper bolts is 15}-6 inches. The usual rock wall, for a wind-break, was built 
about 3 feet high and with an outer diameter of 16 feet. Just outside the rock wall 3 
drill holes were made as reference marks-:-one bearing about northeast by north, 
distant s·2 feet; one about southeast, distant S feet, an<;l one about west by south, and 
distant 8"9 feet from the geodetic station. 

TVaddoup, Davis County; established by .W. Eimbeck in 1892. This station is 
situated SS feet north and 288 feet west of the southeast corner of the northwest 
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quarter of section rS, towriship :'.! north, range 1 east of the Salt Lake principal 
meridian, in the west side of Thom<:LS Waddoup's barnyard, So feet west of his house. 
It is one-half mile west of thE_:- Davis County public road, the principal thoroughfare 
between Ogden and Salt Lake City. Centerville station, 011 the Union Pacific Railroad, 
is located at the northwest corner of section rS. The geodetic point is marked by a 
copper bolt set in the top of a granite post, :'.! feet long with head dressed to 7 inches 
square, buried 2 feet below the surface of the ground. A hollow brick-pier, 3.::! inches· 
square outside and 16 inches inside, covered with a reel sandstone.cap block 4 inches thick, 
having the inscription "U.S.C.& G.Survey, 189.::?" cut on its top surface, and a drill 
hole in the center inclosed ·in a triangle, was built up from the top of the granite post 
to about 4 feet above the surface of the ground. · 

Deurel, Tooele County; established by W. Eimbeck in 1887. This station is 
situated on the summit of the high,·st peak of the Onagui Mountains. about 11 ::?oo feet 
above sea level. It is about S miles, in an air line, a little west of south of the town of 
Grai1tsville and abou:t 12 miles, in an air line, west of the town of Stockton, and between 
8 and 9 miles in a southwesterly direction, by trail, from Fenstermaker·s ranch in the 
entrance to Boxelder Canyon. The geodetic point is marked by a copper bolt set in 
the rock, encircled by a rock wall, as a wind-break, about 4 feet high and q feet 3 
inches outer diameter, concentric with the copper bolt. Just out.side the rock wall J 
clrm holes were made in the rock. as reference marks-one bearing south 43° 53' east, 
distant IO feet 2 ~nches; one bearing south 81° :::?:?' west, distant 7 feet 2 inches, and 
one bearing north· 18 ° 38' east, distant S feet 7 inches. from the geodetic point. Bearings 
are true. 

Pilot Peak, Elko ·county, Nevada; established by W. EimbecJ.-: in 1887. This 
station is situated on an almost inaccessible and very rugged peak, the most southern 
and highest of a prominent range of mountains near the northwestern border of the 
Great American Desert. It is about 25 miles south of Tecoma, Nevada, a station on the 
Central Pacific Railroad, and is about IO 764 feet above sea level. K.naul's ranch, 10 

miles to the north, is the only one in the vicinity. The geodetic point is marked by a 
copper bolt set in the rock, encircled by a rock wall 4}6 feet high and 16 feet outer 
diameter, concentric \vith the copper bolt. F01i.r drill holes were·made"in the rock, as refer
ence marks-one bearing south 35° 01' east, distant 9 feet 9 inches; one bearing south 
47° 35' west, distant 9 feet 93-6 inches; one bearing north 56" 31' west, distant S feet 
1175 inches, and one bearing north 9° 13' east and S feet 9 inchei distant from the 
geodetic point. The .latitude station brick pier bears east 6° ~6' south and is distant 41 
feet 6 inches from the central bolt. · 

llfomzt Nebo, Juab County; established by W. Eimheck in 1883. This station is 
situated on the southernmost summit of the Mount Nebo range of mountains, at an 
elevation of about r r' 940 feet above sea- level. It is .about 16 miles in a northeasterly 
direction, by wagon road and trail, from Nephi, the county seat of Juab County, a 
station on the Utah Southern Railroad, about 93 miles south of Salt Lake City. The 
geodetic point is marked by a coppe.r bolt, with cross on it." firmly set in the solid rock, 
with the usual brick pier for the theodolite and rock wall wind-break built around it. 
The brick latitude pier, with wind-break wall around it, bearing south 38° 25' east, 
distant 76·2s feet from the geodetic point, ·was left standing. Four holes were drilled 
in the solid rock, as reference marks-one bearing north 24 ° 16' eas~, distant ·13 ·94 feet: 
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one bearing south 50° 21' east, distant 10·89 feet; one bearing south 38° or' west,· 
distant 8 · 4 feet, and one bearing north 58° 32' west, and distant S ·7 3 feet from the 
geodetic point. All bearings are true. 

Ibepah, Juab County; established by W. Eimbeck in 188r. This station is situated 
on the highest point of the southernmost peak of the Deep Creek range of mountains, 
on the southwest border of the Great Salt Lake Desert, at an elevation of a,bout 12 106 
feet above sea level. This peak, as seen from the valley below, resembles a house top, 
with roof and gables well defined. It is about 15 miles south by east from Ibepah post
office and about .:! miles northeasterly from two very prominent twin peaks of a bold 
red color. The geodetic point is marked by a copper bolt, with cross on it, sunk in the 
solid rock, encircled by the usual rock wall, 16 feet outer diameter and 4 feet high. 
The brick latitude pier, with wind-break wall around it, bearing north 71° 09' west, 
distant 69 feet S inches. from the geodetic point, was left standi~g. Four holes were 
drilled in the solid rock, as reference marks-one bearing north 66° 2o' east, distant 
9 feet 8~-i inches; one bearing south 59° 48' east, distant IO feet r _inch; one bearing 
north 88° 28' west, distant ro feet S inches, and one bearing north 45° 28' west, distant 
ro feet 5 inches from the geodetic point. All bearings true. 

(j) r-ersaille·s Base Line, Jl..fissoun', I897. 

LOCATION, MEASUREMENT AND LENGTH. 

Lc>c~1tio11 c?/- tht· base lilu.-The Versailles base is located on the divide between the 
Missouri and Osage rivers, near the town of Versailles, Morgan· County, Missouri. The 
site for this base was originally selected, as early as 1878, under the direction of Assistant 
J. A. Sullivan,. and its two terminals_ known as North Base and Hunter were occupied 
for angular measures in 1880 by Assistant F. D. Granger. The approximate length of 
the base is ]"64 kilometres, its middle point is in latitude 38° 27'·7 and in longitude 92° 
47'·4, and its azimuth at Hunter is about 157° 50'. The elevation above the sea level 
is about 311 metres. 

The measuremt'1it ql the bast'.-The measurement of the line was placed under the 
charge of· A. L. Baldwin, Assistant, and was accomplished by his party during May and 
June, 1897. 

The levels for the profile and the determination of the absolute height of the line 
dep~nd on the height of bench mark No. XXXV ~f the transcontinental line of levels, at 
Tipton, Missouri, as established in 1891. During June, 1897, lines of spirit levels were 
run between North Base and Hunter and between North Base and the Tipton bench, 
mostly by H. F: Flynn-the latter distance is about 20 statute mHes. 

The line crosses cultivated land for almost its entire length. Sectio1i stones with 
copper bolt and cross lines were set at 1, 2, and 7 kilometres from North Base. Each 
stone is set in cement and projects from 4 to 12 inches above the surface. Other kilometres 
were marl~ed by posts with, copper tack. At North Base the center stone and bottle of 
ashes, a::. secured in ·the ground in 1878, were replaced by rough-dressed sandstones 
each with copper bolt and cross lines. The two blocks are set in concrete and cement one 
above the other, the space of 23 centimetres b~tween them being filled by four pieces of 
pin_e. At Hunter also the station was similarly re-marked in 1897. 1'hese surface stones 

are inscribed U.S.C.&G.S. The line was furth_er prepared for measure by the removal 
1897. 
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of fences, hedges, and other obstacles; and stakes were all.gned for use with the so-metre 
steel tape to serve as marking stakes for the ends and support stakes for the middle of· 
the tape. In setting these support stakes, of which there was one for each·tape length, 
care \Vas taken to make the spaces between the supporting nail and the marking tables 
uniform and to bring them into coincidence with the line of slope as near as could· be 

. without the use of a level. This work occupied the time bet\veen May :?9 and June 5~ 
( 1) Jlfeasuies ~I' metallic tapc.-Between June 8 and 15 two complete measures (one 

north, and one south) were made over the whole line and two more over the third, fourth, 
and fifth kilometres. The complete measures were n1acle at night, either with falling 
or stationary temperature, the remaining ones before and after daybreak with stationary 

Statute Miles 
t -io f5 io 

Kilon1etre s 
1b io 

t 
~ s 
~ 

I 
I 

No. I4, 

Belshe 

25 

or rising temperature. The so-metre steel tape No. 204 was used under a tension of 
15 kilogrammes. Two thermometers were tied to the tape about a metre from the 
marking sleeves and read immediately after contact was made. Just before contact was. 
made and with .the tape under given tension it was slightly raised at the middle and 
forward end to relieve friction. For a full account of the method and apparatus of tape 
measures, see Coast and Geodetic Survey Report for 1892, pp. 329-503; also Coast and 
Geodetic Survey Report for 1894, part 2, Appendix No. 5, on the length of the Holton 
Base, Indiana. 

(2) Jlfcasurcs wit!i the 5-mctre sled rods Nos. IJ and I/.*-With a view of controll~.
ing the tape measure of the base, its fourth kilometre was measured three times with 
the above contact-slide bars, between June 16 and 24. Two of the measures were 

-------------------------------· 
*For general description of contact-slide bars and acct=ssories, see Coast and Geodetic Survey Repeit·t, 1880 .. 

A ppend1x 17, pp. 341-344. 
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southward and one northward. The bars were aligned by means of a 20-centimetre 
transit. Pointing was made on the agate ends. The line passes over meadows inter
!:'.eded by wide furrows: this, with severe rains encountered on nearly every clay and the 
necessity of measuring through a barnyard and two stables, where the portable trestles 
could not be used, made speed impossible. 

The standardization of the slt?cl rods Nos. I3 aud Ij.-:-The length of these rods has 
been determined on two occasions-viz, in connection with the measure of the Holton 
Base, Indiana, in lS91, * and again in connection with the Salina Base, Kansas, 1896. 
The results were : 

At \.Vashington in 
vault, July, 189r. 

Length of No. 5111 + r 27811 ± 411 

13 at. 22°·2 C. 

Length of No. 5111 +- 1 29711 ± 311 

q.at 22°·2 C. 

At the Holton Camp, 
August, 189r. 

At the Holton Base, At the Holton Base 
September, 189r. kilometre, 1891. 

::E ( 13 + I4 l t 10111 +- 2 57511 ± 511 1.0111 + 2 6oSp ± 511 roi11- + 2 6o91t ± 611 ro111 + 2 6r8i1 ± 

-f- .JO 

The following result was obtained at the 50-metre test· line south of the office building 
at Washington, between February and April, 1S96, ·dz: rom + 2 6091-t ± 7 J.l at 22° ·2 C. 
The coefficient of expansion was determined by Assistant 0. H. Tittmann and Mr. 
L. A. Fischer between May 18 and 27, 1S91, at the office vault. They found the value 
o·ooo ou 776 for No. 13 and o·ooo 011 714~for No. q, and for the· mean rod the expan-

± 27 . ± 29 
sion n ·74511 per metre and centigrade scale. It was desirable to submit the result for 

±28 
length of bars Nos. 13 and 14 to a check after their return from the base, to make sure 
that no chat~ge had occurred. 1'he arrangement and procedure were the same as had 
been adopted before, viz: The length of the office test line was measured with the bar
in-ice apparatus No. 17 (length= 5111 - l6'2J1 ± c1µ) and then redetermined by means 
of the joined bars Nos. 13 and q., as well as by the tape No. 20+ Length of the 
50-metre office test line t between its two bronze bolts, as measured with the· bar-in-ice 
No. 17 by A. Braid, L. A. Fischer. and A. L. Baldwin-

·Direction of Length. 

Ii. Ill. /1. 111. 
n1easure. 

11/.111. 

1897. Oct. q. II 26 a. m. - 12 ·oo Eastward, sunshine. 50111-+0·41 

0 20 p.111. - 0 44 p; m. \Vestward, sunshine. +0·44 

Oct. 15. 2 21 p. m. -- 2 50 p.111. Eastward, sunshine. +o·,,2 Mean.§ 

3 05 p. m. -- 3 25 p.m. ·westward, sunshine. +0·37 50111 + o ·37411nn. 
Oct. 18. JO 25 a. tn. Eastward. +0·32 ±0·016. 

II 16 a. m. '- 12 ou \.Vestward. +0·45 

3 35 p. lll. Eastward, sunshine. +0·30 

*See Appendix No. 5, report for 1894. 
t When put together, 30µ should be added for slant of knife edges. 
t Th<: shed was C•>mpl<:ted in January, 18')6; the roof is covered with tin and painted dark. 
l! The length bdwec;n the bolts is again uearly as it was in tf;<:..C.. showing a swaying hack of the concrete blocks 

since the last_co1npariso11s. 
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.llft·asure i'f tl1c le"st lint· in. to-ms (If bars I.J and I/., OdobO" I8, I897.-Table of 
corrections to thermometers Nos. I, 2, 3, and 4. attached to the bars I 3 and 14· These 
thermomet~rs have metallic backs; the graduation is on the centigrade scale. Nos. l 

and :2 are on bar l 3, and 3 and 4 on bar q. 

Tempera- No. I. No. 2. No. 3. No. 4. Mean. ture. 

0 0 0 0 

o·o --0 ·27 -0·30 -'0'05 -0·30 -0·23 

3 ·o ·33 ·59 ·23 ·47 ·40 

6·o ·28 ·54 ·14 "4I ·34 

II "O ·30 ·53 ·16 ·40 ·35 

16·0 ·34 ·52 'I7 ·4r ·36 

21 ·o ·43 ·56 "ll ·43 ·41 

25·0 ·33 'SI ·26 ·48 ·40 

32·0 ·38 ·56 ·27 ·so ·43 

34·0 ·39 ·57 ·32 ·54 ··46 

37·0 -0·43 -0·63 --0 ·28 -0·50 ' 
-0·46 

For convenience, the five measures with the bars were referred to the terminal 
microscopes A and B instead of to the centers of the bronze bolts. All measures being 
made on the 18th of October, we deduct the measures' involving the cut-off apparatus 
from the above three measures with the bar-in-ice, and refer the length to the micro
scopes; hence-

l 49·999 50 
Length of t.::st line between terminal microscopes October IS 49 ·999 62 

. 49 ·999 44 
-----

Mean value adopted . 49 ·999 52 

This length is. to be increased by ·7 niillimetres for shift of microscope;,:. The 
coefficient of expansion of these rods was carefully ascertained in May, 1891. with the 
results as previously given. The following tahle gives the particulars of the five 

·measures with th.:: resulting value for the combined length of the two bars or for 
~ (13+ 14) at o° C. 

M""11 'If n 
''' len"th of 

No. October 18, 18o;. temperature Di ere ce Grade Effect of joined llars, <>r 
l'i me of da.);. corrected. W.-E. correction. expansion. %l:(r3H4)at 

o0 c. 
Ii. m. It. 'Ill. 0 

I 05 p. m. to I 38 tu ·565 + IOI)/ -14411 6 78911 sm-23J1* 

2 I 38 2 ()() I2 "140 468 -I59 7 !26 + 2 

3 :? . 00 :? 2I 12·592 707 -I58 7 391 - I 

4 2 2I 2 40 13"026 9¢ -r63 7 646 +3 

5 2 40 +13·405 -I r66 -157 7 869 -3 
*Rejected bY. obser.·er; trestles disturbed du~ing measure. 

18732-No. 4--15 
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Mean of four measures~ (13+ q") at o° C. = 10111etres+o·5tt±2/t, a value 
which may be regarded as practically identical with that found in February, March, and 
April, 1896, in connection with the Salina Base.* Taking into account the probable 
error of the measure with the bars as well as that of the .base .and standard, we get-

:S (13 + 14) at o° C. =IO metres+ 0·5p ± 3·5tt nearly. 
j~i:.isure of the lest lille in terms of !ht' 50-metn: steel tape, No. 201.-0n May 19 and 

20, and again, on October q. and 15, lS97. a number of comparisons for length of tape 
were made. The tape was stretche'cl° over the test line with a tension of 15 kilogrammes 
and compared with the distance between the terminal microscopes, and ·when the differ
ence in length became too great for microscopic measure, by reason of expansion or con, 
traction of the tape due to changed temperatpre, the east microscope was shifted a certain 
number of millimetres by means of the Brunner centimetre scale. During the measures 
the tape was supported.at three points-viz, directly under the microscopes ·and at the 
middle point. Near the same places thermometers with metallic backs were placed fl.at 
upon the upper surface of the tape. The illumination needed for reading of the micro
scopes was by means of a signal lamp placed outside the comparing shed. The mean 
value for one turn or revolution of the microscope micrometres .-1. and B is 71 ·6p. 

The observations made in May, before the base measure, are less elaborate and not 
quite so satisfactory as those of October; they are, nevertheless, of value, since they 

· prove the constancy of the length of the tape after its use in the field. In the spring 
observations but two thermometers were read, and the resulting values for length of tape. 
show a progressive increase as the observations were progressing. On May 19 and 20 
the distance between the microscopes .-1. and B was determined by means of the bar-in
ice No. 17, and on the same days the length of the tape was tested.t The results were: 
49·9S6 o metres from fourteen measures with falling temperature (2676° to 17°); 
49'986 4 metres from seven measures with stationary temperature ( 16 7f 0 ), and 49·9S6 6 
metres from eight measures with rising temperature.(w~·i 0 to. 26}6°). This last value, 
as will be seen· farther on, is identical with the value deduced from the October 
observations. The difference between grot1ps l and 3 is ascribed, by the principal 
observer, to lag of thermometers. Respecting the October observations, we have to 
note tht! following particulars: 

*Viz, IO metres+ II'±;,., see account of the Salina Base measure of 1896; the probable error given here and above 
in the text refers only to discrepancies in the comparisons and are not absolute. 

t The obser\.ations w~re in charge of A. Braid, who was aided by A. L. Baldwin, L.A. Fischer, and other. help. 
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Tabk ,>_( tl1<T11to111d,·r corrcdio11s. 

Tempera- No. 7874 No. 7871 No. 7868 Mean at at at ture. east end. middle. west end. adopted. 

0 0 0 0 0 

o·o C. -0·18 -0·07 -o·oo -o·oS 

2·5 -o·u -o·u -0·13 

5·0 -0·16 -0·13 -0·08 -0·12 

7·5 .-o·q -0 •o6 -·0"12 

10·0 -0·18 -0·24 -0·07 -·0·16 

12 ·5 -0·23 -O "II -0·17 

15"0 -0·1S ---:0 '2I -o·q -·0·18 

17 ·5 -0·23 -0·13 -0·19 

20·0 -0·22 -0·2$ -0·09 -0·20 

22·5 -0·27 -0·09 -0·18 

25·0 -0·14 __:o ·28 -.-0·17 -0·20 

27·5 --0 ·24 -0·16 -0·17 

30·0 -o·o6 --0 ·26 -o·'q --0·15 

32·5 --0 ·24 -0·24 -o·rs 
35·0 -0·08 --0 ·26 -0·19 -0·18 

37".5 -0·23 -0·30 -0·20 

40·0 -0·06 -0·20 -0·31 -0·19 

On October 14 and 15 the distance between the microscopes of the office test line 
was f.ound as follows: 

October I4 

October 14 

October 15 

October 15 

Mean 

49•999 187 

223 

095\ a correction of + l millimetre was 
14rJ applied for shifting of microscopes. 

49. ·999 16 

For the reduction oi the length of the tape to o° C., the coefficient of expansion 
o·ooo 01 l was employed. The 38 measures were divided into two groups, _one of high, 
the other of low, temperature. 

( 1) Length of tape at o° C. from 17 measures, October 14, between 2 hours 30 min
utes p. 111. at'1d 9 hours· 30 minutes p. m., and between 9 hours 25 minutes a_ m. and · 
o hours 30 minutes p. m. Ootober 15, at a mean temperature 20°·50, 49.986 66 metres. 

(2) Length of tape at o° C. from 21 measures between o hours 03 minutes p. m. and 
6 hours 48 minutes a. m. October 15, at a mean temperature 14°·2:;, 49·986 49 metres. 

Value for length of tape 204 at o° C., 49·986 57 metres + 0·55 t milli1.1-1etre, under · 
± 3 

tension and support as stated. 
llfeasun·s a11d results for !engtk ef the Versailles Base Li11e.-Between June Sand 15 

two complete measures of the base were had with the tape, also two additional measures 
of the third, fourth, and fifth kilometres, and between June 16 and 24 three measures 
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were secured of the fourth kilometre by means of the co1itact-slide bars.* These last 
measures were intended to furnish .the means for a restandardization of the tape under 
better conditi011.s as to surroundings than existed when this was done. under the covered 
shed at \Vashington, where the heat radiation, in particular from the ground, was 
obstructecl., as compared with the· free radiation it'I space. The results for the length of 
the fourth kilometre space will therefore be given first. 

The corrections to fhe four thermometers, Nos. I to 4, are those already tabulated, 
and they were applied, as well as those for incliriation of bars, as belo\'v: 

11. 

First measure southward, June 16 5 
18 6 

r9 6 

S ~co11d measure southward, June 2 I 5 
22 5 

. . 2315 
Third measure northward, June 23 6 

24 9 

Length of fourth kilometre space, 

100 bars 13 and 14 at t 0
• 

111. ". Ill, 

50 a. m. aud IO 22a.m. 

07 

03 
18 

09 

17 
21 

38 

9 09 
IO 29 
6 33 

II 12 
"6 02 

IO II 

12 59 

m ti 111 

Meari temperature I 

corrected for grad-

uation errors. 

Corr'n for 
?lope. 

Excess. 

1 000+50+0 ·303 14 . -o ·122 IO -:-o ·207 36 

±350 ± 37 

+6 ·285 87 -o 'IJ6 39 -o :196 23 

± 33 
+o ·299 15 -o ·12s 7S -o ·199 55 

± 35 

Mean of 3 measures 

0 

25·81 

) 24·34 

25 ·47 

Resulting 
length. 

999·973 7 

·973 3 

·970 9 

999 ·972 6 

The probable error of this mean due to nieastue111ent is ±0'59 millimetre, that 
clue to temperature, ±0·35 millimetre, and that·due to the joined length of' 13 and 14, 
±0·35 millimetre: total, ±0·7S millimetre. 

* 1\-Ir. Baldwin was assisted by Mr. R. J. .... F:.l.ris and H. F. Flynn. 
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MEASURES OF XHE FOURTH KII,OMETRE BY MEANS OF THE TAPE. 

Thermometers No. 7874 and No. 3666 were placed in contact with the forward .and 
rear ends ~f the tape, respectively. The graduation corrections for the latter instm~ent 
and for the mean of the two instruments are as follows: 

Therm's 3666 
Thennometer 3666. and 787-t. 

Mean 
Temp. Corr'n. Temp. Corr'n. Temp. Corr'n. 

0 0 0 0 0 0 

o·ooC +0·10 22 ·6oC +0·09. oC -0·04 

2·6o ·os 24·84 ·07 5 ·06 

4·95 ·05 27·41 •o6 10 ·07 

7·59 ·07 30·02 ·05 15 ·055 

10·00 ·03 32·50 ·03 20 ·075 

12 ·54 ·04 35·05 ·oo 25 ·035 

15·07 ·07 37·61 ·04 30 ·oo 

17 ·37 "IO 40·02 +o·oo 35 ·o.i 

20·04 +0·07 40 -0·03 

Le11gtli <'f.f(J11rtl1 kilo111drt! space. 

Mean Corr'n for Corr'nfor Sum of No. Date. Hour of day. temp. expan- i11clina- Sum. 
corr'd. sio11 . tion. . set-ups. 

1897. 11. 1n. 11 •. m. . 0 Ill. Ill. Ill. 

June 8 8 30 p. m. to 9 3op. m. +14 ·17 +a ·155 91 +0·184 6 +o ·231 7 
2 IO 7 40 " 8 22 20·63 0·226 9 o ·n:i S 0 ·231 0 J-o·rns S 3 I4 4 42 a. m. to 5 10 a. m. 18·83 . 0 ·207 I · 0 ·130 8 0·229 2 

4 15 4 38 5 00 
,, 

19·89 0·218 8 0·122 6 0·232 6 

Mean 0·23I I 

± 5 

m 
and 20 T. at o 0 c.+0·:?31 I= 999"9i2 6 

±s ±s 

hence length of tape at o° C., 49·987 IO metres, a value corresponding well with that 
±s 

found at the test line in Washington (49·986 57). We shall make use of the result as 
±3 

found from the field comparisons. 
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_,--/bstract of measures oj Ille T<.,-s,1ilks Base by means of tape No. 20-1. 

No. of 
kilometre 
a1id tapes. 

Date, 
1897._ 

o or ~orth lf 
Base to 20 

June Io 
June II 

2 

20 to 40 

3 
40 to 6o 

4 
6o to So 

5 
So to 100 

1 June 

l June 

JI 
June 

June 

l June 

June 

I 

J
-1 June 

June 

8 

l June 14 

June 15 

s 
9 !. ~~:: June q 

June 15 

I 
6 

{I 
June sl 

JOO to 120 June 9 

7 fl June 8, 9 
120 to 140 June 9 

8 l June 9 140 to 153 

I 
June 91 or Hunter 

Direc
tion. 

N. 
s. 

s. 
N. 

s. 
N. 

s. 
s. 

s. 
N. 
s. 
s. 

s. 
N.-

s. 
s. 

s. 
N. 

s. 
N. 

s. 
N. 

Mean 
temp. 
corr'd. 

o_ 

20·17 

24·95 

23 70 

22·59 

rs •86 -

19·57 

'r7 ·97 
-19 ·Sg 

14 ·17 

20·63 

18·83 

19·89 

13·94 

Ii "4C' 

19·85 
20·00 

13 ·53 
18°01 

16·90 
18 ·41 

19 ·or 

lS ·91 

Correction 
for temp. 
of tape.-

111. 

Correctio11 Set-ups 
for (or . 

inclinatfon. set-backs.) 

111. m. 

+0·221 9} - I +0·034 9 
-0·402 4. 

·274 4 l -0 ·021 5 

+0'"260 7 } - ( +o ·048 4 
-o ";?!2 9' 

·248 5 l +o ·o61 5 

+o ·174 51 l +o-·129 5 
·215 3 +o ·089 9 

J 
-o·o86 6 

·197 7 +o ·106 I 

·218 8 +o ·oSg 2 

+0·155 91 J +0·184 6 
·226 9 +o "II2 8 

J 
--o ·roS 8 

·207 I l +o ·130 8 
·21S 8 +o ·122 6 

+o ·153 3 l ,- +o_ ·1o6 o 
- ·191 4 - - +0·066 5 

-0·131 8 -
·218 4 I l +o ·03,~ 9 
·220 0 - - +0·031:> 4 

+0·148 81 8 ( +0·174 3 
J. -o ·107 ' 

·198 I l +o "121 7 

+o ·185 9 -} f +o ·148 5 
-0·443 2 ·202 5 - l +0·132 9 

+0·135 9' - _ -{ +o·r~S S 
l -o ">02 5 ' 

·135 2 J ' +o ·139 2 

Resulting 
length of 

parts. : 

111. 

999·595 s 
·592 0 

·593 9 

999 ·837 i I 
·838 6 

·838 21 
999;~;-~ 

·96o o / 

- ·958 61 
·962 .s 

·g6o 0 

999·973 2 

·972 5 

·970 7 

"9i;I- l 

·972 6 

999·869 0 

·867 6 

·863 9 
0 866 J I 

·S66 6 

999·956 s 
·953 5 
--1 
!55 21 

999·632 7 
·633 7 

649·So4 2 

·$03 9 

·So~ o / 

Diff. 
from 
mean. 

iHlll. 

-l ·9 

+1 ·9 

+0·5 

-0·4 

+1 ·2 

o·o 

+1 ·4 
-2·S 

-0·6 

+0·1 

+1 ·9 
-l ·5 

-2 ·4 
-1 ·o 

+2·7 

+0·5 

+0·5 
·.:....i:J·s 

-0·2 

+0·1 

The fractional part of a ta pt~. between Hunter 8- and the end of tape r 53, was 
measured by means of a 3-111etre steel bar, one of the metre spaces being graduated to 
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centimetres and read by a vernier to 0·05 of a millimetre. Corrections to subdivisions 
are given: 

Distance: 2·217 65 metres at 42°"8 c. 
2·179 oo metres at 35"'·2·C. 

End of tape I 53 to H'tmter = 4. 397 9 "metres. 
Sum of parts of base (I to 8) 7 648·623 7 metres. 

Hence length of base (unreduced to sea level) 7 644·225 8 metres. 
To reduce the measured length to the sea level, we have the following data: Pro

visionally adopted height of the St. Louis, Missouri, City Directrix, so called, or bench 
mark K

3 
(on the great bridge) of the transcontinental line of spirit leveling 125 ~s metres _ 

± 0·25 metre. 

6.11 Tipton, city hotel bench mark XXXV and 11.-3 by spirit levels, 18R2-1SSS-1891 ~55 ·74 
6/1 bench mark at Fortuna, Gunter's store, and Tipton by spirit levels, I89i r3 ·66 
6.11 Versailles North Base. bolt in stone a11d Fortuna bench mark by spirit levels. I89i 26 ·63 

Height of North Base· .PI ·83 

From leveling of the base in May, 1896, and in June, 1897, we get the mean heights 
of the several kilometres, as follows:* 

111. m. 
No. l 316·91. No. 5 318·08 

2 31 I ·2$ 6 308 ·14 

3 303·46 7 302·60 

4 312·04 8 I 315 ·06 

Average height above the sea of whole base h = 3ro·sr metres, and the reduction 

to sea level becomes - b. ·'.!_ = -· 0·373 3 inetre, where p =radius of curvature in. the 
p ± 6 ' 

latitude and azimuth of the base. 
The probable error of the base measure, as derived from the discord of the several 

measures of the segments by the tape, is given by the e;X.pre.ssion-

~
;g (C1 - s )' ~'(O"-s)• :S(O"-S )° 

0•674 . I ': + ·, 0 0 + --. _3 ---2..;- + 
11, ( 11, - I ) Jl.

0 
( 11" - l ) 11

3 
(U 

3 
- I ) 

where for any segment n = number· of measures and ~ ( '1-s)" the sum of the squares 
of the individual differences from the mean value <J'. This probable error equals 
± 2·08 millimetres; hence we have finally-

Probable error of measure 
-m11i. 

mm. 
±2'oS l 

Probable error of reduction to sea level 0·60 J total± 7'95 

Probable error of r53 tapes ( 153 X ·ooo 05) r6s 
which is abou_t Holo-1'.iir of the le11gth. 

Length of the Versailles Base 7 643·852 5 
± So 

and its logarithm 3 ·883 312 3 
± s 

*The height above sea of Hunter, copper bolt in stone. = 3t9·0 metres. 
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ABSTRACT OF RESULTING HORIZON1'AL DIRECTIONS, OBSERVED AND ADJUS.TED, 'A't THE STA'tIONS 
FORMING THE NET, 1879-So. 

ro-sailks 1V,wtl1 B11s<. Morgan County, Missouri. August r6 to August 28, 1SSo. 35-centimetre 
theodolite,' No. w. Telescope abo\•e groaud 9·33 metres. F. D. Granger, observer. 

No. of Resulting directions Approximate Correction Fi11al sec-
Objects obsen·ed. from station ad- probable front hase~net ond-s in trian~ direction. justtnent. error. adjustmeut. gulation. 

0 ,, II " II 

6 ·1 Hunter (Versailles South Base) 0 00 oo·oo ±O'IO +0·31 00·31 

7 Hughes · So . :iS 22·95 ·16 +0·07 23·02 

Hubbard 1SS 27 27 "II ·q -o·q 26·97 

2 Cole 225 40 19 ·15 ·q +0·12 19 ·27 

3 Christian 258 39 45 'IO ·13 +0·07 45·17 

4 I High Point 292 35 4S·So ·q ....,.0·28 48·52 

5 1 Helshe. 312 31 39·77 ·16 -o·.17 39·60 
Probable error of a single observation of a direction ( D. and R. ') = ± 011 ·81. 

1-bmter ( Fersa,i!lcs South Base), Morgan County, Missouri. July 21 to July 30, 1880. 35-centimetre 
theodolite, No. 10. Telescope above ground 12·46 metres. F. D. Granger. observer. 

II /I II " . 

9 Versailles North Base 0 00 oo·oo ±0·13 -0·24 ,59·76 

Tipton spire 21 18 61 ·2r ·42 

IO Cole 32 02 47·08 ·20 + ·25 47 ·33 
California spire 60 37 2I ·99 ·31 

II . Christia11 63 57 44·28 ·17 ·12 44 ·16 

12 High Point 89 29. 18·05 "20 ·So 17 ·25 

13 Belshe J22 37 04 "II ·15 ..L ·79 04·go I 

s Hughes 293 39 I2 ·55 ·i6 + 'JI I.1 •66 

Probable errqr of a single observation of a. direction (D. and R.) = ± 1 11 ·04. 

Hug!it?s, Morgan Cminty, Missouri. September S to September. 26, 1880. 35-centimetre theodolite, 
No. IO. Telescope above ground 32·19 metres. F. D. Granger, observer. 

0 ,, ,, N II 

17 Versailles North Base 0 00 oo·oo ±0·10 -·0·04 59·96 
18 Hunter (Versailles South Base) 33 IO 50·59 ·12 - ·20 50·39 

Schnackenberg 229 36 09·83 ·17 

Sedalia, German Methodist :!6I 32 53·97 ·44 

Church spire 

Heard 264 26 26·61 ·14 

I4 Hubbard 314 13 16 ·.gr ·r3 ·32 16·59 

15 Cole 339 57 16 ·87 ·q ·20 16·67 

16 Christian 358 46 13"33 ·21 + ·75 14 ·oS 
Probable error of a single observation of a direction (D. and R.) = ± o11 ·go. 
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ABSTRACT OF RESULTING HORIZONTAL DIRECTIONS, OBSERVED AND. ADJUSTED, AT THE STATIONS 

FORMING THE NET, 1879-So--continued. 

l-o!e, Moniteau County, Missouri. October 12 to October 22, 1880. 35-centimetre theodolite, No. IO, 
· Telescope above ground 12·47 metres. C. Terry, jr., observer. 

No. of Resulting directions Approxi111ate Correction Final sec-
direction. Objects observed. fro111 station ad- probable frorn base-net onds 111 tria n-

justrnent. error. adjustment; gulation. 

0 ,. II II II I~ 

29 Hubbard 0 00 oo·oo ±O'II +0·47 OJ ·47 

Tipton spir-e 6 35 31 ·72 ·58 
California spire 160 22 40·59 ·30 

24 Christian 162 47 IO '72 ·.:?I .+ ·o:? IO '74 
Moreau 184 00 44 ·49 ·18 

25 High Point 211 20 ·25 •86 ·22 ·so 25·36 

26 Hunter (Versailles South Base) 259 34 20·25 ·20 + ·32 20·57 

27 Versailles North Base 273 II 52 ·42 ·14 ·22 52 ·20 

28 Hugh~s 287 57 13·07 ·19 ·08 12·99 
Probable error of a single observation of a direction ( D. and R.) = ± 1"·oS. 

H11bbard, Morgan County, Missouri. October 29 to Nc;>vember 12, 188o. 35-centiinetre theodolite, 
No. IO. Telescope above ground 13·99 metres .. F. D. Granger and T .. P. Borden, observers. 

0 I ,,. // " // 

20 Cole ·o 00 00'00 ±0'10 +0·27 00·27 

21 High Point 19 27 23·21 ·16 ·95 . 22 ·26 

22 Versailles North Base 55 58 59·~8 ·14 + '57 60·25 

23 Hughes 82 13 13·27 ·16 + ·31 13·58 

Schnackenberg 1_25 22 II '35 ·18 

Sedalia spire 166 IO 13 ·78 -·22 

Heard 168 31 22·35 ·17 

19 Christian 350 25 26·60 ·14 - '20 26·40 
Probable error of a single observation of a direction (D. and R.) = ± 0 11 ·90. 

Christian, Moniteau County, Missouri. October 25 to November 7, 1879. 35-centimetre theodolite, 
No. 10. Telescope above ground 12·28 metres. H. \V. Blair, observer. 

0 ,, /I ,, II 

37 High Point 0 00 00'00 ±0'09 +0·40 00·40 

38 Hunter (Versailles South J:!ase) 30 . 12 30·25 '21 '68 29·57 

39 Versailles North Base 44 54 30·92 ·18 ·37 30·55 

40 Hughes 45 29 22·83 ·22 ·29 22·54 

41 Cole 81 30 23 ·13 ·18 + ·70 23·83 
Tipton, Baptist Church spire 87 02 15 ·50 ·22 

42 Hubbard Sc) 08 40·05 ·16 - '21 39·84 
California, Christian Church spire 100 45 10·25 ·38 

Medlock 254 50 12 ·26 '20 

Moreau 304 19 34·86 ·17 

36 Belshe 324 18 41 '00 ·17 + ·45 41 ·45 
Probable error of a sin~Ie observation of a direction (D. and R.) = ± 111·04. 
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A,BSTRACT OF R~SULTING HORIZONTAL DIRECTIONS, OBSERVED AND ADJUSTED, AT THE STATIONS 
FORMING THE: NET, 1879--80-completed. 

High Point, Moniteau C:01111ty, Missouri. July IO to July 17,. 18So. 3s,centimetre theodolite, No. Io. 
Telescope above ground 9·69 metres. H. W.· Blair, observer. 

No. of Objects observed. 
Resulting directions Approximate Correction Final sec-

direction. f.rom station ad- probable from base-net ond9 in. trian-
justment. error. adjustment. gulation. 

0 ,, II /I II 

34 Christian 0 00 oo·oo ±O'II -o·sr S9'49 
Moreau '62 24 21 ·3r ·17 

3S Bel she Ii7 s6 13'80 ·1S ·3s r3·4s 

30 Hunter (Versailles South Base) 235 44 00 "73 ·16 + ·4s 01 "I8 

31 Versailles North Base 258 50 3I -~ ·21 + ·65 32·25 

32 Hubbard 298 IO 34·62 ·rs ·92 33 "70 
Tipton, First Baptist Church spire 305 rs s3·98 ·rs 

33 Cole 310 03 36·27 ·19 + ·67 36·94 

. California,Christian Clmrch spire· 353 37 I5"09 ·29 

Approximate probable error of a single observation of a direction (D. and R.) = ± 0"·99. 

Bets/rt?, Cole County, Missouri. September 20 to October r, 1879. 3s-ce11timetre theodolite, No ro. -
Telescope above ground 9"7S metres. ·H.·,V. Blair, observer. 

0 " II ,, II 

Moreau 0 00 oo·oo ±0·09 

Medlock 17 IO 49·00 ·16 

Cedar 47 47 35·48 "I9 

St. Thomas spire gS 47. 4S·ro ·31 

Kennedy IOI 29 05 "71 ·18 

1 

Koeltztown spire 105 24 I4 •o6 ·25 

43 Hunter (Versailles South Base) 286 21 33·83 ·20 +o·rs :34 ·or 

44. Versailles North Base 296 I6 oS·69 "I5 + ·or 08 "70 

45 High Point . 3I5 2s 60·07 "IS -- ·62 59·4s 

California spire 3~9 35 -~9 ·6o ·38 

46 Christian 341 48 26·80 ·rs + ·44 27 ·24 

Approximate probable error of a single observation of a direction (D. and R.) = ± 1"· 10. 

No. 

FIGURE ADJUSTMENT. 

Obs,;n•alit>11 cq11alioJ1s. * 

I o=-j- 0·20 -j- (l)- (7}-(14)-j-(I7)-(22J+(23J 

2 o=- 0·23 (4H (6)- (9)-t-(12l·:--(3o)+t31) 

3 O=- I"I~ --LW)-t-(35)-(36)+(37)-(45)-j-(46) 

4 o=+ 0·89 -(19)-t(20)-j-(_24)-(29)·-(41)-j-(42) 

S o=-j- O'IO - (2)+ (4)-(25)-j-(27)--(31)-j-(33) 

6 o=-j- 2·71 -(II)+(12·)-(30)+(34)-(37J+(38) 

7 o=- 0·66 (3)-j- (6)- (9)-t-(11)-(38)-j-(39) 

8 o"=-- 0·14 - (2)-j- (6)- (9)-t-(ro)-(26)-(27) 

•Number of conditions in the net J6, of \vhich 16 refer to sums of angles and 10 to the ratio of sides. The side 
equations are established with 7 places of decimals in the logarithms, and the differences for 1" are cnt off at the sixth 
place. 
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FIGURE ADJUSTMENT--continued. 

Obsen1,itio11 equations-Completed. 

9 o=- r83 -(r5)+(!6)-(24)+(28)-(40)+(41) 

10 o=- r34 - (5)-f- (6)- (9J+( r3)-(43)+(44) 

II O=:_ 0·48 .......: (4)-t (5)+(31)-(JS)-(44)+(45) 

12 o=+ 0·75 - (6)+ (7)- (S)+( 9)-(17)+(18) 

13 o=- 0·34 + (2)- (7)-( rs) +(17)-(27)+(28)_ 

I4 0=- I"25 - (1) t (2)-(20)+(22)-(27)+(29) 

15 o=+ 0·19 - (1)+ (4)-(21)+(22)-(31)+(32) 

16 o=+ 0·702+ (3)- (7)-(r6)+(r7)-(39)+(40) 

17 o=- r3 +o·S7(4)-r93(5)+1·06(6)-3·S2(30) +4·93 (31 )-n1 (3s)+s·27(43 l-12·05(44) 

+ 3·78(45) 
rS O=- S"7 -2·33(9J+3·36 (10)-ro3(II )+078(24) +s·6S(26)-9·46( 27)-S·o3(_:;8)+IO"S7(39) 

- 2·84(41) 

19 o=- 4·54 -12·48( l9l+ 18·44( 20)-5·96(21 )-10·00(32) +rq7(33)-r77(34)-0·32(37) 

+16·02(41)-1570(42) . 

20 o=- 6·1+2·05(:i)+o·S7(4)-2·92(6)-rSS( 25) +1o·s6(26J-S·6S(27)-4·34(30)+4·93(31) 

- 0·59(33) 

2I 0=- ?"6-0·53(1)-3•13(3)+3·66(4)+3"79( 19)-6•63{ 21 )+2·84(22)+2•o8(37)-2"Il(39) 

- 0·03(42) 

22 q=- 2·2-:!"05( I4) +5·78( 15)-3 ·73 (17 )-l ·42( 20) + 5·69( 22 )-4·27(23)-i·SS( 27) +s·oo( 28) 

- 0·12(29) 

23 O=- 8·6+ 3 ·13(3)-8·94(4)+5·81(5)+2·93 (36 )-5·04(37) +2"II (39) +6·06(44)_..::10·31(45) 

. + 4"25(46) 

24 o=- 6·2+0·92(8)-4·28 (9)+3·36(10)+5·78(15)-9·00( l7)+3·22(r8)+8•68(26)+16·68(27) 

. + 8°00(28) 

25 0=+17·6+4·37(14)-10·55( 15)+6·18( 16)+12·48( l9)-i2·77( 20 )+0·29(23) +2"90(40 )-18 •6o(41) 

+15·70(42) 

26 o=-·91·7+0·92(8)-r·95(9)+1·03(n)+9S·10(16)-10r·32 (17 J+3·22 (18) +8·03(38)-215 ·63(39) 

+20?"6(40) 

Correlate cq11atio11s. 
Correc- c. Co .::3 C4 C5 CG C7 Cs C9 C10 Cu Cio C13 C14 C15 C16 tions. 

( l) +1 --I -I 

(2) -I -I +1 +r 

(3) -I +1 

(4) -·I +1 -I +r 

(5) -I +r 

(6! +r +1 +r. +r -I 

. (7) .. -I +4· -I -I 

(8) -I 

(9) -l -I -I ~1 +r 
(IO) ... ... ... +1 
(II) -l +1 

(12) +1 +1. 
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FIGURE ADJUS"rMENT-continued. 

Corrt?late eq11alio11s-Conti11ued. 
Correc-1 
tiot~ 

c, c. C3 C4 Cs C6 C7 Ca C9 C10 Cu c •• C13 C14 C1s C16 

(13) I .+1 
(14) -I 

(15) ... ... ... -1 -I 

(16) +1 -I 

(17) +1 -I +1 ...;...y 

(18) +r 
(19) -I 

(20) +r ... ... ... -I 

(21) -I 

(22) -1 +1 +1 
(23) +r 
(24) +1 --I 

(25) ... ... -I . .. 
(26) -I 

(27) +1 +1 -I -I 

(28) +1 +r 
(29) -·r +1 
(30) -I -I 

(31) +r -I +1 -I 

(32) +1 
(33) . +1 
(34) -I +r 

. (35) +1 -I 

(36) -l 

(37) +r -r 

(JS) +1 -J 

(39) +1 -I 

(40) -I ·.+r 
(41) -I +1 
(.:p) +1 
(43) -I 

(..i4l . +1 -I 

(45) -I +1 
(46) +r 

Corrdale eq11atio11s-Co11ti11ued. 
Correc-

C17 C1a C19 c.., c .. c •• Co3 C24 Cos. C26 tions. 

(r) -0·53 
(2) + 2·05 
(3) -3·13 + 3·13 
(4) + 0·87 + 0·87 +3"66 - 8·94 

(5) - I '93 ... .... ....... . ..... + 5 ·Sr 
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FIGURE ADJUSTMENT-·Continued. 

Con-daft' ,·quat"ions-Completed. 
Correc-

C17 C1s C19 C::o Coi Coo C23 C24 C.,5 Co6 tion:S. 

·(6) + I ·06 - 2·92 

(7) 
(8) + 0·92 + 0·92 

(9) - 2 ·33 - 4·28 I ·95 
(10) + 3·36 ·+ .. n6 

(II) - I ·03 + 1 "uJ 
(12) 

( 13) 

(14) --2 ·05 + 4'37 
( 15) ... .... ....... . ...... ... ... +s·78 + 5 78 -IO '55 
( 11)) + 6·18 + 9t>·10 

t17) -3 ·73 - 9·00 -IOI ·3~ 

( 18) + 3·22 + 3 ·:2 

(19) -12 ·48 +3'79. +12 ·48 

(20) ........ 
0 

+18·44 -r·42 -1277 
(21) - 5 ·96 -6·63 

(22) +2·84 +s ·69 

(23) -4 ·27 + 0·29 

(24) + 0·7S 

(25) - 1 ·88 ...... 
(26) + 8·68 +10·56 + 8·68 

(27) - 9·46 - 8·68 -7·SS -16 •68 

(28) +s·oo + 8·00 

(29) -0·12 

(30.) - 3·82 - 4·34 ....... 
(31) + 4·93 + 4·93. 

(32) -ro·oo 

(:B) +n ·77 - 0·59 

(34) - I ·77 

(35) - I 'II ....... 
(36) + 2·93 

(37) -- 0·32 +2'08 - 5·04 

(3S) .- S·o3 + S·o~ 

(39) +w·S7 -2 'II + 2'II -2r5 ·63 

(40). - 2·90 +207 ·60 

(4r) -.2·~4 +16 '02 --I8'6o 

(42) .....:15 70 +0·03 +15 '70 

(43) + s·27 

(44) . -12.;p5 . ' .+ 6·06 

(45) + 3 78 ...... .. . ... -10·31 . ...... ... .... 
(46) + 4·25 

-----
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FIGURE ADJUSTMENT-continued. 

1Vor111al equations. 

C, c. C3 C4 c s c6 c, Cs C9 C,o C,, 

o=+o·Jo +6 
-0·23 +6 -2 +2 +2 +2 +2 +2 
-I ·17 +6 -·2 -2 

+0·89 +6 -2 

+0·10 +6 +i -2 

+i ·71 +6 --2 

-0·66 

I 
. +6 +2 +2 

-o·q +6 +2 
-1 •83 +6 
-1 "34 

I 
... +6 -2 

-0·48 +6 
,Normal equ11tio11s-Continued. 

c,. C,i <;:,4 C:i:s C,6 C,1 C,s C,9 

+ 0·20 -2 +2 -2 -2 +2 ....... 
- 0·23 1-2 -2 + s·94 + 2·33 
- I ·17 - 4·S9 + I "45 

+ 0·89 I -2 + 3·62 - o·So 

+ 0·10 

I 
-2 -2 +2 - 4·o6 - 9·46 -f-II ·77 

+ 2 ·71 + 3·82 - 7·00 - l ·4~ 

- 0·66 
1-2 

-2 +- I ·o6 +20·20 

- 0·14 -2 -2 -2 +I ·06 --12 ·45 

- l ·_S3 

I -2 
+2 -2 - 3·62 +16·02 

- I ·34 -17 ·33 + 2·33 
I 

-· 0·4S I -2 +19 "07 I 
o=+ o75 I +6 

-2 -2 - l"o6 - 2·33 

- 0·34 +6 +:z -t-2 + 9.46 
- I "25 +6 +2 + 9·46 . -18·44 

+- 0·19 +6 - 4·06 -_4·04 

+ 0702 -t-6. -10·87 

- I ·3 -t-273 ·619 

-57 -t-373 ·925 -45·497 

-45·4 +1 276 ·2o4 



TRANSCONTINENTAL TRIANGULA1'ION-PART !_:__BASE LINES. 239 

FIGURE ADJUSTMENT- -completed. 

iVor111al eq11atio11s-Completed. 

c ... C21 c., c.3 c.4 c.s c,. 

+ 0·20 - 3·37 -II ·1)4 -- 9·00 4·08 -JOI ·3~ 

- 0":'.!3 +5 ·48 ·- 3·66 + 8·94 + 4·2s + I ·95 

- ~ ·17 + 2·0S + 6•59 

+ o·S9 - 3·;6 - l ·30 I 9·05 T 

+ o·ro -1.3 "50 + :;·66 - 7·8S - s·94 -16 ·6S 

+ 2 "jl + 4·34 ::? ·oS + 5 ·04 ' 7·00 
- 0·66 - 2·92 + I "02 - I "02 + 4·28 -220 ·6S 

- o·q -24 ·21 - 7·8s -lj "]2 + I "95 

- I ·83 + ::! "2J + 2·22 - 4·77 -109 ·50 

- I '34 - 2·92 + 0·25 + 4·28 + I ·95 

- 0·48 + 4·o6 - 3·66 - I ·fo 

+ 075 + 2·92 + 3 '73 ·+ 7·02 +ror ·67 

- 0·34 +10 '73 + 6·37 + 9·90 + 10·55 -101 ·32 

- l ·25 +w'73 + ·3 ·37 +q·87 +16•68 + 12·77 

+ o·r9 - 4·06 +13 ·66 _j_ 5·69 - s·94 I 

+ 0702 - I "02 - 3·73 + l "02 - 9 "()0 - 3 ·2S +223 ·s1 

- I ·3 -1- 38 ·545 + 3 ·184 -r30 ·9S6 

- 5 7 +173 774 -22 ·936 +74 ·545 +22 ·936 +254·397 + 52 ·S24 -2 404 •896 
-45·4 - 6·944 - 8·921 -26 ·185 + I "613 --935·691 

O=- 6 ·r +247 ·365 + 3 ·184 +68 ·398 - 7·778 +236 ·443 ······ ... 
- 7·6 +gS·639 +16·16o . -57 ·453 + 47 ·770 +454"979 
- :? ·2 +230 ·258 +262 ·417 - 53·052 +377 ·924 
- 8•6 +322 ·997 -454 ·979 
- 6 '2 +512 796 - 6o·979 +93I ·441 
+17·6 . ... .. ... . ....... . ..... ... . ........ ......... +1 o88 ·359 +r 208 ·_298 

-91 ·7 +109 563·968 

· .Res"lting valt1<•s ef '''n-elnks a?ld o/ correclio)IS lo 1Wg11lnr dirrdi(IJJS. 

C,=+0·1gS 7 
C0 =-0·217 3 
C3=-o·oS8 o 
C4=+0·562 2 
C5=+0·543 3 
C6=-0·577 8 
C7=-o·6oS o 

C s=+o·o16 9 
c 9=+0·617 2 

c;o=+o792 6 
c •. =+o·r29 0 

c,.=-0·132 8 
C,3=-o ·292 5 
C,4=+1 ·024 8 

CORREI,A'fES. 

C,5=-o ·825 8 
c.6=-0 ·n3 3 
C,1=+0 "II7 13 
C,s=+o ·090 58 
C,9=+ o ·009 52 
C.,=-o ·024 39 

c.,=+o ·259 I4 
.. C .. =-o ·028 55 

C.3=+o ·r24 43 
c •• =-o ·022 55 
C,5=-o ·040 16 
c.6= +o ·002 686 4 



UNITED STATES COAST AND GEODETIC ~URVEY. 

Res11lti11g Z'<lllft"S <?f corrt?f,1/t's a11:i l?f ,-,.1rrcclio11s "' a11,f;11/ar diredi<ws-Completed. 

II 

(r)=-o ·137 7 
(2)=+o "122 I 

(3)=+0 ·072 I 

(4l=-o ·2n 5 
(5l=-0'·166 8 
(6)=+0·312 3 
(7)=+0 ·074 3 
(8)=+o ·u4 5 
(9)=:=-0·236 8 

(10)=+0 ·245 4 
(rr)=-o ·120 7 
(12)=-0 "795 I 

CORRECTIONS. 
II 

(13)=+0·792 6 
lI4)=-0 ·315 7 
( 15)=-o ·196 4 
(16)=+0746 0 
( 17)=--o ·036 9 
(18)=-0·197 0 
(19)=-o ·200 o 
(20)=+0·266 3 
{21)=-0·949 I 

(:!2)=+0 ·573 8 
(23)=+0 ·309 0 
(24)=+0·015 7 

CHECK. 

~pr•v=S ·93 c 7 
-[wC]=8 ·932 7 

II 

(25)=-0·497 5 
(26)=+0 ·316 0 
(27)=-

0

0 ·216 o 
( 28)=-o ·0S4 o 
(29)=+0·466 0 
(30)=+0 ·453 6 
(31)=+0 ·651 4 
(32)=-o ·921 o 
(33)=+0 •669 8 
(34)=-o ·506 6 
(35)=-o ·347 o 

CHECK. 

::S of+correctio11s=8 ·372 4 
::S of-corrections=S ·372 4 

II 

(36)=+0 ·452 6 
(37)=+0 ·398 6 
(38)=+0 ·675 7 
(39)=-0 ·372 6 
(40)=-0 ·289 2 

{41)=+0 ·697 2 
(42)=-o ·210 o 
(43)=+0 ·176 I 
(44)=+0 •oo6 2 

(45)=-0·623 I 

(46)=+0 ·440 8 

Mean error of a11 observed direction m, = /[br'Z'] = ± ~11 ·59 where /1 = number of conditions. "\f II 

Mean error of an angle m L == m, '"Y2 = ± 0·83;· also pi;obable error of the same=± 0"·56. 

TRIANGLES OF THE VERSAILLES BASE NET, MISSOURI, lS79-188o. 

Correc- Sp her- Sp her- Distance No. Stations.· Observed angles. tions. ical ical Logs. in metres. angles. excess . 

0 ,, ,, . ,, 
II I Hugh" 33 IO 50·59 --0 ·16 50·43 o ·c.S 3·883 312 3 7 643·S52 

I Versailles North Base &> 2S 21 ·y5 . -0·24 22·71 0·08 4 ·139 070 5 13 774 ·3.3 
Hunter 66 20 47·45 -0·35 47·10 o·os 4 ·106 991 9 12 793 ·58 

00·99 ·0·24 

r Cole 13 37 3v17 -0".53 31 ·64 0·08 3·883 312 3 7 643·852 
2 · Hunter 32 02 47·08 +0·48 47 ·56 o·oS 4 ·235 959 3 17 217 ·07 

t Versailles North Base 134 19 4o·S5 +0·19 41 ·04 0·08 4 ·365 704 8·. 23 2II ·58 

00·10 0·24 I Col• 
28 22 52 ·s2 -0·40 52·42 0·26 4 ·139 070 5 13 774·33 

3 Hunter 98 ~· 34·53 +0·13 34·66 0·27 4·457 394 6 28 667·82 •..) 

Hughes 53 13 33 72 o·oo 33 72. 0·27 4·365 704 8 23 21 I ·58 

01 ·07 o·So 
· Cole · · 14 45 . 20·65 +0:13 20 78 0 ·10 4 ·ro6 991 9 12 793·58 

41 Versailles North Base 145 II 56·20 +0·05 56·25 Cl "II 4 ·457 394 6 28 667·82 

Hughes 20 02 43·13 +o·I6 43·29 o ·n 4·235 959 2 17 217·07 

59·98 0·32 I Hnbbanl 55 58 59·68 +0·31 59·99 0 ·18 4·235 959 3 17 217·07 

~ Cole . 86 48 o7 ·5S -\·O ·68 08·26 0 ·19 4 ·316 793 9 20 739 ·29 
Versailles North Base 37 12 52 ·04 +0·26 52 ·30 .0 ·18 4 ·099 082 7. 12 562·69 

59·30 0·55 
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TRIANGLES OF THE VERSAILLES BASE NET, MISSOURI, ISi9- 1880--Continued. 

Observed angles. Correc- Sp her- Sp her- Distance No. Stations. 
tion. ical 1cal Logs. in metres. angles. excess. 

0 // /! II !I 

f Hubbard 8'.! I3' I3'27 +0·04 I,3 "3I 0'::!9 4·457 394 6 28 667·82 

6 · Cole 72 02 46·93 +0·55 47 ·48 0 ·29 4·439 i3l CJ 27 525 ·23 t· H.ughes 25 43 59·96 -to'I2 60·08 0 "29 4 ·099 oS::? 6 !2. 562 ·69 

oo·r6 0"8j 

f Hubbard · 26 14 13 ·59 -0·27 I3 ·32 0·21 4 ·106 991 9 I2 793·58 

7 l Versailles North Base I07 59 04 'I6 ·-0·21 03·95 0":?.? 4·439 731 I 27 525·24 
Hughes 45 46 43·09 +0·28 43·37 (.) ·21 4·3I6 793 9 20 739·29 

00·84 0·64 

J 
High Point 23 o6 30·87 +0·20 JI ·07 I) ·12 3 ·883 3I2 -~ 7 643·852 

s l Hunter 89 29 18·05 -0·56 I7 ·49 0 'I2 4·::?89 482 7 I9 475·23 
Versailles North Base 67 ·24 ll ·20 +0·59 II '79 Q 'II 4 ·254 8u' 0 I7 98o ·8f;i 

00 ·12 0·35 

\ H;gh Pofot 74 19 35 ·54 +0·22 35·76 0·30 4 ·36.s 7•J4 8 2' 2rr ·s8 ·' 
9 Huntt:r 57 26 30·97 -I '04 29·93 0·30 4·307 907 8 20 319 ~.'.?6 

Cole 48 13 54 ·39 +0·81 55· :?O 0 ·29 4 ·254 Sro 9 17 9So·88 

00·90 o·S9 

( mgh Poiot 39 20 03·02 -I ·57 •:•I ·45 o·33 4·3I6 793 9 :.10 739 '.'.!9 
10 Versailles North Base 104 oS 2I ·69 -o·q 2I ·55 0'" 4·501 457 2 31 729·06 ._"1._"I 

Hubbard 36 31 36·47 +r ·52 37 ·99 o . ., .. 4 ·289 ,182 9 19 475 ·24 "·' 
01 ·18: 0'9) 

., I High Point 51 13 04·67 +0·02 04 ·69 f) ·26 4 ·235 959 3 I7 217 '•J7 
V~rsailles North llase 66 55 29·65 -0·40 29 '::!5 0":?6 4·307 907 s :?O 319·26 
Cole 61 51 26·56 +0·28 26·84 0·26 4·289 482 s 19 475·24 

00;88 0·78 

14 '•J99 082 7 J High Point II 53 OJ ·65 +1 ·59 03 '::?4 0 'II 12 562·1J9 

12 l Hubbard . I9 ~- 23 '2I I -J ·21 22 ·oo 0 'J:2 14 ·,N7 907 S 20 319·26 -/ 

, Cole 148 39 34 ·14 +0·96 35 'IO 0 'II 4·501 457 I 31 7::?9·05 

59·00 0'.)4 

[ Chri•tU." 30 I::? 30·25 -I ·08 29"17 0·19 4 ·254 Su o n 9So·s3 
13 High Point I24 15 59 ''.!7 -0·96 58·31 O':?O 4·470 327 7 29 534·37 

Hunter 25 31 3:l '77 -0·67 33 'IO 0·19 4 ·187 515 2 IS 399·80 

03·29 0·58 

[ Chriorti•n . 44 54 30·92 -077 30·15 0 ·25 4·289 482 8 19 475 '::?4 
14· High Point IOI 09 28·40 -I 'I5 27 ·25 0 ·25 4·432 4o6 7 27 064·92 

. Versailles North Base 33 56 O~ 'iO -0·35 03·35 0·35 4 ·187 515 I 15 399·So 

0.._'i "(I:? 0 75 
18731-No. 4--16 
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TRIANGLES OF THE VERSAILLES EASE NET, i\IISSOURI, 1879-18So~Conti11ued. 

No. Stations. 

f 
Christian 

15 · High Point 

\. Cole 

Cl~ristian 

;High 
0

Point 

Hubbard 

Christian 

Hunter 

Versailles North Base 

f 
Christian 

18 . Hunter 

l Hughes 

Christian 

Hunter 

Cole 

Observed ang!t:s. 

0 

81 ,:;o 

49 56 

48 ,)-'.\ 15 ·q 

O.:? '01) 

89 oS 40·05 

61 49 25 ·38 

29 01 56·61 

02·04 

q .p 00·67 

63 57 44 "28 

IOI 20 14 "90 

59·S5 
15 16 52 ·58 

I30 18 3r "73 

34 24 37 "26 

01 ·57 

51 Ij 5.! :SS 

31 54 57 "20 

96 47 09 ·53 

59·61 

( 

Christian · o 34 5 1 ·9 l 

20 Versaill_es North Base 178 II 22 ·15 

Hughes 1 13 46 ·67 

J 
Christian 

21 \ _Versailles North Base 

·. Cole 

2 ' .1 
· 1 

,. I -,) l 

Christian 

Versailles North Base 

Hubbard 

Christian 

Hughes 

Cole 

oo·-· ,,, 
36 35 ~2 ·21 

,'i2 59 25 ·95 

IlO 24 41 "70 

59·86 

44 q 09 ·13 

70 12 I7 ·99 

65 33 33·o8 

00 ·20 

36 01 00·30 

1S 48 56·46 
125 IO 02·35 

59 ·11 

Corre'c
tion. 

II 

-f-o ·,;o 

-J ·18 

-0·5r 

-0·61 

+0·30 

+0·12 

+0·24 

+0 "J9 
-0 ·23 

-0·94 

+r "J7 
-0·36 

+o"JO 

Spher
ical 

angles. 

II 

2J"43 

22 ·55 

q·63 

,;9 ·44 

25 "79 

5S"86 

00·97 

44·40 
15 ·q 

52·97 

JI ·50 

J6·32 

54·25 

56·84 

09·83 

Spher
ical 

es:cess. 

II 

0·~1 

O'.?O 

0 '20 

0·61 

0 ",'i7 
O"J6 

0·36 

I ·09 

0 ·17 

0 ·17 

0 ·17 

0·51 

0·26 

0 ·27 

0 '.:?6 

0 "79 
0 ·31 

O"JO 

0 "JI 

0·92 

Logs. 

1

4 ·307 907 8 

. 4 ·196· 566 4 

4 ·18; s15 2 

4·501 457 2 

4·446 7~7 s 
I 4 ·187 SIS 2 

I 
I 3 ·SSJ JI.? 3 

4·432 4o6 9 

4·470 327 7 

4 ·139 070 s 
4·600 4iJ 6 
4 ·470 327 7 

4·365 704 8 

4 ·196 s66 3 

4·470 327 6 

+o ·083 51 ·993 o ·009 4 ·106 991 9 

-o ·002 22 ·148 o ·c.og 4 ·6co 473 7 

-o ·783 45 ·SS7 o "•;>IO 4 ·432 406 9 

+1 ·07 

-0·05 

-·0·24 

+0·16 

+0·2I 

+0·77 

-O"JO 

33·85 

OJ ·29 

57 ·40 

o;i ·25 

0·028 

0 '.?I 

0·21 

0·64 

0·44 

0·45 

0·45 

I ·34 

0"3I 
0 ·31 

0·94 

4 ·235 959 .J 

4 ·196 566 4 

14 ·432 406 8 

4 "Jl6 79J 9 

4·446 727 6 

4·432 4o6 9 

4 ·457 J94 6 
4 ·196 566 J 

4 "6oo 473 6 

Distance 
in metres. 

20 319 "26 

15 724 "12 

IS J99"8o 

31 729·o6 

27 972·26 

IS 399·So 

7 643·852 

27 o64·9J 

29 5J4 ·,;7 

IJ 774 ·33 

39 854 "16 

29 534·37 

2J 211 ·58 

IS 724 ·12 

29 S34"J6 

12 79.3 ·58 

39 854 "I7 

27 o64·93 

17 217·07 

15 ·724 ·12 

27 064 ·92 

.:m 7J9 ·29 

.!7 972·26 

27 064•93 

IS 724 ·12 

39 Ss4 "16 
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TRIANGLES OF THE VERSAII.I,ES BASE NET, l\IISSOURI, ISi9-1SSo-completed. 

Stations. Observed angles. Correc- S:pher- S.{lher-
Distance No. tions. 1cal 1cal Logs. 

angles. excess. in metres. 

0 II II II I! 

J .Christian 43 39 17'22 +0·08 17'30 0·65 4 '4..W i3l l 2i 525 ·24_ 

24 l Hughes 44 32 56·42 +1 ·06· 57 ·4S 0·65 4·446 727 5 27. 9i2'26 

Hubbard 91 47 46·67 +0·50 47 _'17 () ·65 4·6oo 473 7 39 S54 ·17 

00 ·31 l ·95 I Chrloti>m 7' 3S 16 ·92 -0·91 16°01 o·os 4·099 082 7 J2 56:.·69 

25 Cole 162 47 IO '72 -0·45 10·27 o·os 4 ·446 727 5 27 972·26 
Hubbard 9 ,W 33·40 +0·47 . 33 •87 0·05 4 ·196 566 4 15 724·12 

or ·04 0 ·15 

( Bcl•he . 9 54 34·S6 -0·17 34·69 0 ·18 3·883 312 3 i 643·852 
26 Hunter 12:! 37 04 'II +1 ·03 05 ·14 0 ·18 . 4 ·573 Oo:."'4 7 37 411 ·47 

Versailles North Base 47 28 20·23 +0·48 20 'il 0 ·18 4 ·sq 985 7 32 i32'99 

59 ·20 0 ·54 

( Bel•he 29 04 26·24 -o··So 25·44 0"2j I 4 ·254 SII 0 17 980·88 

27 Hunter .._"1._"I 07 46·06 +r ·59 47·65 0 ·28 14 ·305· Ss4 4 :20 223 ·41 

High Point II7 47 46·93 +0·80 47 '73 0 ·27 4·514 9S5 6 32 732·98 

59·23 0·82 

( Bel•he 55 26 52 '97 +0·26 53 ·23 . 0 '70 4 ·470 ."27 7 . 29 534 '37 
2S Hunter 58 39 19·83 +0·92 20 '75 0 'jQ 4·486 091 7 ,\0 626 'IO 

Christian 65 53 49·25 -i ·13 48 'I2 070 4 ·514 985 6 32 732·9S 

02·05 :?"IO · ! Bel•he 19 09 51 ·,;8 -0·63 50·75 0·21 4 ·289 482 8 19 475·24 
29 Versailles North Base 19 SS 50·97 +o·u sr ·08 0·21 4·305 854 3 ~o :?23 ·40 

High Point 140 54 17 ·So +r ".JO 1S·8o 0·21 I 4 ·s13 004 s 37 4II ·45 

• 00 ·15 0·63 I l llel•he 45 32 18 'II +0·44 18·55 0·69 4·432 406 8 27 064·92 
30 Versailles North Base 53 51 54 ·67 -0·24 54·43 0·69 4·486 091 7 30 626 'IO 

Christian So 35 49·92 -0·82 49·ro 0 70 4·573 004 5 37 411 '45 

02 ·70 2·08 

J 
Belshe 26 22 26 'i.~ +1 ·06 27 '79 0·24 4 ·187 515 2 15 399·So 

31 High Point II7 56 13 ·&i +0·16 13·96 0·23 4·4S6 091 6 30 626·09 

l Christian 35 .p 19·00 -0·05 18·95 o·.-,, 4·305 S54 2 20 223 ·40 -,) 

59'53 070 
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PROBABLE ERRORS. 

Deter111i11ation of tl1e pmbahk on>rs <?f the lt'ltg-lh of tlte sides ,~f the b11se 11d 111a/.:i11,g ll1c co1mectio11 
willt llte adj1U"e11I d1t1i11s ,~f lria11,gu!atio11. ' 

The side Christian to Belshe is connected •.vith the base by the equation

Christian to Belshe sin ( r3 -- r r) sin ( 6 - 3) 
-· Versailles Base =sin (46 - 43) sin 39 - 38) 

Hence the function~ 

F=logsin (13--u) +log sin (6-3)-logsin (46-43) -log sin (39-38) 

. Establishing and solving the transfer equations, we find for the reciprocal of the 

weight or .p = 16'66; also the mean error m F and the probable error rF. both expressed 

in tt"nits of the sixth place of decimals of the logarithm, viz: 111 F = ± 2·39 and 
rF = ± 1 ·61; hence log. distance Christian to Belshe 4 ·486 091 7 and the distance 

±I 6 
30 ·626· ro metres. The probable error is abont 2 711.l..uoii of the length. 

±II 

To this must be added the uncertainty due to the base measure or-

30 626 
± O ·no~ Y --- = ± O'O'" - '- .. 7 644 _,_, 

Then total probabl~ error of side Christian to Belshe

J(7Ill" + (0·032? = ± 0·12 metre. 

The side Ht1bbanl to Hughes is connected with the base by the equation-

Huhhard to Hughes sin ( 1 - 7) sin ( 9 - S) 
Versailles Base= sin ( 23 - 22) sin ( rS - .17) 

Take the function F= log sin (r - i> +log sin (9- S) - log sin (23 - 22) 
I . 

- log- sin ( rS - 17), then p =9'97' and mF= ± 1 ·ss and rF = ± 1 ·25; hence log. dis-

tance Hubbard to Hughes 4.'439 731 1 and length of side= 27 525".:q metres. The 
. - ± 12 ±oS 

probable error is about :rrrl.000 part of the length. 
Adding to this the uncertainty arising from that of the base or-

27 s25 ±0'008 :--'. --~- = ± ()'()'.!'.!, 
. 7 b44 .. 

we have for the probable error of the length of side Hubbard to Hughes

.J('o8 l2 + (0·022)° = ±o·os metre .. 

Similarly we obtain the probable error of the side Christian to High Point

~<. ·053)° + ( ·016) 0 = ± 0·06 metre. 

Also probable error of side High Point to Belshe--

.J( '07 )0 + (_ '02 I )° = ± 0'08 metre. 
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GENERAL DESCRIPTION OF !ll'ATIONS FORMING THE VERSAILLES BASE NET, MISSOURI. 

Versailles Nortk Base, Morgan County; established by J. A. Sullivan in 1878. This 
station is situated about 5 miles north-northeast of Versailles, in the southern part of 
the west half of the southwest quarter of section 9, township 43 north, range 17 west of 
the fifth principal meridian, on land owned by Moses H. Tip~on. 

The geodetic point is marked by the intersection of cross lines on a copper bolt, set 
in the top of a rough-dressed sandstone block, r 1 inches square and 21 ;:{ inches long, 
set in cement and concrete 20 inches below the surface of the ground. 

The surface mark is a block of similar 'stone, 25}6 inches square and 1076 inches 
thick, set in concrete and cement directly over the subsurface mark. It bears the 
inscription "U.S.C.&G.S. 1897," cut on its top surface, and has a copper bolt and 
cross lines in the center. 

As reference marks, two stone posts, 5 inches square and marked with a single 
cross line and ·arrowhead pointing toward the station, were set, one north and one 
south, each 5 feet distant from the geodetic point. . 

Hunter-Versailles Soutk Base, Morgan County; established by J. A. Sullivan in 
1878. This station is situated 4 miles east of Versailles, in Moreau Township. It is in 
the southeast half of the southwest quarter of section 2, township 42 north, range 17 
west of the fifth principal meridian, on land owned ( 189il by the estate of D. C. Dale. · 
The geodetic point is marked by the intersection of cross lines on a copper bolt set in 
the top of a rough-dressed sandstone block, rx inches square and 21 Ji inches long, set 
in concrete and cement 1376 inches below the surface of the ground. The surface 
mark i~ a block of similar stone, 25}-f inches squai:e and -9}6 inches thick, set in con
crete and cement directly over the subsurface mark, with a copper bolt and cross lines 
in the center, and having the inscription "U.S.C.&G.S.1897,'' cutonitstopsurface. 
As reference marks,. two stone posts, 5 inches square ancl marked with a single cross 
line and arrowhead pointing toward the station, were set, one north and one south, 
each s feet distant from the geodetic point. 

Hughes, .Morgan County; established by J. A. Sullivaq in 1878. This station is 
situated about. 5 miles nearly due west of Versailles, on the Warsaw road. It is near:. 
the center of section 5, township 42 north, range 18 \vest of the fifth P,rincipal meridian, 
on ·land owned by Mr. Robert Hughes. · · 

The geodetic point is marked underground by a bottle filled with ashes and buried 
2 feet 6 inches below the surface. The. surface mark is a stone post 6 inches square and 
2 feet long, marked with two rectangular grooves and the letters U.S.C.S. As reference 
marks, two stone posts, 5 inches square and marked with a single cross line and arrow
head :;:iointing toward the station, were set, one north and one south, each 5 fed 
distant from the geodetic point. 

Cole, Moniteau County;. established by J. A. Sullivan in 1879. _This station is 
situated about 3 miles east-southeast of Tipton a~d is known as the "Old Windmill,'' 
on.land owned by Mrs. S. F. Cole. It is in the.northern part of section 30, township· 
45 north, range 16. west of the fifth principal meridian. The geodetic point is marked 
underground .. by a bottle filled with ashes, o.ver which was placed as~ surface mark a 
·stone post, 6 inches square and 2 feet long, marked on the top with two. rectangular 
grooves and the letters U.S.<;:'..S.. As refere~1ce .marks, two stone posts, 5 inches square 
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and marked with a single cross line and arrowhead pointing toward the station, were 
set. one north and one south, each 4 feet distant" from the geodetic point.· 

Hubban(, Morgan Coui1ty; established by· J. A. Sullivan in 1878. This station is 
situated about three-fourths mile northeast of Syracuse, 011 land owned by Mr. Joel 
Hubbarq. It is ~1ear the center of the southeast quarter of section 11, township 45 
north, range 18 \vest of the .fifth principal meridian. The geodetic point is marked 
underground by a bottle filled with ashes, over which was placed as a surface mark a 
stone post, 6 inches square ·and 2 feet long, marked on the top with two rectangular 
grooves and the letters U.S.C.S.. As reference marks, two stone posts were set, s
inches square and marked wi'th a single cross line and arrowhead, pointing toward the 
station, one north and one south, ea_ch 5 feet distant from the geodetic point. 

· Clzristian, Moniteau County; estab_li.shed by J. A. Sullivan in 1878. This station 
is situated· about a mile east-southeast of the court-house, in the town of California, on 
land belonging to the minor heirs of J. J. Christian. It is just east of the center of the 
southern edge of the northeast quarter of section 27, township 45 north," range 15 west 
of" the fiftli principal meridian, on a narrow strip of land-an open field-between the 
Missouri Pacific Railroad and the "State road," from Jefferson City; about 75 yards 
south of the former and about 40 north of the latter. The Christian house, a two
story brick, is about 300 ya·rds east-northeast, and the house of H. :aoepler about 150 
yards southwest of the station. 'l'he geodetic point is marked underground by a bottle 
filled with ashes, over which was placed as a surface mark a stone post, 6 inches square 
and 2 feet long, marked on the top with two rectangular grooves· and the letters 
U.S.C.S. As reference mar:ks, two stone posts :were set, 5 inches square, and 1~1arked 
with a single cross line and arrowhead, pointing toward the station, one north and one 
south, each 5 feet distant from the station point. . 

Higlz Point, Moniteau County; established by J. A. Sullivan in 1878. This 
station is situated one-half mile northeast of the village of High Point, in the southern 
part of Moniteau County; near the middle of the .southern edge of the western half of 
section 9, township 43 north, range 15 west of the fifth principal meridian, on land 
belonging to the undivided estate of George Radcliff, sr. The nearest. railroad· station 
is California, on the Missouri Pacific Railroad, distant 12 miles. nearly due north. The 
geodetic point is marked underground by a bottle filled with ashes, over which as a 
surface mark was placed a stone post, 6 inches square and 2 feet .long, marked on the 
top with two ~ectangular grooves and the letters U.S.C.S. As reference marks, two 
stone posts, 5 inches square and marked with a single· diagonal groove and arrowhead, 
pointing toward the station, were set, one north and one south, each 5 feet distant from 
the geodetic point. 

Be/she, Cole County; established by]. A. Sullivan ii1 1878. This station is· situ
ated in the southwest part of ~ole County, on the road from Jefferson City to Tus
cumbia,' Miller County, at~d about 50 yards east of the line between Cole and Miller 
counties. It is 1 mile southeast of Spring Garden Hill and about one-half mile north
east of Locust Mound post-office, Miller County. The nearest railroad station is 
Centertown, on the Missouri Pacific Railroad, dist11-nt_ 19 miles, nearly due north. It 
is near the. center of the north half of the southwest fractional quarter of section 19, 

township .:p north, range 13 west of the fifth principal meridian; in the yard of August 
Pfitzer's house, and 26· 1 feet from the northeast corner. The geodetic poin,t is marked 
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underground by a bottle filled with ashes, over which was placed as a surface mark a 
stone post, 6 inches square and 2 feet long, marked on the top with hvo rectangular 
grooves and the letters U.S.C.S. As reference marks, two stone _posts, 5 inches square 
and marked with a single diagonal groove and arrowhead, pointing toward the station, 
were set, one north anq one south, each 5 feet distant from the geodetic point. 

(3. °) SYNOPSIS OF FACTS AND RESULTS RELATIVE TO PRECEDING BASE LINES AND 

BASE NETS. 

Name of ba:!'e. 

1 I Kent l!=iland 

7 St. Alban' 

61 Holton 

3 0111~\' 

2 American Botto1n 

10 Versailles 

8 Salina 

El Paso 

9 Salt l,ake 

5 Yolo 

[The ha:;;.es are gh·en here in their ge0g1·aphic c1rder fro-:~1 ea.st to west.1 

State. 

Maryland 

\Vest Virginia 

Iudiana 

Illinois 

Jllinoi:;;. 

l\·Ii:;;.sonri 

Knn~a,;,; 

Colorado 

Utah 

California 

Sum 

Height 
al>O\"e 
ocean. 

m. 

1So 

311 

A_Pprox-
1111ate Length of 

lengtl~ of hase and. 
hase 111 probable 
statute error. 
u1iles. 

2·405 

4 ·095 

i "01.=' 

53·491 

m. 

s 687 ".544 6 
±6-3 0 

J 'Sio ·402 8 
± .) 5 

5 ~.oo ·570 o 
± 4 0 

6 .wo ·;&. 4 
±S9 

: .'.!66 ·s.~.) i 
±.?O (. 

7 t'.'43 -:,_;:._::;.:.:- s 
± 8 (I 

6 5::.2 ·44r-. 2 

=6J 
11 iS9·1;Q4 

±15 I') 

11 )(1~ ·676 Q 
. ± 7 ,) 

Ii 4:-36 "5Il 9 
±16 .. ~ 

S6·oS6 J;;m. 

Probable 
error in 
parts of 

the.base. 

L<W"rith1n 
of l~ngt·h· 
or 1-.aSe. 

3 ·93S 89i 05 
± 3 40 

.. -:. ·5Sj 756 I 7 
± 39 

3 ·740 40i jo 
± 32 

3 ·sis 9.:;6 84 
± 59 

3 ·861 3.iS 21 
::±:: 1 23 

.3 ·S83 31~ 30 
± 46 

3 ·s16 -40_, 46 
± 42 

4 ·052 66' .?6 
± 58 

4 ""-19 100 72 
± 2i 

4 ·z.p 703 19 
± 40 

Num- Num
berof berof 
.. sta- condi
tions tions 

in net. iu net. 

13 

9 

I! 

s 

s 

I•) 

17 

SS 

Mean 
error of 
an ob
served 
hori-

7.onta' 
angle. 

±O'jl 

"'±0·61 

±l "j2 

---------·--·---·---·---· ------·----·--·-"- --- -----·-----·-·---------
* ~rhe prohahlt- erro·r is to a great extent e~thnated. 
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II. DETERMINATION OF HEIGHTS OF STATIONS. 

(AJ. GENERAL REMARKS. 

The necessity.of determii1ing the elevations of points ·in the triangulation is apparent 
from what has been stated. These elevations were required in the preceding part in 
connection with base lines, whose lengths had to be referred· to the same level, i .. e .. to 
the equipotential surface or au im~giued continuation of the average level of the ocean. 
Besides, the elevations of the stations located at the higher levels must be known, at 
least :1pproximately, in order to reduce the horizontal ang-le measures to what they 
would have been if the stations observed upou had been at the sea level. This reduction 
is ordinarily but a small fraction of a second of arc, but in refined work can not be 
ignored. Lastly, from a geographic point of view the· third or height coordinate of poi~ts 
in the triangulation should be determined. There are, however, only certain parts of 
the triangulation presenting special features, for which it is desirable here ·to furnish 
detailed information. · For the foundation of the hypsometric measures in the eastern 
part of the Survey we have a continuous line of spirit levels run between the years 
1878-r898, commencing at the Atlantk coast, with its principal terminus at Sandy 
Hook, New Jersey, and its two southerly connections with tidewater at the Gulf and 
extending to the eastern flank of the Rocky Mountains at Colorado ·springs, Colorado.':' 
With this line occasional connections were made fcir height of points of the triangula
tion, though in general but few observations for determ~ning the height of triangulation 
stations were made ·until "First View," Cplorado, was reached. From that station we 
have a continuous and. complete series of observations of zenith distances, or of micro
metric differences of height to carry the height determinations to ''Mount Diablo '' and 
''Ross Mountain,'' in California. These two stations were connected by spirit levels 
with the Pacific Ocean. It is contemplated, ultimately. to carry the line of spirit levels 
from ocean to ocean, but in order not to delay the computation and publication of the 
results of the triangulation it was thought expedient and sufficient to· depend for heights 
upon the measures of zenith distances between the stations stretching from Pikes Peak 
to the California Coast Range. 

The determination of heights from zenith distances and from micrometric measures 
of difference of height will be presented under the following heads: The heights. cf 
principal trigonometric stations in eastern Colorado between First View and Pikes 
Peak; the heights of the subordinate trigonometric stations in the vicinity of the Coast 
Range of California froni Point Arena to the Yolo Base; the:: heights of primary trigono
metric stations on the Sierra Nevada, California, from measures in and across the 

* l'he results of these leveling <>perations will be found in Appendix 11, Report for 18-~>; Appendix 14, Report 1887; 
Appendix 15, Report iSS\>;· Appendix 2, Report 1893; Appendixes >.;>.4. and 5, Report 18¢1; Appendix4, Report 1897; 
~nd Appendixes 1. .?, and 31 Report ISc)8. 
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Sacramento and San Joaquin Valleys;· the heights of the primary trigonometric stations 
in Nevada, Utah, and Colorado, between the Sierra Nevada and the eastern bank of the 
Rocky Mountains near Pikes Peak. For these several regions full information will be 
given as to abstracts of resulting zenith distances at each station, with adjustment of 
the individual differences of height and final results. For other localities where heights 
are desired the results-ate simply stated. 
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Besides the measures of zenith distances and micrometric differences of height 

mentioned above, three series of special hourly observations, continued foi;. a number of° 
clays, were made for th.: purpose of elucidating the law of the diurnal var.iation.of the 
atmospheric refraction and consequent variation of the ·deduced difference of height. 
The.first series comprises n.::ciprocal observations at Bodega Head and Ross Mountain, 
California, made on 6 days in March, 1860, from 7th hour a. m. to 5th hour p. m. For 
record and discussion see Appendix No. 16, Coast Survey Report for 1876. The second 
series comprises recipro~al observations at Martiµez East and Mount Diablo, California, 
made on 14 clays in March and April, 1880, hourly from midnight to midnight. For 
record and discussion see Appendix No. 12, Goast and Geodetic Survey Report for 
1883. 'l'he third so-ics comprises reciprocal observations at Jackson Butte and Round 
Top, California, made hourly on q. days in September and October, 1879. . All three 
ser-ies were made under the direction of Assistant G. Davidson. This last series was 
discussed and made ready for printing by the writer in 1884, but publication was delayed 
in the hope of having supplied a line of spirit levels between the two stations. This. 
paper will be found appended to th~ present discussion. 

For the sake of easy refere11.ce, we shall give here in tabular form and also exhibit 
by diagrams the resulting _hourly values of the coefficient of" refraction,* m, from four 
experimental series-i. e., the three referred to and a fourth which comprises cibserva
tioi:J..:> of the zenith distance of the sea level. ·These were made at· Ragged ~fountain,. 

*Usually denoted by!..·. hut h1 the Coast and Geodetic Sun·ey papers the designati011 111 (=~-SA.·) ha.:; heen adopter]. 
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on the coast of ·Maine, by Assistant F. \V. Perkins on 2-7 days at irregular hours, ~mt 
mostly between 6th hour a. m. and 6th hour p. m. in July, August, and September. 
(See Appendix No. r7, Report for rS76.) The line Bodega Head to Ross Mountain is 
directly on the Pacific coast, part of the line passing over the ocean; its length is 22.·48 
kilo1netres. The line Martinez East to Mount pi.ablo, although 50 kilometres (31 
statute miles l inland, is still under the direct influence of the winds from the Pacific; , . 
its length is ::4·26 kilometres. The line Jackson Butte to Round Top, about 200 kilo-
metres ( 124 miles) from the. coast, is affeeted by the cliniatic conditions of the valley; 
its length is 72· 37 kilometres. 1'he elevations of the two stations for these lines are 
73 and 672 metres, 57 and r 173 metres, and 714 and 3 174 metres, respectkely. The 
height of Ragged Mountain is 397 metres .. The tabular values were ck:ducecl under 
the supposition of equal refraction angles at lm~•er and upper stations. 

I. HOURLY VALUES OF THE COEFFICIENT OF 2. DIURNAL VARIATION OF CO-

REFRACTION (m) FROlli SPECIAL· OBSER- EFFICIENT OF REFRAC-

VATIONS OVER FOUR LINES IN CALIFORNIA TION. 

AND MAINE. 

Bodega Martinez Jackson Sett Horizon 1\t'artinez Jack•on Sea Horizon 
I.oca\ bO\tT. 

Head and E.ast and Butte and ancl Ea5tand Butte a11(\ aud 
Russ l\fouut Round Hagged Mount Round Hagged 

Mo1111tai11. Diahlo. "fop. !\'fountain. Dial:olu. ~ro1,. l\ifountaiu. 

Midnight 0 ·109 2 0·069 4 o·oc;is 0 +0·009 2 +0·004 8 +0·013 l 

r a.m. ·rr1 3 ·070 0 ·096 2 + ·or r 3 + ·9o5 4 + ·o-rr 3 

2 "JI;) 0 ·071 r ·097 2 + "0!2 0 + •oo6 5 + ·012 3 

3 ·rrs 5 ·068 9 ·o95 9 J_ ·015 5 + ·004 3 + ·on O· , 
4 ·113 r. ·o67 s ·099 0 +· ·or3 I +. ·oo,~ 2 + ·oq J 

5 ·r12 6 ·069 7 ·cs·! h. ...... ·nt.., fi -!- "('i():;, T . ·Orio?. 

6 ·108 5 ·o6S o ·082 8 -1- ·oos s + ·003 4 ·002 I 

7 0 ·1 q ·107 r ·o6S 4 ·083 6 + ·007 I + ·003 8 ·oor .J· 

s ·106 ·102 7 ·066 2 ·079 6 + '002 7 + ·001 6 ·005 3 

9 ·092 "JOO 3 ·062 7 ·073 9 + ·ooo 3 ·001 9 'Oil 0 

IO. ·090 ·097 0 ·059 8 ·070 6 ·003 0 ·004 s "0!4j 

!I ·093 ·091 5 ·057 4 ·070 7 ·ooS 5 ·007 2 ·oq ·2 

Noon ·094 ·oSS I ·056 4 ·c71 3 'OJI 9 ·ooS 2 ·013 6 

I p.m. ·097 ·085 0 ·056 0 ·070 9 ·015 0 ·oos 6 ·oq O· 

2 ·099 ·oS2 2 ·oss- 7 ·072 5 ·017 s ·oos .2 ·ou 4 

3 ·099 ·oS2 5 ·055 7 ·072 2 ·017 s -~~ '012 7 

4 ·098 ·083 0 ·056 I ·975 3 ·017 0 "008 5 ·009 6· 

5 O"Io6 ·085 5 ·057 7 ·o79 9 ·014 5 •oo6 9 ·005 0 

6 ·092 0 '000 6 ·081 0 ·oos o ·004 0 ·003 9· 

7 ·098 3 ·067 7 ·085 3 '001 7 + ·003 l + ·ooo 4 

8 ·101 2 ·070 5 ·099 l + ·oor 2 + ·005 9 + ·oq :! 

9 ·~04 6 ·072 5 ·098 9 +: ·004 6 + ·007 9 + ·oq o· 

10 ·106 3 ·070 5 ·099 9 + ·006 3 + ·005 9 + ·015 0 

. II ·109 0 ·071 9 ·099 6 + ·009 0 + ·007 3 + ·oq 7 

MidnigM I 0 ·109 2 o ·o6cf 4 0·09S o + ·009 2 + ·004 s + ·or3 r 

Daily) 0·100 0 0 ·06.i 6 o·os.i 9 Dailyt.! 
0 ·033 .. ; 0·016 s 0 ·029 3. mean fl range I! 
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Maximum and minimum values of the hourly .:variation of m. are underlined. The 
hourly values for the four localities are plotted in the accompanying diagram (No. 15). 
It shows that the refraction is greater and more irregular during the night hours than 
during the day; the maximum value is reached within two or three hours from midnight 
and the minimum value at sometime within :2 hours from noon-before noon at the coast 
stations after noon at the interior stations. ·The average amount .(mean of 24 hours J is 
greater the nearer the line of sight is to the sea level, being some function of the altitude. 
The refraction changes but little, comparatively, between the hours of IO a. 111. and 576 
p. m. and the intervening time is best suited for observing zenith distances for altitudes, 
so far as refraction is concerned; but in other respects, as for telescopic visions. the 
hours about noon are unfavorable on account of faint, unsteady, and distorted images 
being then more prevalent. The diurnal range of the refraction also appears greatest 
at the lowest stations. 

(Bi DETERMT~ATION OF HEIGHTS OF PRINCIPAL TRIGONOMETRIC 
ST A TIO NS IN EASTERN COLORADO FROM FIRST VIE\V TO PIKES 
PEAK. 

· The measures of zenith distances and micrometric differences of height in eastern 
Colorado form .a net\.vork covering a region 217 kilometres, or nearly .135 statute n~iles; 
in. extent, as shown on the accompanying sketch. Seven of the vertical angle stations 
are connected directly with the line of spirit levels which terminates at present at the 
eastern flank of the Rocky Mountains. The heights above the St. Louis, Missouri, 
''Directrix'' (bench mark K), of six of the stations, determined by spirit level, will be 
found in Appendixes Nos. 2 and 3, Report for 1898. The provisionally adopted 
height of the "Directrix" is us·s metres, or 412·7 feet. Hence we get the following 
resulting heights: 

First View ±. 
Kit Car1<0n A 
Hugo 8 
Divide 8 
El Paso Base, west end, top of monument 
El Paso Base, west end, ground 
Colorado Springs, nail marking level of vertical circle 

Metres. 
I 274·4S+125·S =1 400·28 
I 2r9·65-t125·S =I 345·45 
I 499 ·57-tD5 ·S =1 625 '37 
2 133 ·37-t-125 ·s ==2 259 ·17 

·2 040·9 -t125·S =2 166·7 
2 166•7 ~ I '05==2 165·65 
r 696·35-t125·8 =I S22·r5 

From the leveling of the El Paso Base by J.B. ·weir of the party of Assistant 0 .. H. 
Tittmann, in 1879, \\;e have: El Paso Base, east end (top of monument) below 'yest 
end (top of monument) i72·14 metres; hence height of El Paso Base, east end, top of 
monument, 2 166'7 - 172·14 = 1 994·56 metres and of El Paso Base, east end, ground, 
l 994 · 56 - r '06 = r 993 · 50 metres. 

Mr. Weir also leveled to Colorado Springs in 1879-So and found: Colorado Springs, . 
railroad track in front of Denver and Rio Grande Railroad passenger depot, below El 
Paso Base, west encl, top of monument, 344 "68 metres; hence height of railroad track 
at Colorado Springs= 2 166'7 - 344'68 = l 822·02 metres: The height of approxi
mately the same point derived directly from Assistant Winston's levels is 696'16 + 
125·s = r 821·96 metres, showing a satisfactory agreement. 
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Finally, Pikes Peak 8., from spirit-leveling by Assistant \V. Eimbeck in 1895, 
is 4 ·898 metres above Pikes Peak East, where the ·yertical circle was mounted in order 
to permit the sighting of Colorado Springs. 

I. ABSTRACTS OF RESlTLTING ZENITH DISTANCES. 

These abstracts require but little explanation. The first column gives the number 
of days upon which observations were made (since the resulting i;-·s were· combined by 
days); the observed zenith distances are reduced to the· ground at both ·stations; 
the columns headed P and T contain the rough values of the· atmospheric pressure 
expressed in millimetres and of the atmospheric temperature expressed in degrees 
Centigrade; the log. of the distances between the stations is given for metres. Notes 
appended state the extremes of time between which observations were obtained. No 
rejections were made of micrometric measures of differences of height. 

Pikes R·ak. July and August, r895. Vertical Circles, Nos. 28 a11d 4.i. R. L. Faris, J. Nelson, and 
W. H. Clay, observers; ,V. Eimbeck, chief of party. 

Nmn- Reduction Rednc-
I) hse n·ei.l ze- tion for her of Ohject obsen•ed. nith di:;tance. to le••el eccen- Reduced;. P. T Logs. 

days. of ,i,. trkity. (CJ 

0 // ,, ,, 0 I ,, 
111111. 0 

II Mount Ouray 90 28 s2·S o·6 I 0'2 90 28 si '.J. 4S9 s '7 s ·os2 21· T 

12 Mount Elbert 90 27 50·5 - o·s -t- 0·3 9') 27 so·o 46o 6 '::! s·o97 79 
IO Bison 90 44 05·0 + O'::! 0·2 90 44 05 ·o 4S9 s·s 4·77r 6o 

II Divide 92 2s 43'S - I 'I + I "2 92 2s 43·6 460 6 '7 4 ·72r S9 

9 Plateau 92 34 45·6 -t-18·7 I4'9 92 34 49·4 46o s·s 4·816 21 

13 Big Spring~ · 9:? q s3 ·s +11 ·s 12·6 9:? q s8·4 460 6·.r 4·841 so 
Observations between JI hours 4S minutes a. 111. and 1 hour 20 minutes p. m., and between 4 hours 30 

minutes and 7 hours s minutes p. 111. 

Pikes Peak East. July and August, 1S95. Vertical Circle, No. 44. R. L. Faris, observer; \v. Eim
beck, d1id of party. 

O I /I ,, ,, o I II 111111. 0 

2 I Monte Rosa 
4 Colorado Springs 

93 37 38 ·4 +30 ·s 

97 39 05 ·1 + s ·s 

o·o 93 38 08·9 

o·o 97 39 I.J. ·5 

46o 4·2 4·099 98 

46o s·S 4·268 83 
Obsen·ations between 12 hours 3S minutes and 1 hour 10 minutes, am{ 5 hours rs minute's and 6 hotll"s 

ro minutes p. m. ·._, 

Colorado Springs. October, r89s. Vertical Circle, No . .J.~. R. L. Faris, observer; W. Eimbeck, 
chief of party. 

4 

3 

0 " /I I/ 0 /I 111 Ill. 

l\1onte Rosa 82 5S 55 ·8 +28 ·2 o ·o 82 S9 24 ·o 

Pikes Peak East 82 28 47 ·S +34 ·2 o ·o 82 29 22 ·o 

Obsen·ations between .J. hours rs minutes and s hours 20 minutes p. m. 
' 

0 

4 ·132 9S 

4 ·268 83 

El Rist> East Base. September and October, 1879. Vertical Circle, No. 7s, and Theodolite, No. roS. 
0. H. Tittmanu and J. B. 'Veir, observers; 0. H. Tittmann, chief of party. 

0 II // // 0 II 111111. 0 

4 Holcolm Hills 89 2S 33 'I + S4'7 o·o 89 26 27·8 4 ·r32 SS 
3'S Divide SS S4 26·2 + 89·3 o·o 88 SS ss·s 4 ·129 44 
3'S El Paso West Base 89 oS 48 ·4 +ro4 ·s o·o 89 IO 32 '9 4·os2 66 

Observations between 8 hours lS minutes a. m. and s hours rs minutes p. m. 

1873::?-No. 4--r7 
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El Paso J.Vi:sl Bast?. October. 1879. Vertical Circle, No. 75. 0. H. Tittmann, observer and chief of 
party. 

Num- Red11ctio11 Red11c-
her of Object observed. 0 bsen•ed ze- to level tion for 

Reduced~. P. T Logs. 
days. · nith distance. of&. eccen-

(Cl tricity. 

0 I ,, ,, ll 0 I/ . 11/lll, 0 

4 Divide 89 35 IO'S +ro4 ·2 + 0·3 89 36 55·0 4 ·oS5 93 

3 Pikes Peak 87 16 37·3 + 28 ·s · + 0·2 87 17 06·3 4·626 70 
Corral Bluffs 90 29 27 '3 + 63·0 + o·s 90 30 30·8 4·082 OI 

Obser\'atious between. 9 hours 5 minutes and Io hours 15 minutes a. m., anrl between 3 hours and 4• 
hours p. 111. 

Dh•ide. November, 1879. Vertical Circle, No. '75. O. H. Ti~hn<1nn, observer and chief of party. 
July and August, 1895. Vertical Circle, No. w9. F. D. Granger and J. B. Boutelle, observers; 
F. D. Granger, chief of party. 

~ I II II II 0 I II 111111. 0 

4 El Paso West Base, i879 90 27 41 'I -j-77·3 + 0·4 90 28 58·8 4·0S5 93 

4 Holcolm Hills, 1879 90 25 49 '2 -j-41 ·r O" .) 90 26 30·0 4 ·269 17 

II Big Springs, 1895 90 39 16 ·r I '6 o·o 90 39 I4 ·5 578 22·9 4·623 06 

J2 Pikes Peak, r895· 87 59 24·9 + 2 ·s 9. ·o S7 59 27·7 577 24·0 4 "j2.I 59 
II Bison, 1895 89 20 33·4 l '4 o·o 89 20 32·0 576 23 ·2 4·940 23 

3 Monte Rosa, 1895 SS 49 23.·1 6·5 o·o . SS 49 16·6 575 .:!3 ·4 4 712 41 
Obseryations in·.1879 between ro hours a. m. aml 2 hours IO minutes p. m.; iii 1895, betweeu II hours 

35 minutes a. m. and r hour p. m .. and between 4 hours 35 minutes and 6 hours 30 minutes p. n1. 

Plat,~au.. July and August, 1894, September and October, 1895. Vertical Circle, No. ro9. F. D •. 
Granger, observer and chief of party. 

0 I II II II 0 II Ill /II, 0 

IO Pikes Peak 87 56 12 ·5 ·+ 9 ·2 o·o 87 56 :?I '7 6r6 30·4 4·Sr6 21 

l" 

"' 
Mount Ouray 89 33 20·8 0·5 o·o 89 33 20·3 6q 30·0 5 ·163 93 

10* Big Springs S9 52 5S 'I + 0 '7 o·o 89 52 5S·S 615 27·5 4·679 47 

7* Dry Camp 90 02 22·2 +:!2·S o·o 90 02 45·0 624 20·3 4 '55I 81 

6 Corral Bluffs 89 45 I4 ·9 -- 5 ·9 o·o 89 45 09·0 622 19 ·2 4 •725 24 
Observations in 1394 between II hours 40 minutes a. m. and r hour 5 minutes p. m., and between 4 

hours 45 minutes and 6 hourg 55 minutes p. 111.; in 1895 between·:? hours and 4 hours 40 minutes 
p. m. ' 
*Double zenith dh:tances: Of Big Springs, nine clays: of Dry Ca111p, six days. One day added to each for two days~ 

1nicr01uelric differences. 
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E1:r; Sp,·bt/[S. August and September, 1SSo. Vertical Circle, No. 75, and Theodolite, No. 108. 0. H. 
Tittmann aml G. F. Bird, observers; 0. H. Tittmann, chief of party. June and July, 1S9s. Vertical 
Circle, No. 109. F. D. Granger, J.B. Boutelle, observers; F. D. ,_;ranger, chief of party. 

Num- Rednction Reduc-
Obsen·ed ze- tion for her of . Object observed. nith distance. to le,•el eccen- Reduced;. P. T 

(C.) 
Logs. 

days. of&. tricity. 

0 I II 

4 Holcolm Hills, -188o 89 36 47·3 

3 Square Bl nffs, 188o go 2s sS "7 

3 Cramers.Gulch, 1S8o go 39 00·7 
r2 Plateau, 1895 go 30 o8 ·2 

I! Pikes Peak, 1895 SS 17 50 ·ci 

I I Divide, 1S9s S9 41 05·4 

,, ,, 
+93"3 o·o 

+46"6 o·o 

+1s:o o·o 

l "O o·o 

+ 6•8 o·o 

l "7 o·o 

0 ,, 11111/.. 

89 38 20 ·6 596 17 ·9 4 ·452 62 

go 26 45 ·_; 

go 39 1s:7 

90 JO 07 "2 

SS 17 s6·8 

588 25"::! 

588 27·2 

4 ·585 22 

4·518 S9 

4·.679 47 

4·841 50 

89 41 03·7 587 25·0 4·623 06 

l Dry Camp, 1S95 90 37 40 ·9 -16 ·7 0 ·o go 37 :q "2 s86 25 ·o 4 "3:!8 92 
Observations in 18So between IO hours 20 minutes and 11 hom·s lS minutes a. 111., and between 2 hom·s 

5 mim;tes and ·s· hours 35 minutes p. 111., except one micrometric differerice of Cramers Gulch at 
6 hours 25 a. m.; in 1S9s between noon and 1 hour 30 minutes p. m., a net bdween 4 hours 40 
minutes and 6 hours 45 minutes p. m. · 

Holco/111 Hills. July and August, 1 SSt•. Vertical Circle, No. 75, ancl Theodolite, Ne>. 108. 0. H. Titt
mann and J. E. McGrath, observers; 0. H. Tittmann, chief of party. 

0 ,, II II /I Ill Ill. •) 

5 Divide 89 43 05 ·3 -4S·o o·o 89 .p 17"3 584 2_; •6 4·269 17 

4 Big Springs ':"J 36 12 ·5 -30·4 o·o 90 35 42··1 584 19·6 4 ·452 62 
8 El Paso East Base 90 4I 31 ·4 -78·5. o·o 90 40 12·9 584 19 "2 4 ·132 55 
6 Holt 90 39 01 ·o -2i ·8 o ·o 90 38 33 ··2 584 19 ·1 4 ·479 56 

Square Bluffs 90 43 36 "2 - 7 ·5 o·o 90 43 2S·7 582 2.:? ·s 4·657 64 
Observations between 7 hours 20 minutes and II hours 30 minutes a. m., .mostly before S hours IS 

minutes, and between 3 hours 10 minutes and 5 hours 40 minutes p. 111. 

Cnu11t:rs Gu/cit. September, I88o. Vertical Circle, No. 75, ~nd Theodolite, No. 108. 0. H. Tittmann 
and G. F. Bird, observers; 0. H. Tittmann, chief of party. September, 1895. Vertical Circle, No. 
109, and Theodolite, No. n8. F. D. Granger, observer and chief of party. 

0 I II II I/ 0 I // 111111. 0 

2 Adobe, 1SSo go IO 22"0 +s3·2 o·o 90 II 15 "2 6·21 JI "I 4·533 56 
2 Square Bluffs, 1SS0 89 54 25 ·-5 +59"6 o·o 89 55 25·1 62! ,31 "I 4·478 69 
2 Big Springs, 18So 89 36 29 ·s +38'7 o-o 89 37 o8 ·2 621 ,;1 ·1 

2 Big Springs, 1895 89 37 22·4 -18·2· o·o S9 37 04·2 625 30·8 

4 Big Springs, mean 89 37 o6 '2 4·518 S9 
6 Dry Camp, 1895 Sg S2 Ol "2 - 5·3 o·o 89 SI 55·9 624 31 ·9 4·387 04 

·Observations in 18So between Io hours 25 minutes a. 111. and 4 hours 35 minutes p. m.; in 1S95 between 
3 hours 35 minutes and 4 hours SS minutes p. m. 



UNITED STATES COAST AND GEODETIC SURVEY. 

Square Bluffs. September, lSSo. Vertical Circle. No. 75, and Theodolite, No. rnS. 0. H. Tittmann 
and J. E. McGrath, obseryers; 0. H. Tittmann, chief of patiy. 

Nunt- Rellt1ctio11 Rednc-

her of ObjE:"ct observed. Ohser\"ed ze- to Je,·el ti1J11 for Recluced ~. P. T togs. 
days. nith diSl3:;t1CC. of,.;,.. CCCCll- \CJ 

trkity. 

0 I II II II 0 /I 111111. 0 

4 Holt 89 43 13 '7 +55 ·3 o·o 89 44 09·0 6q 29 '7 4 ·382 95 

·' Holcolm Hills 89 3S 00·6 +B ·5 o ·o 89 3S 44 "I 613 · :?S ·1 4·657 64 

·' Big Springs 89 sr 42 ·9 -f-33 'l o·o 89 .52 l.6 'O 61.~ 28 "l 4·58s .'.!2 

·' Hugo 90 '16 33·0 +49"1 o ·o 90 17 2.'.? ·1 615 :?4 ·6 4·567 IT 

3 Cramers Gulch 9') 19 24·7 +1~·4 o·o 90 19 •P 'I 6'15 i4·6 4·47S 69 

- Adobe 90 22 os ·s +59·0 o·o 90 23 04·8 616 21 ·9 4·487 16 

Observations hetween To hours a. m. anrl 4 hours 25 minutes p. m. 

· H,1/t. October, lSSo. Vertical Circle, No. 75, and Theodolite. No. ro8. 0. H. Tittmann anrl G. F. 

3 

3 

Square Bluffs 

Holcolm Hills 

Hugo 

Bird, observers; 0. H. Titt1iiann, chief of party. 

·" !/ " 0 II 111111. 

90 27 16 ·3 -l-76 ·3 o ·o 90 28 .~2 ·6 6o5 22 ·2 

89 35 s2 ·9 +6s ·s o ·o 89 36 58 ·7 602 2S ·9 

90 30 21 '7 +45 ·8 o ·o 90 31 07 ·5 599 25 ·2 

Obsen·ation,; between 9 hours 30 minutes a. m. ancl. 4 hours 35 minutes p. m. 

4 ·382 95 

4"479 56 

4 "00) 35 

Hugo. November, rSSo. Vertical Circle, No. 75, and Theodolite, No. 108. 0. H. Tittmann and 
G. F. Bird, 9bservers: 0. H. Tittmann, chief of party. 

4 

2 

2 

0 II /I II :, II 111111. 0 

On~rland 90 oS ~3"2 +27 •6 o·o 90 o'3 50·8 616 

Holt S9 48 ·20 '7 +33·4 o··o 89 4S 54 "l 621 

Aroya 90 20 19"4 +1s·8 o·o .90 20 38·2 621 

Adobe 90 I" ·' 48·7 +4o·S o·o go I4 29·5 621 

Square Bluffs 90 oo 20 ·o -t-48 ·4 o ·o 90 01 oS ·4 621 

Observations between 9 hours 50 minutes a. m. anil 3 hours 30 minutes p. m. 

4"4i6 20 

4·600 35 

4 ·620 92 

4·646 49 

4 ·567 II 

Ad,1{>,·. July and August, r8SI. Vertical Circle, No. i5, and Theodolite, No. roS.". 0. H. Tittmann 
and G. F. Birrl, observers; 0. H. Tittmann, chief of pai·ty . 

0 I II . ii II 0 I II 111111. 0 

3 Aroya 90 16 09·5 + o·6 o·o 90 16 IO "l 637 4·546 77 

3 Overland 90 IO rS ·9 + 0·4 o·o go IO 19"3 6,~S 4 716 S: 

3 Cramers Gulch go 05 29 ·r S ·r o·o 90 05 21 "O 639 4·533 56 

2 I. Square Bluffs 89 52 04 ·4 +33"3 o·o 89 52 37 "i 639 4·48j 16 

Observations behveen 4 h·-·urs rs minutes and 6 hours 5 minutes p. 111. 

;lroya. August and September, lSSr. Vertical Circle, No. 75, and Theodolite, No. roS. 0 H. 
. Tittmann and G. F. Bird, observers; 0. H. Tittmann, chief of party. 

I/ II ,, 0 , II 111111. 0 

3 Overland . 9 50 53 ·7 +31 ·5 o·o 89 51 25 ·2 646 4·4r8 95 

2 Kit Carson 90 23 57 "3. +31 ·3 o·u 90 24 28·6 646 4 ·479 57 

3 Hugo 89 58 57·0 +43"3 o·o 89 59 40·3 646 4·620 92 

3 Adobe 90 00 35;8 +1S·3 o·o 90 oo 54 ·r 646 4·546 77 

3 Eureka 90 r3 04"5 +32"5 o·o 90 r3 37 ·o 646 4·529 43 
Observations between 8 hours 55 minutes a. m. and 4 hours IO minutes p. m. 
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O;•crlrmd. September, 18Sr. Vertical Circle, No. 75, and Theodolite, No. 10S. 0. H. Tittmann 
and G. F. Bird, observers: O. ~- Tittmann, chief of party. 

Nnm
herof 
days. 

J 

3 

J 

3 

Object ob~rved. 

Aroya 

Hugo 

Ade he 

Eureka 

Obsern:·d ze
nith di.,tant:e. 

0 II 

90 20 48 ·r 

90 04 39·9 
90 14 28·9 

go 26 4r ·s 

Reduction 
to le\"el 
of&,. 

II 

+J2 "7 
+6r ·4· 

+rJ ·o 

+4I "l 

Reduc
tion for 
eccen
tricity. 

,, 
o·o 

o·o 

o·o 

o·o 

Reduced~. 

.o I II 

90 lI 2o·S 

90 05 41 "J 

90 14 41 ·9 

90 27 22:6 

Kit Carson 90 JO 10 '7 +:io ··2 o ·o go JO JO ·9 

P. 

llitll. 

Observations between 2 hours 5 minutes and s hours 3S minutes p. m. 

T 
(C.) Logs. 

4·418 95 

4·476.20 

4 716 Sr 

4·440 09 

4 ·664 Ol 

Eur<·ka. September and October, 1SSr. Vertical Circle, No. 7.5, and Theodolite; No. 10S. 0. H. 
'fittmann and G .. F. Bird, observers; 0. H. Tittmann, chief of party. 

0 I II 

s Aro ya 90 02 21 ·s 
4 Kit Carson 90 lj 43·8 

4 Overland 89 4S 34'S 
2 First View 90 II SI ·3 

:! I Landsman 90 oS 34 ·1 

Observations bet .. ·00
•• ~ ' 

II ,, 0 ,, Ill Ill. 

+24'4 o·o 90 02 46·2 647 

+:i9·4 o·o 90 18 I"' . .., 
.) - 647 

+28'S o·o 89 46 03·0 647 

+Jr ·o o·o go 12 22 ·-~ 647 

+43"9 o·o 90 og 18·0 647 
···- · 4.~ minutes and s hours p. m. 

4·s29 43 

4·4Ss 81 

4·440 og 

4 ·531 or 

4·381 82 

Kit C.iiw11. October, .rSS1. Vertical Circle, No. 7s. and Theodolite. No. 108. 0. H. Tittma1111, 
observer aml chief of party. 

0 I II ,, ·'·' /}J JJl. 0 

3 First View " 90 oo·oo·S +34'9 Q"O 9000357 4·461 62 

3 Landsman 90 Ol 30·2 . +is·2 o·o 90 or s8·4 4"SS7 S3 

3 Eureka 89 s6 ro·S +34'6 o·o 89 s6 45 ·4 4-4~S 81 

3 Aro ya 89 so oS 7 +24 "7 a·o 89 50 J3"4 4·479 57 
_, Overland S9 51 :q ·9 +r6 'I o·o S9 SI -1-1 ·o 4 '66-1 OI 

3 First View house d1imney go 00 4i"9 -12 ·9 o·o 90 oo ,;s ·o 4·4S4 57 
Observations between g hours a. m. and J hours 5 minutes p. 111. 

2. DETERl\HNATION OF THE COEFFICIENT OF REFRACTION. 

Let t;, a11d t;
11 

be the observed reciprocal* zenith distances at the ends of a line of 
length s and radius of curvature P: then the mean coefficient of refraction 111 may be 
computed by the formula-

. sin 1" . ~ . ~ 
. 111 ;= o ·5 - P-·---(_i,,, -t-1,,., - 180°) 

:!S 

1 . 1 f 1 . , . l n 11 • s' am the we1g 1t p or any va ue of m may oe taken proport10na to ll +' 1~'.. • 
' , I It 

where n,, 1t
11 

represent the number of days of observation at the two ends of the line. 
In case the difference of height 6,/1 be known from spirit leveling and one zenith 
distance t; be observed, we may find m from the expression-

P. ~ 
m = 0·5 .,-- ? ( £:::./1 - scot i,,) 

f . l . . l . I . k ns" and or Its re atlve proport1011a we1g It we may ta -e 4. · 
*Her~ w:in-silnultnneous. 
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The resulting values of 111, arranged according to length of sight (s in !dlomdrcs), 
and their respective weights are as follows: 

Line. s. 111. 

Pikes Peak to Big Springs 69·4 0·059 6 

Pikes Peak to Plateau 65·5 ·058 7 
' Pikes Peak to Divide 52 ·7 ·056 2 

Overland to Adobe 52 '[ ·055 0 

Big Springs to Plateau 47·8 ·052 4 

Overland to Kit Carson 46·1 ·053 '2 

Holcolm Hills to Square Bluffs 45·5 ·046 3 

Divide to Big Springs 42·0 ·052 0 

Hugo to Aroya 41 '7 ·049 4 
Holt to Hugo 39·8 ·oj3 o 

Big Springs to Square Bluffs 38 ·5. ·040 9 

Square Bluffs to Hugo 36·9 ·035 I 

Adobe to Aroya 35·2 ·050 0 

Crame1·s Gulch to Adobe 34·2 ·048 6 

Aroya to Eureka 33·8 ·050 7 

Big Springs to Cramers Gulch 33 ·o · ·039 8 
Square Bluffs to Adobe 30 'i ·025 5 

Eureka to Kit Carson 30·6 ·047 2 

H()lcolm Hills to Holt 30·2 "O:?I i 
Aroya to Kit Carson 30·2 ·037 4 

Square Bluffs to Cramers Gulch 30·1 ·035 s 
~ugo to Overland 29'9 ·04$ 9 

Kit Carson to First View 1.S ·9 '•J44 2 

Hokolm Hills to Big Springs :iS·4 ·o.p 5 
Overland to Eureka 27 ·s ·047 3 

O\•erland to Aroya :.?6 ·i ·049 9 

Holt to Square Bluffs 24 'l ·013 4 

* Di\'ide to Holcolm Hills 18·6 ·061 0 

.t Pikes Peak East to Colorado Springs 1S·6 ·071 l 

Holcolm Hills to East Base 13°6 ·043 0 

t. East Base to Divide '. 13 ·5 -·009 8(°?) 

Dh-ide to West Base 12·2 ·051 s 
East Base to w·est Base II ·3 0 ·012 0 

*Deep ,•alley behveen the hvo stations. 
tLine on ster:-p incline and high aho,·e ground . 

. tNot used. 

Forming three groups of 10 vah1es each, we find the means-

So 

50 ·3· km. 

33·3 
23·2 

General mean 

lllo 

0·056 0 

0·040 5 

0·040 9 

0·053 0 

p. 
2·87 

2 ·03 

I ·59 

0·41 

I ·75 
0 ·,~2 . 

o ·15 

0·97 

0 '21 

I) ·19 

0·22 

0 ·16 

0 ·19 

o·q 

0·21 

0·19 

0·09 

0 ·16. 

(• ·14 

0 'II 

0 'I I 

0 ·15 

0·06 

0·16 

0 ·13 

0'10 

0'10 

o·os 
o·o6 

0·05 

O'O::! 

0·03 

0'01 
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The tabular values of m show an apparent dependence upon the length of lines s, 
viz: ·the shorter s, the smaller m.. This fact may be explained by the circumstance of 
the line of sight being nearer the heated ground the shorter the distance. The com
paratively warm stratum of air is quite close to the ground. particularly during insolati6n. 
The two apparent exceptions marked * and t prove the rule. The ground is barren 
and treeless over the entire region and the climate is very dry, especially during the 
summer. The instrument ·was only elevated sufficiently to overcome.the earth's curva
ture and. permit the visibility of the distant object. 

3· DETERMINATION OF DIFFERENCES OF HEIGHT AND THEIR ADJUSTMENT. 

For computing the difference of height h.,- 11, of two stations where reciprocal 
zenith distances r;,, and t;. were observed, supposed simultaneously, the formula-

, , , , . .. .. · [ k + h s" J 
D.11=11,, -11, = s tan }'.: (.!:,, -1:,) 1 +-' --" + --.+· ... 

. . 2p l:!f)" . 

. . ( 11 11 ") I 0'0 
• 

was used. and the weight p was taken equal to · +' " l .; when but one zenith distance 
. n, 11.,. s 

was observed,. and consequently a value form. had to be assumed, we have-

I - 'J.Jll. I -m · 
D.lz. = s cot C + --- s•+ --- s" cot• C + 

- 2(J p -

(n)ro'0 

with the assumed relative weid1_t = · · • where n =number of davs of observation; 
•J 4s· - .. 

in the latter case, for the line \Vest Base to Pikes Peak m. was taken equal to 0·061 4, 
which _is the mean resulting value for the other four lines to Pikes Peak. The differ
ences of height for the few remaining lines with but orie zenith distance were computed 
\~ith 1/1. = 0·047 4- . 

A table of values of log. pis given in Appendix No. IS, Report for 1876, pp. 384-
387; below we append ·a table specially adapted for'the computations in connection with 
the transcontinental arc. It is based upon Clarke's spheroid of 1866. \Ve have the 
expression-

Radius of c11rvature, p 
a (I -c") 

( 1 - <•+,,.cos• tr cos• <fi) ( 1 - , .. sin• cp) •, 
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Fal11c:s <~l log. p. Difference 
for ro' of 

latitude. in 
unitsof sixth ~ 380 .. ;S ~;o 39° 39S 0 40° 40_1.;o 

].lace of 
ecimals. 

(Meridian) 00 6·So3 422 6 ·803· 460 6·803 497 6·8o3 535 6·8o3 573 6 °803 61 l 13 
5 436 473 SII 548 586 62-1 13 

[(I 478 515 552 589 626 663 12 
15 546 582 61'3 65..i 690 726 12 
20 6_;7 671 706 i+l 7i6 8II 12 
25 749 7s2 815 848 3 882 3 916 II 

30 3 SSo _, 9II 3 943 _, 974 4 006 :i. 038 II 

35 4 025 -I 054 4 083 4 II2 14.? I~,, ,_ IO 

40 179 206 234 26r 289 316 9 
-5 45 338 ,;63 388 4q 439 464 ~ 

a. 50 498 521 544 567 590 613 s 
·;.; 

652 6~· 694 715 736 <!'.! 55 ,_, 757 i 
60 797 816 835 854 873 4 "892 6 
65 4 928 4 945 4 962 4 979 4 996 ~ 01· • .J 6 

70 5 041 5 056 5 072 5 o.'38 5 IO.J. 120 ;.i 

75 I"" ......... , I-II 161 176 190 .:?05 5 
So 20! 2I.j 227 241 254 268 4 
s-• ;.i ~4:? 255 .?68 181 294 307 4 

(Prime \"ert. ) 90 '6·So5 256 6·805 268 6 ·.Sos 281 6·805 294 6·805 307 6·&>5 320 4 

R,·sullil~g· d~t}<-rc·11t"c0s c~f 11,·igl1ts from r<df>rvcal 11t>11si1111tl/,mc,>11s ::01itlz dista11tc·s . 

Stations. .JI!. 
m. 

Pikes Peak and Divide 2 •.>41 ·954 
Pikes Peak and Big Springs 2 395 ·44r 
Pikes Peak and Plateau 2 655 ·317 
Pikes Peak East and Colorado 

Springs ( V. C.) 2 473 ·197 

/'. 

20·70 

12 ·36 

JI ·04 

49·66 

Stations. 

Square Bluffs and Holt 

Square Bluffs and Hugo 

Squa1·e Bluffs and Adobe 

Holt and Hugo 

Hugo and Aroya 

Divide and Big Springs 355 ·372 31 ·26 Hugo and Overland 

I 19 ·553 64 ·42 Adobe and Cratuers Gulch 

I-15 ·603 144 ·90 Adobe and Aroya 

236 ·62,; 24 ·s9 
270 ·.iS3 16 ·48 

428 . 236 3 ·63 

Overland and Adobe 

Overland and Aroy::i 

Overland ::ind Eureka 

.J/1 . 
m. 

155 ·9SS 

87 ·137 
136 ·or7 

244 749 
l 27 ·417 

13 "754 
29·339 
78 ·221 

33 · r70 

Il4 ·240 
165·625 

p. 

29·38 
8·81 

10·62 

7·55 
6·87 

19·q 

w·2S 

12·08 

5·52 
21 78 

22·59 

Divide and Holcolm Hill~ 

Holcolm Hills and East Base 

Holcolµ1 Hills and Big Springs 

Holcolm Hills and Holt 

Holcolm Hills and Square Bluffs 

Big Springs and Plateau 25S ·304 ::?3 ·SS O\•erland and Kit Carson 

193 ·07 r ro ·14 Aroya and Eureka 

260 ·281 7 ·05 
Big Springs and Square Bluffs 

Big Springs and Cramers Gulch 298 ·484 15 "74 Aroya and Kit Carson 

Square B!uffsaudCralllersGulch J06 ·295 13 ·24 Eureka and Kil Carson 

53 ·398 IP 16 ·37 
148 ·S77 

95·566 
13 ·18 
18 ·28 
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Res11/ti11g dzjjere_nccs of hc~:;l1t jivm sfltgk ::cwith disla1uu cmd c1Ss1111u·d 111. 

Station~. .Jh. 

m. 
West Base and Corral Bluffs ¢<828 

Plateau and Corral Bluffs 430 ·144 

Plateau and Dry Camp 6i ·561 

Big Springs and Dry Camp 199 ·676 

Cramers Gulch and Dry Camp 99 ·354 

Hugo and Adobe 47 ·081 

Eureka and Landsman · 24 ·041 

Kit Carson and Landsman · 71 ·S6o 

Eureka and First View 40 ·362 

West Base and Pikes Peak 2 135 ·S93 

Fi.1~t·d hdgl1ts delt'rmi11ed /~1· spirit lt""i.••·ls. 

,1-1c1rcs. · he/. 

EI Paso West Base 2 165 ·65 7 105. I Hugo 

EI Paso East Base I 993'50 6 540·3 Kit Carson 

Colorado Spriugs (V. C.) I 822·15 5 978·2 First View 

Divide 2 259·17 7 412 ·o 

p. 

17 ·14 

s ·31 

IJ '77 
5 ·.;o 

2·55 
S·61 

5·75 

4·34 

4 ·19 

J'ift'.·/1t.'S. 

I 625 '37 

l 345 '45 
I 400·2$ 

Pikes Peak above Pikes Peak East 4·898 metres. 

11/,_,•fn:s. :l/~:1 r1·~. 

Pikes Peak 4 3or+x, Square Bluffs I 7II+xs 
Holcolm Hills 2 139+x, Holt I S6.5f.x9 

BigSp1ings I 904+.1"3 Adobe I 576+.1-,o 
Plateau l 645+x, Aro ya I 496+.l'u 
Corral Bluffs 2 071+x5 Overland I 61o+x,0 

Dry Camp I 706+:1·6 Eureka I 442+.1·,J 
Cramers Gulch l 6o6+.t:7 Landsman I 417+x,, 

Fat. 

5 332 ·6 

4 414·2 

4 594 "I 
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To the observation equations as given below the· respective weights are attached, 
and a column is added showing the discrepancy between the direct measure and the 
adjusted ·measure. 

. Observation equation. p. Dis- Observation equation . p. Dis-
crepancy. crepancy. 

Ill. m. 

0=+0755+.i-. 49·66 -0·05 o=+r ·or2-.1·a+x9 29·3& +0·57 
-·0·124+x, 2070 ·--0 '93 ·-2 ·rr9+.r9 7·55 -1 ·9r 

--0·543+x, 4 ·19 --1 ·35 -'i ·507+.r. s·81 -0·86 

-o •ro3+.1·, 144·90 --0·48 -2 ·2S9+x,o 2·55 -2·90 

-0·6r7+x •. 64·42 -0·99 +r ·017-xs+.r,o ro·62 -0·24 

+0·202+x.; 3r ·26 -0·47 -o ·661-x1+x,., 10·28 -0·40 

+1 ·623-x.+x, 24·89 +r ·32 -1 ·953-i-xn 6·87 -2 ·27 

-·l ·559-.r,-!-.1"3 12 ·36 -I "'-13 +1 ·673+x .. 13 ·18 +r ·36 
-o ·683-x,+.1·4 II ·04 -0·87 -1 °779-X10-i-Xn 12°08 -I ·48 

-o ·6g6-x3+cv, 23·88 -1·01 -I 0616+.1·10 . 19 ·r4 -2 ·37 

+2 ·r78+.r5 17 ·q +1 ·29 +4·.:?69+.r,. 7·05 +3 ·52 
-4 ·244-x_,+.rs 5 ·31' -4 ·rs +o ·830-c1·10+x,, 5·52 +0·69 

+ 1 ·676-x,+x• 5·50 +r ·07 -o ·240-x,,+x .. .21 ·78 -0·68 

-o ·56r-x4+x0 13 "77 -0·85 +0·984+xJJ r8·28 +r ·22 

+o ·484-.1·3+.1·7 15 "74 +o ·29 +1 ·358+x,3 4 ·34 +1 ·59 
-o ·646-;1·6+x7 25·23 -0·23 --o ·602-xn+x,3 16·37 -0·05 

+o ·236-x,-f-.1·s .3 ·63 +1 ·26 -2 ·375-.r1~+·.r1 3 22·59 -r '39 
+o ·071-x3+x~ ro·q -f-r ·40 ·-0·3ro-l-x., 5 "75 +0·53 
-I ·295-X7-i-Xs 13"24 -t-o ·2~ -o ·959-x13+x,4 8"61 -0·35 

-o 7r7-x,+.1·0 16."48 --0·14 

Forming the normal equations and solving them, we get the following: 

Rcs-ulti11g- values of x, a11d final /1e~g-lits. 

Station (ground ) . 
Height...:... 

.1.·. 
In feet. In metres. 

111. 

Pikes Peak -0 ·804 4 300 ·r96 14 roS ·2 

Hokolm Hills -0·374 2 r3S·626 7 016·5 

Big Springs ~0·674 I <)03 ·326 6 244·8 

Platea~1 -0·989_ l 644·01i" 5 393 7 
Corral Bluffs -0·893 2 070 ·107 6 791 "7 

Dry Camp -I ·279 l 704·72r 5 592·9 
Cramers Gulch -o·S65 I 6o5 ·135 5 266·2 

Sqmtre_ Bluffs +0·650 I 7II ·650 5 61.5 ·6 
Holt +0·206 1 86S·2o6 6 129·3 
A<lobe -0·609 r 575 ·391 5 168·6 

Aro ya -0·314 I 495·686 4 907·1 
Overland -O"i50 I 00g"250 5 2i9"7 
Eureka +0·236 I 442 ·236 4 731 ·7 
Landsman +0·841 I 417 ·Sip . 4 651 ·7 
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That the corrections needed to 11armonize the results by spirit levels and vertical 
angles should be of the magnitude shown above is attributed largely to the difficulty of 
securing a sufficient number of vertical angle measures during the time when ''seeing'' 
was practicable. Observations ·were made at all hours of the day, beginning sometimes 
before 6 a. m. and reaching to 5 }:)'.' p. m. \Vhile at some :;tations fairly numerous 
observations were secured, at others they were barely sufficient. As a rule (with some 
exceptions) j:he early observations-say those made before 9 or 10 a. m.-and some late 
ones in the afternoon could not be included, the refraction being then much above its 
ordinary mi1iimt1111 daily amount. 

·.The field measures do not warrant us to give the resulting heights closer than one
tenth of a metre, or in English measures, say about I foot, though, as usual, the 
adjustment is carried farther for security. 

The height of Pikes Peak being of special interest on account of the meteorological 
observations made at the summit, we may compare the results from the angular measures 
in connection ·witl~ each of the five stations. lying round the Eastern Base of the moun
tain. The heights of thr~e of these stations were fixed by spirit leveling; those of the 
other two are taken as adjusted. The differences of height as measured are used. 
Height of Pikes Peak* 8 (bolt) from-

Divide 
El Paso 'Vest Base 
Coloracio ,Springs 

Big Springs 
Plateau 

"reighted mean 

m. m. 

2 259·17-j-2 041 ·95 
2 i65·65-j-2 r35 ·S9 
r S22 ·r5-t·~ ~"' ~v1 

-l-4 ·9oj 
l 903·33-j-2 395 ·44 
r 644 ·or-j-2 655 ·32 

111. f. 
4301·12 20"7 
4301·54 4·2 

4 300 ·25 49 ·7 

4 298 "/j I2 "4 
4 299 ·33 II "O 

4 300 ·20± 0 ·27 
or 14 ro::; ·2 feet. 

Taking into consideration the probable error of the adjt'isted height system, that of 
Pikes Peak may be estimated as~ ( ·2s.>"+t.·25)"+("27)°= ±0·45 metre. 

C. DETERMINATION OF. HEIGHTS OF TRIGONOMETRI.C STATIONS IN 
THE VICINITY OF THE COAST RANGE OF CALIFORNIA FROM 
POINT ARENA TO. MOUNT DIABLO. 

I. INTRODlTCTION. 

Some of the heights in this region have already been treated in Appendix No. 10, 

Coast and Geodetic Survey Report for 1884, in connection with tlie adjustment of the 
triangulation about the Yolo Base, but the present discussion embraces a larg1:1: number 
and a more complex system. of measures, as shown on the accompanying diagram. 

*An additional ,-alui:- for thi:: height o"f Pikes Peak may be obtainei.:l fro111 information furni~hed hy l\·lr. H. I. Reid, 
ch·il <:ngiueer, in a letter to Assistant I. Winston. dated Colorado Springs, <:o)orado. ]1111<:·0;, 1:<.;.S. From the le,·els of 
the Manitou and Pikes Peak Railw~y. checked by himself to about the 12 ooo-foot level, he finds the differ<:nce of height 
between the top aud center of 1narble block on east sjde of signal station OD PiJ.:es Pt:ak on·-1 the bench niark at the 
Den,·er and Rio Grande passenger depot at Colorado Springs. called by Assistaut \\Tinston, "City bench mark," to be 
14 1I:?"S3 - 6 00~·73 = S 110·10 feet=~ -471"¢111etrcs. Prom \Vinstonis spirit le\'el, elt-\"ation '-.,f .. City Ltc::nch mark," 1 6_;S-57 + 
125·8 = I s::~·3i11letres. Hence, elevation of top of marble block 4 ::?9-f.".33 111etres. From le\'E:ls by 1\-rr. \Vinston! July 14, 1898. 
,,~e have elevation of Pjkes Peak.& (bolt) abo'\•e Jnat"b~e bJock 16·4S feet= s·o~ n1etres: ht"JJCe height of Pikes Pe:ik £ 
(bolt) 4 099·,;5 m<:tres. 
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As stated in the Report for 1884, the heights were at that time based upon tidal 
observations and lines of spirit leYels to four stations.· To the~. two have now bee1i 
added-viz. Sonoma Mountain and Tomales Bay, which are sufficiently well connected 
with tide water for the purpose, though otherwise weak for want of vertical measures 
to surroundi11g stations. 'Ve have the following particulars respecting these funda
mental stations and theLr tidal connections: 

No. 17. 

0 

~ 

~ 

7 

vi.... 
Statute Miles 

10 0 lO w ~o "° 50 60 70 80 90 100 

S,m,l/1111- Jl/owztain. -A line of spirit levels connects with tide water at Petaluma 
Bridge. It was run by D. Kerr and C. B. Ellis, under the direction of G. A. Fairfield, 
in.June, July, and August, 1855. 

Tt.>malcs Bay.--A line of spirit levels, nm by C. B. Ellis under the direction of 
G. A. Fairfield, in l\farch, 1856, ·connects with Flattened Rock, Tomales Bay, where 
tidal observations .were made. 
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Ross llf.n111tain.-A line of spirit levels, run by G. Davidson in August, 1860, 
connects the tidal bench mark with the triangulation station at Bodega Head. The 
line thence to Ross Mountain was leveled in January, February, and March, 1872, J)y 
S. R. Throckmorton and H. J. "Willey.· For particulars see Appendix No. r6, Report 
for 1876. 

111ount Diablo.-This station was connected by spirit levels with Martinez East in 
May, 1880,. by B.. A. Colonna. In the same month B. A. Colonna and J. J. Gilbert 
connected Martinez East with the tidal bench mark at Benicia Arsenal, on the other 
side of Karquines Strait, by means of reciprocal simultaneous zenith distances. See 
Appendix-No. 12, Report for 1883. · 

The ends <?i the }"~1/,1 Bas,·.-The base line was. leveled twice by B,. A. Colonna in 
August, 1880, and he also connected the northwest end with the California Pacific 
railroad station at \iVoodland, of which- the eleyation was determined by the railroad 
engineers. See Appendix No." l I, Report for 1883. 

Resulting heights of fundamental stations above the average level of the Pacific 
Ocean: 

m. m. 

Sonoma Mountain 69S·56 ±0'25 
T(•Jllales Bay zos ·13 0·25 

Ross Mountain 6p·23 o ·rs 

Mount Diablo I 173 'IO 0".20 The probable errors are esti-

Yolo Dase, southeast 21 ·66 0·35 mated. 

Yolo Base, northwest 46·66. 0·35 

2. _!\]3~TRACTS OF RESULTING ZENITH DISTANCES AT STATIONS NEAR THE PACIFIC 

COAST BETWEEN POINT ARENA AND MOUNT DIABLO. 

The contents of these abstracts need little explanation. The observed z~ith 
distances are corrected when necessary for .eccentric mounting of the instrument or 
heliotrope and for reduction to ground or to station mark at both the station occupied 
and the station sighted. The columns headed P and T give the approximate atmos-. 
pheric pressure (expressed in millimetres and column reduced .to o° C.) and the tem
perature of the air (in degrees of the centigrade scale'>. The values of log. s are taken 
from the latest adjustment of the triangulation. 

5,,111/1<•ast Yolo Base. August, rSSo. Vertical Cirde, No .. So. E. F. Dickins, observer; George 
Davidson, chief of party. 

Nun1- Obsen·ed Reduc- Reduc-
Object obsen•ed. tionto tion for lier of zc:-nith le,·el of ecce11- Reduced~- P. T Logs. 

dny•. distauce. station. tricity. (Cent.) 

0 I II II II 0 I II "111111. 0 

s Northwest Yolo Base 89 59 56 '7 +q·6 -0·7 90 00 IO ·6 750 32 '2 4 ·242 71) 

7 Mount Diablo 89 21 5.~ '7 - 4·6 +r "I S<j :?I 50·2 750 33 "::? 4 ·S59 9t 
6 Marysville Butte 89 49 20·4 - 4·0 -o·S 89 49 rs ·6 751 32 ·4 4·Si6 6o 
s Vaca SS 46 02·0 -II ·9 -o·r SS 45 50·0 751 33'4 4 ·477 55 

s Monticello SS 44 35·0 -I0"4 -3·0 88 44 21 ·6 750 32 '7 4 ·570 08 
Observations mostly between 2 hours 30 minutes and S hours 30 minutes p. m. 
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1Vort/1west Yolo Base. August and September, lSSo. Vertical Circle, No. So. J. J. Gilbert, observer; 
George Davidson, chief of party. 

Nun1- Obs.,n·ed Rednc- Reduc-
ber of Object observed. zenith tion to lion for 

Reduced~- P. T Log. s. level of eccen- (Cent.) days. d;stance. station. tricity._ 

0 II II II 0 II 111111. 0 

IO Vaca 89 08 SI ·3 -2·7 +o·r 89 o8 ¥1"7 7S3 33·6 4 ·s90 91 
s Pine Hill 89 SI II ·S -o·S +o·r 89 51 II "I 7S4 ·32 7 4·878 89 

II Marysville Butte "89 38 29·2 -o·S -0·2 89 38 28·2 7S3 "33 ·6 4·767 95 
JO Southeast Yolo Base 90 07 40·2 +rn4 ·6 o·o 90 09 24·8 7S3 33 "7 4·242 70 

9 l\'lonticello SS 2I 26·8 -4·6. -o·S SS 2r 21 ·4 753 33·s 4·461 00 

6 \ l\1ou11t Diablo S9 36 44·0 -0·9 +0·2 89 36 43·3 7S4 3r ·3 4·947 45 
Observations mostly between 2 hours and s hours 30 minuks p. m. · 

JJI011ti.-dlo, October, 1SSo. Vertical Circle, No. So. · E. E Dickins, observer; George Davidson, chief 
of party. 

0 II II II 0 II 111111. ·> Logs. 
8 Northwest Yolo Base· 9r 51 38·9 +I9 •6 -2·3 9I SI 56 "2 682 I8"6 4 ·461 00 

s Southeast Yolo Base 9r 31 56·0 +so·s -2·0 91 32 44·8 682 18"9 4 ·s70 o8 

8 Mount Helena S9 34 05 ·r -· o·r -0·9 89 34 04 "I 682 r9··2 4·586 33 

7 Mount Diablo 9orI47·9 - 0·2 +0·4 90 II 48 "I 683 I8·8 4·9s4 72 
6 Mount Tamalpais 90 26 19·3 I "O +o·r 90 26 18·4 682 18 "2 4·95I 7r 

8 Marysville Butte 90 30 II "4 ..L 0·2 o·o 90 3ci JI ·6 682 I8°3 4·833 70 I 

6 Vaca 90 2S 4S"O I "" _, -0·4 90 2S 43·3 683 I9"9 4·s22 07 

7 Pine Hill 90 33 37·4 o·o +o·I 90 -~3 37 ·5 682 IS "I S"OI9 4I 
Observations mostly between 2 hours and 5 hours 30 minutes p. 111 •. 

raca. November, I8So .. Vertical Circle, No. So. E. F. Dickins, observer; George Davidson, chief 
of party. 

II 
0 ,, ,, 

" 0 " "111111. 0 Logs. 
IO Southeast Yolo Base 91 :26 5o·i +63·2 +r "I 91 27 S4"5 791 16"6 4 ·477 55 
IO Northwest Yolo Base 9r oS s7·4 +q·9 +0·9 91 09 I3"2 jOl rs·6 4 ·590 91 

9 Monticello 89 46 S7"0 o·o -0·9 89 46 s6·I 701 I7"2 4·522 07 

JO ·Mount Diablo 89 46 02 "7 - O"l +<?7 . 89 46 03 ·3 701 I5 "7 4 "754 sS 
s Marysville Butte 90 2s 03 •6 + 0·3 -0·2 90 25 03 "7 701 ·14 ·4 4·977 57 

7 Mount Tamalpais 90 I2 27·3 - I "I +0·2 90 12 26·4 701 14·4 4·827 98 

s Pine Hill 90 26 30·5 + o·r -0·1 90 26 3o·s 700 I6·o 5 ·orr 71 

IO Mount Helena S9 3S 12;7 + o·r -0·6 S9 3S I.2 .·2 70I 16·3 4 762 76 
Observations mostly between 1 hour and 4 hours 30 minutes p. m. 
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;1/ount Tama!pais. * February, March, a11d April, 1859. Vertical Circle, No. So. George Davidson, 
observer and chief of party. September and October, 1882. Vertical Circle, No. I 1 r. E. F. Dick in!> 
and J. F. Pratt, observers_; George Davidson, chief of party. 

Num
ber of 
days. 

Object obsen•ed. 
Obsen·ed 

zenith 
distance. 

Reduc- Reduc
tion to tio11 for 

Je,,eJ of eccen
station. tricity. 

Reduced~- T 
P. (Cent.) Log. s. 

0 " II " " 111 JJI. 

6 Tomales, r859 90 56 55 ··7 - o ·8 o ·o go 56 54 ·9 698 7 ·5 4 ·623 33 

4 Sonoma, 1859 go 16 50 ·2 - o ·6 ' o ·o 90 16 49 ·6 698 5 ·1 4 ·646 88 

3 l\'.lount Diablo, 1859 89 51 33 ·5 ,+13 ·1 o ·o 89 51 46 ·6 699 7 ·8 

3 Mount Diablo, 1859 89 5t 33 ·3 - 5 ·2 o ·o 89 51 28 'I 700 5 ·1 

13 . Mount Diablo, 1882 89 ·51 33 "::! + o ·3 o ·o 89 s 1 33 ·5 694 21 ·2 

19 Mount Diablo, mean 89 51 34 '7 4 "779 64 

9 Mount Helena, 1882 89 56 54 ·o + I ·2 +o ·4 89 56 55 ·6 693 17 ·r 4 ·918 o6 

7 Monticello, 1882 90 15 20 ·o + o ·3 +o ·3 90 15 20 ·6 694 18 ·4 4 ·951 71 

8 Vaca, 1882 90 18 J::! ·4 + o ·9 +o ·2 90 18 ,;3 ·s 694 19 ·9 4 ·827 98 

II Sierra Morena, 188:? 90 17 01_ ·9 + 2 ·5 -o ·2 90 17 04 ·::! 694 :?I ·9 4 '795 34 

7 Mocha, 1882 go 08 4.) ·6 + o ·4 --o ·1 go oS 43 ·9 694 19 ·5 5 ·018 31 

7 Ross Mountain, 188:? · go 2,; 19 ·4 + I ·5 +.o ·1 90 23 21 ·o 693 18 ·7 ;I. ·898 47 

Observations in 1859 between 7 hours 30 minutes and IO hours 20 minutes a. m., and between 3 hours 
20 minutes and 5 hours p. 111.; in 1882 mostly between noon and 4 hours ,;o minutes p. m. 

Jl!o1111t Diablo. August and September, 1~76. Vertical Circle, No .. 37. W. Eimbeck, obsen•er; George. 
Davidson, chief of party. November and December, 1884. Vertical Circle, No. So. F. Morse, 
obsen·er; George Davidson, chief of party. 

s 
7 
8 

s 
8 

6 

6 

3 
6 

12 

18 

12 

IO 

6 

Mount Helena, 

Mount Tamalpais, 

Monticello, 

Vaca, 

Round Top, 

Marysville Butte, 

Mount Lolo, 

Pine Hill, 

Macho, 

Macho, 

Mocho, mean 

0 " II II 

90 19 49 ·6 + 4 ·9 +o ·6 

90 35 40·3 + 9·0 -0·1 

90 29 43 ·5 + 6 ·o +o ·2 

1876 90 39 50 ·1 + 9 ·5 -0 'I 

.1876 . 90 o6 57 '4 + 2 ·9 -I ·1 

1876 90 45 37 ·8 + 3 ·6 o ·o 

1876 90 25 07 ·6 + 2 ·3 -0 •6 

1876 90 43 25 'I + 4 '4 -0 '3 

1876 90 07 54 ·3 + 4 ·7 -0 ·7 

1884 90 07 26 ·4 +10 ·7 -0 ·7 

Ross Mountain, 1884 

Southeast Yolo Base, 1884 

90 41 30 ·1 + 5 ·1 +o ·6 

91 10 26 ·s +u ·3 +o ·2 

91 03 26·6 +10·1 o·o Northwest Yolo Base, 1884 

O II 1Jl1JI. '' 

90 19 55·1 662 19·1 

go 35 49·2 662 r7·9 

go 29 49·7 662 IS'4 

90 39 59 ·5 662 
90 06 59 ·2 662 

go 45 41 ·4 662 

go 25 09·3 661 

90 43 29·2 662 

90 07 58··3 661 

go 07 36·4 654 

90· 07 43 '7 

go 41 ,;5 ·s 6s3 

91 IO 39 '3 654 

91 03 36 '7 654 

19·0 

17·3 
16 ·1 

16 ·2 

rs '7 

17 "7 
II ·o 

12·3 

10·0 

7 ·1 

Logs. 
5·032 33 

4 '779 "64 

4 ·954 72 

4 '754 58 
5·275 46 

5 ·167 94 

5"339 Ss 
5·090 55 

4 739 49· 
5·101 37 

4·859 91 

4·947 45 
Observations in· 1876 mostly between 5 hours 15 minutes and 8 hours a. 111., and between 3 hours 20· 

minutes and 7 hours p. m.; in 1884 between 10 hours a. m. and 1 hour p. m. 

*Formerly Table Mountain; 11ame changed to Mount Tama:pais in 1S&i. 
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lllod10. September and October. 1887. Vertical Circle, No. 57. P. :\. "Telker, observer; George 
Davitiso11, chief of party. 

I\un1-
ber of 
days. 

12 

IO 

13 
II 

6 

5 

9 

C•bject observed. 

Loma Prieta 

Mount Diablo 

Santa Ana 

Sierra Morena 

Mount Tamalpais 

Round Top 

Mount Conness 

Obsen·ed 
zenith 

distance:. 

0 " 

90 17 32 ·3 

90 17 04·3 
90 23 19'9 

90 41 17 '9 
90 38 21 ·1 

90 08 55 ·2 

Recine- Rednc
ti•)n to tion for 

len:l of ecceu
station. tricity. 

// ,, 
+ 5 ·1 o·o 

+ l ·o +o·r, 

+ 3 ·3 o·o 

+1·9 o·o 

+ 0·9 +o·r 

+ 0·1 -0·1 

Rednced ~. 

o II 

90 17 37·4 

90 17 05 ·4 

P. 

111111. 

657 

657 

657 

90 41 19'8 657 

90 38 22 ·1 656 

90 oS 55·2 654 

T 
1Cent.l 

0 

Logs. 

24 '4 4 •681 43 

24 '4 4 "i.39 49 

24 ·3 4 ·843 05 

25·0 4·826 15 

21 ·5 . 5 ·01s 32 

26·0 5·277 86 

90 03 -~7 '4 - 0 ·5 -o '2 90 03 36 7 656 21 ·7 5 ·310 41 
Observations between I 1 hours 30 minutes a. m. and I hour 20 minutes p. m. 

J1fo1111/ Hdc11a. October and November, 1876. Vertical Circle, No. 37. \V. Eimbeck, observer; 
George Davidson, chief of part); ... August, l:'.9r. Vertical Circle, No.&>. F. Westdahl, observer; 
E. F. Dickins, chief of party. 

8 

6 

14 

4 
IO 

8 

7 

7 
8 

5 

9 

7 
6 

9 
IO 

19 
s 
7 

Mount Diablo, 

Mount Diablo, 

Mount Diablo, mean 

!\fount Lola, 1876 

Vaca, 1876 

Marysville Butte, 1876 

Snow Mountain East, i876 

Snow Mountain \Vest, 1891 

Mount Tamalpais, I 876 

Mount Tamalpais, 1891 

Mount Tamalpais, mean 

Round Top, l8j6 

Monticello, 1876 

Pine Hill, 1876 

Ross Mountain, 1876 

Ross Mountain, iS91 

Ross Mountain, mean 

Cold Spring, 1891 

Mount Sanhedrin, 1891 

0 // !I // 

90 29 03 ·5 + l ·s +o ·5 

9Q 29 36 ·5 + 3 ·1 +o ·5 

90 24 27 7 + o ·9 +o ·3 

90 48 17 ·3 + 3 ·7 -0 •6 

90 46 14 ·6 -+- 2 ·2 o ·o 

89 •P 28·3 + 2·6 -1·2 

89 43 03 '4 + 2 '6 - l '2 

90 40 46 ·s + 2 ·6 +o ·r 

90 40 57·4 + 3·6 +0·1 

90 23 56·4 + 0·9 +o·6· 

90 43 32·1 

90 48 :10·8 

9" 58 50 ·7 

9(1 58 59 ·9 

I "j -·O ·S 

-t- I '5 +0·3 

I '4 +0·5 

+ 6·6 +o·6 

90 39 24 ·4 + 3 '3 -0 ·2 

90 05 o6 ·o + 2 ·9 '-o ·9 

0 ,, 

90 29 05·8 

90 29 40·1 

90 29 w·5 

11/"lll. 

652 

648 

90 24 28·9 654 

90 4$ :!O ·4 652 

90 46 16·8 652 

89 42 29 ·7 652 

89 43 04·8 648 

90 40 49 '5 653 
90 41 01 ·1 648 

90 40 54 ·o 

90 23 57·9 652 

90 43 29 •6 652 

90 .c18 2::: ·6 654 

90 58 49·8 653 

90 59 07 ·1 648 

CJ<) 58 58 ··9 

90 39 27 '5 649 
90 05 oS ·o 648 

0 

II '8 

10·6 

9 "I 

IO"( 

30"j 

9 '2 

30·2 

8·3 

7·8 

10"8 

9·3 
29·2 

Logs. 

5·032 33 

5·330 15 

4·762 76 

4·965 o6 

4·902 78 

4·899 27 

4·918 o6 

5·360 02 

4·586 33 

5 ·155 48 

4·664 02 

4 ·937 51 

5·009 24 

Observations in 1876 mostly between 6 hours 40 minutes and 9 a.111., and between 3 hours 30 minutes 
and 5 hours p.m.; in 1891, between I I hours 45 minutes a.m. and 1 hour 5 minutes p.m. 
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Ross .llfo1mtai11. December, 1859. and January, 1860 .. Vertical Circle, No. 28. G. Davidson, A. T. 
Mosman, E. H. Fauntleroy and •• E. F.," observers; George Davidson, chief of party. July, 
r89I. Vertical Circle, No. So. E. F. Dickins and F. Westdahl, observers; E. F. Dickins. chief 
of party. · 

Num- Observed Reduc- Reduc-
tion t0 tiou for ber of Object obsen·ed. zenith le,·el of eccen- Reduced;. P. T Log.s. 

days. distance. station. tricity. (Cent.) 

0 II II II 0 II 111111. 

6 Sulphur Peak, 1859 89 33 20·8 8·3 o·o 89 33 I2 "5 10·4 4 ·573 23 
5 Sanel, 1859 89 47 l-J "O 6·2 o·o 89 47 06·8 10"0 4·698 23 
5 Toma Jes, 1859, 186o 90 49 25 ·s 0 "7 o·o 90 49 24:8 9·4 4"S90 79 
4 Sonoma, l8s9, 1860 90 09 24·8 - 0·4 o·o . 90 O<) 24. ·4 I0"6 4 "713 52 
4 Walalla, 18s9. 1860 90 II oS "8 - l "O o·o 90 n 07 ·8 748 s ·2 4 707 64 

. IO Mount Sanhedrin, 1891 89 49 q·o + 0·1 o·o 89 49 14 ·1 704 29·3 s·oso 02 
rr S1iow Mountain \Vest, 1891 89 34 04·6 + O"I +0·1 89 34 04 ·8 704 29·4 s·oo7 34 
12 Mount Helena, 189I Sg 22 II ·4 o·o +07 &) 22 IJ "l 704 27·8 4 "664 O:.! 

8 Mount Diablo, 1891 90 14 so·4 + 0·4 +0·2 90 14 sr ·o 704 :?8 •6 5 "IOI 37 
9 Mount Tamalpais, 1891 90 J2 1S·s + 0·2 +o·r 90 12 18·8 704 29 ·7 4·898 47 

Observations in 1859 and l86o mostly between 9 hours a.m. and noon, and between 2 hours and 3 
hours 4S minutes p.111.; in 1891, between II hours so minutes a.m. and l hour 10 minutes p. m. 

Sno<c' lllo1111tai11 TVcsl. May and June, 1892. Vertical Circle, No. III. F. \Vestdahl, observer; E. F. 
Dickins, chief of party. 

0 I " " II 0 " min. ,, Logs. 
9 Mount Helena 90 S4 16·4 - 0·2 o·o 90 S4 16"2 s86 10·4 4·899 27 
7 Cold Spring 91 16 30·8 + 0·2 -0"..1 91 16 30·8 586 12 ·3 4·88s 84 
6 Ross Mountain 91 13 39·1 o·o o·o 91 13 39 "I 587 13 ·3 5·007 34 
s Mount Sanhedrin 90 3S 09·8 - 7·9 -0·3 90 35 OJ ·6 586 10·8 4 ·s17 09 
7 Snow Mountain East 89 41 20·2 +6s·4. -6·s 89 42 I9"I .s8s 9·0 2·965 59 

Observations between II hours 45 minutes a.m. and l hour 10 minutes p.m. 

Cold Spring. Octob~r. 1878. Vertical Circle, No. 37. B. A. Colonna, E. F. Dickin.;, observers; B. A. 
Colonna, chief of party. October and November, 1S91. Vertical Circle, No. So. E. F. Dickins 
and F. Westdahl, observers; E. F. Dickins, chief'of party. 

0 I II " " 0 II mm. 0 Logs. 
s Great Caspar, 1878 90 50 05·3 +z19·6 o·o 90 53 44·9 6Ss 4·594 46 
7 Two Rock, I8i8 go 08 xs·s + 3 ·r o·o 90 08 18·6 685 4·582 89 
7 Walalla, 1878 90 33 09·5 +5s ·1 o·o 90 34 05·2 684 4 ·267 79 
6 Snow Mountain \Vest, 1891 89 18 SO "I + 4·6 +o·s 89 18 5S"2 691 14 "7 4·885 84 
6 Mount Helena, 1891 go 00 .16 "2 + 4·0 +0·1 90 00 20·3 692 14"2 4·937 SI 
7 Mount Sanhedrin, 1878 89 20 33·0 + s·s o·o 89 20 38·5 68s 
s Mount Sanhedrin, 1891 89 20 17·6 + 4·0 +0·2 89 20 :?1 ·s 692 13 "7 

12 Mount Sanhedrin, mean 89 20 3r ·5 4·819 82 
i raxton, iS78 89, -~:: Sl ·7 +46"1 o·o. 89 33 37·8 6Ss 
7· Paxton, 189r 89 32 42 "2 +36 ·3 +07 8g 33 19 "2 6gl q·8 

14 Paxton, 1nea11 89 33 28·5 4·344 8s 
2 Fisher, 1878 91 II 38 ·2 +16·3 o·o 91 II 54"5 684 
6 Fisher, 1891 9r IO 30"S +s9·3 +0·5 91 12 00·3 691 14·4 
8 Fisher, mean . 91 II 58 ·8 3 ·86g 32 

Dunn, 1878 91 21 43·9 +62·8 o·o 91 22 46 "7 686 

5 Dunn, 1891 91 20 30 "I +69·0. +2"7 91 :?l 41 ·8 691 13 ·4 
6 Dunn,meaa 91 2I S2"6 4·028 08 
i Sane! Mountain, 1878 89 42 '31 ·6 +32 "I o·o 89 43 03 '7 68s 4·442 73 

Observatiot~s in 1878 between 12 hours lS minutes aucl 4 hours 40 minutes p. 111.; in 1891 hetween II 
hours r 5 minutes a. m. and l hour 15 minutes p. m. 

1873::?-:---No. 4--IS 
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Af,11111! Sa1111e,frill. Septembe?: and October, 1SS0. Vertical Circle, No. 37. J. F. Pratt, obsen,er; .A. 
F. Rogers, chief of party. September, 1891. Vertical Circle, No. So. F. \Vestdahl, obsen'er; E. 
F. Dickins, chief of party. 

Num
ber oi 
clays. 

Ohsen·ed 
.!t:"llilh 

di;tauce. 

Recluc- Reduc
tion t•J tion for 

le\·el •Jf ecct-n
station. tricity. 

Reduced~. P. T Logs. 
(Cent.) 

0 /I II ,, 0 ,, llllll. ~ 

LI Cold Spring. rSSo 9r 09 ;;6 ·2 + 2 ·3 o ·o 91 09 ss ·s 6ro 17 ·2 

7 Cold Spriug, 1S91 91 09 so ·7 + 2 ·6 +o ·4 91 09 S3 · 7 603 1S ·3 
2r Cold Spring, mean 91 09 56 ·9 4 ·Sr9 S2 
12 King Peak, 1SS0 90 4S 37 ·s + o ·s o ·o 90 4S 38 ·3 610 17 ·3 5 ·os3 73 
16 · Paxton, 1S80 91 r3 20 ·s +16 ·9 o ·o 9,.1 13 37 ·4 610 q ·o 4 ·664 44 
15 Two Roel~. 1SS0 91 s1 18 ·9 +16 ·s o ·o 9_1 s1 35 7 610 r3 ·9 4 "S39 63 
16 Cahto, 1S8o 90 54 s5·4 +12·1 o·o 90 55 07·5 610 14·1 4·659 20 

8 Mount Lassie, 1880 90 26 2s ·3 o ·o o ·o 90 26 25 ·3 6ro IS ·7 4 ·99s .27 
w Great Caspar, 1SS0 9144317 -f-145·7 o·o 91 46 s7·4 610 157 4·757 12 

7 l\iount Helena, 1891 90 42 36 ·3 + I ·7 0 ·o 90 42 38 ·o 603 rs "2 s ·009 24 
S Snow l\Iountain West, rS91 89 40 24 ·s + 5 ·6 +o "7 89 40 30 ·S 603 18 ·2 4 ·517 09 
5 Ross Mountain, 1891 91 03 06 ·s + l ·8· o ·o 91 03 oS ·3 603 17 ·9 5 ·oso 02 

Observations in 18So mostly between 9 hours a. m. and I hotir :m minutes p. m.; in 1891 between noon 
and l hour s minutes p. m. 

T<t•o Rock. November, 1879. Vertical Circlt>, No. 37. D. B. \Vainwright, observer; A. F. ·Rogers, 
chief of party. · 

0 I II II II 0 II 111 Ill. ., .I.,ogs. 
6 Paxton S9 40 49·4 +29"8 o·o 89 41 19 "2 4 ·441 2S 
6 Cold Spring 90 oS 32 "I +24 "7 o·o 9'J oS s6 ·8 4·s82 Sg 
6 Great Caspar 91 13 24·3 --t-383 ·3 o·o 91 19 47·6 4·376 28 
6 Mount Sanhedrin SS 23 34·4 +22 "I o·o SS 23 s6·s 4"S39 63 
2 Cahto 89 26 46·S +43"3 o·o S9 27 30·1 4·s78 os 

Observations between 9 hours Jo minutes a. m. and 2 hours 30 minutes p. 11.1. 

S11!pll11r Peak. September and October, 1Ss9. Vertical Circle, No. 28. G. Davidson, A. T. Mosman, 
observers; G. Davidson, chief of party. 

0 I II II II 0 II 11/.111, 0 Logs. 

4 I Sonoma 90 34 ss·s - 0·3 o·o 90 34 ss·2 4 "73S 4S 
s Ross Mountain 90 43 43 ·r o·o o·o 90 43 43 ·r 4 ·573 23 
2 Tomales Bay. 9<l S9 23 ·5 - o·6 o·o 90 59 22 ·9 4·8rs 06 

.3 Walalla 90 3S 52·r - o·s o·o 90 3S SI •6 4·760 so 

4 Sane] Mountain 90 II IS ·7 +17.4 o·o 90 II 33 "I 4·sS2 20 

I Mount Helena, land survey 89 21 39·9 -I4"S o·o 89 21 2S"4 4·327 
station 

Observations between·s hours 2s minutes a. m. and 6 hours l minute p. m. 

Sand 11!01111tai11. July and August, rS7S. Vertical Circle, No. 37. H. A. Colonna, observer and chief 
of party. 

0 I ,. II II 0 // 111111. 0 Logs. 

4 Ross Mountain 90 35 43·0 - 2"! o·o 90 3S 40·9 4·698 23 
I Walalla '¥J so 40 ·4 +10·4 o·o 99 so 50·8 4·421 47 

4 Cold Spring 90 29 40·7 -n·6 o·o 90 29 29 ·r 4·442 73 

3 Paxton 90 02 16·0 +26"4 o·o 90 02 .f2 ·4 4·349 rs 
4 Sulphur Peal; 90 os 59·4 - 0·2 o·o 90 os S9"2 4·sS2 20 

Observations between 9 hours 2s minutes a. m. and S hours 49 minutes p. m. 
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Tf"alalla. August, 1878. Vertical Circle, No .. J7. B. A. Colonna, obsen·erand chief of party. 

Nnm- Obsen·ed rednc- Rednc-
her of Object observed. zenith tion to tion for 

Reduced~ P. T Logs. le-,·el of eccen-day:,. distance. station. tridty. (Cent.) 

0 I ,, !/ II 0 I II I// Ill. 0 

5 Cold Spring 89 34 40·9 -17·8 o·o 89 34 23 'J 4·267 ;9 

3 Paxton 89 31 49·6 +16 •3 o·o 89 32 05·9 4·542 67 

5 Sane! Mountain 89 20 10·8 -j-16 7 o·o .89 2') 27·5 4 ·421 47 
6 Sulphur Peak f>9 50 35 'I -- o·· - _, (1'0 89 50 34·8 4·760 50 

4 Ross Mountain 90 II 33·5 - 2·2 o·o 90 II 31 ·3 4 707 64 
Observations betwee1T·r-hour·45 minutes and 4 hours 35 minutes p. m. 

Pax/,l//. December, 1878. Vertical Circle, No. 37. B. A. Colonna, E. F. Dickins, observers; B. A. 
Colonna, chief of party. 

0 I II II II 0 I I! /II 111. 0 

8 Mount Sanhedrin 89 07 23·9 - 0·3 O'O 89 07 :?J •6 4·664 44 
IO Two Rock 90 30 40·8 + 13 ·r O'O 90 30 53·9 4·441 25 

9 Great Caspar 91 04 42 ·9 -j-196·8 O'O 91 07 59 7 4·622 93 
12 . Cold Spring 90 36 o6·o + 33·8 o·o 90 36 39·8 4·344 85 
12 Walalla 90 43 26·5 + 18·8 o·o 90 43 45·3 4·542 67 
12 Sane! Mountain 90 06 58·9 + 23·0 o·o 90 07 21 ·9 4·349 15 

:Fisher 90 54 49·4 I0"2 o·o 90 54 39·2 4·397 38 
Observations between noon and 3 hours 32 minutes p. m. 

Cn·at Caspar. November, 1878. Vertical Circle, No. 37. ]. F. Pratt, observer; B. A. Colonna. chief 
of party. 

0 I /I II II 0 I II 111111. 0 

5 Chemise Mountain 89 57 29 ·3 -I06·3 O'O 89 55 43 ·o 4·895 27 

7 Cahto SS 49 02 ·8 -1697 o·o 88 46 13 'I 4·604 55 

9 J.Vluu11t Sanhedrin SS 41 22 "I -q5·4 o·o 88 38 56·7 4 757 12 
10 Two Rock 88 56 IO "9 -333 ·7 o·o 88 so 37·2 4·376 28 

5 Paxton 89 13 28·9 -182 "I o·o 88 IO 26 "8 4 ·622 93 

7 Cold Spring 89 27 06·5 -192 ·o o·o 89 23 54·5 4·594 46 
Observations between noon anrl 3 hours 45 minutes p. m. 

Calilo. October and November, 1880. Vertical Circle, No. 37. ]. F. Pratt, observer; A. F. Rogers, 
chief of party. 

0 I II II II 0 II 111111. 0 

8 Mount Lassie s9 52 51 ·s o·8 o·o 89 52 50 7 4·856 83 

s King Peak 90 18 05·9 o·o o·o 90 rs 05 ·9 4·844 92 

9 Mount Sanhedrin 89 25 07 ·1 + 32·4 o·o 89 25 39·5 4·659 20 

6 Two Rock go 48 59·2 + 23 ·9 o·o 90 49 23·1 4·578 05 
6 Cold Spring go 37 23·5 + '22 ·2 o·o go .)7 45 7 4·~68 74 
6 Great Caspar 91 28 24·2 +2057 o·o 91 31 49·9 4·6u4 55 

Observations between IO hours a. m. and 3 hours Io minutes p. m. 
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3. COMPUTATION OF ·COEFFICIENT OF REFRACTION. 

In deducing the coefficient of refraction 111, we must, as usual, make the assumption 
of equality of angle of refraction at the upper and lower stations, treat the observations 
of zenith distances as ''simultaneous reciprocal,'' though made in different years and 
different months, and take m. as referring to the hours of the day when the refraction is 
near its minimum. The coefficient of refraction was computed by the formula-

sin 1" 
111 = 0·5 - f:l -- er + r: - r8o 0

") 2S ... 1 -u 

. . h 11 n s• l . f and its relative weight v p = +' " · ----,;:;, where p, t ie radms o curvature, was taken · n, 11,, IO 

from the table·presented on a preceding page. In the following tables the resulting m's 
are arranged in t\vo groups (al of stations close to the coast and ( b) of stations farther 
inland.* The values derived from special observations at Ross Mountain and Bodega 
Head in 1860 and at Mount Diablo and Martinez East in 1880 are included. 

Va/ut"S cf tile· coefficimt of rcfradiou, m, ciiast <f lali.for11ia. 

(a) From lines dose to the stacoast. 

Stations. m. p. Stations. 
111. p. 

Ross 1\-101mtain to Tomal~s Bay* "!10 0 ·19 'twL1 Rock to Paxton ·090 0·29 

Ross Mountain to Sonoma Moun- Cold Spring to Paxton ·075 :32 

ta in~ ·099 ·27 Paxton to Sane! Mountain ·083 ·r2 
Cahto to Great Caspar ·os5 ·52 Cold Spring to Sane 1 Mountain ·oSo ·20 

Great Caspar to Cold Spring ·0S4 ·45 \Valalla to Sanel Mountain ·102 ·06 

Cold Spring to Walalla ·077 ·10 Sauel Mountain to Ross Mountain 'Ojj ·55 

\Valalla to Ross Mountain ·oSS ·52 Ross Mountain to Rodega Head ·096 ·15 

Ross Mountain to Mount 'tamalpais ·083 ::? ·47 I \Valalla to Paxton "0i9 ·29 

Cahto to Two Rock ·oS7 0·21 Paxton to Great Caspar ·092 ·57 

Great Ca~par to Two Rock ·09.~ ·2r \Veighted mean from 19 values ·085 4 
. 'two Rock to Cold Spring ·oS.) ·47 

*_The two ,·alnt:s 111;.trked hy an as.teris.k were deduced fron1 the approxirnate expression m = 0·5 - ;;.1 ~/1 - .s Lot~). 
11 .r-

with tht: weight. 4 · ii::.110· 
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(b) From lines_t(irt/1e1 froin tltt· toast, but a_tlcdcd b_,1 1 its clima!t'. 

Stations. 
Ill. p. Stations. 

Ill. p. 
l\fount Diablo to Yolo Base SE. ·oS5 2 ·r6 Two Rock to Mount Sanhedrin ·0S4 o ·5r 

Vaca to Yolo Base SE. ·076 0·40 Great Caspar to Mount Sanhedrin "Oj9 I ·54 

Monticello to Yolo Base SE. ·073 0·55 Mount Sanhedrin to Cold Spring ·q72 ..... , 
.._"I ..... .J 

Mom1t Diablo to Yolo Base N\V. ·079 2·35 Paxton to Mount Sai1hedri11 ·079 2 ·50 

Vaca to Yolo Base N\V. ·07::? 0 76 Mount Sanhedrin to Snow Mtn. \Vest ·o62 0·43 
· Monticello to Yolo Base NW. ·on 0·35 Snow Mtn. West to Cold Spring ·072 1·91 

l\ionticello to Vaca ·005 0·40 Ross l\:fountain to Snow Mtn. \Vest ·066 4·03 
Mount Diablo to Monticello · ·072 3 ·031 Mount Helena to Mount Sanhedrin ·067 3·65 
Mount Diablo to Vaca ·076 r ·44 Ross Mountain to Mount Sanhedrin ·068 4 ·20 

Monticello to Mount Tamalpais ·o69 2 ·58 Mount Helena to Snow Mtn. \Vest ·064 2·4s 

Mount 'famalpais to Vaca 'OjJ I 
0 69 Sancl Mo1111tain to Sulphur Peak ·074 0·29 

Mount Diablo to Mouut Tamalpais ·on I 
085 Sulphur Peak to Ross Mountain ·081 0·38 

Mocha to Mount Diablo ·081 l ·94 Sulphur Peak to Walalla ·074 0·66 

Macho to Mount Tamalpais ·081 3 ·5·~ Ross Mountain to Mount Helena ·074 I ·57 
Mount Helena to Monticello ·on 0·56 Mount Hdena to Mount Tamalpais ·077 3·65 
Mount Helena to Vaca "Oi5 I "6S Mount Diablo to Martinez E;ast ·oss 0·4r 

Mount Hdena to Mount Diablo ·076 5 ·92 / Mount Diablo to Ross l\fom~tain •o86 7·66 

Mount Helena to Cold Spring "Oj3 2 ·57 I 
\Veighted mean from 36 values ·075 l 

Cahto to Mount Sanhedrin ·077 I ·20 I 
These results are in accordance with the known influence of a coast climate on the 

atmosphe~·ic refraction, which is to increase it: For the 19 lines close to the coast-say . 
within 20 or 30 kilometres of it-we find the value 111 = o·os5 4, whereas farther inland
say within 60 or 90 kilomt:tres-'-it has diminished to 0·075 I. 

+ COMPUTATION AND ADJUSTMENT OF DIFFERENCES OF HEIGHT. 

The method of treatment will be the same as that adopted in detennining the 
heights in eastern Colorado, except that in this adjustment only th9se differences of 
height derived from n·ciprocal zenith dista'nces will be used. 

' The difference of the heights /!
11

- h, of two stations at which the reciprocal zenith 
distances r;., r;, were observed is given by the usual formula-

, , _. .. .,. r· [ +""+11, s• + J J/ - II - ~ tan I.~ ("' - .,, ) I ---+ --~ ... 
r 1 r ~ . 11 r 2p I:!P.. , 

whe~e s is the horizontal distance at sea level and p the radius of curvature in the plane 
. . · . · (11 Ii )IO''' 

of the measure. The relative we1ghr is taken equal to . '+" ) .. where n, 11" 
( ll, 11 n. s· 

.represent the umnber of days of observation at the two stations, respectively. 
In the present case there are 2 r stations, tor 6 of which the heights are fixed by 

spirit leveling, leaving 15 heights to be determined. For this purpose we have 51 
differences of height from zenith distances, but of these J" fall out, being already known 
from spirit leveling. Consequently the number of observatioi1 equations is 48, adopting 
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the method of "indirect observations'' in contradistinction to that of conditional 
observations. The following values for heights of stations were assumed: 

111. 

Vaca 730+.r, Cold Spring 
Monticello 932 +x. Paxton 
Mount Tamalpais 790 + .t'."3 Snow Mountain \Vest 
Mocho 247+.i-4 Mount Sanhedrin 
Mount Helena I 322+.rs Great Caspar 
Sulphur Peak . 055 +x6 Two Rock 
Sanel Mountain 022 + .1"7 Cahto 
Walalla 673 +xs 

The heights of the six fundamental stations are: 

Sonoma Mountain 
Tomales Bay 
Ross l\fo11utai11 

Ill. 

698·56 
205 ·r3 
672·23 

Mount Diablo 
Yolo Base SE. 
Yolo Base NW. 

2 

1n. 
834 + .1"9 

037 +.r,o 
I45 + .r., 
SS4+.1·,. 
32r +x,3 
837+ X,4 

290+x,s 

111. 
I I7J"IO 

2I 066 
46•66 

Re·sulting dijfert·11ces q.f height from r<'Cipn1ml 11011si11111!ta11eo11s ::.·11it/i distances, as diredl)' <<'111-

putcd and as adjusted. (Su fi1rllur 011.) 

Di ff ere nee of Dis. Difference of; Di~-
Stations. height- crep- Stations. height- crep-

Obsen>ed Adjllsted ancy Observed Adjnsted ancy 

UI. 111. Ill. '"· 111. m. 
Mount Diablo to Yolo Base SE. I 146 •53 *1 151 '44 (4 ·91) Mount Sanhedrin to Motmt 557:32 560 ·54 5 '?? --
\'aca to Yolo Base SE. 7<>~"c6 7oS ·09 0·03 Helena 
Monticello to Yolo Base SE. 910·32 910 '73 0 '4I Mollnt Sanhedrin-to Ross Mouu- I 2o6 •42 l 212'39 5 ·97 
Mount Diablo to Yolo Base NW. I 119 ·92 *1 126·44 (6"52) tain 
\'aca to Yolo Base NW. 68>"87 683 ·09 0·22 Mount Sanhedrin to Cold Spring I 051 '37 l 050·65 0 'il 

Monticello to Yolo Base NW. 885•69 SS5 'i3 0·04 Two Rock to Cold Spring 3·s.1 3·6~ 0·09 
:Monticello to Vaca :!O~·~ 202·63 0·39 Mouut Sanhedrin to.Two Rock I 046 ·S7 I 04i ·03 o·r6 
Mount Diablo to Monticello 236·2S 240"jI 4 '4J Sulphur Peak to Ross Mountain 383 ·93 382 ·32 l '61 
l\Iount Dial.do to Vaca 445 ·90 443 ·35 2·55 Sane! llfountain to Ross Moun- 352 '66 349 'i9 2'87 
Monticello to )\fount Tantalpais 142·70 141 ·65 1 ·05 tain 

Mount Tamalpais t" Vaca 59·Si: 00'!?'~ I ·17 Sulphur Peak to Sane! Mountain 30·93 32·53 I '60 
Mount Diablo to Mount Tamai pa is 387 '46 382·36 5·10 Walalla to Ross Mountain 2 •91 l '30 I "61 

l\!ocho to Mount Diablo 74 ·75 is ·ss 0·90 Snlplmr Peak to Walalla 379 ·46 sS1 "(•2 l '56 
:Mocho to Monnt Tamalpais 449 •69 456 'JI 6·52 Sane! Mountain to Walalla 347'0:? 348 ·49 1 ·47 
!'\-fount HelE:na to :Monticello 359·63 3~·70 0·07 Sane! Mountnin to Cold Spring 187 ·17 iss·oo 0'89 
Mmmt Helena to Vaca · 590·87 59.?"33 [ ·46 Cold Spring to Walalla 16o·S9 16o·44 0 ·45 
Mount Helena to Monnt Diablo 147·.;s 14S·9S 1 ·3r..1 Paxton to Sane! Mountain 15·14 15'13 0'('1[ 

Mount Helena to Monnt Tamai- 529 '70 53' ·35 J ·05 Paxton t<l Walalla 363 '67 363 ·62 0·05 

pa is Paxton to Cold Sprinf& .:?03 '38 203·18 O':!O 

Mount Diablo to Ross Mountain 491 ·38 *soo'Si (9·49) Mount S•u1hedri11 to Paxton s.1s·12 847 ·47 0·~5 

Monnt Tamalpais to Ross llfanu- 127·0.S rrs·51 s ·57 Cold Spring to Great Caspar 513 '67 513·10 0·57 
tsin Paxton to Great Caspar jf7 "jO 716·2~ I '41 

Mount He\ena to R.,,;s Mountain 649'53 f.49 ·ss 0·32 l\lottnt S•mhedrin to Great Cas- I 563'82 1 563·16 o·o6 
Snow Mountain West to Monnt $2[ "3-' S23 ·ss ::? 0 26 par 

Hdena Paxton lo Two Rock 199·,y 109·56 o· ... ;s 
Snow ~fountain \\Test to Ross [ 47:\ ·:;S l 473 '4:1 0·05 Two Rock to Great Caspar 516·15 :-16·73 o·ss 

Mountain Mount Srmhedrin to Cahto 593 '86 594 ·46 0'60 
Monnt Helena to Cold Spring 49.?·82 4-~S ·r~ 4 ·70, Cahto to Great Caspat ¢9"37 969•30 0 '<•7 
Snow Mouut..'lin West to Cold I 315 '46 I 3Il '6g 3 •77 Cahto to Two Rock 4So"87 452 ·57 I '70 

Spring 
Snow !\llountaiu West to Mount 200 ·87 261 «~ O"Ij 

Sanhedrin 

*Values resulting from spirit le\•eling. 
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Obser;.iation e'qie,ithws ,wd tlzdr wdgltts. 

o=+o ·28+.i-. 49.3 o=-9 ·3r+.1· 3 6·3 I 0=+2 ·s4+x 6-x ~ 6"0 

o=+o ·02+.1·. :i9·0 0=+0·24+x 5 34·6 0=-1 ·98+.-. 7-X 8 r2"0 

o=+o ·47+.rr 32 ·9 o=+r ·68-j-.-r,,-x 5 6 ·2 o=-j-o ·S3+.1· 7-x • 3 •. ., " -
o=-0·35+.r. 50·7 o=-0·61-j-x .. 3·8 o=+o ·u+x 9- xa 34·9 
o=-o ·24+.r.-x, 32·5 0=-4 ·82-j-.1· 5-X 9 4·6 0=-0 ·14+.1·,o- .1·7 4S·r 

o=-4 ·!h+.1·. 4·6 I 0=-4 ·46+.:1."u-X 9 5·5 o=+o ·:;3+.1·,0-X s 19"7 
0=+2·So+x, 13 ·8 o=+o ·13-j-.i-.. :-x •• 37 ·o o=-o ·3S+x,o-X 9 13r ·s 
o=-o 70-x.-x' 4·0 o=+4 ·68-j-.r,.-x s 3·4 o=-r ·12-j-x,0 -ci·,0 55 ·o 

o=+o ·r9+:r3-x, 8 ":! o=+5 ·35+.i-,. 2 ·6 o=-o ·67-j-x 9-x,3 18·9 

0=+4·36+x3 14 "l o=- I ·37+x,.-x 9 17·5 o=-1 ·70-j-x,o--l·,3 rS ·:i 

o=-o·S5-f-x4 21 ·3 o=-o ·54+.rq-X 9 22·0 o=-o ·s2+x .. -.1·,3 14·5 

o=+7 ·3r+x4-x3 3 "(l o=+o ·r3-j-x,.-x,4 35·7 o=+o ·79-j-.r,.-x,4 49 "2 
o=+o ·37-j-x5-:r, 25 ·r o=-r ·r6+.1·6 r9·5 o=-0 ·15-j-;l"q-.l"r3 66"2 

0=+1 ·13+x5-x, 14"9 o=-;-2 ·89-j-x 7 8·9 o=+o ·14+x .. -x,5 ':!7 "7 
o=+r ·22-j-.i-5 4-·4 0=+2 ·07-j-.1· .-x 7 13"7 0=-0 ·37-j-:l"r5-Xt5 20·0 

0=+2 ·30-j-.1"5-.1"3 . 1··s 0=-2 ·14-j-.1· 8 7·7 I 0=+2 "I3-j-X,5-X14 IO "5 

The formation aud solution of the normal equations g.ave the following results: 

:1:,=·-0 ·247 x 6=-o ·449 .1",.=+o ·659 

-"·=+0·386 X 7=+o"02l x .. =+0·620 

.1:3=+0 736 Xs=+o·529 .t:"r3=-o ·139 

X4=-~·055 .1" 9=-0 ·034 s •• =+o ·593 
x 5=+0·083 x •• =+o·r5r .:i·,5=+o ·164 

Rt"S11lti11g lldgltts. 

Ill. 111. Fed. 111. 

Vaca 729·75 ±0·50 2 394·2 Cold Spring 833·97 
Monticello 932 ·39 0 ·51 3 059·0 Paxton l 037 ·rs 
Mount Tamalpais 790 ·74 0·9r 2 594 ·3 Snow Mountain 'Vest 2 145·66 
Moc ho I ··246·94 1 ·rs 4 09r "O Mount Sanhedrin r 884·62 
Mount Helena I 3:!2 "o8 0·62 4 337 ·5 Great Caspar 3w·S6 
Sulphur Peak I 054 ·55 1"04 3 459 ·s Two Rock 837·59 
Sanel Mountain l 022"02 0·97 3 353·1 Cahto I 290 "I6 
Walalla 673·53 ±0"99. :! 209·7 

The probable error of an observation of unit weight equals..:_ 

0·674 .JfPdd].= ± s·Sz metres 
11 - c ~ 

111. Feet. 

±0·95. 2 736 "1 
o·¢ 3 40:? "7 
I ·q. 7 039·5 

o·99 6 r83 "r 

l "09 r 052·7 

l ·05 2 74S·o 

±I ·24 4 232·8 

and the probable error of a resulting height= 5·81.J(reciprocal of weight coefficient). 
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D. HOURLY OBSERVATIONS OF ZENITH DISTANCES FOR ATMOS
PHERIC REf'RAC1'ION OVER THE I,INE JACKSON BUTTE. AMADOR 
COUNTY, AND ROUND TOP, ALPINE COUNTY, CALIFORNIA, WITH 
CORRESPONDING METEOROLOGICAL. OBSERVATIONS. BY G. 
DAVIDSON, ASSISTANT, IN SEPTEMBER AND OCTOB.ER. 1879. 

[Reported by C. A. SCHOTT. Assistant, June, 1SS4.] 

I. IN'.rRODUCTORY REMARKS. 

In connection with similar observations on the Pacific coast undertaken by the 
same observer three years before, it appeared desirable. for the study of the changes in 
refraction under different climatic conditions, to extend these researches by new obser
vations to a locality in or near the San Joaquin Valley. Jackson Butte Station is on 
one of the foothills on the western slope of the Sierra Nevada. about 714 metres (2 342 
feet) above sea level, while Round Top is one of the primary stations on the crest of 
the Sierra at an elevation of about 3 173 metres ( ro 410 feet). The western flank of 
the Sierra is sparsely timbered, and patches of snow are found near the top. The 
two stations are distant about 72·4 kilometres (45 statute miles). At Jackson Butte 
the observations were made by J. F. Pratt, sub-Assistant; at Round Top by G. Davidson 
and J. J. Gilbert, Assistants. The distance and geographic position of the butte became 
known from horizontal angles measured there and at Round Top, whence we derive the 

. following results: * 
Round T_op, latitude, 38° 39' 43"·06; lougitucle, 120° oo' 02"·2+ 
Jackson Butte, latitude, 38° 20' r7''"6:?; longitude, r:?o0 4J' 14"·7,;. 
Distance s = 72 37::!"6 metres and logs= 4·S59 574. 
Azimuth. Jackson Butte to Round Top. 140° o""J' 19"; reverse azimuth, 60° 27' 13". 

:::?. OBSERVATIONS A'r ROUND TOP. 

The hourly observations made here were intended to be simultaneous with those at 
Jackson Butte, rut·athi:r pcrmitti11g. They commence \.vith September S and terminate 
with October 5, comprising· fourteen days on which observations were made. A hiatus 
exists between September rS and October :::?. 'rhe angula'r measures were taken with 
Gambey vertical circle No. So (of 25-centimetre, or 10-inch, diameter), which reads by 
four verniers to 3" each; one division _of the level equals 3"·56. Each set of hourly 
observations consists.of three. repetitions of the double zenith distance, inclusive of four 
sets of level readings, one-half with circle ''right'' and one-haH with circle ''left.'' 
Two such measures were taken, one a few minutes before, the other a few minutes 
after, the foll (local) hour. The axis of the vertical circle was I· 292 metres above the 
bolt, or station, mark and 4·05 metres p3·3 feet) farther remo,red from Jackson Butte 
than this station mark. At Round Top the heliotrope stood directly in line, but 2 '896 
metres in front of the station and 0·317 metre above top of bolt; the lantern when used 
stood off the line 10·698 metres from center of station and subtending an angle of 
--------------·-----

* 'fhe figures ha,·e not been changed front those gh•en in 1SS4, anv small differences from later measures or 
adjustments being here of no i.."'on.;;E:qnence. -

1 
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29" o]'. The corresponding shortening of the line between the stations equals 9·346 
metres: the lantern was -I- ·020 metres below the station mark. The observed zenith 
distances required the correction -o" '83. 

3. OBSERVAT!QNS AT JACKSON BUTTE. 

The corresponciing measttres of zenith distances at this station were similar to 
those at the opposite station. The Garn bey and Fatitli vertical circle No. I I.I was 
used. It reads to 511 by each of four ven).iers, and one division of level equals 1

11 ·03. 
Aperture of telescope, 65 millimetres. The axis of the vertical circle was I ·62 metres 
·above the station, or top of copper bolt, and the instrument was mounted directly over 
it. The heliotrope and lantern were l ·metre above the station mark, or bolt, the 
former in line, but 4·936 metres nearer to Round Top, the latter out of line and 4·150 
metres nearer to Round Top. The corrections to the obsei."veGl. zenith distances were, 
in the case of the heliotrope-

- 1"62 + 0·317 - ·"· 
t)2 372·6 -- 2·9) sin r" - - " 7 

and in the case of the lantern-

- 1'62 - 4·02 - 6"· 
- -l I 

(72 372·6 - 9·3) sin l" 

Some observations of zenith distances of station Pine Hill needed a correction for 
I ·62 metres elevation at Jackson Butte and for I" 38 
mark, or surface rock of the. heliotrope, at Pine Hill. 
distance being 48 224 metres very nearly. 

metres elevation above station 
Total correction - 1

11 ·03. the 

Communication between the observers was kept up by means of preconcerted 
heliotrope and lamp signals. Between 6 a. 111. and 6 p. 111. the observations were made 
on heliotropes. Reductions and corrections to the meteorological instruments are 
referred to further on. 
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4· ROUND TOP, i879. 

Resulting zenilk dishmces of .f ackso11 Bu.tie reduced to station ma1·k (top ef bolt) at both 
stations. 

~ = 920 I3' + 
Hour. Sept.8. Sept. 9. Sept. IO. Sept. II. Sept. I2. Sept: I3. Sept. 14. 

" ll II I/ II // 

l a. -m. 38·6 
2 41 '2 
3 
4 

5 40·8 
6 37 ·3 30·9 36·6 47·7 6o·2 56•8 55·8 
7 37 ·5 30·6 30·8 53·0 62·7 ~1·8 54'4 
8 52 '3 49·3 4S'O 55·0 63 •6 59 7 597 
9 59·0 61 '2 57 '4 62·1 64·5 62 ·4 63 ·5 

IO 64·5 6$•3 62·0 60"7 65·5 6· '2 
. " 6I '5 

II 68·2 6S·4 67 ·o 65 ·s 66·6 66'8 65 '7 
Noon 66•8 68·0 67 ·r 73 7 75 ·o 6S·3 67·5 
Ip. m, 71 'l 59·1 68•6 73·4 71 ·4 70·9 . [65 ·6] 
:! 7I '2 69•8 70·2 72 ·o 70·4 69·8 64·8 

3 73·7 70·3 69·2 73 '2 72·2 73 'I [65 ·SJ 
4 72'4 68·5 66'4 73·8 r '? ·' - 72·5 [65 ·sJ 
5 65·4 66'0 60·7 73·8 73·9 71 •6 [6I ·9] 
6 53 ·s . 44 ·3 53·5 _7I '3 7r ·o 66"0 [55 ·4] 

7 39·0 21 ·9 
1' 23·9 06·4 

9 II 'O 

IO ro·S 

II 14·4 
Midnight 24·4 

Resulting zmith distanet:s ef Jackson Butte, dc.-Continued. 

'= 92° I31 + (Continued. ) 

Hour. Sept. 15. Sept. I6. Sept. 17. Oct. 2. Oct. 3. Oct,4. Oct.5. 

II II ,., II II II I/ 

I a. Ul. 49·5 46·3 
2 52·5 42 ·9 

3 59 '2 42 ·o 

4 56·3 42·4 

5 52 ·s· 43 ·s 
6 55 ·3 63·0 64·0 37·5 60·3 56·2 49 'I 

7 51 '2 6I '2 65·6 3I 'I 59 '7 56·4 46·4 
8 48·6 64 ·2 66•8 48·0 63·0 5~q 48·8 

9 63·5 66·2 69·4 54'9 62 ·5 6S·o 57 ·2 
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Resl/.lting Zt'11itl1 dista11ces of Jackso11 Bulle, dc.-Completed. 

~=92° 13' +(Completed.) 

Hour. Sept. r:. Sept. r6. Sept. 17. Oct. 2. Oct. 3. Oct. 4. Oct. 5. 

II II I/ II II II I! 

IO a. Ill. 65 ·r 67·6 65·2 64·6 68•8 71 ·3 55·9 

II [67 ·5] 67·9 67·8 67 ·o 69·4 69·4 61 ·s 
Noon 70·2 78·0 70 ·1 69·7 70·2 69·9 63 ·s 

1 p. m. (70 ;1] 70·6 68•6 7I "2 707 707 65·0 

2 [71 ·1] 73·5 79·5 70·6 70·4 72·3 64·9 

3 [72 ·1] 76·6 77·7 71 ·8 69·6 [74·0] 6~ '.2 

4 [71 ·S] 77·6 78·3 71 ·8 70·8 74·5 6• ., 
~ -

5 [68 ·2] 75 '}. 73·2 67·3 70·6 62·4 [59 •6] 

6 (6r ·7] 74 ':? 73 •6 6o "7 (64 ·r] [55 ·9] [53 ·1] 

7 63·3 40·4 

s 58·0 36·3 

9 58·7 24·0 

IO 53·0 37·0 

II (48 ·9] 37 ·4 

Midnight 51 ·7 45·2 

The "results from observations at 7 and Sp. m. on September 9, and at 1, 2, and 5 
a. m .. on September 11, are not used, as there were no corresponding observations at 
Jackson Butte. The values in brackets were obtained by interpolation, as explained · 
below. 

<.'.l 5. DIURNAL VARIATION OF THE ZENITH DISTANCE. 

The method adopted to obtain a homogeneous series of hourly means is as follows: 
For the hottrs at which observations were made 011 each of the 14 days the mean values 
are taken directly. · For the other hours from 6 a. m. to 6 p. m., the. missing values are 
obtained by comparing the observations at t~ose hours 01i the other days with the next 
hour. For example, to interpolate a value for 2 p. m., September· 15, the average 
change between that hot1r and noon for the 13 other days is applied.to the tabular value 
for noon, September 15. The value for r r p. m., October 2, is also obtained in this way. 
In order to reduce the hourly means for 1, 2, 3, 4, and 5 a. m., October 3 and 5, to the 
same system as for the hours from 6 a. m. to 6 p. m., the difference between the me::;n 
of these 13 hours for the whole 14 days, and for October 3 and 5, only is applied to each 
of the 5 hourly means. The hourly means for the hours from 7 p. m. to midnight are 
corrected in the same manner and the desired homogeneous series is completed, as shown 
in the following table: 
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6. RESULTING HOURLY MEANS OF ZENITH DISTANCES OF. JACKSON BUTTE AS 

OBSERVED AT ROUND TOP. 

i: = 92? 13' +. 

Hour. Seconds 
11. ~- Hour. Seconds ~- Hour. Seconds ~-

of ~. of I;. 11, of/;. //., mean. mean. n1ean. 
II II II II II II 

I a. 111. 49·6 2 -5·2 9a.m. 6'> ., - ,, 14 + 7·5 5 l'· Ill. 67·8 II +13 ·o 

2 49 ·4 2 -5·4 IO 64·6 14 + 9·S 6 61 ·3 9 + 6·5 

3 52 ·3 2 ;_2 ·5 . II 67 'I 13 +12·3 i 44·5 . ·' -10·3 

4 51 ·r 2 -3 '7 Noon. 69·9 l.j. +rs ·r 8 36 '2 3 -18'6 

5 50·0 2 -4·8 I p.m. 69·S 12 +r5·0 9 33·8 3 -'-2I ·o 

6 5;) ·8 I4 -4·0 2 jo·S 13 +16·0 IO 36·~ ·' -18·6 

7 49·9 I4 -4·9 3 71 ·s JI +17·0 II p.111. 36 '2 2 -18'6 

8 a. 111. 55·9 I4 +r 'I _4p.m. 71 ·5 12 +r6 '7 Midn 't 4,:; ·o 3 -II ·S 

i\Iean I;= 92° 13' 54''·8. 

The number of days of observation is given in ~olnmns headed n. The quantities 
( ~ - mean) give the observed diurnal variation in zei1ith distance, which is shown 
graphically in diagram ( 1 ) farther on. 

7. JACKSON BU'£TE, 1S79. 

Rc·sulting zmith distanffs 1?/ Ri>zmd Tiip deduced /,1 sfatioll mark (top qf b1>lt) at both statz~1ns. 

;=88° r9' + 

Hour. Sept.S. Sept. 9. Sept. IO. Sept. r r. Sept. r 2. Sept. 13. Sept. 14. 

II ,, ,, Ii ,, .I.' 

6 

I 
43·3 41 ·o 46·0 6· .. , 5i'9 57·0 47.8 ,, -

7 45·9 33·8 52·5 6o·7 63 ·r 55 'i 59 ·2 

8 45·8 51 ·o 46·8 54·4 67 ·4 50·5 56•6" 

9 Si ·o 61 •6 51 •6 ii ·1 67·4 . 69 ·2 68·4 

IO [6S ·4] 74·8 71 ·8 i3'2 g,,.,, 78·3 84. j 

11 [Sr ·5] 76·0 S2 ·5 82·6 SS·o 88·4 S.J ·S 

Noon 83 'I 76·6 8· ·-.) ,) 84·6 9r ·6 88·2 85·0 

Ip. 111. 8s·s So '7 83·0 89·4 92 ·8 91 ·o S7·2 

2 8_:; ·9 84·5 84·2 89 '.J 91 ·s 92·S 86·8 

·' 
g ... ., 
·' - 82'2 84·0 88·5 91 7 92·0 87·3 

.J. 81 ·o 82 •6 s• ·-'·.):) 89·0 SS·z 87 '7 ss·5 

5 77 "2 80·4 79·2 S6·S 89 \1 86·9 [84 ·3] 

6 68'.J. 71 '9 72 ·9 81 ·5 87·6 82·0 [77·5] 

7 57 •6 

s 54 'i 

9 26·8 

JI) 3 1 ·8 

II [24 ·8] 

Midnight [29·9] 
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. Resulting zenith distimct?S i?f Round Top-Completed. 

~ = 38° 19' +(Completed.) 

Hour. Sept. 15 Sept. 16. Sept. 17. Oct. 2. Oct. 3. Oct. 4. Oct. 5. 

.I.I II II " ll /I II 

I a. Iii. 57 ·r 12 ") 

2 54·5 05 ·o 

3 6o·S '-~ •6 
4 59.8 I")- .... _, ._"'I 

5 51 ·5 20·2 

6 64 ·3 64·5 66 ·r [31 •6] 41 ·2 64 "! Z2 "3 

7 58·7 46 ·2 69·7 [30 ·5] 49·2 49 ·2 20·4 

s 6o7 62·6 75 ·5 35·1 61 ·o 66•6 25 ·s· 
9 p·S 72·9 So·7 41 ·3 61 ·s 73·9 48 "I 

r::i Sr ·5 83 7 87 ·4 63 ·o 82·4 807 45·4 
II 87·8 90·9 93·0 73 ·r 89·6 91 ·9 70·6 

Noon 86"2 92 ·4 94·3 8:i ·2 ss·s S6 ·.; So·u 

I p. 111. [SS·3] 94·6 94·0 SS ·r 87·6 89·8 So·o 

2 [88"6] 96·8 93·8 86·9 86·3 91 ·s 78·4 

3 [87 ·6] Q' ·6 ·"' 94 ·r 86·4 87·2 S5·S 79 "I 

4 [86 ·2] 92 ·3 93·7 83·6 88·2 84·9 73 ·3 

5 [82 ·o] 907 82·3 7i ·o 82·8 76 ·r [69 "l] 
6 [75 ·2] [83·9] Sg·6 50·3 [76·0] [69·3] [62 ·3] 

7 55·3 50·9 

8 56·2 39·7 

9 59·4 41 ·S 

IO 54 ·..i. 63 ·S 

JI 52 ·s . 51 ·3 

Midnight 59·8 54·6 

The interpolated Yalues (in brackets) and hourly means are obtained in the manner 
already explained for the observations at Round Top. 

8. RB:SUI.TING HOURLY MEANS OF ZENITH DISTANCES OF ROUND TOP AS OBS:ERVED 

AT JACKSON BUTTE. 

~=88° 19' +. 
Hour. Seconds 

II. ~- Hour. Seconds 
II. 

~- Hour. Seconds ~-
of~- of~- oH. II. mean. mean. mean. 

// " // II ,, II 

I a. 111. 42 ·s 2 -20·1 9a .. 111. 64·1 I4 + I ·5 5 p. Ill. 81 "7 II +r9·r 

2 37 ·7 2 -24·9 IO 75 ·5 13 +12·9 6 74·9 8 +12 ·3 

3 45 ·1 2 -17 ·5 JI 84·3 13 +21 "7 7 5S·5 3 -- 4 "I 

4 51 ·s 2 -rr ·1 Noon 85 ·9 14 +2J ·3 s 53·9 -~ ·- S·7 

5 43·7 2 -18·9 Ip. m. ss·o 13 +25"4 9 46·6 3 -16·0 

6 50·8 13 -11·8 2 88·3 13 +2.;7 JO 53·9 _, . ' s ·7 

7 49·6 13 -13 ·o. 3 87·3 13 +24"7 II p. m. 46·9 2 -15 ·7 

Sa, m. 54·3 I4 - s·3 4 p. ]JI. 85·9 I' -f.23·3 Mid- 52 ·o 2 -10·6 ·' I night 
Mean ;: = SS0 19' 6211 ·6. 
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The number of days of observation is given in the columns headed 1z. The"quan
tities \. 1= - mean) give the observed diurnal variation in zenith distance, as shown 
graphically in diagram ( 2) farther on. 

Comparing diagrams. ( 1) and (2) we note the facts: 
(a) The diurnal variation in the zenith distance is greater at the lower station th:.:in 

at the upper station. the range at the former being nearly 51" and at the latter nearly 38". 
(b) The maximum zenith distance is reached between 2 and 3 p. m., and the mini

mum sometime bet\veen 9 p. 111. and 2 a. m. 
(c) The zenith distance varies but slightly between I l a. 111. and 4% p. 111. The 

irregularit)~ in the curves during the night hours is due simply to the small number of 
observations. 

Ci.>111p11taticw ·~l flit• d~tfi.·ro1ff r.~f l1e~gl1! b,. /1 and az•erage okjffrie11t of n:fmdion m under tire ordi11a1-y 
s11ppositio11 <?/equal n::1i·11dio11 at th,· two stalio11s. 

The adopted formul::e are-

m.=o·s r: + r:· - 180° 
2 ¢· 

l Af; •. ,_ r:.· [ + lz+ll' S
0 J anc £...>. 1=h'-'1=s tan /1·2 ( 1:,' - _) l --+--2 2 p 12 p 

For r/J = 38°30' and a= 60°15', log p =6'804 822 and¢'= 2 j39"·s. Using the 
. approximate values '1 = 714m and /I' = 3 l74m we get log. quantity in [ ] = o·ooo lj7. 
The resulting hourly values for 6.lz and ·iu are given in the following table: 

Hour. ,6_/1. Difference 
Ill. Hour. L::,,./1. Difference 

111. from mean. from mean. 

Ill. 111. ·Ill. 111. 

I 3. 111. 2 466 'II +2'00 0·070 0 3 2 462·10 I ·41 ·055 7 
2 6·89 +3'38 ·071 I 4 2 ·32 I ·19 ·056 I 

3 6 'II +2'00 ·o6S 9 5 2 ·39 I 'I 2 ·057 7 

4 4 78 +r ·;7 '067 8 6 2·46 I '05 ·o6o 6 

5 5 ·97 +2·46 ·069 7 7 2 ·39 I '12 ·o67 7 

6 4·85 +1 ·34 ·068 ci s I ·76 I '75 ·070 5 

7 5 ·55· +2'04 ·068 4 9 2·60 0·91 ·072 5 

s 5 ·13 +1 ·62 •o66 2 IO I '76 I ·75 ·070 5 

9 4·53 +1 ·02 ·062 7 JI 2·95 - 0·56 ·071 9 

IO 2·95 -0·56 ·059 s Midnight 2 463 ·27 - 0·24 ·069 4 

JI I ·83 -I ·68 ·057 4 
.r+18 ·33 

Noon 2·04 -1 ·47 ·056 4 
l-18 ·42 

Ip. m. I ·65 -I ·86 ·056 0 Mean 2 463·51 0 ·064 6. 
2 2 461 76 -I '75 ·055 7 ±0·2s 

The values of 6.lz are plotted on diagram (3) and show the computed difference of 
height bet\veen IO a. m. and near midnight to be _smaller than the mean; but the 
results for those hours appear remarkably consistent. 

The values for coefficient of refraction are plotted on diagram (4) arn;l. indicate a 
well-marked diurnal yariation, most regular where the observations were sufficiently 
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' 7 1' . . -~- OV"°'f0~?.1".i'IJClle• n_·ci-1· 0~.L .. I ,,.,.., f>oL fi•n:::I ir n 

0.06~0 -(4-"" ·~ - . ,,. ,.....I~·~'( ~ II''-' eu.r ... '' ~ r~f.-<• ·~ 

0.0620 \ -r-r--t-ir-+---t--~/--+---+--+-+-t--+--t-1-+~ 
0.06001--t-t--t---t-t-t-+--t---+-f-t-'f--f--t-f-t-t--+-+-l'--t--+---+--+---t--+--l-+-I 

0.0580t-t---t--t--t-o+--t--t-1--+-+-+-tl\--\f---+-+-t-+--l-~/-l-+-~-l--l--!-+-l-+-il---J 
f"..._ / ii 

O.o560t-t~~-+-t--+-t--t--+-1--+-+--+-+='~=+-4-+-1-+-+--l-+-h.l.-+--+-+-1 · .. ~ ~ .... .- .. ~ 
0.051*0 ~ ~ . . . ~ 

~l 3• >t> a910ll~J.234567B910ll~ 

DIURNAL VARIATION OF ZENITH DISTANCES 
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numerous. The value of 111 is least variable near its minimum, and the best time for 
observing vertical angles would appear to be bet\.veen Ii 3•6 a. m. and 4.% p. m. The 
minimum occurs between :::? and 3 p. 111 •• the maximum apparently at 9 p. m. 

9. METEOROLOGICAL RECORD IN CONNECTION. WITH OBSERVATIONS OF ZENITH 

DISTANCES. 

At Round Top barometer Green No: 20I7 was used; index correction+ 0·063 
inch. The cistern of the barometer was 0·37 metre above the copper bolt; hence cor
recfion + o·ooI inch and total correction = + 0·064 inch. There appears to be no 
corrections for the thermometers. 

At Jackson Butte two barometers were ttsed: J. Green, No. 13.57· in September, 
and J. Green, No. 1353, in October. Index correction to No. 1357, from 5 days' 
comparisons with the Signal Service standard (Adie 1601) at the Merchants' Exchange, 
San Francisco,= + 0·050 inch, and correction to attached thermometer= - I"'o; 
index correction to No. 1353 from 10 days' comparisons at San Francisco= + a·os7 
inch, and correction to attached thermometer :::: - r 0 ·6. The height of the cisterns of 
the barometer::> above the station mark (copper bolt) was 1 metre; corresponding cor
rection = + 0·003 inch. The thermometers r:equired no correction. The records 
contain no information respecting the shelter of the instruments at the stations .. 

Hour. 

I a. lll. 

2 

3 
4 

5 
6 

7 
8 

9 
IO 

II 

Noon 
I p.m. 
2 

4 
5 
6 

7 
8 

9 
IO 

II 

Midnigl1t 

Atmospho"ic prt'ssure at Round Top, I879. 

[)lercurinl c:olmrn1 reduced to cF C. and rtferred to .~tation niark. Index cc•rrectic:.n applied.] 
~o inches + tabular quantity. 

Sept. 8. Sept. 9. Sept. 10. Sept. 1 r. Sept. 12. Sept. 13. Sept. 14. 

·698 ·588 ·572 

"709 ·585 ·584 

·709 ·594 ·595 
708 ·597 ·620 

736 ·569 ·637 

·724 ·565 ·640 

721 ·562 ·650 

717 ·561 ·655 

"707 ·558 ·653 

·6~4 ·543 ·670 
·6So "5::?8 ·675 
•682 ·516 •687 

•669 ·503 ·694 

·699 

·503 ·709· 

7r5 
·713 

·7iS 

·719 

730 

"730 
·727 

·728 

742. 
·j69 

774 
·770 

·778 
·Soi 

·804 

·804 

·819 
·816 

·816 

·819 
·818 

·822 

·827 

·.'b r 

·831 

·s.w 
·840 

·838 

·838 

·837 
·.'326 

·827 

·843 
·S22 

·822 

. ·813 ·S26 

"799 ·f;29 

·795 ·S.)6 

·Sr6 ·S50 
·Sq ·S52 
·srs ·S54 
·S13 ·S56 

·829 ·Sss 
·824 ·848 
·817 ·859 
·822 ·848 

·798 [ ·841] 
798 [

0838] 
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• ...J.tmosphcricprcssurc at Round Top, IS79-Cornpleted. 

[!\Iercurial column reduced to o° C. and referred to station n1ark. Index correction applied.J 
w inches + tabnlar quautity. 

Hour. s ... pt. 15. Sept. 16. Sept. 17. Oct. ·2. Oct.3. Oct.4. Oct.5. 
Hourly 
Means. 

I a. m. ·74.? ·399 ·767 

2 ·735 ·402. ·765 

_, ·727 ·38o ·751 

4 ·726 ·.3So ·750 

5 ·p3 ·363 "740 

6 •864 "825 795 ·786 724 ·6r3 ·344 "717 

7 ·S69 ·Sq 792 "753 7.?4 [ ·6oS] [·345] "715 
s ·870 ·s2c ·797 ·787 ·724 [ ·6cq] [·345] ·720 

9 ·Sp.. 0823 ·804 ·785 ·730 ·599 ·346 • 726 

IO ·889 ·S:q ·Sor ·7&. ·738 ·596 · ... ~42 "730 
II [·884] ·S:n ·SoS ·779 735 ·592· ·336 ·72S 

Noon ·879 ·Sr7 ·So3 "7i9 ·727 ·589 ·324 ·724 

I p. 111. [ ·878] ·813 ·794 ·781 "j2.0 ·571 "3 17 ·724 

2 [·871] ·Sn ·788 765 ·715 ·547 ·317 "717 

3 [ •866] ·S20 782 76I ""708 ·5.?S ·:196 ·713 

4 [•862] 799 787 7fo [ "704] ·498 [ ·:192] 708 

5 [ ·S55J 794 783 758 [·697] [·486] [·285] "702 

6 [ ·852] ·So2 768 ·760 [·694] ·475 [ ·2S2] ·69S 

7 "752 ·458 ·695 

8 75.5 ·443 •695 

9 "759 "4-17 •699 
Ir) "755 ·448 ·6gS 

II [•756] ·436 ·696 

Midnight "756 ·,pS ·690 

The meteorological instruments were read on an average about two minutes before 
the full hour. The interpolated values (in brackets) and the hourly means were 
obtained in the manner explained in connecti•)ll with the zenith distances at Round 
Top. ~rhe values from 1 to 5 a. m .. September I I, and 8 p. m., September 9, were not 
used, there being no corresponding observations at Jackson Butte . 

Hour 

6 a. Ill. 

7 

8 

9 
IO 

u• 

Noon 

1 p. m. 

• ·Jt111,>sj>hokprc·ss11rc at Jacksv11 Bulle'. 1879. 

[MercuriaJ ruhuun reduced to o° C. and referred to station mark. Index correction app1ied.j 
07 inches+ tabula~ quantity. 

Sept. S. Sept. 9. Sept. IO. Sept. II. Sept. 12. _Sept. 13. 

·63-1- "5..f.7 ·535 .627 ·69S ·6S5 

·622 ·546 ·530 ·639 ·705 ·682 

·63-1- "5..f.5 ·535 ·63s "/02 •682 

•648 ·558 ·543 •683 ·705 "JOT 

•657 "5..f.7 ·56o ·696 "i09 ·7o3 

·648 ·546 ·579 ·698 70.') ·709 

·626 ·539 ·563. ·701 "70..f. ·703 

·6u ·536 ·551 ·689. ·696 ·697 

Sept. 14. 

·699 

·69-1-

·697 

7rn 

·718 

"jII 

·7o6 

"j(ll 
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Hour. 
2 a. m. 

3 
4 

5 
6 

7 
8 

9 
IO 

II 

Midnight 

Hour 

1 a.m. 

2 

3 

4 

5 
6 

7 
8 

9 

'() 
II 

Noon 

I p.m. 

2 

3 

4 

5 
6 

7 
s 
9 

CI 

II 

Midnight 

.-Jtmospl1ericprt.":s111"<" al Jacksd11 E11lle'. ISi9-Continued. 

[l\'l'ercurial coltnnn reduced to oo C. and referred to station inark.. Index correction appliec\.] 
· ~7 inches+ tabular quantity. 

Sept. 8. Sept. 9. 

·595 ·531 

·591 ·516 

·589 ·508 

·579 ·504 

. ·587 ·505 

Sept. IO. 

·552 

·551. 

·549 

·551 

·56o 

·570 

·586 

·586 

·593 

·587 

[ ·582] 

Sept. 1 r. 

·679 

·672 

•668 

"668 

·677 

Sept. 1.'.?. Sept. 13. 

·68S •687 

·6n ·679 

•663 •665 

"66o "667 

•660 ·672 

.-Jtmos/>11<'ric prcssu!"<' al Jackson £11/te, f .. i;9-:C0111pleted. 
rl\·fercurial coh11nn reduced too0 c. and referred.to station n1ark. Index currection r-tpplied]. 

27 inches+ tabular quantity. 

Sept.15. Sept. 16. Sept. 17. Oct. 2. Oct. 3. Oct. 4. Oct. 5. 

•687 ·545 

·6n . ·536 

·673 ·506 

·672· ·505 

·675 ·496 

"700 ·633 ·619 [ ·p8] "673 ·595 ·509 

•689 ·622 ·613 [ 727] •684 ·596 ·523 

·690 ·631 ·610 728 •685 ·599 ·5oS 

·695 ·644 ·631 736 ·696 ·598 ·541 

•692 ·644 ·635 734 ·696 ·598 ·533 
·691 ·637 ·630 731 •689 ·591 ·474 
•681 ·631 ·626 722 ·6S4 ·531 ·479 
·671 ·619 ·617 "713 ·659 ·504. ·469 

[ "662] ·6o9 ·613 ·702 ·650 ·501 ·443 

[·655] ·604 ·609 ·699 ·635 ·497 ·435 

[ ·648] ·603 "6o4 ·692 ·631 ·495 ·,p4 

[ ·647] ·605 •6o.+ •686 ·630 . 491 [·413] 

[·650] ·614 ·591 •686 [ ·633] ·499 [ ·,p6] 

·696 ·504 

·696 ·516 

·692 ·506 

·691 ·496 
•688 ·475 

•6$3 ·530 

Sept. q. 

·690 

•683 

•681 

·6~4 

·681 

Hourly 
means. 

·672 

·6fo 

·645 

·644 

•641 
·634 

·634 

·634 

·649 

·6sI 

·646 

·635 

·624 

·614 

·607 

·6o1 

·599 
·002 

·611 

·621 

·616 

·61:; 

·6os 
·6w 

Meteorological instruments read about ten minutes before the full hour. The 
interpolated values (in brackets) and the hourly means were obtained in the manner 
explainecl for the zenith distances at Round Top. 

18732-No. 4--19 



Hour. 

r :i.m. 

3 

4 

5 

6 

7 
:-:; 

9 
IO 

JI 

N0011 

Ip. 111. 

5 
6 

7 
s 
9 

10 

II 

iUi1lnight 

Hour. 

l a. n1. 

2 

6 

7 
8 

9 
JO 

11 

Noon 

I p. Ill. 

UNITED STATES COAST AND GEODETIC· SURVEY • 

Sept. 8. 
0 

45 ·4 
46·6 
42·8 

49·8 
50·9 
52·8 

53·8 
54·8" 

55·3 
54 ·9 

53 "7 
51 ·.8 

48"6 

• -lt111osph,•rfr t,·111j>11ral11rt· al Ji',m11d Top, 1879. 

[Dry bulb tl.lermometer with Fahrenheit scale.] 

Sept. 9. 
0 

38·2 
38 ·8/ 

40·9 
42 ·S 

45 ·7 

47 "7 
48·6 

49 ·2 

49·6 
49 ·2 

47 7 

45 ·S 

4
, ., - -

40·5 

39·8 

Sept. 10. 

0 

40·7 
44·6 

44 "7 
46·4 
51 ·2 

51 ·4 

53·4 
.54 "6 

54·2 

56·9 

57 ·4 
57·2 

48·4 
46·6 

43'4 
44 ._, 

44·~ 

46·4 

·45 ·3 

Sept. l I. 

0 

45·2 
46·7 

46·2 

45 ·6 

44·9 

48·9 
50 ·s 
51:2 

52·7 
53 ·6 

54·9 
~6 ·8 

58 ·3 

6o·4 

58 ·8 

59 '7 

57·7 
54·8 

Sept. 12. 

0 

47 •6 

49·5 
.51 ·4 

53·8 
55 ·r 

57·3 
59·8 
tju·4 

61 ·3 

60·6 

59·9 

6o"5 

53 7 

Sept. 13. 

0 

47 '7 

49 '7 
50·8 
52·8 

54·6 
54·8 

56·6 

57 ·6 

5$·0 

58·6 

57·9 
56·6 
'\' ., ._.,.., -

.• -lf111,1spl1crh· to11ptTa/11rc at Round Top, FSiv-Continued. 

[DI"}" bnlb thc:rmomete1· with Fnhreuheit scale.] 

Sept. 15. St:"pt. 16. Sept. 17. Oct. 2. 

53·9 

57·3 
[59 ·o] 

tio'S 

[61 ·4] 

0 

49·9 
5J"4 
55·3 
55·8 

57·7 
00'2 

-63·2 
62·6 

0 

47 ·3 

47 ·s 
48·4 

54 ·,,, 

56·6 

57·9 
61 '2 

58·4 

Q 

44·2 

46·0 

45·8 
47·s 

47 "9. 

50 '2 

51 ·2 

53 ·o 

Oct. 3. 

40 ·2 

39·8 

39·9 

39·3 
40·8 

42·5 

43·9 
47 "I 

48·6 
50·1 

51 ·3 

Oct. 4. 

0 

39·o 
[40 '7] 

[42·3] 

.44"0 

44·4 

467 
48 ·2 

49·0 

Oct .. 5. 

35·4 
34·4 

34 7 

31 "i 
30 'I 

[31 ·2] 

[32 ·4] 

33·5 
,;4"4 

36·2 

37 ·o 

37 "I 

Sept. 14. 
0 

47 ·s 
49·7 
So ·1 

53·-1-
55 ·s 
57 ._,, 

58"6 
6o"2 

61 ·o 

61 "7 
61 ·9 

[6o ·o] 

[.55 ··9] 

Hourly 
means. 

0 

48·51 

47 ·96 
48·06 

46·91 
46·41 

44·02 

45 ·78 

46·4~ 

48·92 
50·88 

s2·50 

54 ·24 
54·85 
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.-ll111osplicric te111p,·rat11rc al R<>1111d Top, :S;v-Completed. 

[Dry ·hulh ther11101neter with ·Fahrenheit ..:nle.] 

Hour. ~ept. 15. Sept. 16. Sept. 17. Oct. 2. Oct. 3. Oct. -'I· Oct. 5. Hourly 
means. 

0 0 0 0 0 

2 [6r ·1] 58·7 55 ·4 52 ·s 5r ·~ 48·7 ,;5 "7 54 ·5,; 

3 [60 ·9] 57·6 56·4 52·2 51 "[ 47·8 .H"I 54".W 

4 [6o·6] 59 "7 54·8 [50 ·2] [50 :8] 47 ·9 [33 ·:s] 54·00 

5 [58 "7] 54 ·s 52 "8 48·2 [48 ·9] [44·6] [31 ·9J 52 ·r r 

6 (54 "6] 52·4 4q·8 45 ·o [44 ·8] 4r ·3 [27·8] 48·04 

7 p "() 39·7 4· ··s ,., ._"I'-

8 41 "7 -~9 ·r 44 ·or 

9 4r ·3 J8·3 43·91 

10 ¥•"8 37 ·8 43 "/.j. 

I [40 ·9] ~'6 '(I . .. t._; ·7 r TI i 
Mirlnight I· 41 .,_, 35·9 .J.3 ·34 

Mean -1-8-·44 

The interpolated values (in brackets) aml"the hourly means were obtained in the 
manner explained for the zenith distances at Round Top. Tli°e values for 1 to 5 a. 111. 

September 11, am\ 7 and 8 p. nL September 9. are i1ot used as there were no corre
sponding observations at Jackson Butte. 

Al111l•splicrit" lo11p,·rc1!11re alj<1dso11 -E11tte. ISiQ, 

[Ury hulh thcrmcnm::kr with ~nhrenheit scale.] 

Hom. Sept. 8. Sept. 9. Sept. 10. Sept. 11. Sept. p Sept. 13. Sept. q. 

0 0 0 0 0 0 ,, 

6 a. 111. 65 "•) 67·2 61 ·8 72 'J 76·9 72·9 75 •8 

7 69·0 70·0 66•8 74·9 i7 ".j. 76·2 79·9 
8 67·8 70., 67·8 75 ·9 8,; ·8 78. 2 Sr ·o 

9 68·0 66·0 67 ·2 76:6 ~q ·2 $o·9 80·-1-
JO 71 ·o 68·5 72·8 79 ·2 84 "l 84·4 81 ·9 
II 76·0 iI ·8 75 ·o 81 ·9 87·0 fq-8 83·0 
Noon 

I 
;7·5 74·8 . i6 ·9 82 ·s 88·6 87·8 85 "I 

J p. Ill. 79·4 75 ·9 &i·5 85·0 90·8 90·2 85 ·o 

2 

I 
80·0 76·9 So·o 87·9 90 ·-~ 90·8 89·0 

3 79·5 78·9 82 ·o S8·o 91 ·9 90·5 91 ·1 

4 I Sr ·c, 78 7 82 ·3 89·0 92·5 89·2 90·5 

5 I 78 ·4 tfq 82·2 -88 ·s c;o·o 87·6 Si ·5 i 
6 73·8 74·9 76·9 83 .... , s5 ·r 83·5 S,:; ·o 

7 73 ".5 

s 73 ·o 

9 73·8 
IO 72 ·o 

II 71 ·8 
Midnight (70·6] 
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• ·Jtmospl1t·ric to11p,·rnt11r,· at Jackson Butte, 1S79--Completed. 

rr•ry bnlb the1"111C•lllt:oter with .]:tahrenheit f'Cale.l 

Hour. Sept. 15. Sept. 16. Sept. 17. Oct. .., Oct .• ~. Oct. 4 . Oct. 5. Hourly 
mean. 

0 0 0 0 0 0 

I fl. m. 72 ·o 53.0 73·24 
., i3"0 51 ·o 72 '74 

3 74·0 51 ·5 73·49 

4 69·0 51 ·8 71 ·14 

5 72·8 52·8 73 ·54 
6 79·5 So·~ 76·5 [66 '7] 72·5 73·8 50 ·3 70·80 

7 83·6 83 '.:! 82 ·o [69·4] 74·0 73 ""2 50·0 73·54 
s ~s ·,-; 84 ·~: 1'4 '2 71 •6 78 ·5 76 ·2· .5~ ·o 7.1 "7.3 

9 Ss ·2 SS·.\ ss·~ 72 ·s 82 "2 77·1 52 ·s 76·42 

IO 87 ·4 89·2 go·o 76·2 81 ·o 78·9 56 '7 7S·66 

IT 8::-i ·o yo·:s 92 ·o So·S 82 ·s 80·0 60·8 8r·o3 

Noon $4·2 93'o) 93·0 83 ·o 83·2 8· . .., 
'-._, - 62·2 82·88 

] p. Ill. 91 'f) 96·0 96·2 84·9 83·9 83. 2 64·9 84 ·78 
2 [91 ·8J 96·2 96·0 86·7 84·9 83·2 64·9 85·61 

3 [92 '1) 96·8 95 '(o 84·9 87 ·3 82·0 6• ., 
.._"I ._"I 85 ·96 

4 [91 ·5] 96·9 93 ·5 85 '7 . 85 '(l 79 'I 60·6 85 ',N 

5 [89 ·1] 93·0 89·9 8~ ·6 ~, ... 
'·· - ., 74 'I [58 ·2] 83·03 

6 [83 ·s] 86·5 84 ·o 75·8 [77 ·o] 67 ·9 [52 ·9] 77 ".74 

7 74·0 65·0 7.> ·89 
8 75 ·o 6o·4 i2 ·53 

9 75 ·8 6· . .., ,, - 73·99 
JO 75·0 64·0 73 ·39 
JI 74 ·o 63 •6 72·86 

Midnight 74 ·2 61 ·o 71 •66 

Mean 76·83 

The interpolated values (in brackets) and the hourly means were obtaiued 111 the 
manner explained for the zenith distances at Round Top. 

Hour. 

I a. Ill. 

2 

3 

4 

5 
6 

7 
8 
9 

Sept. 8. 

0 

33·4 
33·9 
36·8 

[Wd l>ttlb thermometer with Fahrenheit scale.] 

S"'pt. 9· 

0 

30·8 
31 ·6 

33·4 

Sept. ro. 

0 

32 '7 

33·3 

35 '7 
36·3 

Sept. 1 r. 

0 

34~9 

38·3 
38 ·7 

37·8 
38·2 

37·2 

37·3 
38·-
39·2 

Sept. 12. 

0 

37 '7 

39·6 
40·8 

41 '7 

Sept. 13. 

0 

37·6 

39·3 
40·8 
41 •6 

Sept. 14. 

0 

37 ·9 

39·4 
40 'I 
41 ·s 



Hour. 

10 a. in. 

II 
Noon 

4 

5 
6 

7 
8 

9 
10 

p. 111. 

II 
Midnight 

Hour. 

I a. 111. 

2 

3 
4 

5 
6 

7 
8 

9 
10 

II 
Noon 

[ p. 111. 

2 

3 
4 

5 
6 

7 
8 

9 
IO 
II 
Midnight 
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Sc-pt. 8. 
0 

37·8 

39·s 
40·3 
41 '6 
46·0 
40·8 

39·8 
38·2 

37 '7 

.-ltuwsplierfr 111oisl11n· at R,11111d Top, ISil}-Continued. 

(\Vet bulb ther11101neter with Fahrenheit scale.] 

Sept. 9. Sept. IO. ·sept. [ r. Sept. I2. Sept. 13. ., 0 0 0 

34·8 38·6 39·6 ,p·S •II ·2 
37·7 41''8 40·3 ·l.3 ·5 42 ·o 

37 •6 43 7 4I ·5 44·9 43·4 
39 'I · 45 ·o .:p:6 44·9 44 '7 
39·6 42·7 4.~ •6 46 ·,; 44'4 
39·8 46·8 44·7 46·6 45·6 
39 '7 48 '2 45·4 47 ·6 45 ·3 
38·9 47'I 43·6 48·9 43'9 
35 ·4 39 '.'.! 43 ·o 44·4 42 •6 

33 '4 38·4 
32·2 35 ·4 

35 '6 

35·9 
36 ·7 
34·6 

.-11-mos;..:~·ric 111<>ist11rc at Rl>1111d Top, 1Si9-Completed. 

(\Vt-l bulb th-=rmouu:tt:r with f'nhrenheit !'!-cale.] 

Sept. 15. Sept. I6. Sept. 17. Oct. ~ Oct. 3. Oct. 4. 
~ 0 0 

30·9 

30 7 

30·3 

30·0 
30·0 

36·8 36 ·5 34·2 30 ·r 29 ·s 3r ·3 
38 'I 39·8 34·9 31 ·9 32 7 
39·4 42 'I 36·3 32·6 33 ·5 
39·4 42·7 41 ·9 33·8 34·2 34·~ 
42·8 45·2 43·2 34·9 36·4 34 ·3 

45 ·2 44 '2 36·3 37·2 JS ·.:i 

46·4 44·9 45 ·9 43 7 38·9 37 'I 
46·8 43 ·7 .37 ·9 ~;9 '2 37 ·3 
43'5 39·..i 38·6 39"0 38·7 
4 •.• 

J ·' 
4I '4 37·S 39·0 37 7 

45 ·4 39·9 36·8 
40·6 39·0 35·3 
37·6 37 ·4 33·8 33·7 

32·7 33 ·4 
JI ·8 33 •6 

31 ·s ,;2 ·9 
30·9 32 ·9 

32 7 
31 '.2 32 ·4 

Sept. 1.f. 
0 

4. ·~ J -

48·2 

44 ·,; 
44·6 
45 'J 

46·6 

46 'l 

Oct. 5. 

31 ·7 

30 '2 

29·6 
29·0 

'31 '7 

28 'I 

30 '2 

307 
31 ·8 

32·2 

32 '7 
32 ·4 
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• .Jl111ospl1tTic moislun· al jac/.:s,w Butte, tSi9· 

[Wet bulb thermometer with Fahrenhdt scale.] 

Hour. Sept. 8. Sept. 9. Sept. 10. Sept. 11. Sept. 12. Sept. 13. Sept. 14. 
0 0 0 0 0 0 0 

6a. m. 56·0 56 ".:! 52 'i 54 "I 5i'2 56·2 54·0 
7 58·0 61 ·8 55•0 56·4 57·4 57 ·o 58·1 
8 57·8 57 ·3 55·8 57·8 61 ·o 58·8 59·6 
9 58·0 57 "7 5f'•4 58·2 6I '2 59·0 59·9 

IO 59·0 6o·5 58·0 59·8 61 '2 6o·8 60 "7 
II 60·8 6o·4 s8·6 6o·4 61 ·5 59.·2 6o.·9 
Noon 6I '7 59 '5 57 '4 6o·4 61 ·9 61 ·o 62 "I 
Ip. m. 62'6 59·9 58·3 62 ·o 63·2 6I .• _, •62·3 
2 63·5 6o·9 57•8 62·9 62 ·3 61 ·4 63 ''.l 

·' 63·4 6o·2 58·9 62'6 63·8 61 ·3 64 "I 

4 63"·8 6o·3 59·2 62·8 63 ·6 61 '2 64 ·o 

5 62·0 62 ·o 58·5 63·0 62 ·9 61 ·o. 63·3 
6 59·8 59·0 57·2 62 ·~ 6o·9 6o·o 63·2 
7 54·2 
8 55·8 

9 54·2 
IO 55·8 
II 55'9 
M.idnight 

.4.lmospl1cric moisture al }acks,>11 Bulle, .1Si9-Completed. 

fWet bulb thermcnnder willl l'"ahrenheil .cale./ 

Hour .. Sept. 15. Sept. 16. Sept. 17. Oct. 2. Oct. 3. Oct. 4. Oct. 5. 
0 0 0 0 0 0 0 

1 a. m. 53·0 48·3 
2 53 '9 48 "O 

3 55·6 48·0 
4 52 ·o 48·7 
5 53·4 47 ·o 
6 58·0 56·9 54·5 53 '8 55·0 48·2 
i 60·5 59·0 56·2 54·9 55·0 48·8 
8 64·0 6o"2 58·2 56·0 56·8 56 "I 49·2 
9 63·0 63·7 61 ·9 56·0 59 ·5 56·5 50·5 

IO 63·2 6.\ 'l 6,; ·o 57·9 59·0 58·0 52 ·4 
II 64'5 63 ·3 63 ·o 6o·o 59·0 58·9 54·0 
Noon 64·0 66°0 63 ·2. 6I ·o 6o·o· 6o·5 54·6 
1 p. m. 54 •8 66 ·2 65 '7 61 ·8 60·9 60·6 55 ·5 
2 65·9 65 ·1 62·8 6I ·2 61 ·o 55·3 
3 66"0 65·2 62 ·o 62"0 61 'I 52 ·o 
4 66 "l 65·3 62"8 6o·S 6o·o 49·0 
5 66·0 64·8 61 ·5 61 ·2 57·8 
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• ../.tmospl1eric moisture at ]1ickso11 Eu ft,., 1879-Completed. 

[Wet bulb thermometer with Farenheit scale.] 

Hour. Sept. 15. Sept. 16. Sept. 17. Oct. 2. Oct. 3. Oct. 4. Oct. 5. 

0 0 0 0 0 0 0 

6 62·9 62 ·4 57·$ 54·6 

7 57·0 54·0 

s 58·0 51 ·o 

9 57 ·3 52·8 

IO 56·5 54 ·1 

ll 55·0 53·8 

Midnight 54·$ 51 ·3 

Ro1111d Top, 1879, dircctio11 and ;or.-c qf ll1t' wind a11d stale qf /lie sky. 

[Abhreviatifl11~ used: \\find, c)= calm, 1 = \"ery light, 2 = nioderate . .3 = fr~sh, 4 =strong. 5 = ,•ery str•)ng, 6 =gate. Sky, 
c. =clear sky, clds. =cloud~. cldy. =cloudy, co,•. 1,;i =one-eighth of sky covered by clouds, sm. =smoky, sm. =very 
smoky, ov. =overcast,(!.;_= very hazy, f. =fog.] -

Hour. Sept. 8. Sept. 9. Sept. 10. Sept. 11. Sept. 12. Sept. 13. Sept. 14, 

6a.m. SSW.2 SW. 2 0 0 SE.1 
c. cov.}i c.,sm. c.,sm. c., sm. 

7 " 
8 SE.1 .. SSE. 1 

c. c., sm. 

9 SE. I SSW. I 
c. c.,sm. 

IO S. r S. I SSE. r 
fewclds. c. c. 

II WSW.4 SE. I 
c. 

Noon WSW.4 SSW.2 SE.1 
c. c. 

I P· 111. SSW.2 0 .. 
fewclds. c. 

2 SSW.2 SW.4 SW.2 
cov.}~ c.,sm. 

3 Siii. 

4 

5 SSW.4 
cov. ~~ 

sm. 

6 

i NE. hy E. I 
c. 

8 SW.6 E. I 



UNITED STATES COAST AND GEODETIC SURVEY. 

Round Tcip, rS79, .direction and force c>ftlze wind and state Qf the skJ•-Co:inpleted. 

rAhbre<•iations used: Wind, o =calm, l = ,·ery light. 2 =moderate, 3 - fresh, 4 =strong, 5 = \•ery strong, 6 =gale. Sky, 
c. =clear sky, dds. =cloud~. cldy. =cloudy, co,·.!.·8 =one-eighth of sky. co,·ered by clouds, s:r:n. =smoky. sm. =very 
~mr_ik.y, C•'"· = O\"E:'Tcast. I!_.= Yery ha~y. f. = fog.j - · 

Hour. Sept. 15. Sept. 16. Sept. 17. Oct. 2. qct. 3. Oct.4. Oct. 5. 

I a. 111. Siii. 

2 

J SW.4 

4 

5 
6 ESE. I SE. I NW.2 

c.,sm. C., Sill. c.,sm. 

7 NW.I 
c.,sm .. 

s SE. I SSE. I 
C., SIU. C'., Sl11. 

9 ESE.1 W.1 SSW.2 SW.4. 
c.,sm. c.,sm. c., sm, clds., Slll. 

IO SSE. I S. I 
c., sn1. c., S11J. 

II SSE.1 SSW.1 
few cld;;., sm. 

Noon SSE. I S. I SSE.2 SSW.4 
C., Slll. c.,sm. cov. ~.~.sm. 

~ p.m. E. I W.r SSW.4 
cov . .'+ ,sm. c., sm. cov.J.( ,sm. 

2 NW.r NW.1 S'\V.4 
g ov.,sm. cldy. 
c 

W.I NW.2 SSE. 2 SW.6 ,, ::: .... 
cldy. v COV. '+, Siil. C., SI/I., .. .... 

4 "' NW.I SW.2 Siil. clds. cover 
.§° C., Sill • mountain. 
.... 

NW.2 5 :::: 
';:; 

6 'J WNW.I SSW.4 
,!<: 

COV. ~·~ ,Siii. Siii. 0 ... ::: SSW.6 7 <fl 

.~ ~ " .... 
v 

" SW.6 9 Cl 

IO " SW.5 
c.,sm. 

I I " 
Midnight 
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jad;so11 Buth', IS79, dirt'Llio11 a11d fore<' vf t/1e wind a11d slak c?f llit' sky. 

(Ahbre\•iations used: Wind, o =calm, 1 =very light, >=moderate, 3 ""fresh, 4 =-strong. 5 <= ~·ery.strong,.6 =gale. Sky. 
c. =dear.sky, dds. ==r clouds, cldy. =cloudy, cov. ~~=one-eighth of sky covered by clouds, sm. =smoky, sm. = \•ery 
sn1oky, ov. =Overcast,·~· - very hazy, f. =fog.] · -

Hour. ·Sept. 8. Sept. 9. Sept. Io. Sept. II. Sept. I2. Sept. 13. Sept. 14. 

6a.m. 0 SE. I NE. r SE. I SE. I 0 0 
cov.H,sm. cov. 11~,sm. sm. Ii. SI//,. cov. 1§,sm. Siii. 

7· 0 E. I 0 SE. I 0 " 
8 0 S. I 

few clds. 

9 SW.-I SW. I SW. I 0 

10 SW. I SW.2 5W. I SW. I 

cov. 11. 

II SW.2 SW.I 

Noon SW.2 SW.1 
Siii. 

I P· Ill. SW.2 SW. 2 SW.2 " 
2 W.2 

3 SW. 1 

4 SW.2 SW. I SW. I 
few clds·. Sill. 

5 SW. I SW. I .. 
fewckls. 

6 SW.2 SW. I 0 () 0 0 0 
cov. {r few clds. fewclds, sm. sm. 

7 
8 

9 
lO 

rr 1'-J; l 

M:~dnight 



llNITED STATES COAST AND GEODETIC SUR\'F.Y. 

Jackso11Butte,1879, dirfflio11 a11d forff o.f 111<· <ci11d and staft' o.f Ille skJ•-Continued. 

[Abbre,dations used: Wind, o =calm, 1 = \"ery Hiht, 2 = modernte, 3 =fresh. 4 =strong, ~=very strong, 6 =gale. Sky 
c. =clear slq', clds. =clouds, cldy, =cloudy, cov.~·i =one-eighth or sky covered by c~oncls, sm. =smoky. ~~'· = ''ery 
sn1ok.y, O'\'. =overcast,!.!·=- ,·ery hazy, f. =fog.] 

Hour. Sept. I5. Sept. 16. Sept. 17. Oct. 2. Oct. 3. Oct. 4. Oct. 5. 

I a. 111. SE. I W.1 
c. 

2 0 SW.2 
c. 

3 S\11;". I 

clds. 

4 SE. I SW.I 
c. 

5 SW.I 
clds. 

6 NE.I NE.2. E.2 SW.I SW.I SW.I SW.I 
few clds., sm. .5111. c. c. few clds. cov. }8 . 

7 NE.I E. I SW; I 

f. clds. 
s 0 SE.1 SW.2 SW.I 

few clds. cov. !-;. 

9 0 0 0 SW.3 SW.1 
c. clds. cov. H-

10 SW.1 SW. I SW.1 clds. 
c. 

II SW. I SW. I 
clds. 

Noon SW.2 SW. 2 SW.2 SW.2 
few clds. c. clds. 

I p. lll. SW. 2 SW.1 SW. I SV1'.1 
SI/I. c. cld;;. 

2 SW.I SW.2 
few clds. clds. 

3 
Smoke SW.2 SW.3 
during clds. clds. 

4 after- SW.I SW.3 

,110011. 
cld capped. 

5 SW. I 0 SW. I 

few clds. c. clils. 

6 , . 0 0 

7 N.1 
clds. 

8 N. I 

9 0 0 
c. 

10 0 
clds. 

JI SE. I 
c. 

Midnight " 
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E. DETERMINATION OF HEIGHTS OF PACIFIC COAST STATIONS 
SOUTH OF LATITUDE 38° AND SURROUNDING MOUNT HAMILTON, 
CALIFORNIA. 

I. INTRODUCTION. 

It1 view of the fact that Mount Hamilton (Lick Observatory) is one. of the stations 
connected with the longitudes of the arc of the parallel, the data .and adjustment of 
heights of the stations surrounding the mountain demand to be presented here. The 

No. 19. 

Mc. Thmalpcu.& 

~~~Ro~~.Mc.Diablo t 
\ "\.,. '-..... .. ._T~Mound/ ~~ . 
\ '-, '1--.j ·/ I\\ 
\ "\.,./ \'"'-..( I \ \ 
\ I' \/ '' ....... ' '\ .s \ ',(\ I ......_, \ ~ 

-e \//?Redl \"'-~ I // Hill I \ h 
'"? ~ ---, oc 0 

-. Sier•ra..lt.f"orena -:::::.:::.:: \ \*, \ · 
'-' (Redwood.) -\--/ Mt.Hamikon 

.,... ' ,, I ' 
'-, I · 1/ I I\ \ . 

'-,~It If\\ . 11 \ \ 
LomaPrieta. I I \ \ .............. u \\ ,, ........ ......., ~ \ I I ....., 

\ 11 8011.ta An.a. 

\ \I I 
· 11 / 

\ 11 I 
\ 11 / 

\Ii.Io•~ 
Spim l.<wel, t.ids.wat6r 01· oUier -fbt:ed Btt:<tio,.;s .......................... • 

ZeniV1 di.s<ance4 orsreuio1>11 ...................... _ ........... _ .. - ................. "--

Statute Miles 

IO 0 10 ;io &o 70 80 

accompanying diagram shows the observations: advantage. is taken of the fa<:t that 
station Red Hill" has been connected with tide. water,* making its elevation above 
the half-tide level 57"12 metres ( rSr40 feet). It is also expected that. a somewhat 
improved value for the height.of Macho may result. 

*By A::.~istant R. D. Cutts. in l~fil. 
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ABSTRACT OF REDUCED ZENITH DISTANCES. 

11/,>1111~ Diab(o. Aug~st and September. 1876. Vertic,d Circle, No. 37. Vv. Eimbeck, observer. 
November and December, 1884. Vertical Circle, No. So. F. Morse, obsern:r .. Jul)·, 1892.· Ver

.. tical Circle, No. III. F. "\V. Echnonds.oiJserver. George.Davi"dson, chief of party in 1876-84-92. 

Num- Obsen·ed. Reductio11 Re.-Juc-
her of 1."lbject ub.r.;t"rvhl. zenith to level ti on Reduced.;. P. T. Logs. for eccen- 1ce11t.) days. distance. of station. tricity. 

I·'. ,, 
·'' ,, 

/}//}/. 

~ i\'Iocho, 1876 90 rJj 54·3 + 4 ·7 .-o'j 90 Oj 58·3 661 lj '1 
12 Mocho, 1884 90 07 26·4 +107 -o"f 90 07 36·4 654 II ·o 

9 lVIocho, 1892 90 07 5:i ·9 "T .'i •6 o·o 90 07 58 ·5 663* 21 ·5 
2?. Mocho, mean 90 07 48·6 4 7.~9 :f9 

Loma Prieta, 661 
.. is·9·· 4 1876 9':> ~(.I lS·8 + 3 ·o -o·r 90 20 ~I 'j 

i( Loma Prieta, 1884 90 l<;! 39·0 +: 8·7 -O.'I 90 19 :i1 ·6 654 13·4 
15 Loma Prieta, tnean 9') 19 56 '7 4·933 29 
II Sierra Morena, 1884 90 37 32 'I +rc>'o .-O'I 90 .~7 42·0 654 I .2 ·S 4 798 25 

Mount Conness, 189'.l ~) 12 30·6 + l 'l (J'r) 90 12 31 'i 664"" 19'9 5·358 24 
J[ Mount Hamilton .. top of 

small dome, 18$4 90 (l7 .p·3 + 4·6 -o ·6 (JO C•7 46·3 
:; Mount Hamilton, top of 

small dome, l89a 90 07 4, ·~ . - + o·8 o·o 90 o~ 43 '() 
q Mount Hamilton, top of 

small dome, mean 90 07 45·6 4 ·809 84 

Oh~rvatir;ns in 1876 mostly between 5 hours 15 minutes and S h011rs a. m., ;md between 3 hours 20 
minutes and 7 hours p. m.; in lS84 between w hours a. n1. and r hour p. m; in i892 between 
noon and l hour p. m. 

J1I,>d1•J. September awl October, 1SS7. Vertical Circle, N<:.. Si· P .. \. "\Velker, observer; George 
Davidson, chief of party. 

0 ,, ,, I/ 0 II Ill Ill. 0 

s Mount Hamilton, top of f 89 51 46 '[ +ro6·5 -3·4 89 53 29 ''.l 
small dome I Sg 53 27·5 -14·3 o·o 89 53 13 ·2 

Mean 89 53 21 "2 4 ·227· 98 
J:.) Mount Diablo C,•J"J7 04·3 + I 'O +o·r 90 17 05 ·4 657 24·4 4 '739 49 
6 Mount Tamalpab 9:- ,;S 2I "I + 0·9 +0·1 90 38 22·1 656 n·s 5 ·o:S 32 

1.) Loma Prieta go .17 32 ·3 + 5 'l o·o 90 17 J7 '4 657 2.J.'4 4·681 43 
l' Santa Ana go 23 19·9 + , ., O'O 90 2' 23·2 657 ·24 ·3 4·84.) 05 ·' ·' ,, ·' 
II. Sierra. Morena go 41 17·9 ·+ l ·9 o·o 90 41 r9·8 657 25 ·o 4·826 15 

4 Round 'fop* 90 09 06·1 + •) ·r -0·1 90 09 06 ·1. 654 26·0 ·5 ·277 86 
s Mount Conness 90 03 4.i '2 0·5 -0".:? 90 03 43·5 656 21 ·7 5 '310 4I 

Observations taken between 1 l lwurs rs minutes a. m. and l hour 20 minutes p. m. 

111011111 T<un~dpais. March, is59. 
and October, 1882. Vei·tical 
Davidson, chief of party. 

J[ Sierra Morena, 1882 

7 Moc ho, 1882 

4 ·Rocky Mound, 1882 
2 Rocky Mound, 1859 

Vertical Circle, No. &~. George· Davidson, observer. September 
Cfrcle, No. 1 r I. E. F. Dickins," and J. l~. Pratt, observers ... G. 

/I 0 ·'-' Ill Ill. 0 

90. lj Ol '9 + 2 ·5 -(1"'.2 90 lj 04·2 694 '.ll ·9 4 '795 34 
90 oS 43·6 + 0·4 -0·1 90 08 43 ·9 69:j. 19·5 5·01S "? _,_ 
90 46 Lj. ·4 + 0:4 o·o 90 46 14 ·s .... 
o/J 46 03·3 --rrs ·s o·o 90 46 22 'l 

6 Rocky Mound, mean 90 46 17·2 4·498 lO 

Obsen·ations in 1859 between 2 hours 45 minutes and 4 hours 45 minutes p. 111.; in 1882 between 110011 
ancl 4 hours 30 minutes p. m. 

-·--·--------------
*Result doubtful. 
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Sierra Jlf,,,-ma ·(Redwood)." December, 1883, and Jatmary, 1884 .. Vertical Circle. No. III. R. ·A. Marr. 
observer; George Davidson, chief of ptlrty. 

Nnm- Observed Recluctio11 Rcdnc-
ti on T. ber.of Object obsen·ecl. zenith to le\•el for eccen- Reduced~ P. I cent.) Log.~. 

days. distance. of ::otation. tricity. 

0 II ,, ,, 
" /II Ill. 

II ' Mount Ta·malpais 90 10 46"•1 + 0·5 -to·1 '1"J IO 46·7 704 13"9 4·795 34 
12 Mount Diablo 894951·0 0 ·1 ·+o·.; 89 49 51 ·4 703 L\ ·s 4·798 25 

12 Loma Prieta 89 44 29·0 + 3·4 +0·1 89 44 ,;::? ·5 703 13 •6 4""7:?,; 55 
r3 Moc ho 89 48 32 "::? + 0·2 +0·5 ~9 .:J.S 32 ·9. 704 J2 "7 4 ·~26 I.5 

8 Mount Hamilton, top of 89 40 55·8 4 "7 +•J"5 89 40 51 •6 4 ·774 12 

small dome 

II Red Hill 91 40 44 ·2 ·- 2 ·5 -3·0 91 40 ,;8 "7 4·38S 69 

6~ Rocky !Hound 90 31 :?6 "7 - ::! ·o o·o 90 31 24 7 4 721 s_, 
Obsen-ations between I 1 hours 58 minutes a. m. and J honr 14 minuks p. 111. 

Loma Prida (l\'Iount Bache). February and March, 1884. Vertical Circll'c, No. JI r. R. A. i\farr. 
oh.«erver; George Davi.-l~rJn. chief (of party. 

0 " .I.I !I ·=· " 1111//. 0 

10%1 Mount Diahlo '1"J 18 54·2 17 --l) '2 90 IS 52 ·3 669 r6·o 4 ·933 :?9 
IO Sierra Morena 90 39 II "5 I ·6 0 '(1 90 .39 09 ·9 668 16"4 4 ·723 55 
10 Mocho 90 04 40·6 3·5 -0·4 9'J 04 36 "7 669 15 ·s 4·6S1 43 

9% Mount Toro 90 r9 18·9 I 00 +0·2 90 19 18 "I 4 ·83_; 86 

II Santa Ana 90 16 29·8 ' 0·3 -0·2 90 r6 :?9"9 4 "7i0 63 T 

5 Mount Hamilton, top of 89 52 08·4 -13·4· -07 ~9 51 54'3 4·494 46 
small dome 

Obsen·ations between _11 hours 50 minutes a. 111. and l hour 4 minutes p. m. 

Jlfo1wl Toro. January and February, 1885. Vertical Circle, No. So. R. A. Marr and F. Morse, 
cibservers; George Davidson, chief of party. 

0 " /I I! 0 mm. 
12 Loma Prieta .90 11 38 "I + I • I +0·3 90 II 39·5 4·S33 86 
II Santa Ana 90 IO 44"4 + o·S o·o 90 IO 45 "2 4 731 16 

5 Moc ho 90 18 o6 "6 0·9 +o·:i 90 18 05·9 5·024 OJ 

9 Mount Hamilton, top (of go 12 17 "7 4 ·.; +o·'.! 90 I2 13 •6 4·957 02 
small dome 

Obsen:ations between noon and .1 ·hour p. m . 

.S1.1nl1.1 • ..J11<7. November and December. rSS5. Vertical Circle, No. So. E. F. Dickins and F. Mors~. 
· observers; G. Davidson, chief of party. 

0 // " ,, ~ ,, 1J/ Ill. 

II I Loma Prieta 90 IO II "I + 2 "I +0·1 90 IO 13·3 4·770 63 
II Mount Toro 90 r· 17 ·5 + 0·3 -0·2 90 l • r7·6 4 ·731 16 

·1 
.) _, 

Il Moc ho 90 08 ,36"8 I "7 +0·2 9C' oS 35 ·3 4·843 05 
6 \ Mount Hamilton, top of 

· small dome 90 02 41 ·9 - 5·4 +0·2 90 02 36·7 4 ·782 49 
Obsen·ations between I l hours 50 minutes a. 111. and r hour 5 minutes p. m. 
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Rocky Aft>/111d .. .June, 1885. Vertical Circle, No. 8o. F. Morse, observer; George Davidson, ('.hief of 
party. 

Ntnn- Observed Reduction Reduc· 
ti on T. krof Object obs~rvecl. zenith to level for eccen- Reduced~ P. i_cent.) Logs. 

clays. distance. of ~tntion. tricity. 

0 ll ·" ,, 0 ll ///.Ill. 

4 Monnt Tamalpais 89 27 33·2 2·6 o·o 89 27 30·6 4 ·498 IO 

4 Red Hill 90 41 36·0 -- .3 ·2 o·o 90 4 J 32·8 4·590 91 
Sierra Morena 89 51 23·7 I "2 Q'(I 89 51 22·5 4·721 83 

Observations between 11(•011 anrl r hour p. 111. 

R<d Hitt. Jun", 1~':i5. Vertical Circle, };u. !";o. F. l\loro;e, observer; George Davirl.son, chief of 
µarty. 

0 " !/ !/ 0 Jll 111. 0 

3 Sierra Morena SS 29 45·4 2 ·4 o·o 88 29 .J,; ·o 4 ·388 69 
2 Rocky Mmm·.-1 89 36 o.<; ·9 2 •6 o·o 89 36 06 ·3 .j ·590 91 
2 Mount Tamalpais 89 31 27 ·o -· I .• 

.) o·o 89 ... ;1 25 "i 4 782 o6 

J. COEFFICIENT OF REFRACTION. 

The coefficient of refraction and its weight for each line where there were reciprocal 
zenith distances were computed by the usual formnlre-

p si 11 I" ,. _ 11,Jl 
11 

~0 

m = 0 ·~ - ---· ( '- + ~ - 180°) and p = 
11 

+ 
/1 

• ro'o 
· " 2S ~ 1 11 

, u 

with the following results-

Stations. /II. I'· 
1\iount Diablo to Mount Tamnlpai>' 0·077 r ·.".\5 
Mocho to Mount Diahlo ·oSo 2. 20 

Mocho to 1\iounl Ta1~1alpai~ ·081 .3 ·52 
Mount Diablo to Sierra l\'lore11a ·094 2"26 

:Mount Tmnalpais ti:> Sierra i\iorena ·0<;7 :? • ~ 5 
Mocho to Sierra Morena ·086 :! ·67 
1Vfount. Diablo t•:> Loma Prieta ·081 4·55 
Mount Tmmtlpais to Rocky Monnrl ·093 0·24 
Sierra i\for.,ua t<~ Rocky l\:Iound 'J(>I.) 0·~4 

Sierrn Mort:ua to Re<! Hill ·107 o·q 
Rock~· l\fom1.-J to Red Hill ·0';1 0'20 

Loma Prieta to Sierra Morena ·085 J ·53 
i\'Iocho to Loma l'rieta ·071 I '26 

l\-Iocho to Santa Ana ·075 2·89 
I,oma Prieta to Santa Ana ·079 I ·91 
1.oma Prieta to Mount Toro ·o.'30 ·2 ·47 
Santa Ai1a t() Mount Toro ·0% J ·6o 

\Veighted mean 0 ·.:'82 

This mean value was used in computing the difference of height of tw'o stations 
when the zenith distance was obser\'ed at only one of them. 
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-1-· COMPUTATION AND ADJUSTMENT OF DIFFERENCES OF HEIGHT. 

The tlifference of height of two stations at which the reciprocal zenith distances 
\;, i;., were observed and its weight were computed as usual by the formulae-

_ _. • 1 .,,. r [ _!_ '11 + ltu --~- 1 • J . _ )l•Jlu· . 10
1•) 6_11-11.,···-·11,---'tan,,(,.,-.. ,.) r, 

1 
+ .• -, ...... am.If>-. , ., 

· -/J 12/J >11 I Un S 

\Vhere only ont:: zenith distance was observed. a value for the coefficient of refraction 
was assumed and the formulae-

l -- '2111 I" --· Ill . )0 l II J010 

6, /1 = s ci)t ~ +----;--,,. s-;: --1- -
1
,, - -".!cot~ -t- . . . . . anc /> = -- . -

" , . 4 s• 

were used. In tl~e following table of differences of height the first t 6 results are from 
reciprocal zenith distances, the others from one zenith distance only. 

'The method of ··direct observations'' was 1ised in adjusting the differences of height. 
As may be 'seen from the sketch, ten stations are involved, of which the heights of three 
are fixed-Mount Diablo and Mount Tamalpais by the previous adjustment and Red 
Hill from spirit levelin~· by Assistant R. D. Cutts in 185:?. The heights of tht::se three 
stations .and the assumed approximate heights of the seven others are as follows: 

Mount DialJJ.:, 

Mount Tamalpais 

Red Hill 

Sierra Morella 

Moc ho 

Rocky Mom11l 

Statioi1s. 

Mocho tu Motmt Diabln 

Mocho to Mount Tamalpai;; 

Ill. 
I 173 ·10 

790 ·74 
57 ., ~ 

736+.1·, 

I :!-IX+.1·0 

-1z9..;.X3 

6_11. 

Ill .. 

74. JI) 

-149 ·71 

Mount Diahlr.o to Sierra Morena 437 ·:;6 

Mount Tamalpais to.Sierra Morena 57 ·13 

Mucho lo Sierr:.i More;rn 514 ·5~ 
Mount Diablo lo Loma Priebt 

:Mount Tamalpais to Rocky Mouncl 

Sierra i\lorena to Rocky Mound 

Sie1·m Moreua to Re1.l Hill 

R•.•cky i\-lnuml to Red Hill 

Loma Prieta to Sierra Morena 

l\focho to Loma Pi-ieta 

l\iochn to Santa Ana 

Ll•llla Prieta to Santa Ana 

Loma Prieta fo Mount Toro 

13 ·39. 

360·;9 

306·92 
679.·S3 

371 ·11 

420 ·,13 

g:> ·90 

149 ·9~ 

SJ ·tq 

7.5 ·S4 

111. 
Loma Prieta J i5i+x. 
Santa Amt I 101+.i-5 

Mount Toro [ 081+.i-. 

Mount Hamilton (top ~·f L 199 -~-.l-7 

small dome ) 

/'· l t . . AdJ"u,;ted Discre1)-0 Jsen·a 1011 <::quatwn. 
6_/1. ancy. 

:.?4 ·2. . o=+ o ·80-;.1·-;t 

... ~ ·o o==+ 7 ·55+.1-z 

q·6 

q·i 

IJ :3 

~ ·-1 

., .. ·- ... ., I 

I~.' - _, 
15 ·s 
I I "4 

lJ=+ ("> ".'.?6+.i·I 

O=-t- ? ·39+.1·, 

o=+ ~ ·52+.r,-.1·-= 
.o=-T- .271-.1·4 

o=+- o ·95-.1·3 

o=+ o ·os+x,-.1·3 

rJ=-T- O "7i+-r3 

o=+ o ·57....:...1·1+.1·4 
0=-+- 0 ·10+.1·2--1°4 

o=+ i ·9S-~r2+.t~5 
o=+ l ·16+.1·4-X5 

o=+ o · 16+x~ -x,; 

Ill. 

74·98 
457 ·34. 

4,~7 ·17 

s4·Sr 

51~ ·15 

15 ·6-1 

361 ·~9 

306·-1S 

678·81 

421 ·53 

9'J ·62 

146·p 

56 ·10 

76 ·30 

Ill. 

o·S:-; 

7 ·6._; 

I) "J9 
.., .... .., - ,,_ 
., ..... 
- ._"'Ii 

0·44 
T ."( 2· 

I "22 

I "JO 

3·26 
2 ·26 
0·46-
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p1/k1~·11a·s •?f hc~~hl a11d n•.rnlth1l{ obscrmlitm eq11alio11s- -c;ompleted. 

Stations. 6'1. p. Observation equation. Adjusted Discrep-
b,.'1. ancy. 

/)/. Ill. ill. 

Santti Ana to Mount Toro 19·90 19 "(l o=-+- o ·ro+.1-5-.1·6 20·20 0·30 
l\fount Tamalpais to Red Hill 743 ·61 I ·4 733 ·62 (9·99) 
I".foclto to Mount Torr, 177·96 1 ·1 o=+ w ·96-x2 +x6 166·92 II ·04 
Mount Hamilton to·Mount Diablo 127·9S s ·4. 0=--1- 2:05-x7 125 77 2 ·21 

llfonnt Hamilton to llfocho 51 ·45 70·0 o=-+- o ·45+x.-x, so79 ·o ·66 

!.Iount Hamilton to Sierra Morena 562 ·31 57 O=--!- 0·69-x,+.i-, 562·94 0·63 
Mount Hamilton to Loma Prieta 137 ·51 12 ·s o=+ 4 ·49-.r.,+.r, 141 ·4r 3·90 
Mount Hamilton to Mount Toro 2.Ij ".'.?T > ·-- I o=+ 079-x.;+x, 217·71 0·50 
Moimt Hamilton to Santa Ana r95 ·o.; 4 ·1 o=+ 2 ·97-.rs+.i-, 197 ·51 2·4S 

The solution of the normal equations formed from the :i}bove observation equations 
gave· the foUowing- corrections to the assumed ht:igl1ts: 

.1·1=_:_ ·cq 

-1'2=+ ·oS 

Xi=-- "4.5 

x,=+·46 

hence the resulting heights-

1\ldn.·~. F~d. 

Sierra Ivlorena 735 ·9 or 2 ,_p4 

l.VIochc:. I 24:-; ·r 4 095 
Rocky Mound 429·4 l 409 
Loma Prieta I 157 ·5 3 798 

x,=+ ·36 
X.;=f- "16 

.r,=- ·13 

Santa Ana 

Mount Toro 

J.l!r:trt"s. Feet. 

I IOI ·4 or 3 614 
I 0S1 ·2 3 S47 

Mount Hamilton, top of I· 298 ·9 4 261 

small dome 

In a letter from Director Holden the height of top of the small dome above the 
marble floor of the Lick Observatory is stated to be 40 feet 4 inches (r::?·3 metres); 
hence the height of the marble Boor is I 286"6 metres, or 4 2.:?I feet. 

In the table of differences of height, the last two columns contain the adjusted 
values ai1d ·the differences between them and the values resulting directly from the 
observations. 

F. DETERMINATION OF HEIGHTS OF STATIONS OF PRIMARY TRI
ANGULATION ACROSS THE SACRAMENTO AND SAN 

JOAQUIN VALLEYS, CALIFORNIA. 

I. lNTRODlTCTION. 

The difficulty experienced when a.ttempting the determination of heights on the 
crest of the Sierra Nevada by means of zenith distances measured over the long lines 
spanning the great valley of California rendered it necessary to supplement the older 
measures. This was done in the summer of 1898, by strictly simultaneous reciprocal 
measures over shorter lines, along which the variations of refraction are less injurious. 

It was noted that the nearer the terminal stations of .a line approached the ocean 



TRANSCONTINENTAL TRIANGULATION-J.'.'ART II-HEIGHTS. 305 

the greater was the refraction, and that ii1 the diurnal variation the hour of the minim nm 
refraction occurred in the forenoon for coast stations, bnt in the early afternoon for 
stations in the interior. Apparently, also, a great difference in 'the angle of refraction 
was shown to subsist at the lower and upper statio11s in the Martinez East and Mount 
Diablo experiments, where the combination with spirit leveling enabled. us to determine 
this difference, subject, however, to any effect of the local defle::tion cf the verticals of 
the stations in the plane of the measures. 

-~£i.Lol4 -- ---- ..,,,.,, ----- .,,,,,,,,,._,,.,,,. // 
. . -------- . _,,,,,,.,..,.,..,,.,,,,. . // \ 

Nort;h, Meuyavtlle Bt<tte-,g::::::: .,,..,- // \ 

"."I/I ........... ,.,.. /; \ l // 1/f: - ........ .,,..,,.,.. // \ 
// ........ - // \ / I ,.,..,.,.. ........_ // 

/ I I / ......... \ 
/ I l-- I/ . .................._/I \ 

/ /.,,'/ I . /}........_ \ 
. / _,......-, I f I ......_ \ 

:/. __.. I LJ1 . / / -......_ 
~__::__l_f __ _L_=-==-=---:=-=-= ./AwI!_m___ ---~' 

---o.=+= -~=-=-- ~= ---- Round 70 Nt.Ileleruz. llfontk:ello lofo.N.rv. ---~/ / \ -- ----- 'P '1 ~// ,?' I I l&l<>&E.' ::.ac;amenro \ // / \ . 

I --1'--- //// \ ~:::::..??// \ 
Toca........- . / / \ hy / . \ 

I / / /'6-"JacA.-.w1L Bu:trs \ 
I // __.........- / \ 
I // .-_,,,,. / \. 
I // _,,,,. / \ 
I ,// _,,,,..,__,,. // \\ 
I /./ / / 

t ./:_.-/ // -- -------~_.:!!1!::._Cbn~ 
Mt..I>iabl..o~-------7-- ---

/ --
/ --

/ --
/ --

/ ---
/ --

/' --Jl.focho ~-

Sp-ir'-':. "len,.l, 01' othe1· l1xer'(. &t.ct.tiona .................................. • 

Zend.h, d.:..~ixv<eeB or atar:ions ..................................... --.. 

Srn.1.ure :Miles 

10 10 

If, further, we reflect that the resulting zenith distances, _as tabulated, were taken 
mostly at different hours of the day, in different months of the year, and in different 
years, with only the new ( 1898) measures simultaneous; it does not seem surprising 
that it became necessary to exclude the resulting differences of height over the several 
lollg lines across the v~lley which rai1ge up to 229 kilometres or 142 statute miles. 
Comparing results over these long lines from the above compiled reciprocal measures, 
with results derived from observations at one encl of a line only, the relative weights of 

18732-No. 4--20 
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the latter are not so much inferior as would appear at first sight: due weights were 
given as shown farther 01:1. The effect on the Yalue of the difference of height from 
local deflections of the verticals is, in general, within the uncertainty of the measures of . 
zenith distances, which can hardly be depended upon within about 10 seconds, while 
the local deflections do not ordinarily reach half this amount. Neither local deflections, 
so far as known. nor the effect of an omitted terri1 in the formula for computing heights, 
involving the difference of refraction at the upper and lower station, as far as this could 
be ascertained. could be made to produce any closer results. 

The process of reduction actually followed is as follows: \.Vith reference to accom
panying sketch of the lines and measures involved, the height of the central station, 
Pine Hill, was first determined. . There are 6 lines to it from stations of fixed height, 
of ·which the two long and one-sided lines from Mount Helena and Mount Diablo were 
excluded, and less weight was given for the one-sided line from Yolo Base Northwest. 
The weighted mean of the 4 determinations was adopted. Similarly the weighted 
results from the S lines to Marysville Butte (omitting the two long ones) were com
bined. The average value of the coefficient of refraction for the locality was used; 
then followed the ascent to Jackson Butte, Round Top &nd Mount Lola, where a ch~ck 
was had from spirit levels of the railroad to. Truckee and thence to Mount Lola.· The 
difference in height between the valley stations Pine Hill and Jackson Butte and the 
mountain stations Round Top and Mount Lola is so great (over ;woo metres), that it 
became necessary to retain in the formula for computing the difference of height the 
term depending on the differeut values of the refraction at the upper and lower stations. 

:::. ABSTRACT OF REDUCED ZENITH DISTANCES. 

Sv1d/1e·ast Yolo Bas<'· August, rSSo. Vertical Circle, No. &>. E. F. Dickins, observer; George 
Davidson, chief of party. 

Nun1-: I 
berol Object obsen•ed. 

clays. I 
6 Marysville Butte 

Obsen·ed 
zenith 

distance. 

o I II 

89 49· 20·4 

Reductiou Reductiou 
to level e~~;n- Reduced ~-
of fr.. tricity 

II 

-4'0 
II 0 " 

-o·S 89 49 rs·6 

P. T. Logs. 
(CE:n.) 

mm. 0 

7SI 32·4 4·876 60 

. Observations mostly between 2 hours 30 minutes and s hours 30 minutes p. m. 

1Vortii.w<'sl J "olo Bast'. August and September, rSSo. Vertical Circle, No. So. J. J. Gilbert, observer; 
George Davidson, chief of party. 

S I Pirie Hill 
I I Marysville Butte 

O / /I 

s9 SI n ·s 
89 38 29·2 

" 
-0·8 

-0·8 

0 II 

-f-0·1 89 SI II "I 

-0·2 89 38 28·2 

1/l Ill. 

7S4 32 "7 

7S3 33·6 4•767 9S 

. Obsen,ations mostly between 2 hours and s hours 30 minutes p. m. 

1lI011ticd!o. October, 1SSo. Vertical Circle, No. So. E. I~. Dickins, observer; George Davidson, chief 
of party. June, r898. Vertical Circle, No. So. F. i\:Iorse, observer and chief of party. 

0 I II II II 0 II lll 111. 0 

8 Marysville Btttte, 18So 90 30 II "4 +0·2 o·o <JO 30 II ·6 682 IS ·3 4·833 70 

7 Pine Hill, 1SSo 90 33 37·4 o·o -t-o·I go 33 37·s ~82 18 "I Not used 

7 Pine Hill, 1898 90 34 17·s -2·0 o·o go 34 IS"5 682 22·1 s ·019 41 

Observations in 18So mostly between 2 hours ands hours 30 minutes. p. m.: in 1898 between IO hours 
30 minutes a. m. and 4 hot\rs 30 minutes p. m. 
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I'ac,1. November, 1880. Vertical Circle, No. So. E. F. Dickins, obsern:r; George Davidson, chief of 
party. June,'1S9S. Vertical Circle, No. So. F. Mors<:. observer and chief of party. 

Nnm· 
her of 
days. 

:1 
6, 

Object observed. 

Marysville Butte, 1880 

Pine Hill, 1SSo 

Pine Hill, 18c)8 

Obsen·ed 
• ?.enith 

distance. 

0 ,, 
90 25 03·6 

90 26 30·5 

90 27 05·6 

Rednction Reduction 
to level for Reduct::"1l ':J·· 

of~- ~~~r:~;. 
P. 1'. Log;. s. (Cent.) 

" 
,, 0 l' 111111. 

+::i·3 -0·2 9<) 25 o,~ 7 701 q·4 4 ·977 57 
+o·r -o·r ~)O 26 30 ·5 700 16°0 Notusecl 

-:.'.!'O o·o 9C' 27 03 ·6 699 24 ·s 5 "OTI 71 

Observations in 1SSo between I ·hour and 4 hours 3ci minutes p. m.: in 1898 between. 10 hours 30 
minutes a. m. and 4 hours 30 minutes p. m. 

JJ/01mt Diab!v. August and September, 1876. Vertical Circle, No. 37. \V. Eimbeck, observer; George 
Davidson, chief of party. July. 1892. Vertical Circle, No. 111. F. Vv. Edmonds, observer·: Ge<:•rge 
Davidson, chief of party. 

0 ,, II ,, 0 ,, 111111. .::•. 

s Round Top, 1876 90 "06 57 ·4. . +2"9 -I "l 90o659·2 662 r7 ·3 5 ·275 46 

6 Marysville Butte, 1876 90 45 37·S +3·6 o·o 90 45 41 ·4 662 16 ·r 5 ·167 94 
6 Mount Lola, rS76 .90 25 07 "6 +2 ·3 -0·6 90 25 09 ·3 66~ 16 '2 5 ·339 86 

3 Pine Hill, r876 90 4.3 25 ·r +4'4 -0·3 90 43 29·2 662 15 7 5 '09(• 55 
Mount Conness, 1892 90 12 ,30"6 +1 'I o·o 90 I2 3 l '7 664 19·9 5 ·358 24 

Ohsei:vations in 1876 mostly between 5 hours 15 minutes an.d S hours a. m., and 1Jetween 3 hours 
20 minutes and 7 hours p. m.; in 1892 about 12 hours 15 minutes p. m. 

Jlfodw. Septeml)er and October, lSS7. Vertical Circle, No. 57. P. A. \Velker, observer; George 
Davidson, chief of party. 

41 Round Top 
S Mount Conness 

0 " 
900900·1 

90 03 44·2 

'l 

+0·1 

-0·5 

" 
,, Ill Ill. 

-o ·1 9') 09 o6 ·1 654 26 ·o 5 ·277 S6 

-0 "2 90 03 43 ·5 · 656 ~I 7 5 ·310 41 

Ob;;ervations between 11 hours 30 minutes a. m. and 1 hour 20 minutes p. m. 

11101111/ Hclma. October and November, 1876. Vertical Circle, No. 37. \V. Eimbeck, observer 
George Davidson, chief of party. 

0 .n " ,, 0 Ii Ill/II. 

4 Mount Lola 90 24 27 7 +0·9 +0·3 9'J 24 2S·9 654 r r ·s 5 •330 16 

s Marysville Butte 90 46 q·6 +~ ·2 o·o 90 46 16·S 652 . 9 ·r 4·965 06 

9 Round Top 90 2,3 56 ·4 +0·9 +o·6 90 2,~ 57 ·9 652 s .. 
·' 5·36o 02 

6 Pine Hjll 90 48 2o·S +1 ·5· +0·3 90 48 22·6 654 w·S s ·155 48 
Observations mostly between 6 hours 40 minutes and 9 hours a. m., and between 3 hours 30 minutes 

and 5 hours p. m. 

Sacmmmlo. May, 1898. Vertical Circle_, No. So. F. Morse, observer and chief of party. 

0 " " " " Ill Ill. 

9 I Pine Hill 755 22 "!'i .\ .. :;.=.:< :::3 

Observations between JO hours JO minutes a. m. and 4 hours and 30 minutes p. m. 



UNITED STATES COAST AND GEODETIC SURVEY. 

Phi.- Hiff. i\fa~· and June, 1898. Vertical Circle, No. 100. J. J. Gilbert, ohser~·er aml chief of party. 

Num- Ol:>sen·ed Reduction Reduction 
bc:r of Ohject ohsi:r\"o::-d. zenith to le,·el for 

Reduced~. P. r Log. s. , 
days. distance. of,,\. eccen- (Cent. l 

tricity. 

" " " 0 . /.' 711111. 

5 I Jackson Butk 90 06 Ol '3 S·3 o·o 90 05 53 ·o. 706 25 ·s 4·683 27 
JO I Sacra1nento 90 53 35·8 +163 ·3 o·o 90 56 19 'I j05 JS'8 4 ·668 ?' 

__ , 

6 Vaca 90 :=?O 16·$ l ·9 o·o 90 20 14·9 j06 ::6·S 5 'OII jI 

i Monticello 90 I4 IO".:? I ·9 o·o 90 I4 0S·3 707 26 •fi 5 ·019 41 

5 Mount Lola 89 05 3o·S l ·S o·o 89 05 29·0 704 31 ·9 4·9Sr 99 
I7 Round Top SS 39 I4 ·~ 5 '.:? o·o SS 39 09·0 70i :q ·4 4·936 02 

Obs.::rvations between 10 hours 30 minutes a. 111. anrl 4 hours 30 minutes p. Ill; 

Jackson Eutte. September and Octob.::r, rS79. Vertical Circle, No. 11 r. J. F. Pratt, obsen·er: George 
Davidson, chief of party. May, 1S9S. Vertical Circle, No. 8o. F. Morse, obsen•er and chief 
of party. 

/I 0 I' 1111/Z. 

q Round '.fop". TSj9 SS 20 02 •6 701 :q ·9 4'Ss9 57 

7 Pine Hill, 1S7q 9'l 16 ,+9 ·4 -l "•) (I "0 90 16'48·4 

·I Pine Hill, 1S9S 90 16 53 ·9 -5 '4 o·o 9'J 16 4S·5 701 .?5 ·s 
II Pine Hill. mt:an 90 16 4S·4 4·6S3 27 

Obsen·ations in 1879 •:On Rounrl 'f1;p at all hours: on Pine Hill between JO hours J7 minutes an<! 10 

hours ·~6 minutes a. m.: in rS9S between 10 hours 30 minutes a. m. H1111 -1- honrs 30 minutes p. 111. 

11lv1111t L<'l<t. July, 1S79. Vertical Circle, No. So. ]. F. Pratt, (•bsen·er; George Da\"illson, chi··f of 
party. Jun<:, 1S9S. Vertical Circle, No. So. F. i\Iorse. obsen·er and chief of party. 

ll ,, 111111. 

IO Pall Rah. rSj9" 90 31 24·S -0·3 -··O"::? 90 31 24·3 547 12 ·6 4·936 44 
IO .i\fotint Diablo. 1879 ~H I6 15 '5 -0 '4 +0·1 9r 16 rs ·2 546 8·9 5 ·3,;9 86 

D Mount Como, lS79 9') 22 53·3 -1·0 +o·s 90 '" 52·s 546 1~·5 4"9.5 1 So 

IO Mount Helena, 1879 9r I' _, 19 ·1 -0·3 (I '0 91 I' _, 18·S 546 7 '9 S · ... t_,o 16 

9 Marysville Butte, 1879 91 27 44·5 -0·5 -(1"1 9i 27 43·9 546 10·2 5 'J•)/ 30 

ll Round '.f•)p, 1S79 90 07 24·9 -0·6 +o·6 90 07 24 ·9 546 1.,. . ., -1- ·959 2:? 

IO Pine Hill, 1879 91 40 ::?l ·9 -0·5 -0·3 91 40 21 ·1 546 12 "I 

5 Pine Hill, 1S91:\ 91 40 37 "). _., ... - ,, o·o 91 4·=· 34·9 548 16°3 

.15 Pine Hill. 111t:an 91 40 25 "7 4·9S1 99 
Observations in lS79 between 5 hours :!O minutes and 9 hours a. 111., and between 3 hours and 6 hours 

25 minutes p. 111.: in 1S9S between JO hours 30 minutes a. m. and 4 hom·s 30 minutes p. m. 

JIIau11t Gm11ess. August and September, 1890. Vertical Circle, No. :'So. J. J. Gilbert and I. \Vinston, 
observers; George Davidson. chief of party. 

4 

I 7 

0 II " II 0 " 111 Ill. 0 

Mount Diablo 9r 32 59 ·2 + 67 '5 --I":.? 91 3-l 05 ·5 

Mount Grant 90 3-l 04 ·1 +189·1 o·o 90 37 l" . ., _, -
Observations hetween 11 hours 50 minutes a. m. and 12 hours 50 minutes p. m. 

*See discussion of special ob:;en·ations for diurnal ,·ariation t:.1f refractic..n pp, 2So-~9f). 

5 ·.:;58 24 

4·910 91 
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Round Top. August, September, and October, 1879. Vertical Circle, No. So. J. J. Gilbert and J. F. 

Pratt, observers; George Davidson, chief of party. 

Num- Obsen·ed Reduction Red;~crtio.i 
ber of c)bjc:::d obst:rved. zenith to le\'el eccen- Reduction ~- P. l' Log>. 
days. distanct:'. of d,. tricity. (Cen.) 

0 I II ,, II 0 II 111111. 0 

:~I 
Mount Lola 90 36 oo·S -0·2 +0·2 9) 36 oo ·8 524 J::! ·1 4 ·959 :22 

Mount Como 90 38 13 ·6 -2 ·3 +0·3 90 38 I I '6 526 12 ·7 4 ·782 38 

19 Mount Grant 90 16 45 7 +o·8 +o·r 90 16 46 •6 516 12 "7 5·024 71 

20 Mount Conness S9 59 36·4 --1 '7 -0·1 89 59 34·6 515 12 '::! 4·989 I" ·' 
q Jackson Butte" 9.? 13 54·8 526 9 'l 4·859 57 

16 Mount Diablo 91 20 17 ·6 o·o o ·o 91 20 17'6 523 6·8 5·275 46 

7 Mount Helena 91 20 36 •6 o·o o·o 91 :20 36·6 52r 4·6 5·36o 02 

lS Pine Hill 92 or 30·8 +0·3 +0·1 92 OI 31 '2 524 9·2 4·936 0.? 

9 :Marysville Butte 91 30 34 "l o·o o·o 91 JO 34 "l 522 s·r 5 "2:?/ 52 

16 Moc ho 9r 19 05·2 +0·2 o·o 91 19 05·4 524 6·8 5·227 86 

Observations between 6 hours 20 minutes a. m. and 6 "hours 30 minutes p. m. 

3. COEFFICIENT OF REFRACTION. 

The coefficient of refraction was computed as usual by the formula-

p s1n r" ·r + ... . 0 m = o · 5 - _ . ( : , ':II - I So ) 
~ ~ . . 

• . II II S
0 

• • 

and its we1g-ht bv p = '+ II --..,.with the followmg results: 
- · It II IO . 

1 " 

Stations. 
Ill. f. Stations. 

Ill. f. 
Mount Helena to Mount Lola ·076 13 'I Pine Hill to Vaca 'Oj:J. ...... -
i\fount Hele11:1 to Round Top ·076 20 ·7 Pin~ Hill to Jack5Cln Butte ·064 o.::3 

i\lonnt Diablo to Mount Lola ·070 lS·o Round Top to Pine Hill ·062 6·5 
i\'.Iount Diablo to Round Top ·070 19·0 Mount Lola to Pine Hill ·057 3 ·s 

·i\'.Iount Diablo to Moimt Co1111e,;s ·o66 4 ·2 Mount Lola to Round Top ·05S s ·s 
Pine Hill to Sacramento ·071 l "O Round Top to Jackson Butte ·057 3"7 

Pine Hill to Monticello ·070 3·8 

They are divided into three groups according as they are derived from lines extend
ing across the valley, in the valley or up the slope of the Sierra Nevada. As noted in 
the preceding discussion of heights, these results show a continuation of the decrease in 
m as we recede from the Pacific coast . 

.:j.. DIFFERENCES OF HEIGHT AND THEIR ADJUSTi\IENT. 

The formula used for computing differences of height from reciprocal zenith 
distances in the preceding parts of this paper is based on the assumption of equal 
refractions at the two stations. It was recognized that in fact this is not the case even 

*See discussion of special ohsen·ations for diurnal ,·aria lion of refraction pj:i. :So-~96. 
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for strictly simultaneous observations, and the change in refraction going from the 
Pacific coast inland was especially noticeable. It was. evident, however, that lc:ical con
ditions had a powerful effect upon the refraction, and it seemed best, as usual, to trust 
to the' adjustment to correct for the assumption of equal refractions where in reality 
they were unequal. The same plan has been followed here except for the three lines 
Pine Hill to Mount Lola, Pine Hill to Round Top, and Jackson Butte t.o Round T•Jp, 
extending from the valley to the top of the Sierra N evacla. These lines are long and 
the effect of even a small difference of refraction· is quite marked. A fair estimate of 
the difference. may be obtained by C0~11paring the values Ol 111 between statiOlJS in the 
valley \vith those derived from line~ in the mountains. ·For these three lines the formula-

. . _ . m - m s'J 
,6,, /1 = /1 - h = [s tan r .. ~ ( '- - C l +-'--" · -

l II I ... ·• '"'l -11 2 p [ I+ /11 + h,, +~--+ ..... ·] 
':!f) 12p-

was used, adopting for ( m,· - m.,) the value - 0·005. 

The relative weight was computed from the usual expression f = 11+/lq 
- 11, 11,, 

\Vhere the zenith distance was observed at only one end of a line, the difference of 
height was computed from the formula- . 

-1h = scot r:; + 1 
-

2111 
• s0 + 1 

- ''!_ ~0 cot" <;; + 
2p p 

for which a value for m was assumed, depending in each case 011 values derived from 
lines similarly situated. 

R.·.w!H11g rlijj~n·11,,·s <~l l1dglit. 

From reciprocal zenith distances: 
I 

From one zenith distance: 

Stations. Lh. p. Stations. ::J1. /'· 
Mount Lola to Mount Helena I 519·64 o·6 Mount Helena to Pine Hill 666·87 0·7 

Round Top to Mount Helena I SSS ·,q o·S lVIonnt- Diablo to Pine Hill 557·73 0·5 

Mount Lola to Mount Diablo I 626 'II o·S Yolo Ba~e NW. to Pine Hill 578·60 3:5 
Ronn~l-Top to Monnt Diablo :! OJI ',U 1··5 Mount Helena to Marysville Bntte 6$1 ·17 2 ·4 

Round Top to Mocho I 93 I \)() . 0·9 l\fount Diablo to l\farysdlle Butte 525 ·01 I) "7 

Round Top to Mount J_,ola 37S·S6 S·4 Yolo Base NW. to Marysville B11tte 598 73 s·o 
Pine Hill to Sacramento 617 '49 2I ·S l\fonticello to Marysville Butte 2S5 ·s .. ' 4 .• .., 
Monticello to Pine Hill 3o6·05 3·2 Vaca to Marysdlle B11tte ~'q ·09 2·2 

Vaca to Pine Hill IOI '79 2 ·s Yolo Base SE. to Marysville Butte 617·25 :! ·fi 

Jackson Butte to Pine Hill 76 ·63 q·S l\:Ion1it Lola to Marysville Bntte '.! 131 ·91 I '4 

Ro1111d Top to Pine Hill 2 538·79 II '8 Round Top to Marysville Butte 2 ·HI '7l o·S 

Round Top to Jackson Bntte 2 46o·o5 13·4 Round Top to Mount Co1~ness 672 ·02 5 .__, 

Mount Lola to Pine Hill 2 159'43 4 'I Mocho to Mount Conness :2 526 ·15 0·5 

l\fount Conness to Mount Diablo 2 708°18 0 ·2 
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As already stated, the long lines stretching across the valley give t()Q discordant 
results to be used, and the heights of Mount Lola and Round 'l'op are made to depend 
entirely upon t.he intermediate station, Pine Hill. For its height we have six values, 
two of which are ,·ery doubtful and are therefore rejected. 

L/1 h 
111. m. Ill. p. 

From Sacramento IO ·57+617 "49 = 62S ·06 21 ·s 
From Monticello 932 ·39+306 ·05 626·34 3 ·2 

From Vai:a 729 ·75+101 ·79 627 ·96 2·8 

From Mount Helena 1 32:i ·oS-666 ·S7 655 '21 0 "71 . 
From Mount Diablo 173 ·10-557 ·73 615 ·37 

(reJeCt. 
I o ·s 

From Yolo Base N,V, 46 "66+578 •6o 6:i5 ·26 3·5 

'Veighted mean 627·56 

'!'he station at Sacramento is the top of the circular base of the northeast post of 
the gilded iron fence: surrounding the statue in the capitol rotunda, presented to the 
State by Mr. D. 0. Mills. It was connected by spirit levels in 1898 with a Cetitral Pacific 
Railroad bench mark, of which the height was determined by the· railroad engineers. 
'rhe heights of the other stations are taken from the adjustment of heights of stations 
near the Coast Range. 

For the determination of the heights of Mount Lola and Round '!'op, and inci
dentally of Jackson Butte, we have the following differences of height and observation 
equations for adjustment: 

Stations. L::,,,h. p. Observation Adjusted Disc rep-
equations. L::,,./1. aucy. 

. /I/, Ill. /// . 
Jackson Butte to Pine Hill 76 ·63 q·8 o=+o·S1+x, 77·2S 0·65 

Round Top to Pine Hill 2 538 ·79 II ·S o=+r ·35-x. 2 53S·o4 0·75 

Round Top to Jackson Butte 2 460·05 13 ·4 o=+o ·os+x,:.....1-. 2 460 76 0 ·71 

Round Top to Mount Lola 378·86 s·4 o=+o ·q+x.-x3 378 78 o·oS 

Mount Lola to l'ine Hill 2 159 ·43 4 'I o=;=+o ·99-x3 ::: 1,s9·26 0 ·17 

. '!'he solution of the normal equations from these observation eq11ations gave the 
following results: 

Station. 

Pine Hill 

Jackson Butte 

Round Top 

Mouilt Lola 

Assumed 
height. 

Ill. 

705 

3 165 

2 786 

Correction.· 

x,=-0·16 

x,=+0·60 

x3=+o ·S:! 

Adjusted 
height. 

111. Fed. 

627 ·6 or 2 059 

704 ·s ~ 312 

3 165·6 IO 386 

.2 7S6 ·S .9 143 

'!'he height of Mount Lola from the railroad levels to 'l'ruck.ee (h. = 1 ]73·66 
metres) ancl' Assistant J. J. Gilbert's levels of 189S from Truckee to Mount Lola 
(D.h = 1 013·87. metres) is ::i 7S7·5 metres. 
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F9r the height of Marysville Butte we have the values-

From Mount Helena 

Mount Diablo 

Yolo Base Northwest 

Monticello 

Vaca 

Yolo Base Southeast 

Mount Lola 

Ro1md Top 

Ill. 

l 322 ·oS- 681 ·17 = 640 ·91 

l 173 ·10-- 525 ·02 = 6.j.S ·oS 

46 •66+ 59''3 '73 = 645 ·39 

932 ·39-- ;i85 ·53 = 646 ·S6 

729 '7 5- S4 ·09 = 645 ·66 

2r ·66+ 617 ·25 = 638 ·9r 

2 786 ·8 --2 131 ·91 = 654 ·9 1 
3 165 ·6 --2 471 ·71 = 693 ·9 J 

j>=2·4 

0 '7 
S·o 

4·3 
2 ·2 

2·6 

l.'4 
rejected 

0 
·S 

\Veighted mean 644 ·5 metres, or 2 1 q feet. 

G. DETERMINATION OF HEIGHTS OF TRIGONOMETRIC STATIONS 
IN THE ROCKY MOUNTAINS BETWEEN PIKES PEAK, COLORADO. 
AND ROUND TOP, SHtRRA NEV ADA, CALIFORNIA. 

I. ABSTRACT OF REDUC!W ZENITH DISTANCES. 

llf<>z111t Lola. July, 1879. \'ertical Circle, NrJ. So. J. F. Pratt, observer; George David.son, chief of 
party. 

Nun1-
ber of 
days. 

-Io I Pah-Rah 
12 Mount Como 

rr I Ro1111r1 Top 

Ob•en·ed 
ztnith db

tance. 

0 ,, 
9L' 31 .:q ·s 
90 22 53 ·-~ 

9CJ 07 ::?4 ·9 

·/l ,, 
--0 ·3 -0·2 

-·l "O +0·5 
-0·6 +o ·6 

Reduced;. 

0 , ,, 
90 31 24 ·3 

90 22 52 ·s 
90 07 :q·9 

P. 

Ill/II. 

547 
546 

546 

T 
(c.) 

0 

12·6 

12·5 

12 '2 

Logs. 

4 ·936 44 
4 ·951 So 

4·959 22 

Observatioi:s between 5 hours 20 minutes and 9 hours a. m .. and between 3 hQurs and 6 hours 25 
minutes p. m. 

Ro11lld Top. August, September, and October, 1879. Vertical Circle, No. So. J. J. Gilbert and J.F. 
Pratt. observers; George Davidson, chief of party. 

0 ,, ,, ,, 0 I II 111 Ill. 0 

19 I Mount Lohl 90 36 oo·S -0·2 +0·2 90 36 oo·S 524 12 "I 4 ·959 22 

IS Mount Como 9') 38 13'6 -2·3 +0·3. 903811·6 526 12·7 4 782 38 

19 I Mount Grant 90 16 45. '7 +o·S +o·r 9".' 16 46 •6 5:?6 12 '7 5·024 71 

20 Mount Conness 89 59 ~6 ·4 --1 ·7 -0·1 89 59 34 •6 525 I., •. ., 4·989 q 
Observations between 6 hours 20 minutes a. 111. and 6 hours 3Ci minutes p. m. 

111011111 Co1111t·ss. August and September, 1890. Vertical Circle, No. So. J. J. Giibert and I. \Vinston, 
observers; Gt"orge Davidson, chief of party. 

0 II II 
,, 0 I ,, 

111 Ill. 0 

i I Mount Grant 
4 Mount Diablo 

90,)404·1 +189 ·1 o·o 90 37 13'2 4 ·910 9t 

9132 59·2 + 67·5 -I "2 91 3l 05 ·5 5·358 24 

Observations b~tween II hours 50 minu~es a. m. and r2 hours 50 minutes p. m. 
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11101mt Como .. . August, September, October, and November. 1879. Vertical Circle, No. roo. \V. Eim
beck and R. A. Marr, observers; \V. Eimbeck, chief of party. 

Nu-:n
t.er of 
days. 

15 
14 
II 

II 

II 

8 
5 

Object observ~d. 

Round Top 
Mount Grant 
Carson Sink 
Pah-Rah 
Mount-Lola 
Pilot Cone 
Mount Davidson 

Ohsen·eiil. 
zenith dis

tance. 

o II 

89 5'? 56 ·,; 
89 4'> 33·1 
9'J 3r 29 ·9 
9·) 29 57 "l 

90 19 5'>·5 
90 49 33 ·9 
90 42 18 ·3 

·-I 7 
+07 
+0·2 
+1·5 
-·0'1 
-3·8 
-0·2 

II 

+0·1 

+·0·2 

o·o 
-o·r 
-0·1 

o·o 
-0·4 

Reduced~-

0 .II 

89 50 54 ·7 
S9 48 34·0 
90 31 30·1 
90 29 59·5 
.9) 19 58 ._, 
904930·1 
90 42 17"7 

P. 

Ill /II. 

550 

T 
(c.) 

0 

18 ·1 

550 18·3 
551 17 ·o 
551 16·9 
551 17 ·9 
552 18·7 
552 19 ·4. 

Observations between 11 ho~rs 25 minutes a. m. and 6 hours ro minutes p. m. 

Logs. 

4 782 38 
4·889 88 
5·092 36 

. 4 ·933 67 
4 '.951 fo 
4 ·953 b 
4 ·554 C2 

Pa!1-Ra!1. October and November, 1S7S. Vertical Circle, No. 100. W. Eimbeck, observer and chief 
of part)•. 

7 
s 
9 
4 

Mount Lola 
Mount Como 
Carson Sink 

o II 

99 09 I,; ·4 
90 II 07·6 
90 19 57 ·o 

.I.I 

-I ·5 
--2 ·o 
-1·9 

,, 
-0·1 

o·o 
o·o 

0 ,_, 

90 09 I l "3 
90 I I 05 ·,j 

90 19 55 ·1 

Ill //I. 

·565 
566 
566 

0 

7 "7 
II "J 

s·s 
MountDavidson 902021·8 -3·3_ o·o 90201~·5 56''i 4'7 

Observations hetween 9 hours 30 minutes a. 111. and 4 hours 6 minute;; p. m. 

4 ·936 '"14 
4 ·93,; 67 
5 ·036 73 
4 ·751 17 

llfo1111t Gra11!. October and November, 1879. Vertical Circle, No. 100. \V. Eimbeck and R. A. Marr, 
observers; \V. Eimbeck, chief of party. 

IO 

12 
IO 

II 

II 

II 

IO 

6 

6 
6 

Round Top 
Carson Sink 
Mom1t Como 
Lone Mountain 
Mount Conness 
Toiyabe Dome 
Pilot Cone 
\Vhile Mountains, north 

peak. 
Desatoiya 
Volcano Peak 

0 

go 33 49 ·r 
90 49 40·8 
90 48 35·4 
go 47 54·4 
go 02 23·5 
90 25 52·6 
91 40 w·3 
S9 55 59·3 

90 39 38·3 
90 46 22 ·2 

II 

-4·5 
-0·9_ 
+0·1 
-I ... , 

-4·0 
-0·3 
-5·8 
-3·6 

-0·4 
-5 ·5 

,, 
o·o 

-o·r 
() ·0-

+o ·1 

+0·2 
o·o 

+0·5 

+0·3 

-0·1 

-0·1 

0 /ti 

90 3.) 44 "6 
90 49 39·s 
90 4S ,;5 ·5 
go 47 53 ".'.! 

9::> 02 19 7 
90 25 52 ·3 
91 40 15 ·o 
89 55 56·0 

90 39 37 ·s 
90 46 16 •6 

Observations between noon am1 2 hours p. m. 

1///11. 

509 
509 
509 
509 
5ru 
5ro 
5ro 
5u 

l • • _, 
t •• 

·-t • ..i 

5 ·024 iI 
S ·0'37 3S 
4·S89 88 
5·10923 
4 ·910 91 
5 ·ioS 7$ 
4 745 91 
4 ·95 2 75 

5 ·099 :!•) 

4 767 Cl:l 

G1rso11 Sitt!.:. July, 18So. Vertical Circle, No. 100. \V. Eimbeck and R. . .\..Marr, observers; \V. Eim
beck, chief of party. 

14 
II 

JO 

II 

TO 

12 
13 
5 
5 

6 

Pah-Rhh 
Mount Como 
Mount Grant 
Toiyabe Dome 
l\'.Iount Callaha11 
Pilot Cone 
Desatoiya 
Fair View 
Indian Peak or Star 

Peak 
Mount Lincoln 
Augusta Peak 

II 

90 31 o9 ·s 
90 27 41 ·4 
90 oS 23·8 
89 59 25 ·o 
9~ I.) 22 'O 

90 50 04 ·4 
$9 45 05·4 
90 22 20 ·5 . 

go I4 35 ·s 
90 52 39·S 
89 21 44'4 

II 

+ 1 ·4 
+ 0·5 
+ 0·9 
+ 0·5 
..:... 0·7 
-. 3 ·o 
+ 6·1 
- 5·1 

- 2·0 

---46 ·s · 
--- 7 ·5 

// 

+a·r 
+0·1 

+0·2 

0 "(I 

-,-o ·1 

-0·1 
-0·1 

o·o 

-0·2 
--5 ·4 
-0·5 

I') .II 

go 31 II ·3 
90 27 42 ·o 
90 oS 24·9 
$9 59 25·5 
90 IJ :!I '2 

90 50 01 ·3 
89 45 II ·4 
90 22 r5·4 

go 14 33·3 
90 51 47 •6 
89 21 36·4 

1/11/1. 

555 ~o.·5 

556 .'.!O "O 

555 .?I '2 

556 w·2 
556 2o·S 
555 ::?O 'O 

556 :20"6 
555 21 '2 

556 19 ·s 
555 22 ·s 
556 19 ·9 

Observations between l 1 hours 45 minutes a. m. and 2 hours 40 minutes p. m. 

5·036 n 
5·092 36 
5 ·c,<;7 .;S 
5 ·052 7..'.! 

5·045 90 
4·834 22 
4 ·677 53 
4·606 19 

· s ·ms 92 
3 ·645 96 
4·440 44 
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. · J1f,11111t c..a!!alw11. July and August, lSSr. Vertical Circle, No. 100. R. A. Marr, observer; 'V. 

Nu111-
berof 
days. 

01 ,j c::ct o b.ser\'t:tl. 

14 I Diamond Peak 
14 Carson Sink 
I2 Toiyabe Dome 
I 3 Bunker Hill 
rn Desatoiya 
IO Shai·p Peak 
8 ' Monitor · ,, I Shoshone, north peak 
2 Mount Lewis 
4 I Broken "Sack 

Granite Peak 

Eimbeck, chief .of party. 

Obsen·ed 
zenith dis

tance. 

"' . l .ll 

90 19 oS ·2 

90 40 05 ·r 
90 09 rs ·2 
S94i4I"6 
9022u:1 
go 22 IO 

0 3 
9'-~ rs 16 "7 
901706·0 
90 :?.5 54 ·4 
900835·1 
90 26 36·6 

.Reductio11 
t\) kvd vf £. 

ll 

+0·9 
-+-l "O 

'-t-1·2 

-5 ·o 

-3 ·a 
+o·S 
-3·4 
--3 ·4 
-47 
-2·9 

R(:.<luction 
for eccen- Reduced ~

tricity. 

ll 

o·o 
o·o 

+o·.~ 

+0·5 
+o·r 
+o·~ 

+o·.:? 
+0·2 

-0·1 

+0·2 
-O"I 

0 ll 

90I909·1 
90 40 06 "I 

90 og 16·7 
89 47 37 ·1 

90 22 07·9 
90 22 07·4 
90 IS 17"7 
90 17 o~ ·fl 
90 25 50 ·9 
90 oS 30·6 
90 26 33 "Ei 

P. T 
{.-• .J 

11/.lll. 0 

s21 16 ·s 
sn 17 •6 
s22 16 ·9 
s21 16·0 
522 17·1 
S:?l 16 ·9 
s22 rs ·9 
519 r3·3 
526 17"4 
s20 Jj 7 
s23 19·8 

Obsen•ations mostly btween I I hours 4S minutes a. m. a_nd I hour rs minutes p. m. 

Logs. 

4·99r 90 
S ·045 s-o 
S ·oq 2s 

4 723 ::8 
4 ·899 26 
4·938 46 
5 ·015 24 
4·885 4:? 
.4 ·888 9s 
4 747 82 
4 ·948 73 

To~1·aliL" D,mlt". August and September, lSSo. Vertical Circle, No. 100. R. A. Marr and "\V. Eimbeck, 
observers; ,V. Eimbeck, chief of party. 

I? 
IJ 
15 
13 
IS 
q 

I4 
5 
.5 

II 

q 
I2 

I2 

13 

2 

Mount Grant 
Mount Callahan 
Pilot Cone 
Carson Sink 
Diamond Peak 
Lone Mountain 
White Pine 
Mount Jefferson 
Fairvie\V 
Bunker Hill 

0 ,, 

90 34 .54 ·.:; 
90 41 05·4 
9I r9 JS ·1 

90 54 54·0 
90 4S 27·~ 
90 s2 45·2 
90 43 56·8 
9J 08 07 ·5 
91 N q 'i 
90 18 30·8 

Sharp Peak 90 4r 38·3 
'Vhite Mountains, north 

peak 90 21 21 ·5 
Desatoiy;1 90 44 o6 ·4 
Monitor 90 30 q ·8 
Shoshone, north summit 90 50 25 ·4 
Shoshone, south peak 91 05 .57 '•) 

,, 

o·6 

o·o 
~ 0·2 

Q" - .. ~ 

- 4·2. 
- 6•8 

2 ·4 
o ·4 
5·2 

9 
.• _, 

-II "2 

+o·:? 
+0·2 
-0·5 
+0·1 

o·o 
+o·r 
-o·s 
-o·s 
-0·6 
+o"J 
-O"I 

-0·4 
-0·3 
-o·r 
-2·r 

-4 ·r 

90 34 S4"3 
90 JI 05 "•) 
91 19 J4 ·o 
90 54 s.; ·s 
90 45 27 ·2 
90 5.:? 45 ·r 
90 43 S5 ·5 
90 07 57 "7 
91 04 09·9 
90 18 24·3 
90 41 34·8 

90 21 18 ·7 
90 44 05·7 
90 30 09 ·s 
90 so I4 ·o 
91 05 41 7 

"Ill Ill. 
4q2 
491 
4:P 
492 

49J 
494 
49J 
490 
49S 
49J 
493 

493 
493 
493 
49J 
494 

10"0 

II "8 
12 •5 
JO"O 

I I "2 

IJ"7 
10·9 
II "4 

!0"3 
II "5 
9·8 

IJ"7 
I 2 "7 

Ohservations between r r hours 30 minutes a. 111. and 2 hours rs minutes p. m. 

s ·108 ;S 
S ·oq 2s 

4 ·9So 34 
5·052 72 
s ·19.i. 91 
4·957 co 
s "23J 18 
4·570 JI 
4·912 7r 
4 ·704 3r . 
s "006 9S 

s ·149 13 
4·837 38 
4·8.:io 66 

4·567 63 
4·486 89 

L,11/e' J1Io1111tai11. October and No,,ember, 1SS0. Vertical Circle, No. rno. Vt/. Eimbeck and R. A. Marr, 
observers; ,V. Eimbeck, chief of party. 

,, 
r.; I Mount Grant go 12 15 ·4 
12 'foiyabe Dome S9 50 r3 ·o 
12 "\Vhite Pine 90 28. 20 ·2 

Monitor 90 II 41 ·5 
I.:! "\Vhite Mountains. south 

peak 89 II 21 ·7 
8 \ "\Vhi.te Mountains, north 

peak 89 20 46 ·5 
8 I Lion Saddle 90 22 09 ·9 
6 1 Montezuma 90 :?9 u ·5 

+0·4 
+I ·r 
-0·2 

+07 

-3·3 

-3·4 
-2·7 
-6·9 

/,' 

-O'J. 
+0·5 
+o·s 
+0·5 

-l 'S 

-I ·3 
+0·4 
+?"1 

0 .... 

90 I2 l5"S 
89 ·so q ·6 
90 2s 20 ·s 
90 II 42 "7 

89 20 4r ·8 
90 ·22 07 "6 
90 29 05·7 

111111. 

547 
s48 
548 
S47 

547 

2 ·o 
. r ·7 

2 ·4 
2 ·r 

3·9 

5·3 
l "7 
2 ·r 

Observations between II hours 4S minutes a. m. and 2 hours IS minutes p. m. 

s·109 33 
4'9S7 00 
s·249 S3 
s·o73 19 

4·89s 27 
4·993 38 
4 ·584 29 



·TRANSCONTINENTAL TRIANGULATION-PART II-HEIGHTS. 315 

Dia 11w11d p,·ak. August and September, l88r. Vertical Circle, No. loo. \V. Eimbeck and R. A.l\Iarr, 
observers; \V. Eimbeck, chief of party. 

Nu111-
ber of 
day~. 

II 

12 

3 

5 
6 

Object obser\"ed. 

White Pine 

·wheeler Peak 

:Mount Callahan 

Ibepah 

Toiyabe Dome 

Sharp Peak 

Monitor 

Prospect Peak 

Mount Hamilton 

Duck water 

5 Broken Back 

6 1 Ward 

Oh~en·ed 
Zt'llith di~

tance. 

0 ,, 

90 29 :q. ·s 
90 'i 22·S 

90 28 00·9 

90 30 05 '4 

90 29 47 ·s 
90 23 19·9 

90 23 31 '9 · 

90 55 21 '2 

90 ')/ 48 •6 

90 28 15 'i 

90 16 54·3 

90 18 56·r 

,, 
+ 6·1 

+ 6·1 

+rn·5 

+ 5 'I 

+ 6·2 

+ 9·s 
-!- s ·6 

+27 'I 

+12 ·s 
+ 7·1 

+ 9'7 
+ 6·2 

,, 

. +0·4 

-O"J .. 

O'O 

+0·2 

+0·2 

+0·3 

-I '5 

+o·s 

+0·3 

Reduced~. 

/.' 

90 2') .JI 'I 

90 I 7 29 ·3 

90 28 II '3 

90 30 .IO '5 

90 29 53·9 
9') 23 29 ·6 

90 23 40 •8 

90 55 46 ·s 
90 08 01 ·9 

90 28 23·1 

P. 

111111 • 

s18 

5w 

521 

519 

Sli 
516 

521 

519 
518 

516 

T 
(.:.) 

0 

10·9 

13 •6 

137 
13 •6 

JO '2 

13 ·5 

s·9 
II '2 

9·7 

Logs. 

.5 ·r5s 81 

5 ·163 98 

. 4 ·991 ~;O 

5 ·217 67 

5 ·194 91 

4 787 53 

5 ·033 68 

4·334 2S 
4·661 31 

4·915 4S 

+0·1 go 17 04·1 517 II 'I 4'777 99 

+o '3 90 19 02 ·6 519 ro-·S 4 '974 -~-: 

Ob~en·ations mostly between 11hours50 minutes a. 111. and 2 hours p. 111.; a frw between 4 hours 15 
minute,; and 5 hours 30 minutes p. m. 

JV/iii<' Fi11c. N•we1:ilieraml December, 18Sr. Vertical Circle, No. rno. \V. Eimbeck and R. A. Marr, 
observers; W. Eimbeck, chief of party. 

r3 

13 
lI 

II 

10 

I l 

ll 

JI 

If 

II 

5 

J~one Mountain 

Pioche 

Diamond Peak 

\Vheeler Peak , 
'foiyahe Dome 

Dncl<water 

J,ion Saddle 

Monitor 

Ward 

Sharp Peak 

Mount Hamilton 

3 Snow Peak or Indian 

Pe;:ik' 

3 Mount Grafton 

3 Hot Creek, north 

0 ll 

go 53 52·3 

90 50 35 ·6 
90 3 ; 21 ·s 
90 is 167 

go 36 so ·s 
90 12 C•2 ·6 

90 46 27·6 

90 29 46 ·4 

90 27 16·6 

90 37 30·4 

90 29 27 ·3 

90 44 23 ·6 
90 22 20'0 

+r ·5 

-/-I 0 6 

+r ·9 

+1 ·3 
_.:o-s 

-~·o 

-I 06 

+r ·9 

-I ·3 

-I 0 2 

-I ·3 

-0·9 

-I °i 

,, 
-0'1 

o·o 

o·o 

/I II/Ill. 0 

90 5.3 53 "7 504 --() ·4 

90 50 37 ·2 505 +o ·2 

90 38 23 ·8 505 -tr ·r 

90 15 1S·2 505 'f-o·i 

90 36 50 ·o 505 -o ·r 

5·249 53 

5 ·121 ;8 

s·155 Sr 

5 ·104 3~ 

5·~33 1B 
+o·~ 90_1200·8 504 o·o 4·81850 

o ·o 90 46 26 ·o 504 .-o ·.) 4 ·906 ·50 

o ·o 90 29 48 ·3 505 +o ·1 S ·041 ~6 

+o ·r 90 2i ·rs ·4 504 -o ·s s ·o::ir 54 

-/-0 "I 90 37 :c9 °3 504 -0 '6 5 ·051 · 53 

+o·r 902926·1 504-1·1 5·00615 

o·o 90 44 22·7 507 +3·3 

+o·c 90 22 18·4 5co -r ·9 
5 ·153 55 

4·892 68 

summit 90 .)2 oS ·S -1 "i · o··o 90 32 07 ·r s= -~ ·3 4 ·SS4 38 

Observations between I I hours 5 minutes a. 111. and I hour .so minutes p. m. 



3 !':i t:NITED STATES COAST AND GEODETIC SURVEY. 

11/i,·dff P.·,1:.·. No,·ember,. 18~2. Vertical Circle, No. JOO. R. A. Marr, observer; W. Eimbeck, 
chief of party. 

Nmn- Obser\"ed Reduction Reduction 
T ber of Object •Jbsen·ed. zenith di~- to level of£.. for eccen- Reduced~- P. 

(C.) 
Log» 

days. ta nee. tricity. 

0 .I.I ,, -'·' 0 ,, 
/J//J/. 0 

IO Diamonrl Peak 90 sr 26·9 + s·6 --'-0"5 90 51 32·~ 469 -5·s 5·163 93 
9 Pioche 91 05 sS·6 I 7 ·o o·o 91 06 05 "6 469 -6·2 s·o54 ,. T _,, 
9 Ibepah 90 _,,, 24 ·1 + 6·9 +0·3 90 33 • 1 .• ·' ,, 469 -5 ·6 4"99i So 

s "fhite Pine 90 44 os ·3 + 6·s --o ·s 90 44 II., 
·' 469 -5·4 S ·ro4 32 

6 Beaver* 90 47 os·s + 4·6 +o·s 90 47 13·9 470 -6·6 s ·24s 32 

·' Mount Nebo 91 01 OO"i + 3 ".) +0·9 91 or 04·9 470 -5 ·4 5 ·376 16 

8 \Vanl 90 53 24·2 + s·6 +1 ·3 90 53 34 ·c 469 -5·6 4 732 72 

i Mount i\foriah 90 38 4S"5 +r.~ ·9 --o·S 90 38 sS·ti 469 -5·6 4 ·5:q or 

6 Mount Grafton 90 54 54·6 + 9·4 +1 ·5 90 55 05·5 469 -5·9 4 ·694 2-5 
6 S1iow Peak or Indian 

Peak 90 59 19"3 ...L 5 .. -0·2 90 59 24·4 468 -5 ·2 4·946 72 I ,, 
6 Sawtooth Mountain 91 03 06 ·o + ~·S -\1·3 91 ()' .,, II "O 469 -s •6 4·904 24 

4 Shell Creek North '90 35 16·9 + s "7 +o·r 90 35 25 "7 468 -6 ·5 4·728 36 
Observations between II houn; a. 111. and 4 hours 15 minutes p. m. 

Piod1<. September, 1883. Vertical Circle, No. 100. G. F. Bird, observer; W. Eimbeck, chief of party. 
0 ,, ,, II 0 II 111111. 0 

JO White Pine 90 II so·6 +1·s +0·1 90 II :'=;"' ., ........ - SS5 19"0 s '121 78. 
JO Wheeler Pf:ak 89 47 42 ·7 +· ·~ ,, - +o·s 89 47 46·7 SS5 20"2 5·054 2• _, 
JO Tushar 90 J. 

·' 05 ·4 +1 '2 +0·2 90 13 06·8 SSS .'.?O "I s ·180 .'.?2 

JO Sno\\' Peak or Indian 

Pf:ak 89 3S 087 -l 'O +r ·5 89 3S 09'.'.? S.5.5 18 "7 4·s41 79 
IO High la ml 0r Meadow 

Valley 89 59 Oj ·o -0·7 -0·2 &) 59 o6 "I 55-J. 18 ·7 4·675 93 
IO Mount Grafton 90 00 :q. '2 -0·4 +o·s 90 00 24 ·3 55S 18·8 4"99S 36 

9 White Rock 90 02 43·5 -I':? +0·3 90 02 42·6 SSS r9·4 4'47S 28 

:? Pioche Peak 90 49 33·8 -0·9 +0·3 90 49 33·2 SSS 21 "I 4·s82 89 
Observations between 1 r hours ,:;5 minutes a. m. and r hour 20 minutes p. m. 

*Reaver was not occupied for vertical tneasures, but it 1nay be regarded as an eccentric station to Tushar anP, the 
abo,·e ze:1ith distance corrected accordiugly. The difference of height of Bea,·er .and Tushar ,,tas con1puted fron1 the 
observed zenith distance at ·rushar and an assumed coefficient of refraction (0·05.5) 1 and ·rushar was found to be 18·36 
1netres 11igher than BeaYer. Fr0111 the triaugnlation we ha,·e \\7heeler Peak 1 0.19 1netres nearer to Beaver than to 
'l'ushar. l'he zenith distance at Wheeler Peak of Beiwer was first corrected for the abow difference in height in the 

/cos· · 
usual 1na1111er, and tht:n for the clitTerence _iJJ distance by the expression; sin. 1~, in 'vhich dis the difference in distance; 

~is the zenith Mstance at Tushar of Wh<:eler Peak. ands is the distance fro111 Wheeler Peak to Bea\'er. The resulting 
zenith dista;1ce of Tushar is-

6 \ Tushar 

,, 
90 4i 13 ·9 -21·5 go ~7 05 ·4 

mm. 
.no -·6"6 



TRANSCONTINENTAL ·TRIANGULATION-PART II-HEIGHTS. 3r7 

111s/1<1r. August and September. 1885. Vertical Circle, No. 100. G. F. Bird, observer; W. Eimbeck, 
chief of party. 

Num- Observed Reduction Reduction T lJer of Object observed. zenith dis- to le,·el of&,. for eccen- Reduced'· P. (r..) Logs. 
days. ta nee. tricity. 

0 II I.I II 0 II 111111. 0 

JO Pioche 90 59 32 ·7 + 2·2 o·o 90 59 34·9 492 8 "7 5 "I8o 21 

ll Mount Ellen 90 39 20·2 + 2·4 o·o go 39 22·6 491 8·4 5··157 .J..) 

JO 'Vheeler Peak 90 36 55 "I + 2 ·2 +o·r go 36 57 ·4 492 9 .• 
·' 5·2.i.7 85 

6 Ibepah 90 49 08 ·.~ + I "2 +o·r 90 49 09·6 494 II '6 5 ·305 77 
IO Mount Nebo 90 4I 10·9 + 2 ·o +0·2 90 .. p 13 ·1 493 IO 'I 5·215 .52 
II Beaver 90 21 04·0 +I6S ·5 -t3 ·9 90 1• 

-.) 56 ·4 492 9 ·5 3·433 04 
I4 Antelope Mountain go 5I I5 ·3 o ·r +o ·r 90 5I I5 ·3 494 q·-.. I 5 ·124 IO 
l" ·' Scipio 90 49 27·4 + I "7 +0·1 go 49 29·2 492 9·2 5 ·039 .j.6 
12 Wasatch 90 36 37 ·s + 3·4 +o·r 90 36 4I ."3 49I 9·4 5·055 35 
l" ·' Seder 90 50 24·0 . 0 '2 o ·o 90 50 23·8 492 9 'I -5 ·072 -1-7 
13 Frisco 90 52 07·2 0 '2 o·o go 52 07 ·o -1-92 9 ".j. 4 ·887 .s6 
13 Lone Tree 90 48 I I ·S o·· ·' -o ·r go 48 II "4 492 9 ".j. 4 ·8.32 79 
12 Mount Hilgard 90 25 I4"8 0 "2 o·o go 25 14 •6 492 s·8 4·86I 57 
13 Mooseneal~ 90 36 07 ·2 0·2 +o·r go 36 07"I 4q2 s·9 4·999 17 
IO Sanpete 90 41 07 ·o + 2 "7 +o·I 90 •II 09·8 493 9·6 5 "I38 09 
IO Delano 89 55 23·8 I 75·2 -0·5 s9 56 38 ·5 492 9·5 3·820 70 T 

I2. Milford go 24 13 ·8 o··5 o·o 90 2.j. I• •• 
·' " 492 10·3 .j. ·549 36 

Observations between II hours a. 111. and 2 hours p. 111., except a few on Ibepah and one on Wheeler 
at about 4 hours p. 111. 

Scipio. September, I8S4. Vertical Circle, No. IO.J, and Theodolite, No. 5. Vv. Eimbeck and G. F. 
Bird, obsern::rs; W. Eimbeck. chief of party. 

0 I II /I ·'·' 0 I.I 111111. 0 

12* Tushar 90 03 12·9 + I "O -o· ... ; 90 03 I3"6 537 12 ·.i. 5·039 46 
l"" ·' Mount Nebo 89 36 27·9 + 3 ·9 +0·2 89 36 32 ·o 536 I I '9 4 777 36 
q·" Wasatch 89 56 33·o + 3·6 -0·5 89 56 36 ·r 536 JI ·s 4 ·857 12 

9<+ Ibepah 9'J 20 49·0 - 0 "7 +o·· . " 90 20 48·6 537 II ·5 -s ·Is9 s1 
IO* Deseret 90 I8 31 ".? - 0·9 +0·4 90 IS 30 "7 537 u ·s 5 ·092 58 
2 Wheeler Peak· 90 :?5 39·4 - o·6 +0·2 90 25 39 "•) 536 9·8 5·:ii3 06 

1.:r:·:· Sanpete 89 55 45·0 + '6 "7 -0·4 89 55 5I ·.; 537 12 ·5 4·840 14 
10* Salt Creek 90 06 I3 ·6 - ~ ., o·o go 06 II ".j. 536 12 ·3 4·699 44 
T~ Lone Tree 90 02 36·5 - 2 ·4 -0·4 90 02 33 "7 537 I., ... - ·' 4·649 So 

10 South Juab Base 92 47 55·9 +30"6 +0·5 92 48 27 "(• 536 J ... ... - " 4 "47I 73 
II Le\•an 90 47 33·4 -tIT 'O -\)"2 90 4i 44·2 536 'II "8 4 ·565 72 
10 Cedar Hill 91 .p 34·4 ~-13 ·3 -o"I 9I 42 4i ·6 537 J"l ... - " 4·534 76 
ro'k Seder 90 26 I5 ·5 l "(I +o ·r 90 26 I4 •6 53i w·8 5·030 9:? 
s Antelope Mountain ·90 ,. 

-.) 13°6 I "I +0·3 90 .. 12 ·s 53i I! 'I 4·9So 11 
__ , 

7 Milford 90 30 58·9 0·9 -0·1 90 30 57·9 538 l I ·9 5·092 58 
6 Frisco 90 .~2 32 "7 - o·8 o·o 90 32 3I ·9 5.)8 rn·9 5·129 37 
7* Lone Peak go 19 13·0 - o ·s +0·2. 90 19 12 ".:f. 5_;8 12·~ 5 ., JQ 63 
8 Mooseneah 89 56 24·0 I ·6 -0·6 89 56 2I ·s 537 12 "I 4 ·':';27 52 
3t Beaver 90 04 4$·8 . - 3·3 o ·o 90 04 45·5 536 II "8 5·048 :.'.!.) 

3t :Mount Hilgard go Ol 42 "7 - 4 ·o o·o go OI 38 "7 s36 JI ·8 4 '97.• ·97 
2t Herriman 90 19 32·3 - 1 •• o·o 90 19 29·0 536 9·S 5·059 56 .._"'I .._"'I 

3t Springville P.::ak go 13 :?6"3 - 3·4 o ·o 90 I• ·' :22 ·9 536 I I ".:? 5 ·040 37 
Observations between IO hours 30 minutes a. m. and 4 hours p. m. 

* Inclnding i:1hsen·ations of 1nicr1.)lll\:tric differences of heights. t By n1icr•)tnetric differences only. 



UNITED STATES COAST AND GEODETIC SURVEY. 

lbcp11!1. August and September, 1889. Vertical Circle, No. 100 P.A. Welker, observer; W. Eimbeck, 
chief of party. 

Nnm
herof 
days. 

LI 
9 
5 
9 

II 

5 
5 
5 

5 

3 
3 

16 

Object observed. 

·wheeler Peak 
Ueserd 
Pilot Peak 
Tushar 
Ogden Peak 
Mount Nebo 
Diamond Peak 
Mount Moriah 
Autelope Mountain 
Sawtooth Mm\ntain or 

Sevier 
Shell Creek Mountain, 

South 
Ibepah p(•st-office 
Desert Peak 
Red Chit:f 
Azimuth M:ark 

Obsen•ed 
zenith dis

tance. 

O II 

90 13 47·8 
90 39 44·9 
·go 42 48 ·s 
90 48 44·s 
91 06 38 ·r 
90 45 19 ·s 
90 48 S9"0 
90 16 28 7 
90 !';2 40·2 

90 so 15"4 

90 23 I4 ·9 
94 39 5S"9 
91 II 4S "2 

92 .P 23 ·s 
90 ,)'.! so ·o 

Reduction Reduction 
to level of d. for .e~ce11-

. tnctty. 

II 

+ 4·0 
+ 2·2 

+I ·4 
+ 1"3 
-t- I "7 
+ l 

06 
+I "O 

o·o 
o·o 

o·o 

o·o 
+3l "4 

o·o 
- o·8 

+14.~ 'l 

II 

0·2 
+ o·r 

o·o 
o·o 

+ 0·1 
+ 0·2 

0 'l 

o ·r 
o·o 

o·o 

o ·1 

l "S 
o·o 

+20·1 
- 4·9 

Reduced;. 

o /I 

90 13 SI •6 
90 39 47 ·2 

90 42 49 ·9 
go 4s 4s ·8 
91 06 39·9 
90 4S 2I ·3 
90 48 s9·9 
go r6 28·6 
90 52 40·2 

90 50 15 ·4 

go 23 I4 ·s 
94 40 25·8 
91 II 4S "2 

92 32 42 ·s 
90 35 oS ·2 

P. i' 
{c . .J 

mm. · 0 

494 
49S 
49S 
494 
494 
495 
494 
493 
494 

12 ·o 
IO ·4 
II "I 

12"4 
12"0 
7 •6 

14"6 

494 I4 ·4 

494 13 ·s 
496 15 ·3 
493 II 7 
494 I4 "7 

Logs. 

4·997 So 
S "II6 O.:? 

s ·r24 3·2 
s ·308 77 

. s ·362 23 
5·26s 70 
s ·217 67 
4 ·8.m 36 
4·852 74 

4·943 55 

4 ·902 9S 
4·418 21 
5·198 28 
3·s36 23 
3·487 t5 

Observations between II hours 30 minutes a. m. and l hour p. m .. and between 4 hours 30 minuks 
and 6 hours 20 minutes p. m. · 

Pilot Pt·af.o. July, 1889. Vertical Circle, No. 100. W. Eimbeck and C. L. Brackett, observers; W. 
Eimbeck, chief of party. August. 1892. Vertical Circle, No. 44. 0. B. French, obsen·er; "\\'. 
Eimbeck, chief of party. August, 1897. Vertical Circle, No. 28. H. C. Denson, ohsen·er; P. A. 
Welker, chief of party. 

10 

12 
r _, 
25 
18 
l • _, 
,3I 

7 
G 
l' _, 
6 

25 
s 
4 
2 

6 

3 
13 
12 

Azimuth Mark, 
Ibepah, 
Ibepah, 
Ibepah, mean 
Deseret, 
Deseret, 
De~ret, mean 

1889 92 :?O 09 ·4 
1889 90 2f 16"9 
1S92 90 :?l. I4 ·4 

Mount Nebo, rSS9 
Ogden Peak, rSS9 
ogden Peak, lS92 
Ogden Peak, 1897 
Ogden Peak, mean • 
Wheeler Peak, 1889 
TecomaR.R.sign r8S9 
Tecoma R.R. sign 1892 
TecomaR.R.signmean 
Desert Peak, 1889 
Promontory, 1S92 
Antelope, 1892 

90 30 35·0 
90 30 28·6 

90 52 O..l "7 
90 51 00'0 

90 50 44·5 
go 50 40·4 

90 44 or ·8 
93 I4 I2 "l 

93 13 47 "l 

91 17 27 ·s 
9c 04 15·7 
91 04 54·3 

+90·.'l 
+I '..l 

0·5 

+ 2·2 
0·5 

-f- I "O 

+ I '5 
+I ·8 
+ o·6 

+ I '2 

+rs ·6 
+197 

17 
+I ·9 
+ 1·6 

II 

+u ·3 
+ o:r 
+ o·r 

+ O"I 

+ 0 "l 

+ 0·1 

+ 0 "J . 

a ·0 

o·o 

+ o·r 
+ I ·4 
+ l ·S 

0 "l 

o·o 
o·o 

0 /I 

92 2I 51·5 

90 u lS ·2 

90 2T LI ·o 
90 21 16 ·o 

90 ,N 37 '3 
90 30 2:'> ·2 
·90.30 33·5 
90 52 o3 ·8 
90 51 UI "6· 
90 50 46·3 
go 50 41 ·o 
90 50 48 '7 
90 44 03·1 
93 I4 32 ·r 
93 I4 08 '6 
93 I4 24 ·3 
91 17 26 ·o 
9r 04 17·6 
91 <>4 55·9 

Ill //I. 

520 
520 

" 

18 ·r 
s ·2 

520 J:'> ·9 
519 1S·9 
520 Ij"S 

520 17 ·6 

530 
52r 
520 

521 20·2 

520 IS ·1 
519 r6 ;2 

3 ·364 18 

5 ·124 32 

5 ·138 36 
5. ·376 16 

5 ·268 25 
5 ·.:;55 s3 

4 "5:?1 31._ 
4 '794 6:'> 
5"153 74 
5·195 24 

Observations in r8S9 between noou and ..l hours p. 111. and between 4 hours 45 minutes and 6 hours 
45 minutes p. m.; in 1892 between l l hours 40 minutes a. m. and l hour and 20 minutes p. m., 

. and between 4 hours 40 minutes and 6 hours 25 minutes p. m.; in 1S97 about 110011. 
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D,·s,rd. September, 1887. Vertical Circle, No: 100. J. H. Turner, observer; \V. Eimbeck, chief of 

party. September, 1892. ·Vertical _Cfrde, No. 44. 0. B. French, observer; \V. Eimbeck, chit:f 
of party. 

Num- Observed Reduction Reduction T ber of (Jbject obsen:ed. zenith dis- fo1· eccen- Reduced~- P. Log;. 
days. tauce. to le,-el of &. tricity. (<•.) 

0 II ,, ,, 0 ll 111111. 0 

14 Pilot Peak, 1887 90 35 04·8 + 0 .• _, O"I 90 35 05·0 510 I I "7 

8 Pilot Peak, 1892 90 35 ::?::? "I l ·3 0 "I 90 35 ~07 SI4 rrs 
22 Pilot Peak, mean 90 35 TO "7 s ·138 36 

I4 Ogden Peak, 1887 90 39 25 "7 + o·s o·o 90 39 26·2 510 12 "I 

15 Ogden Peak, 1892 90 39 30 ·9 + 2·0 o·o 90 39 32 ·9 SI4 13 "l 

29 Ogden Peak, mean 90 39 29 "7 s·oq 73 
rs Ibepah, 1887 90 22 33·6 + 0·2 o·o 9'J 22 33·8 SI2· l I "3 

9 Ibepah, 1892 90 22 55·8 I ".J. o·o 90 22 54"4 SI4 13 ·4 

24 Ibepah, mean 90 22 41 ·5 . S "II6 02 

I4 Antelope, 1887 91 26 23 ·4 + I ·9 + 0·2 91 26 25 ·5 51:! I., . .., 

14 Antelope, 1892 91 26 24·4 + 2 ·3 + 0·2 91 26 26·9 514 13 ·r 

28 Antelope, mean 91 26 :?6"2 4 ·817 54 
IS Mount Nebo, 1887 90 15 59 7 + O".:? + o·r 90 16 oo·o 512 JI ·9 5 "Oll s~ 

IS Draper, l8S7 90 42 07 ·4 0 "7 o·o 90 42 06 "7 509 II "7 4·853 89 

14 Onaqni, 1887 92 07 34 "7 +20·0 + 2 ·s 92 07 57·2 509 12"4 4·201 90 

I4 . Oqnirrh, 1887 90 52 37·3 - 6·3 o·o 90 52 31 :o SI:? 12 ·8 4 ·61::? 08 

7 Grantsville, 1887 95 47 52 ·2 +13 ·1 I 2 ·9 95 48 08·2 513 13 ·s 4·309 91 -,-

s Scipio, 1887 90 40 54·3 .2 ·o + 0 ·1 90 40 52·4 51I II ·9 s ·092 59 

7 Lake Shore Bend 94 II 47 ·o + 2 ·s + l "6 94 II SI "l 512 12 ·3 4·464 26. 

at Grantsville, l8S7 

2 Herriman, 1887 90 21 40 ·9 6•8 o·o 90 21 34 "I sq I4 "l 5·561 96 
16 W'addoup, 1892 91 47 37·0 + 2 ·o + 0'·1 91 47 39 "l SI4 13"0 4·902 28 

16 Promontory, r892 91 lI 43·0 + 1 ·s + O"I 91 II 44·6 sq 13 ·2 4·976 4S 
Observations in 1SS7 mostly between noon and 2 hours p. m., a few between 2 hours p. m. and3 hours 

p. 111.; and a few between 4 hours p. m. and S hours p. m.; in 1892 between noon and 1 hour p. 111. 
and between s hours p. m. and "6 p. m. · 
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Ogde11 P<·ak. September and October, ISSS. Vertical Circle, No. JO). E. L. Taney, obsen·er; 'V. 
Eimbeck, chief of party. June, r89r. Vertical Circle, No. 63. P. A. Welker, observer; ,V. Ehu
beck, chief of party. July, 1S96. Vertical Circle, No. 28. C. C. Yates, ob<erver; "" Eimbeck, 
chief of party, September, 1897. Vertical Circle, ~o. ::::8. H. C. Denson, observer; }'. A. 
Welker, chief of party. 

Nmn
ber of 
days. 

12 

15 

I4 

13 

6 

19 

14 
q 

II 

6 

Object i:-1bsen·c:::d. 

Draper, 

Oquirrh, 

Mount Nebo, 

Antelope, 

Antelope, 

Antelope, mean 

1888 

lS~S 

1888 
lS88 
1896 

North Ogden, 1888 

Deseret, 1888 

U. S. Engineers' 

Observatory, r88S 

U. S. Engineers' 

Ohsen•ed 
:zenith dis

tance. 

0 /.I 

9CJ :!I 48 ·2 

90 19. 49 ·s 

90 21 20·9 

91 29 43·6 

91 30 09·1 

89 s6 26·s 

9') 09 S2 "7 

Observatory. 1891 99 19 52 ·s 

Reduction 
to le,·el of~-

!/ 

+ 2·1 

+ 4·3 
-j- l ·3 

-j-:?I ·7 

- 6·2 

-j-2S·6 

+ 2·4 

-.:10·3 

6 ·<· - v 

Reduction 
for eccen

tricity. 

!I 

+0·1 

o·o 

+0·1 

+0·1 

o·o 

-0·3 

o·o 

Reduced~-

0 I.I 

90 21 so·4 

90 19 53 ·s 

91 30 05·4 

91 30 02·9 

91 ;,o 04 •6 

S9 56 s4·8 

90 09 55 ·1 

99 19 47·5 

o ·o 99 19 45 "i 

P. 

JI/ II/. 

5.p 

S.P 

S42 

S.:12 

.5·F 

7 
I<.) 

0 

15 ·3 

13 ·o 

I4 ·s 
17 ·1 

542 lS ·1 

542 15·0 

542 16"6 

S·6 

4·SS4 10 

4 ·S45 II 

5 ·189 17 

·l ·585 9S 

4 ·28s 45 

5 ·oq 73 

17 U. S. Engineers' 

12 

II 

:2J 
15 

4 
s 

Observatory, m.::an 

Pilot Peak, 1888 

PiJr,t Peak, 1897 

Pilot Peak, mean 

City Creek, 1888 91 32 ro ·3 

Ibepah, 1888 90 43 26 '5 

Salt Lake SE. 

Base, 1896 94 28 rs ·3 

+ o·q 
-· 0·1 

-j-307 

+ o·S 

-10·9 

-0·1 

o·o 

99 19 46·9 

90 37 29·1 

90 37 lS ·6 

90 37 22 ·6 

-0·4 91 32 40·6 

o ·o . 90 43 27 ·3 

S42 13 ·4 

539 10·4 

3 ·986 32 

s ·268 ::!5 

542 I2 "8 4 ·6,)9 ~9 

S.:JI 12"3 5·362 2~ 

o·o 94 :?8 07·4 s41 16·7 4·328 53 

S Salt Lake NW. 

Base, 1896 942301·3 --17·0 o·o 942244·3 ·541 16·9 4·3,;612 

S Wac1doup, 1896 92 58 16 ·3 + 1 ·7 o ·o 92 58 IS ·o 541 16 ·9 4 ·512 .p 

s 1 Pr~mcmtory, 1896 91 18 13 'S + o ·9 o ·o 91 18 I4 ·4 541 18 ·2 4 ·666 ·30 

Observations in i883 between II hours 30 minutes a. m. and I hour 45 minutes p. m., and ·betwc:en 3 
hom·s so mini1tes and 6 hours p. m.; in 1891 between 11 hours so minutes a. m. and 2 hours 30 
minutes p. 111.; in r896 between II hours 4S minutes a. m. and I hour w minutes p. m.; in 189i 
about noon. 

C.~ifde11, U11it,·d Sia It's E1~![i11ecrs' Sta I i<'11. * June, 1891. Vertical Circle, No. 63. w. EimLeck, 
observer and chief of party. 

0 I /l ll II 0 I/ 11111/. 0 

6 Ogden Peak So 44 IO 'I +3.:i'I o·o So 44 44·2 6H 23·6 3 ·986 32 

6 Antelope 88 S9 .so •6 - 2 ·2 o·o SS 59 48 ·4 647 22·6 4"S33 40 

4 North Ogden 84 18 16 ·5 +2i "7 o·o 84 18 44·2 64s 23 "7 4 ·208 iO 

2 Railroad Cro~sing 91 20 06·0 -37·0 o·o 91 19 29·0 6s2 2I "6 2·9g8 86 

Obsen·ations between 11 hours ~·) minutes a. m. and 6 hours 50 minutes p. m. 
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ll(I' Cret"k. May and June, d93. Vertical Circle. No. 44. R. L. Faris, ohsen·er; W. :£imbeck, 
chief of party. 

Nnm- Ohsen·ed Reduction Reduction T ber of Object obsen·ed. zenith dis- to le,•el of.!,.. for eccen- Reduced~- P. (<".) Logs. 
days. ta nee. tricity. 

0 I II /! II 0 I !I Ill Ill. 0 

5 I Antelope S9 53 36 ·s + S 'I o·o S9 53 44·9 *5S7 14 "I 4·519 34 

5 Ogden Peak SS 48 16·0 3·0 o·o SS 4S 13·0 *587 J4 "I 4·639 59 

4 I Temple B\ook t, 97 25 32·5 -66·5 o·o 97 24 26·0 ~'587 15 ·1 3·631 26 

5 Temple, ball 96 45 58·4 -68'0 o·o 96 44 50·4 *587 14·4 3·621 5S 

5 Temple, figure 96 44 02·6 -6S·o o·o 96 42 54·6 *587 14 ·5 3·621 58 

Observations between noon and 2 hours p. m . 

.rl11ld<>Pe. October, rS92. Vertical Circle, No. 44. 0. B. French, observer: \V. Eimbeck, chief of 
party. June and July, 1S96. Vertical Circle, No. 2S. P. A. \Velker and C. C. Yates, obsen·ers; 
W. Eimbeck, chief of party. 

0 II // // .I.I 11111/.. 0 

16 Promontory, 1S92 90 09 27 •6 + 7 "7 -O"l 90 09 35 "2 6o1 13·0 

9 Promontory, 1896 90 09 48·4 + 0·3 o·o 90 09 48·7 603 26 ·7 

25 Promontory, mean 90 09 40 "I 4·613 25 

17 I Ogden Peak, 1S92 SS 47 58 ·2 + 0·7 +0·3 SS 47 59·2 6o1 13·2 

9 Ogden l'eak, 1896 88 48 13 ·8 + I "5 o ·o SS 48 15 ·3 6o3 26·3 

26 Ogden Peak, mean SS 48 04·8 4·5S5 98 

16 \Vaddoup, 1892 91 31 59 ·3 + 9·9 -I "3 91 32 07·9 6o2 13·4 

9 \Vaddoup, 1896 91 .32 26·5 7·6 o·o 91 32 18·9 60+ 26·3 

25 \Vaddoup, mean 91 ., 
J- II "9 4·453 iS 

r3 Deseret; 1892 89 04 29·4 + 3·5 o·o S9 04 -~2 ·9 602 i2 "7 4 ·817 54 

JO Pilot Peak, r892 90 oS 4r ·o + J "I -0·2 90 oS 41 ·9 603 9 "7 5·195 24 

5 Desert Peak, 1892 cp 18 43·5 l "3 -0·2 ~ 18 42·0 6o4 7·8 4·999 86 

5 Oquirrh, 1892 SS 54 17·5 3·2 +q·7 SS 54 r5·0 6oo 10·3 4·588 36 

5 Draper, i892 89 27 45·3 2·0 +0·5 89 27 43 ·8 601 10·4 4 789 21 

5 Springville Peak, 1S92 89 34 19·1 l ·3 -0·4 89 34 18·2 600 12·5 4 "'j-'38. 09 

5 Onaqni, 1892 892054·1 2·4 -0·1 89 20 51 ·6 6o1 10·$ 4 717 95 

7 City Creek, 1892 9<:l 21 33·9 3·8 -0'1 90 21 30·0 604 I 2 "T 4·519 34 

7 Temple, .::ast spire, r892 91 IO 07·9 3·6 -0·8 91 ro 03 ·5 60,i s·5 4·539 73 

9 Salt Lake SE. 

Base, 1896 92 17 44'9 -j-26·9 o·o 92 IS u ·s 6o3 26·4 4"2i0 6o 

9 Salt Lake NW. 

I Base, 1896 92 15 43 ·1 +81 ·:: o·o 92 17 04 ·3 604 25·9 4·271 15 

Observations in 1892 between 11 hours 30 minutes a. 111. and 1 hour p. 111. ancl between 4 hours 5 
minutes and 5 hours 25 minutes p. m.; in 1896 between II hours 10 minutes a. m. and I hour 16 
minutes p. 111. 

*Aneroid. / 

t \Vhite hand o".'.?C•:? n1etre abo,·e tltt- bottotn .. doorstep nt the east entrance to the Salt I.,ake City .Monnon Ten1ple. 

18732-No. 4--2l 
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Salt Lak,• 1Vortl1rt't'S/ Bas,·. .\ugust. 1896. Vertical Circle, No. 37. · ,V. Eimheck, c•bserver and chief 
of party. 

Nunt
her of 
days. 

7 

7 

Ohject obsen·ed. 

Promontory 

Ogden Peak 

Obsert•ed 
zenith dis

tance. 

o I II 

88 53 48·1 

85 47 44·8 

,, 
" 

30 "l 0"() 

:20"0 o·o 

Re~iuced ~-

0 ,, 
SS 53 18·0 

85 47 2-1 ·s 

P. 

Ill Ill. 

653 

653 

T 
(C._l 

0 

31 ·7 

31 "7 

l,ogs. 

4·521 20 

4·336 12 

32 ·9 o ·o 87 51 -16·3 653 32 ·-1 S Antelope · 87 52 19 ·2 4 ·27r r5 

s Salt Lake SE. Base S9 59 39 ·S, +273 ·o o ·o 90 04 12 ·s 652 33 ·9 4 ·049 r1 
Observations between noon and r hour p. 111., and between 4 hours 25 minutes and 6 hours 10 minutes 

P· m. 

1J.",1dd,>11p. l\'lay and June, rS92. Vertical Circles, Nos. 63 and 4-1· W. Eimbeck, R. L. Faris, and. 
0. R. French, observers; \V. Eimbeck, chief of party. Jtme and July, 1S96. Vertical Circle, 
No. 37. \V. Eimbeck, observer and chief of party. 

0 ,, ,, ,, ., ,, 
Ill Ill. 0 

rs Ogden Peak, r392 87 17 or ·o +r2 ·2 +r ·2 87 17 14·4 650 2,) "l 

s Ogden Peak, 1896 87 17 13·3 + 0·3 o·o S7 17 r3 •6 652 30 ·-1 
26 Ogden Peak, mean S7 17 q·2 4·512 42 

15 Antelope, 1S92 SS 40 37·5 +12·4 +o ·3 S'.3 40 50·2 650 22 •6 

.8 Antelope, 1896 SS 40 51 ·o s·4 n·o SS 40 42·6 652 31 ·o 

2· _, Antelope, mean 88 -10 47·6 4·453 IS 

16 Deseret, 189.:? 88 49 56·9 + 2·9 -0·1 88 49 59 "7 650 23 ·4 -1 ·902 28 

17 Promontory, 1892 89 35 30·3 + 3 "I +0·2 S9 35 33·6 650 20·4 

8 I Promontory, 1896 89 35 27·3 - l "O o·o 89 35 26·3 652 30·8 

25 l Promontory, mean 89353r·3 4 '795 00 

7 ! Salt LakeSE.Base,1896 90 06 44·8 -i-6~ •6 o·o 90 07 47 ·4 652 ,~r ·r 4·262 74 
Observations in 1892 between r r hours 25 minutes a. 111 •. and 2 hours p. m., and between 4 hours 45 

minutes and 6 hours 40 minutes p. m.; in rS96 be.tween Tr hours 45 minutes a. m. and i hour 20 
minutes p. m., and betwee11 3 hours 50 minutes and 6 hours l minute p. 111. 

Salt Lakt' S,111!/imsl Bas<'. July, r8¢. Vertical Circle, No. 37. W. Eimbeck and J. J. Gilbert, 
obser\'ers; \V. Eimbeck, chief of party. 

0 I " II " 0 I ,, 
111111. 0 

7 I Antelope 4 ·270 6o 
6. Ogden Peak 4 ·328 53 

87 51 04·9 31 ·r o·o 87 50 33·8 652 27 •6 

85 42 42·S 46·7 o·o 85 41 56 "I 651 2S·6 

7 I Salt Lake NW. Base 4 ·0-19 r1 

-~ \Vaddoup 90 01 37 ·4 - 30 ·5 o ·o .90 or 06 ·9 652 30 ·o 4 ".:?62 74 
89 55 25 7 +350"4 o·o 90 OI r6 ·r 652 27 ·4 

Observations between 110011 and 12 hours 40 minutes p. m., and between 5 hours and 6 hours r minute 
p.m. 
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Pn>111011l01:1·. July. 1892. Vertical Circle, No. 44. 0. B. French, observer; ,V. Eimheck, chief of 
party. August, 1896,. Vertical Circle, No. 28. C. C. Yates, observer; W. Eimbeck, chi~f of party. 

Nnm~ 
be!' of 
days. 

16 

16 

6 

15 

5 
20 

14 

6 

15 

5 
6 

Object obs_erved. 

Deseret, 

Waddoup, 

Wadcloup, 

'Vaddoup, mean 

Ogden Peak, 

Ogden Peak, 

Ogden Peak, mean 

. Ob~en·e.d Redncti<:>n 
zcmth dis- to 1.,,,<:l of£:.. 

tance. 
O II 

1892 89 33 1S ·4 

1892 90 53 17 ·o 

1896 90 53 :?2 'l 

1892 89 o3 13 ·8 

1$96 89 03 31 'I 

,, 
+ 6·4 

+ II '6 

+ 0·9 

-t- II ·3 

07 

Antelope, 1892 g:> 09 13 ·4 + 18°5 
I '6' Antelope, 1896 90 09 37 '3 

Antelope, mean 

Pilot Peak, 

North Ogden, 

Salt Lake NW. 

rS92 rp 03 31 ·s 
1892 88 45 19 '4 

+ 4 '7 

7·5 

Reduction 
for eccenN 

tricity. 
II 

+0·4 
-0·1 

·O'O 

+0·1 
o·o 

+0·1 

-0·4 

Reduced~. 

II 

89 ,:;3 :?5 '2 

90 53 28·5 

g:i 53 23 ·o 

90 53 27 ·o 

89 03 25 'l 

89 03 ,;o ·4 

89 03 26·4 

90 o9 32 ·o 

90 ('9 35 ·7 

90 09 33·t 
9003 36·6 

88 45 II '5 

P. T 
(c·.) 

11/lll, 0 

603 25 ·9 
6o3 25·6 

6o3 24 ·8 

6o3_ 25 ·6 

6o3 25 '2 

603 25 ·3 

6o3 24·8 

Logs. 

4'9i6 45 

4 "795 00 

4·666 30 

4 ·61'3 25 

5·153 74 

4 ·592 ,:;6 

Base, 1896 91 20 24 ·5 +105 ·8 o ·o 91 22 10 ·3 6o3 24 ·s 4 ·521 20 

Observations in 1892 between noon and l hour 40 minutes p. m., and between 4 hours 4S minutes all(l 
6 hours 45 minutes p. 111.; in 1896 between Ir hours 55 minutes a. 111. and l hot!r p. m. 

11f<•1111t J\'~·b,>. June, July, an<l August, 1887. Vertical Circle, No. 100. J. H. Turner, observer; "'
Eimbeck, chief of .party. 

I' _, Scipio 
0 I · I/ ,, 
90 52 00·3 

II 0 ,, 
111 Ill. 0 

-o ·1 90 52 05 ·2 497 12 ·S 4 ·777 36 

14 Deseret 90 33 17 ·6 o ·1 o ·o 90 33 17 ·5 498 13 ·4 5 ·ou :'39 

13 Draper 90 53 04 ·S + I ·4 o ·o 90 53 06 ·2 497 lJ ·4 4 ·892 87 

12 Ogden Peak 90 52 52 ·7 + 1 ·r o ·o 90 52 53 ·8 498 I4 ·2 5 ·189 17 

· 16 Oquirrh 90 50 31 ·s + 2 ·5 o ·o 90 50 34 ·3 497 13 ·6 4 ·982 77 

17 ~ Onaqui , 90 52 27 ·3 + 2 ·2 o ·o 90 52 29 ·5 497 13 ·4 5 ·056 23 

9 I Pilot Peak 91 02. 04 ·9 + •J ·6 o ·o 91 02 05 ·5 498 14 ·3 5 ·376 16 

i3 Wasatch 90 29 i6 ·S + 3 ·4 o ·o 90 29 20 ·2 497 lJ ·5 4 ·qu ;.~ 

9 Ibepah 90 43 oo ·3 + o ·6 + o ·1 90 43 or ·a 498 13 7 5 ·265 ;o 

13 . Tushm: 90 37 56 ·s + 1 ·o + o ·1 90 37 57 ·9 497 13 ·6 5 ·215 52 

10 Patmos Head 90 47 43 ·6 - o ·9 o ·a 90 47 42 7 498 13 ·o 5 · uo ;4 

4 Wheeler Peak 90 51 48 7 -- o ·2 + o ·1 90 51 48 ·6 497 II ·o 5 ·376 16 

6 Sanpete 90 28 ::q :2 2 ·3 o ·o 90 2S 21 ·9 498 13 ·9 4 76o 25 

3 Herrinmn 90 36 or ·3 l ·7 o ·o 90 35 59 ·6 498 13 ·z 4 ·889 86 

., Salt Creek 92 04 37 ·2 + 9 ·r I ·1 92 04 45 ·2 497 II ·9 4 ·212 II 

5 Nephi Bench Mark gS 45 19 ·3 +34 ·3 -ro ·o 98 45 43 ·6 497 IO'>? 4 ·129 or 

4 Lone Peak 90 27 25 ·5 - 1 7 o ·o 90 27 23 ·8 497 13 ·z 4 ·900 61 

3 Levan 92 oo 33 ·3 + 16 ·r o ·6 92 oo 48 ·8 497 w 7 4 ·514 o6 

3 Cedar 93 39 48 ·5 -t-16 ·S 2 ·2 93 40 03 ·1 4q8 r 1 ·4 ..i '4•)9 64 

3 South Juab Base 93 40 26 ·9 +26 7 l ·s 93 40 52 ·r 498 IO ·9 4 ·518 92 

2 City Creek 91 20 40 ·4 + 2 ·o o ·o 91 20 42 ·4 497 8 ·1 5 ·045 69· 

l Springville Peak 90 29 q 7 --- 2 ·6 o ·o 90 29 12 ·1 496 16 ·r 4 -;r6 70 
Observations between II honrs a. m. am1 7 hours 30 minutes p. m .. mostly before 1 hour p. m., except 

that all ohservations of Nephi Bench il'fark, Levan, Cedar, a-nd South Juab Base were madl ::.-,.w.:cr. 
7 hours and S hours 30 minutes a. m. 
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1f(is,itd1. July and August, 1890. Vertical Circle, No. Ioo. W. Eimbeck, P. A. Welker, 0. B. 
French, and T. M. Vickers. observers; \V. Eimbeck, chief of party. 

Nunt
berof 
days. 

q 

q 

IO 

II 

13 

s 
5 

Tushar 

Mount Nebo 

Scipio 

Sanpete 

Patmos Head 

lVIount Ellen 

South Scipio 

Mom1t Alice 

5 Mount Hilgard 

5 Monroe 

5 Mooseneah 

5 Lone Tree 

Observations between l r 

Ob~en·ed 
zei1ith di~

tancE:. 

O II 

90 18 IO ·S 

9D IO 19 "l 

90 3S 06·1 

90 oS .4S ·6 

90 38 34·6 

9D ::?6 43 ·3 

90 45 49·9 

90 03 11 •6 

Reduction 
to level of e,. 

l.' 

0·5 

0"2 

4 ·5 

+ 8·r 

l "6 

0·4 

4·9 

6•8 

Reductio11 
for eccen

tricity. 

II 

+0·3 

-0':? 

o·o 

-0'2 

-0"1 

+o·r 
o·o 

+0·3 

Reduced~-

0 /./ 

90 18 i9·6 

90 IO 18·7 

90 38 OI •6 

90 08 56·5 

90 38 32 ·9 

90 ·::?6 43 ·o 

90 4S 45·0 

90 03 05·1 

P. 

111 Ill. 

SI:! 

512 

512 

512 

512 

5r2 

5I2 

51i 

T 
I.•··) 

15·8 

15·4 

16 "I 

I5"7 

I5"7 

15 ·o 

Log>. 

5·055 35 

4 ·912 72 

4 ·Ss7 12 

4·464 04 

5·029 ii 

5" ·091 87 

4·827 7I 

4·685 30 

90 03 08·3 6·3 +0·3 90 03 02·3 512 16·i 4·717 49 

90 I6 29 ·3 4 ·5 +o ·2 90 16 25 ·o 512 15 "I 4 ·86,~ ~o 

?0 I4 5:!"6 -237 -0·4 90 J4 28·5 5T2 16":! 4"LJO 31 

90 32 03 "7 - 5 "4 0 "b 90 .~I ··58 "3 512 15 "i 4 784 60 

hours 20 minutes a. 111. and I hour 30 n1inutes p. 111., and between 4 hours Io 
minutes and 6 hours p. 111. 

;lf,111111 Ellen. August, 1891. Vertical Circle, No. rco. P. A. \Velker, and 0. R. French, ohserwrs; 
W. Eimbeck, chief of party. 

15 

15 

IS 

I7 
7 

4 

4 

\Vasatch 

Mount \Vaas 

Tushar 

Patmos Head 

U11c•)lllpahgre 

!\'fount Hilgard 

l\fotmt Alice 

5 Mooseneah 

Ob:;en·~1tio11:' between l r 

90 32 29 "7 

90 ::?9 00 ·3 

90 29 40 ·r 

90 48 5S "7 
91 0) ::?3 '2 

9021I3·4 

90 20 52·r 

I! 

-!- I ·3 

+o·s 

+o·S 

+o·8 

+o·r 
-2·4 

-2·6 

II 

+o·r 
o·o 

+0·1 

o·o 

-0·1 

+o·r 
+o·r 

I/ 

90 32 31 ·r 
90 ::?9 ex) ·8 

90 29 4r ·o 

9':> 48 s6·5 

91 00 23 ".'.? 

90 ::?I I I "I 

90 w 49 •6 

"Ill Ill. 

505 q ·4 

505 13·4 

505 13 ·9 

sos 13·6 

505 i3 ·o 

.so6 16·4 

506 16"6 

s·o91 Si 
s ·165 22 

5 "l5i 43 

5 ".:!02 Ii 

s. 468 52 

4·974 69 

4·950 49 

903322·1 -1·9 +o·r 903320·3 506 i6·r 5·08430 

hom·.s ::?5 minutes a. m and I hour 15 minutes p. 111 •• and ·between 4 hours IO 
minutes and 6 hours 20 minutes p. m. · 

Pa/111,1.1· H,-ad. September and October, r890. Vertical Circle; :No. Joo. P. A. \Velker and 0. B. 

IO 

II 

I" _, 
II 

l" 

"' 
7 

_, 

\Vasatch 

l\lount Ellen 

!\'fount Nebo · 

l\k•tmt \Vaa;; 

East Peak" 

Sanpete 

San Rafael Knob 

Valley Knob 

French, observers; \V. Eimbeck, chief of party. 

0 // !I 

+:2"0 

+o·8 
+1 ._, 

+0·3 

+1 ·o 

+4"0 

-:.'.!"O 

II 

+0·2 

+o·r 
+0·1 

o·o 

-O"l 

+0·2 

o·o 

0 ,_, 

901246·5 

90 ~6 59·2 

90 q q ·o 

90 rs 35·7 

90 37 12 'I 

90 oS 41 ·4 

90 42> 43 ·5 

}//Ill. 

.535 J(l 'I) 

534 JO ·7 

534 8 ·7 

533 6·3 
534 II".:! 

534 7·2 

533 s ·s 

5·029 77 

5 ·202 17 

5 ·110 74 

S ·r53 98 

s·o47 41 

4"9i6 37 

4 ·951 Q[ 

90 I2 44 ·3 

9'J ::?6 58 ·,, 

90 I4 12 •6 

90 rs. 35 ·4 

90 37 JI ·2 

90 08 37 ·2 

90 ·H 45 ·5 

91 49 28·5 _!__ .... ..., 

' "' - -o ·2 91 49 31 ·s s28 --1 ·3 4 786 72 

Observations between rr hours 15 minutes a.m. aml r hours 20 minutes p.m .. and between 3 .-hours 
30 minutes and 5 hours 50 minutes p. m. 

*East Peak was not occupied for vertical measures. but it 111ay be regarded as an eccentric station of TaY.aputs aud 
the abo,·e zenith clis~ance at Patmo= Head C(•rrected accl:ircli11gly. 1:r0111 t11e zc:uith distanct: of East Peak obsen~ed at 
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1lfo1111! 1Vaas. July and August, 189,~. Vertical Circle, No. 44. R. L. Faris, observer; \V. Eimbeck, 
chief of party. 

Nnn1-
ber of 
days. 

IO 

8 

8 

2 

Object observed. 

Patmos Head 

Mount Ellen 

Tavaputs 

Uncompahgre 

Treasury Mountain 

Mesa 

Valley Knob 

Azimuth Mark 

\Varners Ranch, l\:Ioah 

O II 

90 52 16·S 
90 41 04':? 

90 59 54 '7 

90 :?6 3S·S 

90 40 05 ·4 
9'J 48 17·5 
91 56 12·S 

89 49 15 ·2 

95 :q 09 ·o. 

Thompson's NE. water 92 12 IO·.:; 

tank* 

Thompson's SW. water 92 12 09 ·9 

. tank* 

II 

+I ·5 
+ I ·4 

+ 1:7 
+ o·6 

+ o·6 

+ I ·5 

+·:?'O 

'-L.j.'O 

+ 9·2 

+27 ·o 

Reduction 
for eccen

tricity. 

/I 

+0·1 

o·o 
o·o 

-o·r 
0 '() 

o·o 

--I• 3 

-07 

Reclnced .;. 

0 " 

w 52 18'4 
90 41 05·6 

9'J 59 56·4 
9:, 26 39 '3 

90 40 06·0 

90 48 19'0 
91 56 q ·5 

89 49 co·4 
95 24 16·9 

·92 I::! 36 •6 

P. 

111 Ill. 

490 

490 
490 
491 
490 

490 

T 
(c. l 

0 

I:? '8 

12 ·s 
l:? ·4 

I:? ·9 

II 0 6 

490 9·9 

489 9·8 

489 7 •6 

Logs. 

5 ·153 98 
5 ·r65 22 

5·052 o5 

5 ':?II 99 
5 ·2Eq II 

4·998 26 
4 ·947 (2 

4 ·0.57 r6 

4 ·431 JO 

4·806 63 

Observations between noon and l hour and 20 minutes p.m., and between 4 h(•Urs 30 minutes ancl 7 
hours p.m. 

T.1;mp11ts. September and October, 1891. Vertical Circle, No. 100. P. A. \Velker :ind 0. B. French, 
observers: \V. Eimbeck, chief of par~y. 

13 
II 

re 

l:? 

6 

:? 

5 

Uncompahgre 

Mount \Vaas 

Treasmy l\~otmtain 

Patmos Head 

East Peak 

Grand Junction Stand· 

pipe 

Mes:i 

Chiquita 

Flat Top 

o II 

90 ,, 20 ·8 

89 53 48·9 
90 13 16·4 
90 17 ,(H 'l 

90 35 07·1 

91 21 28 ·1 

90 IO 58 '4 
90 21 r6·o 

90 36 32 'l 

II 

+ o·r 

o·6 

0 ·1 

+ l '2 

+ I '2 

+3r ·5 

/I 

+. o ·r 

+ 0·3 
0 'I 

+ o·r 

-12 ·r 

o·r 

o·o 

+ O'I 

+ 0"7 

II 

90 2:? :?I 'O 

89 53 48·6 
90 13 16·2 

~· 17 02 ·8 
90 35 57 •6 

9r :?3 03·5 

90 IO 59 ·6 
90 21 17·3 

9) 37 04·3 

Ill Ill. 

555 
556 

554 

555 
555 

555 

559 

559 

556 

0 

JO'~ 

10·3 

:ro·S 

IO ·7 

IO'·."? 

IO 'l 

9 .,, 

5 ·324 39 

5 ·05::? 08 

5 ·05:? 27 

3·231 83 
4 ·810 39 

5 '00:? 90 
4·SS2 :?2 

4 'IS,} 02 
Observations between l I hours 45 minutes a. m. and I hour and 5 minutes p. 111., and between 3 

hours 30 minutes and 5 hours IO minutes p. m. 

·rn\"aputs nucl uu assnn1ed coefficient of refraction (m.= ·057), Tavaputs was found to b.e 17·ci.i. n1etres higher than Ea~t 
l'e:1k. Patmos Hen.cl is approximately 1 253 ni..::trc:.s nearer to East Peak than to Tnvaputs. The zenith distance nt 
Patmos Head of East Peak was first corrected for difference of height of East Peak and Ta,·aputs in the usual manner, 

and then for the differe;1ce of distance by the expression d ~os,;. iu which dis the difference of distance, s the distance 
. S5111 I 1 

from Patmos Head to East PeaJ<, and~ the zenith distance at Tavaputs of Patmos Head. The resulting zenith distance 
of Tavaputs is-

0 

13 I Ta,·aputs 90 37 I.?"1 

*At about 7 hours a.1u. 

-.)2"6 +11 ·5 
111111 

53-l-
0 

11 ".? 
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11/cs,i. August, 1893. Vertical Circle, NQ. 63. "\V. Eimbeck and C. C. Yates, observers; ·w. Eimbeck, 
chief of party. 

Ntnn .. Observed Reduction Reduction 
T ber of Object!obsen•ecl. zenith di;.. for eccen- Reduced'· P. Logs. 

days. ta nee. to le,·<:! of &. tricity. (t.) 

0 // II II 0 II 111111. 0 

6 I Chiquita 90 46 48 ·o .., .. o·o 90 46 45 "7 533 r7·S 4·613 19 -- " 
5 l\:Iount "\Vaas 89 59 07 "7 -o·r -0·1 89 59 07 ·5 533 15·9 4 ·998 26 
6 · Tavaputs 90 ,:;6 39 •6 -0·6 o·o 90 36 39·0 534 lS"I 5·092 90 

4 Uncompahgre S9 46 18·3 -1·4 -0·2 89 46 16 7 533 16"2 5·046 .. _,_ 

5 Grand Junction Stand- 92 ,'4 34 "6 +157 ·o -0·4 92 37 II ".'.! 533 18"2 4·581 II 

pipe. 

Observations between II hours 45 minutes a. 111. and 2 hours p. m., and between 4 hours and 6 
hours p. m. 

Chiquita. May and Ju11e, 189.:,. Vertical Circle, No. 28. "\V. Eimbeck, observer and chief of party. 
0 II II II 0 II 111111. 0 

9 Tavaputs 90 14 40 ·3 +0·1 o·o 90 14 40 ·4 556 IO "7 4 ·ss2 22 

s Grand Junction Stand- 93 30 00·3 +308·1 o·o 93 35 08·4 5.54 13 ·2 4·291 8· ·' 
pipe 

6 Mesa 89 32 35·9 -2·0 o·o S9 32 3.'l ·9 553 II "7 4·613 19 
Observations between H hours 40 minutes a. m. and I hour 55 minutes p. 1~1., and between 4 hours 15 

minutes and 7 hours 30 minutes p. m. 

Gm11d J1111ctio11 Standpipe·. l\'lay and June, 1895. Vertical Circle, No. 44. R. L. Faris, observer; 
W. Eimbeck, chief of party. 

II I/ II 0 II 111111. 0 

9 Chiquita 86 33 59·2 +:ii ·S -7·S !36 34 13"2 63S 20·6 4 ·291 83 

7 Mesa 87 40 4'J ·s + 9·S -3·1 S7 40 47·5 642 2I "2 4 ·581 II 

6 Tavaputs 89 07 19"7 - 2·6 +1 ·3 89 07 1S·4 64i 16"9 4 "8IO 39 
Observations between rr hours 50 minutes a. m. and l hour 10 minutes p. nl., and between 5 hours 15 

minutes and 6 hours 45 mi1mtes p. m. 

G111111iso11. August and September, 1894, and October, 1_895. Vertical Circle, No. 44. vV. Eimbeck, 
observer and chief of party. 

0 II II II 0 II 1/Ult. 0 

5 Mount Ot1ray, 1894 SS 29 59·8 -57 *o·o SS 29 54 ·1 19"9 
6 Mount Ouray, 1895 SS 29 42·4 -0·1 o·o 88 29 42 ·3 576 I0"5 

u :Mount Ouray, mean SS 29 47 "7 4 796 4S 
6 U11compahgre, 1S95 SS 3S 38·1 +0·5 o·o SS 3S 38·6 576 I0"4 4·848 77 

Observations in 1894 between 11 hours 14 minutes a. m. and 12 hours 20 minutes p. m., and between 
5 hours Ii minutes and 6 hours 20 minutes p. m.; in 1895 between noon aml l 2 hours 45 minutes 
p. m., and between 4 hours and 5 hours IO minutes p. m. · 

*The Vertical Circle occupied the staml of the heliotrope obser\·ecl from Ouray and Uncompahgre. It is therefore 
u1erely necessary to cotrect l~g .s so as to correspoud to the distance fron1 the Vertical Cit"cle. · 



TRANSCONTINENTAL TRIANGULATION-PART II-HEIGHTS. .,,.,..., 
.)-/ 

U11compal1gn•. August and September, 18g5. Vertical Circle, No. 28. R. L. Faris. observer; \V. 
Eimbeck, chief of party. 

Num- Obsen·ed Reduction Reduction T her of Object obsen·ed. zenith dis- to le\'el of d,. for eccen- Reduced~- P. (<".) Log•. 
days. ta.nee. trkity. 

0 " II fl 0 fl mm. Q 

12 Gunnison g1 55 03·g +2"7 +07 91 55 07•3 456 7 ·o 4 ·&JS 77 

15 Treasury Mountain go 34 35·8 +r ·s o·o go 34 37·6 455 6 ·o 5·038 70 

15 ·5* Mount Elbert 90 34 30 ·3 +r ·:i --0·2 90 34 31 ·3 454 6·3 5 ·164 50 

7 I Mesa g1 07 32 ·4 +r ·o -·O 'I gr 07 33 ·3 455 5 ·1 5 ·046 .)::! 

14 Moun~ \Vaas' 90 52 oS·2 +1 ·5 -t-0·2 go 52 09 ·g 455 5 ·1 5 '2II 9g 
15 ·5* Mount Ouray go 30 54 7 +2·0 -0·3 go 30 56·4 -15-1 5·g 5·061 12 

Jo Mount Ellen 91 20 47·2 +o·S -t-0·3 gr 20 48·3 455 4·g 5·468 52 

s Chiquita g1 17 05·8 +1·0 o·o 91 17 06 ·s 455 6·g 5 ·144 50 

5 Tavaputs gr lS 23·4 +1 ·o -t-o·r gr 18 24·5 456 7·6 5 ·.324 -~9 

Ohsen•ations. between II hours 30 minutes a. m. and r hour Io minutes p. 111., and between 4 hours 55 
minutes and 6 hours 40 minutes p. m. 

11101111/ Elbert. July, 18g4. Vertical Circle, No. 28. P." A. Welker and J. Nelson, observers; P. A. 
Welker, chief of party. 

0 II II ,, 
II Mount Ouray . 90 25 27 ·o -0·1 +o·r 

JO Uncompahgre go 36 26·0 +o·S +0·2 

JO Pikes Peak go 33 04·5 -t-r ·o --o·r 

10 Treasury l\fountaiii" . 90 ., ·' 40·4 +3·S o·o 

0 " 
90 25 27 ·o 

9'J ,;6 27·0 

C)Q 33 05 '4 

90 31 44 ·2 

Ill Ill. 

454 

455 

454 

454 

~ 

i ·o 

6·9 

6·5 

6 '7 

4 ·900 39 
5 ·164 50 

5·097 79 

4 761 40 

8 Bison 90 45 21 ·o --o ·5 o ·o go 45 20 ·5 454 5 ·7 4 ·918 90 
Obserntlions.between II hours a. 111. and 1 hour 5 minutes p. m., and between 4 hours ~o minutes and 

6 hours 50 minutes p. 111. 

Trcas111:v Jlf01mtai11. September, 1893. Vertical Circle, No. 44. R. L. Faris, obsen·er; \.V. Eimbeck, 
chief of party. June and July, 18g5. Vertical Circle, No. 44. R. L. Faris a11d W. H. Clay, 
observers; \V. Eimbeck. chief of party. 

0 II /! II ,, 
111111. 

14 Tavaputs, 1893 91 09 5i·2 +r. 7 o·o g1 og 5S·9 467 ·5 ·3 5 ':241 97 

I4 Mount \Vaas, 18g3 go 52 15"4 +1 ·s o·o go 52 :20 ·2 467 5·2 5 ·2S4 II 

12 Uncmnpahgre, 1893 90 18 16"2 -tz ·g +o·r go 18 18·2 466 4·5 5·038 70 

II Mount Ouray, 1893 go 18 5g·S +2"2 +-o ·1 90 1g 02'1 467 5 ·r 

7 Mount Ouray, r8g5 go 18 50·4 +3"4 +o·r 90 IS 53 ·9 468 7 ·7 

rs Mount Ouray, mean 90 rS 58·g 5·002 04 

8 Mount Elbert, 1895 8g 56 07·0 +4"7 +0·1 89 56 :1·S 468 s 7 4·761 40 
, Observations in r8g3 between noon and I hour p. m., and between 4 hours 45 uiinutes and 6 110urs 10 

minutes p. m.; in 18g5 between II hours 50 minutes a. 111. and l"hour 20 p. m., anrl between 5 
hours and 7 hours p. 111. 

Bison. July and August, 1894. Vertical Circle, No. 63. F. W. Perkins, F. L. Olmsted, jr., and P. L. 
Reed, observers; F. W. Perkins, chief of 1farty. 

0 II II II 0 I I/ 111111. 0 

s Mount Ouray 90 12 o6·3 -I ·S o·o 90 12 04 '5 492 1::, ·9 5·042 SS 

14 Pikes Peak 8g 44 38·5 -4·g o·o 8g 44 33·6 493 13·0 4 771 60 

s Mount Elbert 89 54 49 ·4 -3·3 o·o Sg 54 46·1 492 I ... ., 
~ - 4·g18 go 

r· ,, Divide 91 2[ lg ·r +0·1 0\) g1 21 lg'::? 492 13 ·o 4 ·940 23 
Observations between 1 r hours 35 min ates a. m. and l hour 5 minutes p. 111. 

---·--- ------* l\Iicronietric <lifferences Septe1111Jer 16, reckoned as Otie-half day. 
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11101111/ 011ra_1·. Ju1y and August, r::>94. Vertical Circle, No. 44. R. L. Faris, obsern:r; "'· Eimbeck, 
chief of party. 

Nu111-
ber of 
d:<ys. 

I6 

IS 
IS 
IS 
1S 

I" _, 

Object ol.serwd. 

Mount Elbert 

Uncompahgre 

Pikes Peak 

Gunnison 

Treasury Mountain 

Bison 

P1ateau 

5 Marshall Pass railroad 

Obsen·ed 
zenith dis

tance. 

0 ll 

90 13 I7 '7 

90 24 49·s 

. 90 26 01 ·7 

92 00 03·5 

90 29 41 ·5 
90 4r z4·6 

91 36 43·0 

Reduction Reduction 
t _ 1 ,·el of ~ for .e~cen-
v t:' .£!.lo· tnc1tr. 

ll . 

+ o·I 
o·o 

-f- I 'O 

-f- I ·3 

+ 0'7 
I ·3 

+ o·6 

,, 
0·2 

-f- O'I 

o ·r 

o·o 

o ·r 

0 'l 

o·o 

Reduced~-

l ·'' 

90 13 17·6 

90 24 49·9 

90 26 02·6 

92 00 04·S 
90-29 42·1 

90 4r :?3·2 

91 36 43·6 

P. 

IJllJI. 

461 

461 

46r 

462 

46r 

461 

461 

T 
ic.) 

0 

Logs. 

4·900 39 
5 ·061 I:! 

5·052 '.!l 

4·796 4S 
5·002 04 

5 ·042 SS 

s ·163 93 

station 103 09 49 ·3 --6o·r 

+rs ·9 

+36·r 

o·o *103 oS 49·2 461 9·3 t3·602 67 

2 Marshall Pass summit ro3 ,;o 59 ·o o·o t103 31 14·9 461 s·4 t3 ·593 50 

Azimuth signal 93 59 r6 ·6 o ·o 93 59 52 ·7 462 rr ·s t3 ·954 35 

Observations between II hours 30 minutes a. m. and I hour 5 minutes p. m., and between 4 hours 
15 minutes and 7 hours 20 minutes p. 111. 

Pik<'S Pc"t1k. July and August, 1895. Vertical Circles, Nos. 2S and 44. J. Nelson, R. L. Faris, 
and 'V. H. Clay, obsen·ers: "T· Eimbeck, chief of party. 

II 1 Mount 01,1ray 

J'.! i'llount I,:lbert 

IO BiS(•n 

II Divide 

9 Plateau 

13 Big Springs 

0 ,, 
90 2S 52 ·s 
90 27 50 ".5 

90 44 05·0 

92 i.; 43 ·s 
92 .34 45 •6 

92 14 53 ·.; 

,, 
Ill /II. 

O ·6 ---j- 0 '2 90 28 5:! ·4 459 5 '7 5 ·052 2I 

o·S + 0·3 9'J 2i 50·0 460 6 ·:i 5 ·09i 79 

+ o ·2 o ·::! 90 44 os ·.:i 459 5 ·s 4 771 60 

I 'l 

+187 
+17·5 

---j- l '2 _9:! 25 43 '6 4fo 6 '7 

-q ·9 !'12 34 49 '--J- 46o 5 ·8 

-12·6 92 I4 58·.[ 41:;.-; 6·4 

4 721 59 

4 ·SI6 :!"! 

4 ·S41 50 

Ob;;eryations between 1-1 hours 45 minutes a. 111. and I hour 20 minntes p. m., and betwe.::n 4 hours 
30 minutes and i hours s minutes p. m. 

Di11id<". July awl August, I~15. Vertical Circle, No. 109. F. D. Granger and J. B. Boutelle, 
observers; F. D. Granger, chief of party. 

II Big ~pdngs 
Pike!! Pe:ik 

Bison 

l\Ic;inte Rosa 

0 ,, 

90 39 16 ·r 

S7 59 :14 ·9 

l.' 

-r ·6 

-+2 ·:~ 

o·o 
o·o 

0 ,, 

90 39 14 ·.; 

- S7 59 27 ·7 

111111. 

SiS 
577 

4·623 06 

4 ·721 59 

89 20 33 ·4 -- r ·4 o ·o 89 ::!O ,;2 ·o - 576 23 ':::! 4 ·940 23 

ss 49 23·1 -6·5 o·•) ·ss 49 16·6 5i5 :i3·4 4712 43 

. Observations between l r hours ,,;:. minutes a. m.- and l hour p. 111., and between 4 hoi.1rs 35 minutes 
and 6 hours 30 minutes p. m. 

P/,1k<111. July and August, 1894, and September and October, 1895. Vertical Circle, No. 109. 
F. D. Granger, observer and chief of party. 

I '1 

Si 56 12 ·5 

,,_ ,, 
o·o 

0 

Si 56 :?I ·7 
11/Jll-. 

616 
0 

30·4 4·816 21 ro I Pikes Peak 

IJ J Mount Ouray S9 33 20 ·s --o ·5 o ":0 89 3,; 20 ·3 614 30 ·o 5 · 163 93 

10 Big Springs S9 52 5S ·r +o '7 o ·o 89 52 .=;S ·s 615 27 ·5 4 ·679 47 

Observations in 189,[ h-::tween 11 hours 40 minutes a. m. and J hour s minutes p. m., and between 
4 hou:-s 45 mi1mtes and 6 hours 55 minutes p. m.; in 1S95 between -2 hours and 4 hours 40 
minutes p. 111. 

* .Reclt11.:::ed to top of tower. t Reduced to ground at f•)ot of stake. t I..ogarithmic distanc~ fr.-nn Vertical Circle. 
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.., COEFFICIENT OF REFRACTION. 

In the development of the expression for the- difference of height from reciprocal 
zenith ~listances there appears a term* depending upon the difference of the refraction 
at the two stations. This term is usuaily suppressed, in application, as insignificant. 
Assist':lnt \V. Eimbeck called attention to it when determining the heights of the Rocky· 
Mountain stations and applied it in his field computation. If 111, and 11111 are the 
coefficients of refraction at the upper and lower stations, respectively, we have the 
expression-

h, - h,,= (_.-S tan I,:~ ( r - C ) + 11l, - 1/l" f"
0 

). (1 + h, +/in+ s• , _ , , , ") 
·- .•• "II ':!-/) . 2/) I2P- ~ 

Ill - 1ll 
and the term ' 

2
p " .s• will only disappear when the two statious are of the same 

elevation with ·like atmospheric conditions. For a great difference in elevation and 
a large distance the effect of this term evidently becomes a matter of importance. 
There is, however, a difficulty in obtaining· a reliable valu~ for m, - m "' To do this, we 
can only fall back upon the value of m a!? deduced from the nonsinmltaneous reciprocal 
zenith distances of all the lines in this region, which are tabulated below in the order of 
decreasing average heights, }j (k, + h,,). The table also contains the teinperature at 
the two statipns and the weight of each value of the coefficient of refraction given by 
· n u s" 

the expression p = ' " . --. 
Jl, + 11" IO''' 

1 able of r"·s11/!i11,.; <'a!ues of coe:tftde'lll l!.f rtjhutio11, anuuged accvrdi11g lo llt<' mca11 ltdg!tt <!f 
· ll1t· faiv stations. 

Stations. 
Temperature. Height (approx.). 

p. Ill. 
I,. t:J.:J• Mean. It,. llu. Mean. 

0 0 Metres. 

Mount Elbert to Uncompahgre 6·9 6·3 6•6 .i 39S 4 359 4 ,>,78 ·049 9 13·0 
Mount Elbert to Pikes Peak 6·5 6·2 6·4 4 39S 4 300 4 349 ·048 4 8'6 
Mount Elbert ttJ Mount Ouray 7·0 S·9 s·o 4 398 4 257 4 328 '049 I 4 'I 

Uncompahgre to Mount Ouray 5·9 8 'I 7 ·o 4 359 4 257 4 30.S ·050 I TI '0 

Pikes Peak to Mount Ouray 5 '7 9 'l 7'4 4 300 4 257 4 278 ·047 9 8·7 
Mount Elbert to Treasury Mountain 6 '7 8·7 7·7 4 .w8 4 JOO 4 249 ·050 .6 I '5 
Uncc•mp_ahgre to Treasury Mountain 6 'o.) 4·5 5·2 4 359 4 100 4 2J•J ·052 0 S·o 
Mount_ Ouray to Treasury Mountain. ' 8 '7 6 ·r 7 ·4 4 257 J]S · 9 'I 4 HXl 4 ·050 i 
l\fou n t Elbert to Bison 5 '7 13·2 9·4 4 398 _, jSS 4 093 . ·051 0 :.'.? ·s 
Uncompahgre to Mount 'Vaas 5·r 12'9 9·0 4 359 _,, 753 4 056 ·050 s 15 ·5 
Pikes Peak to Bison 5·s 13'0 9·4 4 300 _, 788 4 044 ·050 8 ::? ·o 

Mount Ouray to Bison s .. 
.:) 13'9 II 'I 4 257 3 7SS ..J. O::?.'.? ·05r 4 6.·o 

Uncompahgre to Mount Ellen 4·9 13·0 9·0 4 359 3 498. _,, 928 ·054 (J 35·6 
Treasury Mountain to Mount \Vaas 5·2 II ·6 S·4 4 JOO _, i53 3 926 ·053 s 18·8 
Wheeler Peak to Tushar -6·6 q .• . _, I ·4 _,, 967 ,, 700 _, 834 ·058 9 II ·7 

*T. W. Wright's Treatise 011 the Adjustment of Ohservatiou•. New York, 1SS~. I>· 387. (k stanch; th,:re f•)r '2111 in 
1:.u r notation.) 
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Table <?/rcs11/lil~g- r'<1/11,·s <?f coefficie11t qf rt:fractio11, a1n111gcd acconfi11g /,, t!it' 111ea11 licig-M <?f 
tlze fa•o slatio11s-Continued. 

Stations. 

·wheeler Peak to Ibepah 

"Wheeler Peak to Mount Nebo 

Wheder Peak to White Pine 

Uncompahgre to Mesa 

Tushar to Ibepah 

Tushar to Mount Nebo 

Ibepah to Mount Nebo 

Mount Conness to Mount Grant 

Mount \Vaas to Mount Ellen 

\Vheeler Peak to Diamond Peak 

Tushar to Mount Ellen 

Tushar to \Vasatch 

Ibepah to Deseret 

Uncompahgre to Tavaputs 

Toiyabe Dome to Jl,fount Grant 

Toiyabe Dome to White Pine 

Mount Nebo to \Vasatch 

Mount Nebo to Deseret 

Ibepah to Pilot Peak 

Ibepah to Diamond Peak 

Mount Nebo to Pilot Peak 

Mount Ellen to 'Vasatch 

To:yabe Dome to Diamond Peak 

Mount \Vaas to Mesa 

Treasury Mountain to Tavaputs 

Mount \Vaas to Patmos Head 

Toiyabe Dome to Mount Callahan 

Uncompaghre to Gunnison 

White Pine to Diamond l'eak 

Tushar to Scipio 

\Vheeler Peak to Pioche 

Deseret to Pilot Peak 

Mount Nebo to Patmos Head. 

Mount Ouray to Gunnison 

Ibepah to Ogden Peak 

Mount Grant to Round Top 

!;fount Nebo to Scipio 

Pike;; Pea.k to Divide 

Mount Nebo to Ogden Peak 

Mount Ellen to Patmos Head 

l\'.Iount ·waas to Tavaputs 

Temperature. Height (approx.). 
p. 

f, t., ~Iean. h,. Ii,.. Mean. 
m. 

0 0 

-s ·6 13 •6 
-S "4 II "O 

-s ·4 0·7 
S "l 16 "2 

II "6 Il "I 

10"1 r,~ "6· 

r2 ·o 13 ·7 

II ·7(?) 4 "S 

12"8 13·4 
-s ·8 13 ·6 

8 ·4 r3 ·9 

9·4 
12 ·o 

7·6 

9·4 
10·0 

13 ·5 
13·4 
10·4 

7·6 

14·3 
14"4 
JI ·8 

12·4 

s·3 
u ·8 

9·6 
7·0 
l "I 

9·2 
-6·2 

r2 "4 

r3·o 

8 "7 

r2"4 

7·4 
12"8 

6"7 

14 ·2 

r3 ·6 

12 ·4 

rs •8 

12 "I 

10"2 

-0·1 

rs ·4 

II "9 

I7 ·8 

13 •6 

18"9 
15"0 
9·8 

15 ·9 

9·9 
6·3 

16·9 
10·4 

10·9 
!::! ·4 

18 ·r 

8 "7 

I4 ·8 

r2 ·3 

I2 "7 

11 ·9 

24 ·o · 

13"0 
10·7 

IO "3 

0 Metres. 

4·0 3 967 3 684 3 826 
2·8 3 967 3 620 3 794 

~2"4 3 967 3 426 3 696 
10·6 4 3S9 3 039 3 699 
II -"4 3 700 3 684 3 692 
rr·8 3 7CXJ 3 620 3 66o 
12·S 3 684 3 620 .3 652 

8·r 3 835 3 427 3 631 
13·1 3 753 3 498 3 626 

3 ·9 3 967 3 242 3 6o4 
II '2 3 70) 3 498 3 S99 

!:! ·6 3 700 3 394 3 5·H 
12"0 3 684 3 360 3 522 

8·9 4 .359 :! 667 .) 513 

6·6 3 595 3 427 3 511 
s·o 3 59S 3 426 3 sro 

r4·4 3 620 3 394 3 507 
12 ·6 3 620 3 36o ,; 490 

r4"I 3 684 3 270 3 477 
10·6 3 684 3 242 3 463 
16·6 3 620 3 270 3 445 

I4"i 3 498 3 394 3 446 
10·8 3 595 3 242 3 418 

r4"2 3 7S3 3"039. 3 396 
7·6 4 JOO 2 667 3 384 

9·6 3 7S3 2·992 3 372 
13·2 3 S95 3 117 3 356 
8·7 4 359 :! 341 3 350 

·059 I 

·os9 3 
•o66 0 

·osr 8 

·os4 4 
·053 8 
·054 8 

·050 3 

·ass l 

·061 0 

·os3 6 
·052 3 

·056 2 
; 

·057 7 

"o6o 7 
·o6r 8 

·051 3 

·05s 4 
·os4 s 
·054 5 

·os4 7 
·056 3 

·053 7 

·os7 9 
·057 2 
·058 6 

·04S 9 

·os6 9 

5·3 

9 "7 
7 ·s 
" .,, ,, -

14"9 
rs "2 

15"3 
2·S 

14·9 
12 ·4. 

13 ·r 
8·3 

14·4 

16°4 
n ·o 
17 ·r 

4"S 

7 "7 
1S"9 
16 ·2 

22·2 

I0"6 

14 "7 
3 ·o 

20"6 

12 ·s 
6·7 
2 ·o 

6 ·o 3 .p6 3 242 3 334 ·o6J 1 r 2 ·6 

10·8 3 7lXJ 2 960 3 330 ·054 6 7·5 
7·0 3 967 2 677 3 322 "06o I 6·1 

r5·2 3 36o 3 i70 3 315 
IO ·S .'\ foo l 992 3 306 

II ·S 4 257 i 341 3 299 
12"4 3 684 2 913 3 298 
10"0 3 427 3 I66 3 296 
12"4 3 620 2 96o 3 290 

15"4 4 300 2 259 3 2So 

13·6 3 620 2 913 3 266 

I2"2 3 498 2 992 3 24s 

·056 3 

"OS4 l 

·056 7 

·056 s 
·056 8 

·057 3 
·056 2 

·os5 s 
·058 9 

2 ·7 
II "8 

7 ·3 

I"6 

15 ·4. 

16°9 
II "4 3 7S.~ 2 667 3 2!0 "OS8 9 II "O 



TRANSCONTINENTAL TRIANGULATION-PART II-HEIGHTS. 

Table <?f rc'sullillg ~·alues qf clleffide11t of n:.ti·action, arranged <7<t."01"di11g lo the 111ea11 !1dglil o.f 
·Ille l<c•o s/,1/i<>11s-Continued. 

Stations. 

\Vasatch to Patmos Hearl 

1'ushar to Pioche 

Toiyabe Dome to Lone Mountain 

Diamond Peak to Mount Callaha11 

Wasatch to Scipio 

Deseret to Scipio 

Toiyabe Dome to Carson Sink 

Deseret to Ogden Peak 

Pikes Pt::ak to Big Springs 

Mount Grant to Lone Mountain 

\Vhite Pine to Lone Mountain 

Pilot Peak to Ogden Peak 

Monnt Grant to Mount Como 

l\:Ionnt Grant to Carson Sink 

White Pine to Pioche 

Bison to Divide 

Round 1'op to Mount Lo!a 

Pikes Peak to Plateau 

Round 'l'op to Mount Como 

Mount Ouray to Plateau 

Monnt Callahan to Carson Sink 

Mesa ~o Tavaputs 

Patmos Hean to Tavaputs 

Mesa to Chiquita 

Mount Lola to Mount Como 

Mount Como to Carson Sink 

Deseret to Antelope 

Desere'i: to Promontory 

Mount Lola to Pah-Rah 

Pilot Peak to Antelope 

Pilot Peak to Promontory 

Tamputs to Chiquita 

Mount Como to Pah-Rah 

Carson Sink to Pah-Rah 

Ogden Peak to ~ntelope 

Ogden Peak to Promontory 

Ogden Peak to City Creek 

Deseret to \Vaddoup 

Mesa to Grand Jnnction Standpipe 

Ogden Peak to United States Engi-

neers' Observatory 

Temperature. Height (approx. ) . 

1,-. 

0 

I:! ·5 

13 "7 
I6 "l 

ll "9 
10"0 
12·6 

6·4 
5·0 

-<?"4 
18·0 

7·4 
4·9 
0 ·2 

13·0 
I2 "I 

5·8 
12"7 
8·4 

17·6 
IS "l 

II "2 

17·8 
12·5 
17·0 
12·6 

13·2 
12·6 
16 "2 

lS·r 
IO "I 

16·9 
20·5 

rs ·5 
18°2 
12·8 

13 ·o 

18 "2 

IO"O 

20 "I 

I "7 

16"5 
II 08 

II "8 

20·2 

15"0 

::?'O 

2·4 
12 ·o 

IS ·3 

21 "2 
19 ·o 

I.., • .., 

30·4 
18·1 

30·0 

20·8 
IO":.'.? 

II "4 

II "7 

17"9 
20"0 

12 "7 

25·9 
7·7 

9 "7 
27·6 

IO "7 

Il "I 

s·8 

17 ·5 

25·5 
14 ·r 

23 ·4 

2I "2 

:Mean. Ii,. 11,,. Mfc'an. 

0 'Metres. 

12·8 3 394 2 992 3 193 
I4 ·4 3 700 ·' 677 ,, 188 
7 "I 3 595 ., 767 ,, 181 

15·1 3 242 3 117 3 !So 

14·0 3 394 2 960 ~ 177 
II "8 3 36o 2 960 ~ 160 

15·1 3 595 2 685 ~ 140 
13·8 3 3b0 2 913 3 136 
16·8 4 300 r 903 3 102 

3·5 3 427 2 767 3 097 
I"O 3 426 2 767 3 096 

15·0 3 270 2 913 3 092 
12 "8 3 427 ·2 7SO 3 088 
r3 ·o 3 427 2 685 3 056 

111. 

·054 2 
•o6o 9 

·053 3 
·056 0 

·054 I. 

·057 3 

·059 6 
•o66 0 

·070 l 

·058 2 

·056 I 

·o6o 4 

p. 

6·7 
II ·5 

5·3 
6·5 
3·0 

5·1 
7·6 

JO "I 

2·9 
10·5 

19 "j 
4r ·2 

9 •6 3 426 , 677 3 052 ·061 6 9 ·9 

18"1 3 788 :? 259 3 024 ·053 9 4·5 
12·2 3 166 2 787 2 976 ·058 5 5 ·S 

rS -~ 4 300 r 64.+ 2 9i2 ·058 7 2 ·o 

r5·4 3 166 2 750 2 958 ·054 7 3·0 
19·2 4 257 I 644 2 950 "053 i 13·8 
19"2 3 117 2 685 2 gar 

14"2 3 039 2 667 2 853 
II "3 2 992 2 667 2 830 

q.-8 3 039 2 595 2 817 

r5·2 2 787 2 750 2 768 
18 ·5 2 750 ·2 685 2 718 
r2·6 3 36o 2 005 2 682 
19·6 3 36o 2 004 2 682 
rp·2 2 787 2 510 2 648 

22·8 3 270 2 004 2 637 
10"4 2 667 2 595 2 631 
14·0 2 750 2 510 2 630 
14·6 2 685 2 510 2 598 

16·5 2 913 2 005 2 459 

·053 3 
·061 3 
·056 2 

·062 6 

·055 s 
·056 0 
·063 l 

·058 7 

·063 7 

7 "2 

3 '(1 

7·2 

.3 ·r 

·057 3 I4 "I 

•o63 4 l "O 

·057 3 3 ·4 

·o63 9 6 ·5 

·063 2 l ·6 

21 ·8 2 913 2 004 2 45S ·065 9 0·9 
13"4 2 913 l 870 2 392 ·056 7 0·7 
18·2 3 36o l 297 2 328 "o62 8 5·1 

19·7 3 039 I 39+ 2 216 "062 4 0·4 

18"7 2 913 I 326 2 IlO "o66 "g 0"04 



UNITED STATES COAST AND GEODETIC SURVEY. 

T.1bk <?f 1-.:s1dti1z1;r <'<ll1t<·s of <"O<ffidt?11/ of n1i-.1dio11 •. ai-nmgnt a<"cordil1r1 to the m1a11- height of 
{Ile tw,1 s/atio11s-Completed. 

Temperature. Height (approx.\. 

Stations. t,. 'II· Mean. It,. llu. Mean. 11~. 

0 0 0 Metres. 

Ogden Peak to Waddoup 16'9 25 ·3 21 'I 2 9r3 I 297 2 105 ·05S ;: 

Ogden Peak to Salt Lake NW. Base r6·9 3 I '7 24 ·~; 2 913 I 284 2 098 ·o65 8 

Ogden Pt:ak to Salt Lake SE. Base r6·7 28·6 22 •6 2 9r3 I 2i~ 2 095 '062 8 

Dh·ide to Big Spdngs 22·9 25 ·o ;q.·a 2 259 r 90,; 2 oSr ·052 0 

T,1,·aputs to Grand Junction Stand pi pt: IO '7 16'9 i 3 ·s 2 667 I 39-l 2 030 ·064 s 
Antelope to Promontory 17'9 25 ·r 21 ·5 2 005 2 ocq. 2 004 :o66 s 
Chiquita to Grand Junction Standpipe 13 ·2 20·6 i6·9 2 59~ I 394 I 994 ·057 5 
Antelope to City Creek 12 'I J4 'I 13 'I 2 oo;; I S;o I 93S 'OjI 9 
Rig Springs to Plateau 25·2 27 ·5 26·4 I 90_; I 644 I 774 ·052 4 
Antelope to 'Vaddoup rS·o 25 ·5 2J ·~ 2 .005 I 297 I 65r ·075 I 

Promontc1ry to 'Va~Monp 25 '4. 23·7 24·6 ., cc4 I 29i I 650 •()1)9 4 

Antelope to Salt Lake N"'· Base 25'9 32·4 2Q '.'.? 2 005 I 28,J I 6H ·061 2 

Promontory to Salt Lake NW. Base 24·8 .31 '7 28·1 2 004 J 28,J I 644 ·o6S J 

Antelope to Salt Lake SE. Base 26·4 27·6 2j'O 2 005 I 27'3 J 642 ·064 0 

'Vad<'loup to Sa1t Lake SE. Base 31 ·1 : 30 .,_, 30·6 I 297 I 278 l 2SS ·ow 3 
Salt Lake NW. Base to SE. Base 33 ·9 27 ·4 30·6 J 284 I 278 I 2Sr ·046 2 

p. 

o·6 

0'2 

0·2 

I 'O 

I ·7 

I ·9 

0·2 
0 .• _, 
I "2 

I 'O 

4·6 
0 ·1 

0·4 
o ·r 
(I. I 

0·04 

An inspection of this table shows a steady increase in the coefficient of refraction 
as the height decreases, except where the temperature is abhormally high or low, 111 

which case the value of m is correspi:indingly low or high. It was therefore decided to 
try to derive an expression for the coefficient of refraction 1jf the form-

111 = m
0
+ (t-t.,Jx+ (_h - hJ_1• 

At first S groups of 10 values each were formed, and the weighted mean values of 
temperature, height, and coefficient of refraction were found ·for each group. An 
expression of the above form was found which fitted very Closely these mean ,·alues, 
hut when applied to the individual Yalues of m the agreement was not satisfactory, nor 
clill t11e use of it in the height computations prorluce a satisfactory closure of the height 
triangles. This was ascribed partly to the fact that the variations in temperature are 
largely concealed by taking the group means and partly to a regional difference 
in topography and local conditions between the eastern and .western parts of the 
triangub ti on. 

It was therefore concluded t9 use the individual values of 111." disregarding the com
puted weights, and to derive two expressions, one for the eastern part of the tria1igula
tio11 from Pikes Peak to Mount Nebo and another for the remaining western part. 
Thirty values are included in the first part and 46 in the second; ,;everal values 
evidently abnormal as well as those derived from short lines bei1ig rejected. The mean 
values for the eastern part are f 0 = 9°·9c, h0 = 37·7 hectometres, 1110 :'::: ·053 4, and the 
resulting observation equations of the form (t - (.lx + (h -hJy = 1it - m,, are tabu
lated below. For convenience of computing, (11 - ltJ is given in hectometres and 
{ ~11 - m,) in units of the fourth place of decimals. 
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Station. I-lo /J-'10 111-Jl/0 Computed. 0-C 
0 

Mount Elbert to Uncompahgre -3·3 +6·r --35 -41 +6 
Mount Elbert to Pikes Peak --3 ·5 +5·8 --50 -3S -12 

Mount Elbert to Mount Ouray --I ·9 +s·6 -43 -42 -- I 

Uncompahgre to Mount Ouray -2·9 +s·4 -·· ,,.., -37 +4 
Pikes Peak to Mount Ouray -2·5 -f-5 "I -ss -35 -20 

Mount Elbert to Trea~ury Mountain -2·2 +4·S -2S -34 + 6 

Uncompahgre to Treasury Mountain --4 7 +4"6 -q -23 + 9 
Mount Ouray to Treasury Mountain -2·5 +4"1. -27 -27 (I 

Mount Elbert to Bison --0·5 _L ... .., 
' .."} - -24 -:?6 + ., 

Uncompahgre to J.VIount Waas -0·9 +2·9 -26 -22 4 
Pikes Peak to Bison -0·5 +27 -26 -:?2 4 
Mount Ouray to Bison +1 ·2 +2·5 -20 -26 + 6 
Uncompahgre to Mount Ellen -0·9 +r ·6 +6 -II +17 
Treasmy Mountain to Mount \Vaas -I "5 +r ·6 +4 -9 -j-13 
Uncompahgre to lVIesa +07 -07 -16 +4 -20 

Mount \Vaas to Mount Ellen -t3·2 -1 ·4 +Ii + l +16 
Tushar to Mount Ellen +r ·3 -:-I "7 + :? +10 - s 
Tushar to \Vasatch +27 -2·2 -II -i-9 __:__ 20 

Uncompahgre to Tavaputs -r·o -2·6 -i-43 +26 +17 
Mount Nebo to \Vasatch +4·5 -2·6 .·-21 -i-6 -~j 

Mount Ellen to \Vasatch -t4·S -3·2 +29 +rr +is 
Mount \Vaas to l\'ksa +4"3 -3 "7 -j-45 -j-17 -j-2S 

Tre:u:ury Mountain to Tavaputs - 2 ·3 -3·9 -i-3S -j-42 -4 
Mount \Vaas to Patmos Head .. -0·3 -4·0 -i-5:? +.36 +16 
Uncompahgre to Gunnison ·-I "2 -4·2 +35 -j-41 -6 
Mount Nebo to Patti1os Head +0·9 --4 •6 + 7 -t.37 -30 
l\'Iount Ouray to Gunnison +r ·ci -4·7 -T-33 +34 - I 

Mount Ellen to Patmos Head +1·3 -5·3 -i-55 -i-3S +17 
Motmt \Vaas to Ta va puts +r ·s -5·6 +55 +43 +12 

\Vasat~h to Patmos Head +::i·9 -5 ·s +rs -t40 -~2 

The resulting normal equations are-:-

190 ·oS.r- 217 ·07y= +I :?09 •St . . rx= -3 •6 
from w Inch 

-.217·07x+4SS:52y=-3 47r·6.I ly=-87 

and the expression for the co~fficient of refraction is-

Ill= ·053 4 - ·ooo 36 (I __: 9<··9) - ·ooo 87 (/i-37 "7l 

In the heighf computations we. need only the difference of refraction at the two 
stations, which may be found directly from the expression-:- · 

II!.!__-· 
111

" = ·ooo rs ( !,, - t,) - ·ooo 44 (/1, -11,. l 
2 . 

in which m, t, and h, refer to the upper station and m
11 

t" and h
11 

to the lower, and the 
unit of height is a hectometre. 
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For the Western part the mean values are t0 = II
0

'2 C. h0 = 32·5 hectometres and 
m 0 = ·057 S. The resulting observation equations are tabulated below: 

Stations. 

'Wheeler Peak to Tushar 

Wheeler Peak to Ibepah 

Wheeler Peak to Mount Nebo 

Wheeler Peak to White Pine 

Tushar to Ibepah 

Tusnar to Mount Nebo 

Ibepah to Mount Nebo 

'Vheeler Peak to Diamond Peak 

Ibepah to Deseret 

Toiyahe Dome to l\:Iount Grant 

Toiyabe Dome to \Vhite Pine 

Mount Nebo to Deseret 

Ibepah to Pilot Peak 

Ibepah to Diamond Peak 

l\:Iount Nebo to Pilot Peak 

Toi ya be Dome to Diamond Peak 

'Vhite Pine to Diamond Peak 

Tushar to Scipio 

'Vheeler Peak to Pioche 

Deseret to Pilot Peak 

l\:Iount Grant to Round Top 

Ihepah to Ogden Peak 

l\:Iount Nebo to Scipio 

l\fount Nebo to Ogden Peak 

Tushar to Pioche 

Tr1iyabe Dome to Lone Mountain 

Diamond Peak to l\:Iount Callahan 

Wasatch to Scipio 

Deseret to Scipio 

Toiyabe Dome to Carson Sink 

Deseret to Ogden Peak 

Mount Grant to Lone Mountain 

\Vhite Pine to Lone Mountain · 

Pilot Peak to Ogden Peak 

Mount Grant to l\Iount Cori10 

Mount Grant to Carson Sink 

White Pine to Pioche 

Rounrl Top to Mount Lola 

Round Top to Mount Co1110 

Mount Callahan to Carson Sink 

Mount Lola to Mount Como 

" 
- 9·S 

- 7 ·2 

- 8·4 

-13·6 

+ 0·2 

+ o·6 

+ 1·6 

- 7·3 

+ o·S 

- 4·6 

- 6·2 

+I "4 

+ 2·9 
- o·6 

+ 5·4 
- (>"4 

- 5·2 

- 0·4 

- 4·2 

+ 4·0 
I "2 

+ I '2 

+ l "2 

+ 2·4 

+ 3·2 
- 4·1 

+ 3·9 
+ 2·8 

+ o·6 

+ 3·9 
+ 2·6 

- 7 "7 
-10·2 

·+ 3·S 
+ l "6 
+ l ·S 

l ·6 

+I "O 
+ 4·2 

+ S·o 

+ 4·0 

+5·s 
+5·s 
-t-5·4 

-t-4·5 

-t-4·4 

+4"1 

+4"0 

-j-3·5 

-j-2 "7 

+2"6 

+2"6 

+2"4 

+2·3 

+1 ·9 

+1 ·7 

+o·S 
+o·s 
-fo7 

+07 

+0·5 
+0·5 

+0·4 

+0·2 
-0·6 

.-07 

-07 
-07 
-0·9 

-l "I 

-I "I 

-I ·5 

-t ·s 
-I ·6 

-I "6 

-I ·9 

-2·0 

-2 "7 

-2·9 

-3·5 
-4·8 

111-1110 Computed. 0-C. 

+ II 
+ 13 

+ IS 
+ 82 
- 34 

- 40 

- 30 

+ 32 
- 16 

+ 20) 

+ 40 

24 

- 33 
- 33 
- 31 

- 41 

+ 3-~ 
32 

-t:- 23 

15 
IO 

13 

5 

33 

-~6 

+ 3r 

- 5S 

45 
18 

37 

- 5 

+ 82 

+123 

+ 4 
17 

+ 26 

+38 

+ 7 
- 31 

- 45 

- 20 

-42 

·-42 

-49 

+27 
--31 

+14 
-t-27 

-33 

-44 
--q 

-6r 
--12 

+35 
-4 
+2S 

-39 

+5 
-14 

-21 

-20 

-25 
-16 

+3 
-22 

-JI 

-t-76 

+<fo 
-16 

+ 2 

+3 

-16 

+ 7 
-4 
+13 

+s 
+ 2 

-t-19 

+ 5 
+15 

+rs 
+13 

+9 
+rr 
-19 

+30 

-29 
- 2 

-28 

+ 
+s 
- 2 

-16 

-9 
-33 
-29 
-2I 

-15 

+6 
+6 

+27 

+20 

-19 

+23 

+ 7 
- 9 

-12 

-31 
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Stations. f-lo "h-h 0 lll·-1110 Computed. 0-C. 

0 

Mount Como to Carson Sink + 7·3 -5·3 - IS --II -7 

Deseret to Antelope +I ·4 -57 + 53 +41 -t-12 

Deseret to Promontory -t- S·4 -5·7 + 9 --16 -t-25 

Pilot Peak to Antelope + i ·S -6·1 + 59 -j-41 +is 
Pilot Peak to Promontory +u ·6 -6·1 - 5 -38 +33 

The resulting normal equations a:re-

1 251"6i.i:-464·01y=-5 961·1} l" rx=-8·1 
from w nch\ 

-464·orx+467·61)•=- 479·9 l.y=-g·r 

and the expression for the coefficient of refraction is-

111 = ·057 S- ·ooo 81 U- u 0 ·2)- ·ooo 91 (/z ·- 32•5) 

. For the difference of refraction at two stations we have-

111 -Ill . . 
-'--

11 = ·ooo 40 (I -t )- · ooo 45 C It -It ) :2 . .u z . J J.J 

. The next to the last column in the preceding tables contains the computed values 
of (m-mJ and the residuals are given in the last column. While some of the residuals 
are large, yet in general the agreement i.s quite good, and the two expressions for 111, --m .. 
have been adopted for use in the computation of differences of height. 

The differences of height between the stations were computed by the formula as 

given above and inclusive of t11e term (m,-m,, !.!:._. . ·2p 

3. ADJUSTMENT OF HEIGHTS. 

The adjustment of heights has been dividec.I into two parts, the first including the 
principal triangulation stations between Rouncl Top and Pikes. Peak, as shown on the 
preceding sketch, and the second the stations in the vicii1ity of the Salt Lake Base.* 
'l'he heights of the followjng stations have been fixed by previous adjustments: 

Round Top 

l\fo1m t Lola 

Pikes Peak 

Divide 

Plateau 

111. 

3 165·6 

2 786•8 
4 300·2 

2 259·2 

I 644·0 

*See subsketch farther on. 
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The approximate heights of the 28 intermediate stations are-

/JI. Ill. 

Mount Como 2 749+x, Deseret 3 368+.r,5 
Pah-Rah 2 514+.1·. Scipio 2 967+.1·,6 
Mount Grant 3 43o+x3 Wasatch 3 39S:-t-x•1 
Carson Sink 2 6S4-tx4 Patmos Head 3 003+x,s 
Toiyabe Dome 3 594+.l"s Mount Ellen 3 501+x,9 
Lone Mountain 2 779+.i-6 Mount Waas 3 754+s,,., 
l\fount Callahan 3 116+.1·7 Tavaputs 2 6So+x., 

Diamond Peak 3 24S+xs Mesa 3 05o+x •• 
White Pine 3 440+.r9 Uncompahgre 4 355+.r._, 
Wh:::eler Peak 3 982+.1·,0 Gunnison 2 343+.r.4 
Pioche 2 6S2+.rn Treasury Mountain 4 09S+.1·2 ; 

Ibepah 3 69.:?+.1·1> Mount Ouray 4 254+x.6 
Tushitr 3 703+.rlJ Mount Elbert 4 396-/-;1"07 
Mount Nebo 3 623--!-.r14 Bison 3 7S6+.i-"" 

The computed differences of height with their 
observation· equations are given in the following table. 
to Mount Ellen is rejected: 

weights and the corresponding 
The very long line Uncompahgre 

Station!'. £::,. /!. p. Obsen·ation equations. Adjusted Resirl-
£::,./1. uals. 

Ill. 111. Ill. 

Round Top to Mount Lola 376·6 s·4 (37S·S) 
Round Top to Mount Como 417·0 22·2 o=+o ·4+.r r 417 ·4 -0·4 

Mount Lola to Pah-Rah 275·5 5 ·5 0=+2 "7+:i- 0 273 ·3 +? "? - -
Mount Lola to Monnt Como 40·.i 7 "2 0=+2 "6-/-.1" r 38·6 +1 ·S 

Mount Como to Pah-Rah 2,32 "I 6 .• _, 0=+2 ·9+x ,-x. 234 ·7 +2·6 

Mount Grant to Round Top 263 "J 5·9 0=+1 ·3+.i- 3 262 ·4 -07 
Carson Sink to Pab-Rah 168 ·2 4·6 o=+r ·S-x .+x, 167·3 -0·9 

Mount Grant to Mount Como 679 "l 97 o=-\-1 ·9-x ,+.1· 3 6j9·S +07 
Mount Grant to Carson Sink 74r ·5 3·6 o=+4 ·s+x 3 - x .. 747 ·2 +s·1 
Mount Grant to Lone Mountain 656:0 3·S o=-ts ·o-.i- d-·x 6 65r ·2 +4·8 
Mount Como to Carson Sink 70·6 3·6 o=+·5 ·6-s ,+.1·, 67·3 +3·3 
Toiyabe Dome to :tv.nmt Grant 161 ·r 4·0 0=+2 ·9--x 1+.1· 5 r6.:? ·4 +1 ·3 

Toiyabe Dome.to Carson Sink 9Il ·4 4·7 o=-tl ·4+.i- ,-x 5 909·5 +1 ·9 
1'oiya1:.e Dome to J_,one Mountain 813·4 7·9 o=+r ·6+.1· 5-x o 813·5 +0·1 
Toiyabe Dome to Mount Callahan 479·6 5·s o=-tr ·6-.1· 5+.r 7 479·0 +o·6 

Toiyabe Dome to Diamond Peak 345·4 2·4 o=+o ·6+.1· 5-.1· s 349 ·r +3 "7 
'l'oiyabe Dc,me to White Pine 154 •6 2"0 o=+o ·6-_1: 5+.i· 9 r53·2 +r ·4 
Mount Callahan to Carson Sink 431 ·3 4 "7 o=+o "7-.1· 4+x 1 430·5 -o·S 

Diamond Peak to Mount Callahan r30 ·o 7 ·o 0=+2 ·0-.1· ,+x 8 129·9 -o "I. 

"White Pine to DiaI11ond Peak 195 ·o 3·0 0=+3 ·o+.1· s-x ~ 195 ·S -o·S 

'Vhite Pine to I.one Mou11tai11 65r 7 2·0 0=+9 ·3-x 6+.1· 9 66o·3 +s·6 

White Pine to Pioche 757·4 3 "2 o=-to ·6-t-s 9-.r .. 758 ·r +0·7 

Wheeler Peak to White Pine 534·5 2·9 0=+7 ·5·-.1" 9+.1"10 543·0 +s·5 
Wheeler Peak to Diamond.Peak 737·8 2·7 o-=+~ ·s+.1- s-.i·1i:o 738·9 -1 ·1 
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Stations. A.Ii. p. Observation equations. Adjusted Resid-
t:::,,, 11. ualg. 

Ill. JI/. "/II, 

Wheeler Peak to lbepah 294 "6 5·4 o=+4 ·6-.1·,o+.1·,o 291 •6 +3"0 
Wheeler Peak to Pioche 301 ·o 3 "7 0=+1 ·o--.1·,0 +x .. I 301 ·r --0·1 

Wheeler Peak to Mount Nebo 365 ".? 0·3 · o=="=+6 ·2--.i-10+.1·14 357 'J +s·1 
Wheeler Peak to Tushar 2S6·0 I '2 o=+i'O -.1·w+.l."13 :!.jS '..? +1·s 
lbepah to Diamond Peak 453·9 ':! '2 0=+9 ·9+x s-X10 447·2 -t-67 
lbepah to Mount Nebo 64·9 I " _, 0=;:::+4 ·1 +-1"1:.:---l'"1J 65 ·5 +o·6 
Tushar to lbepah 9·8 0·9 0=+1 "2·-.l',o-!-.1:'13 13 ·4 -+3·6 
Tushar to Pioche 024"<) ' . , o=+.'\ ·o+-.1·11-.1"'1 3 I 0:!2 ·9 +1 ·r 

lbepah to Deseret 321 '.:? 4·9 0=+2 ·8·1-.1"10-.1.·, 5 321 ·4 -+-o ·2 

Mount Nebo to Deseret 255·6 6·9 o=+o ·6-x,,+.t·,; ::?56 "(I -0·4 

Deserd to Scipio 39'~ ·4 2·2 0=+2 ·6+.\"15-.1'16 400 'L +1 ·7 

Mount Nebo to Scipio 656"6 IS 'l o=+o ·6-x,.+.1-,. 656·1 +o ·s 
Wasatch to Scipio 430·8 II '3 o=+o ·2·-.1·10 +.1-r7 430·6 --0 '::? 

Tushar to Scipio i.)3'5 5·2 o=+:! ·s+x,1-·'"» 735'(1 +1·5 
Tushar to Monnt Nebo 82 ·o 2 'I o=+~ ·o-.1·,3-+.1-14 7S·9 -j-3·1 

Tu~har to W::isatch 305·6 5 ·o o=+o ·6-x,3+x,7 304·3 +r·;; 
Tushar to l\fount Ellen 203·0 3 ·r O=+I 

0

0-.\'13-t·.\'r') 201 ·4 +1 ·6 

Mount Nebo to Wasatch 225 ·7 10 'I o=+o '7-.l',4+x,; 225·4 -1-0·3 

l\fouJit Nebo to Patmos Head 619·6 3·4 o=+o ·4+-.1·,_,-.l'rs 620·0 +o·~ 

\Vai-atch to Pntmos He:lrl .396 •6 S 'I o=+ I ·6-.t· 1 i+·.l·1e 394·6 -t-1 ·o 

Mount Ellen to Wasatch 103·6 4·6 0=-~0 ·6+.1·1;-·rr._1 102·9 -1-0 "j 

Mount Ellen to Patmos Head 497·8 2·6 o=+o · 2 --x,,+x,0 497 ·5 --0·3 

Mount ·waas to Mount Ellen 253·S 3 .. _, o=+o ·8+x,,:._,Y,o 254 ·1 --0·3 

Mount \Vaas to l;atmos Head i47"3 3·0 0=+3 ·7--.t'is+ .r,,, 751 '6 +4 ·_; 

Mount \Vaas to Tavaputs r 1J74·6 6'8 O= +o ·6-.1·00 -f-.1"°' J 074·5 -+·0·1 

Patmos Head to Tarnputs 322·1 4 ·7 o=+o·S+x.e-.1",, 32 :"! ·9 +0·7 

Mount Waas to l\'.ksa 709·r 3 ·1 0=+5 ·r-.1·00-tx.o j•)6 ·7 ..J,-2 ·4 

1\'.Ie,.;a to Tan1puls 371 'I 3 ·o o=+r ·r+.l',,--.1·00 367 ·s +3 ·3 
Tn::asmy Mountain to Tavaputs I ,p5·0 , . , 0=+3 ·o~.i-01+.1·0, I 417 ·5 +2·.5 
Treasu1·y Mountain to Mount \Vaas 340·3 l ·4 o=-f--3 'j-.1·ai:.+:1·~5 343 '(l +27 

U11co1i1pahgre to Gunnison 2 01:? ·5 S·o o=+o '5-.1'o3+.1·0, :2 011 ·7 ~0·2 

Unco111pahgre to Mesa I 308·6 .z. I o=+ 3 ·6+.1·,,-Xo3 1 307 ·3 +1 ·3 

Uncompahgrc to Mount El:en 843·0 0·5 Rejected 

Uncompahgre to i\'Iount \Vaas 599·5 ~·2 0=+1 ·5-.r,,.,+.1·03 6co·6 -tr "I 

Uncompahgrc to Ta\"aputs 1 673 ·o o·s 0=+2 ·o-x01+.1"03 675·1 +2"1 

Uncompahgre to Treasury Mountain 2j7 ·r 5 •6 o=+o ·1-·x,3 +.1·05 257 •6 -0·5 

Uncompahgre to Mount Ouray 102 '3 6 .. _, O=-j-1 ·.~-.1·03 +.1·,6 JOI ·5 +o·8 

Mount Elbert to 'l'reasnry Mountain :?98·1 I' .• 
._'\ ._'\ . 0=+0·1+.t",.3-.\'~7 297 7 +0·4 

Mount Elbert to Uncompahgre 40·0 :? ·9 o=+r \J-_1·03 +.ro; 40·1 +0·1 

Mount Elbert to Mount Ouray 140·4 10·3 C•=+r '6-.l'o,;-!-.l'o; qr·6 +r ·2 

Mount Elbert to Pikes Peak 94·6 3·5 o=+r ·2+x,7 95·2 to·6 

Mount Elbert to Bbon 609·3 5·8 o=-to ·7+.ro7-.l'os 607·8 -1·5 

Mount Ouray to Treasury Mountain 154·8 S·9 o=+r ·2-x05+.1·0,; 156 ·1 +1 ·3 

Mount Ouray to Gunnison 911 ·3 17 ·5 o=+o ·3+.i-,4-x,. 9II "2 +0-1 

1Si32-No. 4--'>·? --
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Stations. f::,./r. p. Observation equations. Adjusted Resid-
L::,,.11. uals. 

Ill. Ill. Ill. 

Mount Ouray to Bison 469·0 4 "l o=-/-I ·0-.1·,6+.l"os 466 "::! -i-2 ·s 
Mount Ouray to Plateau 2 6o8·9 3 ·r o=-l-1 'l-/-Xoo 2 6o9·8 +0·9 
Bison to Divide I 528 ·5 7 ·9 0=+17-.1·,,. I 528·4 +0·1 
Pikes Peak to Bison 511 ·s 167 O= 1-2 ·7-.t~~a 512 ·6 -t-I "I 

Pikes Peak to Mount Oura); 47 ·2 5·4 0=+1 ·o+x,o 46·4 +o·S 

No . .?~. 

50 "° 30 zo 10 0 109 

The s()lution of the .:?S normal equations gave the correcti01is to the assumed heights 
and the following values for the adjusted heights: 

!l/c/l"(S. h·l~I. i.1/c•/1·,·s. /of?,_•/, 

Mount Como 2 748·2 9 OI6 Deseret _, ,;67 ° I 11 047 
Pah-Rah ::! 513·5 s ·- 246 Scipio 2 967 ·o· 9 734 
Mount Grant 3 4~8·0 11 247 Wasatch 3 397·6 11 147 
Carson Sink 2 6&i·S s 795 Patn1os Head _, 003 ·o 9 852 
'I'oiyabe Dome _, 590·-1 TT 779 Mount Ellen 3 500·6 II 485 
T,one Mountain .! Ti6 ·S 9 I 10 Mount \Vaa~ .,, 75-1 "j 12 319 
Mount Callahan 3 I II "3 IO wS 'I'avaputs .'.! 6So·2 s 793 
Diamoncl Peak .,, ::!41 ·3 10 63-1 Mesa 3 0-17·9 10 000 

White Pine _; -137 '! II 277 llncompahgre -I 355·3 I4 289 
\Vhee1er Peak 3 980·2 l" _, 058 Gunnison 2 342 "6 7 686 
Pioche .'.! 679 ·1 8 7':P Treasury Mountain 4 097·7 13 444 
Ibepah .,, 688·5 u 1·:.~ Mount Ouray 4 .253·s I" _, 956 
'I'ushar _, zo2·0 I~ L~5 Mount Elbert 4 395·4 14 421 
Mount Nebo 3 623 "I II .'S87 Bison 3 787·6 !2 426 
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The resulting differences of height and the residuals from the observation equations 
are given in the last t\vo columns of the preceding _table of differences ·of height. 

PROBABLE ERROR OF AN ADJUSTED HEl~HT. 

The probable error of an observation of unit weight is found from the expression 

E = 0·674 .'i /[pdd] .·in which the d's are the residuals referred to ab~ve, /1 the num-' -v u-c 
ber of observation equations, and c the number of normal equations. In this ca~e 
c,= ± 3·.Sr metres. 

To get the probable error of an adjusted height, we must divide this· quantity by the 
square root of the weight coefficient derived from the normal equations. The computa
tion was made for Deseret, being the station nearest the Salt Lake Base. with the result 
p = 3·872 and probable error of the height of Deseret·= ± 1 ·9-1- metres. 1'his must be 
increased somewhat for the uncertainty of the starting heights at the two ends of the 
triangulation. For the probable error of the height of the Salt Lake Base ± ~· 5 metres 
has been adopted. 

For determining the elevation of the Salt La!.Y Base and slalio11s in th,: ~ 1ici11il_1•, Wf 

have the heights of three stations fixed by the preceding adjustment, viz: 

Ihepah 
Deseret 
Mount Nebo 

.:lf,_•/1·t.."S . 

.3 688·5 
.3 367·1 
3 6.:?3 "I 

From spirit leveling by the party of Assistant Eimbeck in 1SSS and 1S9fi we have 
Salt Lak~ Northwest Base above Salt Lake Southeast Base 1.s·o2,; feet ~ 5"49 metres. 
and United States Engineers' Observatory (transit pier) above'Salt Lake Northwest Ba$e 
q1 ·s24 feet = -1-3 · ~3 metres. The approximate heights of the remaining stations are: 

Pilot Peak 
Ogden Peak 
Antelope 
Promontory 
'Vack)oup 
City Creek 
Salt T,ake Northwest Base 

. Salt Lake Southeast Base 
United States Engineers' Observatory 

1lfdJ"t'S. 

3 169+.1·, 
:2 925+.r. 
2 017+.\"3 

2 016+.1·. 
I ._:;10+.1·5 
r SS3+.r6 

I 296+.1"7 
1 296- 5·5=1 29o·s+.r7 

I 296+43 "2=1 339 ·2+x1 
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The computed differences of heights with their weights and the corresponding 
observation equations are given in the foilowing table. The long line from Ibepah to 
Ogden Peak is rejected : 

+· TABLE OF DIFFERENCES OF HEIGHT. 

Stations. L::,,. Ii. /' Ob,ervation equations. Adjusted Resid-
L::,,.11. uals. 

Ill. Ill. /Ii. 

Ibepah to Pilot Peak 420·9 5 "I 0=+1 ·4+x, 421 ·r -0·2 

Ibepah tc:. Ogden Peak 74S "7 0·4 Reject 
M~unt Nebo to Pilot Peak 3497 07 0=+4·4-x, 35.S "7 +6·o 
.Mount Nebo to Ogden Peak 695·3 ,., ·~ 

- I 0=+2 ·S-.i-0 699·3 +4"0 
:Deseret to Pilot Peak 9S·1 6·S O= o·o+x, 99 7 -J •6 
Deseret to Ogden Peak 443·4 s·s 0=+1 ·3+.1-=- 443 ·_; -j-o ·1 
Deseret to Antelope I 352 ·4 20·6 0=+2 ·3+.1-3 I 351 ·4 +r ·o 
Deseret to Wa(ldoup 2 059·4 12 ·5 0=+2 ·_;+.1·5 2 059·3 +0·1 
D~s·eret to Promontory 353·8 8·9 0=+2 "7+.I". I 353 ·2 +o ·6 
Pilot Peak to Ogden Peak 341 "J 3·5 O= +2 ·9+.1·,-.1"0 343·6 -+ 2 ·s 
Pilot Peak to Promontory I. 252 "I _, ·4 o=+o ·9+x,--x, J 2 5_; ·5 +1 ·4 
Pilot Peak to Antelopt: r ~31_1 ·8 ~ '.'.! 0=+1 ·2+.1-.-x3 1 251 ·7 -to ·9 
Ogden Peak to Antelope ...oS·o 74·0 O= o ·o+.1·0 -.r, 90S ·r -+·o ·r 
Ogden Peak to United States Engi- I 585 ·9 472·0 o=+o ·r-.1·0+.1·i I 585 "7 +0·2 

ueers' Obsen·atory 
Ogden Peak to \Vaddoup I 615·4 .57 -s o=+o ·4-x,+.1·; I 616·0 -0·6 

Ogden Peak :to Promont(•ry 909·3 18"6 o=+o ·3--x0 +x, 909·9 -0·6 

Ogden Peak to Southeast llase I 634·2 75·5 o=+o ·3+.1".-.1·7 I 634·4 +o,:;i 
Ogden Peak to Northwest Base I 61S 7 79·4 o=+o ·3-f-.1·~---1~7 J 6.28 ·9. +0·2 

Alltelope to Pr<Jmont<Jry l ·.s 66 "l o=+o ·5-.r3+.1·" I "8 -0·3 

Antelope to Waddoup jOS ·1 149 ·o 0=+1 ·1-.r:l+.1·3 707·9 +0·2 

Antelope to Southeast Base j26 ·2 113 ".'.? o=+o -.~+.1· 3 -x, 726·3 -+o "I 

Antelope to Northwest Ba,;e 720·9 l 21 -6 0=+0·1+x3-.1·1 720.·s -0·1 

Waddoup to Southeast Base 17·S 6• ·-- I 0=+ I ·7+.1·5--.1·7 1$ ·4 +o-6 

Promontory to Northwest Base 719·2 :29 ·3 o=+o -s+x.-.1·1 119·0 -0·2 

Promontory to \Vaddoup 704·S 30·: 0=+1 ·2+.1-.-.1·5 i'J6 ·r +1 ·3 
Northwest Base to Southeast Base 4·S :232·8 By spirit le,·els= (.5 ·49) 

Antelope to City Creek 13.) ·5 26·7 o=+o ·s+.1·3-.1·6 1.)3 ·9 +0·4 

Ogden Peak to City Creek I 042·5 19 '7 o=+o ·5--x,+x., l o,p·o +0·5 

The solution of the resulting normal equations gave the corrections to the approxi-
mate heights and the following values of the adjusted heights: 

.tl/drt'j., Fed . 

Pilot Peak 3 267 ·4 10 720 

Ogde:1·Peak 2 923·$ 9 592 
Antelope 2 015 ·7 6 bl.) 

Prom•)ntciry 2 013·9 6 6::q 

\Vaddoup I 307 ·!') 4 291 
City Creek I SS1 ·s 6 174 
Salt Lake Northwest Base I 294·9 4 248 
Salt Lake Southeast Base I 289·4 4 230 

United States Engineers' Obsen·a-
tory transit pier l 338 ·1 4 390 
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The height of this pier as given by Lieut. G. M. Wheeler in his report on Surveys· 
West of the One Hun:clredth Meridian is 4 374 feet, based on railroad levels at Ogden. 

For· determining the elevation of the bench mark at Grand Junction Standpipe 
there are the following differences of height: 

Stations. 

Tavaputs to Chiquita 

Mesa to Chiquita 

Mesa to Standpipe 

Tavaputs to Standpip~ 

Chiquita to Standpipe 

Resulting heights-Chiquita 

t::../1. 

m. 
i • .. ,, ·' 

442 ·3 
I 643·2 

I 2i3'6 

J 200·4 

Grand Junction Standpipe 

p. Adjusted Res id-
f::l./1. uals. 

111. 
2·S i4'5 I '2 

17·8 • 442 '2 O'I 

20 'I J 642 •6 o·6 

9·6 I 274·9 I '3 
IIO '4 I 200 '4 0 'O 

2 6o5 ·5 m-etres = 8 .549 feet. 

T 405 ·3 metres= 4 6u feet. 

A line of levels was nm by the party of Assistant \V. Eimbeck in 1895 between 
the Standpipe bench mark and the ground in the center of the track in front of the 
Denver and Rio Grande Railroad station at Grand Jtinction, which sho\\•ecl the latter 
point to be 27·27 feet lower than the bench mark to which the vertical measures refor. 
Hence the elevation of roadbed at Grand Junction station is 4 584 feet. In Bulletin 
No. 76 of the United States Geological Survey this height is given as 4 579 feet, as 
derived from the railroad levels. 

·The height of the track at the summit of Marshall Pass, as determined from zenith 
distances, measured at Mount Ouray is 3 302 · 3 metres, or IO 834 feet. The height of 
the same point derived from railroad levels is IO 841 feet. 

For the height of Mount Conness, in California, we have from reciprocal zenith 
distances Mount Conness +os·7 metres higher than Mount Grant, or 3 836·7 metres 
high, and from zenith distances at Round Top and an assumed coefficient of refraction 
Mount Conness higher than Round Top 669 metres, or 3 834 '6 metres high. The 
weights of the two determinations are 6'4 and 5 · 3, respectively.; hence the ·weighted 
mean result is 3 835 ·s metres. or 12 585 feet. Notwithstanding this seeming accord 
we place little reliance upon this result on account of the weakness of connecting* obser
vations with the main series of heights. The result may be taken rather as an upper 
limit. A communication from the Director of the United States Geologic1l Survey, dated 
Novetnber 15, 1898, gives the approximate height of Mount Conness 12 556 feet, as 
deter111ined from a combination of two lines of spirit levels and measures of vertic'.11 
angles, the former operatioll startiug from San Francisco Bay at Oakland. The United 
States Engineers gave the height 12 552 feet (determined in 1878-79 ). The difference 
between these results is n~in. or ah part of the height. 

\Ve conclude this paper by giving a few comparisons \vith heights roughly deter
mined, all except two being barometric. Some are by the United States Engineers in 
c'?tmection with their early explorations of the Rocky Mountain region in part traversed 
by our triangulation, and are published in United States Geographical Surveys \Vest of 
the One Hundredth Meridian, etc., Captain G. M. Wheeler, United States Army, rSS,>. 
Washington, D. C., 1885, and some by Dr. Hayden and Major Powell in connection 
with their early geological surveys. 
----------

*The static111 l\fonnt Conness was introducecl into the triangulation de,·en years after the work in this region had 
been cl<Jne. and when it was then too expensh·e to secure full cm111ection with other stations. 
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Elevation in feet from-

Pikei,; Peak (U.S.Sig.O.) from -lel·els 

Bison (Hayden) 

Mount Ouray (Hayden) 

Mount Elbert (Hayden) 

Mount Elbert (U.S. E.) 

Treasury l\fountaii) (Hayden) 

Uucompahgre (Hayden) 

Uncompahgre (U.S. E.) 

Mount Waas (Hayden) 

Mount Ellen (Powell) 

Patmos Hearl \Powell) 

BeaYer or Baldy ( U.S.E.) 

Tushar or Mount Bdknap (Powell) 

Tushar or Mount Bdknap ( U.S.E.) 

Ogden Peak or Observatory Peak (U.S.E.) 

Antelope (U.S.E. l 
Ogden Observatory (U.S. E.) froth levels 

Pilot Peak or Pilot Knob (U.S.E.) 

Wheeler Peak or Union Peak ( li.S.E.) 

Toiyabe Dome or l'oston ( U.S.E.) 

Mount Grant or Cory ( U.S.E.) 

Mount Como (U.S.E.) 

Old determi~ 
nati.011s. 

Lj. 134 
12 23i 

14 043 

14 351\ 
l4 wd 
13 200 

14 235\. 
I4 4081 
12 561 
ll 410 

9 830 
II iJO 
12 .'.!00\ 

894f II 

9 589 
6 66'J 

4 374 
IO 758 
I3 063 
II 978 
11 326 

9 Oli 

c~,,a~t a11i.l 
GeorJetic 
Sun•ey. 

14 ms 
12 4i6 
13 956 

14 421 

I• _, 444 

I4 289 

12 319 
II 485 
9 852 

12 085 

12 q6. 

9 592 
6 613 

4 jgo 

10 720 

13 058 
II 779 
IT .:?47 
9 016 

Considering the means available at the time of the early determinations, the differ
ences above indica,ted are not excessive. 
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III. THE MAIN TRIANGULATION BET\i\TEEN CAPE MAY. 
N. J., AND POINT ARENA, CAL. AND ITS CONNEC
TION vVITH THE BASE NETS. 

A. INTRODUCTION. 

In this part of the account of the arc devoted to the triangulation proper, there is 
given for each series a sketch with general description·of the region traversed. Reference 
is made to facilities found or obstructions encountered. 

There are also introduced a few photographic illustrations relating to instruments, 
topography, or field work of the party that may possess special interest. 

It was· thought unnecessary to burcleti this part with a description of the stations. 
as had been clone for the base, nets, since such detailed descriptions are on file in the 
Archives of the Survey and copies can be furnished on application by anyone who ma~' 
require t

0

hem. An exception was made with the high mountain stations in the western 
part of the arc, for which abbreviated descriptions were introduced, omitting topographic 
sketches. · 

This triangulation extends over a distance of about 4 425 kilometres, or 2 750 statute 
miles, measured along its middle courst; or axis, and is most conveniently described and 
treated by-considering it in parts or subdivisions made by the interspersed base nets. 

These divisions of the triangulation will be treated and referred to under the follow
ing designations: 

SUBDIVISION. 

I Atlantic coast to Kent Island Base 
2 Kent Island Base to St. Albans Base 
3 St. Albans Base to Holton Base 
4 Holton Base to Olney Base 
5 Olney Base to American Bottom Base 
6 American Bottom Base to Versailles Base 
7 Versailles Base to Salina Base 
8 Salina Base to El Paso Base 
9 El Paso Base to Salt Lake Base 

JO Salt Lake Base to Volo Base 
II Yolo Base to Pacific coast 

NAME OF CHAIN OF TRIANGULATION. 

The Eastern Shore series 
The Allegheny series 
The Ohio series 
The Indiana series 
The Illinois series 
The Missouri series 
The Missouri-Kansas series 
The Kansas-Colorado series 
The ·Rocky Mountain series 
The Nevada series 
The Western or Coast Range series 
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B. THE DISTRIBUTION OF THE BASE LINES ALONG THE ARC. 

The distribution of the base lines as parts of the connected chain of triangles stretch
ing from ocean to ocean, is shown by the table below, which gives the distance of each 
base (middle point) from its next neighbor to the westward, as measured along the middle 
of the intervening triangulation. 

ADJACENT BASE LINES. APPROXIMATI~ DISTANCES. 

A·ito111d1·t'S. Statute 1111/e.·s. 

Kent Island to St. Albans 545 339 
St. Albans to Holton 330 205 
Holton to Olney 238 148 

Olney to American Bottom li4 108 
American Bottom to Versailles 241 150 
Versailles to S,llina 419 200 

Salina to El Paso 605 376 
El Paso to Salt Lake* 653+217 -106-t135 
Salt Lake* to Yolo 854-t217 53r-t135 

The distance from Kent Island to the capes of the Delaware Bay is 180 kilometres, 
or I.I 2 statute miles, nearly, and the distance from the Yolo Base to Point Arena on the 
Pacific 186 kilometres, or I 15 statute miles. Total development across the continent 
4 425 kilometres, or :2 750 statute miles, nearly. 

C. GENERAL METHOD OF TREATMENT OF THE TRIANGULATION. 

Each link of triangulation connecting two adjacent base nets is adjusted by itself 
in order that its geometrical conditions be satisfied, and in addition thereto that the 
lengths of two base ':nes be in accord. The linear dimensions of the base nets, as given 
in Part I. are taken as fixed, and the dispersion of any discrepancy between them as 
indicated by the intervening triangulation is thrown upon the latter. 

As in the case of the treatment of the base nets, a sketch and an abstract of the 
results of the local or station adjustment t of the horizontal direction measures is given for 

*Tht: middle of ~alt I~ake Uase is in longitude II2° 04' and lies about '21j kilometres (135statnle 'nilt:s) to the north 
of thi: middle line of the trinn~ulation between the El Paso and Yolo bases; the= direct distance between these base lines 
is r 50; kilometres or93; statute 111iles, nearly. 

tThe staliou adjustment c•f obsen·ed i.lirt:ctions is carrh:cl out as usual by nc:ssel's 111ethod: the observations are 
takt:n as of equal weight and the resulting directions (or angles) nre directly introduced into the triangulation, where 
they are made:: subject to a further ndjustment-nnn1ely1 that kt?own as thc::_lig111·e ndjustlnent. "l'he full application of 
Res.set's method (Cradmessung in OstprellSS\.:11, c::tc., hy F. \L Bessel, Berlin, 1838; e 15 and t .34; also Clarke's. Geodesy, 
Oxford, 1880, pp. 233-037: and Wright"s Adju,;tment of Obsen•ations, New York. 18&!, p. 315 and fol.) demands the carrying 
O\"Cr of the local weight conditions into the general conditions of the triangulation, a process which is not followed on 
the Survey when~ the two clissin1il:lr oper~1tions arc kept distinct, for the following satisfactory reasuns: In the first 
place. in .anv extended or con1pticatecl triangulation the establishment and siJnultaneous solution of a large nun1ber of 
equations. a~ demanded by theorE:tical rigor, becmnes unwieldly arid may beco1ne impracticable, and the labor should 
be lcssc.:ned hy any conce:;sion to the de1nands of expediency that can be· justified. Secondly, the consideration Cif 
different weights to the rE:'sult~ f1·0111 the .local adjusttnent of tneasm·es of directions favors separate treabnent of local 
and figure adjustments. since the errors tnet with and inherent to the second operation are of an entirely ;listi11ct 
character frotu those developed in the local adjustn1ent; thus, for instanct:, effects of in1perfect centering of instrun1ent, 
defccth·e p0~itio11 of hc:liotrop" sighted, persistent local defi~ction of line of sight. and particularly effect of local dellec
~:..:in of the vertical at n station, are all sources of error which for111 no part of the discrepancies n1et with in the local 
measures. whereas they appear fully in the discords found in the sums of angles of the triangles or in the ratios of 
their sides. The discrepancies in the local measures are for the greater part due tc. defective graduation or 'vant of 
adjustment of instrument, to irregular lateral refraction. defective illumination of object sighted, and to other causes. 



TRANSCONTINENTAL TRIANGULATION-PART III-TRIANGULATION. 349 

each station; this is followed by the presentation of the conditional, the correlate. and 
the normal equations of the general or figure adjustment, together with the resulting 
corrections and the finally adjusted triangle sides and angles. 

There i_s appended to each abstract of directions at a station the probable error of 
a ·single measure, i. e., of a pointing and readings with telescope direct, motion forward 
in s~ries, and a pointing with readings with telescope reversed, motion backward in series. 

· / o·45i; ~6" . f b . I f Its value ts e,= \f . ~ d + where 11 =number o o se.rvat1ons, s = num )er o 
11-~- I 

series, ai1d d = number of directions, and ::E 6 • the sum of squares of differences from 
the true values. In a few exceptional cases where repeating theodolites were used, six 
repetitions direct and six repetitions reversed, combined to a mean, may be taken as a 
unit of measure and is so indicated. A rough approximation for the probable error of 
a resulting direction. as given for instance in the case of the Yolo Base Net, may be had 

by e =,/. 0~45~. ;E 
6 • ff . ; here s =number of series for the particular direction. 

' ( s. -- I \ c iag. coe . ) 
These probable errors are introduced for the purpose of giving in a general way informa
·ion respecting the performance of the instrument. 

D. THE PRECISION OF THE ADJUSTED TRIANGULATION. 

For the pnrpose of obtaining an approximate measure of ·the precision reached for 
the various parts of the triangulation. the following formulre and method were made 
use of. The mean error of any angle of an adjusted series of triangles is given by the 

fornml~ 111 = ,;~·] where 111. = 111.ean er~or of an angle. 

r1
1 

11
0 

• • • v,. = corrections to the directions due to the adjustment of the triangula~ 
tion. 

c =number of conditions involved. 
Supposing all angles of unit weight, we have for the reciprocal of the weight of a 

side the expression * -

hence for the mea11 error of the side an the relation 111,,
11 
= 111,lu,,,. 

here A= angle adjacent to a base and opposite to the next or continuation base side of 
a string of triangles between the sides a, and an. 

B = angle opposite a preceding base side. 
o., = tabular logarithmic difference of a unit of length of the side a.,. 

*In the Ordnance Sur,·ey of Great Britah1 and Ireland, London, JS_5.'3, p .... p.r, the expression-

for the probable error of the side A, is quoted from Laplae<:'s Theorie analytique des probabililes. When put in 

cmwenient shape for logarithmic computation, we have the form as given in the text. Cf. T. W. Wright's" Treatise on 
the adjustment of observation•," New York, 1S.S4, pp. 224, 234; also W. Jordan's "Vermess1111gskunde," Vol. III (1896) p 
110, and A. R. Clarke's ··Geodesy," Oxford, 1SSo, pp. 64. 206. 
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oA and o B = tabular logarithmic differe11ces corresponding to a change of r" in the 
angles A and B in a table of logarithms of sines. 

u.,,. and m.,,. =the reciprocal of the weight of side a,. and its mean error respectively. 
In applying the above formulre to an extended triangulation, such, for instance, as 

joins two adjacent base nets, or, as in another case, reaches from a base net to the coast 
line, we can suppose the same to be made up of a string of single triangles between the 
initial and final sides. This selected chain of triangles should be composed of the best 
shaped and best measured triangles, and their number should be as small as may be. 

The probable error of any side of a series of triangles clue to the angular measures 
can thus be computed, and when combined with that arising from the measure of the 
base and the angles of the base net, the probable error of any side will become knO\vn, 
and when expressed in terms of its length the relative precision of the triangulation can 

be de.cl uced. 
For any line between two base nets let p, and P. be its weights deduced when passing 

to it from either base net; then P= P, + p
0 

and the probable error of the line= rf ,f P. 
In passing through the .triangulation in opposite directions the A's and B'-s remain the 
same, but there is an interchange of the letter,;. To find the tmcertaintyin the developed 
length of a triangulation, it was divided into suitable sections and the probable error of 
each juncti.on line was computed as above. Then the proportional error for each section 
is taken as the mean beween the corresponding probable errors of the terminal lines. This 
proportional probable error multiplied by the length of the section gives the probable 
error of the length, and the sum of these quantities for the several sections gives the 
probable error of the developed length of the triangulation. 

E. LENGTH OF SIDES OF BASE NETS. 

The following table contains the logarithms of the length of sides required for 
establishing the equations, which bring the adjacent base nets into accord. Later these 
same logarithms ~erve for the triangle side computations: · 

Recapit11!atio11 <?/ n's11/li11g k11gtlls o.l sides <'J base 11<'/s ~c1/1id1 for/I/. tile ,·01111cd;·o11 o_l adjaC<'lli ba&·s by 
means o.l Ifie intenJeni11g lria11g11latio11s. 

Base net. Conn~cting side. 

Kent Island Rase, Mary- Finlay fo Pooles Island 

land 
Finlay to Linsticl 

Pooles Island to Linsticl 

\Vebh to Marriott 

St. Albans 13ase, \Vest Summersville to Ivy 

Virginia 

Holton Base, Ind_iana 

Piney to Pigeon 

Reizin to Culberts~n . 

Green to Stout 

Logo.rith111 of 
length. 

4 ·,p9 .pS S 

4·sso 316 3 
4 ·46::! 716 4 .· 

4 ·392 324 7 
4·8::>8 948 7 

4"3i8 S42 6 

4·387 791 5. 
4·453 827 3 

Probable erro1· of length 
In units 

of In In parts of se,·enth 
place of n1etres. length. 

log. 

. ±40 ±0·33 TUHil"il" 

39 0 ·22 I 
TT:!-il"il"o 

?-_, 0·48 TG'Tl.Ui'.Ji1 

22 0·12 I 
T,-TI'-UliO 

15 o·oS ·~!]j7lfiUO 

I4 0·09 :n.-lil"u-O: 



TRANSCONTINENTAL TRIANGULATION-PART III~TRIANGULATION. 35 I 

Recapil11/alio11 ,~/ rcsulti11g lc11gtlzs of side's of base 11ds wl!id1 ji>r111 Ifie c,>1111.-c/io11 of adjacc11/ bases by 
111ca11s of Ilic i11ter1.1e11i11g tria11gulatio11s-Continuecl. 

Hast: nt:t. 

Olney Jhse, Illinois 

American Bottom Hase, 

Illinois 

Versailles Base, Missouri 

Salina Rase, Kansas 

El Paso Bas", Color:u"lo 

Salt Lnkc Hase, Utah 

Yolo Hase, California 

Logarithm of Connt:cting side. length. 

Hunt City to Oblong 4 ·rs6 I J4 3 
Hunt City to Newton 4 "30i 622 1 

Hunt City to Claremont 4·535 016_4 
Sugarloaf to Clarks Mound 4 ·164 534 3 

Clarks Mound to Dreyer 4 ·r49 726 j 

Minoma to Insane Asylum 4·025 166 J 

InsaneAsylmn to Kleinschmidt 4·065 715 2 

Christian to Relshe 4 ·486 091 7 
Hubbard to Hughes 4 ·439 i3 1 r 

Christian to High Point 4 "18i .515 ::! 

High Point to Belshe 4·305 854 3 
Vine Creek to Iron !\found 4·534 704 9 
Thompson to Heath 4·499 188 0 

Divide to Hig- Springs 4·623 059 O' ·' 
Hig Springs to I-Iolcolm Hills 4·452 618"46 
lhepah to 1\fount ~ebo 5 ·::i65 iO~ 6S 

Pilot Peak to lbepah .5 ·124 323 42 
Mount Helena to !\fount Diablo 5 ·03::? .3.)2 46 
MountTamalpais to !\fount Diablo 4 "779 637 67 

F. THE TRIANGULATION. 

Probable error of length. 
In units 

of In In parts of se\·enth 
place of metres. length. 

log. 

15 0·05 I 
"""-iruo 

15 0·07 I 
:!!i(i-;:ii'j"i) 

15 0_"12 1 

"""""" 57 0·19 "': ~--\JiJi) 

5:? C) ·1 i I 
~:r-OVii 

53 0·13 I 
~T-iiliiJ 

58 1) ·15 I 
"';'"X-iJijij' 

17 0°1.:? :!'·r.:-r1-ovu 
I' _, o·os 1 :<:rr·uuo 

17 0·06 ::;;;.,.-l-1rn;:; 

17 () ·08 I 
~ !':"'i---iri:H.i 

16 CJ "13 I 
"!+:i:r-OiHi 

::!2 0·16 T!i';'J.Oi'.ii'.i 

12 0 ·12 ::!'"noo 
12 0·08 I ·;·r.uulio 
16 0·67 1 

:;-:-?:"-iYI.i"iY 

II ·9 0·295 s~-:t1-ou-·u 
13·0 o ·1s SI~·1u'Oi5 

f. '!'HE EASTERN SHORE SERIES OF 'l'RIANGLES, 1S++-45 AND rS96-9i· 

(a) /11/rc1ductio11. 

Before it was contemplated to measure an arc of parallel in latitude 39", there had 
already been made a geodetic connection. between the Kent Island _Base and the Capes 
of the Delaware Bay; this old triangulation extended up the Chesapeake Bay to its head 
and crossed over to the Delaware Bay and down that bay to its Capes. · 

011 ex;;unination it was found to possess insufficient strength and undesirable linear 
extension for incorporation into the transcontinental tria11gulation, and in consequence 
a new and more direct connection was made i{1 I S96-9i. 

This field work proved one of great difficulty, although the direct distance is not 
much over 1,,5 kilometres or S4 statute mil~s. The length of the triangulation measured 
from the middle of the lines Finlay to Linstid and Cape May· Light to Cape Henlopen 
Light, and along the middle of the series, is about I -1-0 kilometres or Si statute miles. 

The new triangulation was in charge of F. \.V. Pei-kins, ·Assistant Coast and Geodetic 
Survey. by whom the following description of the region covered and the means employed 
by him was furnished: 

The Eastern Shore section crosses the Delaware Bay, the State of "Delaware, the Eastern Shore 
of Maryland, the Chesapeake Bar. and terminates on the high land north and south of Baltimore: one-. 
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third being over water and two-thirds over land. The land rises gradually from the marshy shores on 
the western· side of Delaware Ray to an elevation of iO feet near the center of the peninsula, anrl again 
falls away to the Chesapeake, the !'mrface inequalities being nowhere considerable. It rises again 
from the deeply indented shore line on -the western side of the Chesapeake to So feet at J.instid south 
of Baltimore, and to 48o feet at Finby to the north, with well-marked irregularities of surface. The 
land is generally under a high state of cultivation with extensive areas of orchards, but with only 
occasional clumps of forest growth, excepting on the flanks of the peninsular crest_ 

To overcome the natural and artificial obstructions, high signals were found necessary; at six o' 

those on the peninsula the instrument was mountecl 120 feet (36·6 metres) ablwe the ground, and th~· 
targets observed on were in some instances as much as 26o feet (i9"2 metres) abo\·e the ground. Thf 
latter were so carefully secured by opposing wire-guys that 110 1110\'ement observable in the tra11~i-. 
telescopes, 111ou11ted for the purpose, was produced by two or three men swaying upon the guys. 

No. 04. 

0.aborn.ea Rum North 

Parallel o-1" 39' 

Stnw.te Miles 

ID 0 10 •• 3• 

10 5i 0 10 30 Cbpe Henlopen. .Lt. 

Respecting the number of positions or the number of repetitions taken by the several 
. observers with their several instruments, no definite statement can be made except that 

a sufficient number of series of six repetitions of the angles were secured, and that in 
case of observations of directions by Assistant Perkins's party the circle was used in 
twelve positions with at least two complete series in each. 

. "With a view of reducing th~ labor of adjustment as much as possible without 
perceptible sacrifice of acctiracy, the triangulation has been adjusted in two sections with 
the single line Hartly to Kent in common. In the first part 18 conditions and in the 
second part 15 conditions had to be satisfied. 
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OBSERVING STATION , STILLPOND, MD. 

Elevation of instrument above ground, 36;! meters or 120 feet. E levation of ~arget, 84 meters or 275 feet. 

No. 25 
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( b) A bstl·t~cl c?/ raulting hodzo1~!al dh cdions at ,,,1d1 s"1tion jim11 /om/ and jimn _figure 
11dj11st111cnt. 

[Abstract of directions at stations of part 1. 1 ).] 

Li11stid, Anne Arundel 0.mnty, Maryland. May 24 to June 26, 1848. 60-centimetre theodolite, 
No. 2. A. D. Bache, observer. January S to January 3r, r897. 30-centimetre theodolite, No. 16. 
F. \V. Perkins and \V. B. Fairfield, observers. Telescope above ground :?7'89 metres in 1897. 

Resulting direc- COrrections Correr::tions Final ~econds No. of Objects obseT\·ed. tions frt.)111 station from base-net frotn base-net in direction. adjustment. adjustment. a1!d figure triangulation. a<lJUSllllt:llt. 

0 ,, ,, I/ ,, 
Finlay 0 00 00'00 +0·70 00·70 

Pooles Island 46 .p 57 '73 -0·1S 57·55 

4 Cloi1gh 69 13 07 "73 +0·72 o$·45 

Swan Point 77 13 16·97 -0·52 10·45 

5 Hope 102 07 23 ·10 +0·95 :q ·05 

Kent Island. North Base 140 56 37 ·60 -0-26 37 ·34 
"Taylor 175 43 02 ·43 +0·75 03 ·18 

·Marriott 209 40 II '23 -0·50 IO ·7S 

Webb 275 58 53·59 +0·02 53·61 

Mean o·oo 

Probable error of a single observation of a direction- (D. and R. ). = ± 111 ·12 in 1848. 
( 6 D. and 6 R.) = ± 0 11·73 in 1897. 

Fi11/a_i', Baltimore County, Maryland. August 29 to September II, 1844. 6o-centimetre theodolite, 
No. 2. J. Ferguson, observer. October 15 to Decembt:r 27, 1896. 30-ce11timetre theodolite, 
No. 16. G. A. Fairfield, observer. Telescope above ground r5'111etres in 1896. 

0 

Osbornes Ruin 0 00 

2 Still Pond ,30 48 
Pooles Island 48 03 

3 Clough 55 23 
Linstid IOI 36 
Webb 127 ·19 

Rosanne 159 25 

" 
,, 

00'00 

41 ·95 

34 ·rs +0·4S 

20·93 
01 ·26 -0·72 

37·46 +0·25 

03 ·26 

Mean o ·oo 

II 

+0·17 
-o·SS 

-0·79 

II 

00 ·17 

41 ·07 

34·63 

20 ·14 

00·54 

37 '7I 

Probable error of a single observation of a direction- (D. and R.) = ± 111 ·52 in 1844. 
( 6 D. and 6 R.) = ± 0 11·65 in 1896. 

Poolt-s Isla11d, Harford County, Maryland. May r7 to May 27, 1848. 30-centimetre tbeodoJite, 
No. l 1.. E. Blunt, observer. 

0 /I ,, ,, ,, 
Swan Point 0 00 00'00 +0·30 00·30 

Linstid 36 22 15 ·13 +0·17 15'30 
Finlay II6 06 54·92 -0·47 54·45 

6 Osbornes Ruin 170 34 06·56 -1··20 05·36 

7 i:urkey Point 225 05 01 ·56 -0·01 01 ·55 
Mean 0'00 

Probable error of a single observation of a direction ( 6 D. and 6 R.) = ± o" ·69. 

18732-No. 4--23 
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( b) Abstract•?/ rt'su/ting ltori:wnta! dirt·cfi1'1lS al cad1 s!aliiw jiw11 /,>cal and fro111; _figure 
,1,(i u st 111t,·111-C on tin uecl. 

Hopt?, Queen Anne County, Maryland. November 9 to De.:;ember 29, 1896. 30-centi;netre theodolite, 
No. 37. F. \V. Perkins, observer. Telescope above ground 37·0;; metres. 

No. of 
direction. 

28 

29 

30 

31 

Objects observed. Resultiug directions 
front station adjustn1e11t. 

0 II 

Corrections from 
base-1h:t a ud 

figurt:. adjusuneut. 

II 

Linstid o oo oo ·oo -o ·57 

Clough 38 17 06 79 -o ·ss 
Still Pond 73 55 56 ·23 +o ·41 

Barclay 129 50 35 ·05 +o ·9+ 

Kt;!nt 184 18 04 ·64 +o ·06 

Fina I seconds 
iu 

tTia11g\\\ation. 

II 

59'43 
05 ·94 

56·64 

35·99 
04 ·70 

Probable error of a single observation of a direction ( 6 D. and 6 R.) = ± o" ·57. 

Barday, Queen Anne County, Maryland. January 3 to February T7, 1897. 30-centimetre theorlolites, 
Nos. 16 and 37. G. A. Fairfield and W. B. Fairfield, observers. Telescope above ground 2r89 
metres. 

35 

36 

33 

34 

" II 

Still Pond 0 00 oo·oo +0·30 

Hartly IIS 57 00"02 +0·33 

Kent 178 56 52 ·85 +0·30 

Hope 267 59 30 ·19 -("94 

Probable error of a single observation of a direction (6 D. and 6 R.) = ±011 71. 

/I 

00·30 

00·35 

53 ·rs 
::!9 ·25 

Osbonlt's R11i11, Harford County, :Maryland. September 23 to October 2, 184.1. 6o-centimetre theodo
lite, No. 2. J. Ferguson, observer. August 17 to September 20, 1896. 30-centimetre theodolite, 
No. 16. G. A. Fairfield, observer. Telescope above ground 14 · 17 metres in 1896. 

0 /I ,, II 

8 Turkey Point 0 00 oo·oo +o·u OJ "II 

9 Still Pond 34 55 30·47 +0·13 30·6o 

IO Clough 70 51 37 77 -0·09 37 •68 

II Pooles Island 81 27 17·53 -0·06 17"47 

12 Finlay. 158 56 ,'13 ·29 -o ·09 3,'I "20 

Principio 324 49 48 ·3,'1 

Probable error of a single observation of a direction- ( D. and R.) = ± 1""33 in 1844. 
( 6 D. and 6 R.) = ± o'1 ·35 in 1896. 

1urkt?y Poi11t, Cecil County, Maryland. May 31 to June 17, 1845. 6o-centimetre theodolite, No. 2. 

J. Ferguson, observer. September 30 to October 19, 1896. 35-centimetre theodolite, No. 10. J. 
Nelson, observer. Telescope above ground 2·08 metres in 1896. 

Pooles Island 

Osbomes Ruin 

0 .II 

0 00 OCJ "00 

44 01 48 72 

Principio l3r I4 41 ·24 

Buck 2 196 36 01 ·Sr 

25 Still Pond 320 56 5S ·83 

Probable error of a single observation of a direction-

If II 

+0·65 00·65 

-0·44 48·28 

-0·20 5S·63 

(D. and R.) = ± 1"·49 in 1845. 
(D. and R.) = ± 0"·62 in 1896. 
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( b) .-/ bstmct c'f resulting lzorizontal dircdions at each station from /c1cal a1td from figure 
adjustment-Continued. 

Clo11gli, Kent County, Maryland. August 17 to October 19, 1896. 30-centimetre theodolite, No. 135. 
Telescope above ground 23·32 metres. \V. B. Fairfield, observer. 

No. of Resulting directions Corrections fron1 Final second~ 
Objects observed. hrise-11et and in direction. from station adjustment. figure adjustment. triaugulation. 

0 ,. v n 

16 Still Pond 0 00 oo·oo -0·~4 59 76 

17 Hope 90 03 44·90 +0·49 45·39 

13 Linstid 198 5:! 25·31 -0·31 25 ·oo 

I4 Finlay 263 26 41 ·03 -1 ·So 39·23 

15 Osbornes Ruin 299 58 23·58 +1 ·85 25·43 
Probable error of a single observ!ltion of a direction (D. and R.) = ± 0"·88. 

Still Po11d, Kent County, Maryland August 19 to October 31, 1896. 30-centi:i~etre theodolite, No. 
37. Telescope above ground 37'03 metres. F. \V. Perkins, observer. 

0 II ,, II 

21 Clough 0 00 oo·oo ·-0'!8 59·8:! 

22 Finlay 58 52 00·65 +1 ·22 Ol ·87 

23 Osbornes Ruin 84 02 19·46 +0·13 19·59 

24 'turkey Point 146 02 00·39 -0·04 00·35 

18 Hartly 249 38 35·97 --0 71 35·26 

19 Barclay 273 37 44 •66 -0·29 44·37 
20 Hope 305 42 35 ·16 -o·q 35'0:! 

Probable error of a single observation of a direction ( 6 D. and 6 R.) = ± 0 11 ·59. 

Hartly, Kent County, Delaware. September 5 to September 14, 1896. 30-centimetre theo<lolite, No, 
145. Telescope above ground 37'03 metres. J. Nelson, observer. October 31, 1896 to January 4. 
1897. 35-centimetre theodolite, No. ro. Telescope above ground 31 ·34 metres. J. Nel><on and 
W. ll. Fairfield, observers. 

0 ,, /I /I 

37 Kent 0 00 oo·oo -0·37 59·63 

38 Barclay 73 23 04·60 -0·32 04·28 

39 Still Poncl ll3 26 55·36 +o·Gg 56·05 
Mahon 268 21 29·49 -0'10 29·39 
Stone 302 01 54 ·oo +r ·34 55'.H 
Probable error of a single observation of a direction (D. and R.) = ± 0"·85 

Kent, Kent County, Delaware. October 28 to December 10, 1896. 30-centimetre theodolite, No. 135. 
Telescope above ground 38·56 metres. \V. B. Fairfield, observer. · 

0 " ,, II 

42 Hartly 0 00 00'00 +0·36 00·36 

Mahon- 47 34 08·56 -074 07·82 

Sto1ie 86 42 27·68 -0·38 27·30 

40 Hope 279 53 00·96 -0·07 00·89 

41 Barclay 316 22 57·30 -0·29 57·01 
Probable error of a single observation of a direction ( D. and R.) = ± 0"·75. 
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( b) A bstmd qf rt·sultiu,i; /1orizo11/a/ din·diims al each sltllio11 ji·om local cmd from ./igu re 

cu(jus/1111·11 t-Con tin ued. 

(Abstract of directions at stations of part (3).] 

Harl(!', Kent County, Delaware. September 5 to September 14, 1896. 30-centimetre theodolite, N(i. 

145. Telescope aboye ground 37'03 metres. J. Nelson, observer. October JI, 18¢, to Janu:iry 
4, 1897. 35-centimetre theodolite, No. 10. Telescope above ground 31 ·34 metres. · J. Nelso11. 
and \V. B. Fairfield, observers. 

Resulting Corrections Corrections Fina1 secon,:s No. of Ohjects obsen·ecl. directioni:;. front fronr base-net from second in clirection. station and figure ligurt' 
adjustment. adjust1i1ent. adjuslment. triang11latio11. 

0 II ,, 
" II 

I Kent 
0 (JO 00'00 -o·37 59·63 

Barclav i3 ·~3 04·6o -() ".)2 04·28 

Still Pond I 13 26 55·36 +0·69 56 ·05 

I Mahon 268 21 29·49 -o "IO 29·39 
2 I Stone 302 01 54"0) -/-I ·34 55 ','4 

l\:Iean o·oo 

Probable e1·ror of a single observation of a rlirection ( D. and R.) = ± 0 11 ·85. 

1;.-,,11/, Kent County, Delaware. October 28 to December JO, 1S96. ,:;o-centimetre theodolite, No. 135. 
'felescope aboye ground 38·56 metres. \V. B. Fairfielc"l, observer. 

/I ,, ,, 
Hartly 0 00 oo·oo +0·36 00·36 

3 Mahon 4i ,>4 0~·56 -074 07 ·s2 

4 Stone 86 42 -:!j ·68 -o·.-;S 27·30 

Hope 279 53 1)()"96 -O"Oj 00·89 

Barclay 316 22 Si ·30 -0·29 57·01 

Mean (I '00 

Probable .error of a single observation of a direction ( D. and R.) = ± o" 'i5· 

c..apl' Hc11lopo1- Ligl1!-lio11sc, Si1ssex County, Delaware. l\:Iay 24 to June 21, 1896. ,;o-centimetre 
theodolite, "No. 16. Telescope above mean sea level 36·68 metres. G. A. Pairfield,.observer. 

No. of 
direction. 

Stone 

Object:-; ohf;,c:rved. 
Resnlting direc

tions from statio.•· 
adjustment. 

0 .I. ,, 

o oo oo·oo 

Cor1·ectio1is 
from ligur~ 
;1djusttnt=11t. 

-0·03 

Final second$ 
in 

triangulation. 

/! 

59·97 
32 Brandywine Shoa~ Light-house . 34 13 26 ·27 -o ·27 26 "O) 

33 Cape i\'Iay Light-house 7:!. 22 43 ·32 +o ·29 43 ·6r 
Probable error of a single obsen"ation of a rlirection ( 6 D. and 6 R.) = ± 0"·46. 

Era11dywi11t? Slioal Li_gl1t-liousc, Kent Count)•, Delaware. June 4 to June 12, 1896. 30-centimetre 
theodolite, No. 37. \V. B. Fairfield, observer. 

0 I/ // ,, 
25 Cape May Light-hm1se 0 00 00'00 -!-o ·87 oo·Sj 

26 Cape Henlopen Light-house 59 46 25 '73 -0'4.5 25 ·28 

22 Stone 16r 12 27 '4.I -0·03 27 ·38 

23 Mahon 196 59 28·62 -0·39 28·23 

24. Egg Island Light-house 240 ,'4 06 ·20 +o·or o6 '21 

Probable error of a single observation of a direction (6 D. and 6 R.) = ± 0 11·53. 
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(b) • .J.bstmd qf resulting /iorizo11tal directi,ms ,lf «ad1 .. station _tiwn. !om! a11d from figure 
adjust11ic11t-Continued. 

11/a/1011, Kent County, Delaware.. July 28 to August 30, 1896. 30-centimetre theodolite, No. 145. 
Telescope above ground 3]"03 metres. J. Nelson, observer. · 

NO. Of Resulting clirec- Corrections Final seconds 
direction. Objects observed. tions front station from figure in 

adjustment. adjustment. triangulation. 

0 // II " s Stone 0 00 oo·oo +I ·39 or ·39. 

9 Ke11t 66 59 .J.3"34 +1 "OI 44·35 
IO Hartly I07 47 07·¢ -o·os 07·88 

5 Egg Island Light-house 287 48 50·22 -0·40 49·82 

6 Cape May Light-house 323 12 II ·35 -0·1s II "19 

7 Brandywine Shoal Light-house 328 22 35·48 ·-I ·75 33 "73 
Proba_ble error of a single observat:on of a direction (D. and R.) = ± 0 11 ·65. 

Sto11c, Kent County, Delaware. June IS to July 21, 1896. 30-centimetre theodolite, No. 145· Telescope 
above ground 37"03 metres. J. Nelson, observer. 

0 " II II 

IS Brandywine Shoal Light-house 0 00 oo·oo -0·05 59·95 
16 Cape May Light-house 8 II 437':! +0·29 44·01 

17 Cape Henlopen Light-house 44 20. 32·22 +0·68 32·90 
II Kent 173 32 28·26 +o·I9 28·45 
12 Hartly 2o8 51 59·8I -I '00 58·81 

13 Mahon 247 24 28 "IO -0·54 27·56 

14 Egg Island Light-house 304 50 36·21 . +0 ·42 36·63 
Probable error of a single observation of a direction ( D. and R.) = ± 1"·20. 

Egg Island Lig/1t-/1ousc, Cumberland County, New Jersey. July 4 to July 25, 1896. 30-celitimetre 
theodolite, No. 37. W. B. Fairfield, observer. 

0 ,, ,, II 

18 Cape May· Light-house 0 00 00'00 +0·18 00·18 

19 Brandywine Shoal Light-house 23 46 6o·o3 -0·24 5979 
20 Stone 69 15 59·85 -I "21 '58·64 

21 Mahon II9 38 37 ·87 +1 ·27 39·14 
Probable error of a single observation of a direction ( 6 D. and 6 R.) = ± 011·75. 

Cape .llfay Liglzt-lzouse, Cape May County, New Jersey. June 30 to July I9, 18¢. 30-centimetre 
theodolite, No. 16. Telescope above mean sea level 48·I8 metres. G. A. Fairfield, observer. 

0 II II II 

27 Cape Henlopen Light-house 0 00 oo·oo +0·08 oo·oS 
28 Stone 7I 28 28·59 +0·55 29 ·14 

29 Brandywine Shoal Light-house 82 04 20·49 -I ·68 IS ·Sr 
Mahon 93 53 23 ·97* 

30 Egg Island Light-house nS 51 24·17 +r ·05 25·22 
Probable error of a single observation of a direction (6 D. and 6 R.) = ±011·48. 

*Computed value. 



No. 

2 

3 

4 

5 
6 

7 
s 
9 

IO 

II 

12 

15 

16 

17 

18 

UNITED STATES COAST Ai';;:;) GEODE.TIC SURVEY. 

(cl Figure adjustmmt. 

Observation eq1111tio11s ojsection (J'). 

o=+qr- (1)+ (6)-(n)+(12) 

0=-0·03- (3)+ (4)-(13)+(14) 

o= - 2·68 - ( 1) + (3) - (10) + (12) - (r4H- (rs) 
O= - 3·o6- (2) + (3) - (14) + (16) - (21) + (22) 

0 = ..L 2 "3 7 - (I) + ( 2) - ( 9) + ( l 2) - ( 22) + ( 23) 

0= + 0·39- (8) + (9) - (23) + (24) -· (25) + (27) 

o=+ow- (6) + (7) - (8) + (n) - (26) + (27) 

o= + 0·87 - (4) + (5) + ( 13) - (17) - (28) + (29) 

0=--1'95- (16) + (17)-(20) + (21)-(29) + (30) 

o=-r92- (19) + (20) -(30) + (31) - (34) + (35) 

O=- q6- (IS)+ (19)- (35) + (36)- (38) + (39) 

o= + 2·35 - (31) + (32) - (33) + (34) - (40)·+ (41) 

O= -o·6S + (33) - (36) - (37) + (38) - (41) + (42) 

0 = - IO+ 47"4(18) -8I"0(19) +33"6(20) + 14•3(30) - 29•4(31) + 15·1(32) + 6•3(37) -31 ·3(38) 

+ 25·0(39) + 28•5(40)....:. 50;6(41)_+ 22·1(42) 

0= -8,i+ lfl( 1) -34•7(3) -40·5(4) + J2"5(5) + 29·1(9)"- 29•8(10) +0·7(12) + _15·1(20) 

- 17"3( 21) + 2·2(23) + 26·6(28) - 56·0(29) + 29•4(30) 

0 = + 155 + 20·8(1) - 35·3(2) + 14·5(3) + 28·4(14) -40·5(15) + 12"1( 16) + 2"2(21) - 44•8(22) 

+42·1(23) 

o= + 142 -8·0(4) + 15·0(6) -0·7(ro) + 4·6(rr) - 3·9(12) - ro·o (13) + 38•4(14) - 28"4(15) 

O= + 46- 16·4(1) + 35•3(2) + 30·0(6) - 15"0(7) + 44·8(22) - 56·0(23) + II"2(24) + 2"5(25) 

-21·8(26) + 19·3(27) 
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(c) Figure' adju stmeu t--Contin ued. 

Correlate equations, part (I). 
Corrt:c- C, c. C3 C4 Cs c6 . C1 Cs C9 c,. Cu lions. 

(1 -I -I -I 

(2) -·· +1 
(3) -r +1 +1 
(4) +r -I 

(5) +r 
(6) +x -I 

(7) +r 
(8) -I -I 

(9) -I +r 
( 10) -I 

( 11) -1 +1 
( 12) +r +r +r 
( 13) -I +r 
( 14) +r -1 -I 

( 15) +r 
( 16) -/--1 -I 

( 17) -I +r 
( 18) -I 

( 19) -I +r 
(20) -I +r 
(21) -I +r 
(22) +x -I 

(23) +r -I 

(24) +r 
(25) -I 

(26) -I 

(27) +r +r 
(28) -I 

(29) +x -I 

(30) +1 -I 

(31) +x 
(32) 
(33) 
(34) -I 

(35} +x -I 

(36) +r 
(37) 
(38) --I 

(39) +r 
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( c) Figure ttdjustmmt-Continued. 

Correlate equations, part (.1)-C:ompleted. 
cc ... r~c- I 
~ 

C,. C,3 C,4 C,; C,6 C,1 C,s 

(I) I. +q.·5 +20·8 -16·4 
(2) -35·3 +35 ·3 
(3) -34 "7 +14 ·5 
(4) -40·5 - S·o 

(5) +32"5 
(6) +15·0 +30"0 
(7) -15·0 
(8) 

(9) +29·1 
( 10) -29·8 - 0·7 
(II) + 4·6 
( 12) ·t- 0·7 - 3·9 
(13) --IO"O 

( 14) +28"4 +38·4 
(15) -40·5 -28·4 
( 16) +12 "I 
(Ii) 

( 18) +47"4 
( 19) --81 ·o 

(:!O) +33"6 +rs ·r 
(21) -17 ·3 + 2·2 
(22) -44·8 +44"8 
(23) + 2·2 +42"6 -56·0 
( 24) +n ·2 
(25) + 2·5 
(26) -21 ·s 
(27) +19·3 
(28) +26"6 

(29) -56·0 

(30) +14·3 +29'4 
(~1) -{ -29·4 

(32) +r +15 'I 

(33) -I +r 

(34) +1 

(35) 

(36) -[ 

(37) -I + 6·3 

(38) +1 -3r ·3 

(39) +25"0 

(.to) -I +28°5 
(41) +1 -I -50·6 

(42) +r ..L22 'I 
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(c) Figitrc adj1tsl111cwl-Co11ti11ued. 

1Von11al t'q11atio11s, part (I). 

C, c. C3 c. Cs c6 C1 Cs Cg c •• c .. 

>--!- I "4 I +4 +2 +2 ·-2 

0·03 +4 -2 -~ --'2 

2·68 +6 +2 -+-2 
3·06 +6 -2 -2 

-!- 2·37 +6 -2 

+ 0·39 +6 +2 

+ 0·07 +6 

+ 0·87 -t-6 -2 

I ·95 +6 -2 

I ·92 +6 -2 

I •46 -t-6 

1Vor111al cq11atio11s, part ( .1 i-Completed. 

C,. C.3 c ... C,s C,6 C,7 C,a 

+ l ·41 -13·8 -20·8 +6·5 +46"4 
0·03 ·-· 5 ·s +1z, ·9 +40"4 
2·68 .. -187 -75 ·2 -70·0 +16·4 
3·o6 -17 ·4 -13 ·s -38·4 +9"5 

+ 2·37 -407 +31 "3 - 3·9 -49·1 

+ 0·39 +26°9 -42 "6 +s4 ·o 

+ 0·07 -10·4 -3·9 

+ 0·87 -9·6 -2·0 

1 ·95 - 19·3 +53·0 -9·9 

1 ·92 -2 +10·9 -14·3 

I ·46 -2 -72 ·1 

o=+ 2·35 +6 -2 -34·6 
0·68 +6 +35 "I 

- IO +16 738 ·98 +927 ·78 

- 84 +n o86 ·24 -145 ·89 +342 ·13 -361 ·oo 

+155 +s 3oS ·84 +2 240 ·76 ·-5 979 ·s5 
+142 +2 7o6 ·98 +450 ·oo 

+ 46 +8 762 ·51 



UNITED STATES COAST AND GEODETIC SURVEY. 

Resulting values of correlates and of corrections to angular directions: 

II II 

C,=-0·385 2 C,0 =+ I 'OCH 4 (1)=+0·175 (15)=+1 •853 

C.=+1 ·425 I C.,=+0·697 2 (2)=-0 ·SS5 (16)=-o ·236 

C3=-0·079 5 C12=+o·o63 6 (3)=-0·783 (17)=+0·491 

C,=+1 ·253 3 C,3=+o ·368 2 (4)=+0·725 (18)=_:0·7o8 

C5=+0·220 7 C14=-o ·ooo 224 (5)=+0·948 (19)=--0·286 

C6=+o ·15S 9 C,5=+o·oo6 482 (6)=--I ·196 (20)=-o ·137 

C7=-0·269 I C,6=-o ·021 500 (7)=-0 ·009 (21)=-0·184 

Cs=+o ·737 6 C,7=-o ·037 39:i (8)=+0·110 (22)=+1 '220 

C9=+1 ·229 o C,s=-o ·017 312 (9)=+0 ·127 (23)=+0·130 
(10)=-o ·c88 (24)=-0·035 

( II) =--0 ·056 (25)=-0·202 

(12)=-0·094 (26)=+0 ·646 

(13)=-0·314 (27)=-0 ·444 

(14)=-1 '795 (28)=-o ·565 

(c) Figuro' adjustment. 

Obser1.1atio11 eq11alio11s ef section (2). 

· l o=-tl'73- (1)+ (3)- (9)+(10) 

2 0=+2·91- (2)-t (4)-(II)-t(12) 

3 0= + 2'S3- (25) + (26) - (27) + (29) - (32) + (33) 

4 o=-5·24- (5) + (8)-(13) + (14) - (20) + (21) 

5 o= -3·18- (18) + (19) - (24) + (25) - (29) + (30) 

6 o= -0·91- (15) + (17) + (22) - (26) - (31) + (32) 

7 o= + 2·81 - (15) + (16) + (22) - (25) - (28) + (29) 

s o=-0·56- (5)+ (7)-(19)+(21)-(23)+(24) 

9 o=-3·28- (7)-t t8)-(13)-t(15)-(22)+(23) 

IO 0=+0·76- (3)+ (4)- (8)+ (9)-(n)-t(13) 

" 
(29)=-o ·854 

(30)=+0 ·415 

(31)=+0 ·944 

(32)=+0 ·o6o 

(33)=+0 ·305 

(34)=-o ·938. 

(35)=+0 '304 

(36)=+0 ·329 

(37)=-0 ·370 

(38)=-0 ·322 

(39)=+0 •692 

(40)=-0 ·070 

(41)=-0 ·293 

(42)=+0 ·363 

II O= + 15 +_31·6(1) - 44·8(2) - 45·0(3) + 25·8(4) + 8•9(8) -33·3(9) + 24'4(!0) + 29'7(II) 

-56·1(12) + 26·4(13) 

12 o = - 204 + 24·6(5) - 5S·S(7) + 34·2(8) + 13'4(13) - 28·1(14) + 14'7(15) + 20·7(19) -- 38·1(20) 

+ 1r4(21) + 29·2(22) - 51·3( 23) + 22·1(24) 

13 I 0= + 257 + 124'6(15)- 146•2(16) + 21'6(17) + 2•9(27) - 1J2'5(28) + 109'6(29) + 30•9(31) 

-5n(32) + 26·8(33) 

14 O= - 384 + 14'7(14) -16o·9(15) + 146·2(16) + 47'8(18) - 68•5( 19) + 20'7(20) + 112'5(28) 

- 140·7(29) + 28·2(30) 

15 o= + 274 + 24·6(5) - 333·2(6) + 3o8·6(7) + 47'8(18) -45·6 (19) - 2·2(21)- 100'6(23) 

+ 100'6(25) - 28·2(29) + 28·2(30) 



TRANSCONTINENTAL TRIANGULATION-PART III-TRIANGULATION. 363 

(c) Figure adjusfmmt-Continued. 

Correlate equations. part (2). 
Carree· c. c. C3 C4 Cs C6 C7 Cs Cg C10 c:,. C1~ C13 C14 C15 lions. 

(1) --1 +Jl"6 
(2) -I -44·8 

(3) +1 -1 -45·0 

(4) +1 +1 +25·8 

(5) -I .... _, 
+"4"6. + 24·6 

(6) --333 ·2 

(7) +r -t -.;S·S +:ios "6 
(S) +t +1 -1 +s·9 +34 ·2 

(9) -1 +1 -33·3 

(10) +1 +24 ·4 

(II) -1 -1 +29•7 

( 12) +1 -56·1 

(13) -1 -I +1 +26·4 +13·4 

( 14) +1 -28·1 +'4 "7 
(15) .... .... .... -·I -1 +1 +14·7 +124·6 -16o·9 

{16) +1 -146·2 +146·2 

{ 17) +1 + 21 "6 

(18) -I + 47·8 + 4;·s 

(19) +• -I +007 - 6S·5 - 45·6 
(20) .... .... .... ·-I -38·1 + 20·7 

{21) +1 +1 +17·4 - 2 ·2 

(22) +1 +t ""•·[ +29"2 

{23) -I +1 -51 ·3 -100·6 

(24) - I +1 +22°1 

( 25) -I +1 -I +ioo·6 
(26) +1 -I 

(27) -1 + ""9 
(•l<) ·-I -112 ·5 +112·5 

{29) +r -I +1 +109·6 -1407 - 28·2 
(30) +1 + 28·2 + 2$·2 

(31) -1. + 30·9 
(32) -I +1 - 57'7 
(~3) +1 + 26•8 

Normal eq11atio11s, part (2). 

c, c. C3 c. Cs CG C1 Cs Co c •• Cu c,. C13 c •• C15 

O=+ 1 ·73 +4 -2 ·.-1S·9 

+ 2·91 +4 +• -15·2 

+ 2·53 +6 -· -2 +2 +191·2 -1407 -12s·s 
5 ·24 +6 +2 +• -· -17·5 + 23·6 - 6·o - 26"8 

·- 3·18 +6 -2 -2 - I "4 ·-109·6 + 52·6 + 63"6 
0·91 +6 +2 -2 + 14•5 -191·6 +100·9 

+ 2·81 +6 -2 + 14·5 - 48·7 + 53·9 -12s·s 
o·s6 +6 -2 - 13·3 + 68"5 +428"0 
3 ·28 +6 "'-2 -17·5 + 13•8 +124 "6 -16o·9 -409 .• 

-f 0·76 ... ... ... ... ... +6 +25"3 - 20·S 

+ 15 +12 205·96 +658•14 

-204 +12 573 ·10 + I 831 •62 - 4 984 ·92 -13 361 ·94 
+257 +67 045·32 -69 499·55 - 3 09!' ·;2 
-384 +ss 132·90 +10 171 •42 

+•7~ ... ... ... . .. +•33 o61 ·f.o 



UNITED STATES COAST AND GEODETIC SURVEY. 

Res11/ti11g z.atucs o_l .-orrelales and qf corn-ctio11s Iv a11g11/a r diredio11s • 

No. Stations. 

! 
Osbornes Ruin 

l Pooles Island 

Finlay 

! 
Clough 

2 Linstid 

Finlay 

· ! Clough 
3 Finlay 

Osborues Ruin 

! 
Still Pond 

4 Clough 

Finlay 

! 
Still Pond 

5 Clough 

Osbornes Ruin 

" c .=+0·002 

C 0 -1 "I86 5 

c 3 -o ·041 667 

C 4 +o 762 67 

C s · +o ·594 30 

C 6 +o ·413 14 

C 7 -I ·876 6 

Cs +0·152 44 

c 9 +0·855 46 

C,o +o ·892 72 

c.. -0 ·003 340 

C,. +o ·020 .po 

C,3 +o ·012 498 

Cq -o ·015 745 

C,s=:=-o ·ooo 494 4 

Observed angles. 

0 II 

77 29 

02 ·so 
64 34 15 ·72 

69 13 07 "03 

46 12 39 ·61 

02 ·36 

36 31 42 ·55 

55 23 2<)"93 

88 04 55·52 

59·00 

58 52 00·65 

96 33 18 ·97 

24 34 38 ·93 

58•6o 

84 02 19·46 

6o or 36·42 

35 56 07 ·30 

03 ·rs 

,, 
(1)=-0·104 

(2)=+1 ·336 

(3)=-0 ·744 

(4)=-0 ·380 

(5)=-o ·400 

(6)=-·0·165 

(7)=-1 ·;52 

(8)=+1 ·394 

(9)=+1 ·006 

( 10)=-o ·084 

(u)=+o ·195 
(12)=-o ·999 

(13)=-0·540 

(I4)=+o ·420 

(15)=-o ·046 

( 16)=+0 ·287 

( I7)=+o ·683 

.'I 

(18)=+0·182 

(19)=-0·237 

(20)=-1 ·215 

(21)=+1 ·269 

(22)=-0·034 

(23)=-0·394 

(24)=+0·009 

(25)=+0 ·873 

(26)=-0·455_ 

(27)=+0·078 

(28)=+0 ·553 

(29)=-1 •683 

(30)=+1 ·052 

(31 )=-o ·027 

(32)=-o ·266 

(33)=+0 ·293 

Correc
tions. 

Spher- Spher-
ical ical Logs. 

II 

-0·04 

--:! ·20 

-0·17 

-I •48 

+0·72 

+0·79 

angles. excess. 

II 

!0"9I 

34·46 

14"24 

07 ·75 

4.0 ·40 

II 

0·36 

l ·09 

079 
o·So 
o·So 

4·301 337 0 

4·550 316 3 

4 •565 358 I 

4·453 046 8 

Distances 
in metrei>. 

26 267·50 

:2I 392·~u 

20 014 ·q 

35 507·19 

36 758 ·53 
28 382·25 

2·39 

+3·65 46·20 0·56 

-o •96 19 ·97 0 ·56 

-0·01 55·51 0·56 

4·340 289 4 21 892·20 

4·481 014 2 30 270·12 

4·565 358 0 36 758·52 

02·05 

20·53 

39·oS 

I "68 

0·55 

0·56 

0·55 

1 ·66 

+0·31 19·77 0·39 

-2 ·09 34 ·:;3 0 ·40 

-0·21 07·09 0·40 

l "19 

4 ·565 358 0 

. 4 ·630 050 5 

4 ·251 910 9 

36 758·52 

42 662·91 

17 861 ·21 

4·481 014 2 30 270·12 

4 ·421 013 9 26 364 "16 

4·251 910 9 17 861 ·21 



TRANSCONTINENTAL TRI ANG U LATION-P ART IIl-TRIANG ULATION. 365 

(d) .rldjusted triangles, JlfmJ'land, Delaware, a11d Ne<£' fffs£'._11-Continued. 

Correc- Sp her- Spher-
Distances No. Stations. Observed angles. tions. ical 1cal Logs. in m tre~. angles. exce."5. 

0 " " . 
,, II I Still Pon<l 25 JO 18 ·81 -I "O<) 17 ·72 0·40 4·340 289 4 :?I Sep ·26 

6 Finlay 30 48 41 ·95 -I "06 40·89 0·40 4·421 013 9 26 364 "I(• 
· Osbornes Ruin 124 OJ oi·82 -0 ·22 02 •6o 0·41 4 ·630 050 5 '42 662·91 

03 ·5s I "21 I Tmk<y Point 83 04 49·S9 -0·24 49 ·65 (1°30 4 ·421 013 9 26 ,'o64 ·16 
7 Still Pond 61 59 40·93 -0·17 40 76 0·30 4 ·370 101 9 23 447 '79 

Osbornes Ruin 34 55 30·47 +0·02 30·49 0·30 4 ·181 967 s 15 204·35 

01 ·29 0·90 I Tu•k<y Poh>t 44 01 48·72 -I "09 47 ·63 0·39 4·301 337 0 20 014 ·q 
S Pooles Island 54 30 55 ·oo +1 ·19 56 ·19 0·39 4'370 IOI s 23 447 78 

Osbornes Ruin Sr 27 17 ·53 -0·17 17 ·36 0·40 4'454 483 8 28 476·32 

01 "::!S I 'J,') 

9 l 

Hope 38 17 06 '79 -0·29 of, ·50 0·57 4·453 046 s 28 382·25 
I.instid 32 54 15 ·37 .+0·2::? 15 ·59 0 ·57 4·395 942 3 24 885 ':!7 
Clough wS 48 40·41 -o·&i 39 ·61 0·56 4 ·637 Il5 2 43 362·59 

0:? 
0 57 I "70 

.. I Hope 35 38 49·44 +1 ·27 5071 0·38 4 ·251 9JO 9 17 861 '2! 
Clough 90 o· 44·90 +o '73 45 ·63 0·37 4 ·486 395 3 30 647 ·5

1
2 _, 

Still Pond 54 l i :q ·84 -o "OE 24 ·79 0·38 4 ·395 942 5 24.SS5·28 

59 ·18 I "13 

l 
Barclay 92 00 :?9"81 -/-1 ":?4 31 ·05 0·35 4·486 395 3 3•) 647 ·52 

II Hope 55 54 3~·82 +0·53 39·35 0·35 4·404 779 8 :?5 396·85 
Still Pond 32 C•4 50·50 +0·15 50 ·65 0·35 4·211 848 5 16 287·28 

59 ·13 l ·05 l Hn<tly 40 OJ 50 76 -i-T "01 51 "77 0 ·31 4·404 i79 8 25 396 ·85 
12 Barclay 115 57 00·02 +0·03 00 ·05 Ci ·3 I 4·549 977 2 35 479·48 

Still Pond 23 59 08·69 -j-0·42 09 'II 0·31 4·205 203 2 r6 039 ·96 

59·47 0·93 ,, l Kent 36 29 56 ·34 -U"2:.? 56 ·12 0'3l 4 "'.:!II 848 5 r6 2S7·2s 
Hope 54 27 29 ·59 -0·89 28 ·70 0·31 4·347 931 0 :?:.1 28o·Sr 
:aarclay 89 02 37·34 -I '24 36 'IO 0·30 4·437 412 3 27 3'l8 ·67 

03 "'27 0·92 

.. ! Kent 43 37 O:?"jO +0·66 03 ·36 0·27 4 ·205 203 :? 16 039·96 
Barclay 62 59 52 ·83 -0·03 52 ·So 0 ·27 4·316 327 I 20 717 ·or 
Hartly 73 :?3 04·60 +0·05 04 ·65 0·27 4 ·.>47 93r o 22 :!So ·81 

00 ·13 0·81 



UNITED STAT-ES COAST AND GEODETIC SURVEY. 

( d) .cldjusit'd lrianglt'S, llfa1J1land, Ddawan·. and New Jcrst:_i1-Co11tinued. 

No. Stations. Observed angles. 

l 
Mahon 

15 Kent 

·Hartly 

I 
Stone 

16 Kent 

Hartly 

l 
Stone 

17 Kent 

~Iahon 

J
. Egg lslancl L. H. 

19 l Stone 
Mahon 

0 II 

40 47 24·62 

47 34 o8 '20 

91 38 30 ·14 

02·96 

35 19 .V ·55 
86 42 27 ·32 

57 58 05·63 

0.:.·50 

73 51 59·84 

39 o8 19 '12 

66 59 43·34 

00·76 

50 22 38 '02 

57 26 08 'II 

72 II 09 78 

55·9r 

l 
BrandywineShoal L.H. 35 47 01 ·21 

20 Stone 112 35 31 ·go 

Mahon ' 3r 37 24·52 

l 
Brandywine Shoal L.H. 

21 Stone 

Egg Island L. H. 

57.'63 

79 21 38 ·79 

55 09 23·79 

45 28 59 ·82 

02 ·40 

( 

Brandywine Shoal L.H. 43 34 37 ·58 

22 Mahon 40 33 45 ·26 

Egg Island L. H. 95 51 37 ·84 

J Cape l\fay L. H. 10 

00·68 

35 51 ·go 

II- 43 ·72 23 l Stone 8 
BrandywineShoalL.H. 161 12 27·41 

03·03 

Correc- Spher- Spher-
tions. ical ical 

angles. excess. 

II 

-I ·og 

-o 74 

+0·10 

-I '19 

-0·38 

-I ·34 

-o·73 

+0·36 

-0·39 

+0·46 

! r ·44 

-1 ·48 

II 

23'53 
07 ·46 

30·36 

26·94 

04 ·29 

59 'II 

19·48 

42·95 

+2 ·48 40·50 

+0·96 og ·07 

+r ·So II ·58 

-0·36 

+0·49 

+3 ·15 

+0·05 

-0·47 

-0·98 

00·85 

32 ·39 

27·67 

38·84 

23·32 

58·84 

II 

0·4r 

o ·4r 

0·41 

l '23 

0·53 

o ·5,; 

0·53 

l '59 
0 ·51 

0·52 

0·51 

I '54 

0·39 

I ·18 

0·38 

0·39 

0·38 

I '15 

0·30 

0 31 

0·30 

0·91 

0·34 

0·33 

0·33 

I '00 

+o ·40. 37 ·98 o ·41 

-2·35 43·91 0·42 

+1 ·51 39 ·35 o ·41 

-2 ·24 49 •66 

-t-0·33 44·05 
-0 ·go 26 ·51 

I '24 

0·07 

0·07 

o·oS 

0'22 

Logs. 

4 ·316 327 I 

4 ·369 331 2 

4·501 046 0 

4'3I6 327 l 

4·553 521 7 

4·482 5o6 7 

4·501 046 0 

4·318 662 2 

4·482 5o6 7 

4 ·553 521 6 

4 ·318 662 2 

4·357 739 8 

4 ·410 684 3 

4 ·318 662 2 

4·517 036 5 

4"271 329 9 

4·410 684 3 

4·332 407 3 

4·271 330 0 

4'357 739 8 

4·332 407 4 

4·517 036 5 

4 ·271 329 9 

4 ·16o 717 5 

4·514 794 6 

Distances 
in metres. 

20 717 ·or 

23 406 ·n 
31 6g9·03 

20 717·01 

35 770 ·23 

30 374 ·33 

31 699·03 
20 828·70 

30 374·33 

23 4o6·22 

iu SlS'"]u 

35 770 '22 

20 828 '70 

22 789·76 

25 744 '49 

20 828 ·70 

32 887 ·92 

18 677 ·98 

25 744'49 
21 491'S ·46 

It! 677 ·98 

22 789 76 

2I 498·46 

32 887·92 

rs 677 ·98 

14 478 ·30 

32 718·6o 



TRANSCO'N'TINENT AL TRIANG ULATION-P AR'r III-TRIANGULATION.• 367 

(d) A.djuslcd lriaugks, Jlf,11:i•la11d, Ddaware, and 1VczC' /crs,:i•-Completed. 

Correc- Spher- Spher- Distances No. Stations. Observed angles. tions. 1cal ical Logs. in metres. angles. excess. 

II II II II 

r Cape May L. !{. 22 :q 54·83 0·50 4 ·318 662 2 20 828 'jo 

2-I l Stone 120 47 15°62 +0·83 r6 ·45 0·49 4 "6/f ·407 7 46 925 ·37 
:Mahon 36 47 4$·65 +1 ·56 50·2r 0·50 4 ·5q. 794 6 32 718·60 

l ·49 

" l Cape May L. H. 47 2::? s5·5S +0·50 56·08 0·64 4·410 684 3 25 744·49 
Stone 63 2[ cq ·5r -0·13 07 ·38 0·63 4·495 103 8 31 268·27 

Egg Island L. H. 69 15 59·85 -I "40 58·45 0·64 4·514 794 7 32 71$·60 

02 ·94 I ·9r 

( C•pe M•y L. H. II 49 05 ·16 0 ·12 4·517 036 5 32 887 ·~12 
26 BrandywineShoalJ4.H. "J63 00 31 ·38 +r ·27 32 ·65 0 "II 4 ·67I 407 8 46 915 ·3s 

:i\'Iahon 5 IO 24 ·13 -1 ·59 22 ·54 0·12 4 ·16o 717 4 I4 478·29 

0·35 

( C•!~ May J, H. :;6 47 03·6$ +2"74 06·42 Q""I" 4·33::? 407 3 21 498·46 _,,, 
27 BrandywineShoalL.H. u9 :?5 s:; ·So +o·S6 54 •66 0 . ..., .. 4·495 103 7 31 268·26 _,,, 

Egg Island L. H. 23 46 60·03 -0·42 59·61 0·23 4 ·16o 717 5 14 478·30 

57·51 0·69 

r Cape May J.,. J-I. :?4 5$ CI "25 0·52 . 4 ·357 739 s 22 789 76 

23 l Mahon 35 :?3 21 ·13 -1-o ·13 21 ·36 0·53 4"4<:5 103 8 31 268·27 
Egg Island L. I-I. II9 38 37 ·87 +I ·09 3S·¢ 0 ·52 4·67I 407 9 46 925 ·39 

l ·57 

( Cnpe Ho•dopen L. H. 3' 13 . ::?6 ·27 -0·24 26·03 0·36 4 "':!jI 329 9 rS 6ii ·98 
29 Stone 44 20 32 ·22 +073 32 ·95 I o •36 4·365 706 6 23 2II ·67 

~randywineShoalL.H. IOI 26 01 ·6S +0·42 02 "JO 0·36 .J ·512 5:;8 4 32 550 ·56 

00 ·17 l ·08 

( C•pe Honlopen L. H. 72 2:! 43·32 +0·32 43·64 0·53 4 ·514 794 6 32 718 •6o 

30 Stone 36 08 48·50 +0·39 48·89 0·5:; -1 ·306 412 0 20 249·39 
Cape May L. I-L 7r 28 28 ·59 +0·47 29 "oP 0·53 4 ·51.? 55S 3 32 550·55 

00·41 r ·59 

( Cope Heolopen:L H. '38 09 17·05 +0·56 17 ·6r 0·25 4 ·16o iI7 5 I4 478·30 
31 Brandywine Shoal L.H. 59 46 25 "73 -·I ·33 24 ·40 0·::?5 4·306 4r2 o 20 249·39 

Cape l\'Iay L. H. 82 04 20·49 -I 76 18 "73 0 '::?4 4·365 706 6 23 2II ·67 

03·27 0·74 



UNITED STATES COAST AND GEODETIC SURVEY. 

(e) The precision of the Easlcm Shore scri.:s c?f lria11gks. 

· For a fair estimate of" the precision of the adjusted triangttlation, we have in the 
first place the mean error of an "observed angle (of ttnit weight), as derived from 75 
corrections to directions contained in the series and involving 33 conditions-

To get the probable error of the side Still Pond to Hope, we start form the line 
Finlay to Linstid and reach the side Still Pond to Hope via Clough by three triangles. 
For this part we have o,,,. = q·1 and ::E(o",i + 0,1 on+ o"n)= 36·3. Hence, u .. 

11
=0·1217, 

m",. = ± 0·529 and probable error of side= ± 0."357 metre. 

Similarly for the line Hartly to Kent we have ,I'" = 20·9, ~(- .. J=64·2, u,, = 0·098 o, 
. u 1.1 

111-., = ± 0·474 and probable error of side = ± 0·320 metre. 
II 

Also ·for the terminal side Cape May Light to Cape Henlopen Light, o., = 21·4, 
" :S(. ·) = 111·7, u .. = 0"162 7, m" = ± 0·611 and probable error of side = ± 0·412 

" " 
metre. 

To the above probable errors we have yet to add the part depending on the pmh
able error of the initial side Finlay to Linstid (± 0·33 metre) in proportion to the 
length, of the sides, viz: ± 0·285, ± 0·19, a11d ± 0·19 metre, respectively. 

Probable error of length of side Still Pond to Hope=± 0·357 ±0·285 = ±0·457 
metre = ir1 +u-u part of the length. 

Probable err.or of length of side Hartly to Kent = ± 0·320 ± 0·19 = ± 0·372 
metre = H·"'-.-uo part· of the length. 

Probable error of length of side Cape May Light to Cape Henlopen Light 
= ± 0·412 ± 0·19 = ± 0·454 metre = :r:rlo;r part of t~1e length. 

The distance between the middle points of the lines Finlay to Linstid and Still 
Pond to Hope when projected on the Thirty-ninth parallel is about 42 kilometres (26 
statute miles), from Still Pond-Hope to Hartly-Kent is about 29·5 kilometres (18 
statute miles), and from Hartly-Ken·t to Cape May Light-Cape Henlopen Light is 
about 56·5 kilometres (35 statute miles). 

The average probable error for the first part of the triangulation may be taken as 
~ (y1i'f

1·cuo + n-~;jjj) = n lfliu or 0·5 metre; for the second part ! (11 'f \ 00 + "!J."3"·lruo) 
= ~u-h"ll or o· 5 metre, and for the third part ! ( n·hu + :rr:ii-H) = :nrhu or I" 1 metres; 
total fo..: th~ Eastern Shore series, 2 · 1 metres. 

(2) THE ALLEGHENY.SERIES 01" 'l'RIANGLES, 1846-1850 AND 1868-1880. 

(a) lnlrodudiim. 

The triangulation \Vhich extends from the Kent Island Base, Maryland, to the St. 
Albans Base, \.Vest Virginia, i~ made up in part of the older work (antedating the trans
continental chain) from the Kent Base to the Blue Ridge, which branch was executed 
between the years 1846 and 1874 (with one interpolated station in 1879), and in part of 
the new branch or southern and western extension elating between 1_S74-1SS0. 
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KENT I. BASE NET TO ST. ALBANS BASE NET 
ALLEGHENY SERIES 
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The principal ohsen·ei·s of the old triangulation were A. D. Bache, Superi11te11dent, 
and C. O. Boutelle, Assistant. and of the later extensio11 A. T. Mosman, AssistatH. 
The total extent between the two base-net sides and measured along the middle of the 
triangulation is about 54.5 kilometres or 339 statute miles. The central station Hump
back, Virginia, is a prominent point in the arc of the parallel of 39° as well as in the 
oblique arc of the Atlantic and Gulf. 

The following description of the country traversed b~'. the connecting triangulation 
with remarks on the lattec was furnished by Assistant Mosman: 

The section starts from Kent Island (•II Chesapeake Bay and tra\"erses the rnlling country to the 
Blue Ridge anrl then proceeols uearly west through the Allegheny i\fouutains, covering the Kanawha 
Ri,·er. Valley, in which is locateol the St. Albans base line. The country 11ear Chesape:ake Ray is 
partially w<:11)1\t:d, with consicl"'mhk: cultivated Janel. The summits about the statious on the Blue 
Rirlg"= are bdwee11 1 ooo nml 3 500 feet of elevation. and on th.:: North Mountain and the main 
Alkg-h.::nies reach 4 ooo ft:d and owr, the highest l'<t:ltion, Briery, being 1 .379 metres or 4 5:?4 feet 
nhon: the S<.:a. N1~arly all the sunnnits are woodt:d and the country is n:1·y span;cly inhabited. 
'fhe roads are few and transportation difficult. In some case:'. it was necessary to travel :O::o to 100 

miks to 1110\'e camp between stations •)lily 50 miles apart. 
No high ,;ignal,; were necessary in this S"=Ction and poles with lm:enge-shaped target'i<'· couid 

usually be ,;ecn up to 56 kilometres (35 statute miles, ahottt). beyond which heliotropes were used. 
011 the Blue Ridge and th"' Alleghenies th"' stations are generally mark"=•l by bolts in rock ledges, 
anrl in soil hy a cone s1111k 3 feet undt:r ground, O\·er which was placed a m:arble post with cross lines 
for center; there are also spikt:s drin~n into cement for reference post>' ,about 6 fee't from the 
central mark. · 

Assistant Boutelle generally used the large theodolite in j positions with 6 to r 8 
series, whereas Assistant Mosman with the 5.;-centimetre theodolite adhered to r r -
positions of the circle with 3 series in each, and when using the 30-centimetre theod
olite, adopted rj positions with 2 series in each. 

A critical exami11ation of the internal complexity of lines in the eastern part 
of the tria11gulation, between sides \Vebb-Marriott and Mount Marshall-Bull Run, renders 
it highly probable that no great error could accmnulate in this branch of the connection. 
Advantage has been taken of this circumstance to reduce considerably the. number of 
equations to be solved simultaneously by treating the 22 conditions contained in this· 
eastern part as if there was 110 discrepancy between the base nets, and throwing the last 
condition for accord of bases on the second or western part. which still requires the 
establishment and solution of J;) equations. 

'fhe discrepancy between the bases is very small. 

*These poles wc1·e 4 centimetrc.:::s s()uarc in cro:o;s section and ahout 6 metres hjgh. lrith :dkrnah:·.o;trips of white 
and h\ac~ 1n11~1in and sn\"\nountcc\ l:w u whit~ t\\uslin tat·get \~rith sides of 1 111etre. 

18732-No. 4--24 



370· UNIT-ED S'l'A'fES COAST AND GEODETIC SURVEY. 

(b) Abstract ef resulting horizontal directions at each station from local and from figure 
· adjustments. (eastem part). 

1fi"cbb, Anne Arundel County, Maryland. July ro to August !4, r&fS. &:>-centimetre theodolite, No. 
2. A. D. Bache, observer. October 21 to December 2, l8so. 7s-centimetre theodolite, No. r. 
A. D. Bache, observer. September 18 to September 2s, 1868. 75-centimetre theodolite, No. r. 
C. 0. Boutelle, observer. 

No. of 
direction. 

3 

4 

5 

Objects obsen•ed. 

Linstid 

Marriott 

.Hill 

Soper 

Stable 

Azimuth Mark 

Finlay 

Resulting direc
tions front station 

adjustment. 

0 II 

Appro>:i
n1ate 

probable 
e1·ror. 

II 

o oo oo ·oo ±o ·oS 

76 16 o6 ·r9 

r29 26 s8 ·s3 

178 32 04 72 

I86 SS II 'S6 

275 40 01 ·-;,7 
289 44 43·01 

o ·r2 

o ·rs 

0·08 

o·q 

0 "II 

0·22 

Corrections Corfr~~~!ons 
. front base-net 
t~ase-net and figure 

&dJustn1ent. adjustment. 

II 

-0·02 

+0·2s 

-0·23 

II 

o·oo 

o·oo 

-0·02 

Mean o ·oo 

Probable error of a sit1gle observation of a direction ( D. and R.) = ± 0 11 ·94. 

Final sec
onds i11 

triangula
tion. 

// 

s9·gS 

06·44 

s8·s3 

04·72 

II "S4 

11/arriott, Anne Arundel County, Maryland. November r8 to December 9, 1846. 30-centimetre 
theodolite, No. l I. E. Blunt, observer. May 18 to June 18, 18,.i9. Go-centimetre theodolite, No. 
2. A. D. Bache, observer. 

0 II 

IHiH 0 00 ·oo·oo 

2 Soper 31. o6 w·36 

Webb jO oS 37 ·17 
Azimuth Mark 82 ~· 

__ , 48·68 

Linstid IOj 3,, 48·30 

Taylor ·125 56 32 ·84 

Kent Island North Base I4i S3 l6'8o 

Kent Island South Base 166 o6 54 '12 
Poplar Island 206 s8 03 ·32 

Blake 248 21 SI ·62 

Probable error of a single observation of a direction-

*1846. 

II II II II 

*±0·1s -0·29 s9·7r 

+0·38 ro74 
-0·24 36·93 

to ·17 

+0·34 48·64 
-0·20 32·64 
-0'!0 16 '70 

*0·10 +0·11.:i S4'3l 
*0·12 

*o ·19 

Mean o·oo 

( 6 D. and 6 R. l = ± 0 11 ·67 in 1846. 
(D. and R.) = ± 111 ·10 in 1849. 

t1849. 
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(b) A bslrad <?/ resulting l1t>rizo11tal directions at mclz. station from local and fromjigure 
adj11sl111c11/s (eastern par/}-Contintted. 

Hill. Prince George County, Maryland. June 18 to July I 5, 1846. 6o-centimetre theodolite, No. 2. 

A. D. Bache, obsen·er. August 8 to October 4, 1850. 75-centimetre theodolite, No. r. A. D. 
Bache and A. A. Humphreys, observers. October 9 to November 12, 1868. 75-centimetre theod
olite, No. 1. Telescope above ground 16·76 metres in 1868. C. 0. Boutelle, observer. 

No. of 
direction. 

6 

i 
s 
9 

10 

Il 

Re~ulting tI;rec- Approxi- Correctio11s 
Ohject~ ohi=it:T\·ec1. · lions from station mate from figure 

adj11:o;tnu .. ·nt. prohabk adjustmc-nt. error. 

0 fl " 
,.. 

Peach Gnwe 0 00 O:>"OO ±O"Il -0·30 

Causten 5 54 28·96 0·06 

Soldiers' Hom<:. lightning rod 

near center of tower 18 14 54 ·4S o·~s 

Montgomery Rlair's house, center 

of cupola 29 46 29·5r 0·33 

Sugar I.oaf 37 48 42 ·47 0·10 +0·10 

Stabler 65 16 57 ·50 0·10 +0·20 

Soper 69 14 40·7r O"Oj -o ·31 

Azimuth Mark 125 08 23 ·97 0 ·10 

Webb 125 08 24 "I:? 0 ·10 +0·12 

Marriott 18r 48 ~6 ·12 0·07 +0·20 

Theological Seminary( new) cross 330 oS 02 ·S1 0·56 

Theological Semi nary (old) 330 09 58·44 0·16 

High School 33r 31 oS·62 O"lJ 

Coast Survey Office (old) chimney 348 20 5:i ·43 0 ·17. 

United St~tes Capitol, head of 

Statue of Liberty 350 24 27 ·16 0·20 

Seaton 350 58 47·36 0·09 

Unitecl States Na\·al Observatory 

(old), station t:ast of dome 353 54 50·38 0 ·20 

Georgetown College Obsen·atory, 

center of dome 359 02 16 ·10 0·18 

Probable error of a ,;ingle observation of a direction (D. anri R.) = ± 0"·90. 

Final seconds 
in 

triangulation. 

" 
5970 

42·57 

57 ·70 

40·40 

24 ·24 

56 ·3:i 

Sopt?r, :Montgomery County, :Maryland. June r9 to July 23. 1850. 75-centimetre theodolite, "11_1. 1. 

A. D. Bache, observer. 
0 I/ I/ ,, II 

12 \Vebb 0 00 oo·oo ±0 "JI -o·os 59·92 

13 Marriott 39 41 37·08 o ·r3 -0·17 36·91 

14 Hill 75 or 10 ·92 o·q +0·2'.l I! ·16 

Azimuth !\'lark 89 30 15 ·oo 0'22 

Causten 122 09 57 ·30 0·1· _, 
Stabler ?'" _..,.., 17 09·98 
Probabk: error of a single observation of a direction (/.J. and R.) = ± 0''·9r. 
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(b) Abstract qf rc.rnlth~i/ /1<JJ"i.-::,1ntal dircdi,ws a.I cacti slalion_liwn /(lc,d and_tiwn_ligun 
a1(jusl111cnls (1•askrn part)-Continued. 

S/,1b!cr, Montgomery County. Maryland. July 17 to Septemb:;:r 3, 1869. 75-centimetre therorlolite, 
No. r. Telescope abo,·e ground 16·76 metres. C. 0. Boutelle. obsen·e1". 

No.of 
direction. 

1 j 

r:S 

:r9 

::!O 

'.!I 

is 
16 

Hill 

Peach Gro\'e 

Rull Run 

Maryland Heights 

Sugar Loaf 

\Vebb 

Soper 

Pro;babl·~ error .oJf 

Resulting din::c
tions from statio11:-0 

adjustment. 

I' 

0 00 c)(J "(JO 

6· ·' 40 0._l "06 

S7 II 16 ·.;7 

I.~ l 27 .54'59 

134 09 42 ·34 

297 1_9 3i ·6S 

App1·oxi
mak 

pro1,al1le 
1.:1"1"01". 

,, 
±0"](1 

0·14 
(I . :!(J 

•) '::! r 

(I' I/ 

o·rs 

Correctio11~ 
from figure;:. 
adj11slmi.:11t. 

" 
--0 '2.j 

-0·37 

-+-o ·04 

-j-c1·06 

+0·4S 

-l-1..."l ·01 

J4:.1 I.) 41 'I/ 0 ':!I 0 '(>0 

a ~ingle ohsen·atiOJn of a direction ( D. awl Ii'.)= ± J 11 ·os. 

Fi nnl ~t·co111 ls 
in 

tria11gulatio11. 

59 ·76 

02·69 

16·61 

54·65 

42 ·s2 

:.; ·69 

41 ·17 

F.-ad1 CroZ'<', Fairfax County, Virginia. October 1 l to No\·ember 8, 1869. July 28 to August 15, 1870. 
75-centimetre theorlolite, No. 1. Telescope a hon: gmmul 1,; ·7:? 111etn::s. C. 0. Boutelle. ohsern:r. 

I! II II 

".'.:!.'.! l\"fount :i\'lar~hall (J (H) r")O'OO ±0°.::?0 -0·36 s9·64 

:.13 Bull Run 4 36 29·66 0·18 +0·1)) 29·S4 

24 Maryla11d Heights 5S "" _,_ .'4 ·06 (J ·21 -0·50 33 ·56 

25 Sugar Loaf 79 59 .52 ·;6 0'10 +0·06 52·82 

26 Stabler 143 47 2 3 ·s5 0·18 +o·.,5 :q.·20 

Canst.en 18; 26 02 '78 o·q 
.,~ Hill 194 50 24·85 (1 'r.4 .. -!-o ·27 25 '12 -, 

Probable ern:ir of a single observation of a direction (D. and R. )·= :±: 1 11 ·02. 

Su_!;·ar Lo.u: Frederick County. Maryland. August rS to November 19, 1879. 50-centimetre theo<lolite, 
No. u3. C. 0. Boutelle, F. D. Granger, and J. B. Boutelle, observers. 

30 

0 /I /I ,, 
Reference Mark, at Barnesville 0 00 00'00 ±o ·03 

Hull Run 45 27 15 ·79 0·06 -+-o ·72 

Mount Marshall 65 36 50 '72 0·08 ·-0'11 

Maryland Heights 120 27 54·38 O'J[ +0·10 

'wolf 207 46 15·33 0·07 

Granite 209 .55 I I ·18 o·o6 

Stahler 306 43 36·06 (I 'J 3 -0·46 

Hill 325 05 

Soldiers' Home 329 57 28·46 0 'IO 

United States Capitol 335 03 39·45 0·28 

Strecker 3,;8 23 34·86 0·09 

Theological Seminary (new) cross 344 51 IO '37 0 ·19 

-0·26 

Probable error of a sing\e obsen·ation of a direction ( D. and R.) = ± 0 1 '·6o. 

Peach Grove 352 26 27 ·18 0 '12 

II 

r6 ·5r 

50·61 

54·48 

35·6o 

39·25 
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(b) Abstract c?f rem/ting horizontal dirt'clio11s ai cac/i. station jiwn local and from figure 
,1djustmo~ts (ca stem pcirt)-Co1~1pleted. 

lllo1111t 11!.irs/Jall, Rappahannock County, Virginia. July 18 to September j, 18j4. 35-centimetre 
theodolite, No. 10. A. T. Mosman, observer. 

No. of 
clircction. 

43 

44 

45 
46 

· Obji::"cts obst:r\•c::rl. 
Resulting direc-

tions from fttation 
adjustment. 

0 I II 

Fork (J 00 ()() "(Jt.J 

Maryland Heights 184 15 49·56 
Sugar Loaf 20:! .p 37 ·50 
Bull Run 225 17 o6 78 

Peach Grove 229 31 29·99 
View Tree 248 47 43 "jO 

National Cemetery. flag 302 °'' 40·42 

Culpeper Baptist Church spire 302 II .'4 ·29 
Clark 3: [ 50 .'3 ·98 
Peters 336 20 36·44 

Approxi-
1nate 

pr1Jhahle 
t:l'l"Ol". 

" 
±O"II 

o·:q. 

0·16 

0·17 

0 ·16 

0 ·19 

o ·~-;r 

0·36 

0·17 

0 ·16 

Corrections Final ~econds 
front fig-ure in 
ad~ust1i1ent. triang11lnti011. 

" 
-0·26 

-1-0·36 

+0·19 
-0·28 

II 

49·3o 

37 ·86 

o6·97 

29 71 

Probable erro:ir of a single oh~ervation of a direction (D. and R.) = ± 1"·29. 

Bull N1111, Fauquier County, Virginia. September 22 to November 28, 1871. 75-centimetre theodolite 
No. 1. C. 0. Boutelle, ohsen•er. 

0 II II II II 

Azimuth Mark 0 00 oo·oo ±O"I2 
Clark Oi 09·35 0 ·19 

View Tree I' _, 44 29·24 o·os 

Fork 33 03 17 ·51 0·1S 

38 Mount !\farshall 53 39 05 ·53 0 '.'.?~ +0·11 05·64 
Paris 92 2-1- 57 "3i 0·27 

39 Maryland Heights 157 20 07 ·15 0·24 -L-0·49 Oj ·64 

Leesburg 179 or 37·56 0·30 

40 Sugar Loaf 190 54 o6·98 0'21 -o·6S 06·30 

41 Stabler 225 T2 03·95 0 15 +0·08 04·03 

42 Peach Grove 2-1-2 29 57·85 o ·rs o·oo Si ·S5 
Probable error of a single observation of a direction (D. and N.) =± 111 ·09. 

llfa1:1·la11tl Hd.~lils, 'Vashington County, Marylan•l. September i6 to October 28, 1870. 75-centimetre 
theodolite, No. I. c. 0. Boutelle, observer. 

0 " /I " /I 

33 Sugar Loaf 0 00 oo·co ±0·09 -0·18 59·S2 
Azimuth Mark 0 57 03·66 O"lj 

34 Stabler 3 33 53·32 0·16 -0·24 53·oS 

35 Peach Grove 30 .'>I 14·53 0·12 +0·84 15·37 
Leesburg 46 sr 3S·o6 0·17 

36 Bull Run 71 25 27·26 0 ·18 -0·50 26 76 

37 Mount Marshall 106 43 12 ·67 0·18 +o·os 12·75 
Probable error of a single observation of a rlirection ( D. and R.) = ± 0 11·93. 
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(c) Figure· adjustment. 

No. 
"' Ol>serz1afio11 •vuatio11s <?f t'ast,;r11 part 

I 0=-0·37 (1)+ (3)-(10)-f-(II) 

::? 0=+0·47 (2)+ (4)-(12)+(13) 

3 0= -0·75 (3) + (4) - (9) +(IO) - (12) + (r4) 

4 0=+0·36 (3)+ (5)- (8)-i-(I0)-(15)+(17) 

5 0=-0·29 (6)+ (8)-(17)+(18)-(26)+(27) 

6 O= - 1·35 - (18) -j- (21) - (25) + (26) - (28) + (29) 

7 O= -0·922 -- (20) + (21) - (28) -f- (32) - (33) -f- (34) 

8 0= - 1"94 - (24) + (25) - (29) -f- {_32) - (33) + (35) 

9 0= -f- 2"09 - (30) + (32) - (33) + (36) - (39) -1- (40) 

IO 0= +0·64 - (19) + (20) - (34) + (36) -- (39) + (41) 

II 0= + 2"50 - (23) + (24) - (35) -j- (36) - (39) + (42) 

12 0= -1·09 - (31) + (32) - (3,~) -J- (_37) - (43) + (44) 

13 0= -1"40 - (36) -l- (37) - (38) + (39) - (43) + (45) 

II O= -0·175- (22) + (23) + (38) - (42) - (45) + (46) 

IS O= -1·0 - 2·59 (1) + 3·35 (2) + 3·41 (3) - 1"83 (4) -0·57 ( 12) + 2·97 (13) - 2·40(14) 

16 0= - 14"4 -f- l "83 (3) -- 16·1 I (4) -f- 14·28(5) + 30·39 (8) - 31 ·81 (9) + 1"42 (IO)+ 2"11 (15) 

-8·68(16) +6·57 (Ii) 

I7 0 = - 5·1 +0·97 (6) - IO 39 (7) -f- 9·42 (8) -6"34 ( 17) -1- 6.34 (21) + 1"04 (25) - 2·74 (26) 

+ qo (27) - 2·06 (28) + 2·06 (_29) 

18 o= - :.H"1+0·74 (rS) - 44·72 (20) + 43·98 f 2I) +5"35 (24) - 6·39 (25 l + 1 ·04 (26) + 30·23 (33) 

- 33 ·So Cw l + .n 7 L~5) 

19 0= -- 4"0 + 0'55 ( 23) - 5"35 ( 24) + 4·So (25) +1·86 (33) - 3·57 (35) + 0·71 (36) + 3 ·17 (.39) 

-4·84 (40) + 1·67 (42) 

20 0= -0·6-0·74 (18) -f- I"97 (19) - !"23 (21) -0·55 (23)--/- 1"59 (25) - 1"04 (26) - 1"42 (40) 

+3"09 (41) - r·67 (42) 

21 O= + 8·3 + 0·98 (23) - 1"53 (24)--/- 0"55 (25) + 1·58 (29) -- i"Jl (30) + 5·73 (31) - 2"43 (35) 

+5"40 (36) - 2·97 (37) - 2"42 (43) + 5·o6 (44) - 2·64 (45) 

22 O= + 32"7 -1- 26·13 (22) - 26·68 (23) -f- 0"55 (25) -f- 1"58 (29) - i"Jl (30) + 5·73 (31) -1- 5·06 (44) 

- 33·46 (45) + 28·40 (_46) 
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.... ... .. . -

(c) Figm·e adjustment-Continued. 

Correlate t!q11aiio11s, e'ast • .,-11 part . 
. Carree-

C, c. C3 c, c c6 tions. 5 C1 Cs c~ C,o C,, c .. C,3 C,4 

(r) -I 

(2) -1 
(3) +1 -l -I 

(4) +r +1 
(5) +r .... .... . ... .... . ... . ... 
(6) -l 

(7) 
(8) -I -l-1 
(9) -r -I 

(ro) +r +• +1 
(II) 

.... .... .... 
(12) -1 -I 

( r3) +r 
(14) +1 
(15) -l ..... . . .. . ... . ... . ... 
(16) 
(17) +1 -I 

(18) ·f·I -··I 

( 19) . I 

"(20) .... . ... I I r 
(21) I I I' 
(22) 

-I 
(23) -I 

-~I (24) -I +r 
(25) .... .... -I +1 
(26) -I +r 
(27) +1 
(28) -I -I 

(29) +r -1 
(30) .... .... .... .... -1 . ... .... 
(3r) +r -I 
(32) +1 -I +1 +r 
(33) -l -I -I 
(34) +1 -1 
(35) .... .... . ... .... .... . ... +1 -I 
(36) -f-1 +r +1 -I 

(37) +1 +r 
(38) -1 +1 
(39) -l -I -I +1 
(40) .... .... .... .... .... .... . ... +1 
(41) +1 
(42) +1 --1 
(43) -·I -I 

(44) +1 
(45) .... .... .... .... . ... .... .... .... . ... .... . ... +1 -I 

(46} +1 
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(c) Figure adjustmmt-Continued. 

Corrclatc·eq11atio11s, eastern time-Completed. 

tions. 
Corre:-1 c,, c,6 C,1 C,s C,9 C20 c., c .. 

(1) - 2 ·59 
(2) +3 ·35 
(3) +3 ·41 + 1°83 
(4) -1 ·83 -16.'II 
(5) +q·~s 

(6) + 0·97 
(7) -10·39 
(8) +30·39 + 9·42 
(9) -31 ·81 

(ro) + I ·42 
(II) 

(12) -0 ·57 
( 13) +2 ·97 
( I4) -~ ·40 
(15) + 2'!1 
(16) - 8•68 
(17) + 6'5i - 6•34 
(18) + 0·74 ···0'74 
(19) j I ·97 
( 20) -44 72 
(21) + 6·34 +43 ·98 ... r ·~3 
(22) +26 ·13 
(23) + 0·55 -0·55 +0·98 -26 •63 
(24) + 5 ·35 - 5 ·35 -1 ·53 
(25) + I '04 - 6·39 + 4·80 +1 ·59 +0·55 + 0·55 
(26) - 2 '74 + I ·04 -I ·04 
(27) + I '70 
(28) - 2·o6 
(29) + 2·06 +r ·58 + 1·58 
(30) -7·31 - 7·31 
(31) +s·13 + 5·73 
(32) 

(33) +30·23 +. 2 ·86 

(34) -33 ·So 

(.~5) + 3·57 - 3 ·57 -2·43 
(36) + 071 +s·40 
(37) -2.·97 
(38) 

(39) + 3 ·17 
(40) - 4·84 -r ·42 
(41) +3·09 
(42) + I •67 -I ·67 
(43) -2·42 
(44) +s ·o6 + S'o6 
(45) -2·64 -33 ·46 
(46) I +28 ·40 



TRANSCONTINEN'rAL TRIANGULATION-PART III-TRIANGliLATION. 377 

(c) Figurt: adjustmcn.t-Continttecl. 

1Vorm.il cq11aliv11s, cas/0·11 /><lrl. 

c, Co c, C4 Cs c.; C7 c. C9 C10 C11 C12 C1~ C14 

o=- 0·3; +4 - ··:! 

+ 0·47 +4 +• 
- 0·75 +6 +> 

+ 0·36 +6 ···2 

- 0·09 ·I 6 ···2 

-- I ·.;5 +6 +• -2 

.. 0·922 +6 +• +• +• 

- 1 ·94 ·tfi +• -· 2 +• 

+ 2 ·09 -t6 +• +• +• -
+ 0"('4 +6 +• -
+ 2·50 +6 - -
- I '<>9 ;-G +.? 
- 1 ·40 +c; -- 0·1;5 +.:. 

1Von11t1/ cquatio11s, ,·,1st<'rll pad-Complete<l. 

C15 C1G Ci; c.s C19 C:?O Cn c,, 

- 0·37 +6·00 + 0·41 

+ 0·47 -I "64 -16·11 

- 0·75 -7'07 +I.5'29 
+ o·J6 -3·41 -12'o6 --15·76 

- 0·29 +•3 ·so +19'23 - 0·30 + 0·30 

- I '35 + 6•68 +so·67 - 4·So - .3 ·12 + l 'O.'\ + I 'C\3 

- 0·922 + s·40 +•4 "67 - 2 •86 1 ·23 

- 1 ·94 l ·02 - ~'s ·40 + 3 "i2 + I ·59 -· I ·93 !'o:; 

+ 2·09 -30·23 --10·16 - I '42 +12'jl + i ·31 

+ 0·64 --10·92 - 2 ·46 + I 'I~ + 5·40 

+ 2 ·so "-f I 'j8 -· 3 '12 
1 ··~ + 3 .,, +26"6:'°' 

- l '<>9 -30·23 - 2 "86 - 1 '::?~ ·- 0·67 

- I ",JO + »46 - 8·59 -,;,1·46 

- O'lj5 - I '12 + 1·1: + :3"6:! + -,·05 
O=- I '0 +4; ·s13 4 +35'721 6 

-14·4 +• 527 ·203 4 +•44 ·62 

·- 5·1 +29r9S7 o + 269'3,\R o + 4 ·992 0 - 3 ·295 0 + 3 "8:.'.!6 8 -t- 3 ·s26 s 
-21·1 +6 074 '240 4 + 14 ·41S 4 -65·SS4 I -:!C ·3;5 I - 3·514 5 
- 4·0 +109 •657 0 +11 ·413 4 +23 ·~;3 6 -12·034 u 

- o·6 +24 "207 (J + 0 ·33, 5 +15·54S 5 

+ s·3 +1i4 "684 6 + 1;6 ·s,9 5 
+32'7 -t 3 435 ·402 4 

Rcsulti11_~- <•aliu:s <~(a>rrclat,·s a11d <~ln•nn-tions Iv a11g11/ar dircdio11s. 

C,=+0·197 t. ·=-0 ·886 C,6=-o·ooo 355 
c.= -0·268 c .. :.=+o ·004 0,7=-0·009 79 
C3=+0·326 C,.=+0·177 C1sd+o ·002 ::?4 
c.=-0·013 c.,=+0·240 C,9=-o ·050 8 

C5=+0·289 c,,=-o·o59 Coo=+o ·024 9 
C6=+0·639 C14=+0·051 C.,=+o ·034 6 
C7=-0·16r C,5=+0·034 4 Cr.=-O'Oll 64 
Cs=-t-0·911 
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Re.mlti11g value·~,~; con·dates a11d <~I ,:orredio_11s Iv <1t1g11/ar diffdia11s-C.ompleted. 

/I II I/ " II 

(_I )=-·O ·286 (11)=+0·197 ( 20 )=+o ·065 ( 29 )= --0 ·256 (38)=+0 "I IO 
(2)=+0·383 ( 12)=-0 ·078 ( 21 )=+o ·484 (30)=+0718 (39)=+0 ·485 
(3)=+0 ·oor ( r3)=--(1 ·166 (22)=-o ·355 (31 )=-0 ·108 (40)=-0 ·676 
(4)=+0·001 ( 14 l=+o ·243 (23)=+0·177 (32)=+o·w4 ( 41)=-f-C• 0082 
(5)=-0·018 ( 15 )=+o ·012 (24)=-0·503 ~33)=-o ·182 (42 )=-0 '001 
(6)=-0·298 (16)=+0·003 ( 25 l=+o ·056 (34)=-o ·241 (43 )=-0 ·265 
( 7 )=-i-o ·w2 ( 17 )=-o ·242 (26)=+0 ·353 ( 35 )= +o ·839 (44)=+0 ·356 
(8)=+0·199 (18)=-0·367 ( 27 l=+o ·272 (.~6)=-0 ·495 (45)=+0 ·188 
(9)=-0·315 (19)=+0 ·045 · 28)=-o ·458 (37)=+0 ·078 (46)=-0°280 

(JO )=-/-n °1I5 

(_/>) .-Lbstrad of resulting i1orizontal dircctious at eac/i sta.tiou •i·om /11ca/ and from fi~ffure 
adjustments (wcslt."rlf. pad). 

11101111! lllars/1all, Rappahannock County, Virginia. July 18 to September 7, 1874. 35-centirnetre 
theodolite, No. 10. A. T. l\'losman, observer. 

4 

3 

Objects olJsc:rved. 

Fork 
Maryland Heights 
Sugar Loaf 
Bull Run 
Peach Grov" 
View Tree 
National Cemetery, flag 
Culpeper Baptist Church, 

spire 
Clark 
Peters 

Resulting directions 
from 

station adjustment. 

0 I.I 

0 00 oo·oo 
184 15 49·56 
:.102 41 37·50 
225 17 06·78 
2~9 31 29·99 
24S 47 43 70 
.,;02 03 40·42 

302 ll 34·29 
311 50 33·98 
336 ,21) 36·44 

Approx
in1ate 

probable 
error. 

I/ 

±0·11 
0 ·24 
0·16 
0 ·17 
0 ·16 

<). 19 
0·31 

.., ·36 

0·17 
0·16 

Corrections Corrections Finni sec-
front first fron1 i:;.econd onds in 

figure figure triangula-
adjustnient. adjustnu::ut. tion~. 

" 
,, 

I.I 

--0·20 59·80 
--o ·26 49 ·30 
+0·36 37 ·$6 
+0·19 06·97 
-0·28 29·71 

-0·25 33 ·73 

Mean 0'00 

Prohahle error of a siugle ohsen•ation of a <lirection ( D. and R. i = ± r"·29. 

Bull R1t11. Fauquier County. Vitginia. September :?2 to November 281 1871. 75-centimetre theodolite, 
No. 1. c. 0. Boutelle, obsen·er. 

0 " II ,, ,, 
" 

Azimuth 1\<Iark 0 00 oo·oo ±O"JZ 
Clark 1 07 09·35 0 ·19 -0·24 09 "IT 

View 'free 13 44 29·24 o·oS 
2 Fork 33 03 17 ·51 o·rs +0·52 18°03 

Mount l\farshall 53 39 05 ·5-~ 0 ·22 +0·11 05·64 
Paris 92 24 57 ·37 0·27 
l\farylanLl Heights 157 20 07·15 0·24 -j-0·49 07 '6.:j 
Leesbmg 179 or 37 ·56 0·30 
Sugar Loaf 190 54 o6·98 0 ·21 -0·68 06·30 
Stabler 225 12 q3'95 0 ·15 +o·o8 04 ·03 
Peach Gro\:e 242 29_ 57·85 0·18 o·oo 57·85 

J\iean o ·oo 

Probable error of a single observation of a direction ( D. and R.) = ± 111·09. 
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( b) A bslract 1?/ resulting /10rizo11lal directions at ca.di station from local a11d from _;igurt 
adjust mm ts (western pm-t )-Continued. 

Clark, Orange County, Virginia. July 24 to September s. 1871. 75-centimetre theodolite, No. l. 
C. 0. Route.Ile. observer. 

Number of R~snlting di rec- Approxinutte Corrections Fiual seco11ds 
direction. Objects observed. tions fro111 station probable from figure in 

adjn~tmtt~t. error. adjustment. triangulation . . 

0 /I II II II 

s Spear 0 00 oo·oo ±0"17 -0·12 s9·88 
Peters lI 21 47·00 0 ·15 

6 Hmnpback 24 _09 37·37 0·16 -J "3S 36·02 

Azimuth Mark SS 29 20·96 Q"J:l 

7 Fork 78 :?6 JO ·17 OD +o ·97 II "14 

s Mount Marshall 122 2s 05 "l2 0 ·17 +0·02 o~ ·14 
View Tree lSS 12 S3 ·Sr 0"20 

9 Hull Run 163 19 47·s7 0 ·18 +0·48 48·os 

Hundley 223 43 I I "S3 o·-rS 

Probable error of a single observation of a direction l /J. anrl R.) = ± r 11 ·0.\. 

For!.;, Madison County, Virginia. October 12 to December 24, 1874. 35-centimetre the•>dolite, No. rn, 
A. T. Mosman, observer. July 18 to August 6, 1879. so-centimetre theodoli~e. No. u4. A.T. 
Mosman, observer. 

II II ,, ,, 
Peaked 0 00 oo·oo ±o·oS 

16 Slate Sp1-ings 20 16 00·96 0·15 +0·98 01 ·94 

JO Mount :Marshall 136 2s 13·62 0·17 +0·39 I4 ·01 

II Jh1\l Run J61 06 37 ·64 0 ·16 -I "QI 36 ·63 

J2 Clark 224 J6 sS·6S 0·19 -0·86 S7"~2 

Peters 2i0 56 24 ·51 0"20 

13 Spear 303 s2 39 "SL 0·19 -··0"10 39·41 
Jarman 321 s2 29·4r 0·20 

14 Humpback 322 sS 40·96 0'15 -0·20. 4076 

IS Elliott Knob 3S.3 33 II "SO 0 ·13 .+o·So 12 ·30 

Probable error of a single observation of a direction (D. and R.) = ± i 11 ·24. 

Spca,-, Buckingham County, Virginia. fuly 30 to August 29, 1875. 35-c:entimetre theodolite, No. 10. 
A. T. Mosman, observer. 

,. /.I " II II 

Willis 0 00 oo·oo ±0"1;) 

J.ong Il3 I4 26 ·50 0·21 

Smith 119 19 24 ·25 0·19 

Flat Top 150 is 15 ·49 0"20 

17 Tobacco Row 100 17 43 ·42 o-J6 +0·22. 43·64 

18 Humpback 233 S9 02 ·so 0 ·21 -0·44 02"o6 

Jarman 251 08 16"40 0·28 

19 Fork 266 07 14 "I I 0"22 +0·05 14·16 

Peters 283 IS 22 ·59 0·29 

20 Clark 288 05 31 -91 0'22 +o"J7 32-oS 

Proba):>le error of a single observ~tion of a _direction (D_ and R.) = ± 111·_37 .. 
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(b) ,-l bsfracl of r.:sulti11g lwrizonla.l directions at c<1c/1. station ji·Mn local a.n.d from figure. 
adjuslmc11ts ( <t'cslern part)-Continued. 

Tt>ban·o /i'or£1, Amherst County. Virginia. September r4 to September 23, 187s. 3s-centimetre theodo
lite, No. Jo. A. T. Mosman, observer. September 6 to September 9, 1879. so-centimetre theodolite, 
No. 1 q. A. T. Mosman, observer. 

N'utnher of 
clirt:'Ction. 

22 

2· _, 

Resulting direc- Approximate Corrections 
Objects obsened. tion~ from ststion probable from figure 

adjustment. error. adjustment. 1 

0 II " II 

Flat Top 0 00 oo·oo ±0·15 

Bald Knob S4 31 49·35 0·14 -o·6s 

Humpback qo 52 23 ·38 0·16 +0·86 

Spear 200 19 28·So 0 ·16 -0·21 

Willi,; 208 43 28·06 0·26 

Long- Mountain 2j2 s6 37 ·39 0·18 

Lynchburg 276 1s s2 ·23 0·35 
Smith 318 30 40·14 0·24 

Cahas 34S 52 24 ·62 o "3.? 

Probable error of a single ohsen•ation of a direction (D. and R.) = ± 1'1 ·43. 

Final second~ 
in 

triangulation. 

II 

48 ·70 

24·24 

28·s9 

H11111pba1-/i:. Nelson County, Virginia. June 8 to June 29, 1875. 35-eentimetre theodolite, No. 10. 

A. T. Mosman, observer. May l I. to June 6, 1878. so-centimetre theodolite, No. 114. A. T. 
i\:Iosman, observer. Augt1st 18 to August 28, 1879. so-centimetre theodolite, No. 114. A. T. 
l\fos1.11a11 and \V. ll. Fairfield, observers. 

2S 

::?6 

30 

Jarman 

Clark 

Peters 

Spear 

Long Mountain 

Tobacco Row 

Bald Knob 

Paddy 

Elliott Knob 

Slate Springs 

Peaked 

Fork 

0 II 

o oo oo·oo 

24 30 20·46 

31 40 01 ·24 

126 I4 2s ·02 

1s4 41 S7 ·ro 
173 06 07 •68 

230 26 24 ·65 

256 16 18·23 

265 3S or ·13 

300 08 s3·99 

334 47 31 ·47 

3S7 28 32 ·18 

II 

±O'II 

0·17 

0·34 

0·24 

0·19 
0·10 

o·q 

0 ·12 

0·16 

0 ·13 
0·21 

0 ·14 

Jarman 2 _;59 S9 03 ·47 o ·07 

II 

+1 ·37 

+0·44 

+0·17 

+0·15 

--1 ·03 

-0·57 

+0·33 

Probable error of a single ob!;en·ation of a direction ( D. and R.) = ± 1"·:;i8. 

,, 

o6"8I 

24·82 

18·38 

00·10 

s3·42 

32·s1 

Bald Knob. Bath County, Virginia. Septemher r to Septemher r9, 187.S. so-centimetre theodolite, 
No. 114. A. T. l\fos1iia11, observer. September 25 to September 27, 1879. · 50-centimetre theodo
lite, No. l 14. A. T. Mosman, observer. 

0 ,, /; /I II 

so Paddy 0 00 oo·oo ±0·08 +o·oS oo·oS 

Flag Rock 20 41 s2·01 0 "ll 

SI Elliott Knob S3 00 16·88 0 ·11 -0·02 16·86 

s2 Humpback So 40 00·22 0·09 +0·06 00·28 

53 Tobacco Row II6 59 I4 ·97 0 ·12 +0·66 15·63 

48 Keeney 2so 18 6o·oo 0 ·12 -0·34 s9·66 

49 · 1 Briery 292 07 57 ·rs 0·14 -0·44 56·71 
Probable error of a single observation of a direction (D. and R.) = ±011·78. 
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(b) Abstract ef re·sulting li.orizontal directions at eac/1 station ji·om local and from figur,· 
· adjustments ('weskru par/)-Continued. · 

Elliott Knob. Augusta County, Virginia. July 3 to August 6, 1SiS. so-centimetre theodolite, No. 
Tf4. A. T. Mosman, 9bserver. 

Nun1her of 
Resulting direc- Appr,.Jxi1nate Corrections Fina 1 seconds 

Objects observed. tioi1s froni station probable from figure in direction. adjust111ent. error. adjustment. triangulation. 

0 " " /l 
,, 

38 Humpback 0 00 oo·oo ±o·oS +0·4j ()0"4i 

39 Bald Knoh I 17 ll 47 ·35 0·11 -0·22 47 ·1.-, 

40 nriery 145 20 10·67 0. L(I +0·62 II "29 

41 Paddy 161 21 ,p·So 0 "i:! +0·35 33 ·15 

Collimator 238 16 10·94 O"J::? 

36 Slate Springs 253 07 3S ·17 0·16 -(1"![ 3S·o6 

Peaked 298 35 36 ·95 o· 18 

37 Fork 302 :!.7 57·49 0 '10 -r ·11 56·3S 

J:mmm 2 334 09 02 ·50 0·18 

Prohable e;·ror of a single observation of a din:ct~on ( D. and R.) = ± o""i9· 

Stall' Spri11.r,:·s. Rockingham County. Virginia. October 12 to No\·ember 1, rSjS. 30-centimetre 
theorlolite, No. 1 1:=;. \V. B. Fairfielol, obs1~rver. 

II ,, /.' ll 

34 Elliott Knob 0 00 00 ·00 ±:O '13 -0 ·04 59·96 

35 Parldy 46 40 33·Sr 0·15 +0·20 34·01 

32 Fork 256 o· ·' 02 ·~o o·q -0·85 01 ·35 

Peaked 273 or :!.3 ·99 0 ·~2 

33 Humpback 321 :?6 ro·So (I'll +o·6S II ·4$ 

Probable crrur of a single observation of a direction ( D. and R.) = ± o"·Sj. 

Pad1(11. Highland County, Virginia. October 1.:? to October 20, 1S78. so-centimetre theo<"l•Jlitoe, No. 
114. A. T. Mosman, observer. 

0 " " " 
,, 

45 Bald Knob 0 00 oo·oo ±0·09 +0·02 00 'O::? 

46 Keeney 48 34 42 ·S7 0·16 +0·23 43 "JO 

47 Briery 67 10 39·42 0'12 +o·w 39 "5:!. 

42 Slate Springs 235 36 33:14 0·14 +0·04 33 ·18 

43 Elliott Knob 2~., 
II 09 59 ·68 0·13 -r ·06 58·62 

44 Humpback 286 29 45 "[ [ 0 ·14 +0·67 45 7S 
Flag Rock 347 58 28·25 0 ·25 

Probable error of a single observation of a direction ( D. and R.) = ± o''·S1. 

Bric1:11, Pocahontas County, \Vest Virginia. July 7 to July 23, 1880. 50-centimetre theodolite, No. 
114. A. T. !Hosman, observer. 

0 " l/ II ,, 
58 Beech 0 00 oo·oo ±O'II -0·59 59 ·41 

59 Summersville 27 rS 53 '06 0 ·16 +0·62 53 ·68 

54 Paddy 172. 53 40·28 0 ·11 -0·35 39·93 

55 Elliott Knob 186 51 40·16 o·n -0 ·21 39·95 

56 Uald Knob 2r7 SI 01 "II 0·16 +0·39 01 ·50 

57 Keeney 316 27 40·03 O'II +o·q 40·17 

Job 346 18 55 ·46 0·25 

Probable error of a single observation of a clirection ( D. and R.) = ±o''·S3. 
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( b) Abstract qf resulting /iorizo1tlal dirt"ctions at each station ji-o11Z /cleat and from figure 
adjuslmmls (westem part)-Completed. 

f(ee11ey, Summers County, West Virginia. August 28 lo September 16, 1880. so-centimetre theodo-
lite, No. 114. A. T. Mosman, observer. 

Number of Resulting di rec- Appropriate Corrections Final second:.; 

direction. Objects observed. tions frotn station probable from figure in 
adjustmeut. error. adjustment. triangulation. 

II II II II 

Azimuth Mark .o 00 oo·oo ±0·07 
65 Beech II :26 rs 'IS 0·07 +0·29 rs ·44 
66 Briery 3S 48 16 'IO 0·08 -o·r2 rs·98 
67 Paddy S3 38 23·32 0'10 -O'JI 23 '21 
68 ·Bald Knob. 75 22 46'.)6 0·07 +o·:,6 46·72 
64 IYy 269 50 30·28 o·ro -0·41 29 "::37 

Probable error of a single observation of a direction (D. and R.) := ±0"·53. 

B,•,;c/J, Greenbrier County, West Virginia. October 8 to October 22, 1880. so-centimetre theodolite, 
No. l 14. A. T. Mosman and \V. B. Fairfield, observers. 

0 " II II II 

6o Briery 0 00 oo·oo ±0·12 +o·s2 oo·s2 
Job .p 17 23·09 0'22 

61 Keeney II2 05 43 ·17 o·q -0·33 42 ·84 
62 lyy 164 20 17 ·69 0·19 -o·os Ii '6! 
63 Summersville 228 II 10·08 0·16 -0·11 09·97 

Probable error of a single observation of a direction ( D. and R.) = ± 111 ·08. 

S11m111t"rsz1i/le, Nicholas County, \:Vest Virginia. November 9 to December s. r88o. so-centimetre 
theodolite, No. l 14. A. T. Mosman and \V. B. Fairfield. obsen·ers. 

No. of 
direction. 

7r 

Objects obser,•ed. 

I Beech 

I Ivy 
Table Rock 
Holmes 

I Briery 

Resultiugdirectious Approxi
from station nd- mate probn-

justment. hie error. 

0 II " 
0 00 oo·oo ±0'11 

95 s6 sS·36 0·30 
1 ... ~2 04 23'34 0·13 
ISS 27 36·85 0'2I 

.H9 07 44 'JO 0 ·12 

Corrections 'j~~~;~i~~~~ 
from 1!'1se- net and fig. 
net aclJUSt- ure adjust-

ment. n1ent. 

ll 

-0·27 
+0·29 
-0·02 

II 

+0·05 

-0·54· 

Mean o ·oo 

Probable error of a single obserrntion of a directio11 (D. and R.) = ±011 ·86. 

Finni sec
onds in tri
angulation. 

II 

oo·os 
s8·09 
23·63 
36·83 
43 ·s6' 

h'.1', Raleigh County, \Vest Virginia. June q to June 21, 188r. 50-centimetre. theodolite, No. II4. 
A. T. Mosman and \V. B. Fairfield, obser\'ers. 

0 II II II II II 

'fable Rock I) 00 00'00 ±0·14 -o·os S9'95 
Holmes 6 33 23·49 o ·rs +0·15 23·64 
Summersville sS 22 03·66 0·14 -0·09 03·s7 

69 Beech 78 34 19·05 0 ·14 -o 'OS 19 ·oo 
i0 Keeney 104 44 04·82 0·19 +0·49 os·31 

Pigeon 32 7 57 ll ·5.i 0·13 +0·09 11 ·63 
Piney 339 "" 29 '()l) o ·r7 -o·ro 28·90 

:Mean o·oo 

Probable error·of a single observation of a 1lirectio11 (D. and .R.)=±o"·Sr. 
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( c) Figure adjuslmozl. 

(Jfise·n·alion equations •!f 7C't'Sft."n1 part. 

r ! o=-0·45- (I)+ (3)- (8)+ (9) 
2 /o=-r2·rr- (2)-j- (4)-(1o)+(zr) 

3 I 0=+2·q- (3l+ (4)- '7l+ (8)-(10)+(12) 
4 : o= -0·50- (r3) + (q) - (r8) + (19) - (24) + (26) 
5 i o= + 1·55 - (5) + (6) - (18_) +(:ml-· (2s) + (26) 
6 \o=-1"9i-- (5)+ (7)-(12)+(13)-(19)-j-(20) 
i 'o= o·oo-(rs)+(16)-(3::?)+(34)-(36)-l-(37) 
8 ; o= - 3·94 - ( q) + ( 15) -1- (24) - (30) - (37) + (38) 
9 o= -0·33- (30) + (31) - (33) + (34) - (36) 1- (38) 

10 : o= + 3·os- ( r7) + (18) - (22) + (23) -(26) + (27) 

Ir . O= + 1·82 - (28) + (30) - (38)-\- (39) - (SI}+ (S.?) 
12 o= -3·rs- (21) + (::?2) - (27) + (28) - (52) + (53) 

13 o= + 1·,32 - (34) + (35) + (36) - !<!') - (42) + (43) 
14 •)= -0·4::? -- (29) + (30) - (38) + (4r) - (43) + (44) 
rs . O= + O'iO- (28) + (29) - (44) + (45) - (so)+ (52) 
16 0==; - 1 ·34- (45) -j- (47) - (49) -j- (50) - (54) + (56) 
17 O= - 1'86- (39) + (40) - (49) + (51) -·(SS)+ (56) 
18 O= - o·q-. (48) + (49) - (56) -j- (57) - (66) + (68) 
r9 o= - 1·10- (4S) + (46) -- (48) + (50) - (67) + (68) 
20 o=+ 1·99- (57) -1- (58)- (6o) -1- (6r)- (65) + (66) 
21 O= - r·49- (61) + {62) -- (64) + (6S) - (69) + (70) 
22 o= - 2·42- (58) + (59) -1- (60)- (63) - (71) -1- (72) 
23 o = + o· 13 - ( 62) + ( 63) + ( 69 / - ( i2) 

24 o= - 6·2 + 1·61 (I) - 5·6o(2) + n8(7) -4·61(8) + ::?'43(9) + 4·50( w) - 4·58(11) + o·oS( r2) 
25 o= -· !3"2 + 4·69(5) - 6·20(6) + r51(7) -0·32( 12) - 6·oS( r3) + 6·40( q) + r·S2( 1.S) 

- 3 ·35( 19) + l "S3( 20) 
26 0 = _:_ 0'4 -j- I '35( I4) - 4·18( 15)-\- 2·83( 16)-\- I ·35( 24)-\- 3·06(30) -- 4·41(31) + 2·4,3(36") 

- 1·80(37) -0·63(38) 

2i CJ= - 4·7-j-6·08(13) - 9·65( J4) -i-· 3·57(15) + C>"62( l i) - 3'97( !8) -j- 3·35( 19) + o·q( 21) 
- 1·38(22) + 1 ·24(23 i + 1·33(311 ~ 0·::?4(3S) - ro9(39) + 4·01 (sr l -- 6·S8(521 + 2:s1(s3) 

28 1:>;=-43·7 + 12·84(29) - 15·90(30) + yo6(31) + :2"64(3,:,"l - 4·63(34) + r99(35) + 2·37(42) 
- 15·19(43) + 12·82(44) 

29 : O= - 10·8 -j- 3·00(28) -6·06(30) + 3·06(3r) + 2·64(33) - 4·63(34) -f- 1°99(35) -j- 2·37(42) 
- 2·6¢(43) -j-O":!i(4S) -1- q8(50) -5·59(51) -j-4·01(52) 

30 i o= + 3"5 + 2·17(39) - 7"33(40) + 5·16(41) + 0·85(49) - 2·43(50) + 1"58(51) + 6·36(54) 
I ·- 8·46(55 l + :!"10(56 l 

31 I Q= - l'O + 0·88(45) - 6"::?6(46) + 5·38(47) + 2·36(48) - 3':?I(49l + 0·85(50) + 4·00(66) 
i -6·55(67) + 2·55(68) 

32 9= - 4·3 + .nr(57) - 6·::?9(5S) + 4·08(59) -0·43(64) -'"p2(65) + 4·65(66) - IO"Or(69) 
+ 4·29( iO) -j- 5·52( 71) - 5·30( 72) 

33 o = + 10·8 - r6r( r) - 1·89(3) -l- r ·89(4) - r ·51( 6) -l- q1( i) + 2·43( S) - 2·43( 9) + o·oS( ro) 

- 0·08( 12) .,-- 3·57( I4) + 3'57(15) + 4·13( 24) - 4·13(25) - 3 ·oops l + 3·00(30) + r,;3(37) 
- 1·33(38) - 2·17(39) + n7(41) +0·27143) - n5(45) +0·88(47) -2·36(48) -l~ .?:36(49) 
+ 4·~1 (sr) --" 4·01 (52) + 2'10(54) - no(.~6) - 2·21(57) + n1 (58) - 0·85( 6ol + 0·85(61) 
- ro3(6::?) + ro3(63) -t-0·43(64) -0·43(65) + 2·55(66) -2·55(68) -0·22(72) -j-4·29(6g} 

- 4·29(70) 



UNITED STATES COAST AND GEODETIC SURVEY. 

C.:· ' C-1 

<.cl Figure <l<(iuslmcnl--Continnecl. 

corrd,11<' c-q11,1ti,>11s, ~c,·s/,.,-11 part. 

Cs ct7~~-;s~-[ 
!-~~~~~~~~~~~~~~~~~~.~~~~~~~~~~~~--~~~ 

(I) - I 

(>) -I 

(3J +t -[ 
14) · +1 ·H 

(5) 

(6) 

(;I 

IS) 

h•l 
(ii:·) 

(II) 

112"1 

(l:li 

(14·1 

I.IS)" I 
(1fi} 

I 'i) 

\1';1 

(r9) 
,,.,I 
I ~I) 

(2i1 

('JI 

124 I 
j ~5) ( ~~j., 
(071 

( o~) 

109) 

{ 3•)\ 

I.JI) 

132 I 

(331 

1341 

I 35 I 

-[ 

+• 

-I 

+1 

··I -I 

+1 
+r 

-1 

+1 

+1 

-1 

-I -I 

+• 
+r 

·-I 

-I 

-I +1 

+1 +1 ........... . 

+1 
-I 

-I -I 

+1 
-I 

-! 

+• 

-I -I 

+1 -I 

+r +r 

-1 

-1 

-I +• 
+r 

-I 

+1 _, 
_, +• -1 

-1 +• 
+r +1 

-I 

'· 
+1 

-1 -I 

+1 -I 

1_;6\ 

(371 
(3$) 

(_;9) 

qu) +• ........... . 
(411 

(42) 

(4.>l 

(44) 

-I 

-! 

+' 

(45) • •• • . .• • . •• • • •• • • .• • . •• • • •• • • •• • ••• • ••• • ••• • ••• . • ••. 

(.C',(J) •••••••••••••••••••••••••••••••••••••••• 

151) -I 

+1 

-! .... 

-1 
_, 

+1 +1 -I 
+• -I 
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(c) Fipere at(/uslment-Continuecl. 

Correlate e·q11atio11s, weskn1 par/-Co11ti11ued. 

~7~~~~- C,. C2 C3 C4 C5 Co C7 Cs C'., C,o Cu Cio C,3 C,4 C15 C16 C17 C,s C"' C.., 

(58) 

(59) 
(60) 
(61) 
(62) 

(63) 

(64) 

(65) 
(66) 

(67) 
(68) 

Correc-
tions. 

(1) 

(2) 

(3) 

(4) 

(5) 
(6) 

(7) 
(8) 

(9"J 
(10) 

( ll) 

(12) 

(13) 
(14) 

( 15) 
(16) 

(17) 
(18) 

(19) 
(20i 
(21) 

(22) 

(23) 

(24) 

(25) 
(26) 

(27) 
(28) 

(20) 

(30) 

(31) 

(32) 

(33) 

(34) 
(35) 
(36) 

(37) 

(38) 

\39) 
(40) 
(41) 

Correlate eq11atio11s, we·ster11 part-Completed. 

c., C22 C23 c., C25 Coo C2i Cos C09 C30 

+1·61 
-5·6o 

+4 "69 
-6"2() 

+»18 +1·51 
-4·61 

+•·43 

+4"50. 
-4 ·ss 
yo·os -0·32 

-6·oS +6·os 

+6·40 +1·35 -9·65 
-4·18 +.~·57 

+•·S3 
+0·62 

+1 ·s2 -3·97 

-3·:5 +3"35 
+1·53 

+o·q 
-1·38 

+1 »4 
+1·35 

+3"00 
+12·84 

+3"00 -15·90 -6·o6 

-4·41 + 3•o6 +J"o6 

+ 2"64 +2"64 
- 4•63 -4·0.~ 

.... .... .... + 1"99 . +1·99 

+2"43 
-1·So +r·33 
-0·63 -0·24 

-1·09 +•·17 
-7·33 
+5"16 

18732-No. 4--25 

-1 
-I 

+1 

C31 C32 

-I 

-1 

+1 

C33 

-1·61 

-1·89 

+1 ·s,, 

-1'5I 

+1·51 

+•·43 
-2·43 
+o·os 

-o·os 

-3·57 

+3"57 

+4"13 
-4·13 

+3"00 

+1·33 

-1°33 
-2·17 



UNITED STATES COAST AND GEODETIC SURVEY. 

( c) Figure adjustmmt-Continued. 

Corrdate i•q11atio11s, wes_tcr11 part-Completed. 

~i~~;·1~c_··~_c_··~~c_._i~~c_._·~~-c-·s~~-c-~~~-~c-·7~~-c-·~~~~c-~~~~c-3_o~~-c-3,~~-c-3._~_c_33~ 
(42) + 2·37 +2"37 
(43) -15·19 -2·6.1 

<441 +12 ·s2 
(45) +0·27 
(46) 

(47) 

(48) 

(49) 

+o·SS 
-6·26 

+s·3s 
+2·.~6 

+o·ss -.; ·21 

-1·15 

+a·ss 
-2·36. 
+•·36 

(50) +1 ·sS -2 ·43 +o ·s5 

(51) 
(52) 

(531 
(54) 
(SS) 

(56) 

(57) 
(58) 

(5<1) 

(6<•1 
(1:>1) 

(60) 

(63) 

(64) 

(65_1 

(661 
(67) 

\68) 

\69) 
(;o) 

(71) 

(72) 

-1 

+1 

·-I 

+1 

-r 

-1 

+1 

+1 

-1 
-I +1 

+1 

_, 

+4"01 
-6·SS 
+•·87 

-5·59 +1·5S 
+4'01 

Normal t'q11atio11s, wt'stern part. 

+6·36 
-S·46 
+2·10 

+4"01 
-4·01 

+.?'IO 

-2·10 

+ 2·2r -2 ·21 

- 6·29 +•·oi 
+ 4·oS 

- 0·43 
- 4 '22 

+4'00 + 4 "65 
-6·55 

-0·85 

+0·85 

--1 ·03 

+1 ·03 

+0·43 
-0·43 

+2·5;; 

. +•·55 
-1o·or 

-· i. 'SS 
+4 '29 

+ 4 '29 -4 ·29 

+ 5·52 
- 5·30 -0·22 

c, Co Ci C4 Cs C6 C7 Cs Cp Cro Cn C12 C13 Cq C15 C16 C17 Cis Crp C20 

o~ - ...-. ·45 +4 -2 

+ I '55 
- 1 ·97 

0'00 

- 3·94 

- 0·33 

+ 3'<•5 
+ I ·:32 

- 3·15 

+ J",.P 

- 0·42 

+ O"iO 

- 1·34 
- l'&i 

- 0·14 
- 1·10 

+ I '99 

-2 

-2 

+6 -J 

+6 

_, 
-2 

+• 
+2 -2 

+6 -· +6 -2 
+6 -2 

+6 

-2 
-2 

-2 -2 

.. ... . -
+• +• -2 

-2 
+6 -2 

+6 -2 

+6 -J -2 

+6 +2 -2 +• 
+6 -2 

+6 +2 -2 

+6 
+6 
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(c) Figure ac(iustmclll-Continued. 

Normal equations, wesfen1 part-Completed. 

c., c •• Co3 Co4 Cos C.,; C27 C.a C29 C;;o C31 C~o C3~ 

- 0·45 + 5•43 - 5·14 
+ l"II - 3•48 + r·S1 
+ 2·r4 -Il ·21 - r·S3 + 4·54 

.. 0·50 + 7·31 -· s·41 - 7·70 
+ I ·55 ... ... . .. -II "IS + 3·97 + 2·62 

- 1"97 + 2"10 - 4·00 + 2·73 + 1"59 
o·oo + 2·78 :- 2 ·24 - 4·63 - 4•63 - •. ,4 

- 6•40 - 6·07 +rr ·65 +r5·90 + 6"o6 
. 

+ 5·61 - 3·94 
- o·33 -10·53 - 0·24 +u ·6g + 1"85 - 4·33 
+ 3·05 ... ... ... + 1°82 - l "97 
+ 1·s2 + 3·6g -n ·74 -15 "ff) + 0·54 + 0·59 - 2·86 
- 3•15 + s·23 - l"OI + 1"01 

+ 1 ·32 + 2·43 -10·94 +.1·61 -5·16 - 1·90 
- 0·42 + 3·69 + 0"24 - 0·73 - 3·42 + 5·16 + 6·23 
+ 0·70 ... ... ... - 6"88 + O"Ol - 0·30 + 2·43 + 0·03 - "2"16 

- 1 ·34 + 1°3r - 7•54 + s·y, - 4 •53 
- 1"86 + 5·10 - 5•59 + 1"79 + 3·21 + r 'jJ 

- 0·14 - l "25 - 7·02 - 2•44 - 0·49 
- I'IO + l"Jl - 2•43 + 0·45 + 0·96 
+ l "99 -2 -2 + 4·00 + 0·37 + 9·10 

0=- l ·49 +6 -2 +10·51 -11·3_2 
- 2·42 +6 -2 - 0·45 - 4•31 
+ 0·13 +4 - 4 ·71 + 6·57 
- 6·2 +107·094 +J "2662 -16·05-1-
- s·2 .... +157·621 + s ·640 -IJ7 ·174 .... . ... ·-JI ·180 

:- 0·4 +67·4So - 30·193 -62"149 • -32"038 - 6·543 
- 4 "7 +248•329 -50·005 + 3 ·970 +95·318 
-43·7 +860·111 +183 ·So3 ·-51 ·Soi 
-1o·s +149·938 -12·672 + 1 ·581 -66·699 

+ 3•5 +•10·61$ - 4 ·794 +>3 ·776. 
- 1·0 +150•908 +18 ·6c» - 5 ·725 
- 4·3 +2n·S75 -65 ·479 

+ 1o·s +234 ·534 

Resulting- values of corrdaf<•s. 

C,=+0·338 C,0 =-0:219 C,a=+o ·177 c.6=+o·o.is 2 

C,=-0·786 C,,=+0·245 C19=+o·r71 c.7=+o·oo.:. .)1 

C3=+0·613 C,.=+0·648 C..,=+o;oSo C.a=+o·o3r 8 

C4=+r ·544 C,3=+0·091 c..=+0·400 C29=+0·023 s 
C5=--1 ·320 C,4=+0·599 c .. =+0·585 C3",=-0·026 l 

C6=+1 ·47S C,5=to·339 C.3=+0·490 C3,=-o·ooS 66 
C7=+0·850 C,6=+0·159 C,4=+0·048 3 C32=-o·oo8 75 
Cs=+ I ·867 C,7=+0·433 C,5=+o ·ooS 5 C33=-0·012 3 
C9=:-o ·538 



UNITED STA.TES COAST AND GEODETIC SURVEY. 

Rt'S11//i11g curnxlio11s to angular din..-tio11s. 
,, II II ,, 

(l)=-0·240 (19)=+0·048 (37)=-I 0

lIO (55)=-0·212 

(2l=+o ·516 ( 20 )=+o ·171 (JS)=+o ·472 (56)=+0·3S6 

(3)=-0·252 (21)=--0·647 (39)=-0·222 (57)=+0 ·144 

(4)=-0 ·196 ( 22)=+0 •862 (40)=+0 "624 (58)=-o ·587 

(5)=-0·118 (23)=-0·215 (41 )=+o ·347 (59)=-t-o ·6::!0 

(6)~-1 ·354 (24)=+0 ·333 (42)=+0 ·041 (6ol=+o·515 

(7l=+o·965 (25J=+r ·371 (43)=-l ·057 (61)=-o ·330 

(8)=+0·022 (26)=+0·443 (44)=+0 "668 (62)=-o '077 

(9)=+0 ·485 (27)=-0·867 (45)=+0·022 (63)=-o ·1o8 

(m)=+o ·389 (28)=+0·172 (46)=+0·225 (64)=-o ·409 

(II)=-1 ·007 (29)=+0·148 (47l=+o ·102 ( 65) =+o ·2S8 
(12)=-n ·86,:; (30)=--I ·033 (4S)=-o ·339 (66)=-0·122 

( 13 )=-o ·09S (31 )=--0 ".56i (49)=-0 ·438 (67)=-o·u4 

(14)=-0·195 (32)=-o ·850 (50)=+0 ·085 (68)=+0 ·357 

(15)=+0796 ( 33) =+o ·685 (51 )=-0 ·022 ( 69)=-o ·050 

( 16) =+o ·978 (34)=--o ·036 (52)=+0 ·058 ( 70)=+0 ·490-
(17)=+0·221 (35)=+0 ·202 (53 l=+o ·657 (7r)=-0·537 
(18)=-0 ·440 (36 )=--0 "III (54)=-o ·351 (72)=+0·051 

(d°) _cJ,(justcd triangles, .llfa1211la11d, T·-irginia, a11d TFi:st T--ilghzia. 

Obst:rved angles. Correc- Sp her- srher-
Logs. Distances Nci. Stations. tions. real real 

in metres. angles. excess. 
0 " 

,, II ,, 
(nm 56 40 3::?"00 I +0·08 32 ·08 0·46 4·392 324 7 24 6j8·84 

I Webb 53 IO 52·09 I o·oo 52 '09 0·46 4 ·373 719 9 23 643·94 
Marriott 70 08 36·93 +0·29 37·22 0·47 4 ·443 721 I 27 779·29 

I '02 l ·39 

[ :~oper 39 41 37 ·08 -0·09 36·99 0·49 4·392 324 7 24 678·84 

2 Web!~ 102 15 58·28 0'00 58 28 0·48 4 ·577 012 I 37 758·27 
. Marriott 38 02 26·57 -0·38 26 ·19 0·49 4 ·376 775 6 23 810 ·89 

l ·93 I ·46 

f Soper 75 OI 10·92 +0·32 II '24 0·43 4 ·443 721 I 27 779·29 
3 Webb 49 05 06 ·19 o·oo 06 ·19 0·42 4·337 076 I 21 730 ·82 

l Hill 55 53 43·41 +o ·4_:; 43·84 o·.p 4 ·376 775 s 23 810 ·go 

0·52 I "27 

( Sop" 
35 19 33 ·84 +o·.p 34 ·25 0·40 4 ·373 719 9 23 643 ·94 

4 Marriott• 32 06 lO ·36 +0·67 II '03 0·40 4·337 076 2 21 730·82 
Hill II::? 34 15 ·41 +0·51 15·92 0·40 4"577 012 2 37 758 ·28 

59 ·61 I '20 
• 

{Stab!~ 44 54 03·49 -0·01 03·48 o·oS 4·376· 775 7 23 810 ·go 

5 Webb 8 23 o6•84 -0·02 06·82 0·08 3·691 88.? 4 4 919·06 
Soper u6 42 49'94 o·oS 4·432 017 4 27 040·67 

0·24 
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(d) .-1.djustcd triangks, J1ft11:i1l1ind, l"'irgillill, aud Hcst i 'irgbzia-Continuecl. 

Correc- Si;>her- Spher-
Distances No. Stations. Observed angles. tions. 1cal ical Logs. in metres. angles. excess. 

0 /I II I/ II 

( Stab!" 62 40 22 "3:2 -0·26 22 ·o6 0·53 4"443 72I I 27 779 ·29 
6 Webb 57 28 13 ·03 -0·02 13 ·01 0·54 4·420 998 3 26 ·363. 2I 

Hill 59 51 26·62 -o·o8 26·54 0·54 4·432 OI7 4 27 040·67 

OJ ·97 1"61 

(Stab!" 17 46 18 ·83 -0·245 IS ·5S5 0·034 4"337 076 l 21 730·82 
7 Soper 158 15 58·820 0·033 4 ·420 99''! 3 26 363·2r 

Hill 3 57 43·21 -0·514 42 ·696' 0·034 3•691 882 5 4 919·06 

o·roI 

( P<aoh Gron SI o• or ·oo -o·oS 00·92 0·62 .4 ·420 99S 3 26 363 ·21 .:I 

8 Stabler 63 40 03·06 -O"IJ 02 ·93 0·62 4·482 609 8 30 381 ·54 
Hill 65 16 57 ·50 +0·50 58·00 o·6r 4·488 456 8 30 793 ·34 

OI ·s6 l ·85 

( ..... ,Looi 18 22 03 ·65 0·62 4·420 998 3 26 363 ":?! 

9 Stabler 134 09 42 ·34 +073 43 ·07 o·6r 4 ·778 281 4 6o 017·99 
Hill 27 28 15·03 +o·ro 15 ·13 0·62 4·s86 SI3 6 38 593 ·45 

r ·s5 

( ., •• ,Leaf 4S 42 SI ·12 +0·20 51 ·32 0·95 4·488 4s6 s 30 793·34 
ro Stabler 70 29 39·28 +0·85 40 ·13 .°"94 4·607 9S7 7 40 s46·91 

Peach Grove 63 47 JI "09 +0·30 JI ·39 0·95 4·sS6 513 6 38 593 ·45 

OI "49 2·84 

( .,,.,,, Loaf 27 20 47 ·66 0 ·95 4 ·482 609 s 30 3SI ·54 
I I Hill 37 48 42·47 +0·40 42 ·87 0·95· 4·6o7 957 s 40 546 ·92 

Peach Grove rq 50 32·09 +0·22 32 ·.~l 0·94 4 ·778 28I 4. 60 017·99 

2·84 

( M")'l•nd Hrigh" 3 33 53·32 -0·059 S3 ·261 0·104 4 ·586 513 6 38 593 ·45 . 
12 Sugar Loaf 173 44 rs ·32 +0·562 rS ·882 0·104 4·830 573 0 67 697 "56 

Stahler 2 41 47 75 +0·419 48 ·16g O"I04 4·465 432 7 29 203·35 

59·39 0·312 

( Mmyland Hoigh" 30 JI I4 ·53 +1 ·02 IS ·55 079 4 ·6o7 957 7 40 546·91 
13 ·Sugar Loaf I2S OI 27·20 +0·36 27 ·56 0·79 4 ·798 6rr o 62 894•21) 

Peach Grove 21 27 rs 70 +0·56 19 ·26 0 79 4"<J.6s 432 7 29 203·35 

00·43 2·37 l Muyland H<ight. 26 57 2I "2I +I"o8 22·29 l 063 4·488 456 s 30 793·34 
14 ·Stabler 67 47 51 "53 +0·43 SI "?6 l 

063 4 ·798 6II I 62 S94·2s 
Peach Grove ~5 14 49·79 +0·86 50·6~ l •64 '.~':'; 4 ·830 573 0 67 6g7"56 

02·53 . 4·90 
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(d) Adjusted triangles, llfa1:vland, Virginia, and H·'t·st r·-z'lginia-Continued. 

Stations. Observed angles. Correc- S:pher- SJ?her- Distances No. tio11s. 1cal 1cal Logs. in metres. angles. excess. 

0 ,, ,, II ,, 
J Bull Run 33 33 59·83 -I ·16 58 ·67 l 0 20 4·465 432 7 29 203 ·35 

15 l Maryland Heights 71 :?5 27 ·26 --0·31 26·95 J ".:?O 4 ·699 551 7 50 06j"OI 

Sugar Loaf 75 ()() 38·59 -9·62 37·97 l ·19 4·707 753 2 5r 021 ·49 

05 ·68 3·59 

J Bull Run 67 51 56·So -0·40 56 ·40 2 ·70 4·830 573 0 67 697 ·56 

16 l Maryland Heights 67 51 33·94 -0·26 33·68 2 7r 4·$30 553 5 67 694·52 
Stabler · 44 16 38·02 -t-0·02. 3S·o4 2 71 4 707 753 2 51 021 ·49 

08·76 s ·12 

J Bull Run S5 09 50·70 -0·49 50·21 r ·77 .4 ·798 6u o 62 S94·26 

17 l Maryland Heights 40 54 12 73 -I ·33 II ·40 l 78 4·6r6 253 o 4r 328·$2 
Peach Grove 53 56 04·40 -0·68 0372 r 78 4·707 753 3 51 021 ·sr 

o7 ·s3 5·33 

( BWI Rnn 34 17 56·97 -t-076 57 73 1 °62 4·586 513 6 38 593 ·45 
18 Sugar Loaf 98 43 39 73 +1 ·18 40·91 l ·61 4·S30 553 5 67 694·52 

Stahler 46 58 25 77 +0·44 26·21 I ·62 4·699 551 6 50 067 ·oo 

02·47 4·S5 

f Bull Run 51 35 50·87 -t-0·68 51 ·55 r ·37 - 4 ·007 957 7 40 546·91 
IQ . Sugar Loaf 53 00 4S·61 +0·98 49·59 I ·37 4·616 253 0 41 328·82 -l Peach Grove 75 .,. 23 ·10 -0·12 2:! ·98 I 

038 4 •6g9 551 7 50 o67 ·01 -.J 

02·58 4 ·12 

J Bull Run 17 17 53·90 -o·oS 53·82 070 4·488 456 8 30 793·34 
20 Stabler 23 31 13 ·51 +0·41 13·92 070 4·616 253 I 4r 328·83 l Peach Groye 139 IO 54·19 -t-0·1S 54 ·37 0·7r 4·830 553 6 67 694·53 

OI :6o 2 "II 

f Mount Marshall 18 25 47·94 +0·62 48·56 r 79 4·465 432 7 29 203·35 
21 l Mai:yland Heights 106 43 12"67 +0·26 12 ·93 l 7$ 4·946 793 I . SS 469 ·41 

Sugar Loaf 54 SI 03·66 +0·2r 03·87 l 79 4·878 122 3 75 530·49 

04·27 5 ·36 

J Mount Marshall 41 or 17·22 +0·45 r7·67 1°88 4 707 753 2 51 021 ·49 
22 l Maryland Heights 35 17 45 ·41 +0·57 45·98 1°88 4·652 400 4 44 915 "93. 

Bull Run 103 41 01 ·62 +0·38 02 ·oo l ·89 4·87S 122;? 75 530·47 

04 ·25 5·65 l Mount M.,,,,.11 45 15 40·43 -0·01 40·42 3·90 4 ·798 6rr o 62" 894·26 

23 Marylaud Heights 76 II 58 ·14 -076 57 ·3S 3·91 4'934 439 0 85 988 ·24 
Peach Grove . 58 32 ~4'06 -0·15 33 ·91 3·90 4·878 122 3 75 530·49 

12 ·63 II 71 



TRANSCONTINENTAL TRIANGULATION-PART III-TRIANGULATION. 391 

(dl A.djuslt:d tria11gks, 1Vm:J'land, .Firginia, and Tfl'sf r·;,ginia-Continued. 

No. Stations. 

l 
Mount Marshall 

24 Sugar Loaf 

Bull Run 

I Mount Marshall 

25 Sugar Loaf 

l Peach Grov.:: 

l 
Mount Marshall 

26 Bull Run 

Peach Gro,·E: 

f Clark 

27 "Mnunt Marshall 

I. ,. : Ull 

.28 jl. ~~:~1t Marshall 

Bull Run 

f 
Fork 

29 l Mount Marshall 
Clark 

Fork 

Bull Run 

Clark 

l 
Humpback 

3r Fork 

Clark 

Spear 

Humpback 

Fork 

Observed angles. 

20 09 34·93 

137 14 61. 45 

05·66 

26 49 52·49 

73 IO 23 "54 

79 59 52·76 

o$·79 

4 I4 23 ·21 

171 09 07·68 

4 36 29·66 

co ·55 

40 54 4:! ·45 
S6. 33 27 ·or 

52 31 56 ·29 

05 "75 
24 41 24·02 

134 42 '53 ·03 

20 35 4S ·13 

05 ·rs 
S7 51 45 ·06 
48 09 26·02 

43 58 54·95 

o6 ·o,~ 

63 IO 21 "04 

31 56 oS ·16 

S4 53 37 ·40 

o6•6o 

27 01 48·28 

98 41 4:! ·28 

54 16 .32 ·so 

03·36 
32 o$ II ·61 

128 45· 5:! ·S4 

19 05 61 ·45 

05·90 

Correc- Spher- Spher-
tions. 1cal ical 

angles. excess. 
,, ,, 

-0 ·17 29 "II l "29 

-0 ·S3 34 "IO I "29 

-0 78 6o ·67 l ·30 

3 ·ss 
-0·63 51·86 2·91_ 

+o ·15 23 ·69 2 ·91 

+0·41 53·17 2·90 

8·72 

-0·46S 22 ·742 0·242 

+o "I.II 07 "791 0 "241 

+o ·532 30 ·192 o ·242 

0·725 

+0·46 42 ·9r 2·07 

-0 ·25 26 ·76 2 ··J6 

+0·24 56·53 2·07 

6·20 

-1 "40 22 "62 I "02 

-0 ·19 52 "$.j. I ·03 

-0 ·52 47 •61 I "02 

3·07 

-l "25 43 ·Sr I ·29 

+0·05 26·07 I ·30 

-0·94 54·01 l ·30 

+0·15 

I +o 76 

-0·4S 

-j-1 "04 

+0·67 

+2 ·32 

+0·49 
-j-o"II 

-0·10 

21 ·19 

oS·92 

36·92 

49 ·32 
,p ·95 

35 'I:! 

12 ·ro 

52·95 

6t ·35 

2·34 

2 ·34 

2·35 

2 ·47 

2·46 

7·39 

2 ·q 

:.'.? ·13 

6·40 

Logs. 

4·699 551 7 

4·652 400 5 

4·946 793 I 

4·6o7 957 7 

4·934 439 I 

4·946 793 l 

4 ·616 253 0 

4·934 439 0 

4 "652 400 4 

4·652 400 4 

4 ·S35 447 I 

4 ·735 883 3 

4·652 400 4 

4 ·SS;; 177 2 

4 '577 Sro 2 

4 ·735 88,~ 3 
4·6o8 327 0 

4·577 S10 3 

4 ·S35 447 l_ 

4·608 326 9 

4·SS3·177 2 

4·6o8 326 9 

4"945 819 I 

4 ·S6o ,;o7 4 

4·S6o 307 4 

5·026 395 5 

4·649 2S3 4 

Distances 
in metres. 

50 067·01 

44 915·94 
SS 469·41 

40 546·91 

85 988 ·25 

SS 469·4r 

41 328·82 

85 988·24 

44 915·93 

44 915 ·93 
68 461 ·61 

54 435 ·63 

44 915'93 

76 414 ·75 

37 827·72 

54 435 ·63 
40 581 ·40 

37 827 "73 

68 461 ·61 

40 5S1 ·39 

76 41.j "75 

40 581 ·39 
SS 271 ·22 

72 494·89 

72 494·89 
106 ::?66·29 

44 594 ·72 
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(d) . .J.1ijuslcd lriangks. Jl/m:vland, T"ilginia, and TT-'"est T"iJ;g-inia-Continued. 

No. Stations. 

I Spear 

33 l Humpback 
Clark 

J
. Spear 

·• Fork 
_, .. 1. 

Clark 

f 
Slate Springs 

35 Fork l Humpback 

J 
Elliott Knob 

36 l Slate Springs 
Fork 

!
. Elliott Knob 

37 Slate Springs 

Humpback 

r 
Elliott Knob 

38 · Fork 

l Humpback 

r T<•hac~o Row 

39 

1 
Humpback 

. Spear 

J 
Bald Knob 

40 l Elliott Knob 
Humpback· 

( 

Bald Knob 

4r Humpback 

Tobacco Row 

Observed angles. 

0 II 

54 06 29 ·41 

IOI 44 04 ·56 

24 09 37 ·37 

II ·34 

21 58 I7"8o 

79 35 40 ·S,; 

78 26 IO "I7 

oS·So 

65 23 oS ·6o 

57 Ii 20 ·oo · 

57 19 38 "I9 

06 "79 

49 20 19 ·32 

103 56 5( ·So 

26 4:? 49 ·46 

06·58 

106 52 21 ·83 

38 33 ·49 ·20 

_q 33 52 ·86 

03 ·89 

57 32 02·51 

30 34 30·54 

9r 53 3r ·05 

O.J "IO 

59 27 05 ·4:i 

46 5r 42 ·66 

73 41 I9 ·oS 

07 ·16 

27 39 43·34 

II/ II 47 "35 

35 oS 36·48 

o7·r7 

36 19 I4 75 

57 20 16 ·97 

86 20 34·03 

05 75 

Correc
tions. 

, ... 

Spher- Sl?her-
ical 1cal 

angles. excess. 

" /! 

-t-o·6r 30·02 3·26 

-0·93 03·63 3 ·27 

-r ·23 36 ·q 3 ·26 

+o"I:? 

+o "77 
-t-r ·os 

-j-1 ·54 

-j-1 "I7 

-j-o ·90 

-r ·oo 

-t-o ·s2 
-j-o ·1S 

17·92 
.p •6o 

I I ·25 

9 "79 

3·59 

3·59 

3·59 

IO "77 

IO ·q 3 ·46 

21 "I7 3 ·47 

39 ·09 3 ·-1-7 

18·32 

58·62 

-1-9 ·64 

10·40 

2 ·19 

2'20 

2·19 

6·58 

-j-o ·58 22 ·41 I ·40 

-0·72 48·48 I "4I 

-j-o "-1-7 53 °33 I "-1-I 

4·22 

+ r ·58 04 ·09 2 ·68 

-t-o ·99 3r ·53 2 ·68 

+r ·37 32 ·42 2 ·68 

-1 ·08 

-I ·31 

-0·66 

+o·oS 

-0·69 1-I "21 

; +o·6o 

-j-I "0-1-

·t·I ·51 

.J.I ·35 
18 ·-1-2 

-1-,; ·-1-2 

46·66 

35·27 

15"35 
18°01 

35·54 

8·0-1-

I ·37 

I ·37 

l ·37 

4 "II 

l ·78 

178 

I "79 

5·35 

2·96 

2 ·97 

2·97 

8·90 

Logs. 

4 ·9-1-5 8I9 I 

5·02$ 099 9 

-1-·649 2S3 4 

-1-·608 326 9 

5·028 IOO 0 

5·026 395 5 

4 ·86o ,;07 4 

-1 ·826 68-1- 6 

4 ·826 871 0 

4·826 871 0 

4·933 878 8 

-1- ·599 631 8 

4·826 6S4 6 

4·640 544 0 

4"599 63r 7 

4·86o 307 4 

4·640 543 8 

4·933 878 7 

4 ·649 283 4 

4 ·577 326 2 

4·696 339 5 

-1- ·640 543 9 

4 ·922 915 3 

4 733 925 0 

4·696 339 5 

4·849 042 8 

4·922 915 2 

Distances 
-in metres. 

88 27 ( ·~2 

106 684 ·15 

44 594·72 

5SI ·39 

106 684 "I7 

ro6 266 ·29 

i2 494·89 

67 094 ·q 
67 122·94 

67 122·94 

85 877 ·38 

39 776 ·98 . 

67 094 ·14 

43 7o6·30 

39 776·97 

72 494·89 

4_; 706 ·27 

85 877·36 

44 594·72 

37 785·59 

49 698:07 

43 706·28 

83 736 •6o 

54 I90 73 

49 698·07 

70 638·72 

83 736 ·58 
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(a) A1(justcd triangles, llfa1:i1land, T.>irgini1i, and TVcst r.~i>ginia-Continued. 

Observed angles. Correc- svher- Spher- Distances No. Stations. 
tions. 1cal ical Logs. in nietres. angl.::s. exc.::ss. 

0 " 
,, ,, II 

rddy 
4r 33 26·54 -I 'IO 25 ·44 I '47 4'599 63r 7 39 776:97 

42 Slate Springs 46 40 33·Sr +0·24 34·05 I ·47 4·639 704 4 43 621 ·ss 
Elliott Knob 9r 46 05·37 -0·46 04 ·91 l "46 4.'777 675 5 59 934·31 

05 72 4·40 

{ P>ndy 50 53 Ir ·97 +0·?3 r2 ·60 3·39 4·826 684 6 67 094 '14 
43 Slat.:: Springs 85 14 23 ·or -0·48 22 ·53 3·40 4·935 382 6 86 r15 ·26 

Humpback 43 52 35 76 -071 35 ·05 3·39 4·777 675 5 59 934 ·31 

IO '74 IO ·rs 

{ P""dy 9 r9 45·43 . +1 '73 47 ·r6 0·51 4·640 543 9 43 706·28 
44 Elliott Knob 161 2r 32 ·so -o·r3 32 ·67 0 ·52 4 ·935 382 5 86 175 ·24 

Humpback 9 18 42·90 -r '18 41 'i2 0·52 4·639 ;04 3 43 6-21 ·87 

01 ·13 r ·55 

(Paddy 82 49 60·32 +1 ·07 61 ·39 l ·40 4 '733 925 0 54 190·73 
45 Elliott Knob 44 09 45·45 +0·57 46·02 r '39 4·5So 373 6 38 051 •66 

Bald Knob 53 00 r6·8S -O'II r6 ·77 1 ·39 4·639 704 3 43 62r·87 

02·65 4 ·rs 

( Paddy 73 30 I4 ·89 -0·65 14 ·24 2·66 4 ·922 915 2 . 83 ;36 ·58 
46 Humpback 25 49 53·58 -0·02 53 ·56 2·66 4 ·58o 373 6 38 051 ·66 

'Bald Knob So 39 60·22 -0·03 6o ·19 2·67 4 ·935 382 3 86 175 '20 

oS·69 7·99 

l'ritty 
13 57 59·8s +0·14 6o"02 0·92 4·639 704 3 43 621 ·s7 

47 Paddy 150 00 39·74 +1 ·15 40·89 0·92 4·955 &75 6 90 339·07 
Elliott Knob 16 01 22 ·13 -0·28 2I ·85 0·92 4·69i 983 3 49 886·53 

or 75 2·76 

( Bri<ry 44 57 20·83 +0·74 21 ·57 I ·48 4 ·5So 373 6 38 051 •66 
48 Paddy 67 IO 39·42 +0·08 39·50 I ·48 4 ·695 819 4 49 638·59 

Bald Knob 67 52 02 ·85 +0·52 03 ·37 I 
048 4·697 983 3 49 886·53 

03 '10 4'44 

( Bri"Y 30 59 20·95 +o·6o 21 ·55 I '95 4 '733 925 0 54 19073 
49 Elliott Knob 28 oS 23·32 +0·~5 24 ·17 I ·95 4·695 819 5 49 638•6o 

Bald Knob 120 52 19 '73 +0·41 20 ·14 l '96 4·955 875 7 90 339·09 
-

04·00 5·86 

( "'~" 17 50 07·22 +o·or 07 ·23 I '30 4·697 983 3 49 886·53 
50 Bri.::ry 143 33 59·75 +0·50 6o'25 I "JI 4·985 576 5 96 733·41 

Paddy 18 35 56·55 -0·12 56·43 l '30 4 715 574 4 . 51 948 ·67 

03·52 3'9I 

{ """"' 39 34 30·26 +0·48 30 '74 2 ·16 4·695 819 4 49 638·59 
51 Briery 9"3 36 38·92 -0·24 38·68 2 ·15 4·886 701 5 77 037 ·38 

Bald Knob 41 48 57 ·15 -·O'IO 57·05 2 '16 4 715 574 3 51 948·66 

06·33 6·47 
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(d) .-Jdjust,:d triangles, ilfa1yland, rirginia, and Tlest T 'ilginia-Completecl. 

Correc- Sp her- SJ?her- Distances No. Stations. Observed angles. tions. ical 1cal Logs. i11 metres. angles. excess. 

0 II II II II 

[ K~noy 21 44 23·04 +0·47 23 'SI. 2·34 4 ·s8o 373 6 38 OSI ·66 

s2 Paddy 48 34 42 ·87 +0·20 4:3 'Oi 2·34 4·886 701 4 77 037 ·36 
Bald Knob 109 40 60·00 +0·43 60·43 2·33 4·g8s s76 3 g6 733 ·37 

os ·gr 7·01 

!Beech ll2 05 43·17 -0·85 42·32 0·70 4 '7I5 S74 3 SI 948·66 

S3 Briery . 43 32 19·97 -073 19'24 0 70 4 ·sS6 819 2 38 620·62 

Keeney 24 2I 60·9s -0·41 6o·s4 0 70 4·364 201 s 23 131 ·38 

04·09 2 'IO ry 26 09 4S ·77 +o·s4 46·31 2 '21 4·s86 819 2 38 620·62 

54 Beech s2 14 34'S2 +0·2s 34·77 2'22 4·840 426 0 69 2s1 '00 

Keeney IOI 3S 44·87 +070 4S 'S7 2'22 4·933 S09 7 8s So4 '43 

os ·16 6 ·6s 

S" r :~;~~~~ersville 20 S2 IS ·go +o·sg 16·49 0·43 4·364 201 s 23 131 ·38 

2j :::S ..... • ,...e:, -!-I "2I 54 '2j 0·43 •• ·- • ...... t:. .... ...... -- ... o ... ,) l ~ .. ~·J .,)._'\vu 4 4/"f .1.;;.U ,;l, "''j /'j,) .., .. 

Beech 131 48 49·92 +0·62 so·s4 0·44 4·684 764 9 48 391 '04 

s8·88 l '30 

J Summersville 9S s6 s8·09 -o·os s8·04 l'9S 4·933 S09 7 8s 8o4·43 

s6 l Beech· 63 50 s2·39 -0·03 S.2 ·36 1'94 4·888 948 1 77 437·03 
Ivy 20 12 1s·4S -o·os IS'43 I ·94 4·474 126 3 29 793· 83 

os·96 5·83 

(e) Precision qf the Allcglmz_11 series c?f lriangks. 

For a fair estimate of the precision of the Allegheny series of triangles, we make 
use of the mean error m of an adjusted angle, where-

1} , __ . /2 [pci1~1] . V and p =I 

For the eastern part, we have-
----

~
.., :.< ··c;38 

Ill= -
4 ' = ±0"'6+ 
22 

for the western part we have--

/.., '. ?0'878 
}}l =v- A. ;3 = ± 1"·13 

and for both together-

/
.., .. "5' 6 

1}l. ="\., - A - <j.I = ± 0"'96 
l 55 



TRANSCONTINENTAL TRIANGULATION-PART III-TRIANGULATION. 395 

The probable error in length of any side of the triangulation arising from ·the 
angular measures may be computed by means of the usual formulae-

. e,. =0·674 'i 1Jl .ju,, and u,, = -i (On )- 2 ~:·~ [o1 + 0_4 OB+ o];] 
H '- II JI II 

To this must be added the probable error due to that of the side of the base net. 
\Ve select the side Fork to Clark, since it divides the series of triangles into two 

nearly equal parts. Starting from the side \.Vebb to Marriott of the Kent Island Base 
Net, we have o .. = rn·7 in units of the.sixth place of decimals in the logarithm of the 

II 

side Fork toClark,_:E = 128·5 (8 triangles), e,
111 

= ±0·375 metre, e1, = ±0·362 metre, 

and e'1 = ± 0·521 metre. Starting from the side Ivy to Summersville of the St. Albans 
Base Net :E = 133·7 (9 triangles), ea,,=± 0"680 n1etre, e;, = ± 0·252 metre, and 
e2 = ± 0·725 metre. 

For the probable error of the side Fork to Clark as a line in the adjusted triangula-
• e1e2 , 

tlon <' = I·"+ ~ = ± 0·423 metre. 
. .., l1 e2 

This is about 11 iT truo part of the length of the side. 
The effect on the arc for the two sections will be with silfficient accuracy-

Webb-Marriott to Fork-Clark 

Fork-Clark to Ivy-Smmuersville 

Distance. 

km. 

136 

257 

Probable errors. · AYerage. 

TTS"1uuu ~;r-+.uu Tos1uuu 
I • 

1i'iJ-ijij"j)" TH1oou 
I 

l:!il-ijiJi5 

Sum 

111. 

±I ·32 

±2'I4 

±3'46 

The above distances are measured along the. thirty-ninth parallel between the pro
jections of the middle points of the terminal sides. 

(3) THE OHIO SElUES OF TRIANGLES. 

1883-3.,- :.-j-36-87, 18Sg-90. 

(a . .l !11tn>duclio11. 

This branch of the triangulation after leaving the mountainou.s part of West Virginia 
enters the Ohio Valley and follows the same more or less closely and with about uniform 
width up to its western end at the Holton Base figure. The work was in charge of 
Assistant A. T. Mosman, and was carried out between the years 1883 and 1890; measured 
along the middle of the triangulation its extent between the two base-net lines is about 
330 kilometres, or 205 statute miles. 

The following remarks were communicated by Assistant Mosman: 
From the St. Albans Base in the Kanawha Valley the triangulation passes over heavily wooded 

country to the Ohio Valley and then down this valley to the vicinity of Cincinnati, hadng stations in 
both Ohio and Kentucky. This was a very <lifficult country to triangulate, as the tops of the numerous 
ridges, all heavily wooded, were nearly of the same height, forming a plateau in which numerous 
streams had cut channels. The country was thinly settled; roads, all in the valleys of the streams, 
were few and very rough. It was neces·ary to build signals here varying from 30 to So feet in h.::ight 
to get lines of 20 miles in length, and heliotropes had to be used 011 lines longer than 12 or 15 miles. 
From near Cincinnati the series passed through Kentucky and Indiana, leaving tae va11ey of the Ohio 
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River; in the latter State it passed through an almost level country very heavily wooderl to the Holton 
Base line, which. is located on a high ridg-e. This is a fanning and lumber country with forests over 
100 feet high for miles in every direction; here signals of from 100 torso feet in height were ne:essary, 
and heliotropes were used on lines over JO miles in 1ength unless the sun was at t e observer's hack, 
in which case a pole with a lozenge target could be observed on. 

The observers habitually observed their <lirections with the circle of the theodolites in r7 positions 
with 2 series in each; in case the series contained only part of the directions they were multiplied 
until a sufficient number of series was obtained. 

( b) • ..J bstract •!f rcsultiug horizontal diredio11s at l'ach statio11 .from local and .from pg·ure 
adjustments. 

Pin-:1•, C~bell County, West Virginia. August 2r to September 4, 1883. so-centimetre theodolite, 
No. 1 q. A. T. Mosman and vV. B. Fairfield, observers. December 16 to December 21, 1891. 
3o"centimetre theodolite, No. 118. \V. B. Fairfield, obst>rver. 

Rerulting directions Approxi- Correctfons Corrections Fiua1 sec-
No. of n1ate from base front base oncls in 

direction. Ohjeds obsen•ed. fT(ITJl probable net adjust- net and figure triangu-station adJt.Stment. error. iuent. adjustment. latiou. 

0 " " II II " I Pigeon 0 00 oo:oo ±o·os -0·17 s9·S3 

3 Davis 66 33 SI ·05 0·12 -0·09 so·96 

.+ j Gebhardt II] 16 06·01 o·oS -0'2'2 05 •69 
Simms 265 09 S3 ·84 o·rr -0·28 53·56 
Holmes 270 36 07·62 0·09 +0·21 0]"83 
Coal 293 29 6o ·19 0·09 -0·39 59·So 
'!'able Rock 304 16 56·84 o ·r3 +0·45 57·29 

j· Big Rocks 310 SI 38·03 O"II +0·18 38·21 

Mean o·oo 

Probable error of a single observation of a direction (D. and R.) = ± 0 11 ·66. 

Pig-co11, Lincoln County, West Virginia. July 21 to Augusts. 1883. so-centimetre theodolite, No. u4. 
A. T. Mosman and vV. B. Fairfield, observers. 

0 " II " II ,, 
Piney 0 00 oo·oo ±0·09 -O'I2 59·88 
Big Rocks 4I 27 I] "I4 0·13 +0·20 17'34 
Table Rock 94 3I 34·23 0'10 +0·32 34"S5 
Ivy 132 07 07 ·02 . 0·10 -0·40 o6·62 

I Davis 296 48 34·59 0 '12 -0·03 34·56 
2 Gebhardt 332 13 32"'.'9 0·12 +0·59 33·38 

Mean o·oo 

Probable error of a single observation of a d_irection (D. and R.) = ± 0 11 ·72. 



&iabt · 

~Her B\ 10 

: 10 ... 

ST. ALBANS BASE NET TO HOLTON BASE NET 
OHIO SERIES 

W. V.A.,0., KY,AND IND. 

North 

Statute MilH 
;;; :)-0 .... !.o fi(! 70 80 90. !GO 

KilolDl!'treS 

80 
I 

30 .... !oO. llll 711 80 IOO 110 120 l3li "° . 1611 

No.27 



TRANSCONTINENTAL TRIANGULATION-PART III-TRIANGULATION. 397 

.(b) Abstrad of rcsulting horizontal dirt'rlions at each station from /,,ca/ rwdfl;om _ftgur,· 
adjustmenfs-'-Continuecl. 

Gebltardt, Cabell County, West Virginia. October 2S to November 9, 1883. 30-centimetre theodo
,lite, No. nS. Telescope above ground 15·27 t11etres. A. T. Mosman, observ:::r. September 7 l•) 
September 9, 1SS4. 30-centimetre theodolite, No. II8. Telescope above ground 15·27 metre,;. 
A. T. Mosman, observer. 

No. of Resulting directions Approximate Correctionc;. l;inal si::conds 
direction. Objects observed.· front sta- probable from figure in triangu-

tion adjustment. ~rror. adju:-;t..a:nt. lat ion. 

0 II II II II 

IO Piney 0 00 00'00 ±o·rr +0·20 00 ':::?(l 

II Pigeon 34 57 29 ·07 0 ·16 -0·18 28·~9 

12 Davis 85, 02 10·$5 0 '11 -0·20 w·65 

13 Oakland 122 59 04 ·54 o·.-,., +0·41 tq ·95 

!4 Fradd 167 05 29·86 0·15 -0·53 29 ·33 

15 Wray 173 o• ,, 19·07 0·09 +0·30 19 ·37 
·Probable error of a single observation of a direction ( D. and R.) = ± 0''·89. 

Dciz1is, Cabell County, \Vest Virginia. October t: to October rS, 1883. 30-centimetre theoilolite, 
No. IIS. Telescope above ground 25·91 metres .. A. T. Mosman, observer. 

0 !.' /I " 
,, 

7 Gebhardt 0 00 00'00 ±0·13 -i-·C"J4 00''4 
8 Piney 44 15 3.5 '71 (_) ·13 +o·,p ·36·03 

9 .Pigeon 94 30 :2I ·33 o 'II -0·20 21 ·13 

5 Oakland 248 55 19·65 0 'I:! -0·5r 19 ''4 
6 Wray 316 58 17·75 0 ·13 +0·25 18·00 

Probable error of a single observation of a direction (D. and R.) = ± 0''·7S· 

lVm_v, Lawrence Co1lnty, Ohio. August 5 to September 3, JSS4. 30-centimetre theodolite, No. 118. 
Telescope abo,,e ground 25 ·91 metres. ·A. T. Mosman, obsen·er. 

0 ,, 
" II ·" 

16 Gebhardt 0 00 00'00 .±0·09 +0·27 00·27 

17 Davis 48 57 IO ·SS 0 'IO -o·39 10·49 
IS Oak laud 100 32 59·95 O'Il -0·44 59 ·51 
19 Fradd 159 II 36·04 0 ·13 +0·56 36·60 

Probable error of a single observation of a direction (D. and R.) = ± 0"·7r.1. 

Oakla11d, l}oyd County, Kentucky. September 18 to October 2. 1884. 30-centimetre theodolite, 
No. uS. Telescope above ground 15·09 metres. A. T. Mosman and W. B. Fairfield, observers. 

0 II II II ;, 

20 Buena Vista 0 00 00'00 ±0·09 -0·01 59·99 
. 21 Gould 47 46 :?I ·92 0·09 -0·33 21 ·59 

22 Fradcl 93 II 00 ·23. 0 '12 +0·04 00·27 

23 Wray 107 33 09·4S 0'10 +0·23. 09·71 
24 Gebhardt 136 55 58·or O 'II -0·47 57·54 
25 Davis 

I 
167 54 23 "OI 0 ·13 +0·54 23 '55 

Probable error of a single observation of a direction ( D. and R.) = ± 011 ·73. 
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( b) Abstract qf resulting lzon"zontal dirt"dions at eac!i station from local and from figure 
adjustments-Continued. 

Fradd, Lawrence County, Ohio. August 5 to August 14· 1885. 3c:i-centimetre theodolite, No. 135· 
Telescope above ground 14"17 metres. ,V. B. Fairfield, observer. 

No.of 
direction. 

26 

27 
28 

29 

30 

31 

Objects observed. 

Wray 
Gebhardt 

Oakland 

Buena Vista 

Gould 

Scioto 

Resulting directions 
from sta-

tion adjustment. 

0 , ,, 
0 00 oo·oo 

I4 50 33·64 
I06 59 13"41 

133 55 54·45 
190 31 27·12 
202 13 50·67 

Approximate Corrections 
probable from figure 

error. adjustment. 

,, ,, 
±0·15 -0·32 

0·24 -0·1s 

0·24 +0·27 
0·22 +0·59 
0·22 -0·23 

0·23 -0·14 
Probable error of a single observation of a direction (D. and R.) = ± 1"'37· 

Final seconds 
in triangu

lation. 

,, 
59·68 

33·46 
13·68 

55·04 
26·89 

50·53 

Buena Fista, Greenup County, Kentuck~·. October II to October 21, 1884. 30-centimetre theodolite, 
No. llS. Telescope above ground !"83 metres. A. T. Mosman and \V. B. Fairfield, observers. 

0 ,, ,, ,, ,, 
36 Oakland 0 00 oo·oo ±0·09 +0·04 00·04 

,,2 Cave 200 43 46·49 0·14 +0·28 46 77 

33 Howland 223 50 50·02 0·10 +0·12 50·14 

34 Gould 250 30 50·14 0·10 +0·30 50·44 

35 Fradd 300 07 41 ·42 0·06 -073 40·69 
Probable error of a single observation of a direction l D. and R.) = ± 0"·66. 

Gould, Scioto County, Ohio. July 27 to August 5, 1885. 30-centimetre theodolite, No. uS. Telescope 
above ground 20·27 metres. A. 1'. Mosman and W. B. Fairfield, observers. 

0 ,, ,, ,, ,, 
40 Howland 0 00 oo·oo ±0·13 -0·02 59·98 

Springville 36 55 04 ·14 0·09 

41 Scioto 40 45 59·69 0 ·13 -O"II 59·58 
Azimuth Mark 96 50 45·05 0·17 

37 Fradd 196 32 45·93 0 ·12 +0·25 46 ·18 

38 Oakland 247 35 55·86 0 ·13 +0·14 56·00 

39 Buena Vista 270 20 25·99 0·13 -0·25 25 74 
Probable error of a single observation of a direction (D. and R.) = ± o"·So. 

Hv~ola11d, Greenup County, Kentucky. August 31 to September 7, 1885. 30-centimetre theodolite, 
No. 135. Telescope above ground 20·27 metres. W. B. Fairfield, observer. 

0 ,, ,, ,, ,, 
42 Gould 0 00 00'00 ±0"22 +0·06 oo·o6 

43 Buena Vista 6· ·' 40 26·41 0·25 +o·o6 26·47 

44 Cave 133 03 37 ·38 0·20 +0·83 38·21 

45 Round Top 178 48 19 ·30 0·19 -0·39 18°91 

46 Scioto 255 17 51 "QI o . ..,,, -0·55 50·46 

Springville 264 29 19 76 0·46 

Probable error of a single observation of a direction (D. and R.) = ± 1"·33. 
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( b) A bstra,d <!f resulting horizontal dirt'di<lllS at <'ach station from !t>cal and from figure 
adjustments-Continued. 

::, ... doto, Scioto County, Ohio. November II to November 30, r885. 30-centimetre theodolite, No. IIS. 
Telescope above ground 30·94 metres. A. T. Mosman and V\T. B. Fairfield, observers. 

No. of Resulti11g directiOns Approximate · Corre=tions Final seco11ds 
direction. Objects observed. from sta- probable from figure in triangu-

tion adjustment. error. adjustment. lat ion. 

0 " II II II 

49 Howland 0 00 oo·oo ±0"09. +o ·63· 00·63 

50 Round Top 59 14 33·78 o·q -0·65 33 ·13 

51 Twin Creek · 91 28 35·78 0 ·16 -0·09 35·69 

52 Peach Mount r38 37 38·39 0·18 -0·17 38·2:? 

North Meridian 3oS 32 00·58 0'"'" 
_ _, 

47 Fradd 312 57 18·65 0·21 +0·28 18·93 

48 Gould 325 28 09·30 0 ·15 o·oo 09·30 

Springville 336 14 25 'l:! 0·18 

Probable error of a single observation of a direction (D. and R.) = ±o"'SJ<J. 

Caz•e, Greenup County, Kentucky. August 27 1 to August 291 1885. 30-centimetre theodolite, No. r35. 
Telescope above ground 9·6o metres. \V. B. Fairfield, observer. · 

0 " II II II 

53 Round Top 0 00 00'00 ±0 ·15 +1 ·25 01 ·25 

54 Howland 96 24 JI 'IO 0·29 -~·83 30·27 

55 Buena Vista 183 54 16·45 0'22 -·(J ·42 16"03 

Probable error of a single observation of a direction (D. and R.) = ± 1"·33. 

Ro1111d Top, Lewis County, Kentucky. October 22 to November 8, 1885. 30-centimetre theodolite, 
No. 135· Telescope above gro1111d I ·68 metres. \V. B. Fairfield, observer. 

0 /I II ll II 

57 ' Twin Creek 0 00 00'00 ±o·r7 +0·31 00·31 

58 Scioto 70 u8 47 ·So 0'21 +0·73 4$·53 
Springville 86 21 18 ·82 0·29 

59 Howland. II4' 24 44·79 0 ·17 +0·46 45 ':!5 

60 Cave 152 15 37·27 0·23 -1 '32 35"·95 

56 Cherry Ridge 314 29 02 ·28 0":20 -0·1$ O:! "IO 

Probable error of a single observation of a direction (D. and R.) = ± 111 ·29. 

Peach 1liou11t, Adams County, Ohio. September 9 to September 25, 1886. 30-centimetre theodolite, 
No. n8. Telescope above ground 15·24 metres. A. T. Mosman anrl \V. B. Fairfield, observers. 

0 // /I II II 

66 Twin Creek 0 00 00'00 ±0'10 -·: '4) 59 -6o 

67 Cherry Ridge 40 05 57 ·46 0·09 -o·rs 57 'JI 
West Union Children's Home 71 43 56·97 0'22 

68 Cave Hill 94 II o6·28 0 ·14 +0·36 o6·64 

69 Ash Ridge II:! 51 36•99 0 ·13 -0·20 36 '79 
65 Scioto 316 30 42·44 0 ·17 +0·39 42·83 

·Probable error of a single obs:':rvation of a direction (D. and R.) = ± o'1 ·81. 
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(/>) .-Jbstrad of n:sulti11g lwdzonlal di1"<"dio11s at .-ad1 stati,m from l1>ra/ and jiwn pgurc 
acijusl11101ts-Co11tinuecl. 

Clun:1• Ridge, Lewis County, Kentucky. October 12 to October :m, 1SS6. 30-centimelre theod0lite, 
No. n8. Telescope above ground r6S rr.etres. A. T. Mosman and \V. B. Fairfield, observer:<. 

No. of 
directi.011. 

74 

75 

71 

72 

73 

Objects <·bsen·ed. 

Twin Creek 

Round Top 

Minerva 

Ash Ridge 

Cave Hill 

\Vest Union Children's Home 

Resulting directions 
fnnn sta-

tion adjustment. 

0 ,, 
0 00 oo·oo 

2S IO I3 '4I 

203 or 17 ·6_, 

245 30 43·53 

259 25 04·63 

267 4S :.6 ·1 • 
- .:> 

Approximate 
pro ha hie 

error. 

" 
±o·oS 

0. 'IO 

0 'JO 

0 'JI 

0 ·1 .. ; 

0'22 

Corrections 
from figure 
adjustment. 

ll 

-0·46 

-to '34; 

+o·oS 

-0·02 

-0·17 

Peach Mount 306 48 16 ·09 o ·12 -l-o ·:q 

Probable error of a single observation of a direction ( D. and R.) = ± 0'1 ·67. 

Final seconds 
in triangu

lation. 

59·54 

I3 75 

17 71 

16 ·33 

Ca••e· Hill, Adams County, Ohio. September 29 to October S, 1886. 30-centimetre theodolite, 
No. u8. Telescope above ground I ·6S metres. A. T. Mosman and \V. B. Fairfield, observers. 

77 

78 

79 

" 
,, ,, ll 

Peach Mount 0 00 oo·oo ±0'09 -0·27 

'Vest T.Tnion Children's Home 62 IO 03·40 o ·2r 

Cherry Ridge 7S 31 39·56 0 'I2 +0·18 

Minerva I64 5r 2S·S2 o·q o·oo 

r ..t\sh Ridge 223 57 43 ·24 o ·15 -+-o ·09 
Probable error of a single observation of a direction (D. and R.) = :!=.o''·79. 

59 73 

39 '74 
2S·S2 

43·33 

As/1 Ridge. Brown County, Ohio. June 22 to July 5, iS87. 30-centimetretheodolite, No. n8. TEl 
scope above ground 27'~9 metres. A. T. Mosman, observer. 

Sr 

82 

83 

84 

85 

8o 

/.' !I 

Cave Hill 0 00 oo·oo ±0·13 --0·07 

Cherry Ridge 20 39 35·83 (J ·19 +0·09 

Minerva 91 12 51 '()() 0 ·18 -+-o ·25 

Flaugher 123 28 35 ·97 0 ·13 -0·32 

Tate I54 15 57 •66 0·17 -0·09 

Peach :Mount 334 42 45 76 0·16 -to'I3 

Probable error of a single ohstrYation of a direction ( D. _and R.) = ±: 1""01. 

59 ·~i.; 

35·92 

51 ·25 

35 ·65 

57 ·57 

~5·89 

Jlli11er;,111, Mason County, F..entucky. July i1 to July 31, ISS7. 30-ce1itimetre theodolite, No. 118. 
Telescope above ground 14·17 metres. A. T. Mosman, observer. 

0 " 
,, ,, 

SS Ash Ridge 0 00 oo·oo ±0·09 -O'Ol 

89 Cave Hill 29 40 55 ·q 0 ·17 +a:u 
90 Cherry Ridge 66 Si 21 ·54 0·16 -0·23 

Brool,,;_ville Methodist Church 225 40 r6·92 0·25 

spire 

86 Flaugher 244 15 56·50 0 "16 -O'IJ 

Felicity Town Hall 282 29 03·84 0·29 

87 Tate 293 II 39 ·27 0·15 +0·23 

Azimuth Mark 333 Ir 35·09 O'lO 

Probable erro"." of a single observation of a direction ( £?. and R.) = ± 0"·91. 

/I 

59·99 

55 ·26-

21 '3I 

56·39 

39·50 
0 
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(b) Abstract <!l h·su/ting /1,wizo11tal directions at each statio11 froin local aud ji"OIJt figure 
adjustmmts-Continued. 

Twi11 Creek, Adams County, Ohio. August 28 to September 1, 1886. 30-centimetre theodolite, No. 
II8. Telescope above ground 2 . .r84 metres. \V. B. Fairfield, observer. 

No. of Resulting directions Approximate Corrections Final seconds 
· direction. Objects observed. from sta- probable frotn figure in triangu- · 

tion adjustment. error. adjustmeut. lation. 

0 ,, II ,, II 

62 Round Top 0 00 00 '(l() ±O'Iq -0·4r 59'59 

63 Cherry Ridge 100 18 47 ·42 o·q +0·28 47 ·70 

64 Peach lVIount 193 OI 07·6o O 'II +0·23 07·83 

61 Scioto 282 22 49·83 0 'II -0·09 49·74 

Probable error of a single observation of a direction (D. and R.) = ± 0"·78. 

Tate, Clermont County, Ohio. Septemb~r 8 to October II, 1887. 30.c;:ntim~tre theodolite, Nn. 11.'·. 
Telescope above ground 39·18 metres. A. T. Mosman and \V. R. Fairfield, observers. 

0 II " 
,, ,, 

Felicity Town Hall 0 00 00'00 ±o·os· 

93 Flaugher 36 43 20·35 0'12 +0·03 20·3S 

94 Stevens 102 54 35·45 o ·rs -() ·35 35 'IO 

Alexandria Court-house Ill 38 43·21 0·16 

95 Tanner II4 42 II ·53 0 'I2 +0·44 II '97 

Cold Spring spire 125 32 0~·20 0·32 

91 Ash Ridge 289 54 58·9S 0 ·12 +0·53 59·51 

92 Minerva 340 o· _, 35 ·39 0 ·13 -0·65 34 '74 

Probable error of -a single observation of a direction (D. arnl R.) - ±0':'·79. 

Flauglii:r, Pendleton County, Kentucky. October i6 to November 20, 1887 .. 30 centimetre theodolite, 
No. 135. Telescope above ground :irS~ me~r~·;. \V. B. Fairfield, oh:;erver. 

II /I II II 

Felicity Town Hall 0 00 r)O"OO ±0'10 

99 Ash Ridge 18 26 45 ·62 0·36 -0·58 45·04 

100 Minerva 50 26 58 ·34 o·q -0·42 58·76 

Brooksville spire 64 59 II ·$7 0·3S 

Williamstown Court-house 205 24 46·39 0·29 

96 Dry Ridge 214 30 27 ·43 0·19 -o·r7 27·26 

Fisklmrg spire 246 14 55 ·oo 0·48 

97 Stevens 267 oS 37·6o 0·17 +0·05 37:65 

98 Tate 3,:;6 02 25 ·55 0 ·13 +o·.:?8 25·83 

Probable error of a single observation of a direction (D. and R.) = ± 111 '05. 

1873:?-No. 4--:?6 
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(6) .-1. bslract t?f n:sulti-ng /1orizontal dircdions at racli station from local and from figure 
adjustmmts-Continued. 

Slt'Vt"llS, Kenton County, Kentucky. October 15 to November 5, 188j. 30-centimetre theodolite, N'''· 
IIS. Telescope above ground 16·31 metres. A. T. :Mosman, observer. 

No. of Resulting directions Approximate Corrections Final secon•is 
direction. Objects obsen•ed. front sta- probable from figure in triangu-

tion adjustment. error. adjust1l1ent. lation. 

0 ,, II II II 

109 · Tanner 0 00 oo·oo ·±0"09 +076 00·76 

Alexandria Court-house 124 25 2~·6o 0 ·15 

io6 Tate 141 07 51 ·13 .0·15 +o·o6 51 ·19 

107 Flaugher 186 02 50·32 0 ·17 -0·14 50 "IS 
Morning View spire 212 18 47·86 0·18 

Fiskburg spire 231 20 55·57 0·33 
108 Dry Ridge :q6 16 15 ·69 o·q -o·6S 15"01 

Probable error of a single observation of a direction ( D. and R.) = ± o"·S4. 

Dry Ridgt,, Grant County, Kentucky. August 25 to September 9, 1889. 30-centimetre theodolite, 
No. uS. Telescope above ground 2r89 metres. A. T. Mosman, observer. 

r, ,, ,, II II 

Williamstown, Grant County, 
court-house vane rod 0 00 oo·oo ±0·08 

IOI Culbertson 125 4I 28·92 0·10 -0·52 28·40 

I02 Stow 135 46 33·36 o ·rs -0·21 33 ·15 

103 Tanner 187 37 oS ·12 0 ·15 +0·01 oS ·13 

104 Stevens 209 26 ,V ·37 0 '12 +0·52 31 ·89 
:Morning View church spire 23::? 31 55 ·ss 0·35 

105 :Flaugher 276 34 58·46 0 ·17 +0·19 58·65 

Probable error of a single observation of a direction (D. and R. l = ± 0"·84. 

Tr.m11er, Boone County, Kentucky .. July 19 to August r6, 1889. 30-centimetre theodolite, No. nS. 
Telescope above grou~d 41:61 metres. A. T. Mosman and ,V. B. Fairfield, observers. 

0 !I ,, II II 

III Stevens 0 00 oo·oo ±o·oS -0·93 59·07 
112 Dry Ridge 44 :26 50·32 0·14 +0·20 50·52 

Il3 Stow IIS 52 23·37 o ·rs -0·39 22·98 

114 Reizin lSI 53 14 ·47 0 ·12 +1'·10 15 ·57 
Price's Hill railroad incline build-

ing cupola 269 56 54·46 0·20 

Convent belfry :z82 4::! 03·87 0·41 
I~ookout House flagstaff 289 33 28·26 0 ·18 

Cold Spring, larger spire 315 26 05·91 0·29 

IIO Tate 332 55 25·57 0 ·17 +0·02 25·59 
Alexandria Court-house 335 48 01 ·68 0 .•• 

.).) 

Probable error of a single observation of a direction (D. and R.) = ±011·94. 



TRANSCONTINENTAL TRIANGULATION-PART III-TRIANGULATION. 403 

(b) .-.J.bstract o/ resulting hcirizontal dircdiclllS al rnd1 station _ti·om loca{aud .ti·om figure 
adjustments-Completed. 

Stow, Switzerland County, Indiana. May 28 to June 5, I890. .~a-centimetre theodolite, No. us. 
Telescope above ground 2I"I8 metres. W. B. Fairfield, observer. 

No. of Resulting directions Approxin1ate Corrections Final seconds 
direction. Objects observed. from sta- prohable from figure in triangu 

lion adjustment. error. adjustment. lation. 

0 II II II II 

r16 Reizin 0 00 oo·oo ±0°09 +0·17 00·17 

II7 Tanner go 31 47·94 0·08 +0·38 48-"32 

us Dry Ridge 147 15 43 ·63 0 ·13 +0·25 43·SS 

115 Culbertson 292 13 4S·9I 0 ·14 -0·81 4S·rn 

Probable error of a single obsen·ation of a ~lirection ( D. and R.) = ± 011 ·68. 

R,·izi11. Ripley County, Indiana. September 21 to September 28, I889. 3q-centimetre theodolite, No. 
Jr8. Telescope above ground z,5·SI metres. A. T. Mosman, obsen·er. 

Resulting directions Approxi- Correctio_11s 1~~~~~~~~~ Final sec-
No. of tnate from ~ase- net and fig. onds i11 

direction. Objects obser"ed. frotn station .prohable triangula-adjnstrut-nt. error. 
net adiust- ure adjust-

tio-n. IlH:nt. 1nent. 

0 " // II II " 
Glasgow 0 00 oo·oo ±O"I3 -0·14 59·86 

T2T Tanner 16I 59 13·94 0 "I3 -I ·03 12 ·91 

I22 Stow 215 26 34·50 0 ·12 -O"IS 34 ·35 
Culbertson 255 56 07 78 0 ·14 -0·15 07·63 

Correct 3is 50 47·95 0 ·12 +0·29 48·24 

Mean o·oo 

Probable error of a single observation of a direction ( D. and R.) = ± 0''·79. 

Cu/bcrlscm, Switzerland County, Indiana. June 7 to June Ig, 1Sgo. 30-centimetre theodolite, No. IIS. 
Telescope above ground 35·SI metres. W. B. Fairfield, observer. 

0 II II II II II 

Reizin 0 00 oo··oo ±o·oS -0·42 59·58 
Ilg Stow 71 44 14·42 0 "II +0'82 IS ·24 

120 Dry Ridge 96 4I 06·92 0 ·13 +0·38 07·30 

Murl Lick 265 I6 50·27 o·ro -0·04 50·23 

Correct 328 IO 57 ·51 0 "IO +0·46 57·97 

Mean o·oo 

Probable error of a single observation of a rlirection (D. and R.) = ± 0"·64. 
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(c) Figure adjustment. 

Obserz'<1lio11 equations. 

I o=+a·s8- (r)+ (3)- (8)-+- (9) 
2 O=+ 1'29-· (2) + (4)- (IO)+ (n) 

3 0=+0·46- (3)+ (4) - (7) + . (S) - (IO)+ (r2) 

4 0=+0·28- (6)+ (7)- (12) + (rs) - (16) + (17) 

5 0=-2·28- (S) + (7)- (12) + (13) - (24)+ (2s) 

6 o=-r·o4--. (5l+ (6)- (17) + (IS) - (23) + (2s) 

7 O= - 1'77-;-- (rS) + (19)- (22) -1- (23) - (26) + (28) 
:'i '· o=+ 1'00- (I,~)+ (q) - (22) + (24)- !27) + (28) 

9 O=-I'LJ.- (20) + (22) - (28) + (29)- (3Sl+ (36) 

IO 0=+2·.'.'i - (29) + (30)- (37) + (39)- (34) + (3s) 
II O= -t 0·9'.; --· (20) + (21) - (34) + '(36)- (38) + (39) 
I2 O= -0'4! -- (33) + (34) - (39) + (40)- (42) + (43) 

I" _, O= - l'IS-- (40)+ (41) + (42) + (46) - (48) + (49) 

I4 0=-1'02- (32)+ (33)- (43) + (44) - (54) + .(SS) 

rs o=+s·oS- (44) + (4S) - (S3l + (S-J-) - (59) + (60) 

16 O= + 1'72 -- (45) + (46)- (49) + (50) - (58) - (59) 

17 O= -0·17 - (30) -t (31) + (37) - (41)- (47) + (48) 

rS O= -0·66-- (50) + (SI)- (s7) + (58) - (61) + (62) 

19 o=+rr9- (5rJ+ (52) + (6I) - (64)- (65)-1- (66) 

20 0=+0·51 - (63) + (64)- (66) + (67)- (73) + (74) 
21 o= - r98 -· (56) + (S7) - (62) + (63) - . (74) + (7S) 
22 o=-o·rS- (67.) + (69)- (71)+ (73)- (So)+ (82) 

23 0=+1·12-- (6S) + (69) + (76)- (79)- (So)+ (S1) 

:q o=+o·r6- (;o) + (71) - (S2) + (83)- (SS)+ (90) 

25 o= +o·jS- (70) + (72)- (77) + ()8) - (S9) + (90) 

26 o= -o·s4 ·-- (78) + (79) - (Sr) -t- (83)- (SS)+ (89) 

27 ;o=+r76- (83) + (85)- (87)+ (SS) - (91) + (92) 

28 . 0=-0·54- (S3) + (84)- (86) + (88)- (99) + (Ioo) 

29 IO=-I'I6- (86) + (87) - (92) + (93) - (98) + (IOo) 

JO 0=+0·34- (93) + (94) ·- (97) + (98) - (ro6) + (107) 

31 o.=+0·65- (96) + (97) - (Io4) + (Io5) -(107) + (ro8) 

32 I 0=+0·86- (94) + (95) + (I06) - (109)-(no) + (rrr) 

33 o= ·--3'08-.(103) + (104) - (roS.J + ( I09) - (rrr) + ( n2) 

34 ! o= + o·su -- (rn2) + ( 103) - ( u2) + (n3) - (_rr7) + ( uS) 

35 I o= - 2·58 - ( n3) + ( Iq) - ( rr6J + ( ni) -- (12I) + (122) 

36 o= + rr9 - (!or)+ ( 102) + (Ir5) - ( uS) - ( n9) + (I20) 

37 o= - r95- (IIS) + (u6) + (u9) - (I22) 

38 0=+2·6+ ro7(I)-4·00(2) + n6(7) -3·91 (S) +1·7.;(9) +2·83(rn) -3·0I(II) +0·1S(r2) 

39 o = - 2·7+2·63(12) - 2·70( 13) + 0·07( rs)+ r83( 16) - 3·so( I7) + 1·67( rS) + r20(23) 

- 3·sr ( 24) + 2·31 ( 2s) 

40 o= - II'2+q6(13) - 20·16( I4l + 18·40(15) + s·22(22) - 11·¢(23) + 3·74(24) + s·5S(26) 

- 7'94( 27) - 0·64( 28) 

4I O= + 2'S + 3·90( 28) .:__ 4•14(29) + 0·24(30).-0·75(34) - I'22(3S) + 1·97(36) + 1"70(37) 

-6·72(38) + 5·02(39) 
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{c) Figure aajust111ml-C01itinuec1. 

Obsen•alion ,·q11alio11s-Completed. 

,p 0= - 4"4 + 1·39(29) - II"5.5(30) + 10·16(31) + 4"19(33) - 5·98(34) + 1"79(35) -0·49(42). 

+ I"..:>4(43) - 0·55(46) + 9·49(47) - 12·55(48) + 3 "o6(49) 

43 0= + 7"0 + 4·93\32) - 9·12(33) + 4·19(34) + 0"01(39) - 2·45(40) + 2•44(41) + 3·06(48) 

-4·31(49) + n5(50) -0·24(5,3> + 0·15(54) + 0·09(55) + n6(58) - 4·87(59) + 271(6o) 

44 0= ·-3·9 + 3·34(50) -5·30(51) -j- r96(52.) + 2·07(56) - 2·83(57) +076(58) -j- 2"22(65) 

-4·72(66) + 2·50(67) + 1·58(73) -5·52 (74) +3·94(75) 

45 0= -j- 0"4 + 1"52.(67) - 7"75(68) + 6•23(69) -j- 8·51 (71) -- 10·44(72) + l "93(73) + 4·46(8o) 

- m·o4( 81) + 5·58( 82) 

46 I o = + 3"7 + 1·52(67) - n5 (68) + 6·23(69) + r39(70) - 3·32(72J + 1·9,~(73 l + 4·46(80) 

i -4·42(81) - 0·04(83) + 3·70(88) - 6·46(89) + 2·76(90) 

471 o= - 2·4 + ro7(83) - 3·53(84) + 2·46(85) + r83(86) - 2·73(87) +0·90(88) + q2(98) 

-2·31(99) +0·59(100) 

48 o= - ll"5 -j- 0·93(93) - Il"OI(94) -j- 10·08(95) -j- 1•6o(96) -- 2·41(97) -j-o·S1(9S) -j- 5·26 ( 103) 

- 6·15( 104) + 0·89(105) + 4·12( uo) - 6·27( Ill) + 2·15( n2) 

49 o= + 2·2 + u·84(101) - 1y50( 102) + r66(103 l +0·7o(u2) - 3·6o( IIj) +2·90( ILf.) 

i - 5·23(u9) + 4·53.( 120) + r56( 12.1) -· 4·03( 122) 

50 · o= -0·7+1·07(1) + r73(3) - 1·73(4)-0·81(5) +o·S1(7) - q5(8) + q5(9) -0·1S(10) 

+ 0·18( 12) + 2·17(13) - 2·17(14) -0·11(20) + O"I I( 22) - 3·51( 24) + '~ ·51( 25) + 0·08( 27) 

-o·oS(28) + r39(29) - r39(30) +4"19(33) -4·19(34) - 1·22 (35) + 1·22(36) -0·62(37) 

+0·62(39) + 2·44(40) -2·44(41)- r04(42) + ro4(43) +0·51(45) --0·51(46) - 3·06(48) 

+ 3·o6(49) + r96(51) - r¢(52) -j-076(57) - 2·92(58) + 2"16(59) - 0·47(61.) + 0·47(62) 

+ o·r2(63) - 0·12(64).- 2:22(65) + 2·22( 66) + !"52 (67) -- 1"52 (68) + r39( 70) ·_ r39(72) 

- 1"58( 73) + 1"58(74) - 0·43( j6) + 0·43(77) -j- 1;26( 78) - !"26( 79) -j- 0·04(81) +I ·03(83) 

- 1"07(85) + r83(86) - r83(87) - 2·76(89) + :q6( 90) - q6( 91) + 1"76( 92) + 0·93(93) 

-0·93(94) + 1·6o(96)- r6o(97)-0·59(98) +0·59(100) + r66(102) - r66(103) 

- 0·89( 104) -j- 0·89( 105) - :!"II ( 106) -j- 2"11( 107) - 0"93( 108) + 0·93( 109) - 2·15( 111) 

+ 2"15(112) + 2·9o(II3)-2·90(114)- 1·39(n7) + r39(118) +0·7o(II9) -1"56(121) 

+ 1"56(122) + 0·86( 115 - o·S6(n6) 

( 1) = - c. + l ·07C:is+ l"07Cso 

(2) = -C.-4·00C'.l8 

(3) = +c,-c3+ 1·73C5o 

(4) =+Co 1- C3 - r73C5o. 

(5) = -C5 -C6-o."8IC5o 

(6) = -C4 +C6 

( 7) = -C3 +C4 + C5 + 2·16C3a+o·81C5o 

(8) = -c,+ C3 -3·91C3~ - 1 ·75C5a 

( 9) = + C, + r75C3s-t- q5C,, 
( 10) = -C.-C3 + 2·83C39-0·1SC5, 

(II) =+C0 -3·01C:is 

Correlate eqieations, 

( 12) = + C3 -C4 -C5 +0·1SC32+ 2·63C39 +0·1SC5a 
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(c) Fi"g1we adjustment-Continued. 

Corrdatc eq11atio11s-Continued. 

(13) = +C5 -Cs-2·70C39+ r76C,0+2·17C5o 

(14) =+Cs-20·16C40 -2·17C5o 

( 15 l = + C4 + 0·07C39 + 18' 4o'" 

( 16) = - C4 + r·83C 39 

(17) =+C4 -C6-3·50C39 
(18) = +c.-C7+r67C39 

(19)=+C7 
(20) = -C9-C,.-o·rrC5o 

(21) =+C,, 

(22).= :___ C7 -Cs+ C9·+ 8·22c,.+ o·uC;o 

(23) = -c.+ c1+ r20C 39 - II'g6C4• 

(24) =. -C5 +Cs- 3·51C39+ 3·74C,.-3·51Cso 

(25) = + C5 +Co+ 2·31C39 + 3·51C5o 

(26) = -C7 +~·ssc,. 

( 27) = - Cs - 7 ·94C4o ·+- o·oSC5o 

( 28) = + C7 + Cs - C9 - 0·64C4o + 3 ·90C4, - o·o8C5o 

(29) = + C9 -C,.-4·14C,,+ r39C,. + r·39C5o 

(30) = + c .• - c,7 + 0·24c,, - r r ·ssc •• - 1 ·39C5• 

(31) =+C,7+ lo·16C4• 

(32) = -C,, +4·93C,i 

(33) = -c,~+c,,+4·19C,.-9·12c,3+4·r9C5o 
(34) = -c,.-c .. + c,.-0·75c,, -5·9sc,.+4·19C,3 -4·19C5• 

(35) = - C9 + C,. - 1 ·22C4, + l ·79C4• - l ·22C5,. 

(36) = + C9 +Cu+ r97C4, + r22C5o 

(37) = -c,.+C,7+ 1·7oc,,-0·62c5• 

(38) = - C,. -6·72C,, 

. (39) = + C,. + C11-C.o+ 5·02C4, +o·orC41 +0·62C5o 

(40) = +c,. -C,3 - 2·45C,3 + 2·44C5o 

(41) = + C,3-C,7+ 2·44C,i-2·44C5o 

(42) = -C,. + C,3 -0·49C,.- 1·04C5o 

(43) = + c,.-c,, + 1·04c,.+ l'04C5• 

(44) = + C,,-C,5 

(45) =+C,5 -C,.+0·51C5o 

(46) = '-C,3 +C,6-0·55C,.-0·51C5o 

(47) = -C,, + 9·49C4, 

(48) = -C,3 +C,,-- r2·55C,,+ 3·06C43 -3·06C5o 

(49) = + C,3 - C,. + 3·06C,,-4·31C43 + ;:i·o6C5o 

(sol = + c,6 - C,s + 1·25C,3+3 ·34C,, 
(51) = + C,s-C,9 -5·30C44 + l'g6C50 

(52) = + c.9-+ r96C44 - 1·96C50 

(53) =-C,5 -0·24C43 

(54) = -c,,+c,5 +0·15C., 

(55) = + Cq + o·ogC43 
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(c) Figlt1:e adjustment-Continued. 

Corrt'late cq11atio11s-Continued. 

(56) = -C.,+ 2_-07C4.1 

(57) = -C,s+ C.,- 2·S3C4, +0·76C50 

(58) = - C,0 + C,s + 2·16C43 + 0_·76C44 - 2·92C5o 

(59) = -C,5 + C,o-4·87C43 + 2·16C50 
(6o) =+c,5+2·7rC43 
(61) = -C,s+C,9 -0·47C50 

(62) =+C,s-C.,+0·47C5o 

(63) = -C,.,+ C., +0·12C50 

(64) = -C,9 + Coo-o·-12C5o 

( 65) = -- C,9 + 2·22C44 - 2·22C50 

(66) = + C,9 -C,o-4·72C44 + 2·22C5o 

(67) = + C..-c .. + 2·50C44 + r52C,5 + 1·52C46+1·52C5o 

( 68 l = -C.3-r7sC4s -r75c,6- 1 ·52Cso 

( 69 J = +c •• + c.3 + 6 ·23C45 + 6 ·23C46 

(70) = -C.,- Cos+ 1·39C46+ 1·39Cso 
(71) = -C .. + c., +s·51C45 
(72) = +c.5 - 10·44C,5-3·32C46- 1·39C5o 

(73) = -C .. + c •• + 1·58C44 + 1·93C4? + 1·93C,6-1·5SC5o 

(74) = +c .. -c.,-5·52C44+ 1·5SC50 

(75) = +c., + 3·94C44 

(76) = +c.3-0·43C5o 

(77) =-C,5+0·4-3C5o 

(78) = + C,5 :-Co6+ r·26C5o 

(79) = -C03 + c.6-r·26c5• 

(So)= -c..-c.3 + 4·46C45 +4'46C46 
(Sr)= +c •. ! -C,,,,- 10·04C,5-4'42C46 +0·04C50 

( 82) = + C,,; __:-c •• + 5 <sSC45 

( s3 l ,,,,; + c., -t:- co6 - c.1 - c.s - o·C>.4c,6 + 1 ·01c,1 + r ·03C5• 

(84) = + C.s - 3 ·53C41 
( 85):: + C27+ 2·46C47 - 1 ·07C5o · 

( S6 l = - C.s - c.9 + 1 ·83c,1 + 1 ·83C5• 

(87) = -c.1 +c.,-2·73c,1 - r·s3c50 

(88) = - c., - C,6 + C.7 + C.s + 3 ·70C46 + o·goC47 

(89) = -C,5+ C,6-6·46C46-2·76C5o 

(go)~-~ c.;+ C,5 + ;qi>c,6+ 2;76C5o 

(qr) = - C.7 - r76C5o 

(92) = + C.1 -C.9+ 1·76c5; 

(93) = + C,9-C30 +0·93C4a + 0·93C50 
( 94 l = + C3.- c~. -- r z ·01C48 - 0·93C5• 

(95) = + c,.+ 10·08C4s 

( g6) = - C31 + I '6oC4a + 1 ·6oC5o 

(97) = -C:.o+ C3,-:... 2·41C,8 ~ r·6oC5o 

(98) =-Cog+ C30+ 1·72C,1 +0·81C,s-0·59C5• 
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(99) = -C.8 - 2·3rC., 

(c) F(g-urc a1(just111ml-Co11ti11ued. 

{iJrn-dc·d e-q1111tiv11s-Completed. 

(100) = + c.i+ c.9+ o·s9C41+0·59C5,, 

(IOI)= -C3o+ I 1·84C49 

( 102) = - C 34+ C36 - 13·50C49 + I"66C5o 

( 103) = - C33 + C;4 + 5 ·26C49 + I "66C49 - I ·66C5., 

(104) = -C,. +c?3 -6·15C~s-o·S9C50 
( 105) = + C3, + o·S9C4s + o·S9C50 

( 106) = - C3., + C3, ·- :!'I l Cso 
( 107) = +C3,, - C3, +:!'I rC50 

(108) =+C3,-·CH-0·9,~Cso 
(109) =-C3,+C,3 +0·93C5o 

(IIo) = - C3, +4·12C4s 

(ru) = + C3, -C33 -6·27C4B- 2·r5C5o 

(112) = +C33 - C3, -t- 2·r5C,s +070C,9 -t- 2·15C50 

(n3) =+C34 -C 35 -3·60C49 +2·90C5o 

( II4) = + C35 + 2·90C49 - 2·90C5., 

(n5) =+C3.--C;7 +o·S6C50 

(n6) = - C35 + C37 -o·S6C5o 

(117) = - C04 + Cis-1'39Cso 

( uS) = + C34 - C3o + r39C50 

(rr9) = -C36+ C37 -5·23C49+0·70C5o 

(120) =·+c36+4·53C., 

(12r) = -· C35 + 1·56C49 - 1·56C5o 

(122) = +C35 -- C37 -4·03C49 + 1·56C5o 

Normal t?q11<1lio11s. 

~~~~~~~~-~~~~~~~~~~~~~~~ 

o=+o·~s 

+1·~ 

+0·46 
+0-28 
-2·2s 
-1·04 

-1·77 
+1 ·00 
-1·14 

+0·35 
+0·98 
-0·41 

-1·15 
-1 ·02 

+s ·o13 
+1 '72 
-0·17 

-0·66 

+1·191 
+0·51 
-I ·98 

I 

-0·1s I 
+1 'Il 

+4 -2 

+4 +2 
+6 -2 -2 

+6 +2 
+? 

-2 

+> -2 

+6 -2 

+6 +• -2 

+6 -2 

+6 -2 +2 
+.6 +• 

+6 
-2 -2 ...... 

-2 

+6 -2 --2 

+6 -2 -2 

+6 -2 

+6 -2 

+6 -2 

+6 
+6 -2 -2 

+6 -2 

... ... ... +6 -2 -2 

+6 
+6 +2 

+6 
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_(c) Figure ~t(/ustinent-Continued. 

Nonlial equalio11s-Coi1tinued. 

c •• C25 Co6 C27 C.s C29 C30 C;< C32 C33 C34 C35 C36 C31 c:is C39 C"° 

----
1" 0 ·sS + 4 ·59 
+ 1"29 - I •84 
+ 0·46 - s·12 + 2·63 
+ 0·28 + r·9S . - 7·~ +1S·40 

·- 2 »8 ... + r·9S + 0·49 - 1·9:7; 

- 1 ·04 + 6·28 +u ·96 
- r·77 - 0·47 -29 ·40 

+ 1°00 - 0·81 -19·10 

- r·14 +s·s6 

- 0·18 -.2 

+ ]"12 -2 

o~+ 0·16 +6 +2 +• -2 -2 

+ 0·78 +6 -2 

- 0·54 +6 -2 -2 

+ I ·76 +6 +• -2 

- 0·54 +6 +2 

- 1°16 +6 -· + 0·34 +6 -2 -2 

+ 0·65 +6 -· + 0·86 +6 -· - 3·oS +6 -2 

:I- 0·50 +6 -2 -2 

- 2·5S .. ·.·· . .. +6 -2 

+ 1·19 +6 -2 

- 1·95 +4 
+ 2°6 +51»62 + 0·473 
- 27 +s1 °6\lb 30·94 
-u·2 +1 rn9·75 

l•lormcil cquatio11s-Conti11ued. 

c., c •• C43 c •• C45 C4~ C47 C.,a C49 Cso 

+ 0·58 + -1-·16 

+ 1'29 l 055 
+ 0"46 5·66 
+ 0·2s + 0·63 
- 2'28 + 10·63 
- l ·04 + 4 ·32 
- 1·7; + 3 ·90 0·19 
+ l ·oo + 3 ·90 s·12 
- 1'14 - 4·S5 - 0:40 + 4·13 
+ 2·35 + 7'23 -.5·17 - 4·1s + I '4..~ 

+ 0·98 ·1 +14·46 + 5·9S ;_ 4·18 + 6·q 

- 0·41 - 5•77 - s·64 +10·85 4°4$ 

- - 1°15 +15·67 - 2·48 + O'jI 

- I 'OJ + 3··Y5 -14·11 + 3·15 
+ 5·o8 .... + 7·97 I 065 

+ 1 ·72 - 3·6r - 1·47 +.-sS + l 000 
-·0·17 + 1'46 - 0•33 + 0·62 + 0·15 
- 0·66 + 0·91 -5·05 O'jS 

+ 1°19 +0·32 + 0·17 

+ 0·51 +0·12 -·0·4r -0·4r .+ :r:u 
- 1·98 +4"56 I ·17 
- a·rs -0·92 - 0·75 +•"IS 3 ·10 
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+ I 'I2 

+ ~·16 
+ o·;s 
- O'S4 

+ I'j6 

- 0·54 
- I '16 

+ 0·34 
+ 0·65 

+ 0'86 

- 3 'o.S 
+ 0·50 

- 2·58 

+ I'I9 
- I ·95 
+ 2'6 

- 2·7 
.-I['.? 

o=+ 2·5 
- 4•4 

+ 7·0 
- 3·9 
+ 0·4 

+ 3'7 
- 2·4 

-II '5 

+ 2'2 

0·7 

UNITED STATES'. GOAST AND GEODETIC. SURVEY. 

1-- no 
+H1'59 

C, =-0·057 

c. =-0·354 

C3 =-0·009 

c. =-0·202 

C5 =+0·4$2 

c6 =+0·053 

C7 =+0·555 
Cg =-0·037 

C9 =+0·343 

Crn=-0·395 

C,,=-0·334 

C,.=-0·346 

C,3=-0·313 

(c) Figure ai(/1estme11t-Cb11tinued. · 

lVormal cq11atio11s-Completed.. 

- 3'09 
-114 "86 
+•02 ·31 + ·5 ·s2 

+137·91 

- 0·52 

+ ~·93 
-10·44 

+10·04 

+ 6"85 
+438 ·15 

+5·10 

-2·37 

+4'51 
-578 

+3'74 
+3'74 

+ 6"85 
+203 •84 
+»0'33 

+0·17 

+5'0l 
-2·63 
-5·6g 
+1 ·72 

Resulting z•a/ues oj corrdates. 

c,.=-0·420 

C,5=;=-,., I ·::q6 

C,6=-o·S73 

C."7=-0 '21 I . 

C,s=-0·172 

C,9=-0·273 

C00=-0·050 

c.,=+0·23r 

C .. =+0·123 

C.3=-0·279 

c •• =+o·o6o 
C,5=-0·1$9 

c.6=-0·215 

C,7=-o ·4$9 

c.s=+o·227 

C,9=+o·n9 

C30=+0·099 
C3,=+0·187 

C3,=+o'JII 

C33=+0·890 

C34=+0·704 

C35=+I ·055 

C:¢=+0·417 

C37=+1 ·205 

C3s=-o ·058 4 
C59=+o ·039 o 

+. 0 '12 

- s·12 

+ 3·03 
+IO'jO 

- 2·99 
+ 3·u 

+ 1 ·;19 

+359'91 

- 0·96 
+10·86 

+ 0·91 
--15 ·ss 
- 1'20 

+ 10'24 
+413 •lio 

C4o=+o ·o;z6 98 

c •• =+o ·028 ·9 

C4,=+o ·007 13 
c,,=-o ·029 2 

C44=+o ·026 5 

c.s=+o·oos 36 
c.6=-o·op 7 

c.1=+0 ·153 5 
C.is=+o·o32 6 
c.9=-o ·oo<J 89 
C5o=-O ·024 2. 

C50 

+ 2 ·39 
. + 2·40 

+ 3•57 
4 ·29 

,f- 3·25 
2·27 

3•31 

+ 3·37 
4 '46 
4'26 

+ 6·93 
+ 0'21 

3 ·21 

+ 0·4_1 

2'58 
+ 12·32.l 

+ 15 ·043 
+ 34·;6 
+ 2'69 
-f:1oS·o5 
-107·07 

- 41·42 

+ 25·15 
+ 42·82 
+ 6·15 

+ 32·68 
- 54 ·Sg 

+>65·947 



TRANSCONTINENTAL TRIANGULATION-PART III-TRIANGULATION. 411 

Res11iti11g corrc·ctio11s lo a11g11lar diredio11s. 
II II . II II 

(l)=-0·031 (32)=+0 ·276 (63)=+0 ·278 (94)=-o·.w8 
(2)=+0·588 (33)=+0·121 ( 64) =+o ·226 (95)=+0·440 
(3)=-0·090 (34)=+0 ·29]° (65)=+0 ·386 ( 96 )=·-o ·174 
(4)=-0·321 (35)=-o 730 (66)=-o ·402 (97)=+0 '<J.48 
(5l=-0·515 (36)=+0 ·036 (67)=-o ·154 (98)=+0·284 
(6)=+0"·255 (37)=+0 ·:148 (68)=+0 ·365 (99)=-0·582 
(7)=+0·143 (38)=+0 '140 (69 )=-0 ·196 ( 100)=+0 ·423 

·(8)=+0·318 (39)=-o ·253 (70)=+0·079 (ro1)=-0·522 
(9)=-0 '201 (40)=-o ·020 (il)~-0 'Oli (-102)=-o ·207 

. (IO)=+o '202 (41 )=-0 'II4 (72)=--:-0 ·172 ( 103 )=+o '()IO 

(rr)=-0·178 (42)=+0 ·055 ( 73 >=+0:240 (104)=+0·525 
(12)=-0 '201 (43) =+o ·056 ( 74)=-0 ·465 ( I05 l=+o ·19.J. 
( 13 )=+o ·408 (44)=+0 ·S26 (75)=+0·335 (106)=+0 ·063. 
(I4)=-o ·527 (45)=-0 ·385 (76)_=-0 ·269 (107)=-o ·139 
(15)=+0·297 (46)"=-0·552 (77)=+0 ·179 (IOS)=-o·6So 
(16)=+0·273 (47)=+0 ·279 (78)='--o ·004 (109)=+iJ ·756 
(17)=-o ·391 (48)=-0 ·003 (79)=-t-O '09.J. ( IIO)=+o '023' 
(18)=-o ·437 (49)=+0 ·634 (Sol=+o ·128 ( llI)='-o ·931 
(19)=+0·555 (50)=-0 ·649 (81)=-o ·067 ( IT2 )=+o ·198 
(20)=-o 'oo6 (51)=-o ·086 (82)=+0·093 (113)=-o ·389 
(21)=-0·334 (52)=-0 ·174 (83)=+0·246 ( 114)=+1 ·099 
(22)=+0 ·044 (53)=+1 ·253 (84)=-o ·315 (115)=-o ·So9 
(23)=+0 ·226 (54)=-0 ·830 (85)=-o ·085 (116)=+0 ·171 
(24)=-o ·470 (55)=-0 ·423. (86)=-o ·ro9 (II7)=+o ·385 
(25)=+0 ·540 (56)=-0 ·176 (87)=+0 ·233 (118)=+0_-253 
(26)=-o ·324 ,(S7)=+o '3IO (88)=-0 '012 {II9)=+o •817 
(27)=-o ·179 (58)=+0 ·729 (89)=+0'II7 (120)=+0·377 
(28)=+0 ·273 . (59)=+0 ·463 (g:> )=-0 ·228 ( 121)=-I '031 
(29)=+0·594 (60)=-I '325 (91)=+0·532 (122)=-o ·152 
(30)=-o ·225 (61)=-0·090 (92)=-0 °651 
(31)=-o ·139 (62)=-0 ·414 (93 l=+o ·027 

(d) Adjusted triangles, Ohio. 

Correc- Spher- Spher-
Distances in No. Stations. Observed angles. 

tions. ical 1cal Logs. metres. angles. excess. 
0 " II II " {°''" so 14 45·62 -0·52 45 'IO 0·52 1 · 4 ·378 842 6 23 924·49 

l_ Piney 66 33 51 '22 -0·_09 51 ·13 0·51 . 4 ·455 641 2 28 552 ·31 
Pigeon 63 ·n . 25·29 +0·03 . 25·32 0·52 4'443 645 l 27 774·43 

02 ·13 I ·55 

( Gobhaolt 34 57 29·07 -0·38 28·69 0·35 4·378 842 6 23 924·49 
'2 Piney II7 16 06·18 -0·32 05·86 0·35 4 ·569 546 7 37 II4 '76 

. Pigeon 27 46 27·09 -0·59 26·50 0·35 4·289 078 8 19 457·13 

02·34 1·05 
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(d) ~.J.djustd tria1igles, ·Ohio-Continued. 

Stations. Observed angles. Correc- S:pher- Spher- Distances in No. 
tions. 1cal ical Logs. metres. angles. excess. 

0 ,, 
I/ II II 

{ G_ebhardt 85 02 10·85 -0·40. w·45 0·36 4:443 645 I 27 774·43 
3 l Pmey so 42 r4·96 -0·23. 14 73 0·35 4 ·333 953 I 2I 575 "II 

Davis 44 !5• 35·7r +o·I7. 35·88 0·35 4·289 078 s 19 457·13 

01 ·52 I ·o6 ! Gebbrudt 50 04 41 ·78 -0·02 41 76 0·52 4·455 64I 2 28 552 ·.;i 
4 Pigeon 35 24 58·20 +0·62 58°82 0·52 4 ·333 95.3 I 2l 575 "ll 

Davis 94 30 21 ·33 -0·35 20 "C}'l 0·52 4·569 546 7 .37 114 76 

01 '31 I ·56 l Wrav 48 57 10·88 -0·67 IO "21 0·36 4'333 953 I 21 575 'II 
5 Geb~ardt SS 01 oS·22 +0·50 oS 72 0·35 4·456 225 3" 28 590 ·74 

Davis 43 DI 42 ·25 -O"IT 42·14 0·36 4·290 497 9 r9 520 ·S1 

OI "35 I '07 
J Oaklam1 29 22 48·53 -0·70 47·83 0_"49 4·290 497 9 19 520·81 

6 Wray IOO 32 59·95 -0·71 59·24 0·50 4·592 369 3 39 II7 ·34 l Gebhardt 50 04 14·53 -O"II 14·42 0·50 4·484 475 I 30 512·31 

03·01 I "49 l Oa~nd 6o 21 13'53 +0·31· 13·84 0·58 4·456 225 3 28 590·74 
7 Wra~· SI 35 49·07 -0·04 49·03 0·58 .. 4 '4II 284 8 25 7So ·11 

Davis 68 02 58 "IO +o·n. 58·87 0·58 4 •484 475 2 30 512·32 

00·70 1 '74 l 0.kfand ,. 30 58 25 ·oo +r "OI 26·01 0·44 4":):);:_ 95:) I n 575·n 
8 Gebhardt 37 56" 53·69 +o·6r 54·30 0·44 4 ·411 284 7 25 78o 'II 

Davis III 04 40·35 +0·66 4I 'OI 0·44 4·592 369 3 39 1I7 ·34 

59·04 I '32 

rmdd I4 50 33·64 +0·15 33 ·79 0·05 4·290 497 9 19 520 ·Sr 
9 Wray 159 II 36·04 +0·28 36·32 0 ·04 4•432 466 5 27 068·64 

Gebhardt 5 57 49·21 +0·82 50·03 0·05 3 •898 597 9 7 9I7·68 

58·89 0·14 

rradd . I06 59 13·41 +o·6o 14·01 0 ·17 4•484 475 l 30 512 ·31 
IO Wray 58 38 36·09 +0·99 37·o8 0·17 4·435 279 9 27 244 ·57 

· Oakland 14 22 09·25 +o·IS 09·43 o "IS 3•898 598 0 7 9I7·68 

58 75 0·52 f ""d 
92 o8 39 '77 +0·45 40·22 0·62 4•592 369 3 39 II7 '34 

II Gebhardt 44 06 25 ·32 -0·94 24·38 0·63 4·435 2So 0 27 244·57 
·Oakland 43 44 57 78 r -o ·5r 57·27 0·62 4•432 466 6 27 o6S ·65 

02·87 I •87 
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(d) Adjusted tria11gks, Ohio-Continued. 

No: Correc- Sp her- Spher-
D~stances in Stations. Observed angles. ical 1cal Logs. tions. angles. excess. metres. 

0 II /I II /I 

rouM 51 03 09·93 -o·n 09·82 0·57 I 4 ·435 279 9 27 244 ·~7 
I2 Fradd S· 32 13·71 -0·50 13 ··21 o·ss . 4 ·541 686 0 34 80$·56 ·' 

Oakland 45 24 38 ·._;I +0·38 .~s ·69 0·57 4·397 030 0 24 947·67 

01 ·95 l'P· l Bue= v;orta. 49 36 51 ·28 -1 ·03 50 ·25 0·55 4 ·397 030 0 :q. 947 '67 
I3 Gould 73 47 4o·o6 -0·50 39·56 0·56 4·497 640 4 31 451 ·43 

. Fradd 56 35 32 ·67 -0·82 31 ·s5 0·55 4·436 816 7 27 341 ·14 

04·01 I "66 

{ Bum VWa 109 29 09·86 -0·26 09·6o 0·31 4 ·5.p 686 0 34 808·56 
14 Gould 22 44 30·13 -0·39 2974 o·.v 4 'I54 534 6 14 ::!73 "63 

Oakland 47 46 21 ·92 -0·33 2I ·5~ 0'3I 4·436 816 s 27 34I ·15 

OI '9I 0·93 

f Buena Vista 59 52 18 ·58 +077 19·35 o·.B 4 ·435 279 .9. 27 244·57 
15 ~-.... rlr1 26 56 4I ·04 +0·32 41 ·36 0·33 4 'I54 534 7 14 2i3'64 

l Oakland 93 IO 6o'23 +0·05 60 ·2S 0·33 4 ·497 640 4 31 451 ·43 

59·85 0·99 l Howfand 63 40 26·4I o·oo ::?6 ·41 0·32 4·436 816 7 27 341 ·14 
I6 Goulcl · 89 39 34 'QI +0·23 34 '::?4 0·31 4·484 363 I 30 504·44 

Buena Vista 26 39 60·12 -1-0·18 60·30 o· ... .., 4 ·136 422 s 13 690 "61 _,_ 

00·54 0·95 

r Scioto I2 30 50·65 -0·28 50·37 0·20 4·397 030 0 24 947·67 
I7 l Fradd II 42 ::!3 ·.s5 +0·09. 23·64 0·21 4·368 495 9 23 361 ·24 

Gould 155 46 46':?4 +0·36 46·6o 0'20 4·674 264 0 4i 235 ·or 

00·44 0·61 

( &;oto 34 31 50 '70 +0·64 SJ '34 O'Ii 4 ·136 422 s I.'\ 690 '61 
IS· Gould 40 45 59·69 -0·10 59·59 o ·rs 4 'I97 Ss2 9 IS no ·77 

Howland rn4 42 08·99 +0·61 09·6o o 'IS 4·368 49S 9 23 361 ·24 

·S9 ·38 O'S3 

J Cave 87 29 4S'35 +0·4r .. 45 76 0·29 4·484 363 l 30 S04'44 
19 Howland 69 23 ro·97 +077 II 74 0·29 4 ·4s6 04,~ 0 28 578 '74 l Buena Vista 23 07 03 ·53 -o·r6 03 ·37 0 "2!) 4 'Oi8 748 7 II 988 '06 

--c 

s9·S5 0 ·:3'7 

( Romul Top 44 IS s6·99 -0·27 s6·72 .o '::!5 4 ·197 852 9 rs 770·77 
20 Scioto 59 14 33·78 -1 ·28 32·50 0·25 4 ·2ss. 169 6 19 4I6'44 

Howland 7q 29 31 '71 -0·17 JI. ·54 0·26 4 ·341 822 s 2! 969·63 

02"·48 0·76 
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(.d) ".:J.djus!ed triangles, Olzio -Continued. 

StatiOll!;l. Observed angles. Correc- Si;iher- Stiher-
Logs. Distances in No. tions. 1cal ical 

metres. angles. excess. 

0 II ,, /I II l Round Top 37 50 52 ·48 -1 ·79 50·69 O'I4 4 ·078 748 7 II 988 ·o6 
21 Howland 45 44· .p ·92 -I "21 40·71 o·q 4 ·145 947 8 I3 994 ·19 

Cave ¢ 24 31'"10 -2·o8 29·02 0 ·14 4·288 169 7 19 416·44 

05 ·50 0·42 

{Twin Creek 77 37 IO' I7 -0·32 09·85 0'21 4·341 822 8 21 969·63 
22 Scioto 32 14 02 ·oo +0·56 02 ·56 0'21 4·079 076 9 II 997 "12 

·Round Top 70 oS 47·80 +0·42 48·22 0 '21 4·325 430 7 2J 155·86 

59·97 0·63 

{"""'Mount 43 29 J7 ·56 --o 79 16·77 0·40 4 ·325 430 7 21 155·86 
23 Scioto 47 09 '):! ·61 --0·09 02·52 0·41 4 ·352 cyi4 4 22 537·43 

Twin Creek 89 21 42·23 -0·31 41 ·92 0·40 4·487 688 4 30 738·91 

02 ·40 I '21 

J Cherry Ridge 53 II 43·91 -0·71 43·20 0·35 4·352 904 4 22 537·43 
24 l Peach Mount 40 05 57·46 +0·:15 57·71 0·35 4·258 407 2 18 ·130·39 

Twin Creek 86 42 20·18 -0·05 20 ·r3 0·34 4·448 726 3 28 IOI '29 

Ol ·55 l ·04 

J Cherry Ridge 20 IO I3"4I +o·So 14 ·21 l) ·18 4 ·079 076 9 II 997 "12 
25 Twin Creek 106 18 47·42 +0·69 48 "II 0 ·17 4·3S7 198 4 24 389·25 l Round Top 45 30 57·72 +0·49 58·21 0 ·18 4·258 406 9 18 130·38 

58·55 o ·5_:; l Ca., Hill · 7S 31 39·56 +.0·45 40·01 CJ ·40 4·448 726 3 28 IOI ·29 
26 Peach Mount 54 05 08·82 +0·52 09·34 0 ';.P 4 ·365 920 5 23 223·12 

Cherry Ridge 47 2,'I II ·46 +0·41 II ·87 0·41 4 ·324 332 r 2I I02"4I 

59·84 I "22 ! "'h Rid« 25 17 14 ·24 -0·20 14 ·04 0 ·19 4·324 332 I _21 102 ·41 
27 Peach Mount IS 40 3071 -0·56 30 "I5 0·20 4 ·199 I66 6 15 818·55 

Cave.Hill 136 02 16·76 -0·36 16·40 0·20 4'535 220 I 34 294 ·16 

Ol ']I 0·59 

J A!:.h Ridge 45 56 50·07 -0·04 50·03 0·78 4·448 726 3 28 IOI ·29 

28 l Peach Mount 72 45 39·53 -0·04 39·49 0·78 4·572 218 l 37 343·77 
Cherry Ridge 61 17 32 ·56 +0·26 32·S2 078 4·535 220 l 34 294 ·16 

02 ·16 2·34 l ""h Rldg< 
20 ,39 35·S3 +0·16 35'99 0 ·17 4·365 920 5 23 223 '12 

29 Cave Hill 145 26 03·68 -0·09 03·59 0·1S 4·572 218 2 37 "343 78 
Cherry Ridge I3 54 21 "IO -0·15 20·95 o ·rs 4 ·199 166 6 15 818·55 

00·61 0 '5,) 
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(d) rl.djusft•d triangles, Olzi,1-Continued. 

· •SJ?her- SJ?her- Distances in Stations. Observed angles. Correc- 1 No. 1ca 1cal Logs. metres. hons. ·angles. excess. 

0 II II II II 

J Minerva 29 40 55 ·q +o·r3 55 ·27 0·37 4 ·199 166 6 15 SrS 55 

30 l Ash Ridge 91 I2 51 ·oo +0·31 51 ·31 0·36 4·504 302 I 31 937·59 
Cave Hill 59 66 I4 ·42 +o·ro 14"52 0•37 4·437 937 5 27 4II 'So 

00·56 I "IO 

{Min..,.. 66 57 2I ·54 -o ':?I 2I •33 0·82 4 ·572 :?IS I 37 343 ·77 
31 Ash Ridge 70 .. 15·17 +0·15 15 ·32 o·Sr 4·5S2 S26 0 38 267 ·14 

--~ 
Cherry Ridge 42 29 25 ·90 -o·ro 25 ·So 0·82 4 ·437 937 6 27 411 ·So 

02·61 2'45. 

{Mi=•• 37 16 26·40 -0·35 :?6 ·05 0·63 4·365 920 5 23 22,~ ·12 

.32 Cave Hill 86 l<j 49 ·:i6 -0·18 49 ·08 0·62 4 ·582 S26 2 38 267 ·16 
Cherry Ridge 56 23 47·00 --0·25 46 "75 0·63 4 ·504 302 2 31 937·6o 

02 •66 I ·SS 

r~ 
50 08 36 ·41 -r ·rs 35 ·23 o·6S 4·437 937 5 27 41i: ·So 

33 Ash Ridge 63 03 o6•66 -0·33 06·33 o·6S 4·502 856 6 JI S31 ·46 
Minerva 66 48 20·~3 -0·25 20·4S o·6S 4·5r6 174 l 32 822·6S 

03·So 2·04 

{ FfangW 42 :?4 20·07 ·-0·87 19 ·20 0·66 4·5r6 ri4 l 32 822·6S 

34 Tate I06 4S 2I '37 -0·50 :?O ·$7 0·67 4·668 320 s 46 593·01 
Ash Ridge 30 47 21 ·69 +0·23 21 ·92 0·66 4•396 446 l 24 914 ·15 

o3 ·r3 l ·99 

( Flaughtt 74 24 32 79 +0·14 ,;2 ·9,; 0·56 4·502 856 6 31 831 :46 
35 Tate 56 39 44·96 +o·6S 45 ·64 0·56 4·44r 057 5 27 609·43 

Minerva 48 55 42·77 +6·34 43 ·11 0·56 4·396 446 l 24 914 ·15 

00·52 l ·6S 

J Flaugher 32 00 12 "72 -f.r ·oo 13 ·72 0·5~ 4 ·437 937 5. 27 4II "So 

36 l Ash Ridge 32 15 44·97 --0·56 44 ".tr 0·57 4 ·441 057 4 27 009·43 
Minerva II5 44 03·50 +o·ro 03·60 0·58 4·668 320 7 46 593 '00 

01 ·r9 I "73 

J Stevens 44 54· 59·19 -0·20 58•99 0·63 4·396 446 l 24 914 ·15 
37 Tate 66 lI 15 ·10 -0·38 14'72 0·63 4·5oS 956 5 32 281 ·71 l Flaugher 68 53 47'95 +0·24 48 ·19 0·64 4'5I7 447 I 32 919·04 

02·24 I '90 

r Dry Ridge 67 oS 27 ·09 -0·33 26·76 0·66 4 ·508 956 5 32 281•71 

38 l Stevens 6o 13 25·37 -0·54 24·S3 0·66 4·482 983 5 30 407 '69 
Flaugher 52 38 IO ·17 +0·22 10"39 0'66 

.\ 
4'444 735 7 27 844·26 

02·63 r·9S 
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(d) .-1.dj{tslcd lria11gks, Oh1£;o-Completed. 

Correc- Sp her- Spher- Distances in No.· Stations. Observed angles. tions. ical ical Logs. metres. angles. excess. 

0 II II II ,, rnntt 27 04 34·43 -0·96 33·47 0·26 4'517 447 l 32 9r9·04 

~9 Tate II 47 36·o8 +0·79 36·87 0·26 4 ·169 722 3 14 781 ·63 
Stevens 141 07 51 ·13 -o·6g 50·44 0·26· 4·656 919 6 45 385:76 

01 •64 0·78 ! T•nn~ ·H 26 50·32 -t-1 ·13 51 ·45 0·32 4 '444 735 7 27 844·26 
41) Stevens II3 43 44 ·31 +1 ·44 45 75 0·32 4 '561 II6 9 36 401 ·30 

Dry Ridge 21 49 23 ·25 +0·51 23 ·76 0·32 4·169 722 3 14 18r ·63 

57·88 0·96 

("'~ 
56 43 55·69 -0·13 55 ·56 l '00 4·561 II6 9 36 4or ·30 

41 1'anner 71 25 33·05 -0·59 32·46 I '00 4·6r5 6r9 4 4r 268·57 
Dry Ridge 5r 50 34 ·76 +0·22 34 ·g.'3 l '00 4·534 450 s 34 233·46 

--
03·so 3·00 ! R<hin S3 27 2o·s6 -t-0·88 21·44 0·73 4'S34 450 s 34 233·46 

42 Tanner 36 00 51 'IO +1·49 s2 ·59 073 4 ·3gS 889 4 25 os4 71 
Stow go 3r 47·94 +0·21 48 ·rs 0·72 4·629 so2 0 42 609·07 

59·6o 2·18 

J Cu~b.ertson 7r 44 q·S4 +0·82 rs ·66 0'"" 4·398 889 4 2s os4 '71 ,),) 

43 l Re1z111 40 29 33 ·13 +0·15 33·28 0·34 · 4 '233 812 I 17 132 ·16 
Stow 67 46 II '09 +0·98 12·07 0·34 4·387 79r 6 24 422 ·58 

59·06 I 'QI 

[ Culb..rum> 24 s6 s2 ·so -0·44 52 ·06 0·3s 4 ·6_1s 619 4 41 268·57 
44 Stow 144 s8 05·28 -l '00 04 '22 0·34 . 4 ·749 462 7 56 l64·6o 

Dry Ri<lge IO os 04·44 +0·31 04 '7S 0·34 4 ·233 812 0 17 132 ·rs 

02·22 I "OJ 

(c) Precisio11 q/ the Ohio sait'S qf ln'augles. 

The probable error in length of any side of the series of triangles due to the angular 
measures is derived as usual by means of the formulre-

12 [11;:1] . o . _., •O o , o -
tit=,--.-' u., = "!t (o., ) - ~ .. ~ [o_;, + o_~OB +Os] and en = 0"674 5 metre 'u 

C n · n n 'V ll· . n 

To this must be added the probable error due to the side of the base net. 
From the solution of 50 normal equations involving 122 directions m. = ± 0"·93. 
The side Cherry Ridge to Peach Mount is selected as dividing the series of triangles 

into two nearly equal parts. o" = ~5·4.in units of the sixth phice of decimals of the 
II ~ . , 

logarithm of the side. Starting from the side Piney to Pigeon of. the St. Albans Base 
Net, we have ::Z = 97·7 (12 triangles), t\, = ± 0·330 metre, t·1. = ± o·i41 metre, and 

e1 = ± 0·359 metre. Starting from the side Reizin to Culbertson of the Holton Ba5e 
~et ::Z = 69'8 ( 11 triangles), eu,,_ = ± 0·278 metre, cb = ± 0·095 n:etre, and e2 = ± 0·294 



TRANSCONTINENTAL TRIANGULATION-PART III-TRIANGULATION. 417 

metre. The probable error in length of Cherry Ridge to Peach Mount as a side of the 

. . 1 . 1 t'1e 2 Jdjusted tnangu at1011 )ecomes <' = I ··+ .. =-" ± 0·227 metre, or about T1!''4lu .. i•if part of 
, ti e~ 

the length. 
The effect on the arc is approximately (the distance being measured along the 

thirty-ninth parallel between the projections of the middle points of the 'terminal· lines) 
as follows: 

Terminal lines. 

Piney to Pigeon to Cherry Ridge to Peach 

Mount · 

Cherry Ridge to Peach l\:fount to Reizin to 

Culbertson 

Distance. 

km. 

us 

151 

Probahle errors. Average. 

Ill. 

±o·77 

0·86 

Sum ±r ·63 

4. THE INDIANA SERIES OF TRIANGLES, 1879, 1884-85-86-87, l~S9-90. 

( ''·) /ntrc1dudic111. 

This triangttlation, following closely the parallel of 39°, traverses southern Indiana, 
but the western figure of this series lies almost wholly in Illinois. The following 
information was furnished by the observer: The ground is a slightly undulating p1ain, 
gradually sloping .to the \Vabash River at an elevation above sea level of considerably 

N1:i. ~$. 

~h 

1 

RarU/Jen. 

Staiu"' Miles 

IO 10 'ZO JO •o .. 60 10 80 90. 100 

Kilometres 

ID • 0 10 20 30 '° so 60 70 80 90 lllO. 

less than 500 feet. A sharp geological fault along the line of the 'Wabash River marks 
:i ~hange which is quite apparent in the surface features. On the Indiana side, starting 
with the high bluff on which the village of Merom is situated, the country eastward is 
decidedly rolling, the ridges narrow, ancl the hills well marked. It gradually rises from 
an elevation of more than 500 feet at Merom to about Soo feet at the crest of the divid-

18732-No. 4---:!.7 
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ing ridge betwet:n the \Vhite and Ohio rivers. Weed Patch, the most northern station 
in this series, is said to be the highest point in the State, being about 1 150 feet above 
sea level. The forests are extensive and the trees of great size; along the Wabash and 
in the White River country often rising to a height of 140 feet and over. The best 
land being in the bottoms, the hills and ridges are for the most part •.vooded, while the 
cultivation is largely confined to the lowlands. 

It was through this section that our highest towers were needed, and even then 
considerable cutting had to be resorted to. All the observations were made on lights at 
night. 

The total length of the series between the base-net lines is nearly 216 kilometres 
<.or 135 statute miles); the number of stations is 15: the average lepgthof a side is 32 
kilometres (or 19·9 statute miles): the number of series of n1easures at a station (mean 
of telescope D. and R.) exceeds 34,* and the usual number of the positions of the circle 
is 17. Assistant G. A. Fairfield had charge of this work, and all observations excepting 
some at the stations forming parts of the two base-net figures. 

<.b) .-lbstrad <?f resulting l1c>rizclJl!tll dircdions at slatic>ns <?f Ille Indiana series•?/ triangles, 
b<'lzc•,·cn Halh>n and 0/11,:1• basc nds. 

(1bftlllg, Crawford County, Illinois.· October aml November, 1879. ,;5-c.;,ntimetre theodolite, Pistor & 
Martins, No. :?. Telescope above ground 30·94 metres. G. Y. \Visner, observer, Unitecl States 
Lake Survey. 

No. of 
direc
tion. 

Objects ohser\'erl. 

Claremont 

Buffah J\'Ioun<l. 

Hunt City 

Casey 

5 Belle Air 

N.esnlting r.iirec- Approxi-
tions fn."1111 station tnate prob-

adjustment. able error. 

,, I/ 

0 00 oo·oo 

_q 36 ._:;1 ':lO 

JOO 27 20 ·7S. 

132 34 08;03 
16o JO ~6·65 

Mean 

Correction~ Correcti0:;~ . 
from hase-· fro111 1-._:tse- Fma! sec: 
net adjn:-ot- net a11t.,1 fig· ond~ 111.tr1-

ntent. · ure adjust- angulatlon. 
111i::11t. 

II ·'-' 
+o ·,;7 00·37 
-0·38 30·82 

+0·02 20·80 

+0·21 26·86 

0'00 

*Th•; intention was t•:i ohsc::n·e each directir_.n ._;4 times. but owing to the presence: of broken series their' total 
uumher is much greah:r. 
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( b) ~-1 bstrad ,?/ rcs11/li11g- //.(Jriz,mtal directions al s/,1tio11s ,~f.tltc /11diana St'Yics ,?/ triangks, 

fid1t•ffJ1. Ho/!011 and 0"1(1' base· 11ds-Continued. 

Cl1ll'i'mo11t, Richlanrl County, Illinois .. November, I8j9. 35-centi111etre theodolite, Pistor & Martins, 
No. 1. Telescope above ground 24 ·84 metres. G. Y. \'\'isner, observe>, United States Lake Survey. 
July 26 to August 2:?, 1884. 30-centimetrt: theodolite, No. IOj. Telescope above ground 24·84 
metres. G. A. Fairfield, observer. 

No. of 
direc
tion. 

2 

Denver 

Onion Hill 

Olney \Vest Base 

Newton 

Check Base 

Buffalo Mound 

Olney East Base 

Hunt City 

Oblong 

Honey Cre.:k 

Summit 

Parkersburg 

Rt=sulting direc
tions front station 

adjust111ent. 

ti 

0 ()() oo·oo 

17 49 IS ·,;9 

46 01 29·05 

46 54 49·55 

53 26 TI 'O/ 

66 4S 5S ·15 

71 56 44·50 
S2 .r6 .:;0·46 

106 32 51 ·56 

138 
__ , 

TI 73 
lj4 40 19·45 

,?74 17 40·86 

Approxi- Correcti~ns ~~t~~~~~!~!;_5 
n1ate prot- from ~ase- net and fig
ablt: t:'l"rt•r. nd a?Ju~t- ure 3.djust-

n1c::11t. iuent. 

" .'.' I! 

+0·6,5 
-(l'J'2 

-0·41 

·21 -0·01 

-0'..-?I 

-0·30 

·-0''23 

·16 +0·56 

+0·07 
·20 -o·rr 

·13 --0·20 

Mean o ·oo 

l'robabk: error of a single observation (D. and R.) in 1884, = ± 1'''•J,;. 

Fin.:--tJ sec
onds in tri
angulation. 

II 

00·65 

15 ·27 

28·64 

49·54 
10·86 

57 ·85 

44 ·27 
51 ·02 

51 ·63 
II ·62 

19'25 

H1111! c...lty; Ja:>per County, Illinois. October, 1879. 35-centimetre theodolite, Troughton & Simms, 
No. ,;. Telescope abo\"e ground 23 '3::! metres. R .. s. \:Voodward, obser.ver, United States Lake 
Smve,·. Septe111be1· 5 to September 17. 18S4. 30-centimetrt: theodolite, No. 107. Telescope 
a ]:)(>\'e. ground 23 ·32 metre,;. G. A. Fairfield, ~bservt:r. 

No. of Resu1ting din:c- Approxi-
Corrections Corrections ~~~,~~'j!!~~-s Final 
fron1 base- frmu !>..1.se- th:t"and ti rst second~ in dir~c- 1.11ijccb; ul.1~cn·r:d. lions from station mate proh- net adjust· net and first and second triangula-· tion. adjustment. ah1i::- error. ment _fii,:urt: ad- figure ad- tio11. 

. 3ust111ents. justtuents. 

/I ,'/ ,, ,, !l •l 

3 Belle Air (I r)l) (Ji.)'0) ±O"Hi +0·40 oo ·~o 

4 Honey Creek 74 41 ."\7 '75 f) ':!O +0·03 37 7S 
Oblong 75 44 47 ·o,; +0·12 47 ·15 
Claremont 131 OI 27 ·19 0·27 -0·07 "2/ 'I::! 

Buffalo Mound 14~ 05 08·91 -(I "I.:! •J.":i '79 
Nt-wton 173 22 02 ·19 (l. 19 +o ·07 02·26 

Island Creek -~32 34 09·67 O"-"'"' _ _, +o·So 10'47 
Casey 3 13 1S 25 ·33 

Mean +0·16 

Probable error of a singlt: ohsen,ation (D. and R.) = ± 1"·25, in 1884. 



420 UNITED STATES COAST AND GEODETIC SURVEY. 

(bl .-/ bstmct qf resulting hc>rizonta/ directions at stations c?f the Indiana soi,·s c?f triangles, 
between Holtc>n and Oln(J' base nets-Continued. 

Honq Cnxk, Crawford County, Illinois. October 14 to October 25. 1884. 30-centimetre theodolite, 
No. IOi. Telescope above ground 23·32 metres. G. A. Fairfield, observer. 

Resulting direc- Approxi- Corrections Final sec-
Ohjeds ohst:n~t:d. tions fron1 station mate prob- froin figure onds in tri-

adjustment. able error. adjustment. augulation. 

0 I/ ,, II 

9 I Merom College 0 00 00'0) ±0·16 -0·25 59'i5 
JO Summit i9 27 49 ·61 o ·r7 0 "00 49·6r 

6 I Clo~ont 191 I6 59 ·91 o ·rs ·+0·18 6o•og 

i Hunt City 258 50 52 ·24 0 'Ii +0·14 52·38 

8 Belle Air 291 55 09·40 0·23 -0·06 09·34 
Probable error of ·a single obsen•ation ( D. and R.) = ± 1"·04. 

Bd/1· .-/ir, Clark County, Illinois. October, 18i9· 35-centimetre theodolite, Troughton & Simms, 
No. 4. Telescope above ground J0'94 metres. J. H. Darling, observer, United States Lake 
Sun·ey. October 3 to .October 6, 1884. JO-centimetre theodolite. No. Wi. Telescope above 
grouncl 30·94 meters. J. B. Boutelle. observer. 

0 ,, l.1 ,, II 

Lj Hunt City 0 00 oo·oo ±0·16 --o ·12 59·88 

Casey 66 58 J4 'jO 

Martinsville 138 45 56·50 

II Merom College 251 52 oS ·or 0·23 +a·4s oS·46 

I:? Honey Creek 28i 45 52 ·89 O"""' 
__ , 

o·oo 52·Sg 

I3 Oblong 315 27 52 '39 ·-0·32 52 ·07 

Pr~bable error of a ~ingle observation ( D. and R.) = ± 1"·28, in 1884. 

,v,•ro111. Collq;,., Sullivan County, Indiana. Septembt:r 18 to September 23, 1885. 30-centimetre 
theodolite, No. 145. Telescope aboYe gr9m1d 29·26 metres. G. A. Fairfield·. observ<=r. 

/ ,, ,, II ,, 
IS Honey Creek 0 00 oo·oo ±:0 ·25 -f-a·31 00·31 

19 Belle Air j6 01 2j :12 0":?2 -0':?6 26·86 

15 Wright 2q 13 53 ·85 0·26 .5 54 ·2a 

16 Sisson 248 15 o6·68 0·25 IJ 'JJ o6·36 

Ii Summit 290 12 61 ·So 0'22 -o·os 61 ·72 

Probable error of a single observation (D. and R.) = ± 111·39,_ 

Sisso11, Sullivan County, Indiana. October r6 to November 5, 1SS5. .~a-centimetre theodolite, No. 
145. Telescope above ground 23·32 metres. G. A. Fairfield, observer. 

0 , II ll II II 

30 Wright 0 00 00'00 ±0·15 -0·16 59·S4 

31 Calvary 48 12 26·70 0·28 +a·19 26·89 

32 Osborn 84 IO 30·59 O'lj --.o ·as 30·51 

28 Summit 172 27 ·26·65 0·17 . -0·25 26·4a 

29 Merom College 265 IS 31 ·20 0·22 -t-0·21 JI 'SI 

Probable error 9f a single observation (D. and R.) = ± 111
' 22. 
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( b) A bstmd ii resulti11g liorizonla/ directions at stations of Ille Indiana so-ies qf triangles, 
belwem Holton and O!my base nets-Continued. 

Summit, Knox County, Indiana. November 5 to November II, rSRi.. 30-centimetre theodolite, No. 
107. August II to August 26, 1885. 30-centimetre theodolite, No. I45· Telescope above ·ground 
24·84 1netres. G. A. Fairfield, observer. · 

Re~ulting direc- Approxi- Corrections Final sec-
objects obsen·<:<l. tions fron1 station mate prob- from figure onds in tri-

adjusttne11t. able error. adjustment. angulation. 

0 /I II II /I 

23 Sisson 0 00. oo·oo ±0·19 +0·24 00 ·24 

24 Osborn 58 2i 44·67 0'2:! -0·23 44·44 

20 Claremont 252 07 or ·69 n·.., ... • -.:> -o·r5 Ol ·54 

21 Honey Creek 284 00 46·or 0 ·15 -0·05 45·g6 

22 Merom College 3!.J. 45 58·95 o·q +0·19 59·q 

Probable error of a single obsen·ation ·(D. and R.) = ± 1"·20. 

lVrighl, Greene County, 1ndiana. September 14 to ~ptember 21, 1886. 30-centimetre theodolih', 
No. 145. TeleSicope above ground 23·32 metres. G; A. Fairfield, observer. 

0 

Sisson o oo oo ·oo 

Merom College 51 I4 20 ·94 

±0·1S 

0·21 

ll 

+o·rr 

-O"I.'.? 

Caivary 252 41 05 ·05 o ·20 +o ·or 

Probabl.: error of a single observation ( L1. and R.) = ± l 11 ~2r. 

II 

OO'll 

20·82 

05.06 

Osbor11, Martin County, Indiana. November q to December 2,· 1886. 
145. June q to June 20, 1S8i. 30-centimetre theodolite, No. I4i· 
metres. G .. .\. Fairfield, observer. 

,;o-~entimetre theodolite, No. 
Telescope above ground 24 ·84 

' 
0 // " " " 

35 Calvary 0 00 oo·oo ±o·r2 -0"2..? 59 'i~ 

36 Bean] 49 2·2 10·43 0 ·21 +0·53 10·96 
I 

37 Raride11 96 46 42 '"IQ () ':?O -0·2r 41 ·98 

33 Summit 244 07 23 ·5s 0·22 -0·05 23·53 

34 Sisson 277 22 45 '8.2 0 ·18 --•) ·05 45 ·77 

Azimuth i\iark 343 28 51 ·49 o ·20 

Probable error of a single observation (D. and R.) = ± in·22. 

Cah'<ll:i·~ Greene County, Inrliana. October l 1 to October 30, 1886. 30-centimetre theodolite, No. 145. 

40 

I 41 

·12 I 38 

I 39 

Telescope above ground 23·32 metres. G. A. I:airfield, observer. 

0 II II l.I 

Osborn 0 .(J() oo·oo ±0"22 +0:01 
Sisson 6J :q 44 '79 0·20 -0·02 

Wright R-·-::> 53 23 ·99 o·rs +0·18 

Leonard 24i 24 45 ·99 (• "25 ·-·0·32 

Beard 292 35 5S·oS 0·26 +0·15 

Probable error of a single observation (D. and R.) = ± 111 ·35. 

II 

00·01 

44 77 
24 'lj 

45 '6i 
58·23 
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( b) A bslrad of rt·s1t!ti11g korizontal din:ctions al stations qf tlie l11dian1i series of 'triangles, 
bdwern Holton and Olney bast~ nets-Continued. 

B,•arl, Lawrence County, Indiana. September 14 to September 25, 1887. 30-centimetre theodolite, 
:No. 147. Telescope abo~e ground 26·97 metres. G. A. Fairfield, observer. 

44 

45 
46 

47 
48 

43 

R<:sultiug direc- Approxi- Corrections 
Objects observed. tions fro111 station mate prob- from figure 

adjustment. able error. adjustment. 

0 ,, 
" " 

Calvary 0 00 oo·oo ±o·r6 +0·13 

Leonard 57 15 27·50 0 ·17 -0·07 

Weed Patch III 57 30 "JI 0"20 -0 ·03 

Fountain 149· 48 rS ·15 0·22 +0·13 

Rariden 214 45 51 ·97 0·23 +0·20 

Osborn 296 46 J2 ·19 0 ·17 -0·36 

Probable error of a single observation (D. and R.) = ± 111 ·16. 

Final sec
onds in tri .. 
augulation. 

,, 
00. 13 

27·43 
3o·oS 

iS·28 

Raridc11, Lawrence County. Indiana. July 14 to September 5, 1887. 30-centimetre theodolite, No. 
· 147. Telescope above ground 23·32 metres. G. A. Fairfield, observer. 

50 

sr 

53 

49 

0 '·' ll ,, 
Beard 0 00 oo·oo ±0·13 +0·18 

Leonard 8 38 02·96 0 ·12 -0·47 

Fountain 67 27 44 ·85 0 ·17 +0·46 

Miller 97 o· ·' 49·55 0·22 +o·u 

Osborn 309 .:i4 49 ·52 o· 18 -o ·:is 

Probable error of a single observation ( D. and R.) = ± 1"·04. 

" 
1JO ·rs 

02 ·49 . 

45·31 

49·66 

49·24 

Leonard, Monroe County, Indiana. October rr to October r9, iSS7. ,;o-centimetre theodolite, No. 147. 

"58 

54 

55 
56 

57 

Telescope above ground 23 ·32 metres. G. A. Fairfield. ohsen·er. 

" 
,, .I.I 

Calvary 0 00 1JL"1 "00 ±o·rs +0·26 

Weed Patch 1 7s ,58 14·12 o ·r6 -0·26 

Fountain 2:!1 04 24·5I O"'.!Q -0·43 

Rariden 268 .. ,5 05 ·92 0 ·24 +0·16 

Beard '.!82 26 39 ·13 o ·rs +o ·:i7 
Probable error of a sitigle observation ( D. and R.) = ± 1·"·12. 

II 

00·26 

i3·86 

24·08 

06·08 

39·40 

Fo1111lai11, Jackson County, Indiana. October 30 to November r3. 1887. ,:;o-centimetre theodolite, 
No. q7. Telescope above ground 32·n metres. G. A. Fairfield, observer . 

59 
60 
61 

62 

63 

0 ,, .ll II 

Rariclen 0 00 oo·oo ±0·16 -0·43 

Beard 47 34 .p·o6 0 .. .,., +0·27 

Leonard 73 39 37·18 0·18 +0·20 

Weed Patch qo 02 35 ·25 0 ·19 +o·:i8 

Miller 252 4~ 43·60 0·16 -·0·31 

Probable error of a single observation (D.and R.) = ± 1"·14. 

,, 
59 ·57 

42·33 

37.38 

35·53 

43·29 
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( b) .·.J bsln1d •?f l"t'sultillg horizo11lal diredi1ms al stations<?/ lh1· J11diana soit·s <?/ tria11g-ks, 
bt·lwe~·n Hollon a11d Olne_11 base nds-Continued. 

f.1.£ed Pa/ell, Brown County, Indiana. August 3 to September 6, 1889. 30-centimetre theodolite, 
No. 147 .. Telescope above gr01md 23·32 metres. G. A. Fairfield, observer. 

Resulting di rec- Approxi- Corrections Final sec· 
Objects observed. tions frotn station tnate prob- front figure onds in tri-

adjustinent. able error. adjustment. ang11latio11. 

0 " II II 

67 Fountain 0 00 oo·oo ±0"10 -0·10 59·90 

68 Heard 49 41 20·54 0·21 -0·07 20·47 

69 Leonard 7! . 30 5.3 ·17 0 ·19 +0·42 53 ·59 

Wray 192 57 -19 ·37 0 . .:! I 

Union 224 16 03·21) (I .... ,s 
Monroe (Azimuth Mark) 267 50 26 ·6-1 0"2-J. 

64 Green 268 -17 46·61 0·28 +0·09 .j.6 "70 

65 Tripp 282 48 07 "-J.4 0 ·19 -0·24 07 ·20 

Pinnacle 32-:- 18 -10·37 0 ".:?.:! 

66 Miller 328 47 02 •66 0·20 -O"II 02 ·55 

Probable error of a single observation ( D. and ·R.) = ± 1"·24. 

Jlfillt'r, Jackson County, Indiana. Octoher 2 to November 2, 1889. 30-centimetre theodolite, No. 147. 

.,, , -

73 

74 

Telescope al?ove ground 24·84 metres. G. A. Fairfield, observer. 

0 /I -'·' II 

Fountain 0 00 oo·oo ±0·15 +0·49 

Weed Patch 36 o· ,, 56·66 0 "22 +0·01 

Monroe 56 ,. 
.> 05·97 0 ·25 

Pinnacle 104 55 16·37 I) ·4·1 

Tripp 122 29 32 ·45 o ·r9 -0·28 

Stout 147 51 57·29 0·26 +0·35 

Holman 170 59 21 ·6r 0·25 

Finley 209 25 19 ·73 • 0 ·24 

Rariclen 316 50 20 ·05 o ·,; 1 -o ·57 

Probable error of a single observation (D. and R.) = ± 111032. 

II 

00·49 

56·67 

32·17 

57·64 

Tripp, Jennings County, Indiana. June ro to June 26, 1890. 30-centimetre theodolite, No. r47. 
Telescope above ground 30·94 metres. G. A. Fairfield and J.B. Boutelle, observers. 

0 II /I II 

78 Stout 0 o6 oo·oo ±0·20 +0·33 

75 Miller 82 25 52 ·05 0 ·25 -0·08 51 ·97 

Pinnacle 85 09 52 ·32 0 ·28 

76 Weed Patch 130 Ol 25 ·67 0 '2:? -0·77 

Monroe 135 05 36·42 0·21 

77 . Green 246 03 20 ·q o ·16 +o ·51 20·65 

P~obable error of a single.observation ( D. and R.) = ± 1''·34.) · 



424 UNITED STATES COAST AND GEODETIC SURVEY. 

( b) Abstract q/ resulting horizontal directions at stations <?f t!te Indiana series ef triangles, 
bdween Holton and Olne_v base nets-Continued. 

Stout. Jefferson County, Indiana. August 29 to September r3, r890. · 30-centimetre theodolite, No. 147 .. 

No. of 
di rec-· 
ti1"JO. 

&> 

i9 

Telescope above ground 4r·9r metres. J.B. Bo11telle, observer. 

Objects observed. 
Resulting direc

tions front station 
adjustment. 

Approxi- cf:.;;~c~~s~ 
mate prob- nd adjust-

Corrections 
from base
net and fig
ure adjust-able error. ment. 

ments. 

.o ,, II II II 

I Tripp 
0 00 oo·oo ±0·13 -070 

Green 32 33 05·p 0·24 +o·r4 
Correct 74 01 2r ·or 0 ·20 -o·r7 

Mud Lick III r7 2I ·59 0·22 +0·03 
Holman 224 28 07 ·36 0·32 

Miller 287 48 r4 ·96 0·26. -0·2r 

Mean o·oo 

Probable error of a single observation ( D. and R.) = ± r11 ·38. 

Final 
seconds in 

triangu
lation. 

II 

59·30 
05·86 

20·84 

2I "62 

I4 75 

Grt·,·11, Jennings Co1111ty, Indiana. July II to August 14, 1890. 30-centimetre theo<lolite, No. 147. 
Telescope above ground 4679 metres. J. B. Boutelle, observer. November r9 to November 20, 
1890. 30-centimetre theodolite, No. n8. Telescope above ground 46·79 metres. ,V. B. Fairfield, 
obsen;er. 

0 II ,, II 

81 Tripp 0 00 oo·oo ±0"12 

82 Weed Patch 49 57 43·52 0·20 

Glasgow 222 r3 20·09 o ·r6 +0·15 
Holton North Base . 235 33 52·93 0 . ..,.., +o·ro 

Correct 250 OI 28·54 . 0·20 --o·r5 

Holton South Base 257 24 24 ·rs o ·rs +0·41 
Stout 326 29 45 ·q 0·20 -0·5r 

Mean o ·oo 
Probable error of a single observation (D. and R.) = ± r"·r5. 

(c"> Figure ac(iustment. 

ObstT~·11tio11 ,;q11alio11s~ 

r10=-o·r7- (3)-i- (5)-(r3)-t(14) 
2 o= +o·o~ + (r) - (4) - (6) + (7) 

3 0=+0·69- (3).+ (4)- (il+ l8)-l12l+(r4) 

4 o= -o·r8- (r) + (2l.+ (6) -- (IO) - (20) + (21) 

5 o=+n2- (8)+ (9)-(rr)+(12)-(r8)-t-(19) 

6 o=-o·SS- (9)-t-(ro)-(ri)+(18)-(2r)+(22) 

7 o= -o·S6-( 16) -t- (17) ...:._ (22) + (23) - (28) + (29) 

8 O= + I",37 - (IS)+ (I6) - (26) -{- (27) - (29) -f- (30) 

9 o~ + 0·65 - (23) + (24) + (28) -- (32) - (33) + (34) 

10 O= -0·64- (25) + (26) - (30) + (31) - {4I) + (42) 

rr Io= +0·47- (3r) + (32) - (34) + (35) - (40) + (4r). 

12 O= - I"II - (35) + (36) - (39) + (40) - (43) + (44) 

II " 
-·0·94 59·06 

+r ·31 44·83 
20·24 

53·03 

28 ·39 

24·59 

44·63 



SCAFFOLOiNG AT STATION, GREEl~E. INO, 

Elevation of ins!rumerit above ~round, 46.3 mete1s or 152 feet. 
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(c) Figure adjustment-Continued. 

Obsen'<1lio11 eq11atio11s-Co11tinued. 

r3 o:::::: + 0·83 - (36) + (37) + (43) - (48) - (49) + (50) 

14 O= -0·25- (38) + (39) - (44) + (4S) -- (Sil+ (S8) 

IS. O= - l"OS- (4i) + (48) - (SO)+ (S2) -- (S9),-I- (6o) 

16 O= - 2"IS - (51) + (52) - (55)-\- (S6) -- (59) + .(61) 

lj O= - I"o6- (45) + (46) - (54) +(Sil -- (68) + (69) 

18 0=-0·20- (46) + (47) - (6ol + (62) .- (67) + (68) 

19 -0~ -0·43 - (54) + (S5) - (6!) + (62) .- (6i) + (69) 

:!O 0= - 0·58- (52) + (53) + (59) ·-·. (63) - (70) + ( 71) 

21 o=+ ro6- (62) -J- (6.~)-(66) + (67) ·- (71) + (72) 

22 0=+0·84- (65) + (66)- (72) + (73)-(75) + (76) 

23 O= -t- 0·28- (73) -t- (74) -t- (7S) ·- (78) ·- (79) -t- (So) 

24 O= -3·20~ (64) + (65)- (76) + (77) - (~1) + (82) 

2s o= + 0·42 - (77) + (78) - (So)+ ·c.s1) 

261 o= -o·s--:- q2 (1) + 1"23 (S) -0·87 (6l + 4·n (7) - 3·24 (8:) -0·68 ( 12) + 2·14 (13) 

- r46(14) 

27 O= + l"5 + 4·29 (1) - 2·87 (2) -o·s8 (3) + 1"99 (4) - 2"91 ( 11) + J"S9 ( 12) ~ 0·68 ( 14) 

-0·77 ( 17) + r29 ( 18) :--o·s2 (19) - .ns ( 20) + 6·92 (:n) -- 3"S4 ( 22) 

28 O= + 2·s-3·12 (15) + S"46 ( I6j - 2·34 (17) - 2·08 (22) + 3·37 (23) - n9·(:14) + 0"66 (2s) 

+ ro3 (26) - r69 (27) - :p1 (33) + 3"48 (34) -_ o· 27 (35 l -- I"I5 (40) + 5·78 (41) 
.-4·63 (42) 

29 o= -6·9.- 1·So (3s) +3"73 (36) -1·93 (37) -2·09 (38) + 2·97 (39) -o·8s (40) - 1·73 (49) 

+2·6r (50)-o·ss (52) - 1··15 (55) + 1·6r (S7l -0·46 (58)- 1·92 (59) + 6·2.~ (6o) 

-4·31 (61) 

30 O= +Ti - 12·99 (so) + IJ"87. (Sl) -c.-88 (52) - ns (5S) + 8·53 (56) - ?"38 (57) - r92 (59) 
+6·23 (60)-4·31 (61) 

31 O= + 3·9 + 0·50 (54) +PS (S5) - 1·65 (57) - 4·40 (60) + 4·31 (61) +0·09 (62) - q8 (67) 

+ro3 (6S)-s·2s (69) 

32 o = - 5·6 - 2·71 (46) + 3·69 (47 l .- 0·98 (AS l - 0·88 (50 l + 4·_59 (s2) - 3·71 (S3) - 3·47 ( 66) 

+ 5·25 (67) - r7S (6SJ - 2·24 (70) + rq (7r) ·-:- rgo (72) 

33 O= + 15:5 - S·44 (64) + ro·4S (65) - 2·04 (66) -0·13 ( 72) + 4·57 (73) - 4·44 ( 74l -o·6S (79) 

+3"97 (So) +4"94 (81) - I"j6 (82) 

34 o~+ 0·7 - 2·8j"·( l) + 2·87 (2) - q1"(4) -t-0·87 (6) - O'.Si (il -0·39 (9) + 0·39 .(IO)\ 

- 2·34 ( 16) + 3·1 I (I;') -0·77 ( 18) + 3 ·38 (:?o) - .3 •38 (it)-- l ·29 (23) + 1"29 ( 24) 

-0·10 ( 28) + 0·10 (29) - 2·90 (31) + 2·90 (32) + 3 ·11 (33) -·3·21 (3'1) - 1"93 (36) 

+ 193137) --0·88 (39) +2·03 (40)- ns (41) + rn6 (43}°-- r·o6 (44)--~·98.(47) 
+0·98 (48).+ 1"73 (49) - r·73 (50) -n1 (52) +3·71 (S3) + r92 (59) - 1·92 (60") 

+ o·ss (62) -o·ss (63) - 2·04 (6S) + 5·51 (66) - 3·47 (67). + 2·24 .(70) ~ 2·24 (71 l 
-4"44 173l" +".n4 ( 74> + 1·93 (75) - 1 ·93 (i6) + 0·94. (.77 > -0·94 { 78) +0·68 .( 79) 
-0·68 (80)-3·18"(81) 
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(c) Figun~ adjustment-Continued. 

Gwrdat,· ~-q11atio11s. 

(I)= +c.-c. -1·42C0(,+4·29C.,- 2·S7~4 

(2) = + C4 - 2·87C,7 + 2·S7C34 

(3) = -C,-C3 -0·5.':lC,7 

(4) = -c.+c3+ I'99C.;-I'41C34 

(S) = + C,+ I"23C26 

( 6 l = - c. + C4 - 0·87C.o + o·S7C34 

l 7l = +c.-c, +4·uc..-o·S7C34 

\.8) =+C3 -C5 -3·24C.,, 

(9) = + C5-C;,-0·39C3, 

(rol = -c.+c6+0·39c,. 
( 11) = -C5 -2·91C.7 

( 12) = -C3 + C5 -o·6SC:zt:+ 3·59C,7 

I IJ) = - C, + 2· r tCo6 

( q) = + c, -l-C3 - 1·46C.o -o·6sc., 

(rsl = -Cs-3·12C,,g 

( 16) = - C7 +Cs+ 5·46C.i- 2·34C,. 

( 1;) = -c6+ C7 -0·77C,1 - 2·34C,;+ 3·uCi• 

I 18) = -C5 +Co+ 1·29C.1 -0·77C14 
I 19) = +c5 -0·52C,7 

( 20) = -C,-:·3SC,7 + 3·38Ci, 

I 21) = + C4 - C6+6·92C,7 - 3·3SC34 

t 22) = + C6 -C7 - 3 ·54C,7 - ::!'oSC.s 

(23) = + C7 -· C9+ 3·37C.s-1·29C34 

(24) = +C9 - !'29C,,g·i- 1·29C3• 

( 25) = - C,o + o·66C,s 

(26) = - Cs+ cIO+ J"OJC.s 

( 27 ) = + Cs - 1 ·69C.s 
(28) = -C7 -1- C9 -0·10C34 

( 29) = -1-c, -Cs+<)' lOC34 

(30) =+Cs-C10 

(31) = + Cro - Cu - 2·90C34 

(32) = -C9 + Crr + 2·90C34 

(33) =..:.... C9 - 3 ·2rC.s-I- 3·nC34 

(34 )= + C9 -Cu -(- 3 ·4SC,s-3·2rC34 

(35) =+Cu -C .. -•Y::!/C.s - r ·&>C,9 

( 36) = + C,. - C,3 + 3 ·73C,9 - 1 ·93C34 

( 37 l = +c,3 -r ·93C.9 + r ·93C34 
(3S) = -C,4 - 2·09CO? · 

( 39) = - C .. + C,4 -1- 2 '97C,9 - o·SSC3, 

( ·tO) = - Cu+ C12 - I· 15C,,g -o·S3C2? +: ·03C:i,i 

( 41) = - C,o + C11 -1- 5·7SC.s- I'I~C34 
(p) =+C10-4·63C,s 

(43) = -c .. + C,3 + r·o6C34 
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(c) Figure? at(,iuslmml-Continued. 

(44) =+C,.-C,4 -I"o6C3, 

(45) = +c,,-C,1 
(46) = + C,7 -C,s-2·71C30 

Corrdal<' cq11atio11s-Co111pleted. 

(47) =-C,5 + C,s + 3 ·69C3,-0·9SC34 
( 48 J = - C,3 + C,5 - 0·9SC3, + 0·9SC34 
(49) = -C,3 -1·73C.,+ 1·73C,. 

(50) = + C,3-C,5 + 2·61C09 - 12·99C;o-o·SSC3, - r73C3, 

(51) = - C,6 + 13·87C3o 

( 52) = + C,5 + C,6-Coo-o·SSC09 -o·SSC;o + 4·59C3, - 3·71C.l4 

(53) =+ C.o-3·71C3,-j-3·71C34 
(54) =-C,7 -C,9 +0·50C3, 

(55) = - C,6+ C,9 - r15C,9 -- 1·15C3o + r15C3, 

(56) =+C,o+S·53C3,, 

(57) = -C,4 +c,1 + 1·61C09 -r3SC30 - r65C3, 

(5S) =+C,,-0·46C,9 

(59) = -C,5 -C,6+ Coo- 1·92C.,,- 1·92C3o+ 1·92C34 

(60) =+ C,5 -· C,s + 6·23C09 + 6·23C3o ·-4·40C3, - 1·92C34 

(61) = + C,6-C,9 -4·31C09 -4·31 C30 +4'JIC:J, 

( 62) = + C,s + C,9 -C., + 0·09C3, + o·S8C34 
(63) = - C..,+ C., ~o·SSC3, 
(64) = -C,,-8·44C33 

(65) = -c,.+ c.,+ 10·4SC33-2·04C34 

( 66) = - c., + c •• - 3·47C3.- 2·04c33 ·+ :S·sxc,. 
(67) = -C,a- C,9+C., - r7SC3, + 5·25C3.-3·47C34 

( 68) = - C,1+ C,s + ro3C3, - I ·7SC3• 
( 69) = + C,7 + C,9 - 5 ·25C3, 

(70) =-Coo - 2·24C3, + 2·:14C34 

(71) = + Coo-C., + 5·14C3, -2·24C34 
(72) = + C., -C .. -2·90C3,-0·13C33 
(73) = + c •• -c.3 +4·57C33-4'44C34 

(74) = + C03 -4·44C33 + 4·44C3, 

( 75) = :-- c •• + C,3 + 1·93C3, 

(76 l = + c •• - c., -1·93C34 
( 77) = + C,4 - C,5 +0·9:tC34 
( 78) = - C,3 -t C.5 -0·94C3, 

( 79) = - C,3 -- o·6SC33 + o·6SC3, 

(Sol = + C,3 - C,5 + 3 ·97C33 - o·6SC3, 

(Sr)= -c., +c.5 +4·9412 33 -3·1SC'J.I 
(S2)=+C.4 -176C33 . 
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(c) Figure adjuslJ?ICll I-Con tin ued. 

1Vor111al eq11atio11s. 

C, c. C3 C4 Cs c6 c 7 Cd C9 c,. C,. C12 ·C,3 C,4 

0=-0·17 +·~ +2 

+0·02 +4 -2 -2 

+0·69 +6 -2 

--o· 18 +6 -2 

+1 ·22 +6 -2 

-o'8s 1 +6 -2 

·-0·86 +6 -·2 -·2 

+r ·37 +6 -2 

+0·65 +6 -2 

-0·64 +6 -2 

+0·47 +6 -2 

-I "II +6 -2 -2 

+0·83 +6 
-0·25 +6 

1Vor111al e1711atio11s-Continue<l. 

C,s c,6 C,1 C,s C,9 c® .c~l Co C.3 C:::4 c.5 Co6 c.1 

--0 ·17 -2 "3i -·0"10 

+0·02 +3·s6 +2"30 

+0·69 --8 ·13 -I "70 

-0·18 +0·55 +3 ·q 
+r ·22 +2·56 .+4·69 
-o·ss -$·40 

-0·86 +2.·77 

+o·S3 -2 

-0·25 -2 

O=-I ·05 +6 +2 -2 -2 

-2·15 +6 -2 -2 

-·J "06 +6 -2 +2 
-0":?0 +6 +2 -2 

-0 ·43 I +6 -2 

-0·58 +6 -2 

+1 ·o6 +6 -2 

+0·84 +6 -2 -2 

+0·28 +6 -2 

-3·20 +6 -2 

+0·42 ... +4 
--o·s -t-38 ·850 -7·540-

+1 ·5 +127 ·126 
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(r) Figure adjustment-Continued. 

Normal equations-Continued. 

Cos C:9 c~ C3, Cr- C33 C3-1 

- o·r7 

+ 0'02 - 3·20 

+ 0·69 ·- 0·54. 

-- 0 ·18 - 0·54 

+ l '22 + 0·3t: 
- 0·88 + 0·26 + 0·2S 

- 0·86 -- 2 ·35 + 4·36 

+ 1 ·37 + 5·86. - 2·44 

+ 0·65 + 2·03 - 6·84 

- 0·64 -10·04 - l ·75 

+ 0·47 + 3·18 - 0·92 + s ·s.~ 
- l 'II - o·8S + l ·68 - 1'I4 

+ 0·83 - 1 ·32 -12·99 + 0'10 + 0·48 
- 0·25 + 2·99 + 7·38 +I 065 .... + 0·18 

- 1 ·05 + 4·66 +20·26 -- 4 ·40 + o·So - 3·86 

-- 2 ·15 - 2 '12 - 7·46 + 3 ·16 + 4·59 - 5·63 
- I ·o6 + I '61 - 7 ·38 -14 ·43 - 0·93 
- 0'20 - 6·23 -- 6 ·23 +13 ·30 ...... 0·63 + s"29 
- 0·43 + 3·16 + 3·16 - 7·04 - 5·25 + 4·35 
- 0·58 - I '04 l '04 -; 0·92 + 5 '74 

+ l ·o6 - I ·87 + 0·68 + l '91 - 8·5c.> 

+ 0·84 - 0·57 - 7·82 - 0·75 
+ 0·28 - 4·36.· +10·39 
- 3·20 +12 '22 ' + 4'0( 

+ 0·42 + 0·97 - 4·3$ 

- 0·5 - 0·257 

+ 1'5 + 9·165 -61 ·557 

o=+ ·2·5 +145·377 + I ·498 -56 ·522 

- 6·9 +no ·622 +17 ·387 -49·967 - 6 ·~36 -35 ·215 

+ 7·7 -t-551·515 -:-35 ·134 + 7 ·392· +10 ·090 

+ 3·9 +~22 ·391 -21 :858 +I4 '7<-'4 

- 5·6 +140·146 + 7'"456 -87 ·716 

+rs ·s +269"566 -91 ·495 

+ 0·7 +276 ·196 
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Resulting «alue·s t?{ c,1rrdatc·s. 

C,=+0·252 Cw=·-o ·044 C,9=-0·106 C:Nl=-0·048 I 

Co=-0·283 C,,=+0·089 Coo=+o·394 C,9=+0·021 5 
C,=-0·46.:. C,.=+0·288 C.,=--o ·015 C,0=-0·013 s 
C4=-0·041 c,,=+o·oso C,,=+0·091 c,,=-0·035 2 
C5=-o ·292 C14=+0·272 C,3=+0·227 C32=-0·033 2 
c(.=+0·004 C,5=+0·324 C,4=t I ·070 C3,=;-o ·137 9 
C7=+0·114 C,6=+0·277 Cos=+o·456 C34=-0"llO 6 
Cs=--u ·203 C,1=+0·346 C::<;=-0·034 2 
C9=--o ·150 C,s=+o·467 Co7=-0·05s 2 

Rt's11lti11g ,wn·dio11s to <lllgular dircdio11s. 

ll " II II 

(r)=-0·113 (22)=+0·185 (43)=-0·355 (64)=+0·094 
(2 )=-0 ·200 (23)=+0 ·243 (44l=+o ·1,;3 (65)=-0·241 
(3)=+0·242 (;q)=-0·231 (45)=-0·074 (66)=-0·107 
(4)=--0 ·134 (25 l=+o ·01:2 (46)=-0 ·031 (67)=-0·104 
(51=+0 ·210 (26)=+0·110 (47l=+o ·129 (68)=-0 ·067 

(6l=+o ·176 (27)=-0·122 (48)=+0·198 (69)=+0·425 
(7)=+0·1.:.6 (:i8)=-o ·:i53 (49)=-0·278 (_70)=-0·567 
(8l=-o·o6o (29)=+0 ·306 (50)=+0 ·182 ( 71 l=+o ·486 
(9)=-0·253 (30)=-o ·159 (51 )=·-0 ·468 ( 72)=+0 ·ooS 

(rnl=+c ·002 (31 .l=+o ·188 (52)=+0·458 (iJ)=-0 ·275 

(II )=+o ·453 (32)=-o ·082 (5_; l=+o ·107 (74)=+0·348 
(12\=-o ·004 (33)=-0 ·051 (54)=-0·258 ( 75 )=-0 ·078 

(13)=-0·32s 134)=-o ·051 (55)=-0·432 (76)=-0 765 
( I4)=-o ·124 (35 l=-0 ·225 (56)=+0·159 (77)=+0·510 
'(15)=+0 ·_;53 (36 l=+o ·532 (57 l=+o ·269 (78)=+0·_;33 
( 16)==-o ·321 (37)=-o ·205 (58)=+0 ·262 (79)=-0·2oS 

(17)=-0·079 (38)=-0·317 (59l=-0 "4.H (So )=-o ·701 

(1S)=+o·310 (39l=+o ·145 (6ol=+o·272 (81 )=-0 ·944 
( 19)=--o ·263 (40)=+0 "OII (6r)=+o·r9-'3 (82)=-l-I ·313 

(20Y=-o ·146 (41 )=-0 ·018 ( 62 l=+o ·276 
(21)=-o ·053 ( 42l=+o·179 (63)=-0·3r2 

\ d) A djusled triangks, Indiana. 

C Spher- Spher- Distances 
No. Stations. Observed angles. ?rrec- 1cal ical Log·s. in metres. hons. angles. excess. 

ll II ,, II 

1H=eyC=k 67 ,,,) 52 ·33 -0·04 52·29 0·75 4·535 016 4 34 278·07 

l Claremont 56 06 20 "71 -0·11 20·60 0 "74 4·488 312 I 30 /83·08 

Hunt City 56 19 49 ·21 +0·13 49·34 0·74 4·489 451 3 30 863 ·94 

02 ·25 2·23 

J Belle Air 7-2 I4 0/ "II -0·12 o6·99 0·44 4·488 312 I 30 183·08 

2 Honey Creek 33 04 17 "J6 -0·20 16·96 0·44 4·246 469 9 · 17 638 ·83 

l Hunt City 74 41 37 "75 -0·37 37 ·38 0·45 4··493 845 4 31 177·79 

02·02 I •33 
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(d) .-ldjuskd lricingks, Indian.i-Contiirned. 

Stations. Correc- Spher- Spher-
Logs. Distanc<:s No. Observed angles. tions. 1cal teal in metres. angles. excess. 

0 / II /I /I " 
.J Belle Air 44 32 07·61 +0·20 07·81 0'2I 4 ·156 rq. 3 I4 ·325 ·65 

Oblong 59 43 05 ·85 +0·21 o6·o6 0·2r 4 ·:q6 470 0 17·638·$4 ., I 
Hunt City 75 44 46·99 -0 ·.:q .. 4675 o·zo 4 ·296 599 .3 19 797·00 

00·45 o·6z 

{Summit 31· Z\..._'l 44·32 +0·09 44 ·41 0·84 4·489 45r 3 30 863·94 
4 Clare111011 t 36 .17 07 72 ·~0·09 07 ·63 0·84 4 ·,5,;8 691 3 34 569·36 

Honey Creek III 49 10·30 +o ·18 xo·4S (•'84 4 '73+ :!29 r 54 :?28·69 

0'2 ·~:;4 ~ ~5:! 

r J\:Ierom Cc•lleg1:: 69 46 58 .. 20 +o·39 58·59 '"54 4·53S 691 3 34 569 ".;6 
S · Summit 30 45 I:! ·94 +o '::?.+ 13 ·is ~··54 -l '~75 022 9 . 18 837 ·48 -· l Hone:• Creek 'i9 27 49·61 +0·25 4q·S6 0·55 -1 ·s5S 923 3 36 217 ·90 

t)O "75 T ·6,:; 

{ M-ncou.., 76 01 27 ·12 -0·57 26·55 0·46 4 ·493 84.5 4 31 177 '79 
6 Honey Creek 68 04 5.o·6o -o·r9 50·41 o ·46. 4 ·474 ,;·:>"~ 2 29 So6·31 

Belle Air 35 53 44·8::; -0·46 44 ·42 C• ·46 4 '375 0:!:! 9 18 1;37 ·..is 

O.:! ·60 I '.._iS 

f Sisson 92 48 04 ·55 +0·56 05·1r 0·52 4·558 923 3 3_6 2r7 ·90 

7 l Summit 45 14 01 ·05 +0·1J6 OJ 'J l 0·53 4·410 690 3 25 744·85 
l\1el'olll Coll.::ge 41 57 55 'l2 +0·24 55 ·36 0·53 4 ·384 66o 6 24 247 ·15. 

co·p I ·58 

r Wright SI 14 20·94 --o ·23 20 "71 0·40 4·410 &JO 3 25 744·85 
S Sisson 94 44 28·80 -:-o ·47 28·33 0·40 -~·517 2:;8 6 32 903·23 l l\ierom College 34 OI u·S3 -0·67 I:!' 16 0·40 4·266 512 7 rS 471 ·95 

02 ·5j I '20 

r Osborn 33 15 21·24 o·oo ::?~ ·24 o·j7 4·384 66o 6 24 247·i5 

· 9 

1 
~~unmit 58 27 44 •67 -0·48 44·19 077 4·576 168 2 .>i 684 ·97 

. Sisson SS 16 56·1'.>6 -0·17 55 •89 (• 78 4·645 383 5 44 196 ·05. 

02 ·97 2·32 

'" ! Calvary 6r 24 .. 44 ·79 -o·o ... ; 44·76 o·&.. 4·576 16S 2 37 &<;4 •97 
Osborn 82 37 14 ·18 -0·17 q·or 0 ·79 4·629 019 3 42 561 74 
Sisson 35 58 o3·89 -0"':!.7 03·6':!. o·So ... ·401 5ro 5 25 2o6 ·:;8 

02 •86 ;'.'.! ·39 f Calvary 24 :28 39·20 +0·20 39 ·40 0·50 4·266 512 7 rs 471 ·95 
II Sisson 48 12 26·70 +0·34 27:04 0·50 4·521 644 2 33 238"72 l Wright 107 IS 54·95 +o·ro 55·05 0·49 4 ·629 019 4 42 56I '7S. 

oo·ss 1·49 
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(d) Adjusted triangles, Indiana-Continued. 

Observed angles. Correc- S:pher- S:pher-
Logs. Distances No. Stations, tions. 1cal 1cal in metr~s. angles. excess. 

0 II II /r " 

r•W 63 13 47·81 +0·49 48·30 0"4.3 4·401 sro S 25 206 ·~8 

1 ;i Oshorn 49 22 10·43 +076 II ·19 0·42 4·330 945 7 21 426 ·23 

Calvary 67 24 01 ·92. -o·q 01 ·78 0·42 4·416 047 7 26 c64·40 

00·16 I "27 

( Rarld<n 50 35 ro·4S +0·46 10·94 o ·54 4·416 047 7 26 064·40 

13 Osborn 47 24 31 76 -074 31 ·~2 0·54 4 ·395 097 8 24 836·93 

Beard 82 00 20·22 -0·55 19·67 0:55 4 ·523 862 l 33 4oS·89 

02·46 I ·63 

r Leonard 13 SI 33 ··21 rO "II 33".P ·O "13 4·395 097 8 24_ 836 ·93 

14 l Rariden 8 38 02·96 -0·65 02 ·31 0·12 4·192 166 7 15 565 ·63 

Beard 157 30 :q ·47 +0·28 24 ·75 0 ·13 4·598 439 6 39 667·94 

00·64 0·38 

( Lro=d 77 33 20·87 -0·01 20·86 0 ·23 4·330 945 7 2I 426·23 

15 Beard 57 15 27·50 -0·20 27"JO 0·24 4·266 123 5 18 455·40 

Calvary 45 II 12 ·09 +0·46 12 ·55 0·24 4 ·192 166 6 15 565 ·63 
--
00·46 0 71 l F=nto;n 47 34 42 ·06 +07r 42 77 0·59 4·395 097 8 24 836·93 

16 Raride11 67 27 44·85 +0·27 45·12 0·59 4 ·492 420 -~ 31 075 ·66 

Beard 64 Si 3J"82 +0·07 33·89 o·6o 4 ·484 0.54 7 30 482 79 

0073 I 78 l F~nm;n 73 ·39 37 ·18 +0·63 37·81 0·87 4·598 439·6 39 667·94 

17 Rariden 58 49 41 ·89 +0·93 42·82 o·8s 4·548 625 7 35 369·24 
Leonard 47 30 41 ·41 +0·59 .p·oo o·SS 4·484 054 9 30 482·So 

00·48 2·63 

{ Founm;n 26 04 55 ·12 -o·o; 55·05 0·41 4 ·~92 166 7 15 565 ·63 
18 Beard 92 32 50·65 +0·21 50·86 0·41 4 ·548 625 8 35 369·24 

Leonard 61 22 14·62 +o·;o 15 ·32 0 · . .p 4·492 420 4 31 075 ·66 

00·39 I "23 

J Weed Patch 49 41 20·54. +0·04 20·58 0·66 4·492 ·420 4 31 075 •66 

19 l Fountain 92 27 53 ·19 o·oo 53 ·19 0·66 4·609 754 3 40 714 ·99 
Beard 37 50 48·04 +0·16 48·20 0·65 4·398 005 3 25 ·003 76 

01 "7i I ·97 

( w .. d P"oh 71 30 53 ·17 +0·53 53 "70 0·68 4 ·548 625 7 35 369 ·24 
26 Fountain 66 22 58·07 +o'oS 58 ·15 0·69 4·533 641 7 34 169·74 

Leonard "'·2 06 10·39 -0··18 IO "21 0·69 4·398 005 3 25 003·76 

01 ·63 2·o6 
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No. Stations. 

J 
Weed Patch 

21 Beard 

l Leonard 

J 
Miller 

22 l Rariden 
Fountain 

[ 

Miller 

23 Fountain 

• Weed Patch 

I 
Tripp 

24 Milk:r 

Weed Patch 

I 
Tripp 

25 Green 

Stout 

J
. Tripp 

26 

1 

Stout 

. Miller 

f Tripp 

27 l Weed Patch 
Green 

(d) Adjusted triang!t:s, I11dia11a-Completed. 

Observed angles. 

0 II 

21 49 32 ·63 
54 42 02 ·61 

103 28 25 '01 

00·25 

·43 09 39 ·95 
29 36 04·70 

107 14 16 ·40 

01 ·05 

36 03 56•66 
112 43 oS ·35 

31 12 57·34 

02 ·35 

47 35 33·62 
86 25 35·79 
45 58 55 '22 

04·63 
113 56 39 ·86 

33 30 15 '37 
32 33 05 •86 

or ·09 
82 25 52 ·05 
72 ll 45 ·04 
25 22 24·84 

01 ·93 
116 01 54 ·47 
14 00 20·83 

49 57 43·52 

Correc- SJ!her- SJ?her
tions. 1cal 1cal 

angles. excess. 

II 

+o ·49 33 ·r2 o ·44 
+0·04 02 ·65 0·44 

-to ·53 25 ·54 o ·43 

I '31 
-f-1 ·05 41 ·oo o ·54 
-0·35 04·35 0·54 
-0'12 16·28 0·55 

I ·63 
-0·48 56·18 0·43 
-0·58 07·77 0·43 

o·oo 57 ·34 0·43 

1'29 
-0·69 32 '93 l ·26 
-o ·28 35 'SI I ·27 
-f-o '13 55 '35 I ·26 

3·79 
-0·18 39·68 0·23 
-o ·94 q ·43 0 .. ,,, 
-to ·70 06 ·56 o .. ,,, 

0·67. 

-0·41 51 '64 0·55 
-0·49 44·55 0·55 
-t-0·62 25 ·46 0·55 

I '65 
+ I '28 55 '75 0 ·68 

--o· 34 20 ·49 o ·67 
-f-.:? ·26 45 ·78 0 ·67 

Logs. 

4 ·192 166 7 

4·533 641 5 
4·6o9 754 2 

4·4S4 054 S 
4 ·342 654 5 
4·629 oo6 0 

4·398 005 3 
4'593 029 I 

4·342 654 4 

4 ·593 029 I 

4'723 914 I 

4 ·5Sr 559 4 

4'453 827 3 
4·234 844 I 

4·223 741 2 

4·599 073 6 
4·581 559 5 
4'234 844 I 

Distances 
in metres. 

15 565 ·63 
34 169·72 
40 714 ·98 

30 482·So 
22 Oii '75 

42 56o·43 

25 003·76 
39 176·81 
22 Oil '74 

39 176 ·Sr 

52 955·87 
38 155 70 

28 433·30 
17 172·92 
16 739·45 

39 725·89 
38 155 ·71 
17 172·92 

4 ·793 440 5' 62 149 '90 

4·223 741 I 16 739'45 
4·723 914 I 52 955·87 

(t:) Prffision ef Ike lndimZ<i saies ef triangle·s. 

The probable error in length of any side of the series of triangles clue to the angular 
measures may be found as usual by the fonnulre: 

/
'2[i1zi] ~-(~ -"">'a"[-''"+~~+~·] l '6 1-

'/ll =' - , 1ta = /'3 _u.,) • ..-- u_:;. u.4 u1~ u'JJ anc e., = o '74 5111 'l/Zla 
C . 'fl "It {l.1 1'1- n 

To this must be added the probable error due to that of the side of the base net. 
From the solution of 34 normal equations involving 82 directions we have 

111 =· ±0"·72. 

1873:?-No. 4--28 
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The side Calvary to Osborn is selected as dividing the series into two nearly equal 
parts. o,. = 17 ·2 in units of the sixth place of decimals in the logarithm. Starting 

" from the side Green to Stout of the Holton Base Net, we have ~ = 99·0 (S triangles), 
e .. = ±0·218 metre, cb = ± o·oso metre, and t', = ± 0·142 metre. Starting from the side 

" Htmt City to Claremont of the Olney Base Net~= 69"6 ( 6triangles), c., = ± o·r92 metre, 
" 

eb = ± o·oss metre, and e, = ± 0·21 l metre. Then the probable error in length of Calvary 

to Osborn as a side of the adjusted triangulation is found by the expression t~ = / t' :·t t' 2 

' " I 2 

= ± o· 159 metre, or about Tl""li.llflfu part of the length. 
The effect on the arc is approximately (the distances being measured on the thirty

ninth parallel between the projections of the middle points of the terminal lines) as 
follO\VS: 

Terminal lines. Distances. Probable errors. Average. 

Green-Stout to Calvary-Osborn 

Calvary-Osborn to Hunt City-Claremont 

km. 
IIJ 
102 

215 

5. THE ILLINOIS SERIES OF TRIANGLES. 

(a) /11tn1dud1~•11. 

n-r;:;;:;;:; 
I 

~~r~i".i"U 

oTT1uuu 

ou:i:1uuu 

111. 

±0·5-1-

±0 ·50 

Sum ±I ·o-i. 

l SSo-81-82-83. 

This series forms the connection of the Olney Base, measured by the United States 
Lake Survey, and the American Bottom Base east of St. Louis, Missouri. The distance 
along the axis of the triangulation between Newton and Clarks Mound is about 172 
kilometres (107 statute miles); the mtmber of intermediate stations is 12, and the 
average length of a side is 29 kilometres ( 18 statute miles); the average number of 
series observed (mean of telescope D. and R.) at a station is 103, and the number of 
positions of the circle r 7. 

The observations were made by G. A. Fairfield, J. B. ·weir, and F. W. Perkins, 
assistants. The theodolite* was mounted at all the stations on scaffolds with an 
average elevation above the ground of l S · r metres. Respecting the physical aspects of 
the country traversed by this series, the observer, Assistant G. A. Fairfield, remarks as 
follows: 

The great pl~ne which stretches across Illinois, in the vicinity of the thirty-ninth parallel, from 
the bluffs, rising from the eastern edge of the Great American Bottom, to the Wabash River, may best 
be described as a slightly undulating prairie, more or less deeply scored by river and creek bottoms. 
The diversity of the surface is almost entirely due to erosion. The average elevation of the line 
above sea level is about 500 feet; the western half being somewhat above that figure, while the 
eastern half, which gradually slopes to the· \Vabash, falls somewhat below it. 

The forests are scanty and of recent growth, except in the: deeper bottoms, and the trees, which 
are mainly confined to the slopes, rarely exceed 75 feet in height. The summit levels are for the 
most part flat and under cultivation. The great economy of building to overlook the trees in ::i flat 

*The diameter of the horizontal circle of th~ theodolite!i employed in the work is given in connection with the 
abstract of resulting directions. · 
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country, rather than cutting lines, being well established, towers were used at all the stations, their 
height being governed by that of the .trees of the region. 'Where a natural elevation existed, the 
height of the towers was correspondingly less. 

During the first season, in 18So, observations were made 011 poles; after that all observations 
were made on lights at night. 

No. 30. 

North 

t 

Tw-ke_yHill 

IO 8 & "' 2 0 10 zo 30 •• .. 
I\ilometreR 

10 • 0 10 20 •• .. 
The adjustment of the figure involves 33 conditions to be satisfied, of which two are 

necessary to preserve the length and relative distance of the base net sides and one the 
accord in length between the two measured base lines.* 

(b) Abstmd of resulting horiz,nztal dircdions cit each statio1t jivm lorn/ and .ti·0111 figure 
adjustmmts, I880-8I-82-S3. 

Drqa, St. Clair Coµnty, Illinois. October 26 to October 27, 1871. 30-centimetre theodolite, No. 32. 
0. H. Tittmann and R. E. Halter, observers. June 20, 1873. 25-centimetre theodolite, No. 74. 
C.H. Van Onlen, observer. November 19 to December I, 1880. 30-centimetre theodolite. No .. 
107. Telescope above ground in 18So, ro·67 metres. G. A. Fairfield, observer. 

Resulting direc- Approxi- Correc~ions Cf~~~~1~~~ 
Objects ohservc::d. lions fron1 station inate prob· from ~Jase- net a n•l 

adjustment. able error. net adJust- figure 3 ·1_ 
Tllt-nt. justn1e11~s. 

0 II II II II 

Kleinschmidt 0 00 oo·oo ±0·19 +0·77 
Insane Asylum 56 04 42 "3::! o·ro -I '40 

Standpipe 85 oS 41 '16 0·09 

Clarks Mound 140 oS 2'2 ·76 o·q +0·63 
Turkey Hill 184 06 ·2 7 '79 0·32 ·-;O ·99 

Mean o ·oo 

Probable error of a single observation of a <lirection ( D_ and R.) = ± 0"·98. 

*In these equations i>lant: angles w..:i-e used to oO .... ·iatt: the reduction fron1 an: to sine. 

Final sec-
onds in tri-
augulation. 

/I 

00 "i7 

40·92 

2'3'39 
26·So 



UNITED STATES COAST AND GEODETIC SURVEY. 

(b) .-lbstract ty" n:sulting horizontal directions at t'ach station ji·om lt>cal and fn>m fi.1;;-un· 
adjustments, I880-8I-82-83-Co11ti11ued. 

Sugar Lt><!f lllv1111d, Madiso11 County, Illi11ois. May 12 to May 24, 1873. 2s-centimetre theodolite, 
No. 74. C.H. Van Orden, observer. September 13 to September 24, 1880. 30-centimetre theod
olite, No. 107. Telescope above ground 14·20 metres in 1880. G. A. Fairfield, observer. 

Resttlting di rec- Approxi-
Corrections Corrretious 

Final sec-frotn base- fron1 base-
Objects obst:rved. tions froru station 111ate prob- net ad "ust- net and onds in tri-

adjustment. able error. J figure ad- ang·ulation. 
ment. justinents. 

0 " /I " II " 
4 Parkinson o oo oo·oo ±0·20 -o·oS 59 ·92 

s Berger 30 24 26·70 0 ·19 -0·:!4 26·46 

American Bottom Lower Base II4 S.3 2I ·82 0'20 +o·og 21 ·91 

Clarks Mound II7 3S o6·48 O'II -o·:q. 06 ·:q 

Insane Asylum 161 07 '27 '22 0·23 -0·33 26°89 

Standpipe 174 3S 29·21 o·d 

Minoma 18s II 47 ·19 0·22 +0·4S 47·67 

Mean o·oo 

Probable error of a single observation of a direction ( D. and R. ) = ± 1"·20. 

C/a"tks llfo1111d, St. Clair County, Illinois. October 13 to November 10, 187r. 30-centimetre theodo
lite, No. 3~. 0. H. Tittmann and R. E. Halter, observers. May 28 to May 3~. 1873. 2s-centimetre 
theodolite, No. 74. C. H. Van Orclen, observer. August 13 to September 4, ISSo. 30-centimetre 
theodolite, No. 107. Telescope above ground in 1880 lO"S2 metres. G. A. Fairfield, observer. 

I.I II " " II 

Dreyer 0 00 oo·oq ±0·13 +0·39 oo·39 
Kleinschmidt 17 23 30·3s o·I8 -1 ·80 28·ss 
Insane Asylum 46 08 sS·34 o·ro +07s s9·09 
Minoma 73 SI 07·94 0 ·31 +073 oS·67 
Standpipe 7i 38 29·97 0·14 

Sugar Loaf Mound 149 26 os ·4s 0 '12 +0·9s 06·40 

American Bottom Upper Base IS4 17 0 3 ·14 0 ·17 -I "02 02"!2 

2 Berger 210 04 34·22 0·23 +0·9s 3S 'I7 
_, Turkey Hill 2s6 01 II '05 o ·r9 +0·12 I I ·17 

Mean o·oo 

Probable error of a single observation of a direction (D. and R.) = ± i"·39. 

Turkq Hill, St. Clair County, Illinois. Octol)er 7 to November 6. 188o. 3o:ce11timetre theodolite, 
No. rn7. Telescope above ground II ·73 metres. G. A. Fairfield, observer. 

Resulting direc- Approxi- Corrections Final 
Objects observed. fron1 base-net seconds in tious frou1 station mate prob- and figure tria!1g11la-adjustmeut. able error. adjttstment. t1()11. 

0 ,, 
" II ,, 

9 Berger 0 00 oo·oo ±o"IO +0·05 oo·os 
IO Geoffrey 37 .59 37·77 0 ·16 -0·69 37·0S 
6 Dreyer 236 IS 04·3s 0·21 +0·23 04 ·s8 

7 Clarks Mound 268 18 22 ·39 0 "12 +0·20 22·s9 
s Parkinson 3SO s8 00·59 0 ·13 +0·21 oo·So 

Probable error of a single observation of a direction (D. and R. )' = ± 1"·32. 



TRANSCONTINENTAL TRIANGULATION-PART III-TRIANGULATION, 43 7 

( b) _-Jbstrad cif resultiug horizontal din·dious at each static>11 from (ocal a11d from figure 
adjustments, I880-8I-S2-83-Co11ti11ued. 

S,·1-ger, St. Clair County, Illinois. July 15 to August 6, 1S8r. 30-centimetre theodolite, No. 135. 

q. 

rs 
II 

12 

I.~ 

Tel~scope above ground 14·17 metres. G. A. Fairfield, observer. 

Objects observed. 

I 
Parkinson 

Geoffrey 

I 

Turkey Hill 

Clarks Mound 

Sugar Loaf Mound 

Resulting direc
tions from station 

adjustment. 

0 " 
o oo oo·oo 

86 24 46·21 

202 36 51 ·15 

244 58 38·47 

277 09 30·78 

Approxi
mate prob
able error. 

II 

±0·15 

0 ·17 

0'20 

0·12 

0·17 

Corrections 
from base-net 

and figure 
adjustment. 

II 

-0·49 

+0·62 

-0·14 
-0·01 

+0·02 

Probable error of a single observation of a direction ( D. and R.) = ± 111·01. 

Final 
secOncls in 
triangula

tion. 

II 

59·51 

46·83 

51··01 

38·46 

3o·So 

Parki11sv11, Madison County, Illinois. Ai1gust 21 to September 28, 188r. 30-centimetre theodolite, 
No. 135· Telescop~ above jlround 14"17 111etres. G. A. Fairfield, observer. 

0 " I/ II II 

19 Berger 0 00 oo·oo ±0'12 +0·63 00·63 

20 Turkey Hill 13 34 53 ·38 0·16 -0·25 53·13 

21 Sugar Loaf Mound 66 45 o6·36 0 ·13 -0·18 o6·1s 

16 Hoile 216 12 16·97 0·13 -0·12 16"85 

17 Bording 273 04 28 ·03 0·16 +o·oS 28 'II 

18 Geoffrey 292 20 45 ·52 o·q. -0·15 45 ·37 

Probable error of a single observation of a direction (D. and R.) = ± o"·S6. 

c,·offn:v, Clinton County, Illinois. October 19 to November 6, 1881. 30-centimetre theodolite, No. 
135. Telescope above ground l I '13 metres. J. B. \Veir, observer. 

0 " 
,, II I/ 

26 Barding 0 00 00'00 ±O'II -o·q. 59·86 

22 Turkey Hill 205 10 07·46 0·13 +0·18 07 ·64 
.,. 
-~ 

Berger 230 58 27 ·72 o ·18 -0·04 27·68 

24 Parkinson 256 54 26 ·39 (' ·13 -0·36 26·03 

:?5 Hoile JII ,32 40 ·14 o ·r6 +0·36 40·50 

Probable error of a single observation of a direction ( D. and R.) = ± 0"·86. 

Bordi11g, Clinton County, Illinois. September 18 to October 9, 1882. 30-centimetre theodolite, No. 
135. Telescope.above ground 14·17 metres. G. A. Fairfield, J.B. \Veir, and T. P. Borden, observers. 

0 " " " II 

27 Geoffrey 0 90 oo ·oo ±0'11 +0·06 oo·o6 

:?S Parkinson 57 38 09·67 0·16 +0·15 09·82 

29 Haile 115 35 28·24 0 ·17 -0·18 28·06 

30 Sturgess 155 38 41 ·39 0·22 +0·20 42 '09 

31 Hartlin 200 Ol 46 ·38 0 ·18 -0·22 46 'I6 

Probable error of a single observation of a direction ( D. and R.) = ± 111 ·03. 



UNITED STATES COAST AND GEODETIC SURVEY. 

(bl .-/. bslrad of rcsulti11g /10rh:o11lal dirt'clions at c1Uh station _timn /,,ca/ and from figure 
at(justments, I880-8I-82-83-Contiimed. 

Hoik, Bond County, Illinois. July 25 to September 3, i882. 30-centimetre theodolite, ~o. 135. 
Telescope above ground 23·32 metres. G. A. Fairfield and J. B. W'eir, obs.ervers. 

Resulting direc- Approxi- Corrections Final 
from base-m:t seconds in 

Object" obsel"\•ed. tions frot11 station mate prob- and figure triangula-adjustment. ahle error. adjustment. tion. 

0 " II II ,, 
34 Bording 0 00 oo·oo ±0·13 +0·19 00·19 

35 Geoffrey 15 57 t3·76 0'10 -0·07 i3·69 

36 Parkinson 65 IO 33·01 0'20 +o·o8 33·09 

32 Sturgess 26S 23 18·60 0'20 +0·10 i8 70 

33 Hartlin 307 17 51 ·56 0 ·17 -0·30 51 ·26 

Probable error of a single observation of a direction ( D. and R.) = ± 0"·98. 

F/artli11, Marion County, Illinois. November 23 to December 3, 1882. 30-centimetre theodolite, No. 
135. Telescope above ground 23·32 metres. G. A. :fairfield and J. B. \Veir, observers . 

0 .II ,, ,, I! 

41 Holtzhausen 0 00 oo·oo ±L1 '17 -0·26 5974 

'J7 B•:.irciing 190 34 08·10 0·16 +0·4-;, 08·5-;, 

38 Hoile 233 25 44 '75 0·22 -(l".22 44·53 

39 Sturgess 267 44 09 ·19 0'12 +0·06 09 ·r,; 

40 Mound 315 20 07·87 0 ·17 +o·n 07·98 

Probable error of a single observation of a direction (D. and R.) = ± i 11 ·00. 

Sturgess, Fayette County, Illinois. May 27 to June II, 1883. 30-centimetre theodolite, No. i35. 
Telescope above ground 23 ·32 metres. G. A. Fairfield, observer. 

0 II I/ ,, /I 

46 Hoile 0 00 00'00 ±o ·18 +0·16 00 '16 

42 Mound I67 20 00 ·18 0·16 +0·09 00·27 

43 Holtzhausen 217 22 57·05 () ·18 +0·31 57 ·36 

44 Hartl in 253 12 55 '20 0·13 +0·06 55·26 

45 Bording 3ll 39 54 ·04 0 ·16 -0·61 53·43 

Probable error of a single observation of a direction (D. and R.) = ± 0 11 ·97. 

H<l/l=l1<1use11, Fayette County, Illinois. August 6 to August 21, 1883. 30-centimetre theodolite, No. 
135. Telescope above ground 23·32 metres. G. A. Fairfield and F. \V. Perkins, observers. 

0 I/ II ,, 
" 

47 Hartlin 0 00 00'(11) ±0'14 +0·05 00·05 

48 Sturgess 51 54 13·23 0'20 +0·09 13 ·32 

49 Mound 103 36 04·93 0 ·17 -0'!6 04·77 

50 Lucas 172 53 41 '45 0 ·16 +0·34 41 79 
51 Denver 2!0 56 39·07 0 ·16 -0·33 38 '74 

Probable error of a single observation of a direction (D. and R.) = ± 111 ·or. 
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(b) .1.bstmct cf resulting horizontal diredio11s at each station ji·om local a11d jiw11 figure 
adjustments, I880-8I'-82-83-Continued. 

!Jfozmd, Effingham County, Illinois. June 27 to July 30, r883. 30-centimetre theodolite, No. 135· 
Telescope above ground 24·84 metres. G. A. Fairfield and F. \V. Perkins, observers. 

Resulting direc- Approxi- Corrections Final 
from base-net seconds in Objects obsen·ed. tions from station mate prob- and figure triangula-adjustment. l!ble error. adjustment. tion. · 

0 /I II ,, /I 

54 Holtzhausen 0 00 00'00 ±0'10 -0·24 59 76 

5S Hartliu 31 44 04·62 0 ·16 +0·37 04·99 

s6 Sturgess 78 IS 13 ·84 0 ·17 -0·25 13·s9 

s2 Island Creek 277 13 07·08 o ·rs -0·04 07·04 

S3 Lucas 309 09 08 ·76 0'2I ,-o ·17 oS·93 
Probable error of a single observation of a direction (D. and R.) = ± 111·07. 

Lucas, Effingham County, Illinois. August 26 to September 3, 1883. JO-centimetre theodolite, No. 
13S· Telescope above ground 23 ·32 metres. G. A. Fairfield and F. W. Perkins, observers. 

0 ,, II II ,, 
S7 Holtzhausen 0 00 oo·oo ±O'I4 -0·16 s9·84 

sS Mound S9 SI 33·87 0 ·18 +0·10 33·97 

59 Island Creek 148 oS OJ '22 0'20 +o·s2 01 ·74 

60 Newton 217 04 41 '30 o 'IS . -0 '70 40·6o 

61 Den\•er 257 34 15 'IS o·q +0·25 IS ·40 
Probable error of a single observation of a direction (D. and R.) = ±011·¢. 

Island Creek, Jasper County, Illinois. September 9 to September 2s, 1883. 30-centimetre theodolite, 
No. 135· Telescope above ground 24 ·34 metres. G. A. Fairfield and F. Vv. Perkins, observers. 

0 II II ll II 

63 Newton 0 00 oo ·oo ±0'09 -0·36 S9'64 

64 Denver 20 39 49 ·53 0 ·20 +0·25 497S· 

6s Lucas .6r 23 49·69 0 'IS +c..·13 49·82 

66 Mound I2I II 2l'OI 0·18 -0·16 21 ·ss 

62 Hunt City 315 08 57 ·40 0 ·16 +o·q 57'S4 
Probable error of a single observation of a direction (D. and R.) = ± 011 ·99. 

Newto11; Jasper County, Illinois. October 3 to October r6, r883 .. 30-centimetre theodolite, No. 135. 
'J'.elescope above ground, 12·6s metres. G. A. Fairfield, observer. 

Resulting direc- Approxi- Correetions )~~~~c~~~~; Final 
Objects obsen•ed. tions from station mate prob- from ~ase- uet and seconds in 

adjustment. able error. net adiust- figure ad- triangula-
tlleut. justwent. ti on. 

0 II II I/ II II 

Denver 0 00 00 '()() ±O'IO -0·13 59 ·s7 

70 Lucas 79 44 13 'OI 0·26 -0·07 .12·94 

71 Island Creek 129 23 45·69 0·18 -0·69 45·00 

Hunt City 205 20 35·47 0·18 +0·46 35·93 
Claremont 307 38 00·83 0·15 . -0·32 00·51 

Mean o·oo 

Probable error of a single observation of a· direction (D. and R.) = ± 111 ·00. 
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(b) Abstract c?f rcsulti11g horizontal dirtclions at c'acit slaiion jimn local andfrom.jigun' 
adjustm~1lls. ISSo-SI-82-83-Continued. 

De11Z•er, Richland County, Illinois. November, 1879. 35-centimetre theodolite, Troughton and Simms, 
No. 3. R. S. \Voodward, observer, United States Lake Survey. November r2 to December 2, r883. 
30-centimetre theodolite, No. 135. Telescope above ground in 1879 and 1883, 23 ·16 metres. G. A. 
Fairfield, observer. 

Corrections Corrections Final Resulting di rec- Approxi- front basea from base- seconds in Objects observed. tions front station mate prob- net and net adjust- triangula-adjustmeut. able error. figure ad-ntent. justment. tiou. 

0 II /I II II II 

Newfon 0 00 00'00 ±0·09 +070 00 70 
Onion Hill 19 57 r6 ·27 +0·09 16°36 
Buffalo Mound 29 o6 4r ·03 -0·16 40·87 
Olney West Base 30 07 07·33 -0·19 07·q 
Claremont So 43 13 ']I o·rs -0·44 13 ·27 
Park~rsburg 129 ·20 . 12 ·r6 

67 Holtzhausen 26o 42 ':!.]"II 0·18 +0·03 27·q 

68 Lucas 300 l,~ 46·6r 0 ·18 +0·94 47·55 
69 I Island Creek 330 03 35·36 0·16 -0·24 35 ·12 

Mean 0'00 

Probable error of a single observation of a direction (D. and R.) = ± 1"·01 in 1883. 

Hunt <-ll_v, Jasper County,Illinois. October, 1879. 35-ce11timetre theodolite, 1'roughton and Simms, 
No. 3. R. S. \Voodward, observer, United States Lake Survey. September 5 to September 71 rSS4. 
30-centimetre theodolite, No. 107. Telescope above ground in 1879 and 1,884 23·32 metres. 
G. A. Fairfield, observer. 

0 II /I II II 

Belle Air 0 00 00'00 ±0'16 

Honey Creek 74 41 37 '75 0·20 

Oblong 75 44 47 ·03 +o·r2 

Claremont 13r 01 27·19 0·27 -0·07 

Buffalo Mound 145 05 08·91 -0·12 

Newton 173 22 02 ·19 o ·r9 +0·07 

72 Island Creek 232 34 09·67 0·23 +o·8o 

1 Casey 3r3 18 25 ·33 

Mean o·oo 

Probable error of a single observation of a direction (D. and R.) = ± 11/·25 in 1884. 

(c) Figure adjustment. 

Obso<•atio11 eq11atio11s. 
No. 

I O= ..!- I"I4+ (1)·- (3) - (6) + (7) 

2 o=-r·22+ (2)- (5)-(r2)+(r3) 

3 o=+c·S4- .(2)+ (3)- (7)+ (9)-(ll)-\-(i2) 

4 o=+r.i9- (4)+ (5)-(13)+(14)-(19)+(21) 

s 0=+1·72- (9)+(1o)+(u)-i15)-(22)-t-(23) 

6 O= -r-57- (q) + (r5)-(I8) + (19) - (2,~) -t- (24) 

7, O= + 1·54- (S) +(lo)- (18) + (20)- (22) + i24) 

II 

47·15 
27·r2 

o8 ·79 
02·26 

10·47 
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(c) Figure ac(justmmt-Continued. 

No.

1 

Obse1<•atio11 eq11atio11s-Completed. 

8 o=-0·10--' (r7) + (r8) - (24) + (26) -· (27) + (28) 

9 0=-0·85- (r6) + (_rS) - (24) + (2s) - (3S) + (36) 

10 O= + 0"2S- (16) + (_I7) - (28) + (29) - (34) + (36) 

II o= - r23- (29_) + (30) - (32) + (34) ~ (4Sl + (46) 

I:? 0=+0·21- (29) + (31)- (33) + (34) -(37) + (38) 

13 o= + rsS- (30) + (31) - (37) + (39) - (44) + (4S) 

I4 o= +0·41 - (39) + (41) - (43) + (44) - (47) + (48) 

IS" O= +0·49- (39) + (40) - (42) + (44) ·-(SS)+ (56) 

16 0=+0·04- (42) + (43) - (48) + (49)- (s4) + (s6) 

17 o=-0·,~5 ·_ (49) + (50) - (53) + (54) - (57) + (58) 

1$ 0= -0·34- (S2) + (S3) - (S8) + (S9) - (6S) + (66) 

r9 o= +0·17-- (so)+ (sr) + (s7) - (61) - (67) + (68) 

20 0= + 1"34- (S9) + (6o) - (63) + (6S) - (70) + (71) 

21 o= + o·o6- (60) + (61) - (68) + (70) 

22 o= -0·16- (63) + (64) - (69) + (71) 

23 0=-0·99- (62) + (63)-(71) + (72) 

24 o= + 2·3 + 2·18 (1) + 0·10 (s) + 3"36 (6) - no (7) - o·o6 (9) + 2·30 (n) - s·G.i (12) 

+3"34 (13) 

2s o= -6·r + 3·22 (2) - 2·03 (3) - 3·s8 (4) + 3·68 (S) + o·o6 (7) + 2·64 (9) - 2 70 (IO) -0·87 (18) 

+ q8 (19) -0·91 (21) - 4·36 (22) + S·69 (23) - 4·33 (24) 

26 o= - 8·8- l3·2s (8) + lS"9S (9) - 2·70 (ro) -o·S7 ( 18) + 9·s9 (19) - S·72 (20) - 4·36 (22) 

+ 8·69 (23) - 4"33 (24) 

27 o=-o·6- q8(r6) + 7"41 (r7)-6·03 (18) +0·49(24)+1·87 (2s) -2·36(26) -6·39(34) 

+ 7·36 (3S) -0·97 (36) 

:?8 o = -o·r - :?"SI (29) + 4·66 (30) - 2·15 (31) - ',r67 (32) + 2·61 (33) + 0·06 (34) -0·48 (37) 

+3·09(38)-2·61 (39) 

29 O= -4·0+0·08 (39) + 2·13 (40) - 2"21 (41) -1"76 (42) + 4·68 (43) - 2·92 (44) - 2·97 (S4) 

+ 3·41 (SS) -0·44 (S6) 

30 o= - 10"3 - o·So (49) + 3·49 (so) - 2·69 (SI) - 3·38 (S2) + s·o9 (s3) - 1"71 (S4) - 2·4s (64) 

-t- 3 ·67 (6S) - n2 (66) - 2·ss (67) + 6·22 (6S) - 3 ·67 (69) 

31 o=+ 2·5 -o·Sr (S9) + 3·2S (6o) - 2·47 (61) - 4"43 (63) + 5"58 (64) - n5 ( 6s) - r22 (68) 

+3·66 (69) 

32 o= + 4·6-2·12 (62) + 7"70 (63) -5·58 (64) -3·66 (69) - 1"~5 (72) 

33 o= -0·3 + n9 (2) -3·s8 (4) + 3·s8 (s) + 3·34 ( 12) -3·34 (13) - 0·13 ( I4l +0·13 (1s) 

- 1·38 ( 16) + l ·38 ( 17) + 0·91 (19) - 0"91 (21) + 4·33 (23) - 3"·84 ( 24 )·- 0·49 (26) + !"33 (27) 

- r·33 ( 28) - ns (30) + 2•1s (31) -t o·o6 (32) + 0·91 (34) - 0·97 (36) + 0·48 (37) - 0·40 (39) 

-0·08 (4!) ....:._ q6 (42) + q6 (43) + r87 (4s) - r87 (46) + 1·6s (47) - r·6s (48) - 0·80 (49) 

+ o·So (so) -3·38 (52) + 3·38 (S3) + 0·44 (54) - 0·44 (s6) + n2 (Sil -- n2 (s8) -0·81 (S9) 
+ 0·81 (6o) -2·12 (6.2) +(2·12 (6:;) + !"22 (6S) - r ·22 (66) + 1"79 (70) - q9 (71) - I"2S (72) 



442 UNITED STATES COAST AND GEODETIC SURVEY. 

(c) Figure acijuslment-Continued • . 

(r) =+c,+2·1SC:::.i 

(2) =+ c.- C3 + 3·22c.;;+ n:,C3; 
(3) =-C, +C3 -2·03C,5 

(4) = - c.-;r58C"5 - 3·5SC;3 

Correlate equations. 

(5) = -c.+C4 +o·roc"" +3·6SC-s + 3·5SC33 

( 6 l -c, + n6c ... 
(7) +c, -C:i-3·3oC:::.i +o·o6C.5 

(S> = -c1 -r3·2sc:i1; 

l 9) = + C3 - C5 - o·o6C24 + 2·64C25 +IS "95C.6 
(ro)=+C5 +C1 -2·70C25 2·70Co6 
( 11) -c,+ C5 + 2·30C,4 

( ra) c. + C; - 5·64C,, + 3 ·34C33 

( 13) + C. -C4 + 3 ·34C., ·- 3 ·34C33 
(14) = + C, - C6- o·r3Cn 

( 15) = C5 f C6 +0·13Cn 
(16)=-C~ C,,,-r38C27 r·:;SC13 

(17) =-Cs+ C,.+ 7"•PCo7 

( 18) =-Cs~ C7 +Cs+ C9 -o·S7C.5 -o·S7Coo-6·03~ 
( r9l C4 +C6+1·78C-s +9"59Co6 + 0·91C:i3 

(20) = + C7-8·72C2'! 
(21) =+C,-0·91C.5 -0·9rC33 

(:i:!) =- C7 -4·36C.5 -4·36Co6 

(23) =+Cs c6+s·69C.s+S·59c..;+4·33~ 

(24) =+c6+c7 Cs-C9-4·33C.5-4·33C.0+0·49C.7-3·84C33 
(25) = + C9+ r·S7C,7 

(26) =+Cs-2·36C.7 0·49C:i; 

( 27) =-Cs+ 1·33C33 

( 28) =+Cs Cw- r33C3; 
(29) = + C,., Cn -C .. -2·5rC.s 

(30) +c,, -C,, + 4·66C"'3--' :n5C33 

(31) +c,.+c,3 2·15~"3+:n5C33 
( 32) = C,. - 2·67C.s + o·o6C33 

(33) =-C,.+2·6rC.s 

(34) =-Cw+ Cn + C,.-6·39C.1 +o·o6C.a+o·9rC33 

. (35) = -C9+7"36C,, 

(36) =+C9+C,.-0·97Coi-0·97C33 

(37). -C12-Cxi 0·4SC23+0·4SC33 

(38)_ =+c .. +3·09C"3 
(39) =+C,3 --C,4 -C,5 -2·6rC.a+o·oSC09 -o·~ 
(40) ·= + Cxs-f-2·r3C29 

( 4~) = + C,4 - 2·21C09 -o'o8C:i; 

( 42) = - C,5 - CI6 -r76C29 r76C33 

(43) =-C,4 + C,6+ 4·6SC09 t 1·76C:i.1 
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( c) Fig11n:· adjustmeut-Coatfoued. 

(44} =-C,1 +C,4 +C,5 -2'92C29 

( 45) - C,, + C,3 + r87C33 

( 46) + Cn - r87C:33 

(47) =-C,rf-r65C:33 
(48) =+C,4 -C,6-1·6sCai 

Corrdate. eq1'atio11s-Completed. 

(49) =+C.6-C,1 -o·Soesn-o·So~ 
(so)= +c,,-Cw+ 3·49C30+0·8oC33 

(SI) =+Ct9-2"69C:30 

(52) -C,s-3·3SC:30 -y3SC33 

(53) = -C,7+C,s+ 5·09c,.,+3·3SC" 
( 54) = C,6 + C,7 - 2·97Cgg -- I ·71C,., + 0·44C33 

(.~s) =-c,,+:n1cll9 
(56) =+C,s +c,6-0·44C0'}-0·44C33 

{57) = -C,1+c,2+ r22<;3 

. (SS) =+C17 -C,s- r·22C33 

(59) =+ C,s-C..,-o·s1c;,-0·81C33 

( 6o) = + C.., - C., + 3 ·28C3, + o·SrC33 

(6r) = -c,,+ c .. -2·47c,, 
(62) = -C::J-2·12C:3, - 2·12y3 
(63) = -c,.,-c .. +e:.,-4·43~.+r1r;f::.1.+2·1~ 
(64) +c .. -2·45c .. +s·58C31-:S'SS~ 
(65) = -C,s+ C..,+ 3·67C:;o-1·15C~, + r22C33 

(66) = +C,s-1·22C30 -1·22C33 

(67) =-C19 -2·55C30 

( 68) = + C,g - c.. + 6·22C.30 - I ·22C,,, 

( 69) = - C:,,.-..., 3 '67C."' + 3 '66C31 - 3 ·66C311 

(70) =-c..,+cox+179C33 
(71) +c .. +c .. -c.3-1·7<)C33 

( 72) = + C., - n5C30 - nsCi1 
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(c) Figun· adjust111e11t-Continued. 

Normal eq11atio11s. 

C, c. C3 C4 Cs C.; C1 Ca C9 C,o c .. C,. C,3 c,, 

O=+I ·q +4 -2 
-1 ·22 +4 -2 -2 

+0·84 +6 -2 

+1 ·49 +6 -2 

+x ·72 +6 -2 +2 
-I ·57 +6 +2 -2 -2 

+x ·54 +6 -2 -2 

-o·xo +6 +2 -2 

-0·85 +6 +2 
+0·25 +6 -2 -2 "··· 
-I '23 +6 +2 --2 

+0·21 +6 +2 
+r ·58 +6 -2 

+0·41 +6 

Normal eq11atio11s-Continued. 

C,s C,6 C,1 C,s C,9 c.o C., c .. C.3 c., C,5 c., 

+1 ·14 -4·48 + 2·09 
-1 "22 +s·S8 - 0·46 
+0·84 -4·70 - 2 ·67 +15 ·95 
+1 '49 -3·24 + 4·57 - 9·59 
+1 ·72 +2·36 + 7 ·71 - 5·6o 
-I "57 -10·37 - 2·56 

+1 ·54 - 1 ·So + 2 ·73 
-0·10· + 3·46 + 3·46 
-0·85 + 3·46 + 3·46 

+1 ·58 -2 

+0·41 +2 -2 

0=+0·49 +6 +2 
-i-o ·04 +6 -2 

-0·35 +6 -2 -2 

-0·34 +6 -2 

+0·17 +6 -2 

+1·34 +6 -2 +2 -2 

+o·o6 +4 
-0·16 +4 -2 

-0·99 +4 
+2"3 +75 ·20 + 0·01 - 0·96 
-6·r +173 ·r4 +1So·50 
-S·S +119 ·29 
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(c) Figure adjustment-Continued. 

Non11<1l eq11atio11s-Completed. 

c.1 C.s c.9 C30 C3, Ci• Cn 

+ I "J4 

- I . .., . ., 9·07 

+ 0·84 + :? ·15 

+ I ·49 + S·55 

+ I "]2 + 4 ·20 

- I ·57 + 6"5:? 7·00 

+ I ·54 + 6·52 3·S4 
- 0 "IO --I6 ·29 0·69 

- 0·85 -II ·60 + 4·25 
;+- 0 ·25 +14 ":?I -2 ·57 + 2 ".'.?I 

- I "23 - 6·39 +9"90 5·04 
+ 0·21 - 6·39 +1 ·3S + 2·58 

+ 1·5S -8·94 +J'OO ..J_ 5·29 I 

+ 0·4r +2 ·61 -9·89 4 74 
+ 0·49 +2 ·6r -2·96 + l ·72 

+ 0·04 +s·97 +0·91 + 3·49 

- 0·35 -:?"97 -2·51 3 78 
- 0·34 +3·5s +0·34 + 4 "73 

+ OT] +i·59 +r ·25 + 0·42 

+ I ·34 -t-3·67 +7"37 -7 "70 2·86 

+ 0·06 -6°2:? -4 ·53 + 0·9S 
- 0·16 +1 ·22 +6·35 -9·62 3·91 

- 0·99 -4·43 +s ·57 + 4 78 

+ 2·3 - :?9·64 

- 6·1 + 3 ·r2 + 86·53 

- 8·s + 3 ·12 + 62 ·9S 

o=- o·6 +198 ·42 - o·.;S + 6·53 
- o·r +63·17 ...,. o ·2I - 13·93 

- 4·0 +63 •6o + 5·08 + 10·37 

-ro·3 +139 ·93 -38·9I + 27 'IO + 37 ":!i 

+ 2 ·5 +s4 ·48 - 78 ·64 - 7·48 

+ 4·6 +109·88 + 2.? ·3S 

- 0·3 +170 ·92 



UNITED STATES COAST AND GEODETIC SURVEY. 

,, 
( 1)=-0·99r 

(2)=+0 ·953 

(3)=+0 ·us 
(4)=-0·079 

(5)=-0 ·239 

(6)=+0·229 

(7)=-f-O '196 

(S)=+o·209 

(9l=+o ·054 
( 10)=-0 ·689 

(II )=-0 ·142 

(12)=-o ·005 

(13)=+0 ·022 

(14)=-0·493 

(r5)=+0 ·618 

(16)=-0·122 

(r7)=+0·076 

(18)=.....'.o ·146 

No. Stations. 

( Tuck•y mu 
I Drever 

Clarks Mound 

J Berger 
2 Turkey Hill 

l Clarks Mound 

Resultillg r.1,1111,·s of ,·orrdates. 

C, =-o·6go 6 

c. =+0·310 s 
C3 =-0·429 2 

c. =-0·130 3 

C5 =-0·255 4 

c6 =+0·364 s 
C7 =-o ·236 7 

Cs =-O'OjO 6 

C9 =+0·304 8 
C,o=-o ·209 4 

C,.=+0·134 7 

C,.=+o ·o6o 7 

C.3= -o . 453 5 

c,.=-o ·010 4 

C,5= -o ·077 2 

C,6=-o ·142 o 

Cr7=-o ·023 2 

c •• =-o ·ro5 7 

C,9=-o ·172 7 

c.o=-o ·429 2 

c.,=-o ·479 9 

c .. =+0·17r r 

C.3=+o ·452 i 

C24=-o ·137 6 

C,s=+o 'OjO 7 

Co6= +o ·002 r 

c.1=+0 ·03r 2 

c.s=-o ·oS9 7 

c.9=+o ·oS5 9 
C3o=+o ·057 2 
C3,=-o ·226 o 

c,.=-o ·265 6 

c,~=-o ·012 34 

Corrections to a11gu.lar diredhms. 
II ,, 

(19)=-t-o ·630 (37l=+o ·430 
(20)=-o ·253 (3S l=-o ·2r6 

(2r)=-0·1S3 (39)=-o ·o6r 

(22)=+0 ·175 (40)=+0 'I06 

(23)=-0·041 (41)=-o ·259 

l24l=-o ·359 (42)=+0 ·090 

(25)=+0 ·363 (43)=+0 ·308 

(26)=-o ·139 (44)=+0 ·055 

(27)=+0 ·055 (45)=-o ·6rr 

(28)=+0 ·154 (46J=+o ·158 

(29)=-o ·rso (47l=+o ·050 

(30)=+0 ·r96 (48)=+0 ·092 

(31 )=-o ·225 (49)=-Q ·155 

(32)=+0·103 (50)=+0 ·340 

(33)=-0·295 (51 )=-o ·327 

(34)=+0 ·r90 (52)=-o ·045 

(35)=-o ·075 (53)=+0 ·166 

(36)=+0 '078 ( 54 )=-0 ·239 

(d) Adjusted triangles, Illinois. 

C Spher- Spher-
Observed angles. 0.rrec- 1cal ical Logs. 

tion. angles. excess. 
0 II " 

,, 
" 

32 03 18'04 -0·03 18'01 0'2[ 4 ·149 726 7 

43 57 54·40 -0·99 53·41 0·2r 4·266 345 9 

103 58 49·34 -0·12 49·22 0'22 4 ·4n 792 5 

01 ·78 0·64 

42 21 47 ·.;z +0·14 47·46 0·31 4 ·266 345 9 

91 41 37 ·61 -o·q 37 ·47 0·30 4·437 6oS l 

II 

(55)=+0 ·370 

(56)=-0 ·252 

(57)=-0 ·165 

(58)=+0 ·098 

(59)=+0·516 

(6o)=-O °j'~O 

(61)=+0 ·251 

(62)=+0 ·137 

(63)=-o ·36o 

(64)=-j-O '252 

(65)=+0 ·13:? 
(66)=--0 ·161 

(6il=+o ·026 

(6S)=+o ·939 
{69)=-0·236 

(70)=-0·073 

(71)=-0·6SS 

(72)=-t-0799 

Distances 
in metres. 

I4 116 '49 

IS 464·86 

25 810 ·27 

IS 464'86 

27 391 ·or 

45 56 36 ·83 -o·S4 35·99 0 ·31 4 ·294 316 0 19 693 ·19 

01 76 0·92 
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(d) . -lc(juslcd !riangks, Illinois-Continued . 

Stations. . Observed angles. Correc- SJ?her- Spher- Distances No. 
tio11. u:al ical Logs. 

inm~tres. angles. excess. 

0 II ,, ,, ,, l _., 32 IO 5;i ·31 

·1 
+0·03 52 ·34 0·30 4 ·164 534 3 q 6o6·10 

; Clarks Mound 6o 38 27 ·s:i +0·95 28·77 0·30 4·37S 436 o 23 902 "lU 
Sugar Loaf Mound 87 JO 39·54 +0·24 39·78 0":?9 4 ·437 6o8 o. 27 391 ·01 

59·67 0·89 . J Parkinson 13 ,W 53·38 -0·88 52 ·50 0·09 4·294 316 0 19 693 ·19 
4 Berger 157 2· oS·S5 -0·35 08·50 o·os 4·508 500 2 32 247·81 l Turkey Hill 

·' 
9 01 59·4r -0·16 59 ·:is o·oS 4 °II9 488 0 13 167·04 

OJ 0 64 0·25 

( P0<ki"oo" 66 45 06·36 -o·Sr os ·ss 0°26 4·378 436 0 2J 962 "IO 

5 Berger 82 50 29·22 -0·52 28 70 0"26 4 "4Il 815 7 25 Sn ·64 
Sugar I~oaf :Mound 30 24 26 ·70 -O"J6 26 ·54 0·27 -I 4 "li9 488 I 13 167·04 

02·28 0·79 

( Gwff«y 25 48 20·26 -0·2~ 20·04 0 ·.p 4·294 316 0 19 693 ·19 
6 Turkey Hill 37. 59 37 77 I -074 37 ·03 0·42 4·444 7S9 5 27 847 71 

Berger 116 12 04·94 -0·76 04 ·18 0·4~ 4·6o8 424 2 40 590·48 

02·97 ] . ,_ 
•;) 

( G<off'"' 51. 44 18·93 -0·53 18·40 o·8J 4·50S 500 2 32 247·81 
7 ·rurkey Hill 47 01 37 ·18 -o·go 36 ·2S o ·Sr 4"4i7 840 4 30 04972 

Parkinson 81 I4 07·86 -O"JI 07 "75 0·81 4·6o8 424 2 40 590·48 
--
03·97 2·43 

( '°"'""' 25 55 58·67 -0·32 58·35 0·3r 4 ·n9 488 o 13 167 ·04 
8 Berger 86 24 46·2r +1·11 47 ·32 o ·31 4 ·477 840 5 30 049 72 

Parkinson 67 .39 14·48 +0·78 15 ·26 0·31 4·444 789 6 27 847·72 

59·36 o ·9.-; 

r Hoile 49 13 19 ·::is +0-15 19"40 0·80 4·477 840 4 30 049·72 
9. Geoffrey 54 38 13 "75 +0·72 I4 ·47 o·So 4 ·510 o,;o r .32 361 ·61 l Parkinson 76 08 28·55 -0·02 28 ".53 o·So 4 ·585 773 7 38 527·75 

01 ·55 2·40 

'" l Rording 57 38 o9·6z +0·10 09 "77 0 ·29 4·477 840 4 30 049·72 
Geoffrey ro3. o5 33·61 +0·22 33 ·83 0·29 4 ·539 7J7 6 34 651 ·14 
Parkinson J9 16 J7 ·49 -0·22 J7 ·27 o·::i9 4·0~9 726 9 II 741 ·59 

--
0077 0·87 

J Bording ll5 35 ::!S ·24 -o ·24 2S ·oo 0·29 4 ·585 773 7 38 527•75 
II l Geoffrey 48 27 19·86 -() ·50 19 ·36 0·29 4·504 77J 4 3J 972·12 

Haile 15 57 1.3 ·76 -0·26 13·50 0·28 4·o69 726 8 II 741 "59 

01 °86 o·S6 
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(d) . .J.djusttd triangles, Illinois-Continued. 

Stations. Obseryed angles. 
Correc- SJ:lher- SJ?her-

Logs. Distances No. tion. 1cal 1cal in metres. angles. excess. 

0 ,, ,, II II 

r Bording 57 57 r8 ·57 -0·34 r8 ·23 o·So 4·510 030 I 32 361 ·61 

1 2 - Parkinson 56 52 II "00 +0·20 II "26 o·So 4 ·504 771 4 31 972·12 

\ Hoile • 65 IO ._,3 "QI -O"Il 32·90 0 "79 4·539 717 5 34 651 ·q 

02·64 2 ·39 

1· I 
Hartl in 42 51 36·65 -0·65 36 ·oo I "OCJ 4 ·504 771 4 31 972 "l:! 

Bording 84 26 18 ·14 -0·05 18·09 1 ·or 4·670 081 6 46 782 ·30 _, l 
Hoile 52 42 08·44 +0·49 oS·93 I 'Ol 4·572 769 5 37 391 '21 

03·23 3·02 

f Sturgess 58 26 58·84 -0·67 58 ·17 0·95 4·572 769 5 37 39r ·2r 

q l Hartlin 77 09 61 ·09 -0·49 6o•6o 0·94 4·631 253 3 42 781 ·24 

Bording 44 23 04·49 --0·42 04·07 0·95 4·487 oo6 6 30 6go•6g 

04·42 2·S4 

f Sturgess ro6 47 04 ·So +0·10 04·90 co·6S 4·670 081 6 46 7S2·30 

I 5 l Hartlin 34 18 24·44 +0·16 24·6o o·6g 4"439 977 I 27 54o·S4 

Haile 38 54 32·96 -0·40 32·56 0·69 4·487 006 6 30 690·69 

02·20 2·o6 l St-~ 48 20 05·96 +077 o6'73 CJ ·75 4 ·504 771 4 31 972·12 

16 Barding 40 03 13·65 +0·37 14·02 0 75 4 ·439 977 0 27 540·83 

Hoile 91 36 41 ·40 +0·09 41 ·49 0·74 4 ·631 253 3 42 781 ·24 

or ·or 2 ·24 

r Holtzhauseu 51 54 13 ·23 +0·04 13 ·27 0·59 4·487 oo6 6 30 690·69 

r 7 l ~artlin 92 15 50·81 -0·20 50·61 o·6o 4·590 707 7 38 967·96 

5S ·rs I 
4·358 513 5 22 S30·40 :Sturgess 35 49 -0·25 57·90 0·59 

02 ·19 1·78 

( Moond 31 44 04 ·62 +0·61 05·23 0·57 4·358 513 5 22 830·40 
IS Holtzhausen ro3 36 04 ·93 -0·21 04·72 0·57 4·625 186 2 42 r87 "74 

Hartlin 44 39 52 ·r3 -0·36 51 ·77 0·58 4·484 464 3 30 511 ·55 

or ·68 l ·72 

{Mound 78 15 r3 ·s4 --0·01 13 ·S3 0 "79 4·590 707 7 38 967·96 
19 Holtzhausen 51 41 51 "]O -0·25 51 ·45 079 4·494 629 6 3r 2,;4 ·14 

Sturgess 50 02 56·~7 +0·22 57 ·og 0 "79 4·484 464 4 30 5rr ·56 

02·41 2·37 

( Mo~d 46 31 09·22 -0·62 oS "6o 0·81 4·487 006..; 30 690·69 
20 Hartlin 47 35 58·68 +0·17 58·85 o·Sr 4·494 629 4 3r 234 ·13 

Sturgess 85 52 55·02 -0·04 54·98 .0·$1 4 ·625 186 I 42 rS7 73 

02 ·92 2·43 
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(d) . ..Jdjusted triimgles, lllint>is-Continued. 

Spher- Spher-
Distances No. Stations. Observed angles. C<?rrec- ical 1cal Logs. 

bon. angles: excess. in metres. 

0 II II ti " l Lucas 40 29 33·S5 +0·95 34·So 0·34 4:242 702 7 17 486·49 
21 Newton 79 44 J3 ·14 -0·07 13 ·07 0·34 ·f'.123 :?I6.3 :26 498·20 

. Denver 59 46. q·09 -0·94 13 ·15 0·34 4 ·,;66 74I 7 23 267 ·07 

ox ·os I ~02 

r·= I02 25 44·85 -0·41 44 ·44 o·6o 4·623 roo 2 41 985 ·58 
22 Denver 39 3I 19·50 +0·91 20·4r 0·60 4 '437 II3 8 27 359·86 

Holtzhauseu 38 02 57 -62 -0·67 56•95 o·6o 4 ·423 21.6 3 26 498·20 

01 '97 I ·So ! Lu~• 59 51 33·87 +0·:26 34 ·13 0·66 4·484 464 4 30 5II ·56 
23 Holtzhausen 69 17 36·52. +0·50 37 '02 0·66 4·518 550 3 33 002 ·76 

Mound 50 50 51 ·24 -0·41 50•83 0·66 4 ·437 lJ3 9 27 359•86 

OI ·63 I •98 

( TulandC~k 44 SI 02·6o -0·50 02 ·10 0·41 4·307 622 I 20 305 '89 
24 Hunt City 59 12 07·41 +o·So o8 'll 0·4r 4'393 256 I 24 73r ·s2 

Newtot~ 75 56 50·24 +0·69 50·93 0·42 4 ·446 078 0 27 930·46 

00·25 I '24 

[ bland """" 
20 39 49·53 +0·61 So ·q. 0·28 4·242 702·7 17 .J..%•49 

25 Newton 129 23 45·82 -0·69 45 ·13 0·28 4 ·583 !26 l .~8 293 ·59 
Denver 29 56 25 ·34 +0·24 25 ·58 0·29 4 ·393 256 2 24 731 ·s3 

00·69 0·85 

( hl•nd Cre•k 6r 23 49·69 +0·49 50·1s 0·37 4·366 74t 7 23 267 ·07 
26 N~wto11 49 39 32·68 -0·61 32 ·07 0·37 4·305 338 0 ' 20 199·3$ 

Lucas 68 56 4o·oS -I "22 38 •86 0·37 4·393 256 0 24 731 ·s2 

02·45 I 'I I 

( 1'l•ndC~k 40 43 6o·16 -o·r::i 6o·04 0·43 4 ·423 ::i16 3 26 498·20 
27 Denver 29 49 48·75 -I '18 47 ·57 0·42 4·305 337 9 20 199·37 

Lucas 109 26 IJ '93 -0·26 13 ·67 0·43 4 ·583 !25 9 38 293 ·5S 

02·84 I'.;?$ 

f Island Creek. 5, 47 32 ·32 -0·29 32 'OJ 0·56 4·518 550 3 33 002 ·76 
28 Lucas 88 16 27·35 +0·42 27 '.77 0·57 4 ·5~.h 736 3 .~s 17r ·25 

. Mound~ JI 56 0[ '68 +0·:11 OI 'S<j 0·56 4·305 337 9 :lO 199 '37 

or ·35 I ·69 
18732-No. 4--29 
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( t") The precision •?f !ht~ llli11ois St'ric·s. 

A proper measure of the precision of this triangttlation may be had by considering 
it in three parts with dividing lines Mound to Holtzhausen and Parkinsmi to Geoffrey, 
and computing the probable error of these sides. To do this, ~e start from the side of 
the base net Hunt City to Newton and, following the triangles (as already used in the 
establishment of the length equation between the base nets), compute the probable error 
of the two sides. Next we repeat the same, starting from the opposite. base net, and add 
for each line its respective weights to obtain its resulting probable error. 

In the first place, we have for the mean error of an observed angle from [vi']= s·ss 
(as found from the 7"2 values of z•"l and from the 33 conditions-

1u = / 2 >< s·ss = ± 0"·734 

' 

11 

.:>.:> 

and we have given from the adjustments of the base nets: 

/}/. /}/. 

Hunt City to Newton = 20 305 ·Sc)± o ·07 I Probable error= :r;;i;-1-;:r;:nr part. 

Sugar Loaf Mound to Clarks Mound= I4 606 ·ro ± o ·19 Probable error= 't"r\'ll"ll" part. 

\Ve also have for-

iVIound to Holtzhausen logs= 4·484 46 and 
Parkinson to Geoffrey logs=-f".1-77 84 

o., = 14·2 (units of sixth place of logs.). 
o"= 14·5 

Then for the prol?able error of the division line Mound to Holtzhausen: 
Proceeding wcstzmrd with/ (A, B)* = 33·6, the probable error-

1 0 "I" ±0·165 and~ X 0·07 = ±o·.105 
20 306 

hence probable error±o"196 metre and p = 26·0. Similarly proceeding eastward with 
f ( . ..J, B) = 76·5, the probable error-

10 51" . 
±o·:q.9 and-"--- >< 0·19 = ± 0·40 

I.:j. 606 

hence probableerror±o"4"/ 1 metre and p = 4 ·5 and after addition of the weights the prob

able error of the side becomes± o· rS r metre and~= 1~111000 part. Likewise we have for 
c 

the probable error of the other division line Parkinson to Geoffrey: 
Proceeding <i•cstzmrd with f (A, B.J = 57"1, the probable error-

1 0 050 ± 0·2r1 and ~-'-- X 0·07 = ± 0·104 
::?O 306 



TRANSCONTINENTAL TRIANGULATION-PART III-TRIANGULATION. 451 

hence probable error± 0·235 and P.= 18'.I. Similarly proceeding eastzoard with 
f (A, B) = 53·0, the probable error- · 

•o o·~o 
±0·203 and ~6 ~< 0·19:;::: ±0·391 

14 60 

hence probable error± o· 441 and p = 5 · 1, and after adding the weights the probable error 

of the side becomes± 0·208 and ~ = n"It"l.i"o"l.i" part. 
t' 

The effect on the triangulation when projected on the thirty-ninth parallel becomes-

Terminal lines. Distance. Probable errors. Average. Effect 011 

parts. 

k111. Ill. 

Hunt City to Newton, and Mound to Holtz- 56 ;:;1u-1000 
1 .Toilooo 1 

~rI-i'.i"iTCf ±0"26 

hausen 

Mouml to Holtzhausen and Parkinson to 73 TiHi1c:tou n.-1000 T";;"iJ'l.iJiHi ±0·47 

Geoffrey 

l'arkinson to Geoffrey, and Sugar Loaf 43 n:r-1000 ""J""" li'fo1if0i'f ±0·43 
Mound to Clark's Mound 

Sum 17:? Total ±l'I6 

6. THE :!IIISSOURI SERIES OF TRIANGLES, 1873-7-1-, 1878-79. 

ta) /J1./r()dudio11. 

The measures of tl1e horizontal directions of the triangulation connecti~g the Ameri
can Bottom Base Net near St. Louis, Missouri, with the Versailles Base Net, Missouri, 
a distance of 195 kilometres, or about L? 1 statute miles, were made by three observers 
at different times between the years 1873 and 1879. It is here that the least width of 
the belt of triangulation between the eastern and western coasts occurs. This is due to 
the general flatness of the country and the desire to strengthen the connection by quad
rilaterals or other complex figures, though in one case (the only instance in the whole 
arc) the distances and angles had·to be carried forward across a single but well shaped 
triangle. The average length of sides is 20·6 kilometres or 12 ·s statute miles. Between 
the two base nets there is a gradual ascent of the ground from about 450 feet near St. 
Louis to somewhat over 1 ooo feet near Versailles. The country is for the most part 
under cultivation, and sufficiently timbered to offer obstacles to the triangulation. The 
observers, C. H. Van Orden, C. H. Boyd, and H. \V. Blair, had about equal shares in 
the measures. The theodolite was generally mounted 011 scaffolds of no great height, 
about 10 metres, more or less. 
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(b) Abstracts l:!f resulting hflrizcmtal direditms at each station fnmi /c1m/ a11d_1im11 figure 
adjustmmts. I873-71-, I878-79 . 

• 11sa11c • .Jsy/11111, St. Louis County, Missouri. November 8 to Noven1ber 10, 1871. 30-ccntimetre theodo. 
lite, No. 14. W. Eimbeck, observer. October 2 to October 12, 1872. 25-centimetre theodolite, No-
92. C.H. Van Orden, obsen•er. June 5 to June :?3, 1873. :iS-centimetre theodolite, No. 100. C.H. 
Boyd and C.H. Van Orden, observers.' 

No. of 
directhJn. 

4 

5 
6 

1)bjeds ohserved. 

Minoma 

Standpipe 

Sugar Loaf Mound 

American Bottom Upper Base 

American Bottom Lower Base 

Clarks Mound 

Dreyer 

Kleinschmidt 

Patterson 

Kessle1· 

Morgan 

Rel'€>\\lt\ng directions Corrections Corrections Final &eronds 
fro.m station ad- frd'.11 hase-i1et fr~1~1~ 'fi;,~~~et in triangu-

_JUSlmt:nl. a JUstment. adjustment. la.lion. 

0 (JO 

39 46 

65 :![ 

73 46 

89 50 

98 31 

q8 18 

200 16 

235 IS 

271 34 

3o6 :29 

" II 

oo·oo -0·27 

44 ··-.:>;) 

06·63 +1 ·27 
19 ·17 -0·88 

07 ·81 -1·00 

40·,p +0·29 

49·26 +0·66 

I:? •64 --o ·07 

46·97 

38 "IT. 

3o·ss 

Mean o·oo 

" 

--;O "25 

-0·05 

" 
59·73· 

or90 
lS·29 

o6·Si 

40·6i 

49·92 

12 ·57 

46·28 

37·86 

3o·S3 

Probable error of a single observation of a direction (3 D. and 3 R.) = ± 1"·30. 

/\7ci11sd1111idl, St. I,ouis County, Missouri. Nm·ember 2 r to December 9, 18j r. 30-centimetre theodo
lite, No. 32. W. Eimbeck, observer. June 21 to June 22, 1873. 25-centimetre theodolite, No. 74. 
C. H. Van Orclen, obsen·er. 

0 ,, .'/ ,, ,, 
2 Patterson 0 00 oo·oo +0·50 00·50 

3 l\"Iorgr111 85 05 5S·5c +1 ·S6 6o·37 
I11sa11e Asylum 124 05 37 ·73 +0·58 3S·31 
Azimuth Mark 1:24 3i 35 ·99 
Standpipe 132 54 24 ·14 

Clarks Mound 17;:; 35 37·11 -076 36·35 
Dreyer 196 03 35·63 +o·I9 35·82 

Mean o·oo 
Probable error of a single observation of a direction (_:; D. and 3 R.) = :i:: 0"·90. 

l1Ii11,m11t, St. Louis County, Missouri. June 5 to June II, I8iJ. 25-centimetre theodolite, No. 74. 
C. H. Van (Jrden, observer. 

0 " " 
,, 

" 
Sugar Loaf Mound I) 00 oo·oo -I "20 58·So 
American Bottom Upper Base .JO 18 59·95 +1 ·6o 61 ·55 
Standpipe 2S II :26 ·91 

American Rottom Lower Base 28 30 38 ·95 +0·52 39·47 
Clarks l\foun<l 36 48 2[ ·53 -1 ·08 20·45 
Insane Asylum 90 34 30·33 +0·16 30·49 

l Morga11 164 32 12 ·93 -0·58 12 ·35 

Mean o ·oo 
J>robablt: error of a single observation of a <lirection ( 3 D. ann 3 R.) = ± 0"·84." 



454 UNITED STATES COAST AND GEODETIC SURVEY. 

(b) Abstracts of n•sulting horizontal dirt"clions at l'ach station jim11 /(Im/ mzd jiwn jigun' 
adjustments, £873-71, £878-79-Continued. 

Jlforg<111, St. Louis County, Missouri. September 27 to October 22, rSi3· 25-centimetre theodolite, 
No. 74. Telescope abo,·e ground 10·52 metres. C.H. Boyd and C.H. Van Orden, observers. 

Resulting direc- Corrections Final ::;econd~ 
No.of Objects observed. tions front station from figure in triangu-

direction. adjust111ent. adjustment. lation. 

0 /.' II lf 

7 Minoma 0 00 oo·= +r ·34 or ·34 

Standpipe 16 54 26·04 

8 Insane Asylum 52 31 52"4i -I ·6r 50·86 

9 Kleinschmidt f'q rS 55 ·15 -0·13 55·02 

IO Patterson 133 25 :q ·59 -o·or z4·5S 

II Kessler r7r o· ·' 46·94 +0·90 47·84 

12 Tavern Rock 182 45 2S·S4 -0·49 28·35 

Probable error of a !<ingle observation of a direction (JD. and 3 R.) = ± 1"·3r. 

.Kt·ss/er, St. Louis County, Missouri. September :n to October q, r8j3. 2X-centimetre theodolite, 
No. Io:>. C. H. Boyd, obsen·er. 

19 

20 

21 

Morgan· 

Insane Asylum 

Patterson 

0 

0 00 

26 33 
104 31 

ll 

oo·oo 

09 78 

57·30 

/.' 

-0·35 

+0·38 

-0·5r 

/l 

59·65 

IO "16 

56 "79 
22 Tavern Rock 203 39 37 ·23 +o ·4S ,;7 7I 

Probable error of a single observation of a direction (6 /1. anrl 6 R.) = ± 0"·66. 

R11ltTS011, Jefferson County, l\Iissouri. October 24 to October 31, 1873. 28-centimetr<: theodolite, No. 
100. C.H. Boyd and C. H. Van Orden, observers. 

0 II ,, '-' 

13 Lynch 0 00 oo·oo -I "02 58 ·9·'i 

14 Tavern Rock 59 09 22·44 +0·19 22 ·63 

15 Kessler 99 oS ,)6 ·54 +073 3i ·27 

16 Morgan 136 58 I7 ·25 +o 27 17 ·52 

17 Insane Asylum 164 54 00·38 -0·30 oo·oS 

1S Kleinschmidt rS5 45 48·89 +0·1 .. ; 49·02 

Probable error of a single observation of a direction ( 6 D. anrl 6 R.) = ± o-''·79. 

Ta;1,.-n1 Noel:, Franklin Cou11ty, Missouri. November 12 to November rS, 1873. September 22 to 
September 25, 1874. 2S-centimetre theodolite, No. 100. C. H. Boycl. observer. 

23 

::q 

25 

26 

27 

28 

29 

0 // !I 

Morga11 0 00 oo·oo -0·92 

Kesslt'r rr 57 56 "j6 +0·13 

Patterson 52 5r 02 ·39 -0·39 

Lynch 99 18 r9·4S +0·25 

Halleck qS 14 27·66 +0·1S 

Peters 163 27 28·49 -0":?.>j 

Dieckhaus 187 08 25·70 +r ·04 

Probable error of a single observation of a directio1_1 ( 6 D. and 6 R.) = ± _0"·78. 

,, 
59·08 

56·S9 

02·00 

19·73 

27·84 

2S·20 

26 "74 
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( b) A /Js/racls qf resulting horizontal dirt'rtions at ,·ach. station _limn /,,m/ aud _1iw11 _l(r;u rt• 

adjustmmts, £873-7;, IS77-i9-Conti11uec1. 

Ly11d1,.Jefferson and Franklin counties, Missouri. November 13 to November Ij, 1SiJ. September 
25 to September 26, 18j4. 25-centimetre theodolite. No. 74. C. H. Van Orden. observer. 

No. of Resulting direc- Corrections Final seconds 
direction. Ohjects c•bserved. tions froni station fron1 figure in triangu-

adjustment. adjushnt:nt. lat ion. 

0 ,, !I ll 

30 Peters 0 1X1 oo·oo -0·33 59·67 

3r Halleck IO 08 47 75 -0·52 47 ·2.~ 

32 Dieckhaus 35 i9 09·97 -0·2r 09 76 

33 Tavern Rock 73 31 o6 ·65 -0·18 o6·47 

34 Patterson Lli 54 .:q·S5 +1 ·24 ~6·09 

Probable error of a single observation of a direction ( 6 D. and 6 R.) = ± i:.r'·'·~4. 

Halkck, Franklin County, Missouri. September 15 to September 21, 1874. :2~-centimetre theo1folite, 
N"o. 100. C. H. Boy.-l, ohsen·er. 

0 II II ,, 
35 Peters 0 00 OO'(Q -O'I9 59·81 

36 Enochs Knob 36 28 15 ·52 -o·oS 15 ·44 

37 Dieckhaus 85 II 36·93 +0·09 37 'O:? 

38 Tavern Rock 13j 29 45·40 -0·19 45 ·21 

39 Lynch 205 II IS ·39 +0·37 18 76 

Probable error of a single observation of a direction (6 D. and 6 R.) = ± 0''·71 . 

.Dicd.:/1,ws, Franklin County, Missouri. September 15 to September 
theodolite, No. 74. C. H. Van Onlen. observer. 

,,. 
-._"\, 1Kj4. 25-centimetre 

,, I! ,, 
47 Tavern Rock 0 0) CJO "(K) -I '04 58·96 

48 Lynch 53 Si 56 ·33 -0·15 56 ·18 

49 Halleck SS 47 52 ·54 -0·09 52 ·45 

50 Peters l"" 
"" 19 06·71 +0·32 07 ·03 

5r Enochs Knob 1$3 I• _, 45 ·18 -I '03 44 ·15 

52 Berger 189 IO 22 ·S6 +I ·99 24·85 

Dutzow Church 194 58 55 'IS 

Prohahle error of a single observation of a clirection ( 3 D. and 3 R.) = ± 0 11 ·70. 

Peters, Franklin County, Missouri. Septem her 2S to October 2, 1874. :?S-centimetre th.,01lolite, 
No. IOO. C. H. Boyrl, observer. 

~ 
,, ,, ,, 

40 Jacobs 0 00 O(l"OO _.:_I '09 58·91 

4I Berger 45 53 u·q +0·20 II ·34 

42 Enochs Knob j2 .07 33·39 -0·36 33 ·o ... ' 

43 Dieckhaus r35 oS 00·89 +o·o6 00·95 

44 Tavern Rock 158 07 54 ·99 -0·11 54·SS 

45 Halleck 185 25 09·42 +0·14 09·56 

46 Lynch 200 27 40·01 +I 'Ij 41 ·18 

Probable error of a single observation of a direction ( 6 D. and 6 R.) = ± 011 ·93. 



UNITED STATES COAST AND GEODETIC SURVEY. 

(b.) A.bstnicl qf resulting liori=onta/ dire-ctions at cad1 staticm ji-otu lc>ca/ aud from. _ftgurc 
adjustmmts, £873-71, £878-79-Contintted. 

E11od1s .A"nob, Franklin County, Missouri. 
theodolite, No. 74. 

No.of 
dit"ection. Objects observed. 

53 Dieckhaus 

54 Halleck 

55 Peters 

56 Jacobs 

57 Berger 

September 29 to September ,;o, 1S74. 25-centimetre 
C. H. Van Orden, observer. 

Resulting direc- C1Jrrectio11s Final Foeconds 
tions front station from figure in triangu. 

adjustment. adjustment. lat~on. 

" II I/ 

0 00 co·oo -0·29 59 "71 

36 50 -17 "O:! -0·02 47·00 

67 0-1 54 "73 +o·sr 55·24 

130 Ij 33 ·18 -0·30 32 ·SS 

193 I:! 4S·S4 +o·ro 4S·94 
Probable error of a single observation of a direction ( 3 JJ. an<l 3 R.) = ± o"·So. 

Bo:g-cr, Frallklin County, Missouri. October ro to October I,>, 1874.. 2S-ce11timetre theodolite, No. 
100. C. H. Boyd, observer. September 13 to September 19, I878. ,;5-centimetre theodolite, 
No. Io. Telescope above ground 1'6:? metres. H. W. Blair, observer. 

I/ l.' ,, 
5S i Dieckhaus 0 00 ('k) ·oo -0"2j 59 73 I 
59 I Enochs Knob i 16 all .•• -0·95 0S·38 

I . "'""' 
60 I Peters 34 53 53·96 -0·57 53·39 
61 I Jacobs SI 38 56·73 +0·27 57·00 

I Azimuth Mark :?I 'J6 

I 

II9 30 

62 ·winter 126 52 52 ·45 +I "I6 53·61 

63 Gasconade 17-1 .'i3 30·64 +0·36 31 ·oo 

" Probable error of a single observation ._,fa rlirection- (6 D. and 6 .N.) = ±0·76 in r87-1. 
(fJ. a1H1 R.) = ±0·90 in 1878. 

jambs, Franklin County, Missouri. October I~ to Octob.:r 15, 1874. 25-centimetn: theodolite, No. i4-
C. H. Van Orden, observer. September 30 to October 2, 1S7S. 3.s-c.::ntimetre theodolite, No. 
io. Telescope above grotinrl 1 ·60 metres. H. \V. Blair, observer. 

6.s I Gasconade 0 00 

66 Berger 39 12 

67 Enochs Knob SI 54 
68 Peters I26 ,;-1 

64 Winter ._'.l25 ~4 

Probable error of a single observation of a •li!"ection-

,, II !I 

co·oo +o·ss 00·58 

SI ·65 -o·s ... , 50·82 

-16·99 -0·23 -16 76 

33 ·93 +1 ·69 35·62 

03 ·6-1 -J ·~[ 0.'.? ·43 

" 
I. 3 JJ. and 3 R.) = ± 1. ·09 in 1874. 
( D. and .R. ·i = ± o·!';I in 1878. 
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(b) Abs/rads of re·s11/ti11.i;.· ltorh:cwtal dircdicws at c·ad1 sfalicw fn>m lc>cal andfrom figure 
adjuslmmls, IS73-71, z87S-79- Continued. 

G11sco11adc, Gasconade County, Missouri. October 25 to October 3r, rS7S. 35-centimetre theodolite, 
No. 10. Telescope above ground 1 r 73 metres. H. Vl. Blair, obsen•er . 

N•). of . Res111ti11g direc- Approxhnal~ Correctious J:"inat seconds 

llirection. Ohjc-cl~ Obl-'~l"'\"e11. tious from station probabl" fri:J111 figure in triangu-
adjustment. error. adjnstnient. 1atic•n. 

" /! /! !! 

Ko Turnpike Jlluff 0 (W) oo·oo ±0'!1 -0 "5i 59 ·43 

iS Rerger 'ii 50 43 ·q 0 'I.2 --r ·30 41 ·s4 

76 Jacobs ::?~5 ~- 16 ·99 o·q +r ·30 18 ·29 -,, 

77 \.\<"inter 259 :::?f) .Ji ·69 1) ·13 -·r) ·50 .J7 ' 19 

7!; Geyer 306 03 46·S6 0·20 +0·43 47 ·29 

i9 i Brad fort! 354 3.5 32 "i-1- 0 ·1,3 +0·64 33·38 
Probable error of a single observation of a direction ( D. and R.) = ± 0"·83. 

TJ.'i11t..'I', Gas~om11.le County, Missouri. October S tQ October rS, 1878. 35-centimetre theodolite, No. 

72 

7.1 

i4 
69 
70 

71 

IO. Telescopl· aboYe ground lo·o~ metre5. H. '~'. Blair, ohsen·er . 
.;; " " 

Gascona<le (1 (JO (M.) "(JO ±0'12 -0 78 

Berger 50 29 16 ·9r 0 ·17 +o·q 

Jacobs II I :26 ._;2 ·oo o ·r6 +0·68 

Geyer 275 55 49'.59 rJ '16 +0·26 

Hra<lford 302 35 1 28 'SI 0·14 -0·57 

Turnpike Bluff 330 ~(I '-'7 ·78 0 ·17 +0·27 

J'rohabk error of ::t single C•bserY::tlion ,,fa rlirection ( D. and R. ) = ± 011 ·92. 

" 
59·22 

17·05 

32 •68 

49·s5 

2S·24 

oS "-'5 

G":l'o·, G::tscon:11le County, :Missouri. N1wember rS to November 25, 1Si). 35-centimetre theorlolite, 
No. ro. Telescope abc.n~ ground, 1 I ·40 metres. H. \\'. Blair, (•bserver. 

0 

Turnpike Bluff 0 

(~ascona1 le.:: 29 

"'inter 78 

Pilot Knob :.'.!28 

00 

:'.!J 

,36 

sr 

00'0(1 

26 ·55 

'i·S~ 

" 
±1J'll 

(I 'f5 

-0·4:_; 

+0·10 

-0·09 

32·5S 0·15 --0·10 

Hradfor1l 303 30 39 ·S4 o ·12 +o ·52 

Prohabk error of a singli:; ohsen·ation c•f a rlirection ( D. anrl R.) = ± 0 11 ·.<;o. 

.I.I 

59·57 

26·65 

I7T> 
32 ·4S 

40 ._,6 

T11r11pi!.:<' Elu.tl: Gascona1k: County, Missouri. November 5 to November r3, 1878. 35-c:entimetre 
theoclolite, No. 10. Telescope above ground 11·34 metres. H. \V. Blair, observer . 

. " 
81 Gascona<k •) 00 0)'0) ±O"J(1 -0·38 59 ·62' 

8:? \Vinter 4q 40 55 ·9r 0 ·15 +0·67 56 ·5S 

83 Geyer 96 . 40 21 ":?j 0 ·13 -0·50 20 '77 

84 Pilot Knob I:?5 05 l2 ·98 0 'IJ +1 ·07 14 ·05 
~-·-::> Bradford r71 38 43 ·5r (J'::!O -0·86 42 ·65 

Probable error of a singlt: nhsen·ation of a direction (D. a111l ft'.)= ±o''"'l5. 



UNITED STATES COAST AND GEODETIC SURVEY. 

' (b) Abstracts qf rts1tlti11g /1oriz<'lllal dircdions at each statio11_tiw11 /,ica/ a11dJim11_hrurc 
adj1tslme11ts, 1873-71-. rS78-7r,.-Continued. 

Bradjbrd, Osage County, Missouri. August .J. to August 12, 1879. 35-centimetre theodolite, No. 10. 

Telescope above ground r9·S1 metres. H. "\V. Blair, obsen·er. 

No. of Resulting di rec- Approximate::: Corrections Final seconds 

direction. Object~ obser,·ed. tions frotn-·station prohnble from figure in triangu-
adjustment. error. adjustment. latiou. 

0 II I.' /I ,, 
101 Mc Dan id 0 00 oo·oo ±o·oS -0·2S 59 72 

100 Cedar 58 02 56·54 0·1s -0·36 56·18 

96 Turnpike Bluff 221 39 28·63 0 ·16 -0·63 2S·oo 

97 Gasconade 224 36 18 ·or 0·17 +0·9S 18·99 

98 Winter 251 57 03·02 o·q -0·17 02 ·s5 

99 Geyer '270 II 47·25 (I ·17 +0·36 47·61 

100 Pilot Knob 324 Si 14·44 0 ·15 +0·10 14"5.J. 
Probable error of a single obsern1tion of a direction ( D. and R. ) = ± 0"·89. 

Pilot l\·1101>, Osage County, Missouri. July 18 to July 22, 1879. 35-centimetre theodolite, No. ro. 
Telescope above ground II"3I metres. H. '\V. Blair. observer. 

<> l.I II ,, /! 

92 McDaniel 0 (l(J oo·oo ±0·08 +0·22 00·22 

93 Bradford "" ·"' .)0 15·62 o·r3 -0"5.) 15·09 

94 Turnpike Bluff 63 39 0074 o·q. +o· ... :;3 01 ·07 

95 Geyer 8.j. 05 . .p ·55 0 ·12 -0·19 41 ".)l;i 

Koeltztown '296 16 50·92 0·39 

91 Kennedy 302 5.) 20·S3 0 "IO +0·16 20·99 
Probable error of a single observation of a direction ( D. and R.) = ± 0"7r. 

fllcDa11id, Osage County, Misoouri. July 28 to July 31. I8i9· 35-centimetre theodolite, :No. Io. 

106 

103 

104 

105 

Telescope above ground 11·09 metres. H. \V. Blair, observer. 
// .I.I 

Pilot Knob 0 00 . 00 "(JQ ±o·oS -0·40 

Koeltztown spire 71 36 44 ·43 0 ·24 

Kennedy 85 42 50 ·95 o ·rs +o·q. 

Cedar 154 .)8 4i".)6 0 "J 2 +0·17 

Bradforrl ::148 32 59 ·oo o · r 1 -[-o ·og 
Probable error of a single obsen·ation of a direction ( D. and R.) = ± 0"·70. 

,, 

51 ·09 

47·53 

59·09 

Cedar, Callaway County, Missouri. August '21 to August 29, 1879. 35-centimetre theodolite, No. 
Telescope above ground 1·6~ metres. H. \V. Blair, observer. 

0 II I/ .'/ '' 
Meridian Mark 0 00 oo·oo ±O"IO 

National Cemetery flagstaff og '25 "II 0".)7 

rr5 Belshe '22 20 55 "75 0''20 +o·;i2 55·97 

Capitol 25 52 o6·58 0·23 

II6 Moreau 51 30 I4 ·21 O"I!l -0·94 I.) "27 

II7 Medlock 83 29 23·27 0·17 +0·55 23 ·82 

ll2 Brt1dford 256 55 56·05 0 ·16 +0·26. 56 ·31 

ll3 McDaniel 284 5S 49 "74 0'22 -0·40 .J.9"34 I Koe ltztown 323 41 08·77 0·29 

II4 I Kennedy 331 22 36·39 0'22 +o·_;r 36·70 
Probable error of a single observation of a direction (D. and R.) = ± 1"·06. 

IO, 



TRANSCONTINENTAL TRIANGULATION-PART III-TRIANGULATION. 459 

(b'i .-lbstracts <?/resulting /wriz1mlal directions ,11 t'<lc// ·station ji"0111 /(lea/ andjiwn. figure 
adjuslmmts, IS73-71, IS7S-79-Conti11tted. 

J1fed/ock, Cole County, Missouri. October 17 to October 21, 1879. 35~centimetre theodolite, No. 10. 
Telescope above ground 12·59 metres. H. \V. Blair, observer. 

No. of Resulting direc- Approximate Corrections Fit1Rl ."iect:JlldS 

direction. Object• observed. lions fro111 station probable from figure in trinn;.:;{u-
adjustment. error. adjust1nent. lation~ 

0 ,, /I I! II 

120 Moreau 0 00 oo·oo ±0·13 -0·23 59 ·77 
121 Christian 54 48 39 "jO 0·18 +0·37 40·07 

nS Cedar 251 .?4 43 "05 0 ·16 -0·31 42 74 
L'Ours Creek spire 26o 38 32·97 0·44 

Capitol 261 57 34 ·rs 0°:?8 

JJ9 Belshe 339 39 29·28 0·18 +0·17 29·45 

Probable error of a single observation of a direction (D. and R.) = ± 1"·00. 

J•(c1111,'</_l'. Osage County, Missouri. September 4 to Septembe~ I:?, 1879. 35-centi111etre theodolite, 
No. 10. Telescope above ground 11 ·2S metres. H. W. Blair, observer. 

Koeltztown, Roman Catholic ,, .I.I II 

Church spire 0 00 oo·oo ±o ·12 

ro7 Belsl1e 156 09 33 ·56 0 ·16 +0·54 34 'IO 

108 Moreau lS4 39 3S ·44 O'"'"> -0·57 37·87 

109 Cedar 231 29 46·19 o ·rs +o·os 46":?7 

L'Ours Creek spire 275 57 q.·86 o ·rs 

ITO McDaniel 296 IQ 04 ·r9 o ·rs -0·31 03·8S 

JTI Pilot Knob 333 20 3377 0·21 +0·26 34·03 

Probable error of a single observation of a direction ( D. and R.) = ± 1 ''·o6. 

Jl:forcau, Colt: Couuty, Missouri. October 7 to October r r, 1879. 35-centimetre theodolite, No. 10. 
Telescope above grmtnd 19·87 metres. H. \V. Blair, observer. 

0 /I I/ II 
,., 

127 High Point 0 00 oo·oo ::l::O "II +o·S7 oo·S7 

Cole 40 19 35 ·30 o ·rs 
California spire 59 31 26·40 0 ·27 

122 Christian 61 55 12·27 0 ·17 -0·94 II '33 

123 Medlock 137 . 37 rn·S1 0·21 +0·28 II ·09 

124 Cedar Ij7 Q2 .J.3 ·S2 o ·20 +0·29 .J.4 ·11 

125 Kennedy 230 05 OJ "07 0 ·15 -0·10 00·97 

126 Belshe 280 05 50".j.6 0 ·17 -0·40 50·06 

Probable error of a single observation of a direction ( D. and R.) == :±:: 111 ·00, 
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(b) _-/ bstrads <?/ n·.w/li11g horh:i>nlal dinYlions ,?f ,·ach station jimn /om/ and jiwn _/i.;'·un· 
adjustments-Continued.. 

L71ristia11, Moniteau County, Missouri. October 25 to November /, 1879. 35-centimetre theodolite, 
No. 10. Telescope above ground 12·28 metres. H. \V, Blair, obs.,rver. 

Resnltingdirections Approxi-
Corrections Corrections 

Final sec-No. of f 1 b from base-
di rec- 1)bjecls ol>sen•ed. front station ad- 111ate proba- ron .ase- net and fig- o:nds in tri-
lion. just111ent. ble error. net adiust- ure adjust- angutation. 

ment. u1ent. 

" ,, 
" 

High Point 0 00 oo ·oo ±0 "'-'9 +o ·40 00 ·40 

Hunter (Versailles South Base) 30 12 30·25 0'21 -0·68 :?9 'Si 
Versailles North Base 44 54 _:;o ·92 0·18 -o·,u 30·55 

Hughes 45 29 22·83 0'2:? --0 ":29 22 ·54 

Cole 81 30 23 ·13 0·1S -r-o "iO 2 3 ·83 

Tipton. Baptist Church spire Si 0.2 15 ·50 l)":::?.2 

Hubbard 89 oS 40·05 0 '16 -O":!I 39·84 

California. Christian Church spire 100 45 !0'25 0·38 

128 Medlock 254 50 12 ·26 0·20 -o·.13 IJ "IJ 

129 lVIoreau 304 19 34·86 0 ·17 -2 ·24 32·6~ 

Bel she 324 18 41 ·oo <) 'lj +0·45 4r ·45 

JYiean 0 "(11) 

Probable error of a single obser\'ation of a directiou ( D. ancl R. ) = ± r"·o+. 

H(i;h Et>i11t. Moniteau County, lVIissouri. July 10 to July Ii, 1880. 35-centimetre theorlolih:, No. 10. 
Telescope above ground 9·69 metres. H. Vv. Blair. c1bserver. 

" " ... , ,, ll 

Christian 0 (ll) oo·oo ±O'!I -o ·51 59·49 

130 :Moreau 62 ~4 :OT "31 (I. 17 +0·4.i. ::?I 
0 75 

Bel she ti/ s6 13"~0 o ·18 --·:· ·,:;s 13 ·45 

Hunter (Versailles South Base) ::? .. ;s 44 (•) "7 .. l 0 '16 ·+0·45 or ·18 

Versailles North Base 258 50 ,:;r ·60 0 "::?I -:-0 ·65 32·25 

Hnbhar•l 298 JO 3-.J. '62 0 ·15 -0·92 33 70 
Tipton, First Baptist Church spire 305 18 53·98 0 ·15 

Cole 3ro 03 36 ·27 0 ·19 +0·67 36·94 

California, Christian Church spire 35..i 37 15 ·09 o ·29 

:Mean o·oo 

Probable error of a single observation of a. direction ( D. and R.) = ±o"'·99. 
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(b:i A bslrads <?/ resulting /u>rizonta/ dirt·dio11s •?f each slalitm _tiw11 /om/ and.1j·om .fl:t;un· 
at(juslmc·nts-Continued. 

Bdslu·, Cole County, Missouri. September 20 to October r, 1879. -~5-centimetre theodolite, No. ro. 
Telescope above ground 9·75 metres. H. \V. Blair, ohserver. 

No. of 
direc
tion. 

131 

r32 

133 

.134 

Objects ohsc::rved. 

Moreau 

Medlock 

Cerlar 

St. 'fhomas spire I Kennedy 
Koeltztown spire 

. . . . Corrections Corrections-
Res111t111g d_1rections Approx1- from base- from base Final •ec

fro1!1 station ad- mat<: proba- iet adjt;st· net and. fig- onds in tri-
JUSt111ent. b\e error. 1 uient ure adJust- angu\ation. 

· meut. 

,, ,, ,, ,, 
0 rJO 00·90 ±0·09 -:?'45 Si ·55 

Ji IO 49·00 I) ·16 ·-o· .. -
·" 48·63 

47 47 35·48 <:• ·r9 -0·09 35 ·39 

98 47 48·10 0·31 

IOI 29 05 "7C 0 ·18 -f-0·11 05·82 

ro5 24 14·06 0":?5 

Hunter (Versailles South Rase) 286 :?J 33·83 0·20 +o·rs 34·01 
' VerAAilles North Base :?96 16 o8·6g 0 ·15 +0·01 08 "70 

High Point 315 25 60·07 o ·;S -0·62 59·45 
California spin: 339 35 39 ·60 0·38 

Christian 341 48 26·&· 0·18 +0·44 27·24 

Mean O '•X' 

Probable error of a single ohservation of a direction ID. and R.) = ± 1 11·w. 

(c) F~f{Ure at(j1tsl111e11t. 

Of>sen•atio11 ··q11atio11.<. 
N11. 

o=-i-3·48 + (1) - (6)- (7) + (S) 

2 0=+0·43 (3) + (6) - (8) + (9) 

3 0=+0·76 (2) + (4)- (17) + (18) 

4 o=-1·34 (2) + (3)- (9) + (IO)-· (16) + (18) 

5 o= -0·30 (ro) + (u) - (15) + (16) - (19) + (21) 

6 o=+ r48 (4) + (5)- (15) + (17) - (20) + (21) 

i o=-0·14 (10) + (12) -·· (q) + (r6) - (23) + (25) 

s o=-\-r16 (II) -f- (12) + (19) - (.22) - (23) + (24) 

9 O= -J"27 (r3) + (14)- (25) + (26) - (33) + (34) 

10 O= -0·83 (26) + (27) - (31) + (33)- (38) + (39) 

JI O= - 1"71 (26) + (29) - (32) + (33)- (47H- (48) 

12 O= - 1'52 (27) + (29) - (37°)-f- (38)- (4il+ (49) 
I• 
·' O= - I"70 (30) + (32) - (43) + (46)- (48) +- (50) 

l4 0=-0·29 (30) + (31) + (35) - (39)- (45) i- (-46) 

15 O= -2·52 (28) + (29)- (43) + (44)- (47) + (50) 

16 o=+ 0·50 (36) + (37)- (49) + (51)- (53)+ (54) 

17 O= - 1'85 (40) + (42) - (55) + (56) -- (67) + (68) 

rS o=-2·:?0 (56) + (57i - (59) i- (6r) - (66'1+ (67) 

191 o=-4·64 (40) + (41)- (6o) + (61) - (66) + (68) 

20 O= - 1'24 (41) + (43)- (50) + (52)- (58) + (6o) 
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(c.> Figun; atijustmmt-Continued. 

No. 
Obsen•atio11 e•q11a!io11s-Continued. 

2I o=- r·l)6 (51) + (52) + (53)- (57) - (58)+ (59) 
22 o=-1·82 (6r) + (62) - (64) + (66) -- (73) + (74) 

23 o= - i·29 (6r) + (63) '.__ (65) + (66\ -- (75) + (76) 

24 o= -0·92 (62) + (63) -- (72) + (73) -- (75) + (i7) 

25 0=+0·08 (71) + (72)- (77) + (&l) -- (81)+ ($2) 

26 0=+0·31 169) + (72) - (77l + (7S) - (S9l+ (90) 
:q o = -t- o·Sr (69) -l· (71)- (82)+ (83)- (88) + ( <)O) 

28 O= -1-0.'23 (70) + (7r)- (S2) + (S5)- (96) + (98) 

29 o = + 0·0S7 -- (79"l + (So) -- rSr) + (85) -- (96) + (97) 

30 o=-0·70 (86)+ (87)- (93) + (95) -- (99) + (100) 

31 o= +0·35 (84) + (85)- (93) + (94) -- (96) + (100) 
., _,_ : 0=-0·72 (83) + (8.i) - (86) + (88)- (94)+ (95) 

33 i o= + i·fo (92) + ( 93) - ( 100) -t- (IOI) - ( 105) + ( Io6) 

34 o=-r·17 (91)+ l92)+(io3)-(ro6)-(uo)+(1u) 

35 o= +0·82 --(101) + (.ro2) -- (I04) + (rn5) ·- (_u2\ + (rr3) 

36 o=-0·36 - (103) +(mi) - (109) + (IIo)- (u3) + (1q.) 

3i o= -t-CJ"33 

38 I o = -t- r ·oo 

.39 i 0=-1·17 

40 ,. o= - 1·07 

.p o= - r58 

421 o= + c,·03 

43 o=-0·87 

-(107) + (109)- (_lJ4) + (II5)-(_133) + (134) 

- ( 108) + (109) - (rq) + {H6) -- (124) + ( 125) 

- { ro7) + (I08)- (131j + (134)- (125)-+- (r26) 

- ( II5) + ( II7) - { IIS) + (U9) - (r32) + ( 133) 

- (II6) + (II7) - (_r23) + (124) - (US)+ (120) 

- { 128) + (132) - (n9) + ( r21) 

-j-(r22)-(127)-(129)+(130) 

44 o=+r62 -{r26)+t127)-{13o)+r131) 

·l5 ·o,.;,, -· 1·37 +0·61 { 1) + 2·fo (3) -[- 1·6r (il - 4·64 (8) + 3·03 (9) 

46 o= -0·5 --.;··xi(4) -0·61(6)+3·03 (8) -5·o6 (9) + 2·03 { 10) + r-84 (16) -5·5:?( 17) + 3·6S ( 18) 

47 o= + 5·0 - 2·S7 (4) + 5·89 ( 5\ - 3"0:! (6) + I"I5 (8) -r 2·73 (IO) -- ,:;SS (JI) - q6( IS)+ :!"7I (I6) 

-0·95 (17) 

4s 

1

1 o= - 30·9 - 2·73 ( 10) + 12·91 (II) -- 10·1S ( 12) - 2·5r ( r~) + 5·22 ( 15 )·- 2·7r \ 16) -- 9.93 \_23) 

+ 12·37 (24) --2·44 (:?5) . 

49 o= - r5 + I"S.; ( 26) - 4·44 ( 2j) + 2·61(29)+3·43 (3Ji - 4·48 (32)-+- 1·05 (33) + o·,_.4 (47) 

-3·0,; (48) + 2·99 (49) 

50 o= - 7"6-+- 5·13 ( 2;) - i"74 ( 28) + 2·6r 129) + 1·75 (4,; l - 4·09 (44) + :i·34 (45) + 0·04 (47) 
- 2·18 {49).-+- 2·14 (50) 

SI O= - I2"2 + Il"i7 (30) - 16"25 {31) + 4·48 (32) + I"75 (43)-9·5~ (45) + 7"83 (46) + 3·03 (4S) 

-5·17 (49) + :?"14 (50) 

52 o= + :!"3 + 2·67 US) - 2·85 (36) + cn8 l.37) -t- 2·q \49) - 3·91 (50) + 1"77 \51) + o·S9 (53) 

-3·62 (54) + :!"73 (55) 

53 o = + 78·9- 4·27 (41) + 5·35 (42) - r-oS (43) -- '·77 (So) + 2 t ·99 (51) - 20·22 (S:? l -- 16·51 (58) 

+ 20·53 (59) -4·02 (6o) 

54 o= - ro-o·6S (40) + 4·27 (41) - 3·59 (42) - 3·43 (59) +4·02 (60) -0·59 (61) - 2·29 (66) 

-t-4·4.:i (67)-z·13(68) · 
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(c) Figun• a1ljustment-Co11ti11uecl. 

Obser<•alio11 e·q11;1tio11s-Co11tinued. 
No. 

55 o= + 14·5 + :?"09 (61) - 3·99 (62) + r·90 (63) + 2·44 (64) - 3·05 ( 65) + o·6r (66) - 3·13 (76) 

+ 2·82 (7il + 0·31 (75) 

56 o= - 7"3- F5r (69) + 5·21 (71) - 3·70 (72) +- 0·40 (77) + r53 ( 78) -- r·93 (So). - 3·~1 (SS) 

+3"73 (89) -0·42 (90) 

57 o= + 5·0 -1·51 (69) + 4·01 (70) - 2·50 (71) - r40 <87) + r82 (88) - 0·42 (90) - 1·75 (96) 

+3·6r (98) -- r86 (99) 

58 •)= -S5·7 - i ·53 (7S) + 2:!"25 ( 79) - :?0·72 (Sol - r40 i 87) + 5·13 (88) - .n3 !89) - 39·0.J. (96) 

-i- 40·90 (97) - I·.% (99) 

59 O= + J:?"O + 3"32 (83) - y89 (84) + 0"57 (85) - 5·65 (94) + 3·92 (95) + I"73 (93) + I"86 (96) 

-3·35 (99) + 1·49 (WO) -

6o O= + 4·6- 1 ·36 (9r) -1- 4·54 (92) - y18 (9,,) - ,)"00 ( roo) + 4·32 (TOI)·-- 1"32 ( 102) -·- I"OO ( 109) 

+3·77 ( uo) - 2·77 ( 111) - 3·95 ( T12) + 5·96 ( rr3) - 2·01 ( rq) 

6r o= + n + 3·33 (raj) - 3·88 ( TOS) +0·55 ( 109) + l"7 r ( II4) -·5·49 ( n5) -1- 3·78 ( rr6) 

· - 0·49 ( 124) - l ·77 ( 1:?5) + :?"26 ( 126) 

62 O= + :?"4+ 3·78 ( r1s) - TIS (r 16) + 3·37 (II/) - cno ( rrS) ·- 5·68 (119) + 6·38 ( 120) 

---'4·90(131)-6•81(132)+1·91 (133) 

63 o= + 26·0-- y78( r 15) + T rs ( u6) - .3",'7 ( u7) +0·70 ( rrS) +0·79 ( 120) - 1·49 ( r21) 

- I ·So ( 128) + 3·24 ( l 29) + 2·55 ( 130) -1- 4·05 ( 13 l) - I ;91 ( 133) 

64 0 = - 21 ·3 - 4",)5 ( 129) + 2"5S ( 130) - 4·26 (_T,)I) 

65 o= + 6·6 -0·1S ( 2) .+ o·r8 (3) -0·61 ( 6) + 3·03 (8) -yo3 (9) - 1·81 (TO)+ r81 ( 12) ~ r26 (13) 

+ r26 ( 14) -1- l ·84 ( 16) - r ·84 ( 18) + r ·6o ( 23) - r6o ( 25) ·- o·oS ( 26) + 0·08 ( 29) - 2·97 (30) 

+ 2·97 (32) + 0·59 (33) - 0·59 (34) -- ·i.·04 (40) + ::?"04 (41) + 0·97 (43) - 0·97 (46) -!- 1"54 (47) 

- 1 ·54 (48) -1"4.'\ (50) + l ·43 (52) -1- ,)"02 (S8) -- 3"02 (60)- 1"90 (62) + l ·90 (63) -0"61 (64) 

+0·71 (66) -0·1•) (68)-0·21. (69) +0·21 (72) + r17 (73) - rr7 (74) + o·.31 (7s)-0·3r (77) 

---: 1·86 (78) + 1·86 (79)-0·58 (86) + 0·58187) + 1·82 (89) :.___ 1 ·82 (90) - r36(91)+1°36 (92) 

+ 1 ·7,3 (9.3 l -- 1 ·73 (9s) + 2·07 (97) - 2·07 <99) - _;-oo ( 100) + .roo ( ror) -o·Sr ( ro3) 

+ o·8r ( 104) - 0·83 ( 105) + 0·83 ( lo6) -0·5s ( 107) + 0·55 ( 109) + 2"77 (!IO) - 2·77 (III) 

+ 2·oc ( r 13) -·:?"OJ ( r 14) - !"17 ( rr5) + 1 ·17 ( r 17) + 0·07 ( uS) - 0·63 ( rr9) + o·s6 ( 121) 

+0·79 ( 128) + I".5.5 ! r33) - r·ss ( 134) 

(1) = + C, ·-l-0·61C,5 

(2) = - C3 -C1 -o:r8C65 

(3) = -c,+c,+ 2:60C,;+0·1SC65 

(4) = + C3 - c.-3·00C,;.- 1·S7C., 

(5)·= +c6+5·S9C,; 

Ci.Jrrdait" <'tJll<1lio11s. 

(6) = -C, -I- Co-0·61C,6-3·0:02C., --0·61C65 

(7) = -- C, + r6rC15 
(S) = -1- C, -Co- 4·64C,5 + ,,·03C1.;+ r·rsC,, + 3·03C6; 

(9) =+Co -C,+3·03C,5-5·o6C,o -3·03C.;5 

( ro) = + C4 - C5 - C7 + 2·03C4o + 2·73C47 - 2·73C,s_- - r8rC65 

(n) = +C5 - Cs-3·ssc,,+ 12·9rC4s 

(12) = +c,+ Cs- 10·1SC1a+ rSrC,,5 

(13) = - C9 - 1·26C6; 
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(c) Figure adjustment-Continued. 

<-orrdate eq11atio11s-Co11ti11ued. 

( 14) = -C7 + C0 -2·51C4s+ r26Co5 

( 15) = -C5 --C6--176C47 +s·22C.ie 

(16) = - C4 + C5 +~ + 1·84C4o+ 2·71C47 -2·71C4s+ r84C65 

(17 l = -C3 + C6-5·52C46-0·95C47 

(18) = + C3 +C4 + 3·68C4o- 1·84C65 

(19) =-C5 +Cs 

(20) =-C6 

(2i)=+C5 +C6 

(22) =-Cs 
( 23) = - C7 - Cs - 9·93C4S + I ·6oC.;5 

(24) =+Ca+ 12·37C4s 

( 25) = + C7-C9-2·44C43 -1 ·6oC65 

( 26) = + C9 - C,,, -- C,, + 1 ·S3C49 - o·o8Co5 

(27) = + C,o-C,.-4·44C49 + 5·13Cso 

( 28) = - C,5 - i"74Cso 

(29) = +c,, +c,.+ C,5 + 2·61c,0 + 2·61C5o+o·oSC65 

(30) = - C,3 -C,4 + 11·77C5, -2·97Co5 

(_31) = -C10+ C,4 +3·43C49 - 16·25C5, 

(32) = -C,, + C,3 --4·4SC,9+4·4SC5, + 2·97C05 

(33) = -C9 + C,o+ C,. + 1·05C49 +0·59C.;5 

(34) =+C9-0·59C"s 

(35) = + C,4 + 2·67C5• 

(36) = -C,6-2·S5C5, 

(37) = -C,. + C,6+0·1SC5, 

(38) = - C,0 + C,. 

(39) = + CIO -C,4 
(40) = -C,7 -C,9-o·6SC54 - 2·04C.;5 

(41) =+C,9-C..,-4·27C53 +4·27C54 + 2·04C6s 

(42) =+C,1+5·35Cs3-3·59C54 

(43) = -C,3 -C,5 + C~,+ 1·75C50 + 1·75C5, - 1·0SC5_,+0·97Co; 

(44) = + C,s - 4·09C50 

(45) = -- C:,4 + 2·34C50-9·58Cs• 

( 46) = + C,3 + C,4 + rS3C5, - 0·97C•s 

(47) =-Cu -C,,-C,s + 0·04C49+0·04Cso+ 1·54C05 

(48) = + C., -C,3 -3·03C49 + 3·03C5,-1·54C05 

(49) = +c •• -c,6+ 2·99C49-2"18C50-5·17C,, + 2·14C52 

(50) = + C,3 +C,5 -C20 + 2·14C5o + 2·14C5,-3·91C5,- 1·77C53 -· r43C6s 

(51) = + C,6- C., + r77C5• + 21·99<;~3 
(52) = + C~ + C., - 20·22C53 + I ·43C.5 

(53) = -c,,+c..+o·S9C5• 

(54) =+c,.-3·62C5, 

(55) = -C,1 + 2·73Cs• 
(56) = + C,7 -C,s 
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(c) Figure a1iustmcnt-Continuecl. 

(57) = + C,3- C., 
(i.irrdait' cq11atio11s-Co11ti1111ed. 

(58) = -C..,- C, - r6·51C53 + 3·o:!C6; 

( 59) = - C,s + C., + 20·53Cs3 - J ·43Cs• 
. ( 6o) = - C,9 + C., - 4 ·02C53 + 4 ·o:!C5, - 3 ·02C;5 

(6r) = -/-C,s+C,9-Coo --C.3 -0·59C5, +2"09Css 

( 6:!) ;,, -1- c •• - c •• - 3 ·99C5; - I ·90C65 

( 63) = f C,3 + C,4 -f- I ·90C5; -/- I ·90C6; 

(64) =-C,.+2·44C55 -o·6rC6; 

(65) = -C,3 -3·05Css 

(66) = -C,s-C,9 + Coo-I- C,3 - :!"29Cs• +o·6rCss +0·71C65 · 

(67) = -C,7 + C,s+4·42Cs• 
(68) = + C,7+C,9 -2·13C54 -o·roC65 

(69) = - C,c;-C,7 - r5rC56 - r51C51 -0·2rC05 

(70) = -C.s+4·orC57 

(71) = -C.; + C,7 + C.s+5·2rC5.;-2·50C57 

(i2} = -C.4 +C,5 + C,.;--370C56+0·21C65 

(73) = - C,. + C,4 +r17C6; 

(74) =+c •• - r17Cc;s 

( 75) = - C,3 - C,4 -I- 0·31C55 + 0·3 IC65 

(76) = + C,i-3·13Cs5 

(77) = + Co4 -C,5 -Co6+ 2·S2C55 +0·40C56-0·31C65 
( 78) = + Co6 + 1 ·53C56 - I ·53C5s - I •86Co; 

(79) = -C29 + 22·25C5s + r·S6Co5 

(So) = -1- C.5 -1- C""' - r93C56 - 20·72Css 

(81) = -C,5 - C""' 

(82) = + C.5 -C.7 - C.s 

(S3) =-I- Co7 -C30 -I- 3·32C59 

(S4) = -C3, + C3,- 3·89Cs~ 

(85) = -tcoe -1- Co9T C3, +0·57C5o 

(86) = - C30 - C3, -0·5SC05 

(87) =-I- Cs->- r40C57 --: r40C5'l +0·5SC05 

(SS)= -C,7-1- C3,-3·31C5;-I- 1·S.:?C07 + 5·r3C5s 

(89) = - C20 + 3·73C56 - 3·7,;C5s -I- 1·S2Co5 

(90) = -l-Coc.-1- Co7 -0·42C50-0·42C57 - r·S2C65 
(91) = - C34 - 1·36Coo -·r ·36Cc;5 

(92) = -C33 -I- C34 +4·54C.;,.-I- 1·36Co; 

(93) = -C30 -C3, + C33 +1·73C_50 -3·18C.;o-I- 173C65 

(94) = +Ci,-C32-5·65C59 

( 95} =+Cl'> -I- C32 --i- 3 ·92Cs9 - r73Co5 

(96) = -C.s-C,~-C3,- r75C57 -39·04C5s-I- rS6C59 

( 97l = + c"9 + 40·90Css + 2·07C6; 

(98) = +coa+3·61C57 
(99) = - C30 -'1·S6C57 - rS6C5s - ,;·35C59 -2·07C6s 

18732-No. 4--30 
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(c) Figure a1.(fustmcnt-Conti11ued. 

Condale t·q11atio11s-Complete<l. 

(100) = + c,.,+ C31-Cs3+ I ·49C59- 3·00Cro -3·00C65 

(IOI) = + C33 - C35 + 4 ·32Cc;, + 3 ·00C65 
( 102) = + C:i,; - 1 ·32C.,, 

( m3) = + C3, -- C36 - 0·81C65 
(104) = - C35 + C36+0·81C65 
(105) = -C33 + C31 -0·83Co5 

( 1o6) = + C33 - C34 + o·S3Co5 
(m7) = - C,1-C39+ 3·33Co, -0·55C6s 
(1oS) =-C38+C39 -3·S8C.;, 

(109) = -C3o+ C37 + C3a- rooC6o+o·55Co,+0·55Co5 
( IIO) = - cl>+ C36-+ 3 ·77c6o + 2·77C65 
(n1) = + C34 - 2·77Coo-- 2·77Co5 

{u2) = -C3s -3·95Coo 

(u3) = + C35-C36+ 5·96Cro+ 2·01C6s 
(114)·= + C3o-C37 - C3'l-2·01Cro+ r71Co,-2·01C5 
( 115) = + C31 - C,o- 5·49C61+3·7SC,.. -- 3·78C63 - r17C65 
(u6) = +c.;a- c,,+ 3·7SC0,- r1sc6.+ r15C03 

(n7) = + C,o+c,,+ 3·37C6o-3·3iC03-i- r17Cos 

(I 18) = - c •• - c •• - 070C02 + 0·70C;3 + 0·07C65 
(119) =·+ C4o- c,,-5·6BC,,.,- 0·63Ct.s 

( 120) = + C., -t 6·3SC02 + 0·79C.;3 

(121) =+C4,-r49Co3 +0·56C65 
(122) =+c., 

(123)=-C41 

(124) = -c:-a+c,,-0·49Co, 

(125) = + C3s-C39 -r77Co, 

(126) =+C:i.o-C44 +2·26Co, 

(127) = - C43 + C44 

(128) = -c,,-r5oC63_+0·79C65 

(129) = - c., + 3 ·24C03- 4·35Co, 

(130) = + C43-C4, + 2·55C03+ 2·55Co, 

( 131 l = - C39 + c,. + 4 ·90c6o + 4 ·osc63 - 4 ·26Co. 
(132) = - C4o+ C4,-6·81CG, 

(133) = - C37 + c.,.+ J ·91Co. - I ·91Cod- 1·ssC05 

(134) =+Cs1+C39-r55Cos 
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(c) Figure adjustment-Continued. 

Normal t'tJUatio11s. 

c. c. C:3 C:4 Cs c6 c 7 Cs C9 C,o C,, c .• C,3 C,4 

0=+3·48 +4 -2 

2 +0·43 +4 -2 

3 +0·76 +4- +2 -2 

4 -1 ·34 +6 -2 -2 

5 --o ·30 +6 +2 +2 -2 

6 +r ·48 +6 

7 -0·14 +6 +2 -2 

8 +1 ·r6 +6 

9 -3 ·27 .f-6 -2 -2 

IO -0·83 +6 +2 -2 -2 
J[ -1 ·7r -1-6 +2 -2 

12 --I "52 +6 

13 -I "70 +6 +2 

I4 -0·29 +6 

Normal equa/io11s-Conti11ued. 

C,s C,6 c,, C,s C,9 Coo c .. c .. C,3 C24 C2s c26 c.1 . c.s 

I I O=-I "7I +2 
12 -1·52 +2 -2 

!' _, -1 ·70 +2 -2 

15 -2 ·52 +6 -2 

16 +0·50 +6 -2 

17 -I :85 +6 -2 +2 

18 -2·20 +6 +2 -2 -2 -2 

19 -4·64 +6 -2 -2 -2 

20 -I "24 +6 +2 

2! -I ·96 +6 

22 -I ·82 -1-6 +2 -2 

23 -I "29 +6 +2 

24 -0·92 +6 -2 -2 

25 +0·08 +6 +2 -2 -2 

26 +0·31 +6 +2 

27 +o·Sr +6 +2 

28 +:i·23 +6 



468 UNITED STATES COAST AND GEODETIC SURVEY •. 

(c) Figure adjusfmmt-Continued. 

Normal <V1tatio11s-Co11ti11ued. 

I c.,, C;o C3, C;o C;; C;4 C3s C36 c;\7 C;z C39 C40 C4, c,. C4; C,4 
--
___ I 

·j 
25 o=+o·os I +2 

! 
27 +o·Sr --2 

28 +0·23 +:i +2 
29 +0·087 +6 +2 
30 -070 +6 +2 +i -2 

3I +0·35 +6 -2 -2 

32 -072 +6 

33 +r '62 +6 -2 -2 

J.1. -r ·17 +6 -2 

35 +0·82 ... ... ... ... ... +6 -2 

36 -0·36 +6 -2 -2 

37 +0·3,; +6 +2 +2 -2 

38 +r ·oo +6 -2 -2 

39 -- I '17 +6 -2 

40 -I 'IJ7 ... ... . .. +6 +2 - 2 

4I -r ·5s +6 
42 +0·03 +4 
43 -0·87 +.i -2 

44 +1 ·62 +4 

Normal <"quatim1s-Co11ti11ued. 

.I C,s C46 C41 C4s C4, Csc- Cs, 

0=+3 ·48 -- 5 ·64 +3 ·6.j. -t-4. 17 

2 + 0·43 + 5 '07 -8 70 --4 ·17 

3 + 076 +6·20 -I ·92 

4 - I ·34 - 0·43 +s·93 +0·02 -0·02 

5 - 0·30 -0·19 -2·14 +771 .... 
6 + I ·48 -2·52 +9"57 -5 '22 

7 - 0·14 -o·r9 -·0"02 -0·16 
s + I ·16 +3·88 -079 

9 - 3 ·27 -o·o; + 0·78 
IO - 0·83 - s·65 +5 ·13 +16 ·25 
II ! - I 7r + 3·24 +2'57 - I ·45 
I~ - I '52 +rn·oo -4 '74 - 5 ·17 
13 - l ·70 - l '45 +0·39 -- 2 ·10 
14 - 0·29 + 3·43 -2·34 -10·61 
15 - 2·52 + 2 ·57 +6·6r + 0·39 

:: I 
+ 0·50 - 2·99 +:?'IS + 5·17 
- l. ·24 -0·39 -- 0 ·39 

45 I -r3 '7 +40'435 -29 ·391 - 5·34 
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(c) Figure ndjus!JJunt-Continued . 

. Normal cq11atio11s-Co11tinued. 

I C,s c,6 c., C,s C,9 Cso Cs, 
I -

461 - 0·5 +95 "6i6 +29 ·71 - 10·53 

47 ! + 5·0 +s7 ·22 - 74 ·os 
4S; -30·9 +516 ·22 

49 - I ·5 +so·94 - 22 ·48 -100·45 

50 - 7·6 +127 ·64 - 3 ·50 
5r -12 ·2 +619·30 

Normal <'quations-Continued. 

C5• Cs3 Cs• Css Cs6 Cs1 <\. 

12 o=- I '52 +r ·96 

13 - I 70 -3 ·91 0·69 

14 - 0·29 +2·67 

15 - 2 ·52 -3 ·91 - 0·69 

16 + 0·50 -1 ·85 +21 ·99 

17 - I ·S5 -2·73 + 5·35 -9·46 

18 - 2"20 -20·53 +9"55 +1 ·48 

19 - 4·64 - 0·25 +0·50 +1 ·48 
20 l "24 +3 ·91 - 2·77 -0·25 

21 I ·961 -o·S8 - 5 ·17 -3·43 
22 I "82 -I '70 -7 ·91 

"" 
__ , I "29 -I '70 +0·03 

24 - 0·92 +8·40 +4'IO 

25 + o·oS -2 ·s2 -II '24 +2'50 -20 72 

26 + 0·31 -2·82 - 5·21 +1·09 + 2"20 

27 + o·Sr + 9·61. -3·23 - 5 ·13 

28 + 0·23 + 5·21 ·-I '15 +39'04 

29 + 0·087 I ·93 +1 ·75 +36·97 

30 - 0·70 +0·46 + 0'46 

31 + 0·35 +r ·75 +39'04 

32 - 072 - 3·31 +1 ·82 + 5 ·13 

49 - I ·5 + 6·40 

50 - 7·6 -13 ·03 - 5·68 

sr -12 "2 -19·43 - 5·68 
52, + 2·3 +59·63 +45 ·84 

53 +1s·9 +1 653 ·78 -124·02 

54 - I "O + 89 ·17 - 2·63 

55 +14·5 +57 ·37 +I "13 

56 - 7·3 +74 ·39 -16 ·59 + 6•76 

57 + 5·0 +49 "61 +s3 ·oS 

58 -85·7 +4 169 ·30 
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(c) Figure adjustment-Cont~n~ed. 

Normal eq1ialio11s-Conti11ued. 

Cs9 cci<> C6, C6:1 C63 c64 Cc;5 

I o=+ 3•48 +3"64 

2 + 0·43 -6·::;5 

3 + 076 -l "66" 

4 - r·34 -2 "[O 

5 - 0·30 +3 "65 
., - 0·14 +1 ·00 
I 

8 + l "16 +o-·21 

9 - 3·27 +2"86 

IO - 0·83 +0·67 

II - l "7I -5·30 

12 - I "52 -l ·46 

13 - l ·70 +4"1I 

I4 - 0·29 +2 "<JO 

15 - 2·52 -3·86 

17 - l ·85 +1 ·94 

18 - 2·20 -0 "fl 

19 -- 4 ·6.J. +6·29 

20 l '24 -4·25 

2! l 
096 -I ·59 

22 r·82 -2 'Q:! 

23 l ·29 +2 ·30 

24 - 0·92 +4'14 

25 + 0·08 +0·52 

26 + 0·3r -4 "77 

27 + 0·81 +3"32 -l "61 

28 + 0·23 -l "29 

29 + o·o87 -1 ·29 +0·21 

30 - 070 + 7·03 +o·rs -3 ':.'.!3 

31 + 0·35 -3·29 +0·18 -4·73 

32 - 0·72 +2·36 -l "15 

33 +I "62 +0·24 -0·40 +s·o3 

34 - I ·17 -0·64 -4·46 

35 + 0·82 +4"27 -2 "63. 

36 - 0·36 -3·20 +r ·16 -0·1$ 

37 + 0·33 +1 ·or -9·98 +I •87 - I ·87 --l "16 

38 + l '00 +r 'OI + 5 ·22 - 7 ·15 + 7·15 +2 ·56 

39 - l '17 -3 ·18 - 4·go - 4·05 +4"26 -I "OJ 

40 - 1'07 +5'49 + 3·33 - 2·20 +3 ·19 

41 - l '58 -4·27 +17 •6o -IO ·43 +1 ·10 

42 + 0·03 - I "!3 + 0·31 +0·40 

43 - 0·87 - 0·69 +6·go 
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. (c"> Figure adjuslmml-Completed . 

1Vonnal equ.ations-Completed. 

I 
Cs• c6o C6, C62 C63 c64 C6s 

44 \o=+ I "62 -2·26 + 4·90 + I ·50 -6"8! 

45 -r3 ·7 - 22 ·77 

46. - 0·5 + 17 ·S25 

47 + 5·0 I + 5 ·37 

"I 
-30·9 - 33 ·62 

49 -- l ·5 - 7·90 

50 -- 1·6 - l ·09 

5r I. -12·z . -- 35 ·28 

52 I + 2·3 + 5 ·59 

53 I +78·9 - 73 ·86 

541 
-- I 'O 3·46 

55 +14·5 + 9·36 

56 - 7·3 + 4 'I:l 

571 + 5 ·o + 2·98 + 4 '12 

58 I --85 '7 -66 ·38 +125 ·14 

591 +1:i·o +93 •66 9·97 - I '32 

6o I + 4·6 +r40·03 - 3·99 + 5S ·07 

61 I + l 'I +82·2s - 47 ·78 + 47·78 + 1'46 

62 + 2·4 +224 ·26 - 56·02 -20·87 + 6'0I 

63 +26'0 +120·39 -24 ·S.i 4·69 

64 ·-21 ·3 +43 ·57 

65 + 6·6 +193 ·25 

Resulting values of correla/.es. 

C, =-0·790 C,3=-0 ·169 C35=-0·334 · C5.=+o ·ors i 
C. =-o 7S2 C,9=+r ·S86 ~=-0·065 C53=-o·o61 5 
C3 =-o ·693 c.o=+r ·rS8 C37=-to ·657 C54=-o·r20 

C4 =+o·:ir3 c •. =-0·266 C38=-0·623 Css=-=-o ·304 
C5 =-0·124 c •• =+0·53S C39=-0730 C56=+o·r33 

c6 =....:.0·384 C23=+0·349 C40=+0·473 C57=-o ·096 6 

C7 =+0·7ro C.4=+0·819 C4,=-o ·276 C5s=+o ·033 2 

Cs =-0·475 C.5=+0·505 C4,=+0·257 C59=-o·q6 

C9 =+I ·173 c.6=+0·048 C43=-0·940 C6o=+o ·018 4 

c ... =+0·139 C.7=-0·340 C,4=-o·o67 C6,=+o '!IS 5 

C,.=+0·877 c.s=+o·1So C4s=+o ·340 5 C62=+o ·022 6 

c,.=-o ·056 C,9=-o·r29 C46=-t-o·ro6 C63=-0·123 

C,i=+1 ·r39 C30=+0·502 C47=+o ·022 2 C6-1=+0·639 
c,,=-0·231 C3r=-o ·825 C4s=+o ·049 2 C65=-o ·121 6 

C,5=+o ·03r C3.=-0·327 C49=+o ·043 2 

C16=+0·033 C3i=-0·327 C5o=+o ·033 9 

C,7=-0·465 C34=-0·024 C5,=+o ·01S 2 



472 . UNITED STATES COAST AND GEODETIC SURVEY. 

,, ,, .II 

(I )=--o ·582 (35)=-0·189 (69)=--l-0·263 ( 103)=-t-o ·u9 
(2)=+0·502 (36)=-0·078 (70)=-·0·567 (r04J=+o ·17r 

fal=+r ·sss (37)=+0·092 ()1)=+0 ·269 ( 105)=··!-o ·09-1 
(4)=-0·69r (38)=-o ·195 ( 72) =-o 784 ( 106)=-o ·404 

(s)=-o ·25_3 \39)=+0 ·370 l.73)=+o ·139 ( 107)=+0 ·535 
(6 )=-o ·05r) (4G\=-l "Q9l (74)=+0·6So (1oS)=-0"567 

(7)=+1 ·338 (41)=+0·201 (15)=-1 ·300 ( 109 )=+o ·079 
(8)=--1 '609 (42)=-o ·363 (76)=-t-r ·301 ( II0)=-0 °,>,09 

(9)=-0·13r (43)=+0 ·057 (77}=-o ·sen (rI!)=-i-'J"262 
(10)=-o ·on (4-1)=-o ·1oS (78)=+0 ·.p6 (u2)=+0·26r 

(lIJ=-t-0·900 (45)=+0 ·136 (79l=+o ·6.p (rr3)=--0·403 
(12)=-o ·-186 {46)=+1 ·169 (80)=-o ·569 ( II4)=·.j-o 0 31 I 
(13)=-·l "020 (47)=-1 ·036 (SI )=-o "3i6 \ 1 rs l=+o ·225 
(14)=+0 ·187 (48)=-o ·151 (82 )~+o ·665 ( u6)=-o ·940 
(r5)=+0 ·726 (49)=-o ·094 (S3)=-0·498 ( lij)=+o ·548 
(16)=+0 ·171 (50)=+0 ·316 (S..t)==+r ·o66 (lIS)=-o ·308 
(17)=-0·297 (51)=-I ·025 (85)=-o·S57 ( u9)=+0 ·165 
( 18)=+0 ·13-1 (52)=+1 ·992 (86)=-o 'lo.J. ( 120)=-o ·229 

(19)=-o ·351 {53)=-0 ·285 (S7l==+o ·520 (121)=+0 ·372 

(20)=+0 ·384 (54)=-o ·024 \SS)=-0·433 (12;?)=-0·940 
(:;1 )=-o ·508 (55 \=+o ·5oS { 89 l=+o ·103 (123)=+0·276 
(22)=+0 ·475 (56)=-0 ·2g6 (90)=-o ·a.% (124)=+0 ·2s9 
(23)=-o ·919 ( 57 J=+o ·og7 ( 91 l=+o ·164 (125)=-0·103 
(24)=+0 ·134 (58)=-0"27-J. (92)=+0·222 (126)=-o ·395 
(25)=-o ·388 (59)=-o ·948 ( 93 )=-0 ·526 (127)=+0·873 
(26)=+0·246 (6o)=-o ·566 (9..t)=+o ·327 (r28)=--o ·1;33 

(27)=+0·177 (6! l=+o ·266 ( 95)=-o ·187 (129)=-:!":?39 
(28)=-o ·293 (62)=+1 ·163 \91))=-0·625 (130)=+0·442 
(29)=+1 ·043 ( 63 l=+o ·::,59 \97J=-i-o ·977 ( l:)l )=-2. ·446 
(30)=-o ·333 (64)=-1 ··206 (98)=-o ·169 ( r32)=-o "3iO 
(3r )=-o ·518 (65)=+0 ·57S (99)=+0·357 (133)=-0·094 
(32)=-o "2II (66)=-0 ·826 ( 100) =+o ·096 (r34)=+0·1r5 
(33)=-o ·rs..i (67)=-0 "23..f (IOI )=-o ·279 
(34)=+r ·245 (68)=-i-r ·689 (102)=-0·358 
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. (d) A.djusl<;d -triangles, llfissouri . 

No. Statious. Obsern~d angles. Correc- SJ?her- SJ?her-
Logs. Distances i11 

tio11. 1cal 1cal metres. angles. excess. 

0 II II /I I/ 

I f 
l\il•Jrgan 52 JI 52 ·47 - 2 ·95 ·19 ·52 0·09 4'02S I66 I IO 596 °59 
Minoma 73. 57 42·44 -0·58 4I •86 0·10 4 ·108 28o 8 12 83I •6o 

Insane Asylum 53 30 28·85 +0·05 28 ·90. 0·09 4·030 746 3 IO 733·62 

03 76 o ·2S 

, l Morgan 34 47 02·68 +I ·48 04 ·16 0 ·12 4·065 715 2 II 633·63 
Insane Asylum ro6 r3 IS ·31 -0·05 rS ·26 o ·r2 4 ·29r 822 7 19 5So·45 
Kleinschmidt 3S 59 39·So -I 086 37 ·94 0 ·12 4 ·ros 28o 6 12 831 ·59 

00 79 0 ".>,6 l P•tt=" 27 55 43 ·13 -0·57 42·56 0·2S 4 ·roS 280 7 12 831 •6o 
3 Morgan So 53 ~2 ·12 +r ·Go 33 72 0·27 4·432 183 7 27 051 ·02 

Insane Asylum 71 IO 43·91 +0·64 44·55 0·28 4·413 S28 3 2s 931 ·54 

59 ·16 0·83 

· 1 P•tt=" 4S 47 31 ·64 -o·q 31 ·50 0·31 4 ·291 S22 7 19. 580·45 
4 Morgan 46 06 29·44 +o·r2 29·56 0·31 ·l ·273 142 .5 1$ 756 'Io 

Kleinschmidt S5 05 58 ·51 +1 ·36 59 ·87 0 ·31 4 ·413 828 2 25 931 ·53 

59·59 0·93 

r Patterson. . . 20 SI 48 ·51 +0·43 48·94 0 ·15 4·065 715 2 II 633·63 

5 l I:1s~ne As)~lllll 35 02 34·40 -0·69 53 '71 0·15 4 ·273 142 7 IS 756 'II 
Klemsclmmlt 124 05 38 ·31 -0·50 37 ·Sr 0·16 4·432 183 8 27 051 ·03 

01 ·22 0·46 

( K=l•< 26 33 09 78 +0·74 JO '52 0·16 + ·ws 2So 7 12 831 "6J 
6 Morgan · IIS 31 54·47 +2 ·sr 56·98 0·15 4·4or 715 1 25 218°26 

I11sane Asylum 34 54 52 77 +0·20 52·97 0 ·16 4 '2I5 616 4 16 •l29 ·20 

57 ·02 0 ·47 

( >:.,,.,., 104 31 57·30 -0·16 57 ·q 0.,, . ., 4·413 828 2 25_ 931 ·53 
7 Morgan 37 38 22 ·35 +0·91 23·26 0·22 4 ·213 774 4 16 359·66 
. Patterson 37 49 40 71 -0.·45 40 ·26 0·22 4·215 616 3 16 429·20 

00·36 0·66 

(""'""' 77 58 4z·52 -0·89 46 ·63 0·34 4·432 I83 7 27 051 ·02 
8 Insane Asylum 36 15 51 ·r4 +0·44 51 ·58 0·34 4·213 774 4 16 359·66 

Patterson 65 45. 23·84 -I ·03 22·81 0·34 4·401 715 I 25 218·26 

02 ·50 I '02 

[ T•~nRook II 57 56 76 +r ·05 57·8r 0·09 4 ·2r5 616 4 16 429·20 

9 Morgan II 41 41 ·90 --I ·39 40 ·51 0·09 4 ·205 792 2 16 061 73 .. 
Kessler 156 20 22 77 -0·82 :?I ·95 0·09 4·502 439 2 31 &Jo·SS 

01 ·43 0·27 
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(d) .·id}1!sled triangles, llfissouri-Continued. 

Observed angles. Correc- Spher- Spher- Distances in No. Stations. ti on. 1cal ical Logs. metres. angles. excess. 

0 II II II II ! T.v"u Ro<;k 52 SI 02 ·39 +0·53 02·92 O"S3 4 ·4r3 828 2 25 93r ·s3 
ro Morgan 49 20· 04·2s -0·47 03 78 o·s3 4·392 304 2 24 6n ·67 

Patterson 77 4S s4·81 +o·oS 54·89 o·s3 4"S02 439 0 JI Soo ·87 

QI "4S I ·s9 
r Tavern Rock 40 S3 os·63 -o·s2 os ·rr 0·22 4 ·213 774 4 16 3s9·66 

11 l Kessler 99 07 39·93 +0·98 40·91 0'22 4 ·392 304 2 24 677 ·67 
Patterson 39 S9 14·10 +o·s4 14·64 0·22 4 "20S 792 I 16 o6r ·72 

s9·66 0·66 I Lynoh N 23 18'20 +1 ·43 19·63 0·34 4 ·392 304 2 24 677 ·67 
12 Tavern Rock 46 27 17 ·09 +0·63 17 72 () ·33 4·268 86s 6 18 S72 ·29 

Patterson S9 09 22 ·44 +r ·21 23·65 0"'" 4·342 404 6 21 999·09 .J-' 

S7'73 1 ·oo 
J Halleck 67 41 32·99 +o·s7 33·s6 0·30 4·342 404 6 21 999 ·09 

13 l Tavern Rock 48 s6 08·18 -0·07 oS·n 0·30 4·253 S4l 9 17 928·42 
Lynch 63 22 18 '90 +0·33 r9·23 0·30 4·327 493 3 21 2s6 ·s8 . 

00·07 0·90 l Di«kh•U. 53 S7 56·33 +o·SS 57 ·21 0·31 4 ·342 404 6 21 999'09 
I4 Tavern Rock 87 so 06·22 +o·So 07·02 0·32 4·434 325 3 27 184·7s 

Lynch 38 II 56•68 +0·03 s6 '71 0 'JI 4 ·22s 901 2 16 Sn ·91 

s9·23 0·94 l Diookh•n• 88 47 s2 ·s4 +0·94 53 ·48 0 ·19 4·32~ 493 3 21 2s6·s8 
15 Tavern Rock 38 S3 s8·04 +0·87 58·91 0·19 4·125 SI9 7 13 3sr ·18 

Halleck 52 18 o8·47 -0·29 08·18 o ·r9 4 ·22s 901 r ·16 822 ·91 

S9'0S 0·57 
J Dieckhaus 34 49 S6'21 +o·os s6·26 o ·rs 4"25J 541 9 17 928·42 

16. l Lynch 2S ro 22'22 -\-O"Jl 22·s3 0 ·18 4 ·12s s19 6 13 35r ·rs 
Halleck ·rr9 S9 41 ·46 +0·28 ·41 '74 0 ·17 4'434 32s 3 27 18..i '7S 

59·89 o·s3 
J Peters 22· 59 S4'IO -0·17 5J'9J o ·rs 4·22s 901 2 16 822·91 

r 7 l Dieckhaus 133 19 06·71 +1 ·3s oS·o6 o ·rs 4·49s 9rs J 3r 326 '7S 
Tavern Rock 23 40 57 '21 -\-I ·34 sS 'SS o ·rs 4:237 928 l 17 29S 'JO 

sS·o2 0·5..i I p,,.,.. 50 17 o8'SJ +o·oS 08·61 0·13 4·125 sr9 7 r3 3s1 ·18 
18 Dieckhaus 44 3r 14·r7 +0·41 q·sS 0·14 4 ·0S5 279 r 12 169•68 

Halleck Ss II 36·93 +0·29 37 ·22 0 ·14 4 ·237 928 l r7 29s·30 

s9·63 0·41 
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(d) Adjusted triangles, Jlfissc>uri-Continuecl. 

Stations. Correc- Sph.::r- S:pher-
Distances in No. Observed angles. ti on. ical 1cal Logs. metres. angles. excess. 

0 II II ,, II 

,~ 6s 19 39 ·12 +1 "JI 40"::?3 0·39 4·434 32s 3 27 184·7s 
19 Dieckhaus 79 21 IO ·3S +o·-17 JO ·8s o·39 4 ·468 3S7 9 29 400 72 

Lynch 3S 19 09·97 +0·12 10·09 o·39 4 ·237 927 9 17 29s ·29 

S9 ·47 l ·q 

. r Peters 27 17 14 ·43 +0·2s 14 ·68 o ·rs 4 ·327 493 3 21 2s6 ·s8 
IS I" 00·83 -0·47 00·36 0 ·1s 4·08s 279 l 12 169·68 20 l Tavern Rock _, 

Halleck 137 29 4s·40 o·oo 4S"40 o·q 4 "49S 91s 2 3r 326·74 

(l() •66 0·44 I P<t•~ 42 r9 4S "O::? +1 ·2S 46·30 0"5.'.? . 4 ·342 404 6 2I 999·09 
2 r Tavern Rock 64 og og·or --o·s4 oS·47 0·52 4·468 3S7 8 29 400 "jI 

Lynch 73 31 o6·6s +0·15 o6·So o·s3 4 "49S 91S I 3r 326 73. 

00·68 1·57 I Peters rs 02 3o·s9 +r ·03 3r ·62 0·08 4·2s3 541 9 17 928·42 
22 Halleck lS4 48 4r ·61 -o·s6 41 ·os 0·08 4·468 3S7 s 29 400 "il. 

. Lynch IO oS 47"75 -0·18 47·57 o·oS 4·08s 279 0 I2 169·68 

s9·9s 0·24 I Enoch• Knoh 36 50 47 "O:! +0·26 47 ·2S 0 ·19 4·125 5r9 7 13 351 ·is 
23 Dieckhaus 94 2s 52 ·6,i -0·93 5I "jI o ·r9 4·346 30s 9 22 197·59 

Halleck 48 43 21 ·4r +o·r7 2r ·sS 0 ·19 4 ·223 S49 l 16 732 ·os 

or ·07 o·s7 ! Enoch> 1'nob 67 04 S4"7J +0·79 5S"52 0""19 4 ·237 928 0 17 29s·29 
24 Dieckhaus 49 S4 38·47 -l "3S 37 ·12 0 ·18 4 ·157 320 8 14 36s·so 

Peters 63 00 27·50 +0·42 27·92 0 ·19 4·223 549 I 16 732 ·as 

co 70 0·56 ! Enoc""1'~b 30 I4 07 "jl +o·s3 oS·:q o·q 4·0S5 279 I 12 169·68 
2s Halleck 36 28 lS ·s2 +0·12 15"64 o·q 4 ·1s7 320 9 I4 36s·50 

Peters ll3 17 36·03 +0·50 36·53 0·13 4·346 306 0 22 197·60 

59·26 o ·-1r I J·oo"' 4-1 39 46·94 +r ·92 48·86 0 ·21 4 ·157 320 8 I4 36s ·so 
26 Enochs Knob 63 12 ~\S ·45 -o·So 37 ·6s o ·2r 4·261 091 2 IS 242 79 

Peters 72 07 33 ·39 +o "73 34 ·12 0·2r 4 ·288 CJI7 I 19 449·89 

.s8·78 0·63 

J Berger 7 16 09·33 -o·6S o8·6s 0·04 4·223 549 l 16 732·os 
27 Dieckhaus 5 56 37·68 +3"02 4070 0·04 4 ·136 581 7 13 69s ·62 l Enochs Knob 166 47 l l ·16 -0·33 10·78 o·os 4·4So 404 0 30 227 ·62 

s8 ·17 0·13 
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(dj • ..Jdjusld triangles, J/.fissouri-Continued. 

Stations. Observed angles. 
Correc- 8 J?her- S:pher-

Distances in No. . 1cal !Cal . J.og s: 
tlon. angles. exces.'>. metres. 

II II II ,, 
( ....... " 34 53 53·96 -0·29 53·67 o··- 4·237 92:3 0 17 295 ·29 ~I 

28 Dieckhatts 55 51 16 ·rs +1 ·68 17 ·S3 0·37 4 ·.~98 27r 5 25 OI9 "O:;i 

Peters 89 14 4975 -0·15 49 "6o Cl "36 4 ·-r.~ 403 9 30 227 "6.2_ 

59·86 l ·ro 

f Berger 27 37 44·63 +0·3S -1-5 ·or 0 ·13 4·157 320 8 I4 365·50 

29 l Enochs Knob 126 07 54 ·n ·-0".j.I .. 53 "jO 0 ·14 -1- ·398 271 6 25 019 ·ro 
Peters 26 14 ~2 ·25 -0·56 2I 0 69 (I ·13 4 ·136 581 s 13 695 ·6z 

00·99 0 ·-r.o 
J Berger i4 :?.? -1-7 ·40 +r ·22 4S·62 0·20 4·288 917 I 19 -1-49·89 

30 l Enochs Knob 62 55 15 ·66 +0·39 r6·05 0·20 4 ·254 S,;5 r 17 981 ·SS 
Jacobs 42 41 55 ·34 +0·59 5s·93 0·20 -1- ·136 5Sr 8 13 695·62 

58 ·40 o·6o 

J Berger 46 45 02 77 I +o·S3 03·60 o ·2s 4 ·261 091 2 1S 242 79 

31 l Peters -1-5 53 11 "l.J. 

l 
+1 ·29 12 ·-1-3 0·28 -r. ·2s4 S35 z li 9Sr ·ss 

Jacobs 87 21 ..i.2·28 +2·52 44·So 0 ·27 4·398 271 6 25 019 ·ro 

56 ·19 

!. 
0·83 .. 

f Winter 60 57 15·09 +0·5-1- 15 ·63 0 ·21 4 "25.J. 835 I 17 981 ·SS 
32 Berger 45 l" 55·7 2 

I 
+o"9J 56·62 0 ·21 -1- ·164 4-1-7 l 14 6o3 ·17 _, 

l Jacobs 73 48 -r.8 ·or +0·38 48·39 o·..,.., 4·295 641 6 19 753 ·2.9 

58·82 0·64 

{ Ga=nad• 47 32 33·85 +2"6o 36·45 0·23 4 ·254 835 I 17 981 ·SS 

33 Berger 93 14 33·91 +0·09 34·00 0 ·24 4·386 207 I 24 333·64 
Jacobs ,;9 12 51 ·65 -1 ·40 50·25 0·23 4 ·187 769 5 15 40S·S2 

59·41 070 
( Gasconade Sr 39 04·55 +o·So 0 5 ·35 0·19 4·295 641 6 19 753·39 

34" r Berger 48 00 38 ·19 -o·So 37:39 0·19 4 ·171 580 7 14 845·02 
Winter 50 29 16·9r +0·92 17·83 0 ·19 4·187 769 2 15 4oS ·Sr 

59·65 0·57 

. { G~>d• 33 57 30·70 --1 ·So 28·90 0 ·17 4 ·164 447 I I4 603 ·17 

35 Jacobs 34 35 56·36 +178 58 ·14 0·17 4 ·171 5So 7 14 845·02 
Winter III 26 ~2"00. +1 ·47 33·47 0 ·17 4·386 207 2 24 333·65 

59·o6 0·51 

{ Tump;ke Bluff 49 40 55 ·9r +r ·04 56·95 0·12 4 ·17r 5So 7 14 S45·02 
36 Gasconade 100 39 12·31 .-0·07 12 ·24 0 ·12 4·28r So6 9 19 134·05 

Winter 29 39 52·22 -I "05 SI ·17 0 ·12 3 ·983 . 888 9 . 9 635·82 

00·44 0·3~ 



TRANSCONTINENTAL TRIANGULATION-PART III-TRIANGULATION. 477 . 
(d) Adjusted tria11glt•s, ll:fisstiu ri-Contin11ed. 

Observed angles. Correc- SJ? her- Spher-
J:....og s. Distances i 11 No. Stations. ti on. lCal ical 

tnetre~. angles. excess. 

0 II ,, !/ I,' ! Gm< 
29 23 26 ·ss. +0·5.i. 27 ·09 o·r3 3·983 SSS 9 9 635 ·:~~ 

37 · Tu~npike Bl~1ff 96 40 21 ·27 -O"I:::? 2r 'rs 0 ·13 4·290 06.j. 3 19 SOI ·.' .. ) 
Gasconade 53 s6 13 'q -0·99 r:? ·rs 0 ·13 4 '200 624 s rs 87r ·7-1 

·00·96 0 ·39 

r Geyer 78 36 1j"S2 +o· .. ~5 18 ·17 o ·rs ..i. ·2~-;r So6 9 19 I.)-1 'Oj 

38 l" Turnpike Bluff 46 59 25·36 -r ·16 24·20 o ·19 -I 'IS-I 509 S 1-1 2i2·S2 
\Vinter 5-i 24 18 ·r9 0·0.::1 rS ·19 0:19 -1 ·~oo 62-1 5 rs Sir 7-1 

OI "37 0·56 

!~~' 49 12 51 ''17 -0·19 51 ·0.'3 (>"18 4 ·171 5So i I.+ 845 °C'~ · 
39 Gasconade 46 .p 59·r7 +0·93 6o·rp o ·rs 4 ·154 509 s 14 ~72"32 

\Vinter 84 04 10·4r --1 '05 09 ·36 .:. ·rs 4·~90 06+ -I 19 sor ·34 

co·Ss 0 ·54 ! ...... ,. 2 s6 49·38 +i ·6o3 50·983 (J "021 3·9S3 SSS 9 9 63s ·::'.~ 

40 Turnpike Bluff 171 38 43 ·sr -0·4So 43·030 I) "O::?I 4 "-13S C•~O I :7 228·~7 
Gasconade 5 :q 27 ·26 -I ·210 26·oso O"O.::?I 4 ·:q6 9s8 2 17 658 ·c):) 

oo ·rs 0·063 1 n,.dfonl 30 17 34·39 +0·46 34 ·ss 0":.'.!4 4 ·231 So6 9 19 134·0.s 
4r Turnpike Bluff 121 57 47·6o -1 "S:? 46·08 0·25 4 ·so; 6ro 4 _..., lSc ·Sr ,,_ 

\Vinter 27 44 38·97 +0·83 39·So 0·24 4·~46 958 2 Ij 658"68 

00·96 073 ! Brndfoni -18 32 18·62 ·+0·9S 19"60 0·23 4"2C<J 624 5 lS 871 'i4 
42 Turnpike Bluff 74 5S 22·24 -0·36 21 ·ss 0·23 4 ·310 797 I 20 454·89 

Geyer · 56 :?9 20 ·r6 -0·9s 19 "21 0 ........ 4 ·246 9sS 3 17 658·68 
__ , 

OI "02 0·69 ! Hn•lfonl 27 20 45·01 -I "lS 43•86 0"34. 4 "Ijl 5So 7 q S-15 ·02 

43 Gasconade 95 I4 4S'OS +r ·q 46 ·19 0·34 4 ·507 610 -~ "1 181 ·:=>o _,_ 
Win~er S7 24 . 31 ·19 ·-0·22 30·97 0·34 4"43S 019 9 27 22s -~s 

01 ·25 I "O.'.? 

J Brarlforrl 45 35 29·24 -0·62 28·62 0·34 4·290 o64 4 19 501 ·34 

44 l Gasconade 48 31. 45·ss +0·22 46 ·10 0·34 4 ·310 797 ;? 20 4s4·S9 
Geyer 8s s2 46 "71 -0·42 46·29 0""' 4 "43S ow l 27 228·27 _,,, 

01 ·83 l '01 I Bndfon! 18 J¢ 44·23 +0·53 4476 0 ·17· 4 ·1s4 so9 s q :?72 ·82 
45 Winter 26 39 39·22 -o·S3 38·39 0 ·17 4 ·310 797 4 ·20 454·90 

~eyc;:r l,~5 os 37·98 -0·61 37 ·37 0·1S 4 ·507 6ro 6 32 181 ·82 

01 ·43 L1 "5:? 
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(d) Adjusted triangles, J/Iissoztri-Continuecl. 

Observe<'!. angles. Correc- Spher- Seher-
Logs. Distances i11 No. Stations. ti on. 1cal 1cal 

metres. angles. e:s:cess. 

II II II II f Pilot Knob 30 oS 45·12 +0·85 45 ·97 0·37 4 ·:q6 958 3 17 65S ·6S 
46 Bradford 103 17 45·Sr +072 46·53 0·37 4·534 276 6 34 219 73 . l Turnpike Bluff 46 33 30·53 -I "92 28 ·61 0·37 4"¥17 055 0 25 530·25 

or ·46 I ·rr 

47 l Pilot Knob 50 35 25·93 +0·34 26·27 0·36 4 ·310 197 2 20 454·89 
Bradford 54 45 27 ·19 -0·26 26·93 0·36 4 ·334 897 4 2I 622·07 
Geyer 74 39 07·26 +0·62 07·88 0·36 4 ·407 055 0 25 530 ·25 

00·38 1 ·oS l Pilot Koob 20 26 4o·Sr -0·51 40·30 0'22 4·200 624 5 15 BU 74 
48 Turnpike Bluff 28 24 51 ·7r +r·56 53·27 0'22 4·334 897 2 21 622·07 

Geyer l3I oS 27 ·42 -0·33 27·09 0'22 4·534 276 6 34 219 "73 

s9·94 0·66 I l\Idlani< 1 lII 27 or ·oo -0·50 00·50 o ·rs 4'407 055 0 25 530·25 
49 Bradforrl 35 02 45 ·56 -0·37 45 ·19 0·19 4 ·197 315 3 15 751 ·26 

Pilot Knoh 33 30 15·62 -075 q·S7 0 ·19 4 ·1So 164 5 15 141·35 

02·18 0·56 

( K•nnoo, 37 IO 29·58 +0·57 30·15 0·29 4 ·197 315 3 15 751 ·26 
50 McDaniel 85 42 50·95 +0·54 51 ·49 0·29 4·414 SSr 9 25 994·53 

Pilot Knob 57 o6 39 ' 17 +o·o6 39·23 0·29 4·340 233 s 2I 889·40 

59·70 0·87 l Coin' 
28 02 53·69 -0·66 53·03 0·35 4 'ISo 164 5 IS qr ·35 

51 Bradford 58 02 56·54 -o·oS 56·46 0·35 4·436 524 I 27 322·73 
McDaniel 93 54 II ·64 -o·oS II •56 0·35 4 '5o6 863 6 32 r26·5r 

01 ·87 1·05 l coo., 46 23 46·65. +0·72 47·37 0·47 4 ·340 233 s 21 889·40 
52 McDaniel 68 55 56·41 +0·03 56·44 0·48 4·450 372 5 28 2oS·or 

Kennedy 64 40 iS·oo -0·39 17 ·6r · 0·47 4·436 524 0 27 322·72 

01 ·o6 I ·42 

J Belshe 53 4r 30·23 +0·21 30 ·44 0 ·6.~ 4 ·450 372 5 28 2oS·or 

~~ Cedar 50 58 19 ·36 -0·09 z9·27 0·63 4 ·434 452 5 27 l92 "7I " l Kennedy 75 20 12·63 -0·45 12 ·rs 0·63 4·529 742 1 33 864 ·30 

02·22 I '89 

J Moreau 53 02 17·25 --0·39 16·86 o·6r 4·450 372 5 28 208·01 
s.; Cedar So 07 37 ·82 -I '25 36·57 o·6o 4 ·541 327 5 34 779·83 l Kennedy 46 50 07·75 +0·64 08·39 0·61 4·410 76g 2 25 749·52 

02 ·82 r ·s2 
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(d) Adjusted triangles, Jlfissourl-Completed. 

Stations. Observed angles .. Correc- Spher- S:pher-
Logs. Distances in No. ti on. ical teal 

metres. angles. excess. 

II fl II II 

!MM<au 103 03 o6·64 -0·68 05·96 0·36 4 ·529 742 l 33 864·30 
55 Cedar 29 09 18 ·46 -I '17 17'29 0·36 4':?28 788 5 16 935 'I3 

Belshe 47 47 35·48 +2'35 37·83 0·36 4 ·4w. 769 2 25 749·52 

00·58 I ·o8 

! Mo,.,u 50 00 49·39 -0·29 49'!0 0·38 4'434 452 5 27 192·71 
56 Kennedy 2S 30 04 ·ss -I 'JO o3 ·7S 0·3S 4·22S 788 6 16 9.~s ·13 

Belshe JOI 29 05·71 +2"56 08·27 0·39 4 ·541 327 5 34 779·83 --
59·98 J ·15 

! Mo~u 79 54 09·54 +r ·27 IO ·Sr 0'21 4·305 854 3 20 223 ·41 
57 Belshe 44 33 6o·55 -2 ·45 5S·ro 0'20 4 ·158 8o4 I I4 414 ·65 

High Point 55 31 52 ·14 -0·44 51 ·70 6·20 4·228 788 2 16 935·12 

02 ·23 0·61 

! Mo~u qr 49 2I ·8r -0·54 21 ·27 o ·r3 4·486 09r 7 30 626 'IO 
58 Belshe JS II 3:?·76 -2·45 30 ·31 o·q 4 ·139 463 0 15 469·03 

Christian 19 59 o6·59 +2'24 oS ·83. 0·14 4·228 788 2 16 935 ·r2 

OI ·16 0 ·41 

J Moreau 61 55 I2 •27 -1 ·81 10·46 0 ·17 4 ·187 5i5 2 15 399·80 
59 l High Point 62 24 2I ·s2 +0·44 22 ·26 o ·r6 4 '1·'3<J 463 0 J5 469 ·03 

Christian 55 40 25·54 +2'24 27 ·78 0 ·17 4 'J58 804 2 l4 414 ·65 --
59 '63 0·50 

J Medlock SS I4 46 '::!3 +0·47 46 '70 0·44 4 ·529 742 I 33 864·30 
6o Cedar 61 oS 27 ·52 +0·32 27 ·s.i 0·43 4·472 355 4 29 672·59 l Belshe 30 36" 46·48 +0·28 46·76 0·43 4 ·236 863 6 I7 252·96 

00 ·23 l '30 

! Med!ook 108 35 16'95 +o·oS 17·03 0'20 4 ·410 769 2 25 749·52 
61 Cedar 31 59 09·o6 

I +1 ·49 10·55 0 '20 4 ·158 07S S 14 390 '6o 
Moreau 39 25 33·01 +0·01 33·02 0'20 4·236 863 6 J7 252·96 

59·02 o·6o I Modlock 20 20 30·72 -0·40 3o·3:? 0 ·13 4·228 788 2 16 935 'I2 
62 Belshe I7 JO 49·00 +2 '08 51 ·08 0 'J3 4 ·158 078 5 14 390 ·59 

Moreau 142 28 39·65 -0·67 38·98 0 'J2 4·472 355 0 29 672·56 

59 ·37 0·3.S I M<dlock 75 09 10·42 +0·21 10·63 0·44 4 ·486 09l 7 30 626 'IO 
63 Bdshe 35 22 2I ·76 -0·37 21 ·39 0·43 4 ·263 435 0 J8 34I ·51 

Christian 69 :?8 29 'I9 +0·13 29·32 0·45 4 '472 355 I 29 672·56 

0[ '37 1·,w I Mollock 54 48 39·70 +o·6o 40·30 0·18 4 'I89 463 0 15 469·03 
64 Moreau . 75 41 58 ·54 +1 ·22 59 76 0 'I9 4 ·263 434 9 IS 341 ·50 

Christian 49 29 22'6o -2 "II 20·49 o 'JS 4 ·158 078 5 14 390 '59 
fl(") •f.i .. 1 o·r;r; 
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(e) Th<· pn·cisi,;1i qf the ,1,(justed triangulation. 

To get a close estimate of the precision of this triangulation, we c~etermine first the 

12 [.ti~1v] 
mean error of an angle resulting from the adjustment. We have m =' --c-'-, wh~re 

p =I and [vv] = 62·4s- and c = 65; hence m = ± 1"·39. 
The probable error in length of any line of the series due to the angular measures 

is found by the usual formulre-

11., = ,., ( o .. ')-o "",a L,..o: + n. ,,·,, + oB'] and ''" = 0·674 511/. ./U:-
11 • " ~al .-. ·"' JI II 

Suppose the series divided into three parts by the lines Tavern Rock. to Lynch and 
Bradford to Pilot Knob, and compute the probahle error in length of each of these 
lines. For the former we have·ou,, = 19"8. Starting from the side Insane Asylum to 
Kleinschmidt of the American Bottom Base Net, we· have ~ = 22·8 (4 triangles), 
c.,

11 
= ± 0·185 metre, c1. = ± 0·286 metre, and <', = ± 0·341 metre. Starting from the 

side Christiai1 to Belshe of the Versailles Base Net, we have~= 95·2 (15 triangles:>, 
<'.,., = ± o· 377 metre, e1. = ± 0·086 metre, and c, = ± o· 387 metre. 

Probable error of Tavern Rock to Lynch as a side of the adjusted triangulation, 
ct:" 

e = ,~ = ±.0·256 metn::, or about srr ho part of the length. Similarly, for the 
~~+~ I 

side Bradford to Pilot Knob o.,,, == I 7 in units of the sixth place . of decimals in 
the logarithm. Starting from the side Insane Asylum to Kleinschmidt ~ = 84· 3 
( 13 triangles), c,111 = ± 0·413 metre, <"~ = ±0·332 metre, and t:', = ± 0·530 metre. · 

Starting from the side Christian to Belshe ~ = ~3"7 (6 triangles), <'a,.= ±0·261 
metre, c. = ± o· 100 metre, and <'

0 
= ± 0·280 metre. Probable error in length of Bradforc 

to Pilot Knob as a side of the adjusted triangulation <' = -1 c •. S = ± 0·24S metre, or 
-ve; + e; 

about na1iiifo part of the length. 
The effect on the arc is approximately (the distances being measured along the 

thirty-ninth parallel between the projections of the middle points of the terminal lines)-

Terminal lines. Distance. Probable errors. Avccrage. 

/;:Ill. 711. 

Insane Asylum and K1ei11schmidt to 38 ~,-\rnu onuu rr-'uuu ±0"47 
'l'aven~ Rock and Lynch 

Tavern Rock artcl Lynch to Bradforrl rp i!'7i-
1uu7i Tus1uuil' ~~iJ~U 0·96 

and Pilot Knoh 

Bradford and Pilot Knob to Christian 60 n:r1uuu Hl.\'1u7io r:r1"1.u7iil' 0·42 

and Belshe 

188 Sum ±1 ·S5 
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7. THE MISSOURI-KANSAS SERIES OF TRIANGLES, 1880-1890. 

(a) lntroductioll. 

Between the Versailles Base, which is located about the middle line of the State of 
Missouri, and the Salina Base, which occupies a similar relative position in the State of 
Kansas, the triangulation gradually ascends the Western plains with a narrow and 
uniform width imposed upon it by the absence of any marked elevations· above the 
general level. The work was in charge of Assistant F. D. Granger,· and its extent 
between the sid~s of the base nets and measui·ed along the axis of the triangulation is 
nearly 400 kilometres, pr about 248 statute miles. 

The general character of the ground traversed by the belt of triangulation is open 
and rolling, well settled in the eastern half with a large percentage of land under 
cultivation; in the western part the settlements are more sparse with land either under 
cultivation or fenced in for cattle ranges. 

The ground rises gradually from about 1 050 feet above the sea level near Versailles 
to about r 250 feet near Salina. The theodolite was elevated at nearly every station 
throughout the entire series-its averag~ height above the ground being 25 feet, but at 
a number. of stations its· elevation approximated 57 feet, and at one place only was it 
greater than this ( 105 feet at Hughes). The signals employed upon the work were 
poles 20 feet long and 4 inches in diameter, heliotropes being rarely required except on 
the longer (diagonal) lines during smoky weather. A direction theodolite (35 centi
metres in diameter) was used for the observations, and measures were made in 17 
positions of the azimuth circle, with two series (D. and R.) in each position. As a rule 
the observations were pursued during the afternoon hours every favorable day. Zenith 
distances and vertical angle measures for differences of heights were carried through the 
entire \"vork. 

( b) Abstract c?f resulting /1orizc>ntal directions at each station, frc>m local and ji·om jigurr 
adjustments, r88o, rSS2-83-81-85, r887-8S-8<;-90. · 

Hubbard, Morgan County, Missouri. October 29 to November I2, I8So. 35-centimetre theodolite, 
No. To. Telescope above ground 13·99 metres. F. D. Granger and T. P. Borden, observers. 

. Corrections Final No.of Resulting directions Approxi- Correchons from 
di rec- Objects obsen·ed. fro111 station 111ate prob- 11,~~~;;et hase-11c:t seconds 

in trian-tion. adjust111ent. able error. ad. i:tment at!d figure gulation. ' Jl :, · adJusttnent. 

0 I/ !I " " " 
Cole 0 00 oo·oo ±O"IO +0·27 00·27 

High Point 19 27 23 "2I 0·16 --0·95 22 ·26 

Versailles North Base 55 58 59·68 0·14 +0·57 6o·~5 

Hughes 82 13 13·27 O"I6 +0·31 J3·5S 

3 Schnackenberg 125 22 II ·35 0 ·18 -0·35 II "00 

S.:tlalia Spire 166 IO 13 78 0·22 

4 Heard I68 3I 22 ·35 0 "I7 +0·28 22·63 

Christian 350 25 26·6o o·q. -0·20 26·40 
Probable error of a single observation of a direction (D. and R.) = ± o"·9C>· 

18731-No. 4--31 
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( b) A bstmcl ·of resulting horizu11/al dirt"ctio11s ,,./ mch station, jrum local and jivm figure 
adjuslmC"llfs, r88o, I882-83-81-85, r887-88-8?-90-Coutinued. 

Huglie·s, Morgan County, Missouri. September 8 to September 26, iSSo. ,35-centimetre theodolite, 
No.10. Telescope above ground 32·19 metres. F. D. Granger, observer. 

Corrections Corrections Final No. of Resulting directions Approxi- fron1 fro1n seconds di rec- Objects obst::rved. fro111 station 111ate prob- hase-net base-net iu trian-tion. adjustment. able error. adjustment an.d figure gulation. · ad;ustment. 

0 ,, ,, II ,, ,, 
Versailles North Base 0 00 oo·oo ±0·10 -0·04 59·96 
Hunter (Versailles South Base) 33 IO 50·59 0 ·12 -0·20 50·39 
Schnackenberg 2~9 36 c9·83 0 ·17 +0·50 10·33 
Sedalia, German Methodist Church 

·spire 261 32 53·97 0·44 

:2 Heard 264 26 26·61 o·q -0·79 25·82 

Hubbard 3'4 13 16·91 0 ·13 -0·32 16·59 

Cole 339 57 16·87 0·14 -0·20 16·67 

Christian 358 46 I,'.\ ·33 0·21 +075 14·oS 
Probable error of a single observation of ::i direction (D. aud R. l = ± 0 11 ·90. 

Sd111ackcnbcrg, Benton County, lVIi~~ouri. September 7 to September 22, 1882. 35-centimetre 
theodolite, No. 10. Telescope above ground 16·86 metres. F. D. Granger, observer. 

No. of Resulting di rec- Approximate Corrections Final seconds 
direction. Objects observe<\. tio\1s ft·otn :E=otation 1.>robable fron\ fi2'ure in triangu· 

adjusunent. error. adjust1Uent. Jation. 

0 II II ,, II 

i H~ard 0 00 oo·oo ±O"II ·+0·21 oo·n 
8 Hubbard 58 46 54·03 o·q -0·28 53 "75 

9 Hughes JI! 00 5 1 ·59 () ·14 +0·14 51 "73 

5 High Point Tebo 288 09 I4 ·So 0·13 +0·3S 15 "IS 

6 Kendrick <;'4 03 28·81 0 ·16 -0·45 28·36 

Prob::ible error of a single observation of a direction (D. and R.) = ± 0"·83. 

Hean!, Pettis County, Missouri. October l to October 6, 1880. 35-centimetre theodolite, No. IO. 

Telescope above ground 16·43 metres. F. D. Granger, observer. August ~2 to September I, 

1882. 35-centimetre theodolite, No. IO. Telescope above ground 16·43 metres. F. D. Granger, 
obsen'er. 

0 II ,, ,, II 

12 Schnackenberg 0 00 oo·oo ±o·oS +0·29 00·29 

Sedalia 61 55 43 ·47 0·35 

1· ,, Kendrick 76 13 14·27 0 ·13 -0·02 14·25 

14 Knob Noster I06 IO 35·58 0 ·15 +0·06 35·64 

"IO Hubbard 281 56 03·So 0 ·16 -0·16 03·64 

II Hughes 325 51 06·09 0·13 -0·16 05·93 
Probable error of a single observation of a direction (D. aud R.) = ±011·81, 
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( b) A bstrad qf rt'Sttlli11g liorizontal d irations at cacli sf,ition, _limn /,,cal and jimn _/igu re 
adjusl111cnts, I88o, £882-83-8;.-85, I887-88-89""""90-Co11ti11uecl. 

R'c11drick, Pettis County, Missouri. September 26 to October 3, 1882. 35-centimetre tlteodolite. 
No. IO. 'felescope above ground 7'44 metres. F. D. Granger and J. E. McGrath, (observers. 

No. of 
Resulting di rec- Approxin1ate Correction:; Final seconds 

cUrection. Objt:ct!-0 observed.· lions front station probahle from fignrc= in triangu-
ndjustn1t:nt. error. adjustn1ent. lation. 

0 " 'l ll 

Ji High Point Tebo 0 00 oo.·oo ±O"I::! +o·q oo·q 

Shoemakers house, cupola, 86 19 08·04 0·36 

lightning rorl 

18 Knob Noster SS 57 59·87 o·q 
-0 ·14 59'i3 

Lamont, Christian Clnm;h spire r31 ~s 3o·S1 0·40 

15 Heard :200 27 4J ·67 0·18 
-0 ·16 

Schnackenberg 258 56 '7i 
41 ·51 

16 17 0 ·24 
56·93 

Green Ridge Church chimney 283 59 ~I ·96 (• ·K3 
-f-o ·16 

Tomlin's house, SE. chimney 351 09 5r ·26 0·46 

Probable error •..fa "ingle observation of a direction (D. anrl R.) = ± l"'JO 

1-I~i;h Point Tcbv, Johnson County, :Missouri. October 9 to October 20, 188::?. 35-ceutimetre theo•fo
lite, No. 10. Telescope above grou11<l 16·6r metres. F. D. Granger, obsen'er. 

// '-' ·" /l 

Knob Noster 0 00 oo·oo ±O"IO -(1":'.?9 5971 
Kendrick -17 37 45 ·97 0 ·18 -0·30 45·67 
Tomlins house, SE. chinmey 51 09 26·36 0·30 

Green Ridge, Congregational 67 ~-1 -13 ·r r 0·36 

Church chimney 

Schm1ckenberg JOO or 30·08 o ·r6 +0·::?5 .30"3.3 
\\'indsor Scl10olhouse cupola 1·-_,, 26 26·20 0 ·26 

Caldwell ~62 .::!O •)3 ·4S 0"12 +0·07 03·55 
High Poi11t Tebo Church chim· ;;q r r ·':'.? ·97 0·55 

ney 
Normal 320 09 08·10 0 'II +0·26 08·36 

Probabh: <':!TOI: <:•fa single observation of a direction (_l). and R.) = ± 0"·87. 

I<'110!> 1Voslt"r, Joh11son Cc•1111ty, i\fissouri. October 25 to November 1-J, 1882. 35-centimetre theodolite, 
No. JO. Tele~cope above ground 7'68 metres. F. D. Granger, obsen'er. 

,, ,, ,, -" 

2I High l'o:•int Tebo 0 00 oo·oo ±0·10 +0·24 00·24 

22 Caldwell 33 O" _, 28 'il o ·rs +0·40 29 'II 
,,, __ , Normal 78 42 -13·55 0 ·15 -0-46 43·09 

W'arrensburg Old School Presby- So 50 38·68 0·34 
terian Church spire 

Hazel Hill 122 39 537S O'::!::? 

Cooks Knob, pole on ice house I88 :?8 53·68 0·29 
La Monte, Campbellite Church 264 47 ,\5 '12 0·31 

belfry 

19 Heard 278 o~ 47 "6:! (J ·q -O'lO 47·52 
20 Kendrick _;16 35 45 ';?.:! o·r6 -0·08 45·14 

Shoemaker's house, Cupola light· 322 43 25 ·09 0·46 
ning rod 

Pr_obable error of a single observation of a direction (D. and- R.) = ±0"·9,;. 



UNITED STATES COAST AND GEODETIC SURVEY. 

( b) _ -[ bstracl of rcsulti11g /i.orizo11tal din·dio11s at t•ach stati,111, _ti-t>m local and jimn _tigure 
adjustmmls, rSSo, rSS2-83-S1-S5, r887-8S-80-90-Continued. 

}\~_>r111al, Johnson County, Missouri. June 20 -to July 2, lSS3. 35 centimetre theodolite, Nn. 10. 

No.of 
direction. 

Telescope abo,·e ground 28·19 metres. F. D. Granger, observer . 

Objects obsen·ed. 

Knob Noster 

High Point Tebo 

Caldwell 

Resulting direc
tions fro111 station 

adjustn1e11 t. 

0 /.' 

o oo o.--.. ·oo 

6I 26 

JOI 

Holden, Methodist Church spire li4 

o9 5 I ·5s 
28 4.:? ·15 

Baker '187 I2 

Chapel Hill :?IS ,;2 

::?0".35 

51 "69 
Hazel Hill 2F- q 28 ·35 

'Varrensburg PresbyterianChurch 2j6 06 ,;2 ·04 

spire 

Approxi111ate 
probable 

error. 

// 

±O'II 

(I "I::? 

I) ·15 

o·39 

0'15 

0·15 

o ·3r 

0'6j 

Cooks Knob 334 04 54 ·o o ·38 

. 
Correction~ 
fron1 fl.gun:: 
adjnstn1ent. 

,_, 
+0·11 

+0·13 

-f"l "4i 

+o·oS 

+o ·q 

Probable error of a single observation of a direction ( D. ann R.) = ± 0 1 -'·9r. 

Final fi.econds 
in triangu-

lat ion. 

I..' 

00'1[ 

26·82 

SI "I 1 

20·43 

51 ·S,; 

Ca/d;:idl, Johnson County, Missouri. July rr to July 19, I883. 35-centimetre theodolite, No. IO. 

29 

.30 

31 

Telescope above ground I2"8o metres. F. D. Granger and J. E. McGrath, observers. 

0 " II ll 

High Point Tebo 0 00 00 "(J(I ±O"II -0·07 

Windsor Public School flagstaff I-;:> J~ 18·50 (\ ·27 

Hutton Mound li9 5•) 5I"OO 0 "IO +o ·09 

Baker 221 1$ I6"76 I) "J 2 -0·29 

Holden Methodist Church 222 oS 36·05 0·38 

tall white spire 

'Warrensburg Presbyterian .,---11 24 (l..'.! ·.~7 o·I8 

Church spire 

Normal 2jj .3~ 2S·o7 O"I.'.! +o·ro 

Knob Noster 310 43 23 ·S9 0 "I I +o "I7 

Probable error of a single observation r)f n direction (D. aml R._) = ±o-"·68. 

I/ 

59·93 

5r ·09 

i6·47 

2S ·17 

24·o6 

Hutton JII01111d, Cass County, Missouri. July 2S to August 15, 1883. 35-centimetre t'1eo,lolite, No. 
IO. Telescope above ground 5·52 metres. F. D. Granger and J.E. McGrath, observers. 

0 ll I/ II // 

49 Fulton 0 00 oo·oo ±o·oS -0·36 59·64 

50 Thornton 35 45 53·25 o·q +0·24 53·49 

Staley Mound, Staley's house .39 .+fl 37 '.).) 0·30 

..:himney. 

5I Baker 68 01 :?O'jO o·ro -0·09 20·61. 

Kings\'ille Public School cupola 69 07 24·90 0·29 

Holden :Methodist Church 87 3.3 58·36 0·46 

tall white spire ,, 
' - Caldwell 132 16 05·&> O"I6 +0·21 o6'0I 

Austin Church spire 28~ 56 52·41 0·3S 

Probable error of a single observation •.>f a rlirection (/).and R.) = ± 0 11 ·So. 



TRANSCONTINENTAL TRIANGULATION-PART III-TRIANGULATION. 485 

(b) • .J.bstract qf resulting horizcmtal din·ctio11s at mdz stcition, ji·om local a11d ji"Oln pgure 
adjustme11ts, I88o, I882-83-S1-85, I88/-88-89-90-C•mtitmed. 

Baker, Johnson County, Missouri. September 15 to September 28, 1883. 35-centimetre theodolite, 
No. 10. Telescope above ground r38 metres. F. D. Granger, observer. 

No. of Resnltillg direc- Approximate Corrections Final second.':' 
direction. Objects obi;erved. tiom; fro111 station probable from fig\lre in triangu-

adj\lstment. error. adj\lstment. lation. 

~ ,, ,, I! II 

43 Thornton 0 00 00'00 ±0·09 -0·06 59·94 

44 Chapel Hill 65 09 26 '15 0 ·15 -0·23 25 ·92 

39 Normal 151 40 60·55 o·q -0·32 6o·23 

40 Caldwell 189 24 20·34 0·19 +0·42 20 76 

41 Hutton 1"1ounc1 263 42 I2 '22 0 '12 --f) •o6 12 '16 

42 Fulton 300 07 28 ·5r o ·r6 +0·25 28 76 
Probable error of a single ob;.ervation of a rlirection (D. and R.) = ± 0"·86. 

Cliapd I-fill, Johnson County. Missouri. October 6 to October 16, 1883.. 35-centimetre theodolite' 
No. 10. 'felescope above ground 16·55 metres. F. D. Granger all(\ J.E. McGrath, obsernrs. · 

fl ,, ,, 
46 Raker 0 00 00'00 ±o·o~ +oy3 CQ'l8 

47 Thornton 58 26 56·61 0 ·12 +ow 56·68 

48 Ilowler So 58 45·8o 0 'I:? 0'00 45·So 

..\5 Normal 297 52 04·8S 0 'II -0·25 04·63 

Prohahl<: error of a single obsen·ation of a <lirectiou (D. and R.) = ±0'1·65. 

Bcm•lcr, Ja.:kso11 County, Missouri. July 29 to . .\ugust I ._2i, 1884. 35-ct'ntimetre theodolite, No. JO. 

Telescope above ground 8·26 metres. F. D. Granger. observer. 
~ ,, ,, // I! 

65 Thornton 0 00 00 '(1(1 ±0·09 +0·1r 00 'II 

66 f'ulton 50 05 2,~ ·86 0 'J.? -·o·r8 :?3 "68 

67 Berry 127 57 45·99 (I ·13 -·? ·24 45 '75 
68 :Marty lSo 46 1i ':?.? 0 ·16 +0·74 17 ·96 

64 Chapel Hill 329 49 33 ·21 0 ·14 --·O '43 32 ·78 

Probable error of a single observation (•fa direction (D. anr1 R.) = ±0''·76. 

Tliomltl/I, Cass County, Missouri. October 23 to No\·ember 1, 1883. 35-centimetre theodolite, No. 
JO. Tde!'Cope above groun<l 1·4r metres. F. D. Granger ,rnd J. E. McGrath, obsen•ers. 

!.I /.' ,, 
6o Baker (I (1(1 oo ·oo ±0·09 +0·03 00·03 

Staley l\oioun.-1, Stal<'y's house 46 43 34·99 0·27 

chimney. 

61 Hutton Momul 51. 26 46·51 (I ·13 -0·26 46 ·25 
62 Fulton 76 18 o+ ·48 (J ·10 +0·05 04 ·5-~ 

Rayn1ore, Christian Church 140 50 43·25 0°3I 

spire. 

63 Bowler 176 1S 37·76 0'12 0 '(J(J -~' 76 
Lees Summit, South Methodist 189 oS or ·67 0·21 

Church cupola. 

Hicks City, Christian Union JOI 39 52 •88 0 ·18. 

Church spire. 

59 ChapelHill. 303 36 21·65 o·ro +0·18 

Probable error of a single observation of a direction ( D. and R.) = ± 0"·66. 



UNITED STATES COAST AND GEODETIC SURVEY. 

(l>"> • .J.bstrad <?/resulting ht>rizontal diredions tll e·ad1 slatit11z, fn>m lt>ca/ mu{ jiwn figure 
at(juslmmfs, ISSo, I882-S3-S+-ss. I887-SS-So-oo-Conti11ued. 

Fu/1011, Cass County, Missouri. August :20 to September S, 1883. 35-centimetre theodolite, No. w. 
Telescope above grouml 6·68 metres. F. D. Granger and J. E. McGrath, obserwrs. 

No.of 
direction. 

58 

5J 
54 

55 
56 

57 

Resulting direc- Approximate Corrections 
Object:.;.1...1bsi..::r\•~d. tions fron1 station probable frl)nt figure:: 

adjust111e11t. error. adjust111e11t. 

/I II " Hutton Mound 0 00 oo·oo ±O"Oj +0·49 
Austin, Methodist Church spire 42 26 49·96 0·36 
Harrisonville, tall white church 151 Ii 56 ·76 0·20 

spire 
Haskin 153 54 48 ·55 0 "II +0·4j 
Berry 177 54 45·34 o·ro -I "12 
Belton, South Methodist Church 179 28 14 "75 0"2[ 

spire 
Bowler 210 43 07·65 0·16 +0·26 
Thornton 240 37 II ·6S 0·15 +0·20 
Staley l\'Iound, Staley's house 281 o· _, 40·30 0·30 

chimney 
Baker 284 26 37·43 o·q --1) ·30 
KingsYille, Public School CU- 288 OI 13 ·rs 0·34 

po la 

Probable error (•f a single observation of a direction ( D. and R.) = ± t_i'.'·76. 

Final ~econd~ 
in 1~~ii~1111:u-

II 

. 00·49 

4Q"02 
44·22 

07 ·91 
II ·SS 

37 ·r3 

Eeny, Cass County, Missouri. August 23 to August 30, 1884. 35-centimetre theodolite, No. Io. 
Telescope above ground 7·25 metres. F. D. Granger, observer. · 

0 ,, 
" .II 

69 Bowler 0 00 O) ·oo ±0"1.? +o ·05 00·05 

70 Fulton 69 19. 14 ·95 O"l.'.? +0·47 15·42 
jl Haskin 16S 17 52 · ... ~ T 0 "II +0·03 52 ·34 
72 Marty 270 21 15 "8i 0 "II -0·55 15 ·32 

Probable error of a single observation of a direction ( D. and R.) = ± o''·6S. 

Jlarty, Johnson County, Kansas. August r to August 13, 1885. 35-centimetre theodolite, No. ro. 
Telescope above ground 19·60 metres. F. D. Granger and E. D. Preston, observers. 

0 
,, 

// " 
74 Berry 0 00 oo·oo ±0'1[ +0·02 00·02 

75 Haskin ::?9 51 5::?"LJ 0 ·12 +0·83 52 ·97 
76 Thomas 76 46 28 ·o'i o ·rs -o·rS 27·90 

77 Eckman T2S 55 42 ·16 o ·r6 -0·04 42·12 

73 Bowler 322 27 16 ·73 (I ·13 -0·63 16 ·ro 

Probable erro:or of a single observation of a direction (D. and R.·) = ±o"·S2. 

Haskin. Johnson County. Kansas. August 25 to Sertemher 6, 1885. 35-centimetre theodolite, No. 
10. Telescope above ground r9·69 metres. F. D. Granger, observer. 

Sr 
82 
78 
79 
So 

Berry 
Fulton 
Bebt: Mound 
Thomas 
Marty 

0 

57 
225 
250 
3II 

00 
or 
36 
54 
55 

" 
_,, 

oo·oo ±o·oS 0 ... ., - ,,_ 
2S·22 0·14 +0·37 
03·25 0'12 -:-0·25 
47·31 0 ·17 -0·12 
15·05 0·13 -0·18 

Probable errnr of a single ohsen·ation of a direction (D. ancl R.) = ± 0"·7S. 

II 

59·6S 
28·59 
03·50 
47 ·r9 
q·87 



TRANSCONTINENTAL TRIANGULATION-PART III-TRIANGU~ATION. 487 

(b) Abstract ql rem/ting h(lrizonta.I dircc/i(l11s at each station, fro111 local and ji·(111i fig-un· 
a.d)!1st111mts, 1880, 1882-83-81-85, 1887-88-8sr-90-Continued. 

Tliomas, Johnson County, Kansas. October 6 to October 20, 1885. 35-centimetre theodolite, No. IO. 

Telescope above ground rt;;·64 metres. F. D. Granger, observer. 

No.of Resulting direc- Approximate Corrections Final seconds 
direction. Object• obsef\·ed. tious fr01n station probable from figure iu triaugu-

adjustment. error. adjust1nent. lation. 
0 I/ II II ". 

85 Bebi: Mound 0 00 oo·oo ±O"ll +o·~o 00'20 

Blue Mound 43 45 s~ ·07 o ·rs 
86 Eckman 95 I~ 49 '21 0·16 -0·17 49·04 

83 Marty 16i 04 26·03 0 ·15 +0·03 26·06 

84 Haskin 239 09 24 ·82 0·15 -0·06 24 76 

Probable error of a single observation of a direction (D. and R.) = ± 0'"85. 

Eckman, Leavenworth County, Kansas. October 30 to No\"etnber 30, 1885. 35-centimetre theodolite, 
No. 10. Telescope above ground 15·39 metres. E. D. Preston, observer. July II to July 18, 
1887. 35-centimetre theodolite, No. IO. Telescope abo\"e ground 15·29 metres. F. D. Granger, 
observer. 

89 

90 

91 

87 
88 

II I/ 

Bebe Mound 0 00 oo·oo *±0·14 -0·29 

t ·08 

Blue Mound 35 55 52."43 0·19 

Simmons 43 07 59 '12 0·09 +0·40 

Carson 48 59 59·53 0·07 

Kanwaka 71 18 07·35 0·09 -0·04 

Second Presbyterian Church 250 16 25 ·44 Q"">"I _,, 
spire, Kansas City 

Marty 271 44 44·05 0·15 -0·09 

Thomas 327 43 54·21 0·15 +a ·02 

/I 

Probable error of a single observation of a direction ( IJ. and R.) = ± 0·99 in 1885. 
±0·50 in 1887. 

II 

5971 

59·52 

07·31 

43·96 
54·23 

BebJ 1llomul, Dougla,; Connty, Kansas. September I4 to Septemb-er 21, 1885. 35-centimetre theodo
lite, No. IO. Telescope above ground 16·76 metres. F. D. Granger. observer. Jnne 23 to July 3, 
1887. 35-centimetre theorlolite, No. 10. Telescope aboye ground 16·00 metres. F. D. Granger, 
observer. 

0 , ,, II II /I 

95 Thomas () 00 oo·oo ±0·06 -0·38 59·62 

¢ Haskin 33 50 40·97 c ·:4 +0·28 41 ·25 

92 Simmons 2IO 31 29'3i f) • 12 +0·25 ~9·62 

Carson 245 06 42 ·15 0·07 

93 Kanwaka 248 07 48·97 0 'II -0·58 48·39_ 
Blue Mound 262 23 r3·90 0 '12 

94 Eckman 307 28 52·50 0 ·13 +0·43 52 ·93 

Probable error of a single observation of a direction ( D. and R.) = ± 0 11 ·68. 

*In 1SS5. t In 18.S;. 



UNI'l'ED STATES COAST AND GEODETIC SURVEY. 

(b) Abstract qf rem/ting horizontal direcli'ons at eack station, from local a'ndfromjigzwe 
a.djustm.ents, I88o, I882-83-84-85, I887-88-89-90-Continued. 

.K11nwak1i, Douglas County, Kansas. July 28 to August 16, 1887. 35-centimetre theodolite, No. IO. 

Telescope above ground 1 ]'25 metres. F. D. Granger, observer. 

No.of Res11\ting di rec- A.pprmdmate Corrections Fina\ seconds 
direction. Objects observed. lions· from station probable from figure in triangu-

adjnst111e11t. error. adjustment. lation. 

0 " 
,, 

" II 

99 Simmons 0 00 oo·oo ±o·oS -0·05 59·95 
100 Mabon 49 II 05 ·SS 0 ·16 +0·03 05 ·91 
IOI Elevatio11 79 56 07·91 0 ·11 -0·25 07 •66 

97 Eckman 252 31 27·51 0·11 -0·42 27 ·09 
Blue l\:Iound 289 36 07 73 o ·r6 

s-':! Bebe Mound 301 52 r6·So 0 ·19 +0·69 17·49 
Carson 307 25 14 '21 0·07 

Probable error of a single observation of a direction ( D. and R.) = ± 0"·75. 

Si111mo11s, Douglas County, Kansas. August 23 to Se,..tember q, 1887. 35-centin1etre theodolite, 
No. IO. Telescope above ground 13·72 metres. F. D. Granger, observer. 

0 II ,, II II 

104 Kanwaka 0 00 oo·oo ±0·09 -0·15 59·85 
Carson 35 09 42·78 o·oS 

105 Eckman 44 21 ::?I ':.7!:! 0 ·11 -0·06 21 ·16 

106 Rebe Mound 84 16 00·62 0 '12 -o·oS 00·54 
102 Mabon 264 30 44 ·50 0·11 -0·02 44·48 

103 Elevation 299 45 06·29 0 '12 +0·3r o6•6o 

Probable error of a single obsen·ation of a direction ( D. and R.) = ± o" ·66. 

JIIabo11, Osage County, Kansas. September 21 to October q. 1887. 35-centimetre theodolite, No. IO. 

Telescope above ground 16·12 metres. F. D. Granger, observer. 

0 II II II " 
109 Elevation 0 00 oo·oo ±o·oS -0·17 59·83 
IIO Kanwaka 51 15 28·09 0°1I +0·35 28·44 

JI 1 Si111mons 86 35 08 78 0·09 +0·14 08·92 

107 Clark 279 01 18·06 0·08 -0·30 17 76 

108 Powell 313 07 17 ·31. 0·07 -0·02 17·29 

Probable error of a single obsen·ation of a direction (D. and R.) = ±011·52. 

Elt!<•atio11, Shawnee County, Kansas. October 21 to November J, 1887. 35 -centimetre theodolite, 
No. ro. Telescope above ground 13 ·72 metres. F. D. Granger, observer. 

0 II " 
,, ,, 

rq Mabon 0 00 oo·oo ±0·09 +0·03 00·03 

IIS Powell 6o 04 24·20 0·:1x +0·37 24·57 

II6 Clark 61 .38 23·84 o·oS +0·35 24 ·19 

II7 Adams 98 23 29·03 0·14 -0·39 28·64 

112 Kanwaka 262 00 29·04 0 ·12 -0·30 28·74 

JI3 Simmons 3or 49 29·69 o ·r3 -0·06 29·63 

Probable error of a single observation of a direction ( D. and R.) = ±0'1·66. 



TRANSCONTINENTAL TRIANGULATION-PART III-TRIANGULATION. 489 

(b) A bslrac! q/ rt' Sit/ling !1ori:;in1/iil dircdions al each stafit>n, _1iw11 local and from figm·e 
adjustments, I8So, I882-83-S1-S5, IS87-88-S9-90-Conti11ued. 

Powell, Shawnee County, Kansas. November io to November is, lS~q. ;:,5-centimetre theodolite, 
No. IO. 'felescrJpe above ground 6·10 metres. F. D. Granger, observer. 

1'o.of Resulting direc- Approximate Corrections Final seconds 
direction. Objects obsen·ed. tions front station prc.bable from figure in triangu-

aclj11stme11t. t:rror. a<ljuslmeut. \at\on. 

0 II ,, l.' II 

119 I Mabon 0 00 oo·oo :::1::0·08 -0·03 59 "97 
120 Clark 109 54 04 ·98 0·07 +o·;:,4 05·32 

121 Adams 177 42 23·0S 0·10 +0·18 23·26 

II8 Elevation 286 57 06·83 0·09 -0·49 06·34 

Probable error of a single observation of a direction (D. and. R.) = ± o" ·50. 

Adams, \.Vabaunsee County, Kansas. ·July 2 to July 9, 1888. 35-centimetre theodolite, No. IO. 

Telescope abo\•e ground T48 metres. F. D. Granger, observer. 

0 II ll l/ /l 

I Mark 0 00 oo·oo :t:o·09 

1:!2 Ele\•ation 104 Ii 52·22 0 'IO +0·13 52 ·35 

123 Powell 136 ... ,.y,,.,.., n·1n -() "'21. o~ ·~c 

124 Clark 191 57 39·09 0 "II +0·58 39''6j 

125 Meyer 237 16 28·95 O'Il -0·48 28·47 

126 Zeau Dale 279 z4 42> ·63 0·09 ()"00 42> '63 

Probable error of a single obsen·ation'of a direction (D. and R.) = :!= 0 11 ·59. 

Clark, \Vabaunsee County, Kansas. August j to August z2, 1888. 35-centimetre theodolite, Ne>. IO. 

Telescope above ground, 13'75 metres. F. D. Granger, observer. 

0 I/ II // II 

130 I Adams 0 00 oo·oo ±0'!0 -0 ·38 59·62 

l;)l Ekv~1tio11 55 35 '.>9 ·45 0 'Il -0·18 09·27 

132 Powell 56, 58 09 ·rs 0·09 -0·47 08'68 

133 Mabon 92 58 03 ·90 o "II +0·71 04·61 

127 Reinhard 258 46 lS·49 0·10 +0·24 18·73 

1:?8 Meyer 281 :?7 5S·ss o·oS -0·10 58·iS 

129 I Zeau Dale 302 43 25 ·24 o·oS +o·r8 25 ··12 

Probable error of a single obsen-ation r,f a directiou (D. a11d R.) = ::!:: 01 l·57. 

JJ!cycr, \Vabaunsee County, Kansas. Augnst 3 t to September 6, 1888. 35-centimetre theooiolite, 
No. 10. Telescope abo\·e grou111i 6·16 metres. F. D. Granger, observer. 

Zean Dale 

Adams 

0 // 

0 00 00'00 

84 IO 28 '35 

a~ ~ 19~~ 

ll II 

±o·rr +0·02 

0 'fl -+-0·22 

0·09 -"0 'll 

, Reinhard 281 07 34 ·57 o ·09 --o ·13 

Probable error of a single observation of a direction ( D. an<\ R.) = :± oll·58. 

I/ 

00'02 

28·57 

39 ·Sr 

34'44 



UNITED STATES" COAST AND GEODE'rIC SURVEY. 

{ b) A bstrad (If resulting k(lriwntal directions at ea ck stafi(lll, from /,>ml mzd fr(l11l figure 
,u/justmmts, ISSo, ISS2--8_j-Sj.-S5, ISS7-<i'8-89-90-Co11tinuecl. 

Zt·an Dale, Riley Criunty. Kansas. SepteIJI ber rs to October ·-'' rSSS. 35-centimetre theodolite, 
No. JO. Telescope above ground r3 ·78 metr,;s. F. D. Granger, observer. 

No.of Resulting dire<'- Approximate Corrections Final seco11ds 
direction. Object~ 0hserved. tions from station probabk from figure in trian;::u-

adjus.tme11t. Cl"f(•T. adjustint:nt. lation. 

0 !I ,,. ,, 
" 

qr Reinhard 0 00 oo·oo ±o·os +0·3r 00·,31 

q:i Humboldt 41 02 33 ·r9 o·ro -0·3s 32 ·s4 

14.~ Erricssen &i 47 38 "('4 (I • I l +0·49 ,38 ·53 

l,38 Adams 249 55 , .. ... s .,, ... , " - 0·09 -o·n 33·2; 
139 Clark 285 II 56·85 0·09 --0·23 56·62 

140 Meyer ~~03 36 50 ·S.; O'II -0 'JO .;o "75 

Probable error of a s\ngle observat\on of a r\irection ( /.1. and R.) '= ± 0"·59. 

R<'inliard, Morris County, Kansas. October 16 to Non:mber 2, 1888. .)5-centimetre theodolite, 
No. Jo. Telescope above ground r r ·43 metres. F. D. Granger, observer. 

0 " 
147 Humboldt 0 00 oo ·oo 

148 Zean Dale 48 JI 56 ·35 

149 Meyer 93 16 22·40 

150 I Clark 109 46 47".B 

I44 I White City 262 32 4S "J.5 

145 Robbins 32r 14 35 ·19 

146 1 Erricssen .359 56 2J'i3 

Probable error of a single observation of a direction 

,, ll 

±o·os -0·30 

0·09 -0·29 

o ·rr -0·32 

0·16 +o 72 
o ·r4 -0·44 

0·13 -(> ·q 

0·13 +c··n 
(D. and R.) = ±0"·72. 

59 "/O 

56·06 

22 ·os 
48·05 

4i ·i:ll 

.35 ·05 

24·50 

1Vhik c_/ty, Morris County, Kansas. Non:mber ro to November 22, rSSS. ,;.5-centimetre theodolite, 
No. ro. Telesc..:ipe aho\•e ground 6·1~ metres. F. D Granger. observer. 

0 ,, ,, 'l II 

161 Robbins I) 00 OO"OJ ±O'l2 -0·46 59·54 
162 Reinhard 79 47 II ·37 0 '12 +0·66 12"0j 

r6o Taylor . ~07 10 • 06·41 0 'I:? -0'.:?l 06·20 

Probable error of<\ single observation of a direction ( D. and R.) = ±0'1 ·69. 

Rc>bbi11s, Geary County, Kansas. Jul)• 26 to August 9, r889. 35-centimetre theodolite, No. 10. Tele
scope above ground 5·97 metres. F. D. Granger, observer.· 

0 /' !.' " 
163 I Humboldt 0 00 oo·oo ±0"12 +o·r9 00·19 

164 
1 

Reinhard 49 45 .34"82 o·ro -0·20 .34"62 

165 White City 91 16 .35 ·64 O'lJ -t-c' · 19 35 ·83 
166 I Tavlor 167 I• 09·52 o·q +0·06 09·58 _, 
167 \Vil mer 235 00 c:q ·02 0 "IJ +o·q 07 "16 

r68 I Erricssen J06 00 52·27 0 "II --0 ·39 sr ·ss 
Probable error of a single observation of a direction ( D. and R.) = ±011 ·71. 
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( b") A bsfract <?/ resulting hori.w11tal dircdions al «adt staf1011, ftvm local alld Jimn ./igu re 
adjuslmmts, I88o, IS82-S3-S1-.'J'5, IS87-.'J'S-S9-90-Continued. 

Humboldt, Geary County, Kansas. August 17 to August 30, 1889. 35-centimetre theodolite, No. 10. 

Telescope abo\·e ground 12·42 metres. F. D. Granger, obsen·er. 

No.or Resulting clirec· Approximat<: Corrections 1-iinal secondq, 

direction. Objects obsen·ed. tions front station probabl~ frotn figur~ in triangu-
adjnstn1ent. error. adjust111eut. lation. 

0 .ll ,, ,, 
" 

153 Robbins 0 00 oo ·oo ±0·09 -O'I6 59·84 

154 Erricssen SS 24 05 ·34 0 'I.:? -o ·,;r 05 ·03 

151 Zean Dale 178 05 25 76 0 ·16 +0·40 26 '16 

152 Reinhard 268 30 58 ·rs 0 "IO -1-o ·07 58 ·22 

Probable error of a single observation of a direction ( D. and R.) = ±0"7 c. 

Erricsse11, Riley County, Kansas. September 5 to September 12, 1889. 35-centimetre theodolite, No. 
IO. Telescope a?ove ground 15·22 metres. F. D. Granger, observer. 

" // II " 
J56 I Humboldt 0 00 oo·oo ±0·08 +o·ofi 00·06 

157 I Reinhard. 0 O' 17 ·58 0 ·1.._; +0·47 18·05 _., 

t58 Robbins 37 36 47 ·31 0 'I.? 0 "()fj 47 '.3~ 

159 I \lllilmer 94 ,Ii :!.7 ":!.j 0·09 +0·25 27 "5:! 

155 Zean Dale 313 26 26·62 0 "I I -078 25 ·84 

Probable error of a single obseniation of a direction (D. and R.) = ±0"·64. 

Taylor, Dickinson County. Kansas. October 9 to November 5, 1889. 35-centimetre theodolite, No. 
10. Telesco~e hbove ground 12'53 metres. F. D. Granger, obser\"er. 

0 -'.' !I 

176 Frey C• IX> 1)() '00 ±0·07 o·oo •XI "00 

177 \Vihner 36 28 17 72 0"<)9 -0·18 17·54 

178 Robbins JOI 19 54 'JI o ·1r -0':.2..2 54·49 

179 White City 152 ,.."t,) 27 ·83 0 ·1·2 +o·6.; 28·48 

174 \ lro11 111.mmd JOI 54 oS·.F O"I:!. -0·67 07 74 

175 . Vine Creek 348 50 54 ·S,; •)" 14 +o;~l:! 55·25 

Probable error of a single obsen•ation of a rlirection (L>. aucl R.) = ±0"·65. 

IVilmcr, Dickinson County, Kansas. September 20 to October I, 1889. ,;5-centimetre theodolite, 
No. ro. Telescope above grnund 12· r9 metres. F. D. Granger, observe1·. 

0 ,, II ,, I' 

Ij2 Frey 0 00 oo·oo o·os +o·6r 00·61 

173 Vine Creek 38 54 ·26·2s 0 "JI -0 -.;iS 26·20 

169 Erricssen 207 JI 50·99 0·13 ·-0·18 5o·sr 

170 Robbins 259 30 27 ·94 I) '12 -0·54 ~7 ·40 
171 Taylor 306 5r 53·97 0'10 1"""0"19 54 "16 

Probable error of a single observation of a directio11 (D. aud R.) = ± 0'1 ·6.;. 
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(bl • .J.bslrad <"!/ n'sulling horizontal dirt'dions al each slt1.ti'o11 jimn local and jimu'figure 
adjustnwzts, r88o, I882-S3-8.;.-85. r887-88-8$1-90-Completed. 

Fr(l', Dickinson County, Kansas. June q to June 20, 1890. 35-centimetre theoclolite, No. 10. 

Telescope above ground 6·04 metres. F. D. (~ranger, observer. 

No.r_.{ Resulting direc- A1>proxin1ate Corrections Fina I seconds 
Objects obsen•ed. tion!'i froni ~tation probable from figure in triangu-direction. adjustment. error. adjustment. tation. 

" II II 

180 Wilmer (o 00 oo·oo -0·36 i;9·64 

181 Taylor 90 
.,. _,, 36·44 +o·o6 36·50 

18:! Iron l\fou ncl 18,~ 49 17·60 +<? ·01 17 ·61 

183 Vine Creek 247 -B 11 '52 +o·:>8 II ·So 

Probable error of a single observation of a direction (D. and R.) = ± 0 11 ·54. 

bv11 Jfoimd, Saline County, Kansas. July 30 to August 13, 1890. 35-centimetre theodolite, No. 10. 
Telescope abo,·e ground l ·74 metres. F. D. Granger, obsen·er. May 16 to May 22, 1896. 30-centi
metre theodolite, No. u8. Telescope above ground l '67 metre-,. F. D. Granger, observer. 

No.of 
direc
tion. 

18i 

18S 

Finl' 

Objects ohsen·t-d. 

Corrections Corrections Final 
front ba!:ie- from ba~e- seconds 
uet adjust- 1fi~1~:~d 111 tri; 

n1eut. adjustinent. angnlation. 

~ ll ,, /I I! // II 

North Pole Mound 0 00 oo·oo -0·02 59 '9'~ -0·08 59·90 

Salina East Base I' ·' 29 I:? '12 -0 'Col 12 'II -0·04 12·07 

Vine Creek 45 39 51 ·96 +o ·o.'.? 51 ·98 +0·33 52 ·31 

Frey 78 21 30 ·'-~2 +0·03 30·35 +0·55 30·90 

Taylor 106 49 58·94 +0·01 58·95 +0·61 59·56 

Heath 302 47 35·Su -0·01 35·79 -0·02 35·77 

Salina West Base 329 12 45·01 -0·02 44·99 +0·30 45·29 

Thompson 344 26 20·14 -0·03 20 'II -0·4S 19 ·63 

Probable error of a single observation of a direction (D. and R.) ~ ±o"·6o. 

0-t't'k, Ottawa County, Kansas. June 28 to July 21, 1891:.. 35-centimetre theodolite, 
Telescope above ground 6·oi metres. 

Iron .l\founcl 

North Pole Mound 

Heath 

I 
Thompson 

\Vil mer 

I ~:~~or 

" 
0 00 00'00 

30 Si 43·92 

45 38 34·02 

66 55 43 ·54 

247 46 44 ·56 

276 .~5 3 I '59 
288 06 5 I •6g 

II 

+0·02 

+0·03 

+0·03 

+0·01 
o·oo 

-0·02 

-0·03 

F. D. Granger, observer. 

.I.I 

00'0.:! 

43 ·95 

34·05 

43 ·55 

44·56 

31 ·57 
51 •66 

I! 

+0·31 

-0·67 

+0·06 

+0·29 

II 

-0·57 

-0·24 

-t-o'05 

Probable error of a single observation of a direction ( D. ancl R.) ~ ± 0 11 ·75. 

No. IO. 

II 

00·33 

43·28 

34 'II 

43·84 

43·99 

31 ·33 

51 ·71 
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(_c) Figure adjustment. 

Obscr7!atio11 o'q11atio11s. 

No. I 

I I O=-I'Oj (2)+ (4)- (IO)+ (_II) 

2 I o=-0·59 (3)+ (4)- (7) + (8)- (IO)+ (r2) 

3 I o=+o·9r (r)-j- (2)- (7)+ (9)- (zr)+ (12) 

4 I o=-0·67 (6)+ (7)- (12) + (13)- (15) + (16) 

5 1, o=-0·09 (13) + (14)+ (15)- (18) - (19)-t- (w) 
6 I 0=+0·29 (5l+ (6)- ( 16) +- (17) - (27)+ (28) 

7 o=-0·02 (17) + (IS)- (20) + (21)- (26)+ ( 27) 
s 0=+1·24 (::n)+ (23\- (25)+ (26)- (34)+ (35) 

9 0=+0·44 (21) + (22)- (24)+ (26)- (32)+ (33) 
IO 0=+0·58 (24) + (25)- (31) + (33)- (JS)+ (36) 
II O=--I'69 (30) + (JI_)- (36)+ (37)- (.39\ + (40) 
I2 0=+0·58 (29)+ (30)- (40)+ (4r)- (51) + (52) 

I• o=-0·39 (37) + (38)+ (39)-- (44)- (45) + (-16) _, 

14 I 0=+0·43 (43) + (44)- (46)+ (47)- (59)-j-- (6o) 

15 o=-1·38 \41)-t (42)- (49)-\- (51)- (57l-t (58) 
16 0=+0·79 (42_) + (43)- (56) + (57)- (6o)+ (62) 

17 o=-1'2! (49) + (50)- (56) + (58)- (61) + (62) 

18 o=+oAo (55)-t (56)- (62)+ (63)- (65)+ (66) 

19 o=-0·66 (47) + (48)+ (59)- (63)- (6,i_)-j-- (65) 
20 0=-1·73 (54)+ (55)- (66)+ (67)- (69)-t (70) 
21 o=-2·24 (67)+ (68)+ (69)- (72)- (73) + (74) 

I 
(53) + (54)- (70)+ (71)- (81) -j-- (82) 22 I 0=+1·34 

23 I o=-0·09 (71)+ (_72)-- (74)+ (75)- (So)-t (Sr) 

24 l 0=+1'16 (75)+ (76)-- (79)-t (So)- (S3H- (84_) 

25 I 0=-0·44 (76)+ (77)+ (83)- (86_)- (8/l+ (88) 
26 /o=·-0·55 (78)+ (79)- (84)-t-- (85)- (95>+ (¢_) 

27 o=+ i·49 (85) + (_86) -- (88)-+- (89)- (94)+ (95) 
28 0= -2·37 (89)+ (91)- (93H- (94)- (97)+ (98) 
29 o=-0·85 (_89)+ (90)- \92)+ (94)-(IOS) + (rn6) 

30 0=-0·02 (go)+ (91)- (97)+ (99)-- (104) -t (IOS) 

31 o=+q·42 (99) +(IOI) - (I03) -t ( I04) - (II:!) -j-- ( 113) 

32 0=+0·26 (99) + (IOO) - ( 102) + ( 104) - (I!O) -t- (III) 

33 0=-0·57 - (JOO)+ ( rnr_l - ( 109) + (I Io) - (I 12) + (II4) 

34 o=+r-153 - (1I5) + (_116) + ( IIS)- (_120)- (131) + (132) 

35 O=- r·34 - ( lOj) + ( 109) -- ( Iq) + (!16) - {IJI) + (!33) 

36 o=-1·83 - (ro7) + (_ 108) - (n9) + ( 120) -- (r32) + ( 133)• 

3i o=; +o·oS - ( u6) + (_II7_) - ( r22) + ( 124)- (r30) + (1,:;i) 

38 o=+I'79 - (IIS) + (II]) -t- ( u8) - ( 121) - (122_) -j-- ( 12,~) 

39 o=+I"68 - ( 1::?4) + (125)- (128) + (r3o)+(r34)-(137) 

40 0=+1·26 - ( 124) + ( 1::?6) - ( 129) + ( 130) - ( 138) + ( 139) 

41 o=-0·70 --'- (125) + (I26)-( 136) + (137) - (138) + ( J40) 

42 o=-1·49 -(127) + (129)- ( 139_) + ( 141) - (148) + (150) 
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(c) Figure adj1tst111ml-Co11tinued. 

Obser<•alio11 ,-q11atio11s-Co11ti11ued. 

No. 

43 o=-o·6S - (_127) + (r2S) - ( 134) + (135) - (q9) + (150) 

44 O= +0·97 - (Lp) + (q2) - ( q7) + (qSJ - ( 151) + (152) 

45 o=--0·38 -(q1)+(q3)-(146)+(q8)-(155)+(r57) 

46 o=-)- 1·038 1 - ( 146) + ( 147) - (15:?) + (154) - ( 156) + (_157) 

47 0= -0·37 - (153) + (154)- (156) + (158) + (163) - ( 168) 

48 0=+0·79 -(145)-f-(q7)-(152)+(153)-(163)+(164) 

49 o=-1·.':Q -(144)+(q5)-(161)+(162)-(164)+(r65) 

50 O= +0·63 - (158) -f- ( 159) -- (_167) + (168) - (_ 169) -j- (170) 

51 O= -0·49 - (160)-f-( 161) - (165) + (166)- ( 178) + (!79) 

51 o=-0·77 -(166l+(167)-(17ol+(171)-(177)+(178) 

53 0= -0·66 - (Ijl) -f- (Ip) -- ( 176) -j- ( I7i) - ( 1&J) + ( 181) 

5410=+0·25 -(171)+(173)-(175)+(r77)-(184l-J--(186) 

55 , C•=+I"Cio -(172)-!-(173)-f-(ISo)-(183)-(184)-J-(185) 

56 1 o=-1·66 --(r74)+(175)-{r86)+(188) 

571 o=-0·69 -(174J+(176)-(181)+(1S2)-(18iJ+(188) -

-58 O= - /"2 + 2·82( I) - 3·02( 2) -4·49( 3) + '.!"24(4) + 0·45( 10) - 3"10( II l -j- 2·65( 12) 

59 1 r:i=-ro-t-4·33(5) -6·36(6) +:?·03(7) +0·51( 12.1 -4·16(13) -f-3·65(q) +2·64( 19) -4·87(20) 

+2·23(21) + 1·92(26)-3·55(27) + r-63(18) 

60 O= -3 "4 -- 0"4?( 21) + 2"00(_22) - 1 ·64(23) - I "3.)( 24) -f- 3·85( 25_) -- 2·52( :?6) -2·94(31) 

+ 3·22(32 )-0·18(33) 

61 o= + :?" 1 -- .:?",;8(_29_) + y79(30) - 1 ·41(31l-0·15(.;6)+3·6r(37) - ,n6(38) - ru(45) 

+ :i·40( 46) -- n9( 47) - ,; ·33 l 50) + 4·35! 51 l - 1 ·01(52 l - 1"40(59) + 3 ·08( 6o) - 1·68(61) 

O= + 1"4-f- 2·85(41) --4·07(41_) -f- 1 ·22(43) -f- 2·07(49) - 2·92(50) +0·85(51 )-1 0·51(_6o) 

- 4·54(61) -!-4·03(62) 

0= -3·3- 1 ·22(42) + 2·19(43) -r:i·9~(44) - 1"29(46) + 6·,;7(4i) -5·08(48) -3·66(55) 

+5·86(56)- 2·20(57J-:r63(64l +5·39(6.;l- q6(66) 

0= + 16·0-4·73(53) -f- 7'99(54) -3·26(55) - 0·4,;(66) + 2·05(67) - 1 ·6o(68) -· 2·74(73) 

+6·41(74) --y67(75)-1·89(80) ~-.n6(81) -1·37(82) 

65 o= -I- 5·9-- 1·97(75) + ,;·6q 76) - 1·64(77) - 4·45(78) +s·62( 79) - 1·17(Sol - r-42(87) 

+ n5(8Sl -- 3·33(89) - 1·61(9.tl +4·75(95 l - 3'14(¢) 

66 O= --l- 1'4 -- 0'71( 89) -J-- 3 ·93( C)O) - 3'22( 91) - 2'73( 92_) + 3·98( 93) - l '25( 94) - 1·94(104) 

+ 2·16( 105) -0·22( 106) 

67 0= - _,,-3-0·37(99) -J-- 3'54( 100) -· .)' 17( IOI) - 2·98(_ 102) + 4·18(_103) - I '20( 104) - 1·57( !09) 

+r69( 110) -0'12( Ill) 

68 O= + 2·54 -0·3u ( 107) + 0·508( 108) -·(•' 197( 109) - 0'122( II4) +rs22( II5) - 7'70(J16) 

-8·72(131) +9·01(!32) -0·29(r33) 

69 o= -I- 2·3 -3·u ( 1q, ~- =,·oS( 1o8) - r97( 109) - 1'22( 114) + 3·SS( u5) - 2·66( 117) -3·31( 122) 

+4·77(123) - q6(J.?4).- r37(r30) +4·27(132)-2·90(133) 

70 O= -f- 2'6 --· 2'09( 124) + 4'42( 125) -- 2·,;3( 126) - 4·99( 128) + 5•42( I29) -0·43( 130)-:- l '55( 138) 

I 
+6·v(139J-4·77(140) 

7I O= + 10'3 - 5·03(! 27) + 10"45( 128) - 5'42( 129) - 6·32( 139) + 7'72( l4<i) -- I ·40( J41) 

· -2'!2(148) +9·23(149)--TII(150) ·. 



TRANSCONTINENTAL TRIANGULATION-PART III-TRIANGULATION. 495 

No. 

73 

(c) Figurt~ adjustment-Continued. 

Obsermtia11 cq11alii111s-Completed. 

o=+J'Ojl 3-0·002(14r) +0·005( 14::?) -O'IJ0.1( 143) - 2·013 ::?(146) + ::?'Ol5 l( q7)-(•002( q8) 

-0'002( 155) + 2·197 9( 156) - 2·195 9( 157) 

o= +s·o- nS( 144) + y91( q5) - 2·63(146) - 2·74( l5il +4·np5~) - l ·37( 159) - r6ol 16o) 

+ l ·9$( 161) -0·38( 162) -1·65(169) + 3·59 ( 170) - l''..'4( 171) -0·98(177) -t- 2·67( 17$) 

- 1·69( 179) 

74 0= +0·5-2·42(141) +4·62(142) ·- 2'20( l43) -2·62( 145) +4'48( I4i) -1·%( J48) -1·99(T55) 

+ 4 '7:!( 156) - 2·73( 158) + 3 '31 ( 163) -- I'jS( 164) - l •53( 168) 

75 O= +.n + 1 ·57( I]I) +4"IS( 172}- 2·6r( r73)- io·6S( r75) + 13'53( r76)-2·S5(I77) 

76 o= -6·6- 1.·57( 171) + .pS( 172) - 2·61 ( 173) - 1·31(174) + .p6( 176) - 2·85(177) -3·83( 184) 

+ 4·0S( 185) + 7'16( 187)- 3·88( 188) 

77 0= -4·1+0·20(I)+2·24(3)- 2·24(.4) + 2·03(6) - 2·03(7) -1·63($) + 1·63( 9) -0'45( IO) 

+0·45( 12) + 3·65( 1,1,) - y65( q) - r32( 15) + 1°32( 16) +0·04( 17) -0·04( 18) -2·64( 19) 

+ 2·64(20) +0·42(21) --0·42(23) + 1·33(24) -1 ·33(25) - 1·92( 26) + 1'92( 27) +1·3S( 29) 

-2·3S( 30 )-0·2S( .F) -j-0-2!)(33) -- r·q(34} + 1·q(35)+0·15(.36) -o·r5(.;7)-2·72(.39) 

+ 2·72( 40) -f- l' :?2(42) - l ·22( 43) + 0·85{49) - I'·S7(5r _}+I ·02(52) -i- 3 'J6(54) - 3'26(55) 

-0·54(.)7) + 0·54(58)-0'5!(60) -l-O'Lj.(fo) -j-0·37(6,;) - J'/6(65) + I'/6(66) +I '6o(67) 

- 1'60(68) - ~>'79(69) +0·79( 70) -0·45(71) +0·45(72) - 2'j4( 7_;) + 2·74(74)-j- 1·64(76) 

- 1·64(77) + n7(79) -3·06(80) + 1 ·S9(81) -0·69(\:;l +0·69tS4) -0·20(85) +0·20(86) 

- 1 ·42(87) + J ·42(88) + 0·71(S9)--0·71(91) +1·73(92 )-2·73(93) - i ·61 (94 I+ r61(95) 

- I ·s1 (97) +I'S! ( 98) + 0·37( 99) --0·37( IOI)+ 2·98( Jo);?)-· 2·98( 1r13) --0·22( 104) . 

+0·22( !06) +0·34(107) -0·46(I1J9) +0·12(1Il ., -2·52( I I 2)-\- ~'52(113) -f- 2·82( Il6) 

- 2·S2( n7) -0·09( 12::?) +0·19( 124)--cno{126) + 2·1S( 127)-2·18( 129) --2·75(131) 

+ 2·75( 133)-2'9-'l( 138) + ::?'98( 139) +0·19{141) -0·19( 143) + :?'63( 145) -2·63( 146) 

- 1'16(.qS) + 1'16( 150) - 1 ·99(155) +I ·99(15~) + 1·37(158) - 1·37(159) -0·51 ( 164) 

+ o·S6( 166) -o·S6( 167) + 0·51 ( 168) - I ·65( 169) + 1'65( 170) -·0''17( 171) +0·07( 173) 

+I ·97(174) - 1·97(175) -0·98( I7il +0·98( 17:)) - 2·48( 184) + ::qS( 186) + I'16(IS$) 

(1) = - C3 + 2·S2C;s+o·20C77 
(2) = -C, +c,-3·02C;s 

(3) = -C.-4·49C;s+ 2·24C77 

(4) = + C, + (\ + 2·::?4C5a-::?·24C77 

(5) = -Co-t-4'3JC5; 

(6) = -c. +c6-6·36C5,+ 2·03Cn 

( 7) = - C, _:Ci+ C4 + 2·03C59 - 2·0,)Cn 

(S) = + C, ·- c ·63C77 

(9) = +C3 +1·63C77 

(10) = -C, - C,+0·45C53-0·45Cn 

(II) =+C,-C,-3·roC5s 

( 12) = +c, + C3 -C4 + 2·65C5s+o·51C5o +0·45C71 

{ 13) = + C4 - C5 - 4·16C59 +· 3·65C77 

(q) =+cs +3·65C59-3·6sCn 

( 15) = -C4 +C5 - 1·32C77 
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(c) .F.i;.{fttre adjustment-Continued. 

(16) =+C4 -C6+ r32C77 

(17) +Cu-C,+0·04C77 

(18)= C5 +C7 -o·o~C77 
(19) = C5 + 2·fiiC59 2·64C77 

Con·elate equatious-Continued. 

\20) = + C5-C7 -4·87C5?+2·64C77 

(21) =+C7 Ci- C9 +::1·23C59 -0·42C.;.,+0·42C77 

(:12) =+C9 + :i·o6Cw 

( :13) =+Ci - r64C"" - o·.;pc,, 
(24) =-C9-C,.- I'33C""+ 1·33C77 
(25) =-Cs+C.., + 3•85Co..,- r·33C77 

(26) =-C7 + Ca+ C9+ r·9:iC59 -2·52C,.,. -· r92C77 

t27) =-C6+c1 -3·55C5,,+ x·92C77 

(28) =+co+ r·63C~ 
( 29) = -C,.-2·3SC61 + r3SC77 

(30) -C,. + C,.+3'7~61-2"3SC71 
(31) = c,. + c,, -2·94C.- r ·41c •• -0·2sc11 
(32) =-C9+3·22C.;o 

\33") = +c9 +c,o-0·2SC<1o+o·2SC77 

(34) =-Cs-1·14C77 

(35) = + Cs-C,,,+ I"qC77 

(36) = + C,o-C11 -0·15Co1 +o·r5C,, 

(37) =+ C,. -C,i+ J'61C.,-0·15C71 

(38) = + C,3- 3 ·46C61 
(39)=- Cu+ C,3 - 2·72C77 

(40) =+C11 C,.+272C77 

(41) = +c,. + ::?·S5C.., 

t42) =+C,5 - C,6-4·07C6>- r-22C.;3 + r22C77 

( 43) - C,4 + C,.; + r22Co. + 2·19C61 - r22C77 
( 44) = C,s + C,. - 0·97C:oi 
(45) = C,~ - I'I IC0, 

(46 J = + C,3-C14 + 2·4oC.;,- I ·29C6-j 

( 47) = + C,4 - C,9 -1·2gC~,+6·37C63 
(48) = + C,9-5·0.<JC63 
( 49} - C,5 - C,7 + 2·07(.,,, + o·SsC.77 

(50) = + C,7 - 3·33C61 2·92C.,, 

(SI ) = - C,o + C,, + 4' 35C,,, + o·S5C.;, - 1 ·87C,1 
(52) = + C,o- ro2C.;, + r·o2C77 

(53)=-C.., 473C.-.. 
(54) = -C.,, +Co::+ 7"99C'4 + J·26C77 

{55) -C,8 +Cw~ 3·66C; ·-3·26C6.i -3·26C77 

(56) = -C,6-C,1 + C,s + s·S6C,;-; 
(57)= C,s+C,o-2·20C'>'.l-0·54C17 

(5S l = + C,7 + 0·54C,1 
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(c) Figure· adjuslment~Conti1111ed. 

Corrdalt! eq11atio11s-'-Conti11ued. 

(59) = - Cr4 + C,9- I ·40C61 

(60) = + Cq-C•6.+ 3:08C61 +0·51C.., ·-o·srC77 

• (6r)=-C,1-r6SC,-4·54Ce.. 

( 62) = + C,6 + C,7 - C,s + 4 ·03Cc;. + o· 14C77 

(63) = + C,~-C,9 +n··37C77 

· ( 64") = - C,9 - 3 "63C63 

(65) = -C,s + C,9+5·39C63 - 176C7; . 

(66) = + C,s -C.., - r76C.;3 -0·45C64 + 1 ·76C77 

( 67) = °+ C." - C., + 2·05C64 + 1 ·60C77 

(68) = + C., - r·6oC,;_;- 1·6oC77 

(69) = - Coo+C.,-0·79C77 
( 70) = + C.., __:_ c •• + 0·79C77 

(71) = +c •• -C.3-0·45C77 

(72) = -C.,+ C23+0·45C11 

(73) = - C,, -2·74C"' - 2·74Cn 

(74) =+C.,-C.3 +6·41C6.+2·74C77 
(75) = + C.3 -C.4 -3·67C"' -- 1·97C65 . 

(76) = + C..4 -C..5 + 3·61C5 + 1 ·64C77 
( 77) = +Cos - I "64Cos - I ·64C77 

(78) = -Co6-4"45Cos 

(79) = - C,4 + C.6+ 5·62C6s + 1·17C77 

(So) = - c.3 + c •• - 1 ·S9Co4 - 1·17C6s - 3 ·o6C77 

(81) = -C,.+C.3+3·26C"'+ r89C77 

(82) =+C •• - 1·37C"' 

(S.3) = -c •• +c.5 -0·69C11 

(84) = + c •• -co6+0·69C11 

(85) = + c.6-· c.,-0·2oc11 

(86) = -C.5 +c.1+0·20c11 

(87) = - Cos - I ·42C65 - I ·42C77 

(SS)=+ C.5 - c.1+4"75C65 +1·42C77 

(89) = + C.7 - C.e - C., - 3 ·33C05 - 07rC66 + o'.71C77 
(90) = + C29-C:io+ 3·93C66 

( 91 ) = +Cos+ C:io - 3 ·22C66 - 0·7 IC77 

(9_2) = -C.9 -2·73C66+ 2·73C77 

(93) =-C.a+J_"98Coo-2·73C77 

(94) = - C.7 + C.a+ C29 - i·61C6s - I"25C~ - r61C,7 

(95) = -C.o-i- C.7 + 4·75C05 -t- I"6IC77 
( 96) = + Co6-3 ·14C65 
( 97) = - C.a - C30 - r81C,7 
(98) = + C0s+ rSrC77 • 

(99) = +·c30 -C3,-C3.-0·37C67 +_o·37C77 

( 100) = + C3• -_-C33 + 3 ·54Co1 

(IOI)=+ C31 + C33-3·17C07-0·37C77 

18732--No. 4--32· 
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(c) Figure at(,iustmmt--Continued. 

( rn2) = - C,, -- 2·9SC07 + 2·9SC77 

( 103) = -C3,-\- 4·1SC.;7 - r9SC17 

Corrdatt· cqua/io11s-Co11ti11ued. 

( rn4) = - C30 + C3, + C3• - l ·94C.;.; - r · 20C67 -0·22C11 

( 105) = - C09 -!- C30 + 2·16C66 

( 106) = + C09 -0·22C66+0·22C77 

( rn7) = -C35 --C30-0·311C68-3·uc69 +0·34C77 

( 1 o.'3) = + C3d- o· 508Ccs + 5 ·o$C6'J 

(1og) =-C33 -j-C35 -1·57C.1 -0·197C6S- 1·97Co;;.-0·46C77 

( 110) = ·-C3,+ C33 + 1·69Co, 

(III)= -j- C3,-0·12C67 +0·12C77 

(II2) = -C,. -- C33 - 2·52C77 

(u3) = + C3, -t- 2·52C77 

( lJ4) = + C33 -- C35 -0·122C6S- 1 ·22Cc9 
(us) =-C34-C:is-t-rS22c68+3·SSC0 

(116) = -j-C34 -j-C35 -C37 -7·70C6S+ 2·S2C77 

(117) = +c,,+c,.- 2·66C69 -2·s2c11 

(HS) =-t-C34 -j- CJ'l 

(n9)=-C,o 

(120) =-C,4 -t- C36 

(121) = -C.ie 

(122) = -C37 -- C~-3·31C69 --0·09C77 
(123) =+C,.-t-4·77Ce., 

(124) = + c,,--C39-C,o - I ·46Co.,- 2·09C,,.+0·19C,, 

(125) =-j-C39 -C,,-j-4·42C70 

(126) =+C4.,-j-C,,-2·_,,,,c,o-O"IOC17 

(127) =-C,.- Cn-5·03C,,-j-2·1SC77 

(r2S) = - C39 -t· C43 --4·99C7o+ 10·45C7, 

(129) = - C4.,-t- C,. + 5·42C70 --5·42C,, - 2·1SC77 

(130) = -C37 -j-C39 -j-C4.,-. r37C0-0·43C7o 

(131) = -C34 --C35 -j-C37 -8·72C(;3- ::q5C77 

(132) = + C34 -- C36-t- 9·01Coe + 4·27C059 

( 133) = + C35 + C36- 0·29Ce.s- 2·goC6'J + 2·75C77 

(134) =+C"'--C,3 

(135) = + C43 

(136) = -C4 , 

(137)=-C39-j-C., 

( 138) = - C4., -· C4, - l "55C,.,-- 2·~C,7 
( 139) = + C4., - C4• + 6·32C7o- 6·32C7, + 2·9SC77 

( 140) = + C., - 4 ·77C7., + r72C7, 

(141) = -t c,.-c,, -C,5 - r4oc7, -o·r.xJ2C7.- 2·42C74-j-0·19C77 

( 142) = + C44 -j- o·or'.J5C7• + 4 ·62C74 
( 143) = + C45 -·0·002C,. - 2·20C74 -o·r9C77 

( 144) = -C,9 -· 1·2SC73 

( 145) = -C,s-t- C49 -j- 3·91C73 -2·62C7d- 2·63C77 
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V) Figure ac(/ustmm/-Continued. 

Corrdalc eq11ati011s-Completed. 

( 146) = - C45 - C46- 2:013 2c1.- 2·63C73 - 2·63C77 
( 147) = - c,, + c,6+ C,s + 2'QI5 lC7.-l- 4·4SC74 
( 148) = -c,.+ c,, +c,5 - 2·12c1, -0·002c1.- l'86C74 -1·r6C77 

( 149) = - CH+ 9·23C1, 

. (150) = + c,.+c.3-7'IIC71 + I'l6C77 

(151)=-c., 

(152) = +c.,- c.6-c.s 

( 153) = - C,7 + C,s 

( 154) = + c,6+c.1 
( 155) = - C45 -0·002C1• - l'99C7,- r99C77 
( 156) = -C,6-c.,+ 2·197 9C7• +4·72C7, 

( 157) = + C4s + C46 - 2· 195 9C,.- 2·74C73 -+ 1 ·99C17 

(158) = + C,1 - Cso +4·11Cn-2·73C,, + r37~, 

( 159) = + Cso-1 ·37C73 - r37C77 
(160) = -Cs,-r·6oC73 
( 161) = - C49 +Cs,+ r9SCn 

( 162) = + C,9 - 0·3SC73 
( 163) = + C47 -C,s + 3·31C7, 

( 164) = + C,s -- C,9 - l '78C74 - 0·51C77 

( 165) = + C,9 -Cs, 

( 166) =+Cs• -C5.+o·S6C77 
( 167) = -Cso-l- Cs.-o·86Cn 

( 168) = - C., + C50- r53C7, +0·51C77 

( 169) = - C5o - 1 ·65C73 - r65C77 

(170) = + C50 -Cs• + 3·59C13 + 1·65C77 

( 171) = -1- C5• - C53 -C5,- 1 ·94C73 - r57C1s - T'57C76-0·07C77 

( 172). = + C53 -C5s + 4· 1SC75 +4'I8C76 

( 173) = + Cs4 + Css - 2·61C7s - 2·61C16+0·07C77 

( 174) = - Cs6 - C57 - r31C76+ 1 ·97C77 
( 175) = - Cs, + Cs6 - ro·68C75 -·r ·97C77 

( 176) = -Cs1 +Cs1+ r3·53C1s +4·16C16 
(177) =-Cs•+ Cs3 +Cs4-0·98C73 - 2·85C7s- 2·85C76-0·9SC,7 

( 178) = - C5, +Cs•+ 2·67C73 + 0·98C77 
( 179) =+Cs, - l'69C13 

(180) = -Cs3 +Css 
(1S1) =+C53 -C57 
(182) = +C57 
(183) = -Css 
( 184) = - C54 - C55 - 3 ·83C75 - 3 ·S3C76 - 2 ·4'3C,, 

( 185) = +C55 +14·16C75 +4·oSC7o 

(186) = + Cs4-C56- 10·33C75 + 2·48C77 
( 187) =-C57 +r16C?6 

( 188) = + C56+C57-3·88C76+ l'I6C77 



500. 

-I 
O=--· I "Oj 

I =- 0·59 

I 3 =+ 0·91 

4 =- 1) •f:.,7 

5 =--· 0·09 

I 6 =+ 0"1'_:1 

~I 
=- o v2 

=+ 1 ·04 I 
9 =+ o·.14-

IO =+ 0·5S 
11 =- 1 ·69 

10 =+ o·:;S 
,. 
·' =- 0·39 

q =+ 0·43 

15 =- 1 ·3S 

16 =+ 0·79 
17 =- I '2I 

18 =+ 0·40 

14 o=+ 0·4,, 

IS =+ 0·40 

l\f =- 0"66 

20 =- I "7 . .."1. 

21 

I 
=-· 0 "04-

:!3 

I 

=+ !",\.! 

2J =- Q"f~"'} 

04 =+ I '16 

::::5 =- 0·44 

"'6 I =- o ·ss ! 

07 ! =+ l '4'? 
:.?S I =-- 0·37 

I 

.:-;: I =-- •>"85 

"' =- O'OJ 

31 =+ 0·42 

32 =+ 0·26 

33 =- 0·57 

34 1. =+ I '1.53 

3S i =- J"!;.j 
I 

36 I =- 1 ·s3 
37 I =+ ,._.·os 
:'<~ I =+ l "i9 

39 =+ I "65 

UNITED STATES COAST AND GEODETIC SURVEY. 

(c) Figiere a'djuslmei1t-Conti11ued. 

1Vor111<1! t'qi1t1tfo11s. 

c:, 

+4 +o ·-2 

-2 

.f.6 +2 -2 

+6 -2 

+6 -2 -2 

+6 -2 
+6 -2 

+6 -2 -2 

+6 +2 -2 
+6 +2 

+6 -2 

. +6 . -2 

+6 

Nonna/ equalio11s-Continued. 

-:! -.? 

+6 

--.'.? 

+6 -2 

;6 -2 

; ii .- 2 -2 

;6 -2 

+6 -2 

+6 -2 -2 

+6 +• +2 
+6 -2 

+6 -·Z -2 

+6 

-2 

+6 -2 

+6 

--J 

+6 +• 
+6 
... 

-2 

-2 

+6 -o +2 

+6 +2 
+6 -2 

-2 -2 +• 
+2 -2 

+6 
+6 +2 -2 

+6 
+o 
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(c) Figure 11djust111t'iit-Conti11uecl. 

. JVormal t'q11atio11s-Co11tinued. 

\· 

C40 c,. c •• C.i.1 c., C45 C46 C47 c,s c., Cso C51 Cso C53 C54 Css C56 C;; 

37 o=+ o·os -2 

39 =+ 1 ·os 

I 
+> -2 -·2 

40 =+ I ·~6 +6 ·P -2 

41 =- 0·70 +6. 

42 =- I "49 +6 +2 -2 -2 

43 =- o·6S +6 

44 =+ 0"!'7 +6 +• -2 -2 

45 =-- o·s~ +6 +• 
46 =+ 1 ·03~"' +6 +• +• 

4; ~ 0·37 +6 -2 -2 

48 =+ 0·79 +6 -2 

49 -= -· : ·~o +6 -2 

so ~ + 0·63 +6 -2 

!\I =.- 0·49 +6 _, 
52 =·- 0·77 +6 -2 -2 

53 =- 0·66 +6 +2 -2 -2 

54 =+ 0·25 +6 +• 
_, 

55 =+ 1 ·00 +6 

56 1 ·66 +4 +2 

57 0·69 ... -; 6 

JVormal t'q11atio11s-Co11ti11uec1.. 
. .. -·- ·- --- . ·------·-··--···-········-- . 

~'-=~ 
I Cse C59 Coo C61 C6o C6l C64 C65 C66 C67 C68 

+1·71 
= - 0·59 +s·93 ·-I "52 

3 =+ 0·91 -0.·09 -1 ·52 

4 =- 0·67 -2·65 +3"72 

5 =- 0·09 +0·30 
6 =+ 0·29 -5·51 

7 =- 0'02 +1 ·63 +2"10 

s =+ I "24 -0·31 -7·59 

9 =+ 0·44 -0·31 -2·21 

ID =+ 0·58 +7"84 +1·"6 

II =- l '69 -2·94 -1 ·44 
12 =+ 0·58 +o·So +2"00 

13 =-0·39 . -3 ·_56 -0·32 

14 =+ 0·43 +0·79 -0·71 +4"50 

15 =-- I ·38 +4"35 -8·14 +0·98 
16 = + 0·79 -3'08 +s·s1 -4·65 

17 =- I "21 -1·65 +3"58 -5·86 

18 =+ 0·40 -4·03 +•·37 +.-s1 

19 =- 0·66 -0·11 -2·43 

20 =- I ·73 -1·90 --$·75 

OI =- 2'.?4 +s·sa 
22 =+ 1 ·34 +s·09 

23 =- 0·09 ~4"93 --o·So 
24 =+ l "16 +1 ·;S -I '2I 

25 .=- 0•44 +0·92 
26 =·- 0·55 +0·1s 

27 =+ 1·49 -l"j"J +0·54 
28 =-.2·37 +1 •72 -7"74 

29 =- 0·85 +1 ·72 +3"74 
30 =- 0'02 -3·05 +0·83 

~· =+ 0·42 -1·94 -S·1S 



I 
.,1i--,,,-+-0_•_26--I 

;; ! ,,,,_ 0·57 

341 ... ;. 1 ·153 
35 ,,,,_ I'J4 

36 ,._ 1·83 

3i I ~+ O'C'S 

3~ ~+ l'i9 

5~ ··- 7'2 
59 "" .. 7·0 

60 -- 3·4 
61 =-+ 0·1 

62 ·=-=+ l '4 

63 

641 
-~,, 

67 
68. 

=. 3•3 

=+16·0 

=+ 5'9 
=+ 1·4 

=- 3·3 

=+ 2'54 

o=- 1 ·07 

=- 0·59 

··+ 0·91 
=- 0·67 

s I =- 0·09 

6: =+<>"29 
=- 0·02 

s 
9 

10 

II 

12 

13 
14 

15 
16 1 

17 
IS 

19 

"" 

~-+ 1 '24 

=+ 0·44 

=+ o·ss 
=- x·i:9 

=+ 0·58 
=- 0•39 

=+ c.'43 
=:- r·3S 

= + 079 
=-· I'lt: 

==+ 0·40 

=- 0·66 

=- l 'i3 
=- 2·24 

=+ 1·34 
=- 0·09 

=+ 1'16 

= - 0·44 

=- 0·55 
=+ 1·49 
=- 2·37 
=- 0·85 
=- O'Ol 

=+ 0'4:? 

=+ 0·26 
=- 0·57 

UNITED STATES COAST AND GEODETIC SURVEY. 

+59 °"9 + I '35 
+14S·$1 

+0·75 

(c) .Figure adjustment.:._Continuecl. 

Normal tVtealio11s-Continued. 

c .. 

- 5'78 
+49 ·14 + 4 ·145 

+10,,.·02 +22 °62 - II '31 

+76 ·s2 + 7 ·64 
+173 ·17 + 12 ·72 

-1·94 

+181·95 + 9•44 

Jilormal equations-Continued. 

+ 143 ·035 + 4 '37 

+59'6.f. 

+s·ss 
-.1·45 

-r·57 

+ 2·33 

+o·o;s 
+».><·~ 

+0'•?66 
-~~ · .. p31 

-I ""12 

+55'84 + c.-31 
+:;8·1S5 

C.77 

I 'j'9 

3·18 

+ 3·91 

+ i ·;S 

3 ·30 

I 'Ii 

+ l '54 

+ u·:S5 

3 · .. ~!? 

3·09 

+ i ">4 

4 ·59 

2'Si 

+ 0·71 

o·.p 

2 ·33 
O"!j 

+ 7 ·01 

2·13 
5·10 

+ 1 ·04 

+ 0·13 

+ .j 'II 

I ·::n 

J ·33 

I '3.3 

+ ~·91 

+ 3'" 
_,_ 

4·83 

+ I 0 69 

+ 7 ·c.tj 

3·45 

+ 2'61 
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(c) Figure aaj'usfment-Completed. 

Normal e·quatio11s-Cotnpleted. 

Ci;g C70 C7r C;2 C73 C74 HS C76 Cn 

34 =+ 1·153 +0·39 + s •57 
35 =- 1'34 -0·54 + ;·52 
36 =- 1"83 +1 ·02 + 2·41 

37 = + <>"oS +o·sr; -·I ·156 S ·n 
38 =+ I ·79 +1.-54 2·73 
39 =+ 1 ·6S +0·09 +u ·o; -ro '45 0·19 
40 =+ 1 ·26 +0·09 + l "i) - 0·90 + 1 ·ss 
41 =- 0·70 - 9·97 + 7·72 + 2"88 
42 =- 1 ·49 - 0"9(> - 0·46 -0·56 4·S.1 
43 =- o'f>S - 4'99 - o·~ I "O.Z 

44 =+ ~·9j I - 072 -.z·oro +o·;o 1 ·35 
45 =- 0·3S - 0·72 -·0·1$3 -0·11 +0·35 + 5·07 
46 =+ 1 ·038 ·I -0·365 5 -o'II -0·24 + .4 "62 
47 =-·0·37 ·-2"19-5 +4 ·11 -2·61 + 0'86 
48 =+ 0"79 j-2'015 -3·91 +1·01 3·14 
49 =- 1·80 -t-• ·s3 -o·S4- + 3·14 
50 =+ 0'63 -0·24 +1 ·20 + I '9J 
51 =- 0'49 -078 O'J2 

52 =- 0"7i · -r ·SS + 1 ·2s +1 "28 I ·48 

53 =- 0·66 +0·96 -10·63 -r·26 o"!ll 

54 =+ 0·25 ·I o•g6 + 0·29 -o·o6 + 6•09 

55 =+ J'OO +11 ·20 +1 '12 + 2"55 
56 =- 1·66 - 0·35 -2·57 5"26 
57 =- 0·69 +13·53 -5·57 0'81 
58 =- 7·2· - 13"52 
59 ==- 7·0 - 74 ·70 
6o =- 3·4 - 0·79 
61 =+ 2 ·1 - 25·00 
62 =+ 1·4 - 5 •!JS 
63 =- 3·3 - 3 ·5, 
64 =+16·0 + 78 "7~ 
65 =+ 5·9 + 35'4C 
66 =+ 1 ·4 - 14-·15 
67 =- 3•3 + J ·09 - 19·.;..1 
68 = .. 2·54 + 73 ·75 + 1 ·45 
6g =+ 2"3 +127 ·34 + 3 ·54 - 0·60 

70 =+ 2 "6 +148·89 -158·29 + 11 ·47 
71 =+10·3 +405·61 + 0·007 + 7 •33 - 24·04 
72 =+ 3•071 3 ·H7'766 +n ·311 + 19·442 + 0·932 

73 =+ 8"o +s1 ·o; :- 21 ·46 + 5·84 + 5·84 + 31 "62 

74 =+ o·s +n2·59 4 ·43 

75 =+ 3·3 +653 ·ss +163 '6o + 7·64 
76 =- 6"6 +151 '53 + 5·14 

77 =- 4'J +367"75 
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Resulting i1a/ues <~f t"t>rr.:lates. 

C, =+0·2So C.,=+0·702 c,,=-0·01s C61=+0·023 5 
c. =-0·097 C,,,'==+o ·182 c,.=+o·378 C62=-o ·012 4 

C3 =-o 0

0.J.O C,3=+o·ro2 C43=-o ·129 Co3=+0·049 l 

C4 ~+o·ogo C.,=-o·oSr C,,=-0·399 Co5.i=--o ·r38 1 

C5 =+o ·o'l1 C,5=+0·026 C,s=+o·534 C65=--o ·o69 5 

c6 =+o ·oSr C.o=+o·o6o c,6=-0·959 C66=+o ·055 9 
C7 =-0·059 C,7=-0·166 C47=+o "647 Co7=+o ·07 2 6 

Cs =-0·241 C.s=+o·493 C..s=+o·487 C68=-o.·009 93 

C9 =+0·178 C,9=-0·094 C49=+o·6ro C69=-o ·009 7 
C,.,=-0·246 C3.,=-o ·274 C5o=+o ·219 C7.,=-o ·o6o 7 

C11=+0 ·230 C3,=-o ·342 Cs,=+o '.42:? C7,=-o "O.J.8 2 

c,.=+o·n8 C3.=+o·r36 C5.=+o ·456 C7.=-o ·138 6 

C.,=+o ·22r C33=+0·363 C53=+0·077 C73=--o ·135 3 

C.,=+0·038 C3,=-·o ·309 C54=+0·348 C74-=+o ·oro 4 

C,5=+0·14] C35=+0·342 C55=--o ·282 C75=-o ·019 7 

C,6=+0·018 C36=+0·03r C56=+077S C76=+o ·079 o 
C,7=+o ·2S2 C37=+0·077 C57=+o·oq C77=+0 "III s 
C,s=+o·212 C3'!=-0·1Sr Cs8=+0·155 6 

. C,9=+o ·253 c,9=-0·235 C5,.=+o ·105 6 

C20=+0·563 C40=~0·109 Coo=+o·ros I 

Res11/ti11g t"orredio11s to angular dir,·ctiu11s. 

I/ /I " II 

(1)=+0·501 (48)=+0·004 (95)=-oj76 (142)~--o ·352 

(2)=-0 790 (49) =-0 ·360 (96)=+0·278 (q3)=+0·4go 

(3)=-0·352 (50)=+0·240 (97)=-0·421 (144)=-0·4:,7 

(4)=+0·282 (51)=-0 ·089 ( 98) =+i;i ·695 (I.:J5)=-0 ·139 

(5l=+o ·376 (52)=+0·208 ( 99)=-o ·054 ( 146) =+o ·766 

(6)=-o ·454 (53) =+o ·471 (100)=+0·030 (l4i)=-0·305 

(il=+o ·214 (54)=-I "I20 (!01)=-0 "251 . (148)=-0·290 

(S) =-o ·279 (55)=+0·257 (102)=-o ·019 (q9)=-0·316 

(9)=+0 ·142 (56 ).=+o ·200 (ro3\=+0·312 (150)=+0722 

(10)=-o·r64 (57)=-o ·297 (104)=-o ·r52 ( 151) =+o ·399 

(rr)=-o ·162 (58)=+0 ·489 (105)=-o ·059 (152)=+0 "OiJ 

(12\=+o ·290 (59)= J-·0·182 (106)=--o ·081 (r5,~)=-0·16o 

(13)=-0·022 (6o)=+o ·029 ( 107\=-o ·302 (154)=-0·312 

(I4l=+o ·058 (61)=-0·265 ( 108) = --o ·023 (155)=-0777 

(15)=-o ·157 (62)=+0 ·054 (109)=-o ·165 (156)=+0·056 

(16)=+0 ·157 (63)= o·ooo (uoJ=+o·350 ( 157) =+o ·472 

(17)=+0 ~144 (64) =-0 ·431 (1rrl=+o·140 (158)=-0:003 

(18)=-o ·q4 (65) =+o ·109 (u2-)=-0·303 (159)=+0 ·251 

(19)=-o ·_097 (66)=-0·178 {II3 )= -() ·o6o ( 16o) =-o ·206 

( 20) = -o "079 (67)=-0 ·243 (114)=+0·034 (161)=-0·456 

(21)=+0·241 (68)=+0·744 <_u5)=+0·3j4. (162)=+0·661 

(22)=+0·400 (69)=+0 ·052 (u6\=+0·347 (163)=+o·r94 
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Resulting correclio11s I<' a11g11lar din·dio11s-Completec1. 

II 

(23)=-0 ·465 

( 24)=+0 ·074 

( 25) =+o ·261 

(26)=-o ·288 

(27)=-0·300 

(28)=+0·253 

(29)=+0·092 

(30)=-0·295 

(31)=+o·w1 

(32)=+0 ·169 

(33)=-0 ·o67 

(34l=+o ·u4 

(35)=+0·132 

(36)=-0·469 

(37) =+o ·oS3 

(38)=+0 ·140 

(39")=-0 ·319 

(40),,;,,+0·422 

(41)=-0 ·064 

(42)=+0·255 

(43)=-o·o63 

(44) =-0 ·231 

(45)=-0·247 

(46)=+0·176 

(47)=+0·068 

No. Stations. 

! 
Schnackenberg 

1 Hubbard 

Hughes 

( 

Heard 

2 Hubbard 

Hughes 

(

Heard 

3 Hubbard· 

Schnackenberg 

(d) 

II II II 

(70)=+0·468 (u7)=-0·393 (164)=-0·199 

(71)=+0·030 (II8)=-0·4go (16s)=+o·18S 

(72)=-0·550 ( ng)=-o ·03r (166)=+0 "o62 

(73)=-o ·630 (120)=+0 ·340 (167)=+0·14r 

(74)=+0·02r (1:i1)=+0·181 (168)=-0·387 

(75)=+0 ·827 ( 122)=+0 ·126 (169)=-0 ·1So 

(76)=-0 ·175 (123)=-0·227 (170)=-0·539 

(77)=-o ·043 (124)=+0·583 (171)=+0 ·192 

(78)=+0·249 (125)=-0·485 (172 )=-f-o ·607 

(79)=-o ·u9 (126)=+0·003 (173)=-0·08r 

(So) =-0 ·183 (127)=+0·237 ( 174)=-o ·675 
(81)=-0·319 ( 128) =-0 ·095 (175)=+0·420 

(82)=+0·371 ( 129)=+0 ·175 (176) =-o ·001 

(83)=+0 ·030 (130)=-0·382 (177)=-0·177 

(84)=-o ·o64 (131)=-0·176 (178( =-0 ·217 

(85)=+0 ·204 (132)=--'0"470 (179)=+0 ·651 
(86)=-o ·170 (133)=+07u (iSo)=-0·359 
(87)=-o ·086 (134) =-0 ·106 (181)=+0·063 

(88)=+0 ·021 (135)=-0·129 (182)=+0 ·oq 

(89) =-0 ·295 (136)=+0·018 (183)=+0 ·282 

(go)=+o ·400 (137)=+0·217 (184)=-0·570 

(91)=-0·040 (138)=-0"II2 (185) =-0 ·239 

(92)=+0 ·246 ( 139) =--'0 ·233 (186)=+0 ·051 

(93)=-0·576. (qo)=-o ·100 (187)=+0·552 

(94)=+0·427 (141) =+o ·306 (188)=+0 ·615 

Adjusted tria11gles, .llfissouri and Kansas. 

Observed angles. 

0 ,, 
52 13 57·56 

43 · oS 57 77 

&i 37 06 76 

02·09 

43 55 02·29 

86 IS 08 77 

49 46 49·98 

OI "04 

78 03 56·20 

43 09 II "00 

58 46 54·03 

or ·23 

Correc
tions. 

+0·42 

-0·35 

-0·50· 

o·oo 

+0·28 

+079 

+0·45 

+0·63 

-0·49 

Spher- S~her- Distances 1cal !Cal Logs. in metres. angles. excess. 
,, II 

57 ·9S o·55 4"439 73I 0 27 525·23 
57 ·42 0·55 4·376 819 4 23 813 ·29 
o6"26; 0·56 . 4 ·539 go8 3 34 666·37 

l "66 
02"·29 0·70 4·439 731 0 27 525·23 
09·05 0 71 4·597 jv6 3 39 601 ·01 

50 "77 070 4·4Sr 464 2 30 301 ·50 

2 "II 

56·65 o·6o 4·539 g08 3 34 666 ·37 
lI ·63 0·61 4·384 422 8 24 233 ·87 

53 ·54 0·61 4·481 464 2 30 301 ·so 

I "82 
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(d) Adjusted lria11gks, Jlfissouri and .Kansas-Continued. 

· Correc- SJ?her- Spher-
Distances NI). Stations. Observed angles. tions. 1cal ical Logs. in metres. angles. excess.· 

II II !I " 
\ S<h.,cl<enbe<g III ()() 51 ·s9 -0·07 Sl ·s2 0·45 4"S97 7o6 3 39 6oI ·or 

4 Heard 34 08 s3·9r +0·4s 54·36 0·46 4·376 819 s 23 813·30 
Hughes .34 so 16 7S --1 ·29 ~s ·49 <) ·46 4·384 422 9 24 233.88 

02·28 I ·37 

( Kondri<k S7 so IS "IO +0·31 1s·41 0·41 4·384 422 8 24 233·87 
s Heard 76 13 I4 ·27 -0·31 13 ·96 0·41 4·444 091 7 27 So3 ·oo 
· Schnackenberg 4S s6 JI "19 +0·67 31 ·S6 0·41 4·313 284 0 20 S72 ·36 

oo·s6 I "23 

r Knob Noster 38 32 S7 "6o +0·02 57·62 0·27 4·3r3 284 o 20 S72 ·36 

6 l Heanl 29 S7 21 ·31 +0·08 21 ·39 0·27 4·217 oss s 16 4S3 "73 
Kendrick III 29 41 ·So -o·or 41 "79 0·26 4 ·487 3sS 6 JO 715 "57 

00 "jl o·So 

( Wgh Point Toho s2 23 44 "II +o·ss 44·66 0·35 4·444 091 7 27 So3·00 
i Kendrick IOI 42 O"' • .., .. 

1 · -o·or 03 ·22 0·36 4 ·536 II3 s 34 364 78 ...... -...... 

Schnackenberg 2.5 .54 J4"0I -0·83 13 ·rs o·3s 4 ·Iss 57.3 ·' IS 33I ·10 

OI "35 I ·06 

{ High Point T<ho 47 37 4S"97 -o·or 4S"96 0·21 4·217 oss s 16 483·73 
8 Knob Noster 43 24 I4 7S +0·32 15 "IO 0·21 ·4 ·185 573 3 IS 331 "IO 

Kendrick SS 57 S9 ·S7 -0·29 S9"S8 0 ·22 4·34S 4S7 5 22 307·S4 

00·62 0·64 

J Normal 6I 26 26·69. +0·02 26 7I 0·30 4•348 4S7 s 22 307·84 
9 Knob Noster 78 42 43·ss -071 42·84 0·30 4·396 319 8 24 906"9I l .High Point Tebo 39 50 SI ·90 -o·ss SI ·3s 0·30 4 ·2u 489 8 16 273·83 

02 ·q 0·90 

( "'1d~ll 49 I6 36 ·rr -o·.24 3s·S7 0·30 4·34S 457 S 22 307·84 
IO Knob Noster 33 03 28 "71 +0·16 28·87 0·30 4 ·205 648 6 16 056·4r 

. High Point Tt;bo 97 39 s6·s2 -0·36 56 ·16 0·30 4·464 96s 9 29 17I ·98 

01 ·34 0·90 

( Cald~ll 82 27 3I ·93 -0·17 31 ·76 0·28 4·396 319 8 24 906·91 
1 l Normal 39 43 24·89 -o·6o 24 ·29 0·29 4 ·205 648 s 16 056·41 

High Point Tebo S7 49 04·62 +0·19 04 ·Sr 0·29 4 ·327 647 s 21264·12 

01 ·44 0'"86 ! No•=l IOI 09 SI ·ss -o·ss s1 ·oo 0·28 4·464 96s 9 29 17•·98 
I2 Knob Noster 4S. 39 14·84 -0·87 r3·97 0·29 4·327 647 5 21 264·12 

Caldwell 33 IO ss·S2 +0·07 S5"89 0·29 4 "2II 489 9 I6 273·84 

02 ·24 0·86 
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(d) Adjusted triangles, 11.fissouri and Ka1zsas-Continued. 

Observed angles. Correc- S:pher- S(>her-
Logs. Distances No. Stations. tions. 1cal 1cal in metres. angles. excess. 

0 II II " II , ... ~ 37 43 19·79 +0·74 20 'S3 o·s2 4·327 647 5 2r264·12 
13 Normal. 86 02 28 77 +0·55 29 ·32 o·s2 4·539 976 6 34 671 ·82 

Caldwell s6 14 II ·31 +0·40 II 71 0·52_ 4·460 791 7 28 892·94 

59·87 l ·56 I Hutton M~d 64 14 45·10 +0·30 45 ·40 0·72 4·539 976 6 34 671 ·s2 
14 Baker 74 17 51 ·88 -0·49 SI ·39 0·72 4·568 894 5 37 os9 "07 

Caldwell 41 27 25 76 -0·39 25 '37 0·72 4·406 307 4 25 486 ·.w 
02·74 2 ·16 I Ch•P'I Hill 62 07 ·SS ·12 +0·42 55 ·54 0·42 4·460 7.91 7 28 892·94 

15 Normal 31 20 31 ·34 +0·06 31 ·40 0·42 4·230 4SO 2 17 000·05 
Baker 86 31 34·40 -0·09 34 ·31 0'4I 4·513 s27 5 32 623·27 

00·86 1··2s I Thornton s6 23 38·3s -0·15 38·20 0·23 4·236 4SO 2 17 ooo·os 
16 Chapel Hill 58 26 s6·61 -0·11 sG·so o ·23 4 ·240 405 s 17 394·24 

Baker 65 09 26 ·15 -0·17 2s ·98 0·22 4 ·267 706 2 18 s22·78 

or ·n 0·68 I Polton 7S 33 22·s7 +0·79 23 ·36 0·32 4 ·406 307 4 25 486'34 
17 Baker 36 2s 16·29 .+0·32 16 ·61 0·31 4 ·193 834 7 JS 62s·s3 

· Hutton Mound 68 QI 20 70 +0·27 20·97 0·3r 4·387 490 0 24 40s ·63 

s9·s6 0·94 I l'h~nton SI 26 46·51 -0·29 46·22 0·37 4·406 307 4 2s'486·34 
rS Baker 96 17 47 78 o·oo 47 ·78 0·38 4 'SlO 46o 7 32 393 ·71 

Hutton Moun:d· 32 lS 27·45 -0·33 27 ·12 0·37 4·240 40S 4 17 394·24 

01" 74 I '12 

·1 Thornton 76 18 04·48 +0·03 04 ·sr 0·31 4·387 490 0 24 4os·63 
19 Baker S9 s2 31 ·49 -0·32 3I ·17 0·3r 4·337 oo6 3 21 727 ·32 

Fulton 43 49 2s·1s -o·so 2s ·2s 0·3r 4·240 405 5 17 394 ·24 

01 72 0·93 I Fultoo 
n9 22 48·32 +0·29 48 ·61 0·2s 4 'SIO 46o 7 32 393 '71 

20 Thornton· 24 51 r7·97 +0·32 rs ·29 0·25 4 ·193 834 6 IS 625·s3 
Hutton Mound 3S 45 s3·2s +o·6o 53 ·Ss 0·2s . 4·337 oo6 2 ~I 727 ·,~2 

59'S4 0·7s I Howitt , so os 23·86 -0·28 23 ·s8 0·26 4·337.oo6 3 21 727·32 
·2r Thornton. 100 00 33·28 -0·06 33 ·22 0·25 4·445 521 3 27 894·67 

Fulton 29 S4 04·03 -o·o6 03 ·97 0·26 4·149 850 2 I4 120·50 

01 ·17 0·77 
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(d) Adjusted triangles, llfissouri and /("a11sas--Conti11tied. 

Correc- Spher- spher- Distances No. Stations. Observed angles. tions. · ical 1cal Logs .. in metres angles. excess. 

0 II I/ I/ II 

(Bowl" 30 lO 26·79 +0·54 "27"33 0·15 4 "26i ;<:i6 2 . 18 522 7S 
22 ChaJ?el Hill 22 31 49·19 -o·o6 49 ·13 o ·rs 4 ·149 S50 I 14 1"20 ·50 

Thornton 127 17 43·89 +0·18 44·07 0·17 4·467 108 5 29 316·26 

59·87 0·53 

J Berrv ·69 19 14·95 +0·42 15·37 0·37 4 ·445· su 3 27 894·67 
:;-3 Bowler 77 52. 22 ·13 -0·07 22·o6 t) ·38 4 ·464 642 0 29 150·23 

, J. Fulton 32 48 22 ·31 +1 ·38 23 ·59 0 ··~ 4 ·20s 2.S5 4 16 154·20 _,, 

59·39 r ·12 

J Marty 37 "2 43·27 +0·65 43 ·92 0·29 4·2oS 285 4 r6 154·20 ,, 
:q Bowler 52 48 31 ·23 +0·99 32·22 0·29 4·324 642 s 21 ll7 ·51 

l_, Berry 89 38 44 ·13 -fo·6o 44 "73 0·29 4·423 381 4 26 5o8 ·27 

58 ·6,~ 0·87 

J Haskin 57 QI 28 ·22 -t-0 •69 28·9r 0·34 I 4 ·464 642 0 29 r50·23 
25 Berry 98 .'is 37·36 -0·44 36·92 O"J.5 . 4 ·535 577 3 34 3n·37 . l Fulton 2" 59 5679 -I ·59 55·20 0 ·.;4 I 4 ·_r50 218 6 I4 I,;2 "49 _, 

02 ·3; 1 ·03 I 
( Ha•kin. 4S 04 44·95 -o·q 44·81 0·25 4·324 642 8 21 Il7 ·51 

26 Marty 29 51 52 ·14 +0·81 52 ·95 0·25 4 ·150 21S 6 14 1_p·49 
Berry 102 OJ 23·56 -0·5s 22 "9'~ 0·24 4"443 344 I 27 755 ·1S 

00·65 0·74 

("•""' 72 04 5S "79 -0·10 58·69 0·43 4 ·443 344 I 27 755 ·rs 
27 Marty 46 54 35·94 -1 "00 34·94 0·44 4·328 421 6 21 302·06 

Haskin 61 00 27 ·74 -0·06 27 •68 0·44 4·406 785 3 25 514·39 

02 ·47 I "JI 

( Eo<_, 55 59 10 ·16 +o·r1 10"27 0 ·50 4 ·4o6 785 -~ 2.5 514 ·39 
28 Marty 52 09 14 ·08 +0·13 14 ·21 0 ·50 4·385 722 s ~4 306·52 

Thomas 71 51 36·82 +0·20 37·02 0·50 4·466 142 9 29 251 ·15 

01 ·06 I ·50 

( B<IX' Mo=d 33 50 40·97 +0·65 ·41 ·62 0·25 4·328 421 6 21" 3ci2·o6 

29 Thomas 120 50 35 ·18 +0·27 35·45 0·26 4·516 386 9 32 838·77 
Haskin 25 18 44·o6 -0·37 43·69 0 ·25 4·213 594 0 r6 352·87 

00·21 0·76 

( '*"" Mound 52 31 07 ·50 -o·So o6 70 0·34 4 ·385 722 8 24 3o6 ·52 
30 Eckman .. 32 16 05·79 -0·32 05·47 0·34 4 ·213 593 9 16 352·87 

Thomas 95 12 49·21 -0·37 48·84 0·33 4·434· 348 6" 30 503 ·42 

02 ·50 I "OI 
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(d) Adjusted triangles, lllissouri and Kansas-Continued. 

Observed angles. Carree- Sp her- Spher- Distances N"o, Stations. tions. . !Cal ical Logs. i 11 metres. angles. excess. 

0 II 

. J · Kanwaka·· 49 20 49·29. +r ·12 50·41 0·85 4·484 348 6 30 503·42 

31 l Eckman 71 18 07·35 +0·25 07·60 0·84 4·5So "746 8 38 084·37 
· Bebe Mound 59 21 03·53 +r ·oo 04·53 0·85 4·538 948 8 34 589·86 

00 ·17 2·54 r Siinmons 39 54 39·40 -0'02 39·38 0·83 4·484 348 6 30 503·42 

32 l Eckman 43 07 59·12 +0·69 59·81 !'.".l"83 4 "SII 951 3 32 505·oS 
Bebe Mound 96 57 23 ·13 +0·18 23 ·31 o·S4 4 ·673 8So 3 47 193·29 

01 ·65 2·50 r ::iitnmons 84 rs 6o·62 +0·07 60·69 0·64 4·580 746 8 38 084·37 
33 Kanwaka 58 07 43·20 -075 42 ·45 0·64 4 ·5u 951 4 32 505·09 l Bebe Mound 37 36 19 ·60. _:_o ·82 18 78 0·64 4·368 407 5 23 356·48 

03·42 I "92 I K•nwaka 107 28 32·49 +0·37 .)2_"86 0·66 4·673 880 3 47 193·29 
34 Eckman 28 10 08·23 -0·44 07·79 0·65 4·368 407 6 23 356·49 

Simmons 44 21 21 "22 +0·09 21 ·31 0·65 4·538 948 8 34 589·86 

01 ·94 1°96 

( El~•tion 39 49 00·65 +0·24 00·89 0·62 4·368 407 5 23 356·48 
35 ·Kanwaka 79 56 07·91 -0·20 Cj "jI o·6r 4·555 265 5 35 914 ·q 

Simmons 60 I4 53 71 -0·46 53·25 0·62 4 ·500 6IJ 2 31 667 ·31 

02·27 I ·85 

( M•bon 35 19 40·69 -0·21 40·48 o·6o 4·368 407 5 23 356•48 
36 "Kanwaka 49 JI 05·88 +0·08 05·96 0·60 4·485 283 5 30 569·16 

· Simmons 95 29 15·50 -0·13 rs ·37 o·6r 4·6o4 294 9 40 :206·37 

02·07 1·81 r Mabori 86 35 08·78 +0·31 09·09· 0·53 4'555 265 5 35 914 ·14 
3 i l. Elevation 58 IO 30·31 +0·09 30·40 0·54 4·485 ::?83 4 30 569 ·rs 

Simmons 35 I4 21 ·79 +0·33 22 ·12 0·54 4 ·317 :207 7 :!O 759 ·06 

00·88 l "6I 

( El.,.tiou 97 59 30·96 +0·34 31 ·30 0·55 4·604 294 9 40 206·37 
3<; Kanwaka 30 45 02 ·03 -0·28 01 75 0·55 4·317w76 20 759·06 

·:.\fabon 51 15 28·09 +0·51 2S·6o 0·55 4 ·500 6II 2 31 667·31 

01 ·oS l ·65 

!Po~ll 73 02 53 ·17 +0·46 53·63 0 ".'.!4 4·~17 207 7 20 759·o6 
39 Elevation 6o 04 24·20 +o)4 24·54 0·24 4·274 351 3 18 SoS·38 

·Mabon 46 52 42 "69 -0·14 42 ·55 0·24 4 ·199 766 2 15 840·40 

00·06 072 
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(d) Adj11sttd tria11glcs, A.fissouri and Kansas-Continued. 

Obsen•ed angles. Correc- SJ? her- SJ?her- Distances No. - StatiOns. tions. ical ical Logs. in metres. angles. excess. 

\> II ,, II 

(~k 37 22 S4'4S +0·89 SS'34 o·s2 4·317 207 7 20 7S9 •o6 
40 Elevation 61 38 23·84 +0·31 24 'IS o·s2 4·478 402 3 30 o88·62 

Mabon So sS 41 ·94 +0·14 42·08 o·s3 4·s2S s23_4 33 769 ·40 

00·23 I 'S7 

[ cia,. 3S S9 S4 '7S +I 'IS ss·93 0·27 4·274 3SI 3 IS So8·38 
41 Powell rqg 54 04·98 +0·37 OS'3S 0·27 4·478 402 3 · 30 oSS ·62 

Mabon 34 05 59·25 +o·:;8 59·53 0·27 4 ·253 _826 2 I7 940·16 

5S·98 0·81 

[ Powell I77 03 QI ·85 -0·830 QI '020 O'OI3 4·528 523 4 33 769·40 
42 Clark I 22 59·70 -0·29s 59 ·405 0·012 4 ·199 766 2 15 840·40 l Elevation I 33 s9·64 -0·028 59·612 0'012 4'253 826 I . 17 940 ·15 

or ·r9 0·037 

(Ada= 87 39 46·87 +0·46 47·33 0·47 4·528 523 4 33 769 ·40 
43 Elevation 36 45 05 ·r9 -0·74 04·4s 0·48 4 ·30s 832 9 20 222·41 

Clark 5S 3S 09'4S +0·20 09·6s 0·48 4·445 32s. 2 27 882·08 

QI 'SI l ·43 I Adam• 32 26 13·91 --0·3s 13 ·56 0·23 4 ·199 766 2 15 84o·40 
44 Elevation 38 19 04·83 --0·77 04·06 0·23 4·262 7o6 7 I8 3!0'77 

Powell 109 14 43 '7S -0·67 43·08 0·24 4'44S 32s 3 27 882 ·09 

02·49 0·70 I Ad·= 55 13 32·g6 +o·8r 33'77 0'26 4·253 826 2 I7 940"·1€ 
4S Powell 67 48 18 'IO -0·16 I7'94 0'2S 4 ·305 832 9 20 222·41: 

Clark s6 s8 o9 ·rs -0·09 09·o6 0'26 4·262 706 7 18 310 '77 

00'2I 0·77 

( "''" 56 09 II ',57 -0·32 II '25 0·29 4·3os 832 9 20 222'4I 
46 Adams 45 18 49·86 -I '07 48 '79 0·29 4·238 326 6 17 JI! ·18 

Clark 78 32 01 '12 -0·29 00·83 0·29 4 ·377 722 6 23 862·87 

02·ss 0·87 

J Zean Dale 35 I6 23·47 -0'12 23·3s 0·50 4·305 832 9 20 222·41 

47 l Adams 87 27 04·s4 --0·58 03 •g6 . 0·51 4'543 871 I 34 984 ·13 
Clark S7 16 34 76 -o·s6 34 '20 0·50 4·469 244 1 29 46o ·77 

02·77 I '51 

J Zean Dale 53 41 17·47 +o'OI 17·48 0·40 4 ·377 722 6 23 ~62·87 

48 t ·Adams 42 08 14·68 +0·49 15·17 0·40 4'2gS 157 7 19 868 ·16 
Meyer 84 IO 28·35 +0·20 28·55 0·40 4 •469 243 9 29 460·76 

00·50 I '20 
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(d) .-ldj1tsted triangles, .iVisso1tri and Kimsas-Continued. 

Observed angles. Correc- St>her- Spher- Distances No. Station. tions. lCal ical Logs. in metres. angles. excess. 

0 I/ ,, II I/ 

{Me~ 140 19 39'9:? -0'12 39·So 0·18 4 '543 871 I 34 984 ·13 
49 Zean Dale 18 24 54·00 +0·13 54 ·13 0·19 4 ·238 326 5 17 311·17 

Clark 21 15 26·36 +0·27 26·63 0·19 4 ':?98 r57 7 19 868 ·16 

oo ·2s 0·56 

{ Rdnhonl 44 44 26·05 -0·03 26·02 0·39 4·298 157 7 19 868 ·16 
50 Zean Dale 56 23 o9 ·rs +0·41 o9·s6 0·39 4 ·371 1Sr 8 23 506 ·17 

Meyer 78 52 25 '43 +0·15 25·58 0·38 4·442 408 3 27 695 '44 

00·63 l 0 16 

· { Roinh•nl 6r 14 5o·gS +1 ·or 51 ·99 0·79 4 '54.3 871 I 34 ·984 ·13 
51 Zean Dale 74 48 03 ·15 +0·54 03·69 0 'i9 4·585 553 4 38 508·21 

Clark 43 57 06·75 -0·06 06·69 0·79 4·442 408 4 27 695·45 

00·88 2·37 

{ M'Y~ 140 47 54 "65 -0·03 54·62 0·21 4·585 553 4 38 50S·21 
52 Clark 22 41 40·39 -0·33 40·06 0 "22 4·371 181 9 23 506·17 

Reinhard J6 30 24·93 +1·04 25·97 0'22 4·238 326 6 17 3II '18 

59·97 0·65 · ! Humboldt 90 25 32 ·39 -0·33 32·06 0·32 4·442 408 4 27 695·45 
53 Zean Dale 41 02 33 ·19 -0·66 32 '53 0·32 4·259 131 6 r8 185·77 

Reinhard 48 31 56 ·35 +0·02 56·37 O""., 4·317 092 5 :?O 753 ·56 _,_ 

or ·93 0·96 ! Eni~n 46 36 50·¢ +1 ·25 52·21 0·67 4·442 408 4 27. 695'45 
54 Zean Dale 84 47 38·04 +0·19 38·23 0·66 4'579 230 I 37 951 ·Go 

Reinhard 48 35 32 '62 -I ·o6 31 ·56 0·67 4·456 097 0 28 582·29 

OI "62 2 ·oo 

J Erricssen 46 33 33·3S +0·84 34'2:2 0·35 4·317 092 5 20 753 ·56 
55 l Zean ;Dale 43 45 04·S5 +0·84 05·69 0·35 4·295 915 5 19 765 ·85 

Humboldt 89 41 20 ·42 +0·71 21 ·13. 0·34 I 4 ·456 097 0 2S 5S2 ·29 

58·65 I '04 

{Humboldt 179 53 07 ·19 -0·384 4 06·So5 6 0'000 6 4'579 230 I 37 951 ·Go 
56 Reinhard \) 03 36·27 -1 ·070 4 35·199 6 0 "000 6 4·295 915 6 19 765 ·ss 

Erricssen 0 0.3 17 ·58 -t-o ·416 6 17'996 6 0'000 6 . 4 ·259 731 7 18 185·77 

or ·04 0'001 s 
J Robbins 53 59 07 '73 +0·58 oS ·31 0 ·25 4 ·295 915 5 19 765 ·85 

Si Erricssen 37 36 47 ·31 -0·06 47·25 0·25 4 ·173 599 0 I4 914 ·17 l Humboldt SS 24 05 ·3.+ -0·15 o5·r9 0·25 4·387 86:) 3 :q 426 '90 

00·3S __ 0·75 
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(d) Adjusted lriauglcs, llfissouri and Kansas-Continued. 

Stations. Observed angles. Corn~c- Spher- S\lher-
Logs. Distances No. tions. . ical 1cal in llletres. !lngles. excess. 

0 II II ,, II 

(Robbi"' 49 45 34·82 -0·39 34·43 0 • ..., .. 4 ·259 731 6 IS 185 77 _,, 
58 Humboldt · 91 29 01 ·85 -0·23 01 "62 0·23 4·376 868 l 23 815·96 

Reinpard 38 45 24·81 -0·17 24·64 0·23 4. 173 599 I I4 914 ·17 

01 ·4S 0·69 

( Robbim 103 44 42 ·55 +0·19 42·74 0·47 4"579 230 I 37 951 ·60 
59 Erricssen 37 33 29·73 -0·48 29·25 0·48 4·376 868 2 23 815·97 

Re-in hard 38 41 48·54 +0·90 49·44 0·48 4·387 868 4 24 426·90 

00·82 l ·43 

( WhiteCity 79 47 II ·37 +1 ·rr 12·48 0·27 4·376 868 I 23 815 ·96 
6o Robbins 41 31 00·82 +0·39 01 ·21 0·28 4 ·205 214 2 16 040·36 

Reinhard 58 41 46·84 +0·30 47·q 0·28 4 ·315 479 0 20 676·6o 

59·03 0·83 I Wilme< 51 58 36·95 -0·36 36·59 0 ·51 4·387 868 3 24 426·90 
61 Erricssen 57 00 39·96 +0·26 40·22 0·51 4 ·415 120 0 26 00878 

Robbins 71 00 45·25 -0·53 44·72 0·51 4·467 176 4 29 320·84 

02 ·16 I "53 

( T•ylm 51 13 33·12 +0·87 33 ·99 0·36. 4·315 479 0 20 676·6o 
62 Robbins 75 56 33·88 -o·r3 33·75 0·36 4 ·410 390 2 25 727 ·07 

White City 52 49 53·59 -0·25 53·34 0·36 4 ·324 977 4 21 133·79 

00·59 I"OS l Tovln' 64 51 36·99 -0·04 36·95 0·43 4 ·415 120 0 26 ooS·jS 
63 Wilmer 47 21 26·03 +073 26·76 0·43 4 ·324 977 6 21 133 ·So 

Robbins 67 46 57·50 +o·os 57 ·58 0·43 4·424 836 4 26 597·23 

00·52 l "29 

( F<ey 90 23. 36 ·44 +0·42 36•86 0·29 4·424 836 4 26 597·23 
64 Wilmer 53 oS 06·03 +0·42 . 06·45 0·28 4 ·327 964 7 21 279·66 

Taylor 36 2S 17 "72 -0·18 17·54 0·28 4 ·198 941 7 15 810 ·36 

00·19 o·S5 

( Vine C<eek 40 20 07 "IO +0·62 07·72 o·6S 4·424 836 4 26 597·23 
65 Wilmer 92 02 32 ·31 -0·27 32 ·04 .0·69 4 ·613 482 I 41 065·97 

Tay16r 47 37 22·89 -o·6o 22·29 0·68 4•482 239 I 30 355·62 

02 ·30 2·05 l Frey 
II2 I6 48·48 -0·64 47 ·s4 0:25 4 ·482 239 r 30 355·62 

66 Vine Creek 28 48 47·01 +0·33. 47·34 0·26 4 ·198 941 7 15 810 ·36 
Wilmer 38 54 26·28 -0·69 25 ·59 0·26 4·313 936 6 20 6o3·29 

Ol "77 0·77 
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(d) Adjusted triangles, lllissouri and Ki111sas-Completed. 

No. Stations. 

( 

Frey 

67 Taylor 

· . Vine Creek 

I 
Iron Mound 

68 Vine Creek 

Taylor 

l 
Frey 

69 Taylor 

Iron Mound 

I 
Vine Creek 

70 Frey· 

Iron Mound 

Observed angles. 
Correc- Spher- Sl?her-
tions. ical 1cal 

angles. excess. 

0 II ,, II /I 

r57 r9 35 ·08 ' +o ·22 35 ·30 o ·rs 

II 09 05 ·17 -0 ·42 04 "75 0 ·q. 

II 3r 20 ·09 +o ·29 :?O ·38 o ·q 

Logs. Distances 
in metres. 

4 "613 482 I 4I o65 ·97 

4·313 936 6 20 603·29 

4·327 964 7 21 279·66 

00·34 

61 IO o6 •64 

7r 53 og ·67 

46 56 46 ·4·i 

+0·61 

-o·os 

+1 ·10 

07 "2.5 

08·62 

47 ·52 

0·43 · I 
I '13 4·613 482 I 

4·648 88r r 

4·534 704 9 

4I 065·97 

44 553·42 

34 253·50 

or "i3 

9.> 25 41 ·16 

58 05 51 ·59 
28 2S 28·60 

01 ·35 

83 24 28 "76 

63 53 53·92 

32 4r 38 ·04 

OO"j2 

-0·05 

+0·68 

+o·o6 

+0·24 

+0·27 

+0·55 

41 ·11 

~8·66 

29·00 

54 ·19 

38 ·59 

I "13 

_; ·39 
o·6S 

0'68 

o·6S 

2 ·04 

o·6o 

0·59 

0·59 

4·648 88r r 

4 ·578 54I I 

4·327 964 8 

4 ·578 541 I 

4 ·534 705 0 

I . 4 ·313 936 7 

I 

44 55J ·42 

37 891 ·44 

21 279·67 

37 891 '44: 

34 253·50 
20 6o,3 ·30 

(e) Precision <?f tile llfissouri-f·(ansas series t?/lria11gks. 

For the purpose of determining the uncertainty of the developed length of the 
triangulation, the series may be divided into three parts by the lines Normal-Caldwell 
and Zean Dale-Reinhard. The probable error in length (in parts of the length) of each 
section may with sufficient accuracy be taken as the mean of the probable errors of the 
limiting lines. The probable error in length, due to the angular measures, of any side 
may be computed by the usual formulre-

~2[<'7'] 
•Ill= --· c 

and <'u,, = 0·674 5 111,./ 11.,,. 

From the figure adjustment involving 77 equations and 188 directi~ns we have 
m. = ± 0"·7 3. For the line Normal to Caldwell On = 20·4 in units of the sixth place of 

ll· . 

decimals in the logarithm. 
Starting from the side Hnbbar~l to Hughes of the Versailles Base Net ::g :== 54·8 

(7 triangles), t· .. ,,= ±0·147 metre, e·1i= ±0·062 metre, and c,= ±0·160 metre. 

Starting fro1~1 the side Vine Creek to Iron Mound of the Salina Base Net :S = 164·3 
(25 triangles), t'a,, = ±0·254 metre, e1, = ± 0·081 metre, and f, = ± 0·267 metre. 

Then for the probable error of the length of Normal to Caldwell as a side of the 
e . 

adjusted triangulat.ion e=Jc,"~c;=±o·137 metre, or about n 11
1uou part of the 

length. For the side Zean Dale to Reinhard (\, = 15 ·7. Starting from the side Hub-

18732-No. 4--33 
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bard to Hughes ~ = 185·7 (26 triangles), c",, = ± 0·351 metre, c1o = ± o·o8o metre, 

and t', = ~ o· 360 metre. Starting from the side Vine Creek to Iron Mound :E = 33 · 4 
(6 triangles), e .. ,. = ± 0·149 metre, e1, = ± 0·105 metre, and c

0
= ±0·182 metre. 

Finally c = ± o· l 62 metre, or about Tnl000 part of the length. ' 
For the effect on the arc we have approximately (the distances being measured 

along the thirty-ninth ·parallel between the projections of the middle points of the 
terminal lines)-

Terminal lines. Distance. Probable errors. Average. 

Km. JI/. 

1 1 
:!T:r1ifU;:i ±0·34 O"l":;-;:ioo rr;;.·-O'uo Hubbard and Hughes to Normal and Cald- 73 ·6 

well 

T",!!;1J1.i'.iUi.'i 
I . 1 

I ·46 T'':'"T"Ul'IV Ti:;T:"""""OiJU Normal and Caldwell to Zean Dale and 237 ·4 

Reinhard 

T"':'"T"!ijij'iJ 
I I 0·40 ~iJ':::--lliJ'ij' :!iJ~i}"ifiJ Zean Dale and Reinhard to Vine Creek 83 ·5 

and Iron Mound 

Sum ±2"20 

8. THE KANS,'\.S-COLORADO SERIES OF 'l'RIANGLES. 1880-SI, 1891-92-93, 1895. 

(a) lntrC1dudion. 

Bet ... veen the Salina Base in central Kansas and the El Paso Base in Colorado on the 
eastern flank of the Rocky Mountains the connecting triangulation follows the trend of 
the Smoky Hill River to the eastern Colorado boundary line, and along the whole line 
deviates bnt little from the course of the Union Pacific Railroad. The ascent of the 
Smoky Hill Valley is gradual up to First View, which is at an altitude of nearly 4 600 

feet; farther to the west the ridge forming the ";atershed between the Arkansas River 
and the South Platte River rises to 6 ooo feet and more, the El Paso. Base itself lying at 
an altitude of not quite 6 Soo feet. In western Kansas the land is barely undulating, but 
in the Colorado region it becomes slightly rolling; the streams are generally cut deepl)· 
into the sloping treeless plains. In order to cross the ridge at First View, it was founu. 
necessary to mount the instrument about 35 feet above ground. but elsewhere observa
tions were generally made at the ordinary height of the eye. l\frasured along the axis 
of the triangulation the distance from base net ~o base net is 564 kilometres or 35076 
statute miles. 
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(b) A bstrad of rt'Sltlting korizontal diredirms at mch sfatio11 _ti-oin local and from j1g11re 
. ·adjustmc11ts, I88o to I895. 

He_at/1, Ellsworth County, Kansas. July S to July 25, 1891. 35-centimetre theodolite, No. IO. Tele-
scope above ground 1r30 metres. F. D. Granger, observer. 

No. of Resulting direc-
Corrections Corrections Fiual 

di rec- Objects observed. tions front station Reduction Resulting from ~se: f~~~¥ :,~,'t seconds in 

tion. adjustment. to sea level. seconds. net adJust- figure ad- triangula-
ment. justment. tion. 

0 II N II N N ,, 
6 Lincoln 0 00 oo·oo -0·01 59·99 +o·r9 00·18• 

Thompson 46 04 27·51 +0·03 27·54 +o·6S 28·22 

Vine Creek 72 07 24·06 +0·02 24·os -r "II 22·97 
North Pole Mound Sr 17 05·14 +0·02 05 ·16 -o·35 04·81 

Iron Mound 103 36 35·87 -0·01 35·S6 +077 36·63 
Ellsworth water tower ::qr 44 04·27 +0·03 04·30 

pole 

3 Wilson 282 15 47 ·25 o·oo 47 ·25 -0·35 46·90 

4 Golde!1 Belt 312 37 2S·69 -0·03 28·66 -I ·07 27 ·59 

.5 Meades Ranch 323 40 ,)I "61 -0·04 31 ·57 +072 32·29 
Probable error of a single observation of a direction ( D. and R.) = ± 011 ·84. 

Tho111pso11, Ottawa County, Kansas. August 6 to August IO, I8gL 35-centimetre theodolite, No. 10. 
Telescope above ground I ·68 metres. F. D. Granger. observer. 

0 II " II II " II 

Heath ~ 00 oo·oo +0·04 00·04 -0·2r 59·83 

Golden Belt 38 54 02 ·24 +0·02 O.'.! "26 +0·64 02·90 

2 Lincoln 58 20 08·93 -0·01 08·9~ +0·30 09·22 

Vine Creek 227 20 or ·45 +o·or OJ ·46 +o ·6o 02 ·06 

North Pole Mounrl 267 03 34·82 -0·03 34 79 -o·S6 33 ·93 
Iron Mound 279 IO 48·50 -0·03 48·47 +0·46 48·93 

Probable c-rror of a single observation of a direction ( D. and R.) = ± 0"·56. 

Liil<"o/11, Lincoln County, Kansas. August 22 to August 31, 1891. 35-centimetre theodolite, No. 10 .. , 

Telescope above grounrl 6·07 metre. 11• D. Granger, observer. 

No.of Resulting direc- Reduction Corrections Final 
Resulting seconds in cHrec- Objects obsen·ed. tions fron1 station to sea seconds. front figure triangula-

tion. adjustment. level. adjustment. tion. 

0 II II " II " 
8 Heath 0 00 oo·oo -O"OI 59·99 +0·13 00 ·12 

9 Wilson 62 IO 33 ·15 +0·04 33 ·19 +r ·os 34·27 

IO Golden Belt 64 07 02·20 +0·03 02 ·23 -0·64 or ·59 

Ji Meades Ranch I:'.'.!O 03 4S·52 -0·03 48·49 +0·17 48·66 

7 Thompson 284 24 3670 -o·or 36·69 -0·74 35·95 
Probable error of a single observation of a direction (D. and R.) = ± 0 11·61. 



5r6 UNITED STATES COAST AND GEODETIC SURVEY. 

(b°J Abstract <?f resulting horiztmla/. directions at each station ji-mn. local and jimn ./i.r;urc 
adjustmmts, I88o to I895-:-Continuecl. 

Golden Bdt, Lincoln County, Kansas. September 12 to September 23, 1S9r. 35-centimetre theC!<lo
lite, No. IO. Telescope above ground 1"77 metres. F. D. Granger, obse:ver. 

No.of Resulting direc- Reduction Corrections Final 

di rec- Objects obsen·ed. tions from station to sea Resulting from figure seconds in 
ti on. adjustment. le,·el. seconds. adjustment. triaugula-

lion. 

0 II ,, ,, !I ,, 
t2 Lincc,Jn 0 00 oo·oo +0·03 00·03 -0·45 59·58 

13 Thompson 20 51 27·3o +0·02 ~i ·s2 +0·64 28 ·46 

I4 Heath 6S 30 27·07 -0·03 27 ·04 -0·13 26·91 

15 Wilson 175 56 58 ·10 +0·04 58 ·14 -0·04 58 ·10 

16 Meades Ranch 268 rs 18·95 -0·04 18 ·9r ·--() '02 IS ·.';9 
Probahlt: t!rror of a single observation of a direction ( D. and R.) = ± 0"·49. 

/llmdt•s Ra11d1. Osborne Collnty, Kansas. September 29 to October 16, 189r. 35-centimetre theodo
lite, No. IO. Telescope above ground 1·62 metres. F. D. Granger. obsen·er. 

0 II ,, ,, ·" I! 

26 Wils•m 0 00 oo·oo -<J"OI 59·99 -o ·.os 59·91 

27 Blinker Hill 26 40 18·63 +o·o~ 18·65 +0·25 18 '9') 

28 Bille Hill 67 49 rs ·82 +0·04 15·86 +0·~2 16 ·08. 

29 Waldo 82 IO 52 ·s.i +o·02 52 •86 -0·~4 52 "6.:? 

23 Lincoln 297 36 28·74 -0·02 28·72 -0·19 28·53 

·24 Heath 321 13 13·46 -0·04 13·42 +r ·17 14 ·59 

25 Golden Belt 329 55 03·82 -0·03 03 ·79 -I "13 02 ·66 
Probable error of a single observation of a direction ( D. and R.) = ± 0"72. 

T-Vilso11, Russell County, Kansas. October 24 to November 9, 11';91. 35-centimetre theodolite, No. 10. 

Telescope above ground 15·10metres. F. D. Granger, observer. 
0 ,, ,, 

" ll II 

20 Golden Belt 0 00 00'00 +0·03 00·03 -070 59·33 
21 Lincoln 2 o6 "I, •1 "I 

.._'\,, ·""' +0·03 33·36 +0·21 :>.> ·57 
22 Heath 42 II 48·31 o·oo 48 ·31 +0·45 48·76 

Ellsworth wakr tower 71 .:.4 59·67 

17 Dunker Hill 2:.'.H 30 50·47 o·oo 50·47 +0·34 5o·Sr 

18 Waldo 267 34 02·89 -0·04 02 ·85 --0·16 02·69 

19 Meades Ranch 302 23 15 79 -0.·01 15 78 --0 ·14 15·64 
Probable error of a single obsen,ation 9f a directklll (D. and R.) = 0 1'·76. 

B1111ktT Hill, Russell County, Kansas. May 26 to Jllne 16, 1892. 35-centimetre theodolite, No. IO. 

Telescope above grollnd 12·09 metres. F. D. Granger, observer. 
0 " ll ll // // 

Russell Southeast 0 00 oo·oo 00.'00 

Russdl Northwest 27 03 .p ·08 

32 Blue Hill 33 32 12 ·99 -o ·o-~ 12·96 -t-0·63 13 ·59 

33 \Valdo 85 I" _, 35·25 -0·02 35·23 -0·32 34·91 

34 Meades Ranch 123 22 ·oS 71 +0·02 08··73 +0·21 08·94 

35 Wilson 195 49 27·58 o·oo 27·58 ·-0·54 27·04 

30 Fairmom1t 333 37 51 ·¢ +0·04 52 ·oo +1 ·38 53 ·38 

31 Allen 354 36 02 '45 +0·02 02 ·47 -I ·36 or ·11 
Probable error of ·a single observation of a direction ( D. and R. l = + 0"·85. 
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( b) .-1 bstract <?l resulting horizc>/ltal dirt"Ctions ,if eadi st.if ion _tiwn local and from .figure 
,icijuslments, I88o to I895-Continued. 

Tf"i1/do, Osborne County. Kansas. June 23 to July 7, rS92. 35-centimetre theodolite, No. IO. Tele
scope above ground 1 ·72 metres. F. D. Granger, observer. 

No.of 
di rec. 
tion. 

Objects observed. 

Russell Southeitst 

Russell Northwest 

39 Allen 

40 Blue Hill 

36 Meades Ranch 

3i \Vilson 

38 Bunker Hill 

Resulting direc
tions frou1 station 

adjustment. 

0 00 00'00 

5 31 38·18 

IJ 56 oS ·60 

55 28 O'] ·66 

:?61 46 52 ·66 

324 46 48 ·94 

348 07 47 ·q 

Reduction 
fo sea 
Je,·el. 

,, 

+o·or 

+0·04 

+0·02 

-0·04 

-0·02 

· Corrections 
Resultmg from figure 
seconds. adjllstment. 

II 

o8·6r 

07·70 

52 ·68 

48·90 

47 '12 

" 

- l ·37 

+0·33 
+0·08 

+0·81 

+0·14 

Probable error of a single observation of a direction ( D .. and R.) = ± 0"·70. 

Pinal 
seconds in 
triangula· 

tion. 

II 

00'00 

07 ·24 

oS·o3 

52 76 

49 71 
47·26 

Allc11, Russell County, Kansas. July 13 to July :?5, 1S92. 35-centimetre theodolite, No. ro. Tele
scope above ground r:i8 metres. F. D. Granger, observer_ 

45 
4r 

Russell Northwest 

Russell Southeast 

Bunker Hill 

Fairmount 

42 Hays 

43 Blue Hill 

44 Wahlo 

0 II 

0 00 00'00 

37 28 

42 II 

185 41 

57 '4'.! 
16 ·19 

56·09 

257 02 04 ·46 

282 32 08·62 

33ti 37 07·66 

II 

+0·02 

+0·04 
-0 '02 

-0 ·04 

+0·01 

,, 

16':?{ 

56 ·13 

04·44 

08",58 

07·67 

" 

-0·03 

-0·95 

+0·17 

-0-14 

+0·96 

Probable error of a single observation of a direction ( [l. and R.) = ± 0'1 ·69. 

// 

oo·oo 

16 ·18 

55 ·18 

04·61 

oS·44 

08·63 

ri1ir111,11111t, Barton ·county, Kansas. August I to August 15, 1892. 35-centimetre theodolite, No. 10. 
Telescope above ground 5 ·92 metres. F. D. Granger, observer. 

" " II " 
,, 

57 Allen 0 00 00-00 +0·04 00·04 -0·93 59 'I! 

58 Hunker Hill 15 31 II ·So +0·04 lI ·s.i. +r ·01 12"85 

53 La Crosse 214 19 34·44 +0·03 34·47 -0·55 33 ·9.z 

54 Smoky Hill 242 37 55 ·44 -0 '•JI 55 '4-~ +•J'90 56·33 

55 Hays 28'1 34 52·31 -0·04 52·27 -0·40 SI ·S7 

56 Blue Hill ,312 o· .,, 35·94 -0'02 35·92 -0·02 35 ·90 

Probable error of a single observation of a direction (D. and R.) = ±011 ·79. 

La <..1-ossc, Rush Count~·, Kansas. August 24 to September 1. 1892. 35-centimetre theodolite, No_ IO 
Telescope above ground 7'46 metres. F. D- Granger, observer. 

II ,, 
" " " 

67 Hays 0 00 oo·oo u·ou 00'00 t-o "2 I 00'21 

68 Blue Hi.\\ 19 o6 24·71 +0·03 24 ·74 +1 ·16 25 ·gi:.1 

69 Fairmount 68 50 05·00 +0·03 05 ·03 -0·5"6 04-47 

65 Skagg~ 279 57 29 ·3~ -·0'02 29·30 -0·01 29·24 

66 Smoky Hill 301 34 38'C)O -0·04 38·86 -o·So 3S·o6 

Prohable error of a single observation of a direction (D. and Ii.'.) '=±011·61-
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(b"> Abstract o./ rcszelting ltorizimtal dircdions ,1/ each station frc1111 local and _ji-,1111 jigurc 
adjus!111t·11ts, I88o t,1 I895-ContinuecL 

Ha_i•s, Ellis County, Kansas. September 9 to September 26, 1892. 35-centimetre theodolite, No. 1•1. 

No.of 
chrec
tion. 

62 

63 

64 

59 
6o 

6I 

Telescope above ground 7·32 metres. F. D. Granger. observer. 

Objects observed. 

La Crosse 

Smoky Hill 

Trego 

Blue Hill 

Allen 

Fairmount 

Resulting direc
tions fruin station 

adjl1st111e11t. 

0 00 ()()"()() 

49 ?• 
-..) 59·00 

87 15 03 '12 

243 16 47·55 

285 50 34 ·20 

319 05 18·56 

Re<lucti1)11 
to sen 
h:\·el. 

I.' 

o·oo 

+0·05 

+0·01 

+0·03 
-0·02 

-0·04 

Resulting Corrections 
·econds. fr?m figure 
:s ad3ustment .. 

I! /.I 

oo·oo -0·68 

59·05 -0·2s 

03 ·13 +0·44 

47 ·58 -0·56 

34 ·18 +0·16 

18 "5::? +oyi 

Probable error of a single observation of a direction ( D. and R.) = ± 0"·90. 

Final 
seconds in 
trianguJa

tion. 

59·32 

58 77 

03·57 

47 ·02 

34·34 

19·44 

Smo/q Hill, Ellis County, Kansas. July 31 to August S, 1893. J5-centimetre theodolite, No. rn. 
Telescope above ground I ·64 metres. F. D. Granger, observer. 

0 !I ,, I/ 

71 Trego 0 rJ(I oo·oo -o ·03 59 ·97 +o·os 

72 Hays 71 o· _, 01 ·43 -t-o ·04 OJ ·47 -r1 ·43 

73 f'airmonnt 118 47 28·26 -0·01 :?8 ·25 +0·75 

74 La Crosse 143 I" _, 41 ·91 -0·04 41 ·87 -0·25 

70 Skaggs 269 07 Ii ·oS +0·04 J 7 "12 -O"IJ 

Probable error of a single observation of a rlirection ( D. and R. l = ± •J''·5S. 

,, 
00·01 

OJ "O..J. 

29·00 

41 ·62 

Ji "(•) 

Blue Hill, Ellis County, Kansas. October 6 to October 26, 181p. 35-centimetre theodolite, No. JO 

Telescope above ground 4 ·.p metres. F. D. Granger, observer. 
,, ,, ,, ,, 

49 Allen 0 00 oo·oo ·-0·04 59 ·96 -I ·37 58·59 

50 Fairmount 35 13 23·49 -o·o~ 23·47 o·oo ~3"47 

51 La Crosse 67 45 43·95 -\-0 ·03 43·98 +1·q 45 ·12 

52 Hays II I 56 08·38 +0·04 08·42 +0·05 08·47 

46 Waldo 27; 36 57·68 +0·04 57 "72 -0·19 57 ·53 

47 Meades Ranch 289 34 06·6:! +o ·o,; 06·65 --0 ·03 06·62 

48 Bunker Hill 338 35 17·55 -0·02 17"53 -t-o ·40 17·93 
Russell Northwest 341 15 o5 ·98 

Russell Southeast 345 58 52 ·;q .... 
Probable error of a single observatwn of a direction ( D. and R.) = ± 0"·82. 

Treg,1, Trego County, Kansas. August 15 to August 25, 1893. 35-centimetre theodolite, No. 10. 
Telescope above ground 12·19 metres. H. L. Stidham, observer. 

0 ,, 
" 

,, fl 

77 I Skaggs 0 00 oo·oo +0·03 00·03 +o·u 

78 Schmidt 37 33 32 ·53 +0·05 32 ·5S +0·21 

79 I B_ay Creek 7i 09 51 •64 ·-O"Ol 51 ·63 +o ·o,; 

75 Hays 246 00 30 71 (I "0) 30 "71 -0·19 

76 · Smoky Hill 317 06 26·48 -0·03 :!6 ·45 -0·17 

Probable error of a single observation of a direction ( D. and N.) = ± 0"·68. 

Ii 

00 ·15 

32 79 
51 •66 

30·52 

26·:!8 
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(b) Abstract vf re'sulling liorizontal dirtdio1zs al cac/1. stati<m ji·om focal and from .flf;·ure 
adjusl111cJ1.ts, IS8o to I895-Continued. 

Big (./·,·ek, Trego County, Kansas. . May 24 "to June 13, r89,>,. 35-centimetre theodolite, Nn. IO. 

Telescope above ground 14·94 metres. F. D. G·ranger and H. L. Stidham. observers. 

No.of N.e~ulting dirc:c- Reduction Corrections· Final 
Resulting seconds in dir'cc..: Objects observ<:d. tions frotn &tation to sea seconds. from figure triangula-tion. adjustu1ent. level. adju~t111ent. ti011. 

0 " // II ,, // 

Si Schmidt 0 ()() oo·oo --1c-0·04 ()() '04 -0·03 oo ·or 
.-:;.g Canyon 30 23 31 ·46 +0·05 31 ·51 +0·54 32 ·05 

89 Imlian Creek 55 44 14·3S .. +0·01 q·,:.9 -0·51 13·88 

85 Trego 251 Ol 45 "4.2 -0·01 45··41 +o·i6 45·67 

S6 Skaggs 309 25 42 ·34 -0·04 42 ·30 -0"::?6 42 ·04 

Probable error of a single observation of a direction (D. and R.) = ±011 ·65. 

Schmidt,- Ness County, Kansas. June 24 to July 9, rS9,:.. 35-centimetre theodolite, No. JO. Telescope 
above ground 16·99 metres. F. D. Granger.and H. L. Stidham, observers. 

92 
q• 
.,) 

94' 
90 

91 

0 II " 
,, ,, 

Big Creek (o ()() 00'00 +0·04 00·04 +0·12 

Trego 3r 25 29·35 +0·04 29·39 -0·83 

Skaggs 72. 32 40·98 -0·02 40·96 +0·51 

Canyon 236 O:? 58·50 +o·or 58 ·51 +0·13 

Indian Creek 270 56 03 ··15 -0·05 03 'IO -1-n ·07 

Probable error of a single obsen·ation of a direction ( D. and R.) = ± o"·&,. 

,, 
00 ·16 

28·56 

41 ·47 

58·64 

03 ·17. 

Ska.;::;:·s, Ness County, Kansas. July J4 to July 25, 1893. 35-c.entimetre theodolite, No. JO. Telt:seope 
above ground 1.1· 18 11ietres. F. D. Granger, obst:rver. 

II 
. 

x ... '· - 'l'rcgo 0 OC• (1() '(11) +0·03 00'0.) t-o · 35 00·38 

83 Smoky Hill -.i6 I' _, 44·62 +0·03 44·65 -O'I3 44·52 

84 La Crosse i' 43 01 ·24 -o ·or 01 ·23 +0·27 01 ·50 

8o Schmidt 258 40 44·46 -0·02 44 ·4.t -0·39 44·05 

SI Big Creek 315 33 46 76 -() ·04 46 '72 -0 'IO 46·62 

Probable error of a sing-le obsen•ation of a direction ( D. and R.) = ± 011 ·58. 

/11dla11 Crcd.-. Grove County, K:111sas. September II to September __ ,o, 189r. 25-centimetre 
theodolite, No. 74. Telescope above ground \V. B. Fairfield, observer. 

I /I I/ II II II 

9.5 Big Creek 0 (11) oo·oo +o··ar 00'01 +0·36 00·37 

Bluff 9 59 5i'S6 

Castle Rock IO 22 29 ·42 

96 Schmidt .3S !I 52 '.?6 -0·04 52 '.'.?2 +0·28 52 ·50 

97 Canyon 89 46 12 'ii -0·02 12 ·69 -0·42 12·27 

Hill' JOI 31 43 ·13 

98 Beaver 162 39 47 'Si +0·05 4i"62 -0·04 47·58 

99 l\'lonument 193 42 I9'64 -o·or 19·63 -0·18 19·45 

Probable error of a single obsen•ation of a direction ( D. and R.) = ± 011 ·96. 
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(b) Abstract qf rcsulti11.g- horiz,intal din·dio11s at each station from local ai1d from figure 
adjustmmts, I88o f,i I895-Conti11ued .. 

Dmyo11, Lane County, Kansas. September I to October 7, r89r. 30-centimetre theodolite, No. r6. 
Telescope above ground rb·23 metres. F. W. Perkins, observer. 

No.of Resulting direc- Reduction Resulting Correctio11s 
Final 

seconds in di rec- Objects observ.ed. tions fro111 station to sea seconds. fr<?lll figure triangula-tion. adjustment. Je,·el. adiustment. tion. 

0 .. -'·' // I/ " 
roo I Beaver 0 00 00'00 -0·03 59·97 +0·33 00·30 

. Hill 5 I4 49·52 

IOI Monument 2· 22 39·07 -0·06 39·or -o·r6 .~8 ·85 "' 
102 Indian Creek 70 29 29·00 -o·oz 28·98 +0·36 :i9·34 

Bluff 121 03 0, ..... - ...... .., 
Castle Rock r25 04 35·64 

ro3 Big Cre('k r3s ~2 38·46 +0·05 38 'SI +o·os 3S·s9 

ro4 Schmidt 16r 1)2 07·66 +o·or 07·67 --0·61 07 ·06 

Probable error of a single observation of a direction (D. and R.) = ± 1''·1s. 

Bt•ar1,·r, Logan County, Kansas. July 28 to October 25. 189r. 30-centimetre theodolite, No. 16. 
Telescope above ground . . . . F. ,V. Perkins, observer. 

0 II II /I II I/ 

105 Sherida11 0 00 oo·oo -0·04 59·96 +0·64 oo·6o 
1o6 Gopher 29 .p ro·o3 -O'Oj 09·96 --0 ·17 09 "79 
107 Monume11t 64 s2 3S"9I -0·01 3s·90 +0·01 3S ·91 
roS Indian Creek 134 SS o6·S9 +0·04 o6·93 -o·os o6·SS 

Hill 170 44 55·64 

I°':) Canyon 171 . ., _,_ OS 'IC• -0·02 os·o8 --0·42 04'66 
Probable error of a single observation of a direction (D. and R.) = ± 0"·92. 

ilI01111111mt, Logan County, Kansas. August Io to September 4, rS91. :is-centimetre theodolite, No. 
74. Telescope above ground . . . . W. B. Fairfield. observer. 

0 ·/I II II II II 

IIO Indian Creek 0 00 00'00 -0"0[ 59·99 +0·41 00·40 
III Canyon 28 S7 04 "79 -o·os 04 'i4 +o·o6 04·So 

Hill 31 00 53·30 

II2 Beaver 78 54 S9 ·rs -0·01 S9 ·14 +0·15 S9 ··29 
II3 I Sherida11 168 26 02·rS +0·01 02 ·r9 --0 ·64 OI "SS 

IJ4 Gopher r97 so 13·40 -o·os 13 ·3s +0·01 r3 ·36 
Probable error of a single observation of a direction ( D. and R.) = ± 0"·90. 

Goplzff, Logan County. Kan~as. July 31 to August 8, rS9r. 25-centimetre theodolite, No. 74. 
Telescope above· ground . \V. B. Fairfield, obsen·er. 

0 II II /I II /I 

Il5 I Monument 0 00 00 '(1() . -o·os S9"95 +0·42 00·37 
II6 Beaver 2s S4 2I "62 -0·06 2t ·56 -0·26 21 ·30 

II7 Sheridan II6 r3 09·27 +0·07 09·34 +o·os 09·42 
IIS Wallace Bluffs 133 44 23 ·23 :to ·05 23 ·2s --o ·53 22·75 

I 19 Teeters Hill l7S II S4"36 -0·04 S4"32 +0·28 54·&> 
Probable error of a single obse~vation of a direction ( D. and R.) = ± 0 11 ·76. 
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(b"> .-lbstracl of rt'Sttlting /1<>rizonta/ dirfffi,>ns al t·ach station Jiwn /oral and from .figure 
adjustments. IS8o lo ui·95-Continued . 

.S11aida11, Logan County, Kansas. July S to November 17, 1891. 30-centimetre theodolite, No. 16. 

No.of 
direc
tion. 

1:20 

121 

122 

123 

124 

125 

Telescope above ground . . . . F. ,V. Perkfos, observer. 

Objects ob.~erved. 

·wallace Bluffs 

Pond 

Turtle 

Teeters Hill 

Gopher 

Monument 

Bt'aver 

Resulting direc
tiorts from station 

adjust111ent. 

0 fl 

0 00 oo·oo 

26 05 18 ·55 

30 40 59 ·n 
69 16 5S·38 

142 ............ 02·6S 

176 55 43·26 

202 32 .oS·56 

Reduction 
to sea 
Je,·el. 

" 
+0·01 

-o·o6 

-0·05 

+0·07 

+0·01 

-0·04 

Resulting Corrections se!~~l~~ in 
seconds.. from figu1"e t ·a g I 

adjusttnt:'nt. rt ti~'"i:~ a-

,, /I " 
00 'OI -0·05 59·96 

59 '71 +0·45 6o '16 

5S·33 -0·35 57 ·98· 

0.? ·75 +0·29 03·04 

43 ·27 -Lo ·23 43·50 
08·52 -0·56 07·96 

·Probahle error of a singie observation of a direction ( D. and R.) = ± 0"·90. 

Tct'/t'l"s . .I-fill, Logan County, Kansas. July 20 to July 27, 1891. 25-centinietre theodolite, No. 74. 
Telescope above ground . w. B. Fairfield, observer. 

0 " " " /I 

126 Gopher 0 00 00'00 -0·04 ,59·96 +0·01 59·97 

127 Sheridan 47 4$ 11 ·46 -0·05 l l ·4 I -0·26 II "15 

J2$ \Vallace Bluffs 92 05 47·95 +0·05 48·00 +0·43 48·43 

129 Curlt':w IT7 38 56·6r +o·os 56·69 +0·44 57·13 
Ponrl 136 39 oS·So 

130 Turtle qS ,;8 40 76 +0·03 40 '79 -0"6.? 40·17 
Probable error of a single observation of a dirt':ction (D. and R.) = ±0"·51. 

./Val/ace Blujl"s, Wallace County, Kansas. June IS to November 26, 1891. 30-centimetre theodolite, 
F. \V. Perkins and \V. B. Fairfield, observers. No. 16. Telescope above ground 

0 ,, 
" II I! /I 

13r Curlew 0 00 oo·oo +0·01 00'0! -0·06 59·95 
132 Mc Lane 34 41 37·9~ -0·07 ,;7 ·85 -o·q 37 ·71 

l~ond 52 35 19·03 

133 'l'urtlt' 54 46 46·96 -0·07 46·S9 +>"."\3 47·22 

134 Teeters Hill I I ... ~ 15 27 ·.';9 +0·04 27·93 +0·06 27 ·99 

135 Gopher 159 42 09·64 +0·05 09·69 -0·06 09·63 

1,\6 Sheridan 179 ,'7 54:03 +o ·or S4 ·o,i -o·q 
Probable t':rror ,,fa ,,;in,gle observation of a direction ( D. and R.) = ± 1''·05. 

.5.\ ·90 

Turlk, \Vallace County. Kansas. October IO _to November 7, 1891. 25-centimetre theodolite, No. 74. 
Telescope above ground ... , . \V. B. Fairfield, obst':rver. 

0 II ,, If II fl 

137 Teeters Hill 0 00 00'00 +0·03 00·03 +0·37 00·40 

138 Sheridan 40 30 34·65 -0·06 34·59 +0·58 35·17 
139 \Vallace Bluffs 64 sS 29 •68 --,.0·07 29·61 -0·32 29·29 

Pond 7J 07 17 76 .... 
140 Curlt':w 109 33 O.? '74 +0·02 02·76 -0·18 02 ·58 

141 Arapahoe· 149 31 17 'IS +0·08 i- .... ., 
' - .. i 

-0·42 16 ·s1 

q2 l\icLane r96 59 12 ·51 -o·or 12 ·50 -0·03 12 ·47 
Probable error of a sing!"' observation of a direction ( D. and R.) = ± 1''·12. 
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( b) Abstract of resulting liorizontal dirl'Clions al racli station _tiwn lc>cal amf.tivm _/i.r;-ure· 
adjusl111c11ls, I88o le> £805-Continued. 

Curlew, Wallace County, Kansas. November 28 to·December r2, r89r. and July 23 to July 28, 1:392. 
30-centimctrc theodolite, N.1. 16. Teleseope ahoy•e ground 6·57 metres. F. \V. Perkin,;, ol>server. 

No. of 
direc
tion. 

Objects obsen•ecl. 
Resulting direc

tions frotit station 
adjustment. 

Reduction 
to sen 
le\'d. 

Resulting 
seconds. 

Corrections se~~~~~~ in 
fron1 figure . 
;:-trljust nient. tr1~i~ft~1la-

I43 Arapahoe 0 00 oo·i:..10 +o ·04 

144 Monotony 44 o· ,, 57·56 -0 "Oj 

145 McLane 70 Oj 54·29 -·0·07 

q6 Turtle IL? 48 34"?8 -t-0·02 

Pond 123 43 00 ·25 

147 Teeters Hill 152 rs 50·34 +0·07 

q8 Wallace Bluffs 193 :!.7 14 ·.;8 +0·01 
Probable error of a single obs.::'rvation of a 11irectiou ( D. 

00·04 -o ·40 

Si ·49 +0·39 

54·22 +o·q 

34 "IO +o ·05 

50 ·,p -(J ·~7 

T4 ·39 +0·09 
and R.) = ± 1!.'·15. 

/I 

59 ·64". 

57 ·8s 

54 ·y:i 

34 ·15 

,lfcLant', ·wallace Countv, Kansas. July 30 to August 12, 1892. 30-centimetre theo•lolite, No. 16. 
Telescope above ground F. \V. Perkins, observer. 

!49 I Turtle 

Pond 

15 l 

Wallace Bluffs 

Cur kw 

Arapah?e 

0 

II 

27 

4Q 

107 

00 (II) "()I) 

43 20·96 

54 09·33 
.., __ ... ll ·69 

46 24 ·92 

" 
,, 

-(1 "('IJ 59·99 

-o·oti c9 ":?7 
-0·07 II ·62 

+o·o.; 24 "<:Ji 

" 
+o"...J..2 

--0 "7 l 

+o ·03 

-0·13 

Monotony 175 SJ 09 ·06 •) ·oo 09 ·o6 +•) ·40 
Probable error of a single ohsen-ation 0f a direction ( l1. and R.) = ± (•"·6~. 

00·41 

08·55 

l r ·65 

24·S4 

09·46 

_-Jrapalioe', Cheyenne County, Colorado. No,·ember 24 to Kovember 26. 1891. 25-centimetre theo•l
olite, No. 74. 1'elescope above ground 12·68 metres. R. E. Dm·all, obseryer. August 13 to 
September 1, 1892. 30-centirnetre theodolite, N•). 16. Telescope aboye grou1111 12·68 metres. 
F. \V. Perkins and \V. B. Fairfield, observers. 

0 -~' // /I ll ,, 
154 First View 0 00 oo·oo -0·02 59 "9'" ·-0 ·27 59 71 
155 Cheyenne Wells 33 03 37·92 -0 ·09 37·S3 -1) ·34 37·49 
156 Monotony 6o 41 14 ·93 -0·06 14 ·:)7 -0·17 l4 ·70 

157 McJ_,:111e 106 31 4.5 ·97 +0·05 46 "(12 _+<:i·3c 46·33 

Turtle 

158 Curlew 158 31 3970 +0·04 3974 -t-0·47 40·2c 
Probable error of a single observation of a direction ( D. an•! R.) = ± 0"·74. 

1l/0110!011y, Cheyenne County. Colorarlo. December l, 1S91. and August 22 to September Y1, 1892. 
~5-centimetre theodolite. No. 74. Telescope above ground l 2·68 metres. R. E. Duvall, observer 
in r891; W. B. Fairfield. observer in 1892. 

0 I/ ,, ,, ,, .'/ 

159 lVIcJ_,ane 0 00 00"0) o·oo 00'00 -0 ·29 59 7: 
J6o Cur kw :!j 57 Oj 'JI -0·06 07 ·2.; -0·49 06 76 

r6r Arapahoe 66 02 45·30 -0 ·06 45·24 +o ·05 45 ·29 
r62 First View 135 50 s8·01 +o·o';I 58 ·ro +o·S4 58·94 

163 Cheyenne Wells 147 rs 48·57 +a·oS 48·65 -0·42 4S·23 

164 Landsman 163 46 19 ·rs +0·05 19 ·23 +0·31 19 ·54 
Probable error of a single observation of a direction (LI. and N.) = ± 0 11 ·76. 
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(b_l .-1.bstrad of resulti11g l1orizontal dircdio11s at cac/i. station from lol~i/ and jiwn figure 
adjust111c11ts, .r88o le' I895-Conti11ued. 

C/i,:1•e1111e· 11-""r:lls, Cheyenne County, Colorado. October r9 to October 3r, 1892. 25 .. centimetre theocl· 

No. of 
direc
tion. 

165 

166 

167 

168 

olite, No. 74. Telescope above ground . . . vV. B. Fairfield, obsen·er. 

Objects ohsen•ed. 

Monotony 

Arapahoe 

Resulting- direc
tions froni station 

adjusltnent. 

0 I/ 

0 00 00 "()1 ... -. 

ii 09 20"i7 

16o 18 22 ·28 

Reductiou 
to sea 
le,•el. 

II 

+0·08 

-0·08 

+o ·09 

Corrections Final 
~~~~~!~~~ from fignre seconds in 

adjust111ent. tri~it~~t.•la-

II 

oo·oS 

20·69 

'.!2 ·37 

II II 

+0·13 

+0·63. 

00·2r 

21 ·32 

f"irst View, Cheyenne County, Colorado. October r8 to November 20, 1892. 30-centimt-tre theod
olite, No. 16. Telescope above ground 9·6~ metres. F. \V. Perkins, observer. 

ljO 

171 

. 172 

r73 

174 

II ,, II ll 

Kit Carsoi1 (> •X> oo·oo +0·06 oo·o6 --0 ·09 

Eureka 57 33 37·4S -0·09 _;7 ·39 +o·oS 

r,aiuhman 99 _;5 36 °2..f. -0"0..f. 36·20 +0·67 

Cheyenm· Wells !47 25 30 ·,;7 +0·09 30·46 -0·5r 

"Monotony 155 42 18 7r +o·oS 1879 -o·n 

Arapahoe 105 J:! 52 ·90 -·O"OI 52 ·s9 -0·04 

Probable error of a single observation of a direction ( D. and R. "i = ± 0 11 ·49. 

II 

59·97· 

37·47 
36·87 

29·95 
1S·6S 

52 ·ss 

Landsmau, Cheyenne County, Colorado. October 6 to October 15, 1892. :i5-centi{11etre theodolite, 
No. 74. Telescope above ground \V. B. Fairfield, observe1·. 

/.' ,, // ,, // 

175 Monotony 0 00 oo·oo +0·05 oo ·c,5 --0·24 59 ·sr 

176 Cheyenne Wells 15 56 56·61 o·ao 56 "6J +0·90 57 ·51 

177 First View 95 Si 59·28 -0·04 59·24 -0·50 58"j4 

178 Kit Carson q8 12 39·90 +o·oq 39·99 -0·25 39·74 

179 Eureka 205 13 38·89 -<l"OJ _;S ·86 +0·09 38·95 
Probable error C•f a single observation of a direction ( D. and N.) = ± 0"71. 

/{it Carson, Cheyenne County, Colorado. October 24 to October 30. rSSr. 30-centimetre theodolite, 
No. lo8. Telescope above ground :i·11 metres. 0. H. Tittmann, observer. 

0 " 
,, II ,, ,, 

x8o Aro ya 0 0() oo·oo --0 ·07 59·93 ·-0·60 59·33 
lSr Overland 32 24 48 ·58· ---o·ro 48·48 +o·6o 49·o8 

182 Eureka 67 39 .53 ·2r o·oo 53 "'.!I ·-o·ro 53 ·rr 

183 Lanclsman ro8 58 51 ·03 +0·09 SI ·12 ·-0·08 51 ·04 

rS4 First View 137 08 34 ·15 ··i-0"06 34·21 +o·r8 34•39 
Pro ha ble error of a single observation of a direction (D. and R.) = ± 0 11 ·90. 



UNITED STATES COAST AND GEODETIC SURVJ.:Y. 

( b) A bstracf C!f rcsullii1g horiz<>nfal dirt'cfions at ,-acli s!tition frC1m local and from figure· 
adjustmmts, I88o to I895-ContinuE:d. 

Eurd;.r, Elbert County, Colorado. October S to October 17, 1SSr. 30-centimetre theodolite, No. roS. 
Telescope above grom1cl I ·90 metre,;. 0. H. Tittmann, observer. 

No.·of Resultin;t direc- Reduction Corrections Final 

di rec- Objects obsen·ed. fions froni station to sea Resulting from figure seconds in 

tion. adjustment. le,•el. seconds. adjustment. triangu\a-
tion. 

0 !/ /I II .'/ ,, 
• 

185 Landsman 0 00 00'00 -0·03 .59'97 +0·2.i. 00 ":?I 

186 First View 28 42 ~:? ·21 -0·09 22·12 -0·52 21 ·60 

187 Kit Carson 81 40 04'jl o·oo 04·71 ~-0 ·22 04 ·93 
18$ Aroya 137 13 18·43 +0·09 IS ·52 +0·24 18·76 

189 Overland 186 32 02 ·22 -0·05 02·17 -0·17 02'00 

Probable error of a single observation of a direction ( D. and R.) = ± 1"·13 . 

• .Jn~1·a, Elbert County, Colorado. August 29 to September ,;. 1SSr. 30-centimetre theodolite- No. 
roS. Telescope above ground 1·90 metres. 0. H. 1'ittmann, observer. 

" 
,, ,, ,, 

190 Adobe 0 (0 OO"tX> +-o·os oo·os -1-o ·40 oo·.i.S 

191 Hugo 69 40 20·01 -O"II 19 '9') --o·S2 l9·0S 

192 Overland IIS oS 24·65 +0·01 .:q·66 -to·q 24·So 

193 Eureka 167 .53 52 ·09 +0·09 52 ·1:'; -O'I.:? ,52 ·06 

194 Kit Carson 224 40 46':?9 -o·o6 46··23 -+-o ·40 .i.6·63 

Probable error of a single observation of a direction ( D. awl R. ) =±1.1.!·21. 

O~·crla11d, Lincoln Count~.-. Colormlo. September 12 to September .?1, rSSr. ,30-centimetre theod
olite, No. ro.'::i. Telescope above ground 1 ·75 metres. O. H. Tittma1111 a111l G. F. Bird, obsen·er~. 

~ " 
,, 

" /.~ ,, 
Azimuth Mark 0 00 00'00 00 '00 

195 Eureka 104 IO 37 ·52 -0·05 3i'4i -i-o ·17 3i '6.j. 

196 Kit Carson 144 0' ·' 39·02 -o·of> 38·94 --0 ·34 38·60 

197 Aro ya 182 o6 29·0~ -t-o 'OT 29 ·09 -0·17 2S ·92 

198 Adobe 219 50 3o·q -t-o ·10 30 ·24 -i-o "O:? 30 ·26 

199 Hugo 277 5S 13·.';9 -0·03 13 ·S6 -1-o ·32 q ·rs 
Probable error of a single observation of a <lirection (D. and R.) = ± 1"·20. 

Hugo, Lincoln County, Colorado. October 29 to November S, 1880. 30-centimetre theodolite, No. 
108. Telescope above ground 1 ·9r metres. 0. H. Tittmann. ob5ervcr. 

0 /I II II ,, 
" 

200 Overland 0 (JO 00'00 -0·03 .59'9i -0·15 59·82 
201 Aro ya 38 40 ro·31 -O'IO IO '21 +0·62 ro·S3 
202 Adobe $6 51 30·27 +0·02 30·29 -0'2.5 3o·o-i. 

~03 Square Bluffs 130 05 35·26 +o·II 35 ','oi --0 ·39 3.J. ·98 

204 Holt 166 31 20 ·5,; +0·02 2C) '.55 +0·17 20·72 

Probable error of a single observation of a direction ( D. and R.) = ± r''·rn. 
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( b) • ../. bstrad q/ rcs11/li11g horizontal din:dious al mch station from local and _tiwn _figure 
a1(just111c11ts, ISSo to IS95-Continued. 

.-/d,1he, Lincoln County, Colorado. July 23 to August 10, rSSr. ,30-ce11timetre theodolite, No . roS. 
Telescope abo\"e ground 5·61 metres. 0. H. Tittmann, observer. 

No. of Resulting direc- Reduction Corrections Final 
dirc:c- Oh.j~cls ohsen·ed. tions from station to sea Resulting fro111 figure second~ in 
tion. adjustment. len:l. seconds. ·adjustment. tl'iangula-

tion. 

0 ,, /I ll ,, II. 

Mark 0 00 oo·oo oo·oo 

207 Hugo 4 -~5 07 ·28 +0·02 07 ·30 -0·20 07 ·ro 

20S Overland 39 35 56·41 +0·11 56 ·52 -0·19 56·33 

.'.!09 Aro ya 66 43 33 '12 +0·07 33 ·.19 -0·40 32 79 
205 Cramers Gulch 254 09 rj ·oo +0·06 r3·06 .-0·64 12 ·.p 

206 Square Bluffs 309 09 I4 70 -O'il I..l"59 -t-1 ·43 16·02 

Probable error of a single observation of a direction ( D. and R. ) = ± 1" ·2S. 

Sq11<11"<' Bluffs, J,incoln County, Colorado. September 20 to September 27, 1S&>. 30-centimetre, 
theodoltite No. 108. Telescope above ground 1 ·SS metres. 0. H. Tittmann, observer. 

Q ll II /I II /I 

210 Holt 0 00 00'00 --0·11 59·89 -0·23 59 "66 
211 Hugo 78 24 58 ·51 +o·rr 58 ·62 --!-1 "I6 59 ·78 
212 Adobe r59 45 07·69 -0'!0 07 ·59 -~ '00 o6•59 

213 Cramers Gulch 228 o6 rS ·38 -1-0·06 18·44 +0·15 18 '59 

214 Big Springs 284 02 36 ·25 +0·07 36 ·32 -o·oS 36 ·24 

215 Holcolm Hills 322 24 IO '13 -·O'IO 10·03 o·oo I0'03· 

Probable error of a single observation of a direction (D. and R.) = ± 111 ·22. 

Holl, Elbert County, Colorado. October 1 to October 17, r88o. 30-centimetre theodolite, No. roS. 
Telescope above ground r83 metres. 0. H. Tittmann, observer. 

0 II /I /I ,, I! 

216 Hugo 0 00 00'00 +0·02 00'02 --o ·67 59·35 

217 Square Bluffs 65 09 15 ·58 -0'!0 15"48 +0·24 rs ·72 

218 Holcolm Hills r7S 19 13 ·43 +0·04 13 ·47 +0·43 13 ·90 

Probable error of a single'observation of a direction ( D. and R.) = ± 0 11 ·96. 

c._/·amcrs Cuh-li, Lincoln, County, Colorado. September 8 to September 14, 1880. 30-centimetre 
theodolite, No. JOS. Telescope above ground r ·86 metres. 0. H. Tittmann, observer. Sep~ 

tember ; to September q, 1895. 30-centimetre theodolite No. uS. Telescope above ground 6·22 
metres. F. D. Granger, obse~ver. 

0 II II II II II 

219 Big Springs 0 00 oo·oo -O"II 59·S9 -0·33 59 ·56 

2.:?0 Square Bluffs 74 58 25·87 +0·06 25·93 +0·19 26·12 

221 Ado he 131 37 12 ·50 +o·o6 12 ·56 +0·14 ·12·70 

Dry Camp 319 47 03·93 +0·03 03·96 

Probable 'error of a single observation of a direction ('D. and R.) = ± 111 ·06 in 1880 and± 011 ·47 in 1895. 
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( b) .-1 bstract ,?f resulting horizontal dirfftions at each station from local and from figure 
adjustments, zS8o to z895-Completed. 

Holt:olm Hills, El Paso County, Colorado. July 20 to August I6, I8So. 30-ce11timetre theodolite. No 
108. 0. H. Tittmann, observer. 

Corrections Corrections Final sec-No. of Resultingdirections Reduction Resulting front base- from base- ondsin di rec- Objects observed. front station to sea net ad- net and 
ti on. adjustment. level. seconds. justwent. figure ad- triaugula-

justment. tion. 

0 II II II II /I /I 

222 Holt 0 00 oo·oo +0·03 00·03 -o·So 59 ·23 

223 Square Bluffs 29 I4 I2"37 -0·08 12·29 +0·83 13 ·12 

Big Springs 86 36 27·88 -0·05 27·83 -0·370 27·46o 

Corral Bluffs 156 28 04·74 +0·12 04·86 +0·457 05·317 

I El Paso Em;t Base 165 48 35·85 +0·09 35·94 -0·190 35·730 
El Paso \Vest Base ISI 38 58 "I5 +0·03 58 ·rs +0·265 58·445 

I Divide ~12 IO 36·84 -o:n 36 73 -0 ·162 36·568 

Probable error of a single observation of a direction (3 D. and 3 R.) = ± 011·Sr. 

Big- Springs, El Paso County, Colorado. .August 21 to September 3, IS8o. 30-centimetre theodolite, 
No. 108. 0. H. Tittmann and G. F. Bird, observers. June 23 to J.uly 6, 1895. 30-centimetre 
theodolite, No. Jl8. F. D. Granger and J. B. Boutelle, obsen·~rs. 

0 /I ll II II ll I! 

I 
Corral Bluffs 0 00 00 "(100 -0·10 59·90 +0·002 59·902 

El Paso East Base '27 ~3 27 ·51 -0·13 27·38 -0·268 27 "IT 2 

Divide 33 35 42·180 ·-0 ·137 42 ·043' --0 ·370 -11 ·673 

Holcolm Hills 54 42 04·99 -0·05 04·94 +o ·636 •J5 ·576 

2::!4 Square Bluffs 138 58 19·83 +0·06 19·89 +0·3r 20 ':.?O 

2:25 Cramers Gulch 1S8 '"' -,, 38·6r -O"JO 3S ·51 -0·08 38·4J 

Dry Camp 235 37 57 ·12 -·0·04 57 ·os 

Plateau 279 28 24 ".:P9 +o "IOI 24".BO 

Pikes Peak 344 '.!2 41 ·563 -0 ·083 41 ·4So 

Probable error of a single observation of a direction ( D. and R.) = ± 1'"42 i11 r88o and± 0 1 '·77 in 1895. 

(c) Figun: adjustment. 

Obser;:•atit111 <q11atio11s. 
No. 

O= -0"9S+ (2) - (6)- (7) + (S) 

2 0=-0·94+ (r) - (4)- (13) + (q) 

3 o= -o·S6- (I) T (2) - (7) + (_Io) - (I2) + (I3) 

4 .0 =:= - 1"73 - (3)+ (6)- (8) + (9)- (::!I)+ (::!::!) 

5 0=-0·52- (3)+ (4)- (ql+ (15) - (20)+ (2::!) 

6 0=+0·44- (9)+ (II)- (19) + (21) - (23) + (26) 

7 o=-o·S8- (SJ+ (6)- (SJ+ (II) - (23)-i- (24) 

8 0=+0·56- (Io)+ (II)-i- (L!)- (16) - (23) + (25) 

9 O= +0·91- (17) + (19) - (26) + (27) - (34) + (35) 

IO O= -O"IO- (27)+ (29) - (33) + (3.j.)- (36J+ (JS) 

II O= + 1"40- (17) + (rS) - (33) + (35) - (37) + (3S) 

I2 o=+O"I7- (32) + (33)- (3S) + (40) - (46) + (48) 
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(cJ Figure atijustmmt-Continued. 

No. 
Obse·rr111fio11 t-q11atio11s-Continued. 

13 O= +o·os- f28)+ (29)- (36) + (40)- (46) + (47) 
q O= - 1·62- (39) + (40).,..... (43) + (44)- (46) + (49) 

15 i o=+<s12- (30) + \32)- (48) + (50)- (56) + (58) 
16 O= - 1·27- (41) + (43) - (49) + (so)- (S6) + (57) 

17 O= -t-.J'j2- (30) + (.31) + (41)- (4sl- (57) + (58) 
18 0=-1·3s- (41) + (42)- (SS)+ (S7) - (6o) + (61) 

19 I 0=+2'2.'.?- (53)-+ (SS)·- (61)+ (62)- (67) + (69) 
20 O= -\-0'06- (50) + (5l) - (53) + (S6)-. (681 + (69) 
:21 0=+0·2s- (51) + (S:!J- (S9) + (62) -- (67) + (68) 
~? O= + 1°30- (S4) + (SS)- (61)+ (63)- (72) + .(73) 
?· 
__ , O=-::i·67- (s3) + (54) - (66) + (69)- (73) + (74) 

24 O= -0·26- (6,;) + (64) - (71.J+ (72)- (75) + (76) 

25 1 o = -\- o·o.) - (70) + (71)- (76) + (77)- (82) + (83) 
26 I o=+o·::?s- (6S) + (66) + (70)- (74) - (S.;) + (84) 

2j o=+o·q- (77) + (79)- (Sr)+ (82) - (85) + (86) 
28 O= -0·91- (Sol+ (81) - (86) + (87) - (91) + (94) 

29 0=+1·4r- (78)+ (79) - (SS)+ (S7J- (92) + (93) 
"'0 ·' O= +0·50- (S7) + (89)- (91) + (92)- (95) + (96) 
; I 0=+0·13- !S?°J-1- (SSJ- ( 90) -,- ( 92) - ( !03 ) + ( ro.J) 

32 o=+ 1·74- (90) + (91)- (96)-j- (97) - ( 101) + ( 104) 

3 .. ' 
(I= -0·04- (97) + (98) - ( 100) + ( 101) - ( !08) + (109) 

,;.;J o=-0·4r- (97)".+ (9~) - (!OT)+ ( 102) - (uo) +(III) 

35. 0 = +0·45 - (98) + (99) - ( 107) +(!OS) - (llo) + ( 112) 

,;6 o = +0·64- (106) + ( 107) - ( II2) + ( rq) - ( ns) + (116) 

37 0 = -1- 1 ·31 - (IOS) + ( I06) -- (II6) + ( fij) -- (123) -\- ( 12S) 

,;S O= -0·2s- ( II3) -1- ( 114) - (HS)+ (117) -·( 113) + ( 124) 

39 0 = -o·s7- ( 117) + (I19) - ( I.:?2) + ( 123) - ( 126) + ( 127) 

40 o = + o·.34 - ( 117 J + ( u 8) - ( 120) + ( r 23) - ( 13s) + ( 136) 

41 '· o= -C•2(•- ( 120) + (122) - (127) -j- (128) - (r34) -j- ( 136) 
I 

,p I 0=+0·95-(1::?1)+(12:?J--(1::?7J+(130)-(137J+(13si 

43 ; o = + 0·86- \ 120) + ( 121) - ( 13.3)-+- ( r36) - ( 138)-\- ( 139) 

44. i o=-o·ss-(13r)-j-(133)-(139J+(qo)-(q6)+(qS) 

45 : o= -0·48- (128)-\- ( 129)- ( 131) + ( I,34)-- ( 147) + (qSJ 

46 I o = + o· .B - ( qo) + ( 14 2) -- 1 145 l -\- (q6) - ( q9) + ( IS 1 ) 

47 o = -\-0·38- ( 132) + ( 133) --- ( 139) + ( 142) - ( 149) + (ISO) 

48 IO= -0·54-· (q3) + (I4Sl -- ( ISi) + (152)- (IS7) + (ISS) 

49 IO= - 1·36- ( 152) -j- (IS,)) -- ( 156) + ( 1,57) - (I,59) + (161) 

so I o = - r9S - ( 143 l + ( 144) -- ( 1 s6 l + ( 1 581 - ( 1.6o) + ( 16r ) 

5 1 I o = - o· 20 -- ( 1s5) -\- ( 1s6) -- ( r61 ) -\- ( r63) - ( 16s) + ( 166) 

52 ! o= --0·9s-· (l54) + (IS6) -- (16r) + ( 162) - (1/.)) + (r74) 

53 0=+0·13--(154J+(15s)--(166J+(167)-(172)-j-(174) 

54 O=-\- I"S7- ( I62)-\- (164) - (171)-\- (173) -- ( I7S)-\- (177) 

SS o = - 2·Ss- (163) + (164)-\- (165) ·- ( 168) -- (I7s) -l- ( 176) 
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(c) Figure a,~'justmmt-Continued. 

Obso-;:'<1lio11 c-qu11lit111s-Conti11ued. 
No. 

56 0 = -0·42 - (170) + (171) - (177) + ( 179) - ( 185) + (186) 

57 0 = - 0·33 - ( 178) + ( 179) - ( 182) + ( 183) - ( 185) + ( 187) 

58 0 = -1·19 - (169) + (170) - ( 182) + ( l8'J.) - ( 186) + (187) 

59 0 = - 1'03 - (!So)+ (182) - ( 187) + ( 188) - (193) + ( 194) 

6o o = + 1·59- ( 181) f. ( 182) - (187) + (189) - ( 195) + ( 196) 

61 0= + 1'00- (188) + (189)-(192) + (T93)- (r95) + (197) 

62 0 = - 2'21 - (191) + (!92) - (197) + (r99) - (200) + {::!01) 

63 0 = + 0·28- ( 190) + ( 192) - (197) + (198) - (208) + (209)· 

64 O= -0·20- (198) + (199) - (200) + (202) -- (207) + (_208) 

65 0 = -!- 3 '()2 - ( 202 ) + ( 203) - ( 206) + ( 207 ) - ( 2 II ) + ( 212 ) 

66 0 = - 2·85- (20,~) + (204) - (210) + (2IJ) - (216) + (217) 

67 0 = - 1'59 + (2!0) - (215) - (217) + (218) - (222) + ( 223) 

68 0 = - 3·17 - (205) + (206) - (212) + (213) - (220) + {:!21) 

69 O= +0·10- (213) -f- (2!4) - (219)-!- (220) - (224) + (225) 

70 0 = + 0·4,; - (214) + (215) - (223) + (224) . 

71 0 = - Il"O + 5·97( l) - 4·67(2) - 1'93(4) + 3 ·96( 6) - 4·70( 12) -!- 5·53( 13) - 0·83( 14) 

72 0 = + 6o·7-3·59(3) + 14:37(4) -10·78(5) - 1·33( 19) + 3·65(20) -2·,;2( :22) - 13·77( 24) 

-!- lj"40(25)-J'63(26) 

73 o= + l6j"9-6n2(9)+63·54(10)- r42(rr)-1·33( 19) +58'50(20)-57"17(21)-3·3_;(23) 

- 6•96(25) -3·63(26) 

74 0 =-!- 17'3- 3·59(3) -!-5•52(4) - 1·93(6) - l '02(8)-!- 2·44( IO) -- 1·42( 11) - r33(_I9)-!- 3·65(20) 

75 J 0 = - 4·5- 1'69( 17) + 2'03(.18) -0·34( 19) -4·19(.26) +5·64(2i) - 1'45(29) -0·14(36) 

I +4·88(37)-n4(3S) 

76 ; 0 = - 1'0- 1·45(27)-!- 8'22( 28) -6'j7(29) - 1·66(32) +4·34(33) - 2·68(34) -8·77(46) 

+ 9·94(47) - I ·17(48) 

77 0 = -3·4- 2•64(31) + 2·61(32) +0·03(33) -4·77(38) +6·99(39) - 2·22(40) -0·28(46) 

+ 5·37(48) -5·09(49) 

78 0 = + 50·3-.,.-5·50(30) +s·u(31) - 2·61(32) -5·37(48) + 8·35(49) - 2·98(50) --'- l "90(56) 

+ 9·48(57) - n8(5Sl 

79 o= - 5·3 +0·25(41) + 4·41(42) -4·66(4,;) -4·05(55) +5·95(56) - 1'90( 57) - 1"76(59) 

+ 2·29(6o)-0·53(n1) 

So o = - r4-0·49(50) + 2'!7(51) - r68(52) -0·76(53 l +4·81(55) -4·05(56) -5··27(67) 

+ 6·oS(68)-o·SI(69) 

81 o= + 5·7+3·14(53) - 3·90(54) +0·76(55) +2·43(61) -4·24(62) + r8°1(63) +0·67( 72) 

-4·63( 73) + 3·96(74) 

82 o= + 9·6- 1·81(62) +4·52(63) - 2·71(64) -5·32(65) +6·61(66) - 1'29(67) -0·72(75) 

+ 2·98(76) -2·26(77) - 2·01(82) + 5'.32(83) -3·31(84) 

83 o = + 3·7-0·4S(n H- 2·54( 78) - 2·06(79) - r38(8o) + 3·52( 81 l - 2'LJ.( 82) - 2·78( 92 l 

+ 3'44(93)-0·66(94) 

84 0 = - 6'6-2·15(87) + 3·59(88) -- 1'44(89) -2·98(95) +4·48(96) -1'50(97) +0·02( 102) 

+4·38(103) -4·40(104) 
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( c) Figure <l1ijust11wzt-"-Co11tinued. 

Observati<lll <'<Jll<llio11s-Continued. 
No. 

85 0 = - I"9+0·6s( 97) -4·15( 98) + 3•50(99) +4"12(.100) -4·87( IOI) +0·75( I02) +0·41( !IO) 

- I"77(III) +1·36(II2) 

86 O= + 1"2 -0·99( 105) + 2·99( I06) ___: 2'Cl0(107) -5·37( II5) +4'34( II6) + l '03( 117) -3·o8(123) 

+ 7'48( 124) -4·40( 125) 

87 o = - 6·1+5·40( ui) - 6·67( u8) + 1'27(rr9) + r92( 126) -4·oS( 127) +- 2· 16( 128) + 0·92( 134) 

-5·So(135) +4·88(136) 

88 o = + 8·5+2·75(120) - 3·55( 121) + 0·80( 122) + 2· 16( 127) -3·55( 128) + 1·39(130) +0·98( 137) 

- 4·63(138) + 3·65(139) 

89 o = - 0·3 + 3·02(n8) -4·41 ( 129) + 1'39( 130) + 0·98( 137) - 3·12(139) + 2·14( 140) +0·35( 146) 

- 2·41(147) + 2·06( 148) 

90 0= + 6'2 - I ·49(131) + 5·76(132) -4·27( 133) - 2'28( 145) + 2·63( 146) -0'35( 148) -2'20(149) 

+ 3·98( 150) - q8( 151) 

91 0 = - 0'4 -0·09(140) +6·50( J4I) -6·41( 142) -076(LJ.3) + 3·04( 145) -2'28( 146) +4·57(149) 

- 4·57( 152) +I ·64( 157) - I ·64( 158) 

92 0 = -1'1 -0·76(143) +4'30( 144) -3·54( 145) -2·05(156) +3·69( 157) - 1·64(158) -3·02( 159) 

+ 3 ·96( l6o) -0·94( 161) 

93 (I= - I T3- 3·23(154) + 7'25( 155) -4·02( 156) -0·32( 161) + !0'43( 162) - TO'II( 163) 

- 13 ·15(172) + 14·47( 173) - r32( Ii4) 

94 o = + 0·1 - 3·23(154) + p5(155) -4·02( 156) -0·32( 161) + T42( 163) - TIO( 164 l - rgop71) 

+ 3·22( 172) - 1·32(174)- 7'37(175) + 7'74( 176) -0·37( 177) 

95 o = + 5·5+0·35( 169) + 2·33( 170) - 2·68(171) - .:qo( 182) +6·3.~( 183) -3·93( 184) -3·54(185) 

+ 3·85(186)-0·3r( 187) 

96 o = + 3·1+ 2·45(180) - .n2\ 181l+0·87(182 l + q4p87) -3·25( 188) + 1·81( 189! +0·45(195) 

- 2·69(196) + 2·24( 197) 

97 o =-\- 4·9-I- 2·94( r97) -2·72( r98) -0"22( 199) + 2·64( 200) -4·53( 201) + 1'89( 202) + r 'II( 207) 

. - 4·1 I ( 208)-\- 3 ·00(209) 

98 i O= - 12·9- 2·24(202) -\-5·09(203) - 2·85(204) - 1'48(205) + 2·93(2o6) - I'45(207)-0·98(216) 

I 
+ 0·08(217) -\-0·90(218) -0·57(219) +I ·95(220) -1·38(221) -3·76(222) + 5•10(223) 

+ 2·03(224) - r82(225) · 

991 0= -· 5'7-\- 1 ·30(2) -0·46(3) -\-0'46(6) +0·54(7) -0·54(8) - 1·32(9) + 1·32( II) -0·34(17) 

+ 0·34( 19) + 2·50(21) - 2·50( 22)-\- !'10(23) - l'I0(26) - I ·45(27) + l '45( 29)-1'22(30) 

I + 1'22(32) +0·66(34)-0·66(35) +0·14(36)-ro2(38) +0·88(40) + l"I7(46)-1•17(48) . 

-0:49(50) +0·49(52) -076(53) +0·76(55) + rn5(56) - !'05(58) +0·53(59) -0·53(61) 

- :q1(63) + 2'i l (64) - !'29( 66) + 2'!0(67) -0·81(69)+0·03( 70) -0·03(71) + 0·67( 72) 

-0·67( 74) +0·72(75) -0·72(76) -0·48(77) +0·48(79) - r38(80) + r38(81) + 2·01(82) 

- 2·01(83) -1- r30(85) - 1·30(86} - 1·44(87) + r44(89) -3·02(90) -1- 3·02(91) +0·66(92) 

-0·66(94) + 2·98(95) - 2·98(96) -3·50(98) + 3·50(99) -0·75(100) +0·73( I02) +0·02(104) 

- 0·99( w5) +0·99( 107) + 2·83( I08) - 2·83(109) + 0·41( l ro) -0·41 ( u2) - 3·74( n3) 

+ 3·74( 114) - 1·03(u5) -0·24( u7) + r27(u9) -0·80( 120) +o·So( 122) + 4·40( 124) 

- 4·40(125) + 1·92(n6) - 1·92(127) -1·39(128) + 1·39(130) - q9( 131) + r49( 133) 

+ 0·92( 134) -0·92( 136) + 0·98( 1311 - 0·98( 139) - 0·09(140) +0·09( q2) -0·76( 143) 

+ 0·76( 145 l +0·35( 146) -0·35( 148) + q8( 149) -- q8( r51) -0·85( 152) + 0·85( r53) 

- I'IS( 154) + !'18( 156)-\- I ·6-1(157) - 1'64( 158) -\- 0·94( 159) -0·94( 161) - 3·97( 162) 

1873::?-No. 4--3+ 
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(c) Figure tidjuslmt'nf-Continued. 

Obso<1atio11 <'<}llatio11s-Conti11ued. 
No. 

99 + 3·97( 164) +0·35(169) -0·35( 171) + 1"79( 173 l - 1·79( 174l-0'22(175) +0·22( 177) 

- l '36( 178) + r36( 179) -0·87(18o) +0·87(182) + 3·93( 183) -3·93( 184) +0·31( 185) 

- 0·31 ( 187) - r81 ( 188) + r81( 189) -0·78( 190) + 0·78( 191) + r38( 193) - 1"38( 194) 

+ 0·45( 195) -0·23( 197) ...,.-0·22( 199) + 2·64(200) - 2·64(201) - 2·24( 202) +2·24( 203) 

- l ·4S( 205) + q8( 206) + l"lI (207) - I"II(209) +0·32( 21!) -0·32(212) - 2·66( i14) 

+ 2·66(215) -0·57(219) + 1·95(220)- r38(22r) + q4(223) + 1"82(224)- 1"8:?(225) 

Cori'"dalt' cq11alio11s. 

{I) +1 -1 +5 "97 
(2) +J +1 -4 ·07 

(3) -1 -I - 3 "59 -y59 
(4) -I +1 -I"93 +q•37 +5"52 
(5) -1 . •• . • •• • • •• . -10·7S 

(6) -1 +1 +I +J"<fi -I "93 

(7) -I -1 

(S) +1 -1 -I -1 "OJ 

(9) +1 -1 -62"12 

(IO) 

(II) 

(12) 

( 13) 

(qi 

(15) 
(16) 

(17) 
(18) 

(19) 
(20) 

(21) 
(22) 

(23) 

(24) 
(25) 
(26) 

(27) 

( 2S) 

(29) 

(30) 
(31) 

(32) 

(33) 
(34) 

(35) 

(36) 

(37) 
(3S) 

(39) 
(40) 

c~ 

-I 

+r 

+1 

-I 

-I +1 

+1 

C7 Cs 

-I -I 

+I 

+1 

.... 

-I 

+1 

C9 

-1 

+1 

.... 

-1 

+1 

-1 

-I 

-I 

+1 +1 +1 

+1 

-·l 
_, _, 

+1 

-4 ·70 

+5"53 
- o·s.~ 

- 1 ·33 

+ 3"65 

- 2·32 

+63 ·54 +2 •44 

- l "42 -I "42 

- 1"33 
+58"50 
-57·17 

-I '33 

+.PSS 

Corrd,r.le ,·q11atio11s-Conti11ued. 

C10 Cn ·Cr~ C13 C14 C15 C17 C10 Cn C1~ C75 Ci6 

-3·33 -3·33 
-13·77 
+17·40 +6·¢ +6·¢ 

- 3•63 -y63 -3·63 -4·19 
-! .... .... . ... .... . ... .... +5"64 -! ·45 

-I +8·22 
+r +1 -1 ·45 -0·77 

-I -I 

+I 
.... .... -I .... .... +I . ... -1·06 
-I -I +< +4 •34 
+1 -2"68 

+1 
-I -0·14 
.... -I . ... .... .... .... .... +4 ·ss 
+1 +r -I -4·74 

-I 

+1 +r +1 

-1·69 

+•·03 
-0·34 

Cn C1s 

-s·sa 
-2·64 +S"ll 
+2°61 -2°61 

+0·03 

-4 ·77 
+6·99 
-2·22 

+0·46 

+0·54 
-0·54 
-I "32 

-n·_y1 

+0·34 

Cw 

+1·10 

-1·10 

_, •45 

+1 ·45 
I '22 

+1 ·22 

+o ·f<S 
-0·66 

+o·q 

-1 ·02 

+a·ss 
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(c) Figure atf/ns/ment-Continued. 

Correlate equations-Continued. 

c,, C13 ' c,. Crs Cr6 C17 C1a C19 Coo C..1 Coo C23 C76 C77 C78 C79 Cso Csr C99 

q1) -l +1 -1 +0·25 
(42) +1 +f"41 
(43) -l +1 -4·66 

(44) +r 
(45) -l ... ... ... ... . .. ······ . ..... 
(46) -I -l -1 -·s·11 -0·2s +1·17 
(4;) +1 +9"94 
(48) +1 -I -1·17 +5"37 -5·37 -I "17 

(49) +1 -1 -5 ·09 ·+s·35 
(50) +1 +1 ... ... ... -l . .. . .. ...... -2 ·¢ -0·49 -O"J9 

(51) +1 -l +2"17 
(5?) +1 -I "6$ +0·49 
(SJ) -I -l -1 -0·76 +J"14 -0·76 

(54) -l +1 -3·90 
\.1s·1 -1 +1 +1 ······ ······ -4 ·05 +4"81 +0·76 +0·76 
(56) -1 -1 +r -1·90 +5"95 -4·05 +1 "O.> 
(57) +r -l +1 +9"48 -1 ·90 
(58) +1 +1 -7·58 -1·05 

Corrdate <'q11atio11s-Continued. 

Crs C19 c.o Cor c •• C23 C24 Cos C26 Co7 Co9 C79 Cg., cs, cs. Cs3 C99 

(59) -I -l "i6 +0·53 
(,.,) -'1 +•·29 
lo!) +1 -1 -l -0·53 +•·43 -0·53 
(G2) +1 +1 -4 ·24 -1·81 

(6.1) +1 -1 +1·81 +4 ·52 -2·71 

(64) +1 -2·71 +2"71 

(65) -·l -sv 
(66) -1 +1 +6·61 -I "29 
((q) -1 -1 -5·27 -1·~ +1·10 

(68) -l +1 : +6·os 

(69) +1 +1 +1 -o·S1 -0·81 

(70) -1 +1 +0·03 

(71) -1 +1 -0·03 

(72) -I +1 +0·67 +0·67 

(73) +1 -1 -4 ·63 

(74) +1 -1 +s ·¢ -0·67 

(75) -l -072 +0·72 

(76) +1 -1 +2"\l-S -O"j2 

(77) +1 -I -2·26 -0'4-~ -0·4S 

(78) -J +>"54 

(79) +1 +1 -~·o6 +0·48. 
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(c) Figure· adjustmcnt-Contiilued. 

Cvrrdat,; iv11ativ11s-Co11ti1111ed. 

Cos Co6 Co7 Cos C29 c~, C3r C30 C3~ CH C35 Cao Cs3 C14 cs5 C99 

(80) -I -1·38 --J ·j8 
(81) -I +1 +3"5l +1 · .. :.~ 
(82) ·-I +1 -2·01 -2·14 +0·01 

(83) +1 -1 +5·3• --::-·ot 

(il.j) +1 .... .... .... .... . ... . .. -3·3r 
(85) -I -r +1 ·30 

(%) +1 --1 -1 ·30 

(87) I +1 +1 -r --1 -2·r5 -I ·44 
(~$) +1 +3"59 
C&}) .... .... .... +1 .... .... . ... -r·44 +1 ·44 

l91"J) -I -1 --.:. "1)2 

(91) -I +1 +3·02 

190) -I -I +r +r -•·7s +c-·66 

193> +r +5·44 

(94) +1 .... .... . ... -0·66 ·-0"66 

(95) -I --2·9S +2"98 

:.::1 +1 -I +4"48 -2·98 
+r -I -i -1·50 +0·65 

(9Sl +1 -1 -4·15 -3·50 

1991 -··· .... .... .... .... .... .... +1 +1 +:;·.;o +J·s·:. 
(mo) -·I +4"12 --O'j5 

(lo)I) -I -4 ·s7 
(102) -I +1 +1 +0·02 +0·75 +o"i3 

( 103) -I +4"38 
(104) .... .... .... . ... +1 +r . ... .... -4·40 +0·02 

Condatc i·q11atio11s-Co11ti1111ed. 

C33 C34 c.~5 C;~ C;; CJ8 C3~ C4., C41 C40 C43 C.is Css Cs6 Cs'.' Css Cs9 c!'!> 

( 105) -·I -0·99 ·-0'":::-9 
(106) -I +1 +0·99 

(107) -I +1 -2·00 +0·99 
( 108) -I +1 ... ., . ..;- .. - - '·'..) 

( 109) +1 .... .... .... .... .... . ... .... .... . ... -0·8,1 
( 110) -I -I +0·41 +o·.11 
( 1 II) +I -1·77 
( !12) +I -I +1·36 -0·41 
( :13) -I -3·7-i. 
( II4) .... .... .... +1 +1 .... .... . ... .... .... ····· +3"i4 
(115) -·-I -I -5·37 -1·03 

( 116) +• -I +4"34 
( 117) +1 +1 -I -I +1·03 +s ·40 -0·24 

( 118) +1 -6·67_ 

( 119) .... .... .... . ... +1 +1 ·27 +I 'J.7 
( .'.?1)) -1 -I -1 +2·75 -o·So 
( 121) -I +I -3·55 
\ i>o) -I +r +r +o·so +o·!<o 

(,23) _, -I +I +1 -3·o8 
(124) .... .... .... . ... +1 +7"48 +4 ·40 
1105) +I -4·40 --4·40 

\ 126) -I +1·92 +1 ·92 

( 127) +1 -I -r -4"•J8 +•·16 -I'•!J=' 
:" 128) +1 -I +2·16 --3 ·55 +3"02 --I ·39 

'"9) I +1 -4·41 
( 1,;ri) .... .... .... . ... .... +1 . ... +1 •39 +1·39 +1 ·39 
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(c) Fi'gur.: iidjustmmt-Corttinued. 

Correlate· t'quatio11s-Co11tinued. 

C40 C41 C40 C43 C44 C45 C46 C47 C.jS C49 C50 Cs7 Cas CB9 C90 C91 c~= C99 

(131) -1 -1 -1·49 -1·49 
( 132) -·I +s·1r; 
(l~.)) -1 +1 +1 -4 ">7 +1·49 
( 134) -1 +1 +0·92 +0:92 
(135) -1 .... .... . ... -5·So . ..... ...... 
( r3G) +1 +1 +1 +4·SS ·-0"•)2 

( 137) -1 +0·9-S +0·9S +0·98 
( 138) +1 -1 -4·63 
(1,\9) +1 -1 +3"65 -3·13 --0·98 
(!40) +1 .... -1 .... .... .... . ..... +•·14 -0·09 -0·09 

(141) +6·50 
(142) +1 +1 -6·41 +0·09 
( 143) -1 ···I --o 76 -0"76 -0·76 
(!44) +1 +4°30 
(145) .... .... .... -1 +1 -2·2s +3"04 -3·54 +0·76 
(146) -r +1 +0·35 +2"63 :.., ·2s +0·35 
(147) -1 -2·41 
(148) +1 +1 +•·o6 -0·35 -0·35 
(149) -1 -r -2'2() +4°57 +1 ·78 
(150) +1 .... ...... +3·~~ 
(151) +1 -1 -1·1s -17$ 
( 152) +1 -·l -4·57 -o·s5 

\153) +1 +o·s5 

c..orrclale ,;qmrtions-Continued. 

C4s C49 C50 C5t C52 C53 C54 C55 C56 C57 C5S C91 C90 C~3 C94 C95 C99 

\154) -1 -1 -3·23 -3·23 --1 ·1S 

(155) -1 +1 +1·25 +1·25 
\156) -1 -I +x +1 -2·05 -4·02 -4·02 +1·1S 
(157) -I +1 +1·64 +3·69 +1·64 
(r5S) +1 +1 .... .... .... .... . ... -1·64 .,-1 ·64 -r ""4 
(159) -1 -3·0~ +0·94 
(160) -1 +J"g6 
(161) +1 +1 -1 -1 -0·94 -0·32 -0·32 -0·94 
( 162) +1 -1 +10·43 -3·97 
( 163) I +1 , ... -1 .... .... .... ······ -IO'II +1·42 
(164) +x +1 -7·10 +3"97 
(165) -I +1 
(166) +1 -1 
( 167) +1 
(168) .... .... .... -1 
(169) -1 +0·35 +~·35 

(170) -1 +1 +2"33 
(171) .:...1 +1 -1·90 -2·6$ -0"2'5 
\172) -1 ·-13·15 +s·02 
(1i3) .... .... .... .... -I +x .... ...... ...... +14 ·47 +1·79 

·( 1;4) +1 +1 -1 ·32 -1·32 -1 ·79 

(175) -1 -1 -7·37 -0·22 

·(li6) +1 +774 
·( 177) +1 -1 -0·37 +0·22 

(•iS) .... .... .... . ... .... . ... -I -1·36 

(179) +1 +1 +1·36 
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(c) Figure adjustment-Continued. 

Con-dale' cquatio11s-Co11tinued. 

Csci Cs1 Css C59 Coo C~I C62 C61 Co., C65 C;,; C95 C96 C97 C98 C9.1 

(18•J) -1 +•·45 -o·s7 
( 181) -I -3·32 

( 18,) -·I -1 +1 +1 -2'40 +a·S7 +o·s7 

( 1~3) +1 +6'.'3 +.1·93 
(184\ +r .... .... .... -3·93 -3 ·93 

(1S5) -I -· -3·54 +0·31 
(1.':6) ·ti -'I +3 ·S5 
( 1~7) +1 +1 -I _, -0·31 +1 ·44 ·-0·31 

(1~B) +1 -r -3·25 -1 ·81 

( 189"! +• +1 .... .... .... +1·81 +1·81 
(1..,) -1 --o 'iS 

t 19r) -I +0·78 

( 192) ··I +1 +1 

! 193) -I +1 +r ·.;S 

( 19.Ji .... .... .... +1 .... .... .... -r·3S 

( 195) _, -1 +0·45 +0·45 
1196) +1 -2'6} 

( 197) +1 -1 -1 +2'24 +•·94 -•)'2.3 

( 198) +1 ·-l -::?"i:! 

( l'J'}) .... .... .... +1 +r -0·22 -0':!.'.! 

(200) -I -·I +•·64 +•·64 
(Wl) +t -4·53 -2·64 
(:!<.») +1 -I +1·s9 -2'2.f. -:?·2.i. 

(203) +1 -I +5·09 +'''4 
(20.J) .... .... .... .... .... . ... +1 -2.85 

Correlate e9uatio11s·-Completed. 

I C63 C6.j C65 C66 C61 C6S Co9 C70 C97 C9S C99 

(-'05) I· -I -r·4S -1 ·48 

(20~\ _, +1 +2·93 +1·43 
(>oil -I +1 +1 ·rr -1·45 +I 'II 
(20g) -r +1 -4·11 

. (209) +1 +3'00 -I 'I[ 

(2101 -I ·H 
( 211) -I +t +0·32 
(212) +1 -· -O'J:! 

(213) +r -r 
(214) +1 -I -2·60 
(215) ... +1 +2·66 
(216) -1 -o·rfo 
(217) +1 -· +o·os 
(21S) +• +0·90 
(2191 -I -0·57 -0·5; 
( ,,,,) -I +1 +1·95 +1·95 
( Oll) +r --1·3S -1 ·3S 

( J.?:!) -I -J"i6 
( 223) +r -l +s·1•> +•·34 
(214) -· +r +2·0.) +1 ·s, 

(225) +I --1 ·s2 ·-I "83 
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(c) Figure 111~/ustmmt-Continuecl. 

t o=-0·98 +4 
~ o=-0·94 

0=-0"86 

O=-I ·73 
S o=-0·52 

6 0=+0·44 
7 o=-o·ss 

s ~=+0·56 

9 0=+0·91 

+2 -! 

+4 -2 

+6 

-2 

-2 

+6 +2 -2 +2 
.... ·+6 ................ . 

+6 +2 +2 -2 
+6 +2 

+6 
+r, -2 +2 

C;o 

-S·63 +0·9r 

+r ·54 -14 ·37 -5·52 
-o ·41 +63 •54 +2 ·44 

+;3"\J6 + I ·27 - 4 "95 +0·36 
-1·10 +rr·99 -5S·50 +J"l4 

C;s 

- 2 ·30 + 4 ·s6 -o ·39 - 3 ·s5 
+3 "96 - 2 ·99 + 1 ·91 + 1 ·oo 
-4 ·70 +I7· 40 -54 "67 +6 ·43 

-2·04 

+2"6o 
+1·02 

+0·22 

1\iormaf e'<Jllllfio11s-Continued. 

I Cio Cu 

-----
10 o=-0·10 \ +6 +2 -2 

Ir o=+r ·40 +6 -2 

12 0=+0·17 +6 

r3 0=+0·05 

r4 I o~--1 "62 
rs o=+o·r2 

· 16 o=-1 ·27 

17 I 0=+1 ·72 

c,. c,, 

-2 

+6 
-2 

+6 
+2 
-2 

-2 

-2 

C;s C;s 

-u "69 -12 ·34 - 4 ·so 
- 5·90 - 4·34 - 4·So 

+ 4 "74 +13 ·l)o + 5 ·62 -2 ";6 

- I ·31 + 3 ·72 - l ·94 
.... + s·n -q ·02 +s·3;; + 4 ·66 

C~9 

+2"40 
-1·34 
-z·66 
+1·0:::! 

-0·09 
·- 0·49 - 2·76 -'-0·40 - 5·95 +3"56 +r ·02 

+ 5 ·09 +•> ·os -12 76 +3 "s6 -1 ·54 

- 2·64 -3·45 + 2·r5 +0·17 

Nor11111! equatio11s--Continued. 

18 o=-1 ·35 +6 -2 -2 

19 0=+2·22 

20 0=+0·06 

2l 0=+0·25 
22 0=+1 ·30 

23 o=-0·67 
24 o=-0·26 

25 0-=+0·03 
26 0=+0·25 

+6 +• +2 +• +• 
+6 -2 +• 

+6 
+6 -2 -2 

+6 -2 

+6 

-2 

-2 

+6 

-2 

CSo cs. Cs2 

+9 ·4s + .1 :49 - 4 ·s1 +i ·67 
-3 ·52 +io ·03 -9 ·05 -o ·51 

+r ·oS +5 ·95 - 7 ·52 -3 ·14 
+1 ·76 + 7 ·50 -4 ·24 -o ·52 
-3 "52 + 4 "81 -I "26. +4 "52 

- o·os +1·55 -6·6r 

-I "'4 -3 ·53 

-0·86 

·'' +1·49 

+2"09 +1·66 

-s·96 +s·30 

-2·.-:.9 

+0·57 
+4"68 

-3·&i 
+1·42 

Normal equalio11s--Continued. 

27 o=+o·q +6 -2 +• 
28 o=-0·91 

29 o=+r ·41 

30 o=+o 50 
3r O= +0·13 

32 o=+ 1 "74 

33 o=-0·04 
34 o=-0·41 

3.'i 0=+0·45 
36 0=+0·64 

+6 +2 -2 -2 
+6 -2 -2 

+6 +2 -.? 

+6 +2 
-1-6 -2 

+6 +• 
+6 

-2 

+6 -2 

+0·25 -7·24 
+7 ·02 -2 ·rs 
+z·62 -2·z5 

-2·1s +s·17 

-2 ·78 -·3 ""4 

Cs6 C99 

-I"CiI 

+1·30 
-2·92 

-5·44 
+5·14 

-ro·40 -0·10 +s·31 
+ I "52 -8 "17 -7 ·6$ 
-1- 1•52 +6""9 -f.3·$2 

+s ·6o +• ·oo +s ·02 
-1 ·36 +4 ·72 +6 •17 
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(c) Figure mlj"ustment-Continued. 

]1T,1r111al <·quatio11s-Continued. 

CSg 

37 0=.+1 ·31 +6 +2 -2 ·-2 - 0·65 + 5•40 
+16·¢ + 5•40 

- :;·65 
39, 0=-0".25 

.39 0= -0·57 
40 0=+0·34 
41 o=-o·w 

42 0=+0·95 
43 0=+0·86 

44 0=·-0'55 
45 j 0=-0·48 I 

+6 -2 -2 

+6 +2 -2 -J 

+6 +• +2 
+6 +2 +2 .... 

+6 -2 

+6 -2 

+6 

-2 

+2 

+6 
-2 

-2 

-i-t.? ·6; 
- 4·11 -10·13 +1·36 - .;·1 .. ~ 
- 4·11 - 1·39 -275 +fl"].:? 

+io ·20 

+ 4 ·os 
+ 4·ss 

-;·66 +3"02 

-2 ·03 +o "4I + .. ~ ·13 

+1 ·98 -3·1: +4 ·27 - J"59 

-;>."65 +6 ·97 -5 '76 +• '19 + :P7 
+_1·55 -2·¢ +1·q + 3•45 

Normal equatio11s-Continued. 

46 0=+0·33 

47 0=+0·38 
4S o=-0·54 
49 0=-1 ·36 
50 O=-I '98 

+6 +• -2 -1'79 +5"33 -16·21 +3"!4 --~ ·79 
+0·1s 
-1..'l"83 

+·6 -3·65 +J'l2 -3·S5 -10·9S 

+6 -2 +2 -o ·50 - 4 ·05 -·8 'II 
+6 +2 -2 -2 + 6·21 +i"82 +3'70 +3'i0 +o·JS 

+6 -2 -2 - o·ss +0·57 +3 ·70 -3 ·oo 

JVormal cquatio11s-Co11tinued. 

C96 

51 0=-0".:!0 

52 0=-0·95 

53 0=+0·13 

54 0=+1 ·57 
55 o=-2 ·ss 
56 0=-0·42 

57 0=-0·33 
sS 0=-1'19 
59 0=-1 ·03 
co 0=+1 ·59 

+6 +• -2 -2 -I "II -21 "o6 -3 '53 + 2·12 

- 4'25 

61 o=+r·oo +6 
6.? 0=-2·21 

63 0=+0·2s I 
~ ::~;::I .... 
66 '0=-2·85 

6710=-1 ·59 
68 0=-3·17 
~ 1 o=.J-0·1c 

10 I 0"'+0·43 .... 

+6 +2 -2 -I"II...:. 5•83 -1·79 

-2 

+6 

+6 

+6 +• -2 

+6 
+6 +• 

+6 
-2 

+2 

+6 
-2 -2 

-2 

+2 
+6 

-2 

+2 

No1;mal eq11a/io11s-Co11tinued. 

+2z·31 +s·94 - 0·61 

+ 4'04 +1·80 +2'68 +10·52 

.... + 4" 19 +rn·11 +o·s9 
-1 ·53 + 2 ·3S + 0·48 

+n·g6 +0·57 + 5·16 

- 3 "/I +o "57 - .5 ·46 
- 2·09 -6·27 - 2·52 

.... - 2·09 +1·42 + 2·54 

C65 CM C67 C63 C69 C70 C96 

-2 

+i +2 
+6 -2 

+6 -2 

+6 -2 -2 

+6 -2 

+6 -2 

+6 -: 
+6 -J 

+6·85 
-2·24 

-2'24 

+ 2·94 
-If'"J"33 

+ 1·45 
-·3·47 
- o·t~ 

-0·79 

+•·95 
-6"88 

+9"68 
+1·oS 

-1 ·33 
-3·07 

+4'32 
-6·05 
-o·w 
-6·21 

+3'47 
-1·92 

-1 ·32 

-o·o~ 

-ns 
+s·so 
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ii Io=- 11 ·o 
72 o=+ 6o7 

73 I O= + 167 ·9 

i•I IO=+ 17·3 

75 O=- 4·5 
i6 O=- J'O 

ii o=- 3 ·4 
is o=+ so·3 

70 o=-5·3 
8o 0=-7·4 

81 0=+5·7 
82 0=+9·6 

83 0=+3 ·7 
s.i 0=-6 °6 

o=-1·9 
0=+1·2 

C7, 

+130·22 

........ 

C79 

+105·26 

.......... 

C70 

- 27•73 
+861 °62 

........ 

Cllo 

- 43"sS 
+113 ·2s 

.......... 

(c) Figun· adjustmc11t-Completed. 

1Vor111al t'q11a/io11s--Continued. 

C73 C7, C75 C16 C77 

- 1$·30 

+_149·58 +z46 ·¢ + 15·66 

+14 663 ·.•5 +445 ·o15 + 15·66 

+149 "28 + 15"66 
........ .. +104 •S6 + I "64 + 22·61 

+J21 °36 - S ·c·3 

+145·15 

1Vor111al e·q11a/io11s-Continued. 

Cs1 Cso 

- 4 ·37 

+ I 
0 27 + 6·80 

+90·37 + 15·86 

+162·51 

Csi 

+ 5·39 
+49"80 

Cs, Css 

+89 ·33 - 0 ·¢ 
+16·30 

C&; 

C;s C79 

+ 10·62 

- 99·56 
+361'.?I -29·32 

Cs7 Css 

······· 

CB<>: 

+9"16 

Cs9 

....... 

C99 

- 4 ·25 
+10·99 

-62 ·9~ 

+ 5·12 
- 0·40 

-20·40 

- 0·52 

+17»3 

+ 2·52 
-II 'OJ 

-10·21 

-47·14 
+ 0·30 
-21 ·2s 

+•3 ·54 
+147•45 + 5·5.; +s6"s6 

:::::~I ....... . +1.;S ·56 -16 ·48 + 6 ·52 + 5 ·19 

+15·73 -19·» - 1·46 

Normal t'q11atio11s·-Complete1t" 

C119 C90 ~· 'C92 C93 C94 C95 C.;i6 C97 C¢ C99 

89 o=- 0·3 +55"95 + 0·20 0·99 + 0•96 

90 o=+ 6·2 +89·;2 - 22·95 + s·o7 - 5·58 

91 O=- 0·4 +145·51 - I ·44 + 18°92 

92 O=- 1·1 +n·So + S·54 + s·54 + :2 '26 

93 o-=--17·3 ....... ······· +674 ·30 - J6·36 - 13·77 

94 o=+ 0·1 +314·81 + 5 ·09 - 24"25 

95 o=+ 5·5 +101 °46 - 2'53 + 38·29 
96 o=+ 3·7 +46"15 + 6"59 + i '02 

97 o=+ 4·9 +74 ·2s - 5·84 + II 0 97 

9-'3 0=-12·9 ....... ........ +107·31 + 41 ·21 

9910=-571 +417 ·57 

R.:sulli11g va!m·s of corre!at.:s. 

c .=+0·817 C,.=-0·667 Co3=+o"7I5 C34=+o·oQq 

Co=-o·oSo C,3=-o·r33 C04 =+0·243 C,s=...:...0·47r 

c 3=-0 ·054 C,4=+0·96r c.s=+o ·29r c,6=-0·624 

c 4=+0·513 C,5=-0·4r9 Co6=+o ·172 C37=-o ·6:n 

C 5=-0·044 C,6=+r ·042 Co7=+0·272 C~=+o·473 

c 6=+0·022 C,7=+0·032 Co8=+0·474 C39=+o·r67 

C 7=+o·rrr C,s=-0·045 C.9=---.:0 ·473 C40=-0·2ro 

C s=+o·or7 C,9=-2 ·053 C30=-0·46o C.,=+0·352 
c p=-0·166 C20=+r ·035 C3,=+0·26r C4.=-0·472 

C,0=+0·042 C.,=+0·500 C3,=-o ·527 C43=-0·469 
C,,=-0·350 C:z::=+o·573 C,3=-:.0 ·299 C44=-0·2ro 
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Res1elti11g z1al11t!s of corrdatc·s-Completed. 

C45=+0·332 Cs9=+0·456 C73=-o ·010 38 Cs1=+0 '047 4 
C-!6=-0·077 C..,,=-o ·453 C74 =+0·038 Css=-o ·126 

C41=-o ·367 Co,=-1-o ·281 C7s=+o '094 8 Cs9=-0·025 
C4s=--o ·023 C.,,,=+o ·851 C7o=+o ·010 7 C90=-o '088 3 

C49=+0·366 C,;3=-o ·431 C77=-o ·058 5 C9,=-o ·063 9 

Cso=+o·444 Co4=-0·51S C7a=-O 'Igo 5 C92=-o ·012 2 

C5,=+o 726 Co5=-o ·6o4 C79=+o ·048 5 C95=+0·033 2 
C5,=-o·ooS C60=+0·540 Cso=+o ·279 5 C94 = -t-o ·006 5 
C53=+o·og8 Co7=+o ·314 Cs,=-o ·193 4 C95 =-o ·o6g 7 
C54=--o ·674 Cos=+o ·382 Ca,=-o ·030 C9o=--o ·043 I 

C55 =+0·854 C69=+o ·234 Ca3=-o·ro4 C97 =+0·026 
C56=-0·164 C70=+0·202 c ... =+0·077 7 Cpe=+o·12S 7 
C57 =+0·189 C7,=+0·1u I Cs5=+o ·oq. 2 ~=+0·043 s 
C5s=+o·oS3 C7,=-o ·076 8 Cs6= -o ·058 7 

_Corrections to angular dirfflions. 

II II ll II 

(r)=+o ·637 (29)=-o ·236 (57)=-u ·~33 ( S5) =+o ·258 
(2)=+0 ·301 (301=+1 ·382 (58)=+1 'OII (86)=-0·259 

(3)=-0·349 (31) =-I '359 ( 59) =-o ·562 ( 87) =-0 ·030 
(4)=--I '072 (32)=+0·627 (6o)=-t-0·155 (88)=+0·540 
(5)=+o ·717 (33)=-0·315 (61)=+0·916 (89)=-0·509 
(6)=+0·194 (34)=+0 ·2oS (62)=-o ·679 (go)=+o ·134 
(7)=-0·739 (35)=-0·545 (63)=-0·275 ( 91) =+o ·o65 
(8)=+o ·130 (36)=+0 ·084 (64)=+0 '443 (92)=+o·n8 
(9)=+1 ·078 (37) =+o ·813 (65)=-0·012 (93)=-0·831 

(10)=-0·638 (38) =<=-t-o · 144 (_66)=-o 798 (94)=+0·514 
(u)=+o·r69 (39)=-·I ·370 (6il=+o·211 (95)=+0·359 
(12)=-o ·451_ (40)=+0 ·330 (68)=+1 ·~64 (<)6)=+0·284 
(13)=+0·640 (41)=-o ·953 (69)=-o ·564 ( 97) =-o ·423 
(14)=-0·128 . (42)=+0·169 (70)=-0·118 ( 98) =-0 ·040 
(15)=-0·044 (43)=-o ·145 (71)=+0·047 ( 99) ,,,,;_o ·181 

(16)=-o ·017 (44)=-l-o ·961 (72)=-0·431 (100)=+0·325 
(17)=+0 ·341 (45)=·-0·032 (73)=-\-0753 (101)=~0·156 

(rS)=-0·158 (46)=-o ·188 (74)=-0·252 (102)=+0 ·36o 
(19)=-o ·qo (47)=-0·027 (75)=-0·189 ( 103) =-1-o ·079 
(20)=-o ·704 (48)=+0·397 (76)=-0·169 (104)=-0 ·6o7 
(21)=+0 '2II (49)=-I '374 \77)=+o·u6 ( 105) =+o ·636 
(22)=+0·450 (50)=-o ·002 (78)=+0·209 ( 106) =-0 ·173 
(23)=-0·194 (51)=+1 ·141 (79)=+0 ·034 ( 107) =+o ·007 
(24)=+1 ·169 (52)=+0 ·051 (80)=-0·390 ( roS) =-o ·048 
(25)=-I '127 (53) =-o ·549 (81)=-0·104 (IO<)) =-0 '423 
(26)=-0·078 (54)=-t-o ·S96 (8.2)=+0·352 \ 110)=-\-0 ·408 
(27)=+0·247 (55)=--0·401 (83)=-0·129 (111)=+0·062 
(28)=+0·221 (56)=-o ·023 \84)=+0 ·271 (I 12) =+o '154 
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Corr<Ylions Iv a11g-11lllr diredio11s-Completed. 
,, ,, 

" 
,, 

(II3)=-0·637 ( 142) =-0 ·030 ( 171) =+o ·670 (200)=-o ·148 
(114)=+0·013 (143)=-0 ·396 (172)=-0·514 (201) =+o ·617 

(IIS)=+o·421 (144)=+0·392 ( 173)=-o ·108 (202)=-0·251 
( u6) =-o ·258 (145)=+0·137 (174)=-0·041 (203)=-0 ·391 
(IIi) =+o ·a.'3o (146)=+0 ·053 (175)=-0·238 (204)=+0·173 
(n8)=-0·526 (147)=-0·272 (176)=+0·904 (205)=-0 ·637 
(u9)=+0·283 ( 148)=+0 ·087 (177)=-0·502 (206)=+1 ·428 

(1::!0)=-0 ·054 (149)=+0·424 (178)=-0 ·249 (207)=-0·195 
(121)=+0·450 (150)=-0 ·718 (179)=+0·085 (2o8) =-o ·194 

(122)=-o ·353 ( 151) =+o ·025 (18o)=-O ·6oo (209)=-o ·402 

(123)=+0 ·286 (152)=-0 ·134 (181)=+0·596 (::lI0)=-0·226 

(124)=+0·227 ( 153)=+0 ·403 ( 182) =-0 'IOI (2II)=+1 ·158 

( 125) =-'--0 ·556 . ( 154)=-0 ·270 (183)= -o ·oSo (212)=-I ·ooo 

( 126) =+o ·008 ( 155) =-o ·340 (184)=+0·185 (2131=+0 ·148 
( 127) =-0 ·262 ( 156) =-0 ·174 ( 185) =+o ·236 (214)=-0·085 

( 128) =+o ·433 (r57l=+o·3u (186)=-0·515 (:?Isl =+o ·005 

(129)=+0 ·442 (158)=+0 ·474 (187)=+0·215 ( 216) =-0 •666 

(130)=-o ·621 (159) =-0 ·288 ( 188) =+o ·236 (217)=+0·236 

(131)=-0·055 (16o)=--o ·492 (189)=-0·171 (218)=+<)'4.30 

(132)=-0·142 (161) =+o ·049 {!90) =+o ·397 (219)=-0·332 

(133)=+0·334 ( 162) =+o ·838 (191)=-0·817 (220i =+o ·188 

(134)=+0·064 (163)=-0·416 (192)==:+0 ·139 (221)=+0 '144 

( 135)=-o ·065 (164)=-!-o ·308 (193)=-o·u5 (222) =-o ·798 

(136)=-0 ·136 (165)=+0·128 (194)~+0·396 (223) =+o ·827 

(137)=+0·368 (166)=+0 ·628 (195)=+0 ·173 (224) =+o ·309 
(138)=-!-o ·580 (167)=+0 ·098 (196)=-0·337 (225)=-o ·oSo 

(139)=-0·317 (168)=-0 ·854 (197)=-0·170 

(140)=-0·184 ( 169),;,,-o ·092 (198)=+0·016 

(141)=-o ·415 (170)=+0 ·oSs ( l99l=+o 'Jli 

(d) • ..J.djustt'd tria11gles, Kansas a11d Colorado. 

No. Stations. Observed angles. 
Carree- Spher- Spher-

tion. ical 1cal 
angles. exces.~. 

Logs. 

0 ,, ,, ,, ,, I Linooln 75 35 .23·30 +0·87 24 ·17 0·54 4."499 188 () 
I Thompson 58 20 09·09 +0·30 09·39 0·53 4'443 071 3 

Heath 46 04 28 ·23 -0·19 28·04 0·53 4·370 548 0 
--
0·62 l "60 ! Gold<• Belt 47 38 59 '22 -0·77 58·45 0·72 4 •499" 18S 0 

2 Thompson 38 54 02·43 +0·64 03 ·07 0·72 4 ·428 462 6 
Heath 93 26 59·56 +r ·07 6o•63 0·71 4·629 734 6 

I ·2r 2 'IS 

Distances 
in metres. 

31 563 '71 

27 737 76 

23 471 ·89 

31 563 '71 
26 820 ·24 

42 631 ·89 



540 UNITED STATES COAST AND GEODETIC SURVEY. 

(d) Adjusted triangles, R.-ansas and G1/orndc,_Co11tinued. 

Correc- Spher- Spher-
Logs. Distances No. Statious. Observed angles. tio11. 1cal 1cal in metres. augles. excess. 

0 I/ I/ II I/ 

( Golden Belt 68 30 2j"OI +o·,~2 2i"33 0·47 4 '443 OjI 3 27 737 76 
3 Lincoln 64 07 02·24 -o·n 01 ·47 0·46 4·428 462 5 26 82o·z3 

Heath 47 ;?2 3r ·33 +1 ·26 32·59 0·46 4·341 r36 o 21 93_4 ·92 

0·58 l ·39 

f Lincoln 139 42 25 ·54 +0·10 25·64 0·29 4 ·6z9 734 6 42 631 ·39 

4 ] Thompson 19 :?6 o6•66 -0·33 o6·33 0·28 4·341 136 l 21 934 ·93 
. Golde11 Belt 20 SI 27 79 +1 ·og 2s·ss 0·2S 4·370 54S l 23 471 ·Sg 

59·99 o·ss l Wi!.on 40 05 14·95 +0·24 15 ·19 0·87 4 '44:'> 071 4 27 737 ·7G 
5 Lincoln 6:? JO 33·20 +0·95 34 ·15 0·87 4·580 857 6 38 tK)4"09 

Heath 77 44 12 "7-J. +0·54 13"28 0·88 4·624 191 9 42 091 ·26 

o·Sg 2·62 
(Wilson 4:? TT ,,s·2s +1 ·15 49 ".J.3 0"4-f 4 ·428 "•62 6 26 820 'l4 

6 t Golden Belt 107 26 31 'JO +o·og 31 ·19 0·43 4·5So S57 7 28 094 ·10 
Heath 30 21 41 ·41 -0·72 40·59 0·44 4 ·304 977 I 20 182·6o 

0·79. l ·3r 

{ Golden Belt 175 56 58 ·rr +0·41 58·52 0'02 4·624 r9r 9 42 091 ·26 
7 Lincoln . l 56 29·04 -1 '72 27 ·32 0·03 4·304 977 3 20 182·61 

Wilson ., 06 33·33 +0·91 34·24 0·03 4·341 136 0 21 934 ·92 

0·48 o·os 

s l Meades Ranch 62 23 31 ·27 +0·12 31 ·39 l ·23 4·624 19I 9 42 091 ·26 
Lincoln 57 53 15 ·30 -0·91 I4 ·39 I "24 4·604 575 3 40 232 ·34 
Wilson 59 43 17"58 +0·35 17'93 l "24 4·612 995 3 41 019·96 

4·15 3 7I l Mffid~ R>noh 23 36 44·70 +1 ·36 46·06 0·83 4·443 071 4 27 737·76 
9 Lincoln 120 03 48·50 +0·04 48·54 0·84 4 "7i7 668 2 59 933·30 

Heath 36 19 28 ·42 -0·52 27·90 0·83 4 ·612 995 4 41 or9·97 

l ·62 2·50 l Wiloon 99 48 32 ·53 +0·59 33 ·12 l "27 4 777 668 2 59 933·30 
10 Meades Ranch 38 46 46·57 -1 ·25 45·32 l ·28 4·5&> 857 8 38 094 ·11 

Heath 41 24 44·32 +1 ·07 45·39 1·28 4 ·6o4 575 4 40 232 ·35 

3·42 3:83 l Golden Bell 91 44 41 ·12 -0·44 40•68 0·63 4·612 995 4 41 019·97 
I I Meades Ranch 32 18 35·07 -0·93 34 ·14 0·63 4·341 136 0 21 934·92 

Lincoln 55 56 46·26 +0·81 47·07 0·63 4·53r 495 7 34 OOI "31 

2·45 I ·89 
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(d) .-ldjustrd lriangks, R."ansas a11d G1h•radc1-Continued. 

No. Stations. 

I 
Golden Belt 

12 Mearles Ranch 

Heath 

! 
\Vilson 

13 Meacles Ranch 

. Golden Belt 

1 
Bunker Hill 

14 Mead.es Ranch 

\Vilson 

r Waldo 

15 l Meades Ranch 
Wilson 

! 
Waldo 

16 Meacles Ranch 

. Bunker Hill 

r Bunker Hill 

17 l Waldo 
Wilson 

! 
Blue Hill 

18 Waldo 

Bunker Hill 

l 
Blue Hill 

19 Meades Ranch 

Bunker Hill 

I 
Waldo 

20 Meacies Ranch 

Blue Hill 

Observed angles. 

0 

l6o 15 oS "J,~ 

s 41 50·37 

' Jr 03 O.::! ·91 

l "41 

5i 36 44 ·25 
30 O.j. 56·20 

92 lS 20·77 

I ":?2 

72 27 1s·s5 

·:!6 40 IS •66 

So 52 25·31 

62 59 56·22 

82 IO 52·87 

34 49 J2 ·93 

2·02 

86 :m 54 ·44 

55 30 34·21 

38 oS 33·50 

2 ·15 

l IO .~5 S2 ·35 
23 20 58 ·n 

.j.6 03 J2 ·38 

2·95 

6o 58 l9"8J 

67 20 20 ·58 

51 41 22 ·27 

2"66 

49 QI IO •88 

41 oS 57·21 

89 49 55 77 

3·86 

153 41 15 ·02 

14 21 37"QO 

II 57 08 "93 

0·95 

Correc
tion. 

Spher- Spher-
ical ical 

angles. excess. 
,, II !I 

-0·12 oS·or 0·26 

-2 ·30 48 ·07 .. 0 ·26 

+J "79 04 ·70 0 ·26 

-0·56 43 ·69 

+1 ·05 57 "::?5 

+o ·03 .20 ·So 

-o "75 JS ·w 
+o ·32 18 ·98 

-o ·48 24 ·83 

+o "73 56 ·95 
-o ·r6 52 71 

-t-O "O::! I::! ·95 

0 78 

0·58 

0·58 

0·58 

I "74 
0·64 

0·64 

0·63 

I "91 

0·87 

0·87 

0·87 

2·61 

+o ·06 . 54 ·50 o "75 

-o ·48 33 ·73 0 ·75 

+o ·52 34 ·o·J o ·75 

2·25 

-0·23 52"J2 0·51 

-0·67 57·55 0·52 

-o ·50 11 ·88 o ·52 

I ·55 

-1-o ·58 20 ·39 o ·83 

+o ·19 20 77 o· ·83 

--o ·94 21 ·33 0 ·83 

-0·02 

-0·42 

+0·25 

-0·46 

+0·16 

II ·30 

57·19 

55·35 

15·27 

36·54 

09·09 

2·49 
1·28· 

I "28 

I "28 

0·30 

0·30 

0·30 

0 90 

Logs. Distances 
in metres. 

4·777 668 2 59 933·30 

4·428 462 7. 26 820·24 

4 ·531 496 o 34 oor ·3.i. 

4 ·531 495 9 

4·304 977 3 

4·6u4 575 5 

4·6o4 575 4 

.j. "::!i7 392 9 

4·619"730 8 

4·604 575 4 

4·650 642 I 

4 ·4u 335 ::? 

4·619 7.~o S 

4 ·536 65.j. 9 

4 "4Il 335 ::! 

34 (;01 ·33 
20 182·61 

40 232 ·36 

40 232 ·35 

18·940·56 

41 661 "JI 

40 232 ·35 

44 734·45 
:!5. 783 "II 

41 661 ·r r 

34 .J.07 "6.j. 

25 783"1 l 

4·650 642 J 44 734·45 

4·277 39::? 9 18 940·56 

4·536 654 9 34 .i.07·64 

4·536 654 9 34 407·64 

4·56o o6o 3 36 312·85 

4·489 633 I 30 876·86 

4·619 no 8 

4·56o o6o 4 

4 "741 821 0 

4 ·741 821 0 

4·489 633 2 

4 "4Il 335 2 

41 661 "II 

36 312·86 

55 185 ·oo 

55 185 ·oo 

30 876 ·8q 

25 783 "JI 
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(d) .-ldjuslt•d tria11gks, .f(ansczs and Colorado-Continued. 

Carree- Spher- S"pher-
Logs. Distances 

No. Statio11s. Observed angles. tion. teal 1eal i11 metres. angles. excess. 

0 II II II II 

{All<• 65 34 08·54 -0·99 07·55 0·44 4 ·536 655 0 34 407 '65 
2r \Valdo 23 48 2[ ·49 --r ·sr 19·98 0·44 4 ·183 381 o rs 253 ·go 

Bunker Hill go 37 32 76 +r ·04 33·So 0·45 4 ·577 369 5 37 789·36 

2·79 I '33 

J Allen 54 04 ·59·09 +1 ·r1 60·20 0·68 4·489 633 2 30 876·87 

22 [ Blue Hill Si 23 02·24 -1 '19 er ·05 0·68 4·577 369 3 37 789·34 
Waldo 43 31 59·09 -j-r ·70 60·79 o·6S 4·419 296 5 26 260 'II 

0 ·42 2 ·04 

(All~ II9 39 07 ·63 -f-o 'TI 07·74 0·30 4 ·56o o6o 4 36 312·86 

23 Blue Hin 21 24 42 ·43 -I 77 40·66 0·29 4 ·183 38o 9 15 253·90 
Bu11ker Hill 38 56 ro·49 +1 ·99 12 ·48· 0·29 4·,p9 2g6 6 26 26o ·11 

0·55 o·S8 
r FAinnonnt 6· ,,., 35 '92 I I ·03 .;6 ·95 0·90 4·560 o6o 4 36 .)12 '86 
I Blue Hill 

_, -, 
24 56 38 05·94 -0·40 05 ·54 0·90 4 ·530 20.:• 6 33 900·07 l Bunker Hill 

. 
4 ·545 536 l 35 118 ·51 59 54 zo·96 -o 75 20 ':21 o·go 

2 ·82 2·70 

( Fai<mount 47 56 24·12 -0·91 23·21 0·45 4·419 296 5 26 26o·11 

25 Blue Hill 35 13 23·51 -f-1 ·37 24·88 0·45 4 ·309 635 6 20 400·25 
Allen g6 50 12·45 +o·Sr 13·26 0·45 4·545 536 I 35 l IS '51 

o·oS I '35 

f Allen · 143 30 39'92 -0·92 39·00 0 ·15 4·530 200 6 33 900 ·07 

26 l Bunker Hill 20 58 10·47 -2 74 07·73 0 ·16 4·309 635 5 20 400·25 
:Fairmount rs 31 II ·So -1-r ·94 13 74 0 ·16 4 ·1~3 3So 5 15 253·89 

2 ·19 0·47 

(Ha~ 75 48 30·94 +r ·48 32·42 0·48 4 '545 536 I 35 118·51 
27 Blue Hill 76 42 44·95 +0·05 45 ·oo 0·49 4 '547 210 6 35 254·18 

:Fairmount 27 28 43·65 +o ·-~8 44·03 0·48 4·223 092 i 16 714 ·45 

59·54 l ·45 

r·~ 
42 33 46·6o +0·72 47·32 0·34 4·419 296 5 26 200 'II 

28 Blue Hill III 56 oS·46 +1 ·42 09·88 0·35 4·556 453 8 36 012·55 
Allen 25 30 04·14 -0·31 03 ·83 0·34 4·223 092 0 16 714•45. 

59·20 I '03 

( Fai=~.nt 75 25 07 77 -0·53 07 ·24 0·59 4 ·556 453 9 36 012 ·55 
29 Hays 33 14 44·34 +076 45·10 0·59 4 ·309 635 6 20 400 ·25 

Allen 71 20 oS ·.;i +1 ·12 09·43 0·59 4 '547 210 7 35 254 ·18 

0·42 I ·77 
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(d) Adjusted triangles, f\."ansas and Colorado-Continued. 

Correc- Spher- Stiher- Distances No. Stations. Observed angles. tion. ical 1cal Logs. ill metres. angles. excess. 

0 II fl II II rc-e 68 50 05·03 -0·77 04 ·26 0·70 4 ·547 210 7 35 254 'IS 
30 Hays. 40 54 41 ·48 -I ·6o 39·88 0·70 4·393 707 7 24 757·55 

Fairmount 70 15 17·80 +0·15 17 ·95 0·69 4 ·551 227 () 35 581 "72 

4·31 2·09 

{ Lac""" 49 43 40·29 -1 ·73 38·56 0 "73 4·545 536 2 35 II8 ·52 
31 Blue Hill 32. 32 20 ·51 +r ·q :?I ·65 0 "73 4·393 707 s 24 757 ·56 

. Fairmount 97 '44 OI "45 +0·53 or ·98 0 "73 4·659 057 6 45 609 "74 

2 ·25 2 ·19 

[ H•y• II6 43 12 ·42 -0 "II r2 ·3r 0·45 4 ·659 057 6 45 609 "74 
J2 · Blue Hill 44 IO :q ·44 -I ·09 23 ·35 0·45 4·55r 227 o 35 581 72 

La Crosse 19 o6 24 '74 +0·95 25·69 0·45 4·223 092 2 16 714 ·45 

I ·6o l ·35 
f Smoky Hill 72 IO 40·4u +0·18 40·58 0·72 4·551 227 0 35 581 '72 

'.\" Hows 49 23 59·05 +0·40 59'45 0·73 4·452 979 9 28 377·88 
- .l l La .Crosse 58 25 21 ·q +r ·or 22 ·15 073 4 ·502 991 0 31 841 ·32 

0·59 2 ·18 

r Smoky Hill 47 44 26 78 +1 ·19 27 ·97 0·95 4·547 210 7 35 254 ·rs 
34 l Hays go IS 40·53 -I ·19 39 ·43 0 ·95 4·677.907 7 47 632 ·98 

Fairmount .p 56 56·84 -1·30 55 ·54 0·95 4 ·502 991 0 31 841·32 

,4"15 2·85 
r Smoky Hill 24 26 13 ·62 -I "00 I 2 ·62 0·47 4·393 707 7 24 757'55 

35 l Fairmount 28 18 20·96 +1 ·44 22 ·40 0·47 4·452 979 8 28 377·87 
. La Crosse 127 15 26 ·17 -'-o ·23 26·40 0·48 4·677 907 5 47 632·g6 

0 "75 I "42 ~, l '!Togo 
71 05 55·74 +0·02 55·76 0·52 4 '5•)2 991 0 31 841 ·32 

36 Hays 37 SI 04·08 +0·72 04·8o 0·53 4 ·,:;q 958 5 20 651 ·83 
Smoky Hill iI o· 01 ·50 -0\f.8 QI "OJ 0·53 I 4·502 .864 9 31 832·07 _, 

l ·32 I ·48 I { ...... 46 1• 44·62 -0·48 44 ·14 0·34 

I 

4 ·314 958 6 20 651 ·83 ,, 
37 Trego 42 53 33·58 +0·28 33·86 0·34 4·289 265 I 19 465•48 

Smoky Hill go 52 42·85 +0·17 43·02 0·34 4 ·456 305 0 28 595·~ 

I ·05 I "02 

("kaW 32 29 16·58 +0·40 16 ·gS. 0·38 
I 4·452 9So 0 _28 377 •88 

38 Smoky Hill 125 53· 35·25 +0·14 35·39 0·38 4 ·631 452 4 42 &>0·85 
La Crosse 21 37 09·56 -0·79 o8·77 0·38 I 4·289 265 3 19 465·49 

[ ·39 l '14 1· 



544 UNITED STATES COAST AND GEODETIC SURVEY. 

(cf) .-Jd_iustctf triangles, Rimsas anii G1/orado--Continued. 

Observed angles. Correc- SJ? her- Spher- Distances No. Stations. tion. 1cal 1cal J.,og s. 
in metres. angles. excess. 

0 // ,, II ,, 

39 I Rig Creek 58 
__ , 

56·89 I -0·52 56 ·37 0·55 4 ·456 ,WS o . :is_ 595 ·9s 
Trego 77 09 51 '6o 

\ 

-o·os 51 ·52 0·56 4·515 019 4 32 735 ".53 
Skaggs 44 .:?6 r3 ·3r +0·46 13 ·77 0·35 4·371 185 4 ?· 5o6·36 -,) 

I ·So I '66 l Schmidt 41 07 . I I ·57 +r ·35 12 '9.:! 0·63 4·456 305 0 :?8 595 ·98 
40 Trego 37 33 32 ·55 +0·09 32 ·64 0"6J 4·423 345 6 :?6 506·09 

Skaggs IOI 19 15 ·59 +074 16 ·33 0·63 4 ·629 7S3 S 42 636 72 

59 'jl l ·S9 

[Schmidt 72 32 40 "9.'.! +0·39 41 ·31 0·61 4 ·5r5 019 4 32 7.'·5 ·53 
41 Big Creek 50 34 17 '74 +o ·2,3 17'97 0·62 4 "42,3 345 4 26 506·07 

Skaggs 56 53 02·28 +0·29 02·57 0·62 4 ·458 SII s 2S 741 ·66 

0·94 l ·s5 

[ BigC~k 108 58 14·63 -0·29 I..J ·34 0·54 4 ·629 78_3 8 42 636 72 
42 Trego 39 36 19 ·05 -0·17 1s·ss o·.~4 4 ·458 srr 9 ::?8 7..jI ·66 

Schmidt 3l ::!5 29·35 -0·95 28·40 0·54 4·371 iss 4 :i3 5o6 ·36 

.3 ·03 l "62 

43 I Indian Creek 35 11 52·21 . -0·07 52 ·q I ·oo 4 ·458 SIT 8 28 741 ·66 
Big Creek 55 44 I4'.'>5 ·-0·4S 13·87 l "00 4 ·615 012 3 41 210·92 
Schmidt 89 03 56·94 I +0·05 56·99 l "00 4·697 7!;.l 1 49 857·68 

3·50 3·00 I Canyon 25 39 29·16 -o·6S :?8·48 o·6S 4 ·458 51 I s 28 741 ·66 
44 Big Creek 30 2' 31 ·47 +0·57. ;p·o4 o·6S 4·526 106 5 33 58r ·99 ,) 

Schmidt 123 ·57 OJ 
053 -0·02 or ·51 0·67 4 740 8.sS :.? 55 06:!·79 

2·'16 ::? ·03 

45 l Canyon 90 32 3S·G9 -0·96. 37·73 0·67 4 ·615 012 4 41 210·93 
Indian Creek 54 34 20·47 -071 19 76 0·67 4 "5:!6 106 5 33 581 ·99 
Schmidt 34 5,3 04·59 -0·07 C'4. 52 0·67 4 ·372 369 I 2,3 570 ·52 

3·75 ::? ·or 

46 l Indian Creek 89 46 12 ·6S -0·7S I l '9') I "00 4·740 858 3 55 062 ·so 
Big Creek ::?5 :.'.!O 4.:! ·8s -I '05 41 ·s3 o·99 4"3i2 369 2 23 570·52 
Canyon 64 53 09·53 -0·28 09 "2.'i o·99 4·697 73 2 2 49 857·69 

5·09 2·9S 
J Beaver 36 36 58 ·15 -0·37 57 78 0·7r 4'3i2 369 I 23 570·52 

47 , Indian Creek 72 53 34·93 +0·38 35 ·31 0·71 4'5i7 !44 7 37 769·So 

l Canyon 70 29 :!9 ·or +0·03 29 ·04 0 71 4·571 120 2 37 249·48 

]. ·09 2 ·13 



TRANSCONTINENTAL TRIANGULATION-PART III-TRIANGULATION. 545 

(d _) • .J.djusted triangles, f·{a11sas and Co/£1rado-Continued. 

No. Stations. 

J 
Monument 

48 l Indian Creek 

Canyon 

lVIonument 

Indian Creek 

Beaver 

J Beaver 

50 l' lYlonument 
Canyon 

Gopher 

lVIon umen t 

Beaver 

Sheridan 

Monument 

Beaver 

l 
Sherirlan 

53 Gopher 

Beaver 

(

Gopher 

54 Monument 

Sheridan 

'l'eeters Hill 

Gopher 

Sheridan 

\Vallace Bluffs 

Gopher 

Sl~eridan 

Observed angles. 

28 5i 04 "75 

103 56 o6·94 

47 o6 49·97 

I ·66 

7S 54 59 ·15 

.. ' T O:? .. ,2 "01 

70 02 3 r ·a,, 

2 ·19 

106 39 29·18 

49 57 54 "¥> 

23 2~ 39 ·o..i, 

2·62 

::!5 54 21 ·61 

us 55 14 "2! 

35 IO 25 ·94 

25 36 

89 ,:;r 

64 52 

03 ·05 

35·94 

4·24 

59 59 05 ·n 
9C' 18 4i 78 

29 42 10·00 

,; ·55 

Ji6 13 09 ·39 

29 24 I I 
0 16 

34. 22 40·52 

I '07 

4i 45 I I ·45 

58 58 44·9S 

73 16 04 ·42 

0·85 

19 55 44·35 

17 31 13 ·94 

142 33 02 "74 

I ·03 

1873::?-No. 4--· 35 

Correc
tion. 

Spher- Spher-
ical ical 

angles. excess. 

" " 
-0 ·35 04 ·40 0 ·69 

+o ·24 07 ·rs o ·69 

+o ·52 50 ·49 o ·69 

-0·25 

--0·14 

--0·06 

I 

-0·4; . . 
+0·09 

-0·48 

-o·6S 

·-o·q 

-i-o ·rs 

--0 78 

-079 

-0·63 

2·07 

58 ·90 0 ·58 

31 ·87 0 ·58 

;;o ·97 o ·58 

I ·74 

28·75 o·6o 

54 ·49 0 •6o 

38 ·56 0 "60 

20 ·9,; 

q·o7 

26 ·12 

24·47 
02 ·26 

35 ·31 

r ·so 
0"3i 
0·38 

0·37 

1 ·12 

0·68 

o·6S 

0·68 

.'.!'0-l 

--o ·S4 04 ·93 o 75 

+o ·34 48 ·r::? o 74 

--o ·sr 09 ·19 o "75 

·-0·34 

+0·65 
.-0·06 

-0·27 

+0·20 

+0·64 

-0·07 

-0·61 

+0·34 

09 ·05 

I! ·Sr 

40·46 

II ·18 

45 ·18 

05·06 

44·28 

13·33 

03·08 

0·44 

0·44 

0·44 

I '.)2 

0 ·.17 

0·47 

0·4S 

I '42 
0 . ., .. 

-.) 

0·23 

Logs. 

4·3j2"369 I 

4·674 494 6 

4·552 39S 7 

. 4 ·571 120 2 

4·291 666 6 

I · , .,,, '"' , 
4·674 494 6 

4 ·577 144 7 

4 ·291 666 6 

4·291 666 6 

4·593 446 0 

4 ·.:pr 76o o 

4 ·291 666 6 

4·655 976 6 
4 "612 829 3 

Distances 
i 11 metres. 

23 570 ·52 

4i 260·10 

35 677 ·85 

37 ::?49·4S 

19 573 ·42 

35 677 ·s3 

47 260 ·10 

37 769·80 

19 573 ·42 

19 573 ·42 

.w 214 ·44 

25 8o8 ·33 

19 573 ·42 

45 2S7·32 

41 004 ·29 

4"593 446 T 39 214·45 

4·655 976 8 45 287·34 

4·351 02! s 22 439·94 

4·612 829 4 
4·351 021 8 

4 "4II 76o I 

4·351 021 8 

4 ·414 61 I 9 

4 ·462 853 6 

4 ·351 02! s 
4 ·297 083 3 

4·6o2 398 6 

41 004 ·,;o 

22 4.'i9 ·94 

25 8o8 ·34 

22 439 ·94 

25 978 ·37 

29 030·44 

22 439·94 

19 819·07 

40 031 ·20 



UNI'l~ED STATES COAST AND GEODETIC SURVEY. 

(d) .-Jdjustcd triangks, Kansas and Lolorado-Continued. 

·No. Stations. 

J 
"Wallace Blu~s 

57 l Teeters Hill 
Sheridan 

J 
Teeters Hill 

58 Gopher . 

l Wallace Bli.tffs 

J 
Turtle 

59 Teeters Hill 

l Wallace Bluffs 

l
. Turtle 

60 Teeters Hill 

Sheridan 

l 
Turtle 

61 Shericlan 

. -Wallace Bluffs 

j Curlew 
62 . Turtle 

[ Wallace Bluffs 

j. Curlew 

63 Turtle 
· [ Teeters Hill 

I Curlew 

64 Teeters Hill 

l Wallace Bluffs 

r McLane 

65 l Turtle 
Curlt:w 

Observed angles. 

c " 
66 22 26 'II 

44 20 36 '59 
69 16 58·32 

l '02 
92 05 48.·04 

41 27 31 ·04 
46 26 41 76 

0·84 

64 58 29 ·58 

56 32 52·79 
58 28 41 ·04 

3 "41 

40 30 34·56 
IOO 53 29·38 
38 35 s8 ·62 

2 ·s6 

24 27 SS ·02 

30 40 S9 ·70 
124 SI 07 "JS 

l ·87 
8o 38 40 ·29 

44 34 33 ·15 
54 46 46·S8 

0·32 

39 27 16 ·31 

109 33 02 "73 
30 59 44 "JO 

3 ·14 
41 II 23 ·98 
25 33 _08 ·69 

I '" •.:> 

0·59 
49 S3 Ir ·63 
87 26 09 ·;4 

42 40 39·88 

l ·~s 

1· 

Correc
tion. 

S_pher- Spher-
ical 1cal 

angles. excess. 

II II I.' 

-0·20 2s·91 0·41 

+o ·70 37 ·29 o ·41 
-0·30 58·02 0·40 

+0·43 
+0·81 
-0·13 

48·47 
31 ·85 
46·63 

I '22 

o·6s 
0·65 
0·65 

I ·95 
-9·69 28·89 0·46 
-I "OS SI ·74 0 ·47 
-0 ·27 40 ·77 0 ·47 

I ·40 

+o ·21 34 "77 o "S4 
-0 ·36 29 ·02 0 ·s3 

~0·80 57·82 0·54 

l "61 

-0·89 54·13 n·34 
+o·so 60·20 0·34 

-0·47 o6·68 0·33 

l ·01 

+0·03 40·32 0·29 
+o ·13 33 ·28 o ·29 

+o ·39 47 ·27 o ·29 

-0 ·32 IS ·99 
-0 "S5 02 ·18 

-J ·06 43 ·04 

+o ·36 24 ·34 
+0·01 08 ·70 
+o 'I I 28 ·03 

-0 "40 II '23 

+0·15 09 ·s9 
-0·08 39 ·So 

0·87 
0·40 
0·41 
0·40 

I "2J 

0·36 
0·36 

0·3s 

I ·07 
0·31 
0·30 

o ·3r 

0·92 

Logs. Distances 
in metres. 

4·414 611 9 25 978·37 
4·297 083 4 19 819·os 

4·423 599 6 26 s21 "S9 

4 "6o2 398 6 

4·423 S99 6 
4·462 8s3 6 

40 031 "20 
26 521 ·s9 

29 030·44 

4 ·423 599 6 26 521 ""S9 
4·387 .758 9 24 420·75 
4·397 076 7 24 950·35 

4·414 611 9 25 978·37 

4"S94 089 r 39 272·ss 
4·397 076 7 24 950·35 

4 ·297 083 5 19 819 "1)8 
4·387 759 J 24 420·76 

4·594 089 3 39 272 ·57 

4·387 7S9 0 24 420·7s 
4·239 820 4 17 370·82 
4"30S 76s I 20 219·25 

4·397 076 s 
4·568 197 5 
4·305 765 l 

4·423 599 7 
4·239 820 4 

4"S68 197 4 

4 ·305 76s J 

4 ·421 800 4 

4 ·2s3 383 s 

24 950·36 

36 999·64 
20 219·25 

26 s21 ·60 

17 370·82 

36 999·63 

20 219 ·2s 

26 411 ·95 
17 921 ·SS 



TRANSCONTINENTAL TRIANGULATION-PART III-TRIANGULATION. 54/ 

(_d) Adjustt·d tricmgks, f·(ansas and G1/e1rad,1-Continued. 

No. Stations. 

J 
McLane 

66 Turtle 

l Wallace Bluffs 

r McJ.,ane 

67 ·l Wallace Bluffs 
Curlt:w 

· J Arapahoe 

68 l McLane 
Curlew 

J
. Arapahoe 

·69 l McLane 
Turtle 

t
. Arapahoe 

70 Turtle 

Curlt:w 

J 
Monotony 

7r I McLane 
. Arapahoe 

I Monotony 

72 l McLane 
Curlew 

r Monotony 

73 l Curlew 
Ara1Jahoe 

l 
Cheyenne \Vells 

74 Monotony 

Arapahoe 

Observed angles. 

0 I! 

27 54 09 ·28 

IJ:? 00 42·89 
20 05 09·04 

l "21 

21 59 02 ·35 

34 41 37·84 
123 19 :!0"17 

0·36 

51 58 53 ·72 

57 53 I,, ·35 
70 07 54 ·18 

I "25 

24 45 

107 46 24·g8 

47 27 55 ·27 

27 13 

39 58 14 ·47 
II2 48 34 ·06 

66 02 45 ·:q 

68 05 44 ·09 

45 51 31 ·rs 

0·48 

27 57 07 "25" 
125 58 57 ·44 

26 03 56·73 

l ·42 

38 05 37 ·99 
44 03 57 ·45 
97 50 24 ·87 

o ·3r 
71 og 20·6r 

Sr 13 03 ·41 

27 37 37·04 

I ·06 

Correc- Sphe!"- Spht:r-
tion. ica 1 ical 

II 

-I ·14 

+0·29 
+0·47 

+074 
-o·os 

-0·05 

+o·r6 

-0·16 

+0·54 

angles. excess. 

I! 

08 ·14 

43 ·rs 

09 '51 

II 

0·2S 

0·83 

o,, ·og 0 ·32 

37 76 0 ·32 
20 ·12 0 ·3_, 

0·97 
s.• ·::;s o ·60 
13 ·19 0 ·60 

5472 0·59 

I 79 
4.1 ·30 0 ·46 
24 ·42 0 ·45 

55 ·65 0·46 

I ·37 
12·59 0·45 

-0 ·23 14 ·24 0 ·45 

+0·45 34·51 0·44 

+0·34 
+0·54 
+0·48 

45 ·58 
44·63 
3r ·63 

I ·34 
0 "6I 

o·fo 

o·6r 

I ·84 
-o ·20 07 ·05 I) ·45 

+o ·38 Si ·82 o ·44 
-0·26 56·47 0·45 

I ·34 
+0·54 38·53 0·76 
+0·79 58 ·24 0 76 
+o ·65 25 ·52 o 77 

2·29 
+0·50 21 "II 0·42 
-0·47 02 ·94 0·42 
+0·11 37·21 0·42 

l "26 

Logs. 

4·387 759 0 
4 ·588 5,,9 I 

4 . 25,, 38,, 4 

4 ":?39 820 4 
4 ·.pl Soo l 

4 ·588 539 I 

4 ·421 Soo 3 

4·453 261 2 

4·498 725 7 

4 ·253 383 6 

4 "6!0 og6 s 
4·498 725 9 

Distance;: 
in mt:tres. 

24 420 "75 
38 773"86 
17 921 ·87 

Ij 370·82 

26 4II "93 

38 773 •86 

26 4IJ ·94 
28 396·26 

3r 530 ·13 

17 921 ·ss 
40 747 "II 

31 530 ·14 

4·305 765 2 20 219·26 
4·453 261 3 28 396·27 
4·610 og6 8 40 747·11 

4·498 725 s 
4·505 298 9 
4·393 737 7 

31 530 ·13 
32 010·98 

:!4 759·26 

4·421 800 4 26 411 ·95 

4·658 931 9 45 596·54 

4·393 737 9 24 759·27 

4·453 261 3 28 396·27 
4·505 299 0 32 010·99 

4·658 931 9 45 596·54 

4·505 298 9 32 010·98 

4'524 IOI 8 33 427·34 
4 ·195 472 3 15 684 ·56 



UNITED STATES COAST AND GEODETIC SURVEY. 

(d) Adjusted triangles, Ka.1zsas and G1lorad,1-Continued. 

No. 

7- J ;) l 

-1) ( 
,_ 

i7 ·I 

Stations. 

First View 

Monotony 

Arapahoe 

First View 

Cheye1111"' \.Veils 

Ara pal we 

Che.vemie 'V ells 

Monotony 

First View 

1· Landsman 

7:-; j _ l\fonotony 

l First View 

79 J 
l 

Landsman 

iVIonotun y 

Cheyenne 'Vells 

Landsman 

Cheyenne ·wells 

First View 

J 
Kit Carson 

81 l Landsman 
First View 

Eureka 

Landsman 

First View 

r Eureka 

83 l Lanclsn~an 
Kit Carso11 

Observed angles. 

0 

49 3° 
69 4S 

60 41 

I/ 

34 ·ro 

12·S6 

14·S9 

1 ·ss 

S7 47 22 "4.• 

89 09 or ·6S 

3,:; 03 ~7 ·Ss 

16o 18 

II 24 

8 16 

1 ·96 

so·55 
4S·33 

95 57 59 ·19 

27 SS 21 ·13 

s6 06 42 ·59 

2·91 

15 56 56·56 

16 30 .30"SS 

147 32 30 ·36 

S7 ·so 
So or 02 ·63 

47 49 54·26 

4 ·2-1. 

28 09 43 ·09 

52 J4 40 ·75 

99 .35 36 ·14 

59·9S 

2S 42 22 ·15 

J09 15 .39"62 

42 01 sS·Sr 

0·58 

81 40 04 ·74 

57 oo 58 ·S7 

41 rs 57 ·91 

Correc
tion. 

II 

+0·07 

+079 

+0·09 

+0·47 

-0·5_:; 

-0·07 

-0·03 

-1 "26 

+o·.p 

·-0·26 

-0·53 

-078 

-j-o ·73 

-I ·41 

-0·95 

--I "18 

+0·26 

+0·25 

+076 

-075 

+0·59 

+0·58 

S_{lher- S_{lher-
1cal 1cal 

angles. excess. 

I/ 

34 ·17 

13·65 

14 ·98 

:22 ·go 

or ·15 

37 78 

49·29 

4; 74 

5S ·9,:; 

20·6o 

41 ·Sr 

57 70 
31 ·31 

31 ·34 

OI "::!2 

06·40 

53 ·os 

43·35 

41 ·oo 

36·go 

21 ·40 

40 ":21 

59·39 

II 

o·93 

0·94 

o·93 

2·80 

0 ·61 

0 ·61 

0 °61 

I 
0 83 

0·09 

0 ·10 

0 ·10 

0·44 

0·45 

I) ·45 

I ·34 
0 ·12 

0 ·12 

0 ·11 

o·35 

0·24 

0·23 

0 ·23 

0 "70 

0·42 

0·42 

0·41 

l "25 

o·34 

o·33 

1 ·oo 

-0 ·02 04 ·72 0 °61 

+o ·33 59 ·20 o ·62 

+0·02 57·93 0·62 

1 ·S5 

Logs. 

4·505 298 9 

4·596 634 5 

4 ·564 6go 3 

4·524 IOI 8 

4·596 634 5 

4·333 494 4 

4 ·564 690 4 

4 ·333 494 5 

4 ·195 472 4 

4·564 690 4 

4 ·237 548 6 

4 ·486 192 3 

4 ·195 472 4 

4·210 039 5 

4·486 192 3 

4 ·333 494 5 

4·237 548 6 
f 

4 "2!0 039 4 

4 ·237 548 6 

4 ·461 613 I 

4·557·522 3 

4·237 54S 6 

4·531 007 s 
4·381 813 3 

Distanc~s 
in metres. 

32 010·98 

39 503 ·40 

36 702·05 

33 427·34 

,:;9 503 ·40 

2( 552·34 

36 702·06 

21 ss2 ·34 

15 684 ·56 

36 702·06 

17 ."!So ·19 

30 633·20 

rs 684·56 

J6 ·2 r9 ·58 

30 633 ·20 

21 552 ·34 

17 28o ·19 

16 :219·57 

17 28o ·19 

28 947·63 

36 IOI ·26 

17 28o ·19 

33 963 '14 
24 oSS ·70 

4·557 522 3 36 IOI "26 

4·485 So2 3 30 6o5·70 

4·381 813 I 24 oSS·6~ 



TRANSCONTINENTAL TRIANGULATION-PART III-TRIANGULATION. 549 

(d) .-l1(juslcd triangles, .11..-,msas and G>/oradc>--Continued. 

No. Stations. 

Kit Carson 

Eureka 

First View 

J
. Aroya 

85 Eureka 

\. Kit Carson 

l
. Overland 

86 Eureka 

Kit Carson 

x-, J 
- \ 

Overland 

Eureka 
Aroya · 

Aro ya 

Ove.-land 

Kit Carson 

I. Hugo 

89 · (lyerland 

I_ Aroya 

en J . t 

9r J 
I 

Adobe 

(lyerJand 

Aro ya 

Adobe 

Hugo 

Aro ya 

Hugo 

Overland 

Adobe 

Observed angles. 

0 II 

69 28 41 '00 

52 57 42 ·59 

57 _,_, "37 ·3_; 

0·92 
56 46 54·05 

55 33 13·81 

67 ,;9 53 ·28 

I '14 

,;9 53 OT '47 
I04 !\l 57 ·46 

35 15 04 '73 

3·66 

ii 55 51 ·6:? 

49 18 43 ·65 

52 45 27 ·52 

2 79 
109 v 21 ·57 
38 o~ 50 ·15 

32 :24 48 'SS 

0·27 

38 40 IO ·24 

95 51 44 ·77 

45 28 04 76 

59 'ii 
27 07 36 ·67 
37 44 C•I '15 

LIS o'i 24 ·ss 

62 08 

48 JI 

69 40 

86 51 

58 07 
,;s co 

25·89 
w·os 

19·S2 

5 '79 

30·32 
43·6:? 

49·22 

3 ·16 

Correc- Spher- Spher-
tion. 1ca 1 ical · 

/! 

+0·28 

+0·73 
+0·18 

+0·51 

+0;02 

+0·50 

-070 

-0·34 
-0·41 

-0·~5 

-1-o ·26 

+0·17 

+0·49 

+0·96 

-0".'.?I 

+o·r9 

-0·26 

. -0·21 

-[ "2I 

-0'10 

-l-o',;o 

0'00 

angles. excess .. 

II 

41 ·28 

37 ·51 

54·56 

r3 ·s3 
53 78 

00·96 

57·08 

51 ·2S 

43 ·24 

·.50 ·3;:: 

49 ·74 

I l "(x) 

45 ·26 

05 ·72 

36·46 

01 ·3+ 

25 •68 

19 '21 

iS·61 

30·22 

43·92 

49·22 

II 

0 71 

0·70 

0 70 

:! 'I I 

0 72 

0 7~ 

0 7_; 

2 ·17 

0·69 

0·69 
0·69 

0·59 
I) ·6c.J 

0·60 

T 79 
0·63 

0 ·1i3 

f) •66 

(• •66 

0·66 

I) ·71 

0·71 

(1 ·70 

.'.! '1..1 

I 'I j 

l 'Tj 

I '16 

l 'J.2 

I 'I.'.! 

I '12 

Logs. 

4 ·5_;1 007 8 

4·461 613 2 

4 '485 So2 4 

4 ·485 So2 4 

4·479 563 3 

4·529 420 9 

4·485 802 4 
4'664 00.5 6 
4·440 085 4 

4 '.529 420 9 

4 ·418 951 s 
4 ·440 085 3 

4·664 005 G 

4'479 563 3 

-1 ·418 951 i 

4·418 951 s 
4 ·620 914 3 

4·476 195 7 

4·418 951 8 
4 ·.;46 771 0 

4·716 &>6 6 

4 ·620 914 3 

4·546 770 s 
4·646.487 7 

4·716 So6 6 

4·646 48; s 
4 ·476 195 s 

Distances 
in metres. 

3,; 963 ·q 

28 947·64 
,;o 6o,5 71 

30 6o5 '71 

40 169 '!6 

3,; 839 '26 

30 6o5 ·7r 

46 132 ·35 

27 547 '"jo 

33 839·26 

26 239·27 

:27 547 'jO 

.j.fj 1,)2 ·35 

,;o 169 ·16 

::)6 239 ·27 

41 774·79 
29 936. i,; 

..:06 :2.)9 ·27 

35 ·218 ·51 

52 096·27 

41 774'79 
35 218·50 

44 30S·57 

52 096·27 

44 .ws ·ss 
29 936 ·14 



550 UNITED STATES COAST AND GEODETIC SURVEY. 

(d) Adjusted tria11glcs, Ka11sas and Colorado-Completed. 

Observed angles. Correc- S:pher- Sr her-
Logs. Distances No Stations. tion. teal teal in metres. angles. excess. 

0 II II II II 

J 
Square Bluffs Sr 20 08·97 -2 'I6 06 ·sr 0'9.J. 4·646 487 s 44 308·58 

93 Hugo 43 I.J. 05·08 -o·q 04 '9.J. 0·95 4·4S7 154 4 30 701 ·13 

l Adobe SS 25 5'.! 'jl -I '6'.! SI '09 0·95 .J. ·s67 lOS 0 36 906·68 

6 ·;6 '.! ·84 

94 ·[ 

Holt 6s 09 15·46 +0·90 16·36 0·74 4'S67 lOS 0 36 906 •68. 

Hugo 36 25 4S ·rs +0·56 4S'74 0 74 4 ·382 946 7 :q ISi ·64 
Square Bluffs 78 24 s8·73 +r ·39 60·12 0 '74 4·6oo 349 I 39 842·73 

59 ·37 2 "2:? 

f Holcolm Hills 29 I4 12·26 +1 ·63 r3·S9 0·57 4·382 946 7 '.!.J. lSl ·64 

95 Holt 113 09 Si ·99 +0·19 ss ·rs o·s6 4 ·657 639 7 45 461 ·08 

l Square Bluffs 37 35 49·86 -0·23 49·63 0·57 4·479 SS3 I 30 168•46 

0 'l I I "jO 

r 
Cr-a.111er~ Gu.lch 56 ·'1 46·63 -0·04 46·59 ........ 4·48; rs..;. ...; 30 /O! '13 ,,., ..._. 1 ... "I 

96 Square Bluffs 6S '.!I 10·Ss +r 'IS J 2 'Ot) 0·72 4·533 554 8 34 162 ·90 

l Adobe SS 00 01 '53 +2 ·06 03·59 0 ·-· 4·478 685 7 30 ro8 ·26 , _, 

59·01 2·18 

97 1" 

Big Springs 49 05 18 '6:? -0·39 18 ·2 ... ; o·8r 4·478 685 7 30 108 ':?6 
Square Bluffs 55 56 17 ·SS -·0·23 17·65 o·Sr 4·51S 582 7 33 005 ·23 
Cr:rn1ers Gulch 74 5~ 26·04 -f-o ·52 26 ·56 0·82 4·st::s 216 4 ,3s 478 ·3s 

2 '5.J. '.! ·44 

.. \ Holc;olm Hills Si :22 15 ·r; ·--o ·S3 q·_q 0·92 4·585 216 4 38 478·35 
Square Hluffs 38 21 :;3 ·71 +0·09 33·80 0·92 4·452 6r8 5 28 354·27 
Big Springs S4 16 q ·31 +0·31 I4 '6:? 0·92 4·657 639 6 45 461 ·07 

3 ·r9 2·76 

( ,. l Tll,· fin·cision '?l tile adjuslt'd lria ngulalit'll. 

'l'o get a close estimate of the precision of this triangulation, we determine first the 

mean error of an angle resulting from the adjustment. \Ve have m = ..J2 [~~·z'l. In 

this case p = l. c = 99, and [z1v J = 53 ·93. Hence.,,,·= ± 1"·0+ 

The probable error in length of any line of the series clue to the angular measures 
is found by the usual fonnulre-

\Ve will divide the series into·four parts by the lines Hays-La Crosse, Monument
Beavc;:r, and L.anclsman-First \Tiew, and compute the probable error in length of each of 
these lines. 



Coast and (Je()detic Suri•eJ•-Tro:nseontinent:al Tri.aT. ul.ati.on. · 

North. 

,. 
• 0 

EL PASO BASE NET TO SALT LAKE BASE NET 
ROCKY :MOUNTAIN SERIES 

COLORADO AND UTAH 

S uume Miles 

300 

... ... '""' ... 

No.M.-
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For the first, starting from the side Tho1i1pson-Heath of the Salina Base figure, we 
·have o,,,. = I2·2, ;g = 26·9 (9 triangles), e.,

11 
= ± 0·244 metre, t"b = ± 0·181 metre, 

and· c, = ± 0·304 metre. 
Starting from the side Holcolm Hills-Big Springs of the El Paso Base figure, ::E = 

219·5 (30 triangles), c,,
11 

= ±0'698 metre, er.= ±0·102 metre, and e. = ±0·705 metre. 

c = I ~,c. • = ± 0·279 metre, which is about 1 n1.000 part of the length. 
• ,c,·+c; 

For the side Monument-Beaver 0,,
11 

= 22·2. Starting from the side Thompson-

Heath, :S = 9S·-1- ( 1S triangles). <· .. ,. = ± 0·257 metre, c1. = ± 0·099 metre, and ,·, = 
±0·275 metre. 

· Starting from the other encl ::S = qS·o (21 triangles),<"""=± 0·3150 metre, l'b = 

± 0·056 meti::e, and <"
0 
= ± 0·320 metre. Hence <" = ± o·.209 metre, or about Ti:f.Jooo 

part of the length. 
For the side Landsman-First View, starting from Thompson-Heath o"" = 25·2, 

::S = 1s3·s (:?9 triangles).<'.,,.=± 0·309 metre, <"1. = ± o·oss metre, and e, = ± 0·321 

metre. 
· Starting from the li"ne Holcolm Hills-Big Springs, ::S = 62'6 (IO triangles), c,.,, = 

± 0·1so metre, <'1• = ± 0·050 metre, and <'0 = ± 0·1S7 metre. Hence c = ± 0'16 1. 

metre, or about Ti!"fl.000 part of the length. 
For the effect on the developed length. of the arc, we have approximately, the 

distances being taken between the middle points of the terminal lines projected on the 
thirty-ninth parallel-

·rerminal lines. 

Thompson and Heath to Hays and La Crosse 

Hays and La Crosse to Monument and Beaver 

Monument and Beaver to Landsman and First 

View 
Landsman and First View to Holcolm Hills 

and Big Springs 

Distance. 

km. 

115 ·5 

139 ·o 

T-17 '(I 

qS '7 

550 '.'.! 

Probable errors. 

T1i~10i'.i0 1 
T::7~i'.iiJ"iJ 

1 I 
T:!~-1'.i""i:iO 1i1-ii"IT"fl 

;;r~lii'.i 1 
Tl)';QiHi 

nr:-.L1l"7iTJ ~~UJ.UUO 

Average. 

/JI, 

1 ±0·75 T.--;"'?f-0\JiJ 

1 l ·29 Ti'.i'~OUif 

1 I '-1-7 Tv7;-7i<Jii 

1 0·91 TirT-UU'U 

±4'4::! 

':J· 'l'HE ROCK"\" l\IOUN'l'AIN SERIES OF TRIANGLES, 1885, 1890-91, 1893-94-95. 

(a) l11tn>d11di1w. 

It may be said that upon the whole but few obstacles \Vere encountered in the 
execution of the triangulation between the Atlantic and the foot of the Rocky Mountains, 
and these were mainly the presence of lofty forests or of parallel ridges of nearly equal 
altitude. Facilities of transportation and of living were sufficiently abundant in this 
region, except perhaps in that part of the triangulation which crosses the Allegheny 
:Mountains. For the remaining third of the way across the continent the character of 
the work is totally different, on account of the high altitudes of the stations, the sparse 
population, and the deficiency of roads, as may be seen from the following information 
and description furnished by the ob;;erver, A;;sistant \V. Eimbeck. 
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With but few exceptions the belt of country between Pikes Peak and Salt Lake 
traversed by the ma!n triangulation is characteriz~d by stupendous masses of mountains 
with intricate summit topography. · The continental divide in western Colorado, for 
example, rises as a stro1igly serrated wan with innumerable defiant peaks. 'fhough rugged 
and often difficult of access, the mountains along the thirty-ninth parallel are neverthe
less a favorable feature, it1asmuch as they admit of a triangulation on a comprehensive 
and unusually grand scale; on the other hand, the crossing of the extensive table moun
tah1s in eastern Utah necessitated a contracted central figure of the triangulation. The 
stations comprised within this section rise to an average elevation of about 3 650 metres 
( 12 o0o feet), and the crossing of the continental divide was effected by the occupation of 
five peaks, reaching an average elevation of nearly 4 300 metres ( q wq feet). We have 
here the longest side of the triangulation, viz: 294 kilometres or 182·i statute milc:s. 
As a rule the country traversed is an arid, barren waste, with but a few settlements along 
the main rivers: within the timber belt, between the 7 ooo and 11 ooo foot level, there 
is abundance of water. The principal drawback to the prosecution of the work was the 
almost total absence of modern ways of transportation, ordinary freight wagons and pack 
animals being the only means available. The De1iver and Rio Grande Railway with its 
Ogden branch however afforded much relief. The wagon roads had fn::quently to he 
made passable by building bridges across gulleys. Lower camps were estabiished at the 
end of transportation by wagon, and a pack trail was located and opened to the upper 
camp, usually distant 5 to 10 miles, and involving much cutting of fallen timber, gradh1g, 
and blasting or quarrying of rocks; the ascent was usually between 3 ooo and i ooo feet. 
Orclinariiy about 10 ooo pounds (say, 5 ooo kilogrammes) of outfit, instruments. and provi
sions had to be transported to the upper camp-usualiy two weeks' labor-for which 
purpost: from 5 to 7 pack nmles were employ ell. each carrying as a load about 150 pouncls
rarely and exceptionally as much as ::!OO pounds-according to length of trail. steepness, 
and height of ascent. The transportation of the great theodolite. weighing with packing 
box about 200 pounds. required from one to two days. Sometimes it was carried by 
hand; at other times it was drawn by a horse and guided by men. This was accom
plished by men carrying and guiding it while a horse was pulling it by means of a rope. 
The preparatory work to put the mountain top in condition for occupation was usually 
very considerable. The instruments were mounted on masonry or rock, the observer 
stoqd upon a raised floor, and the whole was walled in and surmounted by a stout ~anvas 
tent in order to break the force of the wind. The theodolite stood upon its iron position 
stand, and was effectively protected against direct sunlight and radiant heat by the 
double-walled and double-roofed observing tent. As the occupation of a station covered 
about one month, only two principal stations a year could be disposed of, sii1ce the 
favorable season lasted but four months. The reconnaissance was made by Assistant 
Eimbeck pari passu with the occupation of the station. The party of occupation was 
composed of three officers and a recC1rder, with the necessary complement of men acting 
as packers, drivers. and cooks, the whole party consisting of L:? or 13 persons. The 
heliotropers statio~ed in pairs at the distant stations numbered from IO to 20, according 
to the requirements of th~ figure of the triangulation. In consequence of their long 
connection with the work, these heliotropers had acquired the needful training and 
familiarity with their duties; they lived in tents or stone cabins or "dugouts," close 
to their stations, and co11sidering the.exposure and isolation of their positions it must be 
conceded that they acquitted themselves well of their trying and responsible duty. With 



Coast and Geodetic Survey- Transconlinentul Triangulation No. 35 

I 

VIEW OF CI M ARRON CANYON, AS SEEN FROM UNCOMP AHSRE: PE:AK. 



Coust and Geode.tic Stirvey-1hmscontinerilc.U 11-iwiyulution No. 36 

BREAKING CAMP ON UNCOMPAHGRE PEAK. 



HELI OTROP ES OF LAT EST PATT E RN. 



Coast and (;rodetic 8iirvey-Trmwcontinrntal Triangidution No. 38 

THE 50-CM. OR 20-INCH TH EODOLITE, USED AT T HE PRIMARY STATIONS 
IN THE ROCKY MOUNTAIN REGION. 



Coast and Geodetic Survey-11rcmscontinental 1'riang'ulation No. 39 

INTERIOR STATION ON OGDEN PEAK , SHOW I NG MOUNTING OF INSTRUMENT ON POS IT ION STAND. 

Altitude , 2,924 ir.eters or 10,592 feet 



Coast and Geodrlir. Fhir,,e11-T1·an-<cnntfr1entnl Trianqulation No. 40 

SUMMIT STATIO N ON TREASURY PEAK, LOOKING EAST, SHOW IN G PERFORAT IONS OF 1·; ALL TENT FOR OBSERVATION W ITH LARGE THEODOLITE. 

A'titude. 4,098 meters or 13 ,444 feet. 



Coast and Geodetic Survey- Transcontinental Triangiilatiun No. 41 

HI GH SUMM I T STATION, TUS HAR MOUNTA IN , UH.H , SHOW IN G RING WALL AND DOUBLE 

SHELTER T ENT AGAINST STO RMS AND RA D IATION O F HEAT. 

Altit ude, 3,702 meters or 12, 14 6 feet. 
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but few exceptions the horizontal directions and zenith distances were observed upon 
heliotrope light. As a rule the reflectors were of square shape, varying in dimensions 
from I to 6 inches, and as a inatter of experience it was found that a 3-inch mirror 
sufficed for lines of from So to 100 miles, but 4-inch mirrors were needed for lines of 
100 to 150 miles; the longest line demanded a square mirror of 6 inches ( 15 centimetres l. 
The signaling m· call lights used at the observing station consisted of reflectors from S 
to 12 inches (10 to 30 centimetres) in size; these powerful lights were easily discernible 
with the unaided eye by the heliotropers, even up to distances of 150 ,statute miles 
(240 kilometres), ::i,nd served them for directing- their mirrors at the beginning of an 
occupation of a station: they were also used for comnmnication. ·On long easterly and 
westerly oriented lines the curious phenomenon of getting the reflected sunlight thrown 
to the station at zdiich the swz .:e•as 11./rca1~1' bd,><<"' th,· horizon, was frequently observed, 
and at times lasted several minutes. 

The horizontal directions at all the stations were observed with the 50-centimetre 
(20-illch·J theodolite, originally in 19 and later on (since 1893) in but 17 positions of the 
azimuth circle. T_he intention was to secure two full sets in each position and to balance 
the number of observations of the morning and evening, but on. account of unavoidable 
broken series their numbers had generally to be increased for each position. Respecting 
the time of observations, they were made from sunrise till S o'clock, and resumed in the 
afternoon at half past 4 o'clock and continued till sunset. The seeing was usually better 
in the morning than in the evening; excessive brilliancy of the light was screened off 
by breathing upon the ocular. The focal length of the instrument is ro6 centimetres 
(42 inches), and the magnifying power, using the "irnlf-inch" eyepiece, S,:; diameters. 
A zero or reference mark was used at all stations; it generally was a black target of 
such dimensicms as· to present an apparent angular width of 16 seconds. To secure 
observations under a variety of atmospheric conditions. ob,;ervations were extended over 
twenty or more days. Double zenith distances for heights of stations were observed at 
three different periods of the day, viz. between 6% and S o'clock in the morning, 
between 11 ~ .. ; and r o'clock, and again between 4.~-~ and 6 o'clock. in the evening. 
q'his brought to light the fact that the ·minimum refraction of the day occurs late in 
the afternoon, even after the heat of the day has passed. As a rule these vertical angle 
measures were spread over not less than twelve days, at least for the main lines. Since 
the vertical circle was necessarily mounted eccentrically and at a given height above 
the station mark, the heliotrope also being at a certain elevation. a reduction of the 
observed zenith distances to refer them to a line '·from ground to ground'' was required. 
No simultaneous reciprocal zenith distances were obtained. The astronomic observations 
for time, azimuth, and latitude at or near the stations will be referred to in another 
place. The triangulation party also made observations of the magnetic declination, 
clip, and intensity. and meteorological notes were regularly kept. During the whole 
work the temperature of the air was never known to fall as lo·w a.s o° F., or - rS° C. 

For the purpose of adequately describing the station and its approaches, a rough 
topographic survey was usually made of the region immediately surrounding it and 
covering from. a few to, maybe, :?O square miles. This topographic knowledge was also 
desirable in order to form a judgment of the probable deflection of the vertical. Further 
work of much practical usefulness by the party was the determination of a comprehen
sive number of second order points for general topographic purposes. They were 
mostly principal mountain peaks, and were marked, when accessible, by a cairn conical 
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in shape. about 6 feet high and 4 feet in diameter at the base. Every principal statioti 
is marked by a copper bo~t in the rock or masonry, but not infrequently boits are 
placed in a north, south, east, or west direction (true) where bed rock permits and 
just Ntlsitlt: the ring 7mll. These extra bolts can not be mistaken for the central or 
station bolt so long as the wall or masonry reqmins intact. The accompanying photo
graphic iUuslralions ,,rill greatly assist in the forination of a vivid n1enta.1 picture of the 
doings of the party. 

In conclusion, it may be remarked that the conditions of the weather on these high 
mountains could not 1-•e called unfavorable during the ordinary field season, which lasts 
from abont the first of June to the first of November, excepting, however, the period of 
thunderstorms in midsummer. Thesit tlmnderstorms, on account of their persistency 
among· the high mountains, have freqHently given rise to much suffering, danger, and 
delay in the progress of the work. They would envelop or hover around the moun
tains for days in succession, accompanied by the most violent electrical discharges and 
thunderbolts imaginable. During such times the whole mountain top fairly hummed 
or hissed by virtue of escaping electricity, and sparks .a couple of iriches in length could 
easily he drawn from any exposed insulated object. These sto1:ms would usually set in 
about 1 r o'clock in the 1~1orning and last till long after sunset. Though no fatality is, 
fortunately, to be recorded, they proved, nevertheless, the main cause of discomfort 
and danger to the party exposed to their fury. The highly attenuated state of the 
atmosphere, the icy blasts d~tring stormy periods, often accompanied by hail and snow, 
contributed their share to the depressing and dismal feeling during such exposures. 
The experience of the heliotropers would seem to have been more perilous, for three of 
them were kuockecl down and rendered partly unconscious, while a tent, several 
signals. and a theodolite were demolished by lightning. The ( so-calleci) equinoctial 
snowstorms which annually break over these mountains with surprising regularity were 
usually borne without concern. They arrive about the beginning of October, and, 
though sometimes severe and followed by intense cold, they seldom caused other than 
mere temporary interruption in the communication with the camp below. 

A few words about the Indians may not be deemed out of place. Though numer
ically well represented, particularly in Colorado and Nevada, and frequent visitors at 
the surveyor's camp, their clemeanor was uniformly unobtrusive and considerate. 
Though half civilized and fairly competent, their services were not desired or required, 
except occ~1sionall:; for packing of wood and water for the heliotropers. 

Notice had to be taken of the fact that the Salt Lake Base Net lies aside to the 
north of the main triangulation, and consequently some scheme had to be devised as to 
its most advantageous connection with the adjacent nets. Since the vVheeler Peak 
hexagon could not be broken up, it was decided to make the adjustment first with the 
Yolo Base and next by means of the. known (adjusted·) side, Mount N ebo-Tnshar with 
the El Paso Base. The order of proceeding from east to west being retained in the 
publication. the connecting link, Mount Nebo-Tushar, will b~ found given in the 
Nevada series of triangles immediately j~1//0;:<1i11g the present adjustment. 

The distance between the lines Divide to Big Springs and Mount Nebo to Ibepah 
is about 780 kilometres or 485 statute miles; thence to Salt Lake Base is6 kilometres 
or 97 statute miles. 
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(bl A bstrad •?f resulting horis,wtal dircdions al t·1uh slatio11 _ti;om /oat/ and _tiw11 _/i.1[1tre 

adjustmml, I885-I895. 

Tusliar, Piute County, Utah. August 2S to September 22, 1SS5. 50-centimetre theodolite, No. 5. 
\V. Eimbeck, observer. 

Nr_1.of 
direc
ti•)ll. 

2 

<:1l>jects f1hser,·ed. 

Reaver 

Pioche 

\Vheeler Peak 

Ibepah 

Mount Nebo 

w"asatch 

l\I•mnt Ellen 

Re5ulting direc
tions trom 

station 
adjustment. 

0 (1(1 00'000 
,, _ _ , 52 IS '203 

67 r7 Tl '102 

96 32 40·0Sc 

155 .33 43·049 
182 45 J('I ·2S1 

238 41 36·332 

!/ 

±o ·050 

0 '1)82 +o·ro7 
o·r20 -0·1S2 

I) -086 -0 ·244 

o ·oS6 +0·155 

0·083 +o ·228 

0·074 -0 "!02 

Result
ing

secoilds. 

,, 

rS ·3ro 

JI "920 

.39 ·S.37 

43·204 

10·509 

36 ·230 

II II 

+ ·oS6 

+ ·370 

-· ·392 
-- '(N).:! 

-·1.sS 

+ ·325 
Probable error of ;1 ~ingle observation of a direction lD. and R. l = ± o"•6:3. 

Final 
seconds 

in tri
ani;,:nla

tion. 

II 

18·396 

12·290 

39·445 

43 "20.:? 

10·351 

36·555 

11/,11111! :Vd><>, Juab County. Utah. June r6 to July 29, 1887. so-centimetre theorlolite, No. 5. \V. 

N•:i.(-,f 
dir1:..·c
lion. 

_, 

4 

Pa/111,•.< 

Nr:i. of 
di rec-
lion. 

9 
IO 

ll 

[2 

13 

Eimheck, observer. 

Resulting clirec- Approx-
tions from in1ate · 

~tat kin lJl"1)ba ble 
adjusttnent. C1T1)r. 

Rl'.:d\\C- Re$nlt-
tion to ing 

~..::a lt:\'t"l. seconcl!:l. 

0 ! l/ 
,, ll ll 

Azimuth Mark 0 1)1) (V) "(1(10 ±o "('46 

Patmos Hea<l 99 26 42 ·277 0 ·096 -0·096 42 ·181 

\\'.asatch l55 l' ·' i6·50S 0 ·oc;11 --O"JJj 16·371 

Tushar 194 36 40·046 o·oyu +0·155 40 ·201 

Wheeler Peak 242 40 45·694 0·075 +o ·178 45 ·Sp 

lbepah 265 48 49·527 o·oSo --0 '01 I 49·516 

Pilot Peak 299 4r 13 "I02 0·070 -0 ·199 12·903 

Deseret 309 18 29·S2r 0"11.:? ·--0 ·219 29·6o2 

Ogden Peak 350 55 13 ·527 0 ·06_3 -0 ·024 I,, ·503 

Cc•rrE:'c
tions 
front 

base-net 
acljust-
111ent. 

/! 

-o·q7 

-0 ·051 

-0 ·.133 

+o ·330 

Correc- C~~~~c-
}~~:;~~ f ro111 

ha~r:-net ~~~t~~;1\· 
and fi r~t second 
~gnrt- ail- figure ad
JUst111e11t. ju::;tment. 

// I/ 

-1,)"J79 

-1-o ".'.?15 

+o ·227 

+0·059 

Final 
fiieC1)ni:\s 
in tri

ang-ula
tion. 

/I 

42 '00.'.? 

l6·5S6 

40·428 

45 ·931 

49·369 
Il ·852 

29·469 

13_ ·S33 
Probable error of a single obser\"ation of a direction (D.anrl /\'.) = ±o"·6r. 

H,·ad, Emery County, Utah. September 20 to October 19, 1890. so-centimetre theodolite, 
No. 5. w. Eimbeck, observer. 

Resultinj:!" direction Approxi- Reduction Correcli1ins Final coec-
(•hjc::ct!:l ohsen·r:-d. from statifln mate to Ri:.-s11lti11g from figure onds in 

prohablt." sec1:,nds. tria11g-u-adj11stme11t. en·i:•r. Sl;:'CT level. acljustm~nt. latio~n. 

0 II I! /I /I II !/ 

A1.i111uth Mark 0 ()Q oo·ooo ±0·052 

Tavaputs" 98 42 Ol "/05 +o ·012 01 "717 -0·543 01 ·174 

Mount \Vaas 149 29 05 ·105 o·oSS -0·~43 04·$62 +0·214 05·076 

Mount Ellen 207 09 05 ·15S 0·073 _+0·12Q 05·278 +0·011 05 ·289 

\Va~atch 25i 55 '16 ·352 0·071 +0·161 46·513 +0·367 46·SS0 

Mount Nebo 297 05 30·693 0·074 -0·125 ,;o ·568 -0·049 30·519 
Probable error of a single observation of a direction ( D. and /\'. l = ± 0 11 ·67. 

*Deduced fro111 "-Uh~)rdinate stati•Jn "F.ast Peak." 
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(b) Abstract of resulti11g horizo11tal dircdio11s al t'<ldl sf,lfio11 jiw11 /,>ml a11d jiw11 _/igurt" 
' 1u(j11st111ml. ISS5~I895-Co11ti11ued. 

IVi1s11!ch, Sanpete County, Utah. August r to August 28, 1.';90.. so-centimetre theodolite, No. 5. 
\V. Eimbeck; observer. 

No.of 
direc
tion. 

6 

7 
:'; 

5 

Objects obsen·ed. 

Azimuth Mark 

Mount Nebo 

Patmos. Head 

Mount Ellen 

Tu~har 

Re:;ulting directi011 
front statii:m 
adjustment. 

0 

App1·oxi-
11mtt:: 

prc1bahle 
error. 

II 

o oo oo ·ouo : ±o ·057 

S6 15 2I ·449 

14 I i9 25 ·325 

::?28 ,, 19 •686 

3'J2 49 50·062 

0·093 

0 ·109 

0·090 

0·097 

Reduction 
il.I 

sea Je,·eJ. 

l.I 

-0·149 

+0·147 

-0·186 

1-o ·244 

Resnltinrz Corrections 
d - froni figure 

st"con s. adjustment. 

'I 

21 ·30) 

25 ·472 

19·500 

50 ·:~o6 

-0·137 

-(I ·379 

+o ·276 

+0·~05 

Prohable error of a single ohso::rv,ltion of" .Jin0:ction ( D. and R. I=± 0"·72. 

Final ~i.:..:
ond.::. in 

tl!~i~~:~-
,, 

21 • r63 

:?S ·093 

19 776 

50 ·5u 

11101111! lli1.1s. Grnwl County, Utah. July 12 to August -I· 189.3. 50-c.::utimetre theodolite, No. 5. 
\V. Eimbeck,_ observer. 

20 

21 

2.? 

,. 
-.) 

Azimuth Mark 

Mount Ellen 

Patmos Head 

Tavaputs 

Treasury lVfountain 

I' !I ,, 
o oo oo ·ooo ±o ·099 

57 49 33 ·940 

I 24 44 59 "5S2 

17 5 _,_, 49 ·620 

239 q 21 ·53S 

o·ru +o·r38 

o·rr3 -0·199 

0"I15 .+o ·060 

o ·096 +o ·150 

II 

34 ·078 

-~9 ·35,; 

49 ·68o 

21 ·6SS 

-(• "(1U6 

-r.0·187 

+0·041 

-·O "002 

Uucompahgre 273 50 31·107 0·116 -0·172 30·935 +0·243 

Probable er.ror of a single observation of a direction (_ D. and R.) = ± •)''·95. 

,, 

.:,:; ·98.:? 

59 ·166 

49 "72l 
2[ •686 

,;1 ·t7S 

lll1w11t Ellm. Piute County, Utah. July 31 to August 22, 1891. 50-centimetre theoclolite, Ko. 5. 
\V. Eimbeck, ,_,])server. 

I4 

15 
16 

17 

IS 

Azimuth Mark 

Tushar 

Wasatch 

Patmos Head 

0 II II 

0 00 00 '1XM) ±0 '05/· 

12I ,;o 16 ·898 

171 06 .54"549 

213 17. 51 ·469 0·073 

ll 

-1)'II/ 

-0·184 

+0·1os 

1"6 781 

54 ·36.) 

SI ·574 

,, 

-1) ·052 

-0·178 

lVfount Waas 26S 43 14 ·308 o ·on +o ·156 q ·464 -j-o) ·245 

Uncompahgre 287 44 o~ ·,;52 o ·07~ o "•X•) oS ·352 +o ·2·29 

Probable error of a single observation of a rlirection ( D. and R. I=± 0 11 ·67. 

16729 

54 ·r21 

51 ·396 

q 709 

08·581 

Tr,·asun• 11.f,>1111tai11, Gunnison County, Colorado. September 7 to September :?I, 1893: 
tlKorlolite, No. 5. \V. Eimbeck and J. Kelson, obsen·ers. June 24 to July 3, 1S9s. 
theorlolite,.No. 5. \V. Eimbeck, observer. 

5c~c.::ntimetre 

50-centimetre 

34 

35 

Azimuth Mark 

.Mount Elbert 

Mount Ouray 

llncompahgre 

l\fount \Vaas 

I' 

0 OU 00'000 

I.> SS "2.'.?I 

255 51 26·886 

313 40 06·565 

II 

±o ·055 
0"·081* 

II 

.JO ·079 .l 
---o ·27S 

lo·oS1"·.I 

o·o67 

0·074 

+0·161 

+0·126 

II 

·27 ·047 

06·691 

+o ·086 

-0·111 

-·o ·ooS 

Tavaputs ,'49 02 ::?8 ·072 o ·092 -o ·1 q 27 ·958 -o ·341 

Probable error of a single obsen·ation of a direction ( D. and R.) = ± 0"·5S. 

II 

SS "/IO 

26·936 

06·6S3 

27·617 

* Dirt:ctiou~ marked with a* depend nt.11)11 thi.: probable:: error ±o''··lSI of !.\.-(onnt Ouray during th~ :;e""--ond occupation. 



Coast and Geodrt:ic S11rl'Py-Transcontinenlal Ti·iangii/atio11 No. 42 

ROCKY MOUNTAIN RIDGES, AS SEEN FROM TREASURY MOUNTAIN, COLORADO , AND SHOW ING UPPER CAMP , 107 METERS OR 351 FEET BELOW SUMMIT. 



No. 43 
Coast and Ueodet·ic Su?'vey-Trcmsconl'ine11 tal TTiangu/ation 

VIEW OF TREASURY MOUNTAIM , COLORADO , LOOKING WEST ; STATION AT EXTREME RIGHT OF SUMMIT. 



Coast and Geodetic Survey- Tmnsconiinental Triangulation 
No. 44 

VIEW OF SUMM IT STATION ON UNCOMPAHGR E PEAK, COLORADO. 

Altitude, 4,355 meters or 14,289 feet. 



TRANSCONTINENTAL TRIANGULATION-PART III-TRIANGULATION. 557 

(b.J • .Jbsfract of resulling.liorizontal din·dions at each slatio1i ji""Om fl,m/ and from .figure 
adjustnient, I885-I895-ContimH:d. 

Tavapuls, Garfield County, Color~do. September 27 to October 2r, r891. so-centimetre theodolite .• 
No. 5. W. Ei111beck, observer. 

No.of Res11lting direction Approxi- Reduction Corrections Finalsec-
dire·c- Object~ observed. fron1 station 111ate to Resulting from figure ouds in 
tion. adj11stme11t. probable sea level. seconds. adjustnient. triangu-

error. lation. 

0 II /I I/ • I/ II . II 

Azimuth Mark 0 00 oo·ooo "±o ·063 

24 Treasury Mountain 87 15 57 ·ass 0 '1,\3 -0 ·164 56·924 -0·170 56·754 

25 ll n com pa hgre us 24 50·617 0·093 -0·2So 50·337 -0·142 50·195 

26 Mount \Vaas 168 13 53·097 0 ·o.'>.i +0·083 53 ·1So +0·020 53·200 

27 Patmos Head ::?46 38 30·048 0·108 +0·012 3o·o6o +o ·.305 30·365 
Probahle error of a single observation of a direction ( D. and R. ) = ± o"·So . 

.ll£01111t Elbert. Lake County, Colorado. July 9 to July 27, r894. ,;a-centimetre theodolite, No. 146_ 
P. A. \Velker, observer. 

0 ,, II II II ,, /I 

I 
Reference Mark 0 00 oo·ooo :±::0·066 

45 Bison 176 00 16·394 0'100 ,.f-o ·oS::? 16·476 -0 ·296 16 ·rSo 

46 "Pikes Peak 1 99 22 2:!·810 0·0S7 --o ·1 .. ;1 22·679 +0·25r 22·930 

47 Mount Ouray 26t 34 00·272 0·095 -·o ·r32 00 ·140 +0·448 00·5S8 

48 Uncompahgre 313 14 3S·SS7 o·o82 +0·278 ,;9 ·165 +0·194 39·359 

49 Treasury Mountain J54 19 10·9o6 o·oSr +0·104 I l '010 -0·597 IO ·413 
Probable error of a single observation of a direction (D. anrl R.) = ± 0 11 .67. 

U11co111pallgn:, Hinsclale County, Colorado. 
lite, No. 5. 

August 20 to September q, 1895. . 50-.::euti111etnt theodo
\V. Eimbeck, observer. 

0 II /I I.I // I/ I/ 

Azimuth Mark 0 00 oo·ooo ±o ·042 

28 Mount Ellen 17 57 20·8o6 0·092 --o ·017 20789 +0·102 20 ·s9r 

'.!9 Mount \Vam,; 34 57 59·980 .0·088 -0·158 59 ·822 -0·016 59·8o6 

30 Tavaputs 66 53 OJ '395 0 '079 -o ·r77 01 ·21S +o ·277 or ·495 

31 Treasury Mountain 122 33 55·729 0·089 +o ·153 55·882. -0·130 55 '752 

32 Mount Elbert 142 52 07·46o 0·095 +0·286 07·746 -o '2II 07·535 

33 Mount Ouray 175 40 48 ·147 o·o65 +o ·186 48·333 -0 ·022 48 '3II 
Probable error of a single observation of a direction l D. and R.) = ±0"·54. 

Plateau., Pueblo County. Colorado .. July 25 to August ro, 1894, and September 24 to October 3, rS95. 
30-centimetre theodolite, No. uS. F. D. Granger, observer. 

0 II II II ,, ,, , .. 
61 Pikes Peak 0 00 00'000 ±o ·098 -0·286 59 '714 +0·072 59·786 

62 Corral Bluffs 36 49 56 ·7u *0·095 -o ·017 56·694 -O 'I9J 56·501 

63 Big Springs 73 43 16·565 .J" o ·u11. +o·IIS 16 ·6s.3 -o ·521 16 ·162 

I 
l*o ·09r.f 

Dry Camp 98 I2 57·212 *o ·1o6 +0·103 57 ·315 

6o I J.\llouut Ouray 312 14 50·468 o ·qo -0·019 50·449 +0·771 51 ·220 

Probable error of a single observation of a direction (D. and R.) = ± 01,.·70. 

*Directions marked with a * dt:pend 011 the probahk error :..!::. 0"·091 of Big Spr;,1gs rluring the second occupation. 
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( b) _..J bstracl •?f rcszelti11g h,1rizontal-dircdions at each sltiliim jiw11 h>ai/ and ji·,1111 ftgure 
a.(ius/mmt, I885-I895-Contintted. 

llI01111i Ouray, Saguacht County, Colorado. July 7 to July 3r, 1894. so-centimetre theodolite, No. 5. 
\V. F.imbeck. ohserv.er. 

No.of Resulting direction Approxi- Reduction C:nrr~ctions 
Final ~c-

liin:c:- Objects ohsen·ed. fron1 station 1nat..:. to Rt::suiting from figure onds in 
tfrJn. adjustment. probable sea le'"el. seconds. adjustn1t:nt. triangn-

error. lation. 

0 ,, /.' ... , 
' Reference Mark 0 0() 00"()1._""l() ±0·083 

Azimuth Signal 4 43 02 "ii2 0 "III 

39 Uncompahgre 73 3r 43"i17 0 "III +o·rS4 43 ·90r +o ·485 44·386 

40 Treasury Mountain r34 or r4·o63 o ·rrr -o ·273 13 ·790 ·-0 "(\~2 r3 ·758 

41 Mount Elbert 169 02 48·693 0·090 -o ·r38 48·555 -o ·s90 47·¢5 

4.:i Bison 2r7 35 II ·921 o ·r57 +0·238 12·r59 +o "37'2 12"531 

43 Pikes Peak 248 16 47·712 0·09,'i +0·219 47·931 -0'!45 47·7S6 

44 Plateau 273 44 33 ·129 () ·126 -0·003 33 ·126 +0·016 33 ·142 

Probable error of a ~ingle observation of a direction ( D. ancl R.) = ± 0"·$3. 

Pikt•s Peak, El Paso County, Colorad(>. July 4 to August 4, 1895. 30-centimetre theodolite, No. 146. 
J. Nelson. obsen'er. ( W. Eimbeck, chief of party.) 

ll -'·' 'l -'·' 
Azimuth Mark (l\Iount 0 00 OJ "OJI) ±0 "•J99 

Rosa) 

55 Plateau 0 24 12·679 0·113 -0·108 12·57r -0':?03 12·368 

50 Mount Ouray 107 II 36 '606 0·109 +o ·210 36·816 -0·416 36·400 

51 Mount Elbert 145 "46 2I ·055 0 ·105 -O'LB 20·9r2 . -t-o ·372 21 ·284 

52 Bison 179 36 26 ·96o o·ro9 -o ·250 26 710 --0 ·403 26·307 

53 Divide 28r 54 23·33r 0 ·106 +o ·128 23 '459 +o ·r77 23 ·636 

54 Big Springs .319 01 ~\0 :684 0 "Jl2 -0·035 36·649 +0·436 37·085 

Probable error of a single observation of a direction ( D. and R. ) = ± 0'1 ·77. 

Biso11. Park County, Colorado. July 22 to August 16, 1894. 30-centimetre theodolite, No. 145. F. 'V. 
Perkins, observer. 

0 ,, l! .I.' .. , ,, ,, 
Reference Mark 0 00 oo·ooo ±o ·045 

57 Pikes Peak 8 05 07·928 0·058 ·-t) ·281 07·647 +0·139 07·786 

58 Mount Ouray 84 58 58 ·189 0·07r -t-o ·26 .. ' 58·452 +o ·30,\ 58 755 

59 Mount Elbert 130 53 o6·787 O"o66 +0·089 o6·S76 -0·399 06 ·477 

56 Divide 33r 53 ro ·001 0·067 --0 ·060 09·941 -0·059 09·882 

Probable error of a single obsen·ation of a direction ( D. ancl R.) = ± 0 11·55. 
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(l>.l .-Jbstract '!f resultilzg /i,1rizollla/ directions at cacli sfafi,m from /,Jca/ and from _figure 
adjustment, i885-1895-Completed. 

Di·vide, El Paso County, Colorado. November 12 to November 19, 1879. 30-centimetre theodolite. 
No. 108. 0. H. Tittmann, observer. August l to August r r. 1895. 30-centimetre theodolite, N.:o. 
n8. F. D. Granger and J .. B. Boutelle, obsen,ers. 

No. of 
direc
tion. 

64 

65 

Objects ohsen~ed. 

Holcolm Hills 
,,. 

Big Springs 

El Paso East Rase 

Corral Bluffs 

El Paso W'est Base 

Pikes Peak 

Bison 

Resulting direc
tion front station 

adjustment. 

0 fl 

0 00 00'00 

33 19 29 ·rgo 

46 47 59·87 

83 I4 II '24 

98 42 24·31 
126 59 19·980 
168 29 32·642 

Approxi
n1ate 

probable 
error. 

II 

± 
"0·13<J, 

'~0-111 

*0·088 

~e~u£; Resulting 
sea~level. seconds. 

II ,, 
-0'.11 59·89 
-O'II4 29·076 
-0·08 59 '79 
+o·os II '32 

+0·13 24·44 

+0·240 20·220 

·-o ·107 35·535 

:Mean 

Correc
tions 
fro111 

hase-net. 
adjust-
111ent. 

,, 
+0·191 

--0·926 

+0·492 

-0·314 

+0·557 

O"OCtQ 

Correc
ti•)US 
from 

base-net 

~1:~ ~li-
justment. 

,, 

-0·354. 
-0·181 

Final 
8econds 
in tri

angula-
tion. 

,, 
oo·o8r 

28 ·150 

60·282 

lI '006 

24·997 
19·S66 

3.:? ·354 

Probable error of a single observation of a direction ( D. and R.) = ± r"· r9 in rSj9 and ± o''·6S in rS95. 

/Jig Spri11gs, El Pa<;o County, Colorado. August 21 to September 3, 188o. 30-centimetre theodolite, 
No. 10'3. 0. H. Tittmann and G. F. Bird, obs::rvers. June 23 to July 6, 18cj5. 30 centimetre theo
dolite, No. uS. F. D. Granger and J. B. Boutelle, observers. 

Ko. of 
direc
tion. 

66 

67 

Objects ohsen·ed. 
Resulting direc

tion front 
station adjust

ment. 

Approxi- Reduc- Res11lt-
1nate tion to ing 

Jl~':-~~-le · sea-le\'el. seconds. 

0 II I.I ,, II 

Corral Bluffs o oo oo ·oo ± -0'10 59·90 
El Paso East 

Base 

Divide 

Holcohn Hills 

Square Bluffs 

Cra1i1ers Gulch 

Dry Camp 

Plateau 

Pikes Peak 

'27 

3 ... ' 
54 

r38 

188 

235 

:!79 

344 

...,. __ , 

35 
42 

.;S 

OJ 

37 
:!S 

2:? 

27·5r 

42·180 

04·99 

r9 ·8.; 

38 ·61 

Si ·u9 

:!4'3:?9 

41 ·563 

to·22S 

to· 100 

to ·121 

-o·r3 

-0·137 

-0·05 

+0·06 

-0'10 

-o ·cqo 

+o 'IOI 

-0·0S3 

27·38 

4.:? ·043 

04·94 

r9·S9 

38·51 

57 '079 
24·430 

41 ·480 

Correc- Correc-
C~rrec- tiiJn~ tions Final 

tons from fron1 seconds 
f1"0111 base-net base-net in tri-

bas~-net and first anrl anj!'ula-
adiust- figure ad- second t1on. 
n1ent. justnlent ~gure ad-

. 3ustrnent. 

II " " 
+o'Qll:? .... 59 ·902 
-0·268 27 'II:? 

-0·370 41 ·673 

+0·636 05 ·576 

+0·31 20'20 

-0·08 38·43 

+0-834 ::?5 ·164 
-0·244 :ir ·236 

Mean +o ·03S I 
Probable error of a single observation of a direction ( D. and R.) = ± 1 "·42 in 1880 and ± 0 11 ·77 in 1895. ! 

Weights to the individual directions e11tering into the triangulation were introduced, I 
as explained in Part I and exemplified in the adjustment of the Yolo Base Net. ! 

In the present case we have the number of directions= 67, the number of triangles· 
= 23, and the average value of the probable error of an observed direction, as found by j 
--- . --- ------- I 

* Directioni:i.111arked with a;, depend on the pr•Jbable error± 0' 1 ·J34 of Big Spring:; during the second occupation. 
t Directions 111arktd with a *depend on the prol'='lble _error ± 0''·115 of Divide during the second oCC'upation. 
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station adjustments es= ± 0"·094 and the same derived from the closing errors of the 
triangles, or ei = ± o" · 27. Hence eF• - ei = 0·064 1, and the relative weight-reciprocal 

to a direction= "+ 14 where 14 is a convenient multiplier, which renders a large e.- 0·064 I 

portion of the weight reciprocals equal to unity. 

(c) Figure .1djustment. 

Obse'rvalio11 eq11atio11s. 
No. 

I o=-t-0·682-t- (I)-- (4)- (5)-t- (6) 
2 o=--0·221-- (I)-t- (2)-t- (5)- (S)-(14)-t-(15) 
3 o=-t-0·264- (Jl+ (4)·- (6)-t- (7)-(r2)-t-(r3) 
4 o=--ro77- (7)-f- (8)-(u)-t-(12)-(15)-t-(16) 
5 0=-0·128-(IO)-f-(ll)-(16)-t-(17)-(I9)-f-(20) 
6 O=--I"270- (9)-f-(J0)-(20)-t-(21)-(26)-t-(:?i) 
7 o = -to·1S6- (21) -t- (22)- (24) + (26) - (37) + (.38) 
s o = -0·2.u - (22 i + (23) - ( 29) + (31) - (36) -1-(37) 
9 o = -to·6w- (24) + (25)- (30) + (31)- (36) + (38) 

IO O= -f-0·472 - (17) + (18) + (19) -(23) -(28) -f- (29) 
II O = -f-0·6o5- (31) -f- (33)- (35) -t- (36) - (."~9) -t- (40) 
L"! 0 = + 1"356 - (31) + (3.:?) - (34) + (36) - (48) + (·49) 
13 0= -f- 1"138- (.p) -f- (33)-(39) -f- (41)-(47) -f- (48) 
14 0 = :-- I"OO,>,- (41) -f- (42) - (45)-l- (47)- (58) + (59) 
15 0 = - 1"429- (41) + (43) - (46) + (47) - (50) + (51) 
i6 I o=-f-0·767--(45)-f-(46)-(51)-f-(52)-(57)-f-(59) 
17 o = + 0·751 - (43) -t- (44) + (50) - (55.l - (6o) + (61) 
18 Io= -0·95r - (52) + (53)- (56) + (57)-(64) + (65) 
19 0 = -t- ::?"JII - (54) -t- (55) - (6r) -t- (63)- (66) -t- (67) 
20 I o = -0·187- (53) + (54) + (64)-· (67) 
21 0 = -0·79 -t- 5·52( T) - T"4:!( 2) - 1·43(3) -t-4·00(4) - 1·72( II)+ 4·30( 12) - 2·5S( 13) - 1·79(14} 

I +4·u(15)-2·32(161 . . 
22 I o = -0·64- q2(9) + 3·05(ro) - 1·33(u l - r·45(16) +r56( 17) --6"II(18) - r78(25) 

+ 2·21(26)--0·43(27) -6·88(28) + 10·26(29) -3·38(30) 
23 o = -0·18 + ro4(2r l -4·09(22) + J"05(23) + 3·15(24) -3·48(25) +0·33(26) +0·09(29) 

- r44(30) + r35(.)I) 
24 0 = + 2·44 + 4·11(31) -5·69(32) + 1"58(33) + 1·19(39) -4·20(40) + 3·00(41) -0·10(47) 

- 2·42(48) + :?"52(49) 
25 o = + S·61 + r86(41) -5·41(42)+3·55(43) -t-4·71(45) -4·87(46) -t-0·16(47) -t-0·67(50) 

- 3·r4(51) + 2·47(52) 
26 o = - 4·96 + 3"55(42) - r97(43) +4·42(44) + 2·88(56) -3·37(57) +0·49(58) + r91(6o) 

- 2·53(61) +0·62(63) - 2·24(64) + 2·38(65) +0·99(66) -2·80(67) 
27 o = + 3·98 + 2·78(53) -5· r7(54) + 2·39(55) +0·62(61) -3·90(62) + 3·28(63) -0·14(64) 

-1"09(66) . 

28 o = -3·72 - r·4::?(1) + 1·42(2) - :?"56(4) -0·91(5) +0·91(6) -0·11( 7) +o·u(S) - r·72(9) 
+ r72(w) + 1 ·72( i I) - q2( 12) + 1"79( 14) - r79(15) - 1·45( 16 l + !"45( 17) + 0·90(_19) 
-0·90(20) -3·05(22) + 3·05(23) -0·34(24) + 0·77(26) -0·43(27) +0·09(29) - r67(31)-
-t- 1·58(33) -1 ·63(34 J, + I ·63(35) I 2·97(37) -- 2·97(38) + I"I9(39) - I"I9(40) - 3 "55(42)· 
+ 3"55(43) -0·16(45) +0·06(47) -t- 0·10(49) -t-0·67(50) -0·67(52) -.:?"iS(53) -t- 2·iS(54} 
-2·8$(56) -t-2·8S(5il -t-2·04(58) - 2·04(59) -t-2·38(64)-2·38(65) -t- r82(67) 
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(£:) Fig-un· adjusfm,.·nt-Continued. 

Ci.>rrdatc equations. 
14 c, Co C3 c. C5 Co C7 Cs Cw C:::1 c,. Co3 C.s p 

----
(1) 1 ·o +1 ·-I +s·s2 -I ·42 

(2) l"f') +1 -1·.p +1 ·42 
(.1) I ·o -I -1·43 
(4) I 'O -I +1 +4 ·oo -2·5.; 
(5) J "O I -l +• -0·91 

(6) l "O +1 -1 +0·91 

l7l l"l +1 -1 -0·11 

l.8) J ·o -1 -j-l +0·11 
(9) l ·o -l -1 ·72 -I 72 

(IQ) 1 ·o -1 +1 +3"05 +1·72 
( 11) .i ·o -l +1 -1 ·72 -1·33 +1 ·72 
( 12) 1 ·o -I +1 +4 ·30 -1 ·;2 

( 13) ! ·o +r -2·58 
(14) l "O -I -1 ·;9 +1·79 
(15) I "O +r -1 +4 ·11 -1·79 
(16) l "O +1 -I -2·32 -1 ·45 -1·45 
( 17) l "O +1 -1 +1·56 +1 ·45 
(1S) l'O +1 -6·11 

(19) 1·1 -· .+1 +0·90 
(20) 1·1 +r -l -0·90 
(21) 1·1 +1 -1 +1·04 
( 22) 1 ·o +1 -I -4·09 -3·05 
(23) l "l +1 -1 +3"05 +3"05 

Corrdate equatio11s-Conti11ued. 

14 
C6 C7 Cs C9 C10 Cn Cto C13 C14 C15 C17 Coo Co3 c •• Co5 Co6 C.s 7i 

(24) 1·1 -1 -I +3"15 -0·34 
(25) 1 ·o +1 - 1·78 -3·48 
(26) I ·o -I +1 + 2'21 +0·33 +0·77 
(27) 1·1 +1 - 0·43 -0·43 
(2~) 1 ·o -I .... -6"88 
(29) I "O -I +1 +10·26 +0·09 +o·aj 

(30) 1"(1 -1 - 3•38 -r·44 
(:;1·) 1 ·o +1 +1 -1 -1 +r·35 +4 ·u -1·67 
13.-j I "O +1 -1 -5 ""9 
l.J>l I 'O +1 +1 .... .... .... +1·5S +1·58 

(34) 1 ·o -1 -1·63 

(.151 l "O -1 +1·63 

U6l 1 ·o -1 -1 +1 +1 
(~7) l "O -1 +1 +>"97 
(38) 1 ·o +r +1 -2"97 

(39) ·1·.1 -1 -l +1·19 +1·19 

(40) I "l 
+x -4·20 -1·19 

(41) I "O +• -I -1 +J"OO +1·86 

(42) 1 '.:! +1 -5·41 +3"55 -3"55 
(43) l "O .... .... .... .... . ... +1 -I +3'55 -7:97 +s·5s 
(44) I 'l +1 ++·42 

18732-No. 4--36 
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UNITED STATES COAST AND GEODETIC SURVEY. 

(c) Figure at(,iustmozt-Continued. 

c..orrdak eq1111/io11s-Completed. 

-I -1 

-1 +r +1 -··0'10 

+4 "71 
-4 •$7 

+0·16 

-I +1 

+1 

-I 

c, Co 

-I +1 
+1 -I 

+1 -I 

-I 

+1 -I 

-I +1 

-r +1 

-I 

+1 

-I 

+1 

-I 

-I 

-I 

+1 -I 

--2·42 

+1·52 

1Vormqt equations. 

Cs Co Cs 

+0·67 

-3·14 

+2"47 

Cu 

+2"88 

-3·37 
+0·49 

+0·62 

-2·2.i. 

+1·38 

+0·99 
-2·80 

l. 0=+0·682 +4'0 -2·0 -2·0 

-· 0=-0'221 

3. 0=+0·264 
4. 0=-1 "077 
5. 0=-0·12:3 

6. 0=-1 '2i0 

i· 0=+0·18'5 
8. 0=-0·233 
9. 0=+0·610 

IO. O= +o ·47:? 
11. O=+o·6o5 
12. 0=+1·3,¢ 

+6·o -2·0 

+6·1 -2·1 
+6·1 -2·0 

+6·2 -2·1 -2 'I 

+0·3 -2·1 

+0·2 -2·0 +2·1 
+6·1 +2"0 -'2'1 -2·0 -2·0 

+6·r -2·0 -2·0 

+6·2 +i·o +•·1 
+6·c1 -2·0 

c., 

+>·7S 
-5·17 

+2 '39 

+0·62 

-3·90 

+3"28 
-o•q. 

-1·09 

-0·16 

+o·oo 

+0·10 

+0.67 

-2·ss 
+2·SS 
+2·04 

-0·04 

C15 C 16 

13. 0=+1 ·13$ +6·1 -2'0 -:.'.?'O 

14. 0=-1 "00,\ 

15. 0=-1 '4.:.!9 
16. o= +o ·767 I 

I. 0=+0·682 

2. 0=-0·221 

3. 0=+0·264 
4. O=-I ·077 
5. o=-0·128 

6. 0=-1 ·:::70 
7. 0=+0·186 
s. 0=-0·233 
9. 0=+0·610 

'. C17 

Normal eq11a/io11s-Continued. 

c., 

+ I '520 

1 ·040 

I "4.50 

- 0·410 

+ 0"600 

Coo . 

·- O'I20 

+ 4·630 
+ 2·oS7 + o·S14 

+ 2·210 - 8"369 
-10·26o + S ·705 + 4 ·no 
+ 1·6oo - 4·155 - 4·110 

Co6 

+6·2 +•·o +2·o 
+15·1 -2·0 

+6·o 

Coe 

+ 2·900 
i ·76o 

1 ·871 

2·869 
+ 0·920 

+ 3·187 

7 "1146 
+ 7"615 

4 •266 
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I C.1;: 

IQ. 0=+0·470 
I!. r.J=+o·oos 
1::. o=+r·,,<;6 

13. 0=+1·138 
q. 0=-1 ·003 

I,5. 0=-1 '40\) - .:?'I 

16. 0=+0·767 

Ii· 0=+0·751 +6·5 
iS. 0=-0·951 

19. 0=+2·3n 
;!O. 0=-0·187 

:.?l. 0=-... "'79 
22. 0=-0·64 

23. o=-0'18 

24. 0=+2 ·44 

25. o=+S·61 
.!6. 0=-4 ·¢ 

27. 0=+3·98 
JS. 0=-3 ·72 

C,= -0·144 7 
c. = +0·196 3 
C3 =+0·128 4 
C, = +0·456 I 

I 5 = +0·294 8 
C0 = +0·330 2 
C7 = +0·29:2 o 

(1) =-0·172 6 
(2)=+0·3104 
(3) = - 0 . 226 9 
(4) =-+ 0 ·166 7 
(5) =+o·:ios 2 

(6)=-0·1373 
(i) = -0·378 6. 
(8) = +0·276 3 
(9) = -0·542 9 

( 10) = + Q ·214 2 

(II) = + 0 'OIO· 7 

(12)=+0·367 3 
(13) = -0·049 3 
(q) =-0·052 5 
(rs)= -0·243 s 
( 16) = - 0 ·177 s 
(17) = + 0 ·244 7 

C..s 

-2·0 

+6·2 

(c) FigttJ"<' adjustmm I-Completed. 

1Vcw111al eqiialio11s--Completed. 

L19 c,,,. Co1 c,,, Co3 c., Cos 

+ .;·470 ·- ~ '2b5 

- l'~ - $•459 

- I ·350 - 4 ·sro 
+ 6'"41 + l'jOO 

- 3 'IOO -12·902 

- 3 'IOO + J"8.j3 

- ,; ·723 
--J "I - 2·813 

-2·2 - 2 '717 
+6·3 -2'2 

+4"4 
+104 ·n5 + 5·65J 

+•S2·900 +12·714 

+55'18\l + 5•548 

+93 ·943 + 5'564 
+114 ·175 

Rc:s11lti11g values qf corrdatt?s. 

Ca=--0·158 9 
c 9= -0·190 0 

· c ... = + o ·073 s 
Cu= +o ·157 2 

C,.= -0·616 9 
C,3 = -0·417 S 
C,4 = + o ·052 o 

C,5 = - o ·018 5 
C,6= -o·q6 5 
C,7 = -o '444 5 

C,a = - u ·072 4 
C,9 =-o'74i8 
c.., = - o ·s 10 :i 

C21 = +o ·06.S S9 

Corrcclio11s to .mgular dir<Yfio11s. 

(rS) = +o ·229 4 
( 19) = -- 0 ·095 7 
(20) = -- 0 '186 7 
(21) = +0·041 4 
(2:?)=-0·001 7 

( :2J) = +· 0 '::!42 9 
(24) = -0·170 2 
(25)=-0·1424 
(26) =-f-0'020 I 

(27) = + 0 ·304 7 
(2S) =+0·102 l 

(29) =-0·016 I 

(30) = +0·277 :2 
(31) = -0·130 4 
(32) = -0'2II 3 
(33) = -- o ·oi1 s 
(34)=--t-0'.373 7 

(35) = + 0·086 0 
(36) = -0·110 8 
(37)=-0·007 s 
(38) = --0·341 I 

(39) =-+ 0·484 8 
(40) = -O'OJ::l 2 

(41) = -0·589 5 
'(42) =+0·372 5 

(43) = -0·145 4 
(44) = +0·015 7 
(45) = ·-0·295 5 
(46) = +0·250 5 

(47) =-+ 0 '447 7 
(48) = +0·193 9 
(49) = -0·596 6 
(50) = -0·415 9 
(51)=+0·372 l 

C_,,; C27 Coa 

- J ·7~5 

0"9:l°' 

+ 3 "..j.01) 

+ O':?n 

+ 3 ·770 8"1.:?0 

- 7·970 + ~ ·s,_, 
+ 3·033 - 5 'J09 
+ 8'010 - 2 ·009 - 2 ·s1:\ 

- I ·069 + 3 ·212 I ·~47 

- 0'92<> +12°o66 - 1 ·056 

T o·Ot6 

-51 ·340 

+150·840 

- s·099 + 6 ·7;:.2 

- 37 •1)46 

+ 21 ·s10 

+ 19·,c;37 

+ 2 '9J-l 

+ 33 ·.:,;S 

- o·~ - 76·~..:.:1 

+11 ·749 - 24 ·f.7~ 

+r73 '6?5 

C,.= -0·025 52 
Cos = - 0 '000 6:? 
C,4 = +0·002 15 
Cos= -- 0 ·077 i,) 

c •• = + 0 ·103 5-f. 
C,7 = - o ·049 52 

c.~=+0·149 2 

(52) = .. -0·402 7 
(53) = --j-O'Ij6 8 

(54) = +0·436 0 
(55) = -0·203 4 
(56) = -0·059 [ 

(57) = + 0 ·139 4 
(58) = + 0 '30,) I 

(59) = -0·39S 9 
(60) = +0·770 s 
(6rJ=+o;o72 o 
(62) = -0'193 I 

(63)=-0·521 2 

( 64) = - 0 '353 6-
( 65) = - o ·181 I 
(66) =+0796 3 
(67) = - 0 ·281 6. 
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(d) Adjusted triangles, Colorado and Utah. 

Correc- Spher- Sp her- Distances No. Stations. Observed angles. tio11s. ical ical Logs. in metre:;. angles. excess. 

" II II II 

f Wasatch !13 25 30·994 -0·342 30 ·652 7·2r5 5·2r5 52r 5 r64 256 ·q l Tushar ?- II 2i ·322 -0 "li3 2i"l49 i ·214 4·9r2 716 I Sr 792 ·99 -I 

Mount Nebo 39 23 24 ·009 -0 "I6i 23 ·S . .p i ·214 5·055 349 2 113 59i ·39 

22 ·325 2I ·643 

2 ! Mount Ellen 49 36 37 ·584 -0·191 37·393 II ·444 5·055 349 2 rr3 592 ·39. 
Tu,;har 55 56 25 "i2I +0·483 26·204 II ·444 5 ·091 864 9 123 556 ·31 
Wasatch 74 27 3o·So6 -0·071 30·735 11 ·444 5 ·157 427 5 143 690 ·32 

34 "l II 34·332 
J Patmos Head 39 09 44·055 -0·417 43·638 7·384 4 ·912 716 I Sc 792·99 

, Wasatch 85 03 64 ·172 -o·.:qr 63 ·9,:;1 7 ·385 5'110i378 129 043 ·98 , l Mount Nebo 55 46 34 ·190 +0·394 34 ·584 7·384 5·029 765 2 107 094·02 

22·417 22·153 

· l 
Patmos Head 50 46 41 ·235 +o· ... ~56 41 ·591 II ·183 5·091 864 9 123 556·31 
Mount Ellen 42 IU 5i'209 +o·o66 57·275 II ·183 5·029 765 2 107 094·02 
Wasatch 87 02 54 ·028 +0·655 54 ·6S.; ll ·183 5·202 170 6 159 283·42 

32'4i2 33·549 

s j 
Mount \Vaas 66 55 25 ·275 -0·091 25 ·184 16 ·237 5·202 170 6 159 283·42 
Mount Ellen 55 25 22 ·890 +0·422 23 ·312 16 ·236 5 ·153 974 3 q2 55i ·.n 
Patmos Head 57 39 6o·416 -0·203 60 ·21,:; 16 ·236 5 ·165 215 2 q6 290 ·19 

48·581 48 709 

· l 
Tavaputs 78 24 36·880 +o ·285 37 ·165 IO ·540 5 ·153 974 .3 1,p 552 '.U 
Mount \Vaas 50 4$ 50·327 +0·228 50'555 10·541 5·052 264 3 I lJ 788 ·37 
Patmos Head 50 46 63 '14.5 +o "757 63 ·902 ro·541 5·052 081 2 II:? 740 "8I 

30·352 31 ·6~2 l Tre"ury Mountain 35 22 21 ·267 -0·333 20·934 16·448 5 ·052 oSr 2 u·2 740 ·Sr 
7 Mount Waas 63 40 32·oos -0·043 JI ·965 r6·44S 5 ·241 .969 l 174 569·8o 

Tavaputs So. 57 56·256 +0·190 56·446 r6·449 5·284 r07 3 192 356·71 

49·531 49·345 l Un-pru.gre 31 54 61 ·396 +0·293 61 ·689 15 ·384 5·052 081 2 II2 740 '81 
S Mount Waas 98 16 41 ·255 +o ·202 41 ·457 15·384 5·324 386 2 2II 050 '40 

Tavaputs 49 48 62.·843 +0·163 63·006 15·384 5 '2II 992 4 162 9':!6 '74 

45 ·494 46 ·152 . l Uncompahgre 87 35 56 '06o -0 ·114 55 ·946 15 ·o62 5·284 107 3 192 356 ·71 
9 Mount Waas 34 35 69 ·247 +0·244 69'49I 15·061 5·038 i02 0 109 320·60 

• Treasury Mountain 57 48 39·644 +0·103 39 "747 15 'OOI 5 "2II 992 4 162 926'i4 

44·951 45 ·rS4 
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(d) .-ldjusted triangle's, Colorad,>. f11ld Utah-Continued. 

Correc- Spher- Sp her- Distances No. Stations. Observed angles. tions. ical ical Logs. in metres. angles. excess. 

0 II II II II 

\ Tre"ury Mountafo 93 IO 6o '9II -o ·230. 6o ·68r 16 ·126 5·324 386 2 2II 050·40 
JO Uncompahgre 55 40 54·664 -0·408 54 ·256 16°126 5·241 969 l 174 569·8o 

Tavaputs 31 oS 53·413 +0·028 53·441 16 ·126 5·038 702 0 109 320 •6o 

4S·9S8 4S·3jS 

( Unoomp,hgre· 17 00 39·033 -o·us 38·915 II 0 864 5·165 215 2 q6 290·19 
II Mount Ellen 19 00 53·888 -0·015 53·873 II ·864 5 '2Il 992 4 162 926 '74 

Mount \Vaas q_; 5$ 63 ·143 -0·339 62·804 II 0864 5·468 512 4 294 III '77 

36·064 35'592 

r Mount Ouray 6o 29 29·889 -o ·517 29 ·372 8·518 5·038 702 0 109 320·6o 

I 2 l U ncompahgre 53 o6 52·451 +0·109 5:i·560 8·518 5 '002 040 2 100 470·89 
Treasury Mountain 66 23 63·819 -0 ·197 63°6:?2 8·518 5·061 1J4 8 II5 IIO •46 

26 ·159 25 ·554 

\ ><=nt Elbttt 41 04 31 ·845 :--O 790 31 ·055 4·688 5·038 701 0 109 320·60 
13 Uncompahgre . 20 18 II ·864 -0 ·081 l I 783 4·688 4 761 404 l 57 730 ·33 

Treasury Mountain n8 37 31 '7 JI -0·485 31 ·226 4·688 5·164 501 4 146 049 ·96 

r5·420 14·064 l M=nt Elbort 92 45 IO ·870 -I '044 09·826 3·879 5·002 040 2 100 470·89 
'4 Mount Ouray 35 or 34·765 -0·557 34 ·208 3 ·880 4·761 404 I 57 730·33 

Treasury Mountain 52 13 27·892 -0·287 27·6o5 3·8So 4·900 390 3 79 504·24 

I3 ·527 II ·639 

( MountO=y 95 30 64·654 -1 '074 63·580 7 '710 5·164 501 4 146 049·¢ 
15 Uncompahgre 32 48 40·587 +0·190 40·777 7 '709 4·900 390 3 79 504 ·24 

Mount El be rt 51 40 39·025 -0·254 38·771 7·709 5 ·o6r II4 8 .!IS II0·46 

24·266 23 'I:?S 

J Bison 45 54 08·424 -0·702 07·722 5·565 4·900 390 3 79 504 ·24 
16 l Mount Ouray 48 3~ 23·6o4 -f:o ·962 24 ·566 5·565 4·918 899 9 82 965·96 

Mount Elbert 85 33 43·664 +0·743 44·407 5·565 5·042 8So 2 IIO 377 '4I 
---

15·692 16·695 

\ Pik« P<ak 38 34 44·0¢ +0·788 44·884 I ·454 4·900 390 3 79 504 ·24 
17 Mount Ouray 79 I" 59·376 +0·444 59·820 7·454 5·097 790 9 125 253·81 _, 

Mount Elbert 62 II !,7·461 +0·197 37 •658 7·454 5 ·052 21I 9 Il2 774 '75 

20·933 22·362 l Pike'P~k 72 24 49·894 +0·013 49 ·907 5 ·377 5·042 SSo 2 IIO 377 ·41 
18 Mount Ouray 30 4I 35·772 -0·518 35 ·254 5 ·377 4 771 596 I 59 IOI '18 

Bison 76 53 5o·Sa5 +0·164 50·¢9 5 ·376 5 '052 2II 9 II2 774 '75 

16 ·471 16 ·130 
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(d) .ddjustcd triaJ1g!es, Colorado and Utah-Completed. 

Correc- Sp her- Sp her-
No. Stations. Observed angles. tions. ical ical I,og s. Distances 

angles. excess. in nietres. 

0 II II II II 

J Bison 122 47 59·229 -0·538 58·691 3·487 5·097 790 9 125 253·S1 

19 Pikes Peak 33 50 05·798 -0·775 05·023 3·488 4·918 899 9 82 965·96 

l lVlount Elbert 23 22 o6 ·203 +0·546 06 '749 3·488 4'771 596 I 59 IOI ·1S 

I I "230 10·463 

f Plateau 47 45 09·265 -0 ·699 08 ·566 5·985 5 '052 2II 9 II2 774'75 

20 l lVlount Ouray 25 27 45 ·195 +o ·161 45·3s6 5 ·985 4 ·816 210 3 65 495 ·32 
Pikes Peak rn6 47 24·245 -0·213 2.:j. ·032 5·984 5·163 930 8 145 858 ·19 

18 705 17·954 

f Divide 41 30 12 ·315 +0·172 12·487 2·574 4·771 596 l 59 IOI ·18 

21 Pikes Peak !02 17 56 749 +0·580 57·329 2·573 4·940 225 2 87 141 ·54 l Bison . 36 II 57 ·706 +0·199 57 ·905 2·574 4 721 592 2 52 673·50 

6 '770 7·721 l n;g Sprin" 64 54 17·050 -I ·078 15·972 2 ·543 4 ·816 2!0 3 65 495 ·32 
22 Plateau 73 43 16·969 -0·593 16·376 2 ·544 4_'841 504 2 69 423 ·13 

Pikes Peak 4r 22 35·922 -0·640 35·282 2·543 4 '679 473 4 47 So5·01 

9·941 7·630 

r B'.g Springs 49 12 6o ·155 +o·:i82 60·437 I '867 . 4 721 592 2 52 673 ·50 
2~ , T'1ke!' T'eak 37 07 13 ·190 +o ·259 13 ·449 r·S67 4·fi23 059 0 41 981 •fo 

~ l Divide 93 39 52 ·070 -0·354 51 716 I '868 4·841 504 2 69 423 ·13 

5·415 5 '6o2 

. ( Pia"'" 36 53 19·989 ~0·328 19·661 I '290 4 ·509 545 8 32 325·54 
24 Corral Bluffs 62 35 09·571 I '290 4 '679 473 4 47 805 '01 

· Big Springs So 31 35·434 -0 796 34·638 I '290 4·725 242 s 53 IIS ·13 

~ ·87<:) 

(t") Prt"Cision· c?f !ht• adjusted tiia11gulatioJ1. 

For a.close estimate of the precision of the Rocky Mountain series of triangles, we 
find first the mean error of an angle resulting from the adjustment by the expression 

m = .J2 [p:•i•], in which p may be taken as unity, [a1] = 6'09, and c = 28; hence m = 
± 0"'66. 

'l'he probable error in length of any line of the series due to the angular measmes 
is found by the usual formulre-

. 11 .• = 2··3" ( O .• ) - 2 ::8','n (6; + 8_.1,SB + 58
2

] lj.!1d C,1 = 0'6i4 5111 Vu,., 
'"'11 • ""ti '- 1 ~":L " 11 " II 

We will find first the probable error in length of the line Tavaputs-Motmt \Vaas, 
which is about midway between the two base nets. Starting from the side Divide to 
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Big Springs of the El Paso Base Net, we have oa,. = 3·86, ~ = 85·0 (eight triangles), 

ea,, = ± 0·87 metre, cb = ± o· J::? metre, and t', = ± 0·93 metre. Starting from the 

side lbe~ah-Mount Nebo of the Salt Lake Base Net, :£ = 31·5 (six triangles), t•.,
11 
= 

± 0·53 metre, cb = ± 0·41 metre, and c. = ± 0·67. <" = ·· e,e. ~ = ± o· 547 metre 
..Jcj + C2 

which is abo1:1t !!"H1000· part of the length. 
For the effect on the developed length of the arc we ha\.·e approximately, the 

distances being measured between the middle points of the terminal. lines projected 
onto the thirty-ninth parallel: 

Terminal lines. Distance. Probable errors. Average. 

km. )//, 

Divide to _Big Springs and Tavaputs to 

Mount \Vaas 410·0 nHolJ" and 20.1aJJ"JJ" "!!"11"1'".!.1)"1)"1)" ±I ·58 
Tavaputs to Mount Waas and lbepah to 

Mount Nebo. 322·7 ;;:;r;rlaoo and "!!"H1uoJJ" ]!!T,l.i)"l)"l)" ±I ·37 

732·7 ±2 ·95 

(/) Description C?,f tria.ngulalio11 stations. 

1-Viisatch, Sanpete County, Utah; establh:ihecl in 1882 byW, Eimbeck. Thi~ station 
is located in the mountains, situated jnst west of Castle Valley, known locally as the 
Wasatch Range. It is about 18 miles east of the town of Mayfield, on a small table 
in the southern part of the range, situated between the heads of the North Fork of 
Muddy Creek and the South Fork of Ferron Creek. 

The geodetic point is marked by a three-fourths-inch copper bolt leaded into a 
common limestone rock. In 1890 an additional bolt, 3}6 inches long, was set on top 
of the old bolt and securely cemented in position, in order to make the mark more 
easily referred to. Around and over this was built a brick foundation pier for the 
theodolite, surrounded by a circular stone wall, with inner diameter of r r ;r.~ feet 
concentric to the station bolt, whkh was· left standing. Reference marks are four 
bricks set on encl, tops flush with surface of the ground, just outside the ring wall, 
with holes drilled in the tops and filled with plaster of Paris; one north 15° 34' west, 
distant 8'25 feet; one south 54° -i1'·5 east, distant ]'62 feet; one south 32° 12' west, 
distant ]'SS feet, and one north SS 0 

-i r' west, distant ]'6'2 feet, from the geodetic-point . 
.11/ount Ellen, Garfield County, Utah; established in 1882 by \V. Eimheck. This 

station is located on the northern summit of the Henry Mountains, about 1S miles south 
of Blue Valley, Grand County. Mount Ellen is a rounded conical-shaped peak cover~d. 
with sharp irregular-shaped granite rocks, extending for 1 ooo feet below its summit. It 
can be most readily approached by wagon road and trail from White's ranch, on the 
north side of Fremont River, in Blue Valley. The geodetic point is marked by a copp<:r 
bolt set in a rock, which is itself embedded in the rock and dirt composing the peak. 
Around and over this was built the stone and brick foundation pier for the theodolite, 
capped with a stone slab, having a three-fourths-inch drill hole through it as a surface 
mark. This was surrounded by the usual stone ring wall, r 1 feet inner diameter, 
concentric with the station bolt, which was left standing. Reference marks are 3 drill 
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holes, filled with plaster of Paris, in solid surface rock just outside the ring wall-one 
south 23° 35 1 west, distant 7"9 feet; one north 35° 15 1 west, distant 8 feet, and one 
north 83° 341 east, distant ]"85 feet, from the geodetic point. The ring wall around the 
vertical circle station bearing north j8° 44' west, distant 18·6 feet, and the latitude pier 
bearing south 5° 21 1 west, distant 49·;, feet, were also left standing. • 

Pat111tJs Ht.~ad, Btnery County, lTtah; established in rSS2 by \1/. Ehnbec:k. This 
station is situated in a range of mountains known as the West Tavaputs Plateau, about 
12·5 miles "north 72° ·5 east from Sunnyside, a station on the Rio Grande \Vestern Rail
road. These mountains are known as "tables," and have. a general trend somewhat 

. west of north. The station is located on the highest point within several miles. 
The geodetic point is marked by a copper bolt _in a rock bedded in the ground, 

around and over which was built the stone foundation pier for the theodolite, capped with 
a stone slab having a drill hole through it, as a surface mark. 'fhe copper bolt is about 
8 }6 inches below the drill hole. Around tliis was built the ustrnl circular ring wall, 11 

feet inner diameter, concentric to the station bolt. which was left standing. Reference 
marks are drill hole in bedde~l rock north 53° 161 east, distant s·5 feet: drill hole in 
bedded rock south 32° 531 east. distant s·5s feet: copper bolt south 16"' 44' east, distant 
I 1 ·33 feet: and stump of tree north 89° 541 west, distant 1 r feet, from the geodetic point. 

lllou11t rva,is, Grand County, Utah; established in 1890 by W. Eimbeck. This 
station is located on the third principal prominent peak from the. north end of the ·La 
Sai ivlountaius situated a short distance to the eastward of Grand River Valley. It is 
about IO miles west of the boundary line between the States of Utah and Colorado and 
about .j:o miles southeast from Thompson station, on the Rio Grande \.Vestern Railroad. 
The geodetic point is marked by a cross cut on a copper bolt set in a stone slab cemented 
to the bed rock, around and over which was built the stone foundation pier for the theod
olite. It was surrounded by the usual circular stone ring wall, IO feet inner diameter 
concentric with the station bolt, which wall was left standing. Reference marks are 4 
drill holes, filled with plaster of Pari!', just outside the ring-wall: one north 75° .p' west, 
distant 7'5 feet: one north 6° 37' east, distant 7" 15 feet; one south S..j. 0 15' east, distant 
7·25 feet, and one south 3° 581 west, distant 7"35 feet, from the geodetic-point. 

Tamputs, Garfield County, Colorado; established in 1S90 by W. Eimbeck. This 
station is located 011 the southern edge of Book Mountains, about 3 miles east of the 
boundary line between the States of Utah and Colorado, about three-f911rths of a mile 
to the eastward of Bitter Creek, and about 3 miles to the westward of \Vest Salt \Vash 
Creek; both creeks havfog their source a few miles north of the station. Fruita, a town 
on the Rio Grande \Vestern Railroad, distant about 30 miles in an air line in a south
southeast direction, is the nearest railroad station and the readiest meai1s of approach. 
The geodetic point is ·marked by a copper bolt set in a ro~k embedded in the ground, 
around and over which was built the masonry foundation pier for the theodolite. · The 
pier was capped with a stone slab having a drill hole in the center, filled with plaster of 
Paris, 1%. inches above the copper bolt, as a surface mark. This was surrounded by the 
usual circular stone ring-\vall, 11 feet inner diameter concentric with the station bolt, 
which was left standi11g. Reference marks are 3 drill holes, filled with plaster of Paris: 

. one south z,7° 481 east, distant 7"96 feet; one south 74° 41 1 west, distant 7"96 fe_et, and 
one north 16° 31 1 east, distant rs8 feet, from the geodetic point. The brick astronomical 
pier, bearing north 8° 25 1 west, distant 63 feet, was also left standing. 

U11c1.1111pahgre, Hinsdale County, Colorado; established in 1890 by W. Eimbeck. 
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This station is on the smnmit of Uncompahgre Peak, Uncompahgre Mountains, one of 
the most prominent and best known peaks in southwestern Colorado. The summit is 
inaccessible except from the sottth side. Lake City, the terminus of a branch of the 
Denver and Rio Grande Railroad leaving the main road at Sapinero, distant about 
S miles, air line, southeast from the peak, is the nearest and most convenient railroad 

. town. The geodetic point is on the north side of the summit about ro feet from the 
edge of the perpendicular cliff of which this side of the mountain consists, and is marked 
by a cross cut in top of a half-inch copper bolt leaded into the solid rock. The surface 
mark is a half-inch hole in a brick cemented into the top of the masonry foundation 
pier, for the theodolite, built around and over the station bolt. The top of the brick is 
4 inches above the bolt. I The usual circular stone ring wall, inner diameter l l feet 
concentric with station bolt, was left standing. Reference marks are 4 drill holes in the 
solid rock, filled with lead; oue south 89° 58' west, distant 9·35 feet: one north o0 11 1 

west, distant s·71 feet; one north 89° 56' west, distant 9·4 feet, and oue south 3° 37' 
west, distant s·12 feet, from the geodetic point. The brick latitude pier; bearing south 
54 ° 05' east, distant 50· 11 feet, and the stone pendulum house, bearing south 28° ::!61 

east, distant 134·15 feet, were also left standing. 
Tl"l'as1t1) 1 Jlfounlain, Gttnnison County, Colorado; established in 1890 by \V. Eim

beck. This station is on the summit of Treasury Mountain, a pro111i11ent peak in the 
Elk Mountain Range, about 2 miles southeast of the mining town of Crystal and 
about 10. miles, air line, northwest from the town of Crested Butte, the terminus of a 
branch of the Denver and Rio Grande Railrpad from Gunnison. The north side of the 
mountain is a precipitous cliff, clipping at an angle of about 70° for fully ::: ooo feet to 
the head of Crystal Basin. About 5co feet to the west and 150 feet below the station 
is the entrance to the "Eureka" silver mine. The geodetic point is marked by a half
inci1 copper bolt set in the solid rock. The surface mark is a brick, having a half-inch 
hole in the center filled with plaster of Paris, cemented in the top of the masonry 
foundation pier, for the theodolite, built around and over the copper bolt. The top of 
the brick is 6 }f inches above the bolt. The usual circular stone ring wall, inner diameter 
ro feet, concentric with the station bolt, was left standing. Reference marks are 4 drill 
holes filled with plaster of Paris; one north 2° 40' west, distant 7 ·s5 feet.; one north 
87° to' east, distant 7"58 feet; one sottth 8° 35' east, distant 7·3s feet, and one south 
Sr 0 45' west, distant 7 ·s3 feet, from the geodetic point. The brick latitude pier, bearing 
south 32° 10' east, distant 101·13 feet, was also left standing. 

· Afounl Oura._y. Saguache County, Colorado; established in 1893 by \V. Eimbeck. 
This station is on the summit of Mount Ouray, on the ''Great Continental Di\'ide,'' 
about 2 }'; miles in a northeasterly direction from Marshall Pass railroad station, the 
highest point 011 the Denver and Rio Grande (narrow gauge) Railroad, from which 
point the station is most readily reached by pack trail about 5 ~,; miles long. 

The geodetic point is marked by a cross on top of a five-eighths-inch copper bolt 
leaded into the solid rock. The surface n1a1:1'. is a brick, with a five-eighths-inch drill 
hole in its center filled with charcoal dust covered with plaster of Paris, set north and 
south in concrete in the top of the masonry foundation pier, for the theodolite, huilt 
around and over the station bolt. The top of the brick is 12}·~ inches above the bolt. 

· The usual circular stone ring wall, r 1 feet inner diameter concentric with the bolt, was 
·left standing. Reference marks are drill holes filled with plaster of Paris, in the ends 
of four bricks set in concrete just outside the ring wall; one north 6° n' east, distant 
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9 feet; one south 84° 06' east, distant s·95 feet; one south 5° 31' west, distant 9·02 
feet; and one north 83° 14' west, distant 9·2 feet, from the geodetic point. The brick 
latitude pier, bearing north 8° '23' east, distant 67.3 feet, was also left standing. 

Jlfo1mt Elbert, Saguache County, Colorado; established in 1894 by W. Eimbeck. 
'fhis station is on the summit of the well-known peak called Mount Elbert, on the 
eastern edge of the Saguache Range, distant about u )·f mile:;, wuthwcsl from Leadville. 
It can best be reached by good wagon roads from the post-office ••Twin Lakes,'' called 
Dayton on the maps, situated at the southeastern base of the mountain, r 7 miles from 
Leadville and 9 miles from Granite, a small mining town on the Denver and Rio Grande 
and Colorado Midland railroads. The summit, which is covered with snow during the 
greater part of the year, can be reached by a good pack trail, 7 miles long, from Twin 
Lakes post-office. The geodetic point is marked by a cross on a three-eighths-inch 
copper bolt leaded into a large surface rock. The surface mark is a hole drilled in a 
rock embedded in the top of the masonry foundation pier, for the theodolite, built 
around and ov:er the copper bolt, the top of this rock being 5 ~-{ inches above the bolt. 
A rock protection wall, S feet square on the inside and 2 feet thick, with opening to 
the north built around the station bolt, was left standing. Reference marks are four 
stones with holes drilled in them set approximately north, east, south, and west, under 
the protection wall, each distant .5 feet from the geodetic point. 

Rison, Park County, Co\orado; estabEsl1e(\ in i894 by \\T. Eimbeck. This station 
is on the highest point of the King Peak of the Tarryall Range, between Tarryall and 
Goose creeks, close to the ninth guide meridian west, in township 9 south. It can be 
reached by trail, 5 or 6 miles long, from Mountaindale post-office, which is 27 miles south
east from Jefferson, a station on the Denver, Lakewood and Golden branch of the Union 
Pacific Railroad, and '25 miles northwest from Florissant, a station on the Color~do 
Midland Railroad. The geodetic. point was marked as follo-ws: The surface of the 
rough granite was removed to a depth of about 6 inches, giving an approximately level 
space of 2 feet in diameter, in the center of which a wire nail was set, point upward, in 
a drill hole 2 inches deep and filled around with lead, leaving the point projecting three
eighths of an inch. Over this \Vas built a rough pier of masonry ·for mounting the 
theodolite. Four holes were drilled bearing azimuths o 0

, I So0
, 240°, antl 300", in each 

of which seven 6-inch spikes for attaching the tent guys, and which will serve as reference 
marks, were driven and filled around with plaster of Paris. 

PiA·,·s Peak, El Paso County, Colorado; established in 1879 by 0. H. 1'ittmann. 
This station is on the summit of the well known Pikes Peak, :<.ituatecl about 12 miles ·west of 
Colorado Springs and about 65 miles nearly south of Denver. The top of the peak, which 
is flat and nearly level, is a Government reservation covering many acres, to which easy 
access may be had by means of the Manitou and Pikes Peak cog railway. 1111894 this sta
tion was incorporated in the main scheme of triangulation coming from the west, and the 
geodetic point was re-marked by a wire nail,point upward.projecting about one-fourth inch 
above the surface. It was leaded into a drill hole in the concrete foundation of the masonry 
pier, 12 ·s feet high, on which the theodolite was subsequently mounted. As left standing 
in 1895 after the Occupation of the station, the top of this pier was 8 feet IO inches above 
the point of the wire hail; covered with a triangular capstone having a drill hcle in its 
center in the vertical of the station mark. Reference marks are the south chimney of the 
new signal service building south 75° 41' east, distant 525°'26 feet; the northwest comer 
of the old signal ser\rice builcling-i1ow ( r 895 l used as a stable-nearly southeast, distai1t 
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I 77 ·4 feet, and the latitude pier north 88° .p' ·west, distant IS· I I feet, fro111 the geodetic 
point. The nearest point of the bluff in a north-northwest direction is about 72 feet dista1it . 

. Plcikau, Pueblo County, Colorado; estaplished in 1894 by \V. Eimbeck. This 
station is on M. ·Steele's ranch, on the highest ground at the north end. of a high 
plateau about 9 miles north-northeast from Pueblo and J.% miles northeast from 
Overton, Colorado. The geodetic point is marked by a half-gallon stone jug buried 3 
feet below the surface of the ground, over \Vhich, as a subsurface mark, an inverted 
milk crock is placed, with a small hole drilled in the bottom. The crock is 2·9 feet 
below the surface. The surface mark is a granite post dres.5ed to 6 inches square at 
the top, having two rectangular V-shaped grooves and the letters .U.S.C.S. cut on the 
upper surface. The intersection of the grooves marks the geodetic point. Reference 
marks are two posts of lava stone set nearly in the meridian of the station, one 9·96 
feet north and one 9·83 feet south of the geodetic point. Each post is 6 inches square 
and marked on top with a single diagonal groove terminating in an arrowhead which 
points toward the center of the station. There is a wire fence, marking the eastern 
boundary of Steele's property, just east of the station. The geodetic point is 252·9 
feet from the north gatepost in this fence, and 168 feet from the second solid fence post 

. north of the gatepost, where there is a slight angle to the northward in the fence. 

IO. THE NEVADA SERIES OF TRIANGLES, 1878-79-So-81-82-83, 1885, 1887, 1890. 

(a) Introduction. 

This section of the survey reaches from the Salt Lake Base in Utah to the Yolo 
Base in California; or, in other words, extends from the Wasatch Range on the east to 
the Coast Range on the west. Vie 'meet here with a distinct change of physical aspect 
and conditions from those characterizing the preceding section. Assistant Eimbeck 
remarks: The mountains of western Utah and of Nevada are neither so prominent nor 
so densely packed together as those of central and western Colorado. They are 
remark::tble chiefly for parallelis:u and uniformity in an approximate northerly and 
southerly trend. These singular ranges, with their features preserved for a hundred 
miles, appear like solidified waves crested through folding. The corrugations, or 
parallel ranges, seem to follow each other at regular intervals· throughout that large 
expanse of the State here under special consideration. While the valleys are nearly 
level and between 5 ooo and 6 ooo feet above the sea, the ridges rise on the average to 
over IO ooo feet (or 3 150 metres, nearly) and culminate at Wheeler Peak at an 
altitude of over 13 ooo feet ( 3 97 3 metres. nearly). Their profile or crest lines ·are 
rugged and rocky and in some instances difficult of access. Though the topography 
may be intricate in ascending one of the transverse canyons, nearly every one of the 
stations was found to have an accessible slope. Excepting a few valleys in Utah and in 
west Nevada along the Carson and Humboldt, put partly under cultivation by irrigation, 
this entire basin is an arid and barren waste, irredeemable for want of flowit;g water; 
little or none is found anywhere except in the rills coming down from timber patches 
and meadows of the uplands of the most prominent ranges. The lower declivities of 
the ranges and the intervening low alkali lands covered with sage brush are equally 
sterile. The general aspect of the country is dull and monotonous. Only. between 
the 7 ooo and 1 r ooo feet levels are to be found an assemblage of clusters of pines, 
alpine meadows, and water supply from springs or melting snow. Except for an 
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occasional well dug at some way station, stretches. of country from 40 to 60 miles \Vould 
be ivithout water. The only available railroad is the Central Pacific with its short 
branches, but it lies far to the north of the triangulation. To the westward of the 
Sierra Nevada, upon which three stations are located, the triangulation stretches across 
the flat valleys of the Sacramento and San Joaquin to the Diablo Range of mountains. 
As w,:is the cast: with the Rocky Mountain section, the great drawback in the prosecution 
of tlie work was the want of means for the transportation of the material and supplh:s 
for men and beasts; quite frequently it became necessary, while traveling from station 
to station, to carry a full supply of water and fodder for the horses :md mules. Roads 
and pack trails had to be built as soon as the base of the range was reached. The 
preparation of the mountain top for location of the camp. and the building of the 
foundation atid wall of the station for the mounting and protection of the great 
theodolite, usually required much heavy rockwork and occasionally blasting. The 
circumvallation, while affording shelter, was needed for safety against the icy blasts of 
storms. . The mode of living in these desolate mountains was that of the pioneer, 
diversified by many toilsome and dangerous climbs and trials of patience. Much that 
has been said respecting the movements of the party, its organizatio1~, labor, exposure, 
and work in the Rocky Mountain section applies also to the Nevada-California section. 

'!'he possibility· of carrying out successfully a triangulation on the largest scale 
confornrn.hle to the naturnl topographic features of the country was established, attaining 
as well the practical solution of the problem demanded by the trigon0mdrk c:ounediL>n 
of that p;u-t of lht: coast of California which lies in the dcinity of latitude 39° with the 
crest of the Sierra Nevada lying opposite to it. In r81+-75 Assistant \V. Eimbeck w~1s 
directed to make a reconnaissance for a main and subordinate triangulation over this 
region; his work extends from Monterey Bay on ·the ·south to Mount Shasta to the 
north, and eastward as far as the Walker and Pyramid lakes in Nevada. Here we find 
laid out the great figure known afterwards as the '·Davidson quadrilateral,'' after Assist
ant G. Davidson, who directed its measurement. The reconnoissance farther to the 
eastward was prosecuted by Assistant A. F. Rodgers, who in 1878 had completed the 
scheme of triangles, on the same large scale, stretching across the remainder of Ne,·ada and 
terminating at Mount Nebo of the Wasatch Range in Utah. This includes what is known 
as the "Great Hexagon," which has Wheeler Peak (Nevada) for its central point and com
prises 53 690 square kilometres, or 20 730 square statute miles; adjacent to it to the west 
is another hexagon around the station 'I'oiyabe Dome of but slightly inferior dimensions. 

The instruments and methods of observing were the same as·in the Rocky Mountain 
section. The whole work was carried out by Assistant W. Eimbeck or under his direct 
superv1s1011. On an average two stations were occupied in a season-the occupation of 
each requiring about two months. The seasons. which were rather irregular, covered 
the time from May to December, the more favorable interval being from June to 
November. Scarcely a season passed without the party having been weather-bound by 
<;torms in. October; while engaged upon the work on ·wheeler ·Peak* the party was 
practically buried in a snowdrift 10 and 12 feet deep, the temperature of the air sunk 
to 20° below zero Fahrenheit, t and in order that the observations upon the distant stations 

*At this station (in 1880) the hrillitmcy of the r.-fiected moonlight suggested to the observer the sdenotrope for 
occasional use at night; it was experin1e11tecl with at stations Pioche a.ud Ne bi:•. 

t Mr. Eimbeck states "the high snowdrifts which covered the living tents to within a foot or two of the apex sa,·ed 
the p<1rty from freezing toJ death.•• 
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might be continued, deep and broad trenches had to be cut through the snowdrifts in 
the line of sight. The party as well as the heliotropers at Tushar, lbepah, and ]\fount 
Nebo suffered much from the intensity of this cold wave, and the· value of the services 
of these men, two at each station, can not be overestiniated. 

The equalization of the number of measures of horizontal directions at a station 
taken in the forenoon and in the afternoon was first put into execution in 1880 in this 
section; its purpose was to eliminate any effect of unequal heating of the theodolite 
as well as to provide against possible lateral refraction along the lines of sight. Obser
vations of zenith distances were made at three different periods of the day, as stated in 
the case of the Rocky Mountain work. 

Between the middle of the line Mount Nebo to Ibepah and the middle of the 
line Mount Helena to Mount ·Diablo there is a distance of about 850 kilometres or 528 
statute miles. 

( b) .-1 bslrad <?i n·sulli?tg horizontal din•cti,111s a I md1 slalicm _limn /,1ca/ ,rnd ji·,1m _/igu 1"t' 

a<(justmo1I. 

llfo1111! Diablu, Contra Costa County, California. June 25 to September 8, 1876. 50-ce11ti11ietre theodo
lite, No. 5. G. Davidson, C. Rockwell, and \V. Eimbeck, observers. November q to December 
:?9, 1884. 50-centimetre theodolite, No. u5. R. A. l\Iarr, observer. G. Davidson, chief of party. 
June :!S to_July 19, 1892. 50-centimetre theodolite, No. II5. G. Davidson, observer. 

No. of 
clirec~ 
ti on. 

2 

3 

4 

Objects observed. 

Mount Helena 

Monticello 

Vaca 

Resulting- direc
tions fronl station 

adjustment. 

0 II 

Approxi-
111ate 

pr>lbable 
error. 

II 

o c•:i oo ·coo ±o ·066 

20 03 30·643 0·090 

;!Q 19 59 ·505 0 "09'5 

Reduc. 
lion to 

sea le\•el. 

II 

Result
ing sec

onds. 

II 

Correc- .C•Jrre~-· Final 
tions hons frunt seconds 

fr1Jn1 base- base-net i 11 
net ad- and triangu-. figure ad- 1 . 

JUStn1ent. jtistnient. ahvn. 

II /! II 

-0 ·082 59 ·918 -0 ·645 59"2i3 

30·509 

59·8oo 

-0 ·032 30 ·611 -o '10:2 

-o ·o::q 59 ·481 +o ·319 

Azimuth Ma1·k (Ci:·: yton) 25 -0 "01•) 17·194 

Yolo Northwest Base 

:Marysville Butte 

Yolo Southeast Base 

Mount Lola 

Pine Hill 

Round Top 

Mount Conness 

Mocho 

Loma Prieta 

Sierra Morena 

Mount Tamalpais 

Ross Mountain 

38 39 09 ·129 

38 40 30·881 

''·o ·u5 o ·ooo 09 ·129 +o ·oS6 

0·094· +0·005 3o·S86 

43 24 20·921 *0·1o6 o·ooo 20·921 +0·524 

73 o6 31 ·s .. '4 

76 I4 00 ·524 

0 ·089 ,o ·185 32 ·019 

o ·1o6 +o ·043 oo ·567 

97 32 . 04 ·551 o "JOi -j-o ·18r 04 73:! 

122 21 10·679 to·o62 +0·029 10·708 

180 
J*o"III 

16 12 "207 Ito _
002 

-o·oSo 12 ·127 

2u 22 06 ·404 *o ·0S4 -o ·ou o6 ·393 

249 16 39 ·858 ;•o ·092 +o ·046 39 ·904 

3ro l 2· CJ9 ·226 0 ·095 -0 ·ooS 09 "218 -0 ·047 

339 oS 13 ·637 *o ·087 -o ·042 13 ·595 

Mean + ·023 

09·~15 

21 ·445 

-o ":?06 31 ·S13 

-o ·035 04 ·697 

+o . 345 II ·053 

+0·004 12 ·131 

Probable error of a single observation of a direction ( D. and R.) = ± 0"·72. 

*Tl1e directious marked by a* depend on the probable error± 0"·074 of the Azimuth Mark during the second 
occupation. 

tThc directions 1narked by at depend on tllf.:: probable ic:rror ± o"·o(12 Of Mocho during the tlJird occtipalion. 
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(b) .-J bstmd c?l resulting liorizonta/ diratio11s at ca dz station from lc>cal cmd frc>m pgun 
adjustment-Continued. 

llf0tml Hd,wa, Napa County, California. September 23 to November 26, 1876. so-centimetre theod
olite, No. S· G. Davidson and W. Eimbeck, observers. August I4 to August 2r, lS9r. so-centi
metre theodolite, No. 115. E. F. Dickins, observer. 

Correc- Correc· Final 
No. of Resulting clfrec· Approxi. Reduc- Result- tions tious from seconds mate base-net di rec- C1hject:-o obsen?ecl. tio11s from. station prohable tion to . ing ~ec- fro111 base- and in 
tion. adjustment. sea Je,•el. onds. net ad· triangu-error. justment. figure ad- lation. justment. 

0 II II II II " II ,, 
l\fonnt Diablo 0 00 00'000 ±0·058 -0·073 s9·927 +0·1S3 00 'I IO 

Mount Tamalpais 33 43 57 ·142 0·071 -0·004 .57 ·138 +0·303 57 ·441 
Ross Mountain 102 52 47·356 +0·032 47·388 

Cold Spring 153 oS 42·324 -0"04.'i 42·279 

Mount Sanheclrin 193 02 53 ·251 -0·089 53 ·162 

Snow Mountain 'Vest 208 09 II "5lf -0·038 II "473 

Snow Mountain East 208 37 44·912 0·059 

Azimuth Mark (Woods) 225 16 49·643 0·052 +0·007 4y·650 

Mary!<ville Butte 265 31 14·523 0·078 +0·042 14·565 

5 Mount Lola 2Sr 54 43·341 o·oS3 +0·140 43·4S1 -0·174 43·307 
Pine Hill 303 14 10·2So o·oS3 +0·004 10·2S4 

6 Round Top 305 rS 41 ·177 0·074 +0·005 41 ·182 -0·279 40·903 
Monticello 306 46 16'071 0·076 -0·002 16 ·o69 +o ·ooS 16·077 

Vaca 340 O" _, 44 ·142 0 "Il3 -0·045 44·097 -o ·621 43·476 

Mean -0·032 

Probable error of a single observation of a direction (D. and R.) = ±0"·62. 

lliozmt Tamalpais, Marin County, California. August 24 to October 9, 1882, so-centimetre theod-
olite, No. II5. G. Davidson, observer. 

0 II II II II II II ,, 
Mount Diablo 0 00 00'000 ±0·053 -o ·orr 59 ·9s9 +o ·277 00·266 

7 Mocho 23 47 56·302 0·064 -o ·07r 56·23r +0·422 56·653 
Sierra Morena 61 37 29·923 0·076 -0·037 29·886 

Ross Mountain 230 ,;r 28·940 0·090 -0 ·043 28·897 

Mount Helena 263 31 35·075 o·o86 -o·oo6 35 ·069 +o ·054 35·123 

Monticello 289 or 42·852 0·072 +0·045 42·S97 +0·048 42·945 
Vaca 307 25 02·177 O'o62 +0·04S 02·225 -0·3So or ·$45 

Mean o·ooo 

Probable error of a single observation of a direction (D. and R.) = ± 011·54. 



Coast and Geodetic Surcey-Tramcuntiuental Tr iangulation No. 47 

SUMM IT OF ROUND TOP, CALIFORNIA, PR I NCIPAL TRIAN GULATION STAT ION ON THE SIERRA NEVADA. 

Alt itude , 3, 165} meters or 10, 386 feet. 



TRANSCONTINENTAL TRIANGULATION-PART III-TRIANGULATION. 575 

(b) Abstract of resulting horizo11!al dh:t·clions at ca.ch. slati1>n from local andfrom·figwe 
adjustment-Continued. 

Jlloc/10, Santa Cla1'a County, California. August 19 to October 30, 1887. so-centimetre theodolite; 
No. ns. J. ~- Lawson, F. Morse, and P.. A. \Velker, observers. G. Davidson, chief of party. 

No.of 
direc
tion. 

22 

23 

21 

Objects obsen·ed. 
Resulting direc

tion from station 
adjustment. 

0 II 

Approxi-
111ate prob
able error. 

II 

Azimuth Mark o oo oo ·ooo ±o ·os6 

Reduction 
to sea 
J.,vel. 

II II II 

Rou~d Top 66 13 15 _"043 o ·136 +o ·220 is ·263 -o ·018 

Mount Conness 94 34 26 ·624 o ·o6o +o ·qo 26 ·764 +o ·196 

Santa Ana 176 18 .is ·389 o ·116 -o ·os7 4S ·332 

MountToro 203 17 21·473.- 0·132 +0·007 21·4So 

Loma Prieta 232 SS lS ·468 o ·096 +o ·072 IS ·s40 

Sierra Morena 284 31 49 ·647 o ·o85 +o "OII. 49 :6s8 

MonntTamalpais 319 22 10·160 0·1u .-0·046 10·114 -0·010 

Mount Diablo 34S . 38 23 ·364 o ·060 -·O ·076 23 ·288 -o ·176 
Probable error of a single obervation of a direction ( D. and R.) = ± 011 ·70. 

II 

10·104 

Round Top, Alpine County, Califor.nia. August 17 to October 14, 1879. 50-centimetre theodolite, 
No. rr5. G. Daviclso11, observer. 

16 

17 
I8 

19 

13 

14 

IS 

Azimuth Mark 

Mount Lola 

Moui1t Como 

Mount Grant 

Mount Conness 

0 II 

o oo oo·ooo 

.j 2s . 05 ·518 

j6 26 26 ·411 

I22 47 32·5_11 

I69. 47 29·6oS 

II 

±0·032. 

0·06:? 

0·060 

Mocho 254 03 23 ·038 o ·053 · 

Mount Diablo 270 44 49 ·863 o ·051 

II 

-0·159 

-0·121: 

+0·1S4 

-0·04~ 

-0·247 

+0·083 

+0·063 

Moun.t Helena 298. 32 16 ·332 o ·065 -o ·003 

Pine Hill 301 58 42 ·947 o ·o61 -o·oo6 

Snow Mountain East 316 57 47 ·335 · o ·047 

I/ II 

59·841 

65·397. -0·333 
26 ·595·· +o ·o6S 

.32 ·469 

29 ·361 

23 ·121 

+0·066 

+0·054 
'. +o ·216 

49 ·926 . -o "o82 

+0·024 

4~·941 

Maryville Butte 319 oo 33 ·594 · o ·069 -o ·029 33 ·565 
;probable error of a single observation of a direction ( D. anci. R.) = ± 011 ·48. 

II 

os·o64 

26·663 

32·s35 

29'.41S 

23·337 

49·844 

I6"353 

Jllo1111t Lola., Nevada County, Ca.lifornia. June 18 to July 22, 1879. 50-c~ntimetre theodolite, No. 

8 

9 
IO 

II 

12 

Azimuth Mark 

Lasseus Butte 

Pah-Rah 

Mount Como 

Round l'op 

Pine Hill 

Mount Diablo 

II5. G. Daviclson,·observer." 
0 II II !I II 

o oo oo ·ooo ±o ·043 .,-0··157 

13 22 ·,p ·494 

I I4 46 59 "230 

ljJ · IO 32 ·427 
212. ·23 00 ·222 

267 "lj 07 ·756 

271 17 SS ·376 

o·n3 

o ·074 +o ·137 59 ·367 
0 ·oS2 -o ·158 : 32 ·269 

0 ·109 -o ·136 00 ·086 

o ·oS4 +o ·039 07 ·79s 

0·059 'f-o·oj5 5s·45c 

II 

-0·247 

-0 ·041 

+0·375 

+o·:?oo 

l\'.Iomit Helena 300 07 03 ·738 o ·059 +o ·o6r 03 "i99 -o ·248 

Marysviile Butte 3r J 51 09 ·936 o ·094 +o ·016 09 ·952 

Snow· Moml.tain East· 321 · 58 · 42 ·323 · · o ·on 
Mount Linn 340 58 41 ·684 o ·086 

Probable error of a single observation of a direction (D. and R.) = ± r:i"··'o. 

,, 

59 "I20 

32·228 

00·461 

55·651 

03·551 
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' 
(b) Abstmct q.f resulting horizonftil din·ctions at each station from /oar/ andfrom _tigun· 

atij"u st men I-Conti n uecl. · 

llto1mt Co1111ess, Tuolumne County, California. August 12 to September ·s. 1890. so-centimetre 
theorlolite, No. 115. G. Davidson and J. J. Gilbert, observers. 

No.of 
direc
tion. 

24 

.25 
26 

27 
28 

Objects obsen·ed. 

Azimuth Mark 

Moc ho 

Mount Diablo 

Round Top 

Mount Grant 

Lone Mountain 

lh:snlting direc
tion fro111 station 

adjust111ent. 

0 II 

0 00 00:000 

24 52 40 751 

38 02 02 7o8 

92 16 22·174 

164 09 13·672 
216 47 OJ"9S4 

A1>proxi-
1nate prob
able erro1·. 

II 

±0·049 
o ·oSo 

0·071 

() ·106 

() ·114 
0·098 

Rcdnction 
to sea 
Je,·el. 

II 

.+0·042 

+0·004 
-0·210 

+0·219 

+0·019 

Corrections Final 
Resulting fr0tu fignre . :-iec?nds 
seconds. adjust111\!11t. 111 l~~t'i~::f.u-

II II ,, 

40 793 -o·oso 40 "743 
02 712 +0·054 02766 

21 ·964 ·-0·132 21 ·S32 

13 ·8g1 -0·269 1.3 ·622 

03"9i3 -t-o ·373 04·3~6 

Probable error of a single obser\"3tion of a direction ( D. and R.) = ± 0 11 ·70. 

Pali-Rah, \Vashoe County,. Nevada. October 9 to November 1, 1S7S. so-centimetre theodolite. No. 5. 
\V. Eimbeck, obser\'er. 

0 II II // II " 
,, 

34 Carson Sink 0 00 oo·ooo ±0°112 -O"Oi6 59·924 -0 ·341 59 ·s83 

35 Mount Como 77 55 16°780 0·108 o·ooo 16 780 +0·240 17 'O.'.!O 

36 Mount Lola 140 32 22·464 0·108 +0·152 22 '616 +0·072 22·6SS 

Probable error of a single obsen-ation of a direction ( D. and R.) = ± o"·8S. 

11!01111! Como, Douglas County, Nernda. August 14 to September 13, 1879. so-centimetre theodolite, 
No. 5. W. Eimbeck, observer. 

• 0 /I II ,, II // ll 

29 Round Top 0 00 oo·ooo ±0·074 +0·209 00 ·209 -0 ·059 00 "ISO 

30 Mount I.ala· 7c 46 23·5m 0°0j6 -0·164 2,~ ·337 +0·056 23·393 
Mount Davidson I03 37 44·337 o·oSo 

31 Pali-Rah 130 46 01 ·424 0 ·101 o·ooo OI ·424 -0·093 01 ·331 

32 Carson Sink 190 07 07 ·903 0·107 +0·157 o8·o6o -0 ·135 07·925 

33 Mount Grant :.?6o 44 .47·291 o·oSo -0·224 47·067 +0·209 47·276 
Probable error of a single observ.ltion of a direction (D. and R.) = ± 011 ·76. 

llfo1111t Grant, Esmeralda County, Nevada. October 18 to November 22, 1879. so-centimetre 
theo<lolite, No. 5. \V. Eimbeck, observer. 

0 II II II /I II II 

39 I Mount Como 0 00 00'000 ±o·o65 -0·183 59 ·S17 -o·oSr 59·736 

40 Pali-Rah 26 21 29·948 0·070 -o '122 29·826 -0·036 29 ·790 
41 Carson Sink 72 36 09 ·224 0·065 +0·130 09 ·354 -0·058 09·2¢ 

Desatoiya 94 40 54 ·247 0·095 

42 "Toiyabe Dome 126 03 3:;·966 0·075 +o·Iro 34 ·076 -0·355 33"j2I 

43 Lone Mountain 167 19 o6 "]OJ 0 ·109 -o ·154 06 '547 +0·429 o6·976 

37 Mount Conness 264 28 35·575 0·140 +0·240 35·815 +0·383 36 ·198 

38 Round Top 325 36 06·884 0·067 . -0·044 06 ·840 -0·139 06701 
Probable error of a single observation of a direction (D. and R.) = ± oll·So. 
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(b) .-lbstrad f!f rtsnlting horizo1tlal directio11s at e·ach st11ticm from local a11d from figure 
adjustment-Continued. 

Loi1.: JJI01111tain, Esmeralda Com1ty, Nevada. 
theodolite, No. 5. 

October 25 to Nlwember 22, 18&>. 
W. Eimbeck. obsel'\·er. 

so-centimetre 

No. of 
direc
tion. 

58 

59 

56 

57 

Objects obser\'ed. 

Initial Mark 

'foiyabe Dome 

Monitor 

White Pine 

Mount Conness 

Resulting direc
tion from ~talion 

adjustn1eut. 

II 

Approxi
mate prnh
ableerror. 

/I 

Reduction 
to sea 
level. 

/I 

o oo oo ·ooo ±;o ·058 

58 39 45·478 

92 22 s~• ·441 

129 38 06 ·910 

319 09 57·283 

o ·o62 +o ·066 

.0·074 

o ·080 +o 'O<)O 

o ·33s +o ·016 

Corrections seFcoin
1
a
1
,
1
1_. 

Resulting from figure . . . 
seco111is. adjustnient. 111 tr1?11gu

latlon. 

!I I/ II 

45 ·544 -o ·219 45·325 

07 ·ooo +o ·Gos 
57 ·299 -o ·225 

Mount Grant 349 23 04 ·021 o ·078 -o ·197 03 ·S24 -o ·300 

07·6o5 

57·074 

03·524 
Probable error of a single ohsen·ation of a direction ( D. and R.) = ± 0 11·58. 

Carson Sink, Churchill County. Nevada. June 20 to July 29, rSSo. so-centimetre theodolite, No. 5. 
\V. Eimbeck, obsen·er. 

44 

45 

47 

Azimuth Mark 

Mc.unt Callahan 

Desatoiya 

0 II II ll 

o oo oo ·ooo ±o ·050 

83 14 57 ·950 

121 rs 06·574 

o ·059 +o ·054 

o·o62 

,, ll 

58 ·004 -o·ogo 

Toiyabe Dome IJS 10 30 ·24J o ·o66 -o '2J5 30 ·ooS -o ·099 

Mount Grant 204 _T 5 04 ·478 o ·054 +o ·163 04 ·641 +o ·096 

Mount Como 241 or 38 ·655 o ·050 +o ·156 JS ·Su -!-o ·005 

Pah-Rah 283 4S 37 ·956 o ·070 -o ·071 37 ·$85 +o ·087 
Probable error of a single observation of a direction ( D. and R.) = ± 0"·5r. 

II 

57·914 

29·909 

04·737 

37'9i2 

Toiyab~· Dome, Nye County, Nevada. August 25 to September 22, 188o. so-centimetre theodolite, 
· No. 5. \V. Eimbeck, observer. 

53 

.54 

55 

49 

50 

0 ,, ,, 
Azimuth Mark (Ophir) ~' oo oo ·ooo ±o ·041 

Mount Callahaii 

Diamond Peak 

White Pine 

J~one Mountain 

Mount Conness 

Mount Grant 

Carson Sink 

6 oS OI ·S52 

4J 55 59 ·428 

95 30 43·057 

174 30 45 '022 

228 02 s7·450 

24J sS 57·407 

J04 2j 30 784 

0·071 

o·o6o 

0·074 

0·043 

0·335 

+o ·131 

+0·198 

-o·qo 

+0·050 

+o ·214 

0 '05 I +o ·098 

O 'Oj6 -0·179 

'·' 

01 ·9SJ 

S9 ·626 

42·917 

,, 

-o ·243 

-0·244 

-0·047 

45 ·072 +o ·15s 

57 •664 -o ·014 

57 ·505 

30·605 

-j-0 "J34 

+0·022 

Probable error of a single obsen·ation of a direc;tion (D. and R.) = ± 0"·5S. 

,, 

01 '740 

59 'J82 

42 ·870 

45 ·227 

s7·650 

57·839 

30·627 

1lI01111t Catlalia11, Lander County, Nernda. June 29 to July 2~. 1881. so-centimetre theodolite, No. 
5. W. Eimbeck, observer. 

60 

61 

62 

Azimuth Mark 

Diamond Peak 

Prospect Peak 

Monitor 

Toiyabe Dome 

Desatoiya 

0 II II II 

o oo ob ·ooo ±o ·066 

68 OJ 52·686 

79 27 oS ·245 

132 47 00 782 

170 05 I l ·98J 

2 II 46 53 '790 

0·046 

0·077 

o·os9 

-0·057 

o ·058 +o ·149 

o·o6cj 

,, ,, 

52. 629 -o ·157 

12·132 

Carson Sink 233 29 35 ·431 o ·054 +o ·041 35 ·472 -o ·109 
Probable error of a single observation of a direction ( D. and R.) = ± o"· s r. 

18732-No. 4--37 

II 

12 ·399 
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(b) Abstract ef resulting horizontal directions at eaclt station from local and from jz"gure 
adjustment-Continued. 

Dia111011d Peak, Eureka County, Nevada. August 25 to September 30, 1881. 
W. Eimbeck, observer. 

so-centimetre theodolite, 

No. of 
direc
tion. 

Objects observed. 

A:>.imuth l\iark 

63 Ibepah 

64 Wheeler Peak 

65 White Pine 

Monitor 

Toiyabe Dome 

Mount Callahan 

No.5. 

Resulting direc
tion from station 

adjustment. 

0 II 

Approxi
mate prob
ablet"rror. 

II 

Reduction 
to sea 
level. 

II 

o oo oo ·ooo ±o ·oSr 

82 44 I4 ·498 o ·102 +o ·oS3 

ll9 24 33 ·338 0 ·076 -o ·2oS 

17r 36 03·932 o·o62 -o·oSs 

221 08 25 ·964 

24r or 37·281 

281 12 45 ·253 

o·o65 

o ·o62 +o ·210 

0 ·070 -0 ·059 

Corrections Final 
Resulting from figure . sec?mls . 
seconds. adjustment. m l;~r~:f."-

II II 

q ·58c -o ·259 

33 ·130 -o ·033 

03 ·847 +o · 161 

37 ·491 +o ·084 

45 ·194 -0 ·004 

II 

I4 ·322 

33 ·097 
04·oo8 

37·575 

45 ·190 

Probable error of a single observation of a direction ( D. and R.) = ±. 0 11 ·70. 

IV/iite Pi11e, Nye County, Nevada. N o,·em her 3 to December q, 188r. so-centimetre theodolite, 
No.5. \V. Eimbeck, obsen;.,r. 

0 •II II II II II II 

1 Reference Mark 0 00 oo·ooo ±0·095 

68 Lone Mountain 49 IO 41 "3IO 0·086 +0·064 41 ·374 -0·162 41 ·212 

69 Toiyabe Dome 79 12 55 ·217 0·139 -0 ·157 55 ·o6o +0·136 55 ·196 
Mo11itor 89 50 06·915 0·094 

70 Diamond Peak 138 13 31 "{OI O"I02 -o·o82 31 ·619 -o ·rSo 31 ·439 I Dnok~t" 155 or 34·934 0·090 

71 Wheeler Peak 203 14 oS·918 o·os8 +0·255 09 ·173 +0·163 09·336 

72 Pioche 254 57 46·943 0·094 -0·095 46·848 +0·065 46·913 

Probable error of a single observation of a direction (D. and R.) = ± 0 11 ·90. 

TVllt'cler Peal.:, \Vhite Pine County; Nevada. November 5 to November 23, 1882. ~<\ugust 3 to August 
5, 1883. 50-ce11timetre theodolite, No. 5. W. Eimbeck, obserYer. ' 

0 I! II II II II II 

I Reference l\fa1 !~ 0 00 oo·ooo ±0"065 

75 Ibepah 31 20 23·~20 0·093 +0·157 23·377 -0·268 23 ·109 

76 I Mount Nebo 78 03 32 ·172 o ·077 +0·176 32·348 +0·498 32·846 

77 Tushar 121 44 ro·SS5 0·118 -0·16o IO 725 -0 ·533 IO"I92 
Beaver 122 33 02 ·875 0·088 

78 

I 
Pioche 179 47 3$·224 0 "IOI -0·071 38 ·153 +o ·253 38·406 

73 White Pine 246 18 32 ·226 0·0S7 +0·215 32·441 -o·oos 32 ·433. 

74 I Diamond Peak 309 07 05·722 0·096 -0·177 05 ·545 -0·036 05·509 

Probable error of a single observation of a direction (D. and R.) = ±o''·70. 
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( b) Abstract of resulting liorizontal diri::ctions at eacli station from local a1Zd from _jl"gurc 
adjustm.ent-Contin~ed. 

T11slia1·, Piute County, Utah. August 28 to September 22, rS85. 50-centimetre theodolite, No. 5. 
· \\'. Eimbeck, observer. 

No. of Resulting clirec- Approxi- Reduction Corrections Final 
Resultiug seconds di rec- Objects obsen•ed tion fro1u station mate prob- to sea seC'Onds. from figure in triangu-tion. adjustment. able error. le,·el. adjustment. ' lation, 

0 II II I/ II I/ II 

Beaver 0 ()() oo·ooo ±0·050 
82 Pioche 27 52 18·203 0·082 +0·107 18·3ro +0·086 r8·390 
S· ·' \Vheeler Peak 67 r7 12 "!02 0·120 -0·182 I I ·920 +0·370 12 ·290 
84 Ibepah 96 32 40·0S1 0·086 -0 ·244 39 ·837 -0·392 39 ·445 
85 Mount Nebo 155 33 43 ·049 o·oS6 +0·155 43'·204 -0·002 43·202 

Wasatch 182 45 IO '28! 0·0':>3 +0·22S 10·509 
Mount Ellen 238 41 J6 ·332 0·074 -0"!02 36·230 

Probable error of a single observation of a direction (D. and N.) = ± o'1 ·6S . 

.Pioclic, Lincoln County, Nevada. Si::ptemher 6 to September 25, t8S3. so-centimetre theodolite, No. 5. 
\V. Eimbeck, ohsen·er. 

0 II II I.I I/ II I/ 

Azimuth Mark 0 00 00'000 ±o·o6o 

79 White Pine 91 II 42 ·us o·o6r -0·129 4! ·989 +0·170 42 ·159 
So Wheeler Peak 152 57 44·528 0·058 -0"!06 44·422 -0·320 44 ·102 
81 Tushar 235 30 04·866 0·073 +0·156 05·022 +o ·167 05 ·189 

Probable error of a single obsen:'ation of a direction ( D. and N.) = ± 0"·53. 

Pilot Pmk, Elko County, N1::vada. July s to July 22, 1889. 50-c1::ntimdr1:: tht:odolilt:, No. 5. W. 
Eimbeck, obsen•er. August 7 to August 18, 1892. so-centimetre theodolite, No. . 5. P. A. 
\Velker, observer. (W. Eimbeck, chief of party.) August 6 to August 17, 1897. 50"centimetre 
theodolite, No. 5. P. A. Welker, observer. 

Correc-
Approxi- Correc- ti on . .; Final 

No.of Resulting direc- mate Reduc- Result- tions from base- seconds 
di rec- Objects obsen·ecl. tions fron1 station proha.hle tion to ing Crom base- nt:t and in 
lion. adjustment. st:a le,·d. seconds. m:t ad- figlll"\: triangu-error. 

ju~tment. adjust- lation. 
uu::nt. 

0 II // II // // // // 

Azimuth Mark, 1889 0 QI) oo·ooo ±o ·049 
Reference Mark, 1892 0 ()() O::! ·534 *0·055 

and 1897 
Cache 2 19 22·749 *0·089 
Oxford 36 43 40·495 *o ·151 
Promontory 64 26 05 "747 *0·065 +o ·055 05·So2 +o ·198 o6·ooo 

Ogden Peak 70 34 24·955 r .. o ·0661. +o ·043 
\wo·o54J 

24·998 -0·145 24·853 

Antelope 79 13 44·735 *3"074 -o·ooS 44·727 +0·038 44·765 
Deseret !03 56 04·921 0·054 -0 ·169 04 "752 -o·o82 04·670 
l\'lount Nebo III o6 37·692 o·o69 -0·210 37·482 +0·021 37·503 
Ibepah 161 37 22 ·197 o·o69 -o ·047 22·150 -0·030 22·120 

89 \Vheeler Peak 172 37 22·903 0·075 +o ·045 22 ·948 +o ·104 23 ·052 

Mean o·ooo 

Probable error of a single observation of a direction ( D. and R.) = ± 0 11 ·57. 

*The directions marked by a* star depend on the probable error± 0"·054 of Ogden Peak during the second and 
third occupations. 
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( b) A bstracl 1?f resulting. liorizonta/ directio11s at tacli stali<>n _(iwn /1>m/ and from_figun· 
adjuslmc11t-Co111pleted. 

Ibl'jJa/1, Juab County, Utah. August 23 to September 2i, rS-i9. so-centimetre theodolite, No. 5. 
W. Eimbeck, obsen·er. 

Correc-
Approxi- Carree- tions I•inal 

No. of Resulting dircc- in ate Rednc- Result- ti on:::. from base- seconcls 
di rec- Objects obser\"ed. tions front station probable tion to: ing from base- net and in 
tion. adjnstn1ent. sea le\"el. seconds. n(,t ad- figure triangu-

~rror. jm~tment. adjust- lation. 
111ent. 

0 II II ,, ,, ,, II ·" 
Azimuth Mark 0 00 oo·ooo ±0·045 

Ogden Peak 2s 43 47 ·1s9 0·092 +0·1Si 47·346 +o·or3 47·3s9 
Deseret 34 55 4r ·025 0·089 +0·200 41 ·225 -0·192 41 ·033 
Mount Nebo 67 43 04 ·124 0·071 +o·oor 04 ·125 +o ·097 04 "2.'.!2 

86 Tushar 117 31 04·2So 0·077 -0·237 04·043 +0·262 04·305 

87 Wheeler Peak 177 S2 34''54S o·oSS +0·166 34 '711 +o·os1 34·762· 
.88 Diamond Peak 238 S9 34·992 0·082 +o·o64 35 ·os6 -0·164 34·892 

Pilot Peak ··~ ._,_,_ os 10 ·271 0·086 -0·042 10·229 +0·082 IO ·311 

Mean 0'000 

Probable error of a single observation of n direction ( D. and /\'.) = ± 011 ·62. 

ll/01111! 1\Tcbo, Juab County, Utah. June 16 to July 29, 1887. so-centimetre theodolite, No. s. 
\V. Eimbeck, observer. 

0 II II " " 
,, II 

Azimuth Mark 0 00 oo·ooo ±0·046 

Patmos Head 99 26 42 ·277 o·og6 -0·096 42 ·181 

\Vasatch rss r • _,, 16·so'3 0·091 -0·137 16·371 

.90 Tushar 194 36 40·046 0·090 +o ·1s5 40·201 +0·227 40·428 

I Scipio* 213 sr 58·848 +o· 1S8 s9·036 

91 Wheeler Peak 242 40 45·694 0·07s +o ·178 4s·S72 +o·os9 45·931 
Ibepah 26s 48 49·s27 o·oSo -O'Oll 49 's16 -0·147 49·369 
Pilot Peak 299 41 13 "I02 0·070 ·-0 ·199 12 ·903 +0·051 12·852 

Deseret 309 18 29·821 0"I12 -o ·219 29·6o2 -0·133 29·469 
Onaqui* 31s 22 s2·os6 0·070 -o ·176 s1 ·880 

Oquirrh* 332 4S 19·604 0'·066 -0·12s 19·479 

Ogden Peak 3SO SS 13 ·s27 o·o63 -0·024 13·503 +0·330 13·833 

Draper* 3S3 14 4S ·190 0·097 -0 ·ooS 45 ·182 

Mean () '000 

Probable error of a single observation of n direction ( D. and R.) = ± o"·6r. 

\Veights to the individual directions entering into this triangulation were introduced 
as explained in Part I and exemplified in the adjustment of the Yolo Base Net. 

In the present case we have the number of directions = 91, the number of triangles 
= 30, and the average value of the probable error of an observed direction as found by 
station adjustments e.= ± o"·oso; also the same derived from the closing errors of the 
---·------------

*Subordinate stations. 



Coast and C:eodetic Stirrey-Tran.•continental Triangulation No. 48 

STAT IO N AT IBEPAH , UTAH, SHOW IN G PROTECT ION OF IN STRUMENT. 

Altitud e, 3,688~ meters or 12,101 fe et. 
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triangles or t'1= ± 0"·20; hence t'~ - c: = 0·033 6, and the relative weight to a direction 

"+ 2
5 , where 25 is a convenient multiplier which renders a large portion of the 

e; 0·033 6 · 

weights equal to unity. 
Respecting the scheme finally selected, the station Macho was admitted into it as 

an auxiliary to assist in crossing the wide valley between the Coast and the Sierra 
Nevada ranges. The triangle Mount Diablo, Mount Tamalpais, Mocho is very well 
measl1red, and the main triangulation is well rounded off with Mount Diablo as a central 
station. 

(c) Figure t~d_justment. 

O/is,·n'<1li1m ,·qualio11s. 
Nr1. 

I 0=-0·275- (4)+ (7)-·(20)+(21) 

2 0=+0·535-f- (1)- (5)-(11)-f-(12) 

3 o= - 0·295 + (2) - (6) - (14) + (15) 

4 o=+r·oS4- (5)+ (6)-(10)+(12)-(15)-f-(16) 

5 0=+0·101- (2)+ (4)-(
0

1.~)+(14)--(21)-f-(22) 
6 o=-0·059- (2)+ (3)-f-(14)-(19)--(25)-t-(26) 

7 o=-0·134- (.ll+ (4)-(2!)+(23)--(24)-f-(25) 

S o=-0·932- (9) + (10)- (16) + (17)-·(29) + (30) 

9 o=+o·rn- (8)+ (9)-,..-(30)+(31)-(35)-f-(36) 

JO O= -f-0·211 - .( 17) -f- (18) -f- (29) - (.)3) -- (3$) -f- (39) 

11 0= -0·276- (32) -J- (33) - (39) -f- (41) - (46) -f- (47) 

12 0= -0·622 - (31) -f- (32) - (34) -f- (35) - (47) T (48) 

13 o= + 0·673- (18) + ( 19) - (26) + (27) - (37) + (38) 

I4 0=+0·414-(41) + (42)-(45) + (46)--"(49) + (50) 

15 o= - 1 ·043- (42) + (43) + (49) - (54) - (57) -1- (58) 

16 ·o= -0·522 - (27) + (28) + (37) - (43) - (56) -1- (57) 

17 O= -f-0·651 - (44) -f- (45) - (50) -f- (51) -- (61) -f- (62) 

18 o=-o·.)34-(51) + (52) - (6o) -1- (61) -- (66) + (67) 

19 u= - l ",324- (53) + (54) - (58) + (59) - (68) + (69) 

20 o= +0·195°-(52) + (53) - (65) + (66)-(69) + (70) 

21 o= -0·510- (64l + (65) - (70) + (71 l - (73) + (74) 

22 o= +0·848- (71) + (72) + (73) - (78) - (79) +.(So) 

2,"\ o= - r557-(7il + (78) - (So)+ (81)-- (82) + (83) 

24 o= +0·222- (63) + (64) - (74) + (75) - (87) + (88) 

25 O= -f- 1"573- (76) -f- (77) - (83) -f- (85) - (90) + (91) 

26 0=-0·759-(75)-l-(76)+(87)-(91) 

27 o= -0·424- (84) + (85) + (86) - (90) 
28 o= + 4·93 -· 1·49(6) - 4·77(7) - ro2(13 i + JI"02(q) -- 4·00(15) -4·27(20) + 4·62(21) -- 0·35(22) 

29 o= -f- 1"83-1-4·64(1) - 4·92( :?) - 4"87(5) -f- 6·36(6) - 1·19( IO) -1- 1"27( II) - 0·08( 12) 

30 O = - 3·59 - o· 27( 2) -J- I ·32(3) - !"~5(4) -J- 7"2J(13) - 7"02( 14) .:__ 0":?1 ( 19) - 8· 13( 24) + 9"01 (25) 

-0·88(26) 

.1 I 0 = + o·6o- 4·64( I) -1- 9·19(2) - 4·55(3) - 2·58(9) + 3·85( 10) - n7( II) - I ·52(25) + 2"2I(26) 

-0·69(27) +0·35(29) -0·69(30) +0·34(33)- 1"!6(37) +4·::q(38) -3·08(39)· 



UNITED STATES COAST AND GEODETIC SURVEY. 

(c) Figure adjustme11t-Co11ti11ued. 

Observation cq11atio11s-- Completed. 
No. 

32 o= + 1'97 - 1'30(8) + 3·88(9) - 2·58( ro) -0·81( 16) + 2·82(17) - 2·01(18) +4'8o(3-1) -4·So(33) 

+ r09(35) - ro9(36) -3·08(38) + i2·13(39) -9·05(40) 

33 o = - r66- 4·So\31) + 4·So(3,~) - 0·45(34) + 0·45(35) - 8·39(39) + 9·05(40) - 0·66(41) 

34 o= +·0·33 - 2·01(17) + 3 ·97( 18) - r96(19) - 0·69(26) + 2·30( 27) - r61(28) + 0·34(29) 

-0·74(32) + 0·40(33) - 0·93(45) + 3·.75(46) - 2·82(47) + l •98(49) - 1'19(50) - 079(54) 

-3·61(56) +4·41(57) -o·So(58) 

35 O = + 8·55 + 1'61(27) - I •61(28) - 4'J8( 37) + 4·38(42) - 10'97(49) - 0·79(54) + Iq6(55) 

- 3·61(56) + 4·41(5iJ .-o·So(5Sl 

36 O= + !'22 - r56(41) + 3·96(42) - 2·40(43) -- 1·48(44) + 2·41(45) -0·93(46) -0'8o(57) 

+ 1'52(58) -0·73(59) + 0·45(60) +0·61(61) - 1·05(62) -0·79(65) + 3·28(66) - :q9(67) 

i --3·64(68) +4'91(69) - n7(70) 

371 0 = - 3 '72 -- 2·83( 63) + 4"46( 64) -- l '63( 65) -0·98( 70) + 2·64( 71) - I ·66( 72) - l '1,~( 79) 
+ 1·41(So) -0·28(81) - 2·56(82) +6·32(83) -3·76(84) - 1"20(86) + 2·36(87) - T'T6(88) 

38 I o = - q2 + 2·00( 75·1 - i·98(76) -0·02(nl + 3·76(83) - 5·02(_84) + n6(S5) + 0·72(901 

-4·93(91) 

39 o = -3·34- 1·98(75) + 1·98(76) -7"97(87) + 18'8o(89) + 4·93(91) . 

40 o = - s·55 __: 4·55(2) + 4·55(3) - r49(6) + 4·00(14) - 4·00( 15 l - l ·96(18) + r96(19) 

···I~ 
-i-

(!) 11 ·o 
(>"I I "I 

(31 0·9 

(4) I 1 ·o I 

+ 1·52(25) - r52(26)- r61(27) + r61(_28) + 1'16(37) - n6(38) - 2·40(42) + 2·40(43) 

-0·79(49) - r67(52) + r67(53) +079(5.J.) +3·61(56) -3·61(57)-0·73(58) +0·73(59) 

- 2·83(63) + 2·83(64) + 079(65) - 0·79(66) + 3·64(68) - 3·64(69) _:_ 0·98(7o_i + 0·98(71) 

+ ro8(n) -ro8(74) - 1·98(75) + 1·98(76) + l'I6(87) - I'I6(SS) +4·93(91) 

Corrda/,, c-q11atfo11s. 

C1 Co c, c"" Cs Cr; C; Cg c,, C10 C13 C2s C29 C30:· C:u C32 C3.: 

+1 +4'64 -4·64 

+1 -·I -I -4 ·90 -0·27 +9"19 
+t -I +1 •32 -4·55 

-I +r +1 -1·05 

(5) 1 ·o I ... -I -I .... . ... . ... -4·S7 
(6) I "O -I +1 -1·49 +6•31) 

(;) 0·9 +1 -4 ·;7 
(8) I 'O ··I -I ·30 

(9) I "O ···I ·!I -2·58 +3'88 
(lo) I "I -I .. ·ti -r·19 +3·85 -2·58 

(II) 0·9 -I +r·27 -I ·07 

(12) 0·9 +1 +1 -o·os 
(r3) 0·9 ....:1 -7·02 +1·23 
( 14) 0·9 -1 +1 +1 +u 'OJ .. -7·02 

(rsJ 0·9 +1 -I .... --:4 ·oo 

(r6) 0·9 -H ·-I -0·81 

(17) 0·9 +'1 I +2·82 -2·01 

(18) I "O ·1 J -1 -::!'01 +3"97 
(19) I "O -1 +1 -0·21 -1·¢ 
(Jo) 1·r -I -4 .,, 

(21) 0·9 +1 -1 -CI +.i·03 
(20) I ·3 +1 -0·35 
(23) 0·9 +1 

C~o 

-4·55 

+4 ·55 

1·49 

-t-4'00 
-4·00 

-1·¢ 

+1·¢ 
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(c"> Figure· atijustmmt-Continued. 

Corrdate <'quatio11s-Conti11ued. 

"· I ~ J Co c, Cs Co C10 Cu C10 Cx3 C14 Cxs Cr6 c,, C30 C31 C32 C33 C~4 C35 C36 C40 
f I -,-1 (24) I "O -I -s·13 

(25) l "O 1-1 +1 +9"01 -1 ·52 +1·5z 
(:!6) 1·1 +1 -I -o·ss +z ·21 -0·159 -I",5.? 

(27) I".? +1 -I -0·69 +2"30 +1·61 -1·61 
(28) l"l +1 •••• -I "61 -I "61 +1·61 
(2'}) I ·a -I +1 +o·.).5 +0·34 
(30) 1 ·o +1 -I -0·69 
(31) 1·1 +1 -I +4"8o -4·80 

(32) !'I -1 +1 -0·74 

(33) 1 ·o ... ... ... -I +1 ... . .. ... . .. +0·34 --4·So +4 ·So +0·40 
(34) l "2 -1 -0·45 
(:;s) 1·1 -1 +1 +1·09 +0·45 
(36) 1·1 +1 -1·09 

(37) I ·3 -I ·I I -1·16 -4·38 +1·16 
(38) 1 ·o -I +1 .•.. +4 ·24 -~·as .... -1·10 

(39) 0·9 +1 ·-I -3·o8 +12·13 -:-:.·.w 
(40) J 1 ·o -9·05 +g·os 
(41) I 0·9 +• -I -0·6~ -1·56 
(4>) I "O +1 •. I +4"3S +3·¢ - z·40 
(43) 1·1 ... ... ... ... +1 -1 .... -z ·40 +2 •40 

(44) 0·9 -I .-1 ·48 

(45) 1 ·o ·-1 +1 -0·93 +2°41 
(46) 0·9 -1 +1 -• ·s2 +3 ·75 -0·93 
(47) 0·9 +1 -I +s·10 -2·S2 

(48) 1 ·o ... ... ... +1 ... . .. . .. -2·2S 

Co1-,.datc cq1iatio11s-Continued. 

I 2~ Cx4 Cxs C16 c,, Cxs C19 C:::" c., Coo C24 C34 C35 C36 C37 C40 'l'. 
I p 

(49) 0·9 ·-I +1 +1·08 -IO '97 -0·79 
(50) I ·a +1 -1 -1·19 

(51) I "O +1 -1 

(52) 0·9 +1 - -1·67 

(53) I "O +1 +1 ·67 
(54) 0·9 -I +I -0·79 - 0·79 +079 
(55) 3·6 +II •76 

(56) 3·6 -I -3·61 - 3·61 +3"61 

(57) I 'O -I +1 +4"41 + 4·41 -o·So -3·61 

(58) 0·9 +1 -r -o·So - o·So +1·52 -0·73 

(5~1) l "O +r -O"i3 +0·;3 
(60) 0·9 -r +0·45 
(61) •)'9 -I +1 +0·01 

(62) 0·9 +1 -1·05 

(63) ,., -1 -2·83 -2·83 
(64) 1 ·o -·l +t +4"46 +2·83 
(65) 0·9 -·I +1 ·-0·79 -1·63 +0·79 
(66) 0·9 -I +1 +3"28 -0·79 
(67) 1 ·o +1 -2·49 
(68) 1 ·o -I -3·64 +.1·64 
(69) 1 ·3 +t -I +4"91 -3·64 
(70) ,., +1 ... I -1 ·27 ·-0·98 -0·911 
(71) I r ·a +t -I +>"64 +0·95 
(i2) , I "I +1 -1·66 
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(c) Fi'gztre ai(justmmt-Continued. 

Cori·clate t'q1111tio11s-Completed. 

125 c .. Coo Co~ Co, Cos C.,.; Co7 C3i C~s C39 C40 'l'. ,.-

I;.~) 1 ·o -I +1 +1·08 

(74) 1·1 +1 -1 -1·oS 

(75) 1·1 +1 -I +2"00 - 1"¢1 -1 ·9s 
(;6) I"O -l +1 -l "98 + 1"98 +i·9s 
(nl I "2 -·l +1 -0"0.l 

(7S) l"I -I +1 
(791 0·9 -I -I '13 

(So) 0·9 4-l -r +1·41 
(81) l"t) +!' -o·is 
(82.1 I\) -l -J",56 

(83) I".? += -I +6·32 +.:n6 
(84) l "O -1 -376 -5·0~ 

(85) I "O +1 +1 +1 ·26 

\SIS) , . ., +1 -1·20 

(S;l I "O --·l +1 +2·~;6 - ;·97 +1·16 
(SS) I ·o +1 -1·16 -1°16 

(591 I 1 ·o +1s·so 
(90) l "O -I -1 +0·7.? 

(91) l "O +1 -I -4 ·93 + 4·93 +4 •93 

}\l1.>r111a/ ,-q1wtio11s. 

C, c. C3 c. Cs c6 C1 Cs C9 C1., c .. c .. C,3 

I 0=-0·275 +3'9 -I ·9 -T ·9 

2 o=+o ·535 +3·8 +r ·9 

3 0=-0·295 +3"9 -I '9 -2·0 --2'0 

4 o=+I ·oS4 +5·s -2·0 

5 0=+0·101 +6·1 +2"0 +r ·9 .... ... 
6 0=-0·059 +6·o -1 ·9 -2·1 

7 0=-0·134 +s 7 
8 0=-0·932 +s·9 -2·0 -r·9 

9 0=+0·111 +6·3 -2'2 

IO 0=+0·211 ..... .... +s·S -I ·9 -2·0 

II 0=-0 ·276 +s7 -2'0 

12 0=-0·622 +6·4 

13 I 0=+0·67;; +6·6. 
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(c) Figure adjustment-Continued. 

1Vormal cq11atio11s-Conti11uec1. 

C,4 C,s Cze. C,; C,a C,9 C.., C:, C:. C:3 c.4 Cos C"" 

II 0=--0 "2j6 -I ·8 

13 0=+0·673 -2·s 

14 0=+0·414 +s 7 -I ·9 -2·0 

IS 0=-I "043 · +s·8 -:2"1 -1·8 

16 O=-o·s22 +9°3 
Ij <r=+o ·651 +s "7 -I ·9 

18 0=-0·334 +s·6 -r·S 

19 o=-: ·324 +6·1 -2·3 

20 O=-j-0 "19S +6·1 -2·0 

21 o=-o·s10 +6·1 -2·0 -2·1 

22 0=+0·848' +G·o -2·0 

23 o=-I ·ss7.I +6·4 -2·4 

24 o=+o ·222 +6·3 -2·1 

2s 0=+1 ·s73 +6·4 -2·0 

26 o=-o 7S9 .... -t-4 ·1 

. VtJnmll .cq11nlio11s-Contim1ed. 

c.1 c~ C09 C3 .. .., c,, C32 c,, 

o=--o ·275 + 4 ·56 + I "OS 
2 o=+o·s35 + 8·30 - 3·so 

3 o=-0·295 -12 ·03 -II ·77 + 6°02 +1c1"II 

4 0=+1 ·084 + 2 ·11 +12 ·47 - 4 ·24 -+- 2 ·u 

s o=+o ·101 +n ·62 + s ·41 -13 ·ss -IO "II 

6 o=--o·os9 + 9·92 + 5 ·41 -14 ·60 -10·25 

7 o=-o ·134 l - 4 ·16 +14 "<)O + 2·ss 

8 o=-0·932 - I ·31 -+- s·78 - 3·45 

9 o=+o·n1 -- r ·89 + s·o6 - 5·78 
IO 0=+0·2rr - 7 ·cv::i +14 ·2s -12 ·35 
II o=-0·276 + 3 ·11 -rs 72 +1s·ss 

12 o=-0·622 - 4·oS - o·s6 

13 o=+o ·673 + o·-j6 + 2·49 -- I ·07 

'4 0=+0·414 - I •94 

16 o=-0·522 - o·6S 

25 o=+r ·573 +2·0 

27 o=-0·424 +4"0 
28 0=+4·93 -t230 ·17 - 9·48 -115 ·30 

29 o=+I ·83 -tn5 ·34, + I ·46 --n 76 + 3·38 

36 o=-3 ·59 +242·32 . -2.1, ·97 

3r o=+o.6o +194 71 -69·25 +24°89 

.32 0=+1 ·97· +3I0"66 -221 ·34 

33 0=--1 •66 +230"26 
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<.c) rigurt· adjust111cnt-Completed. 

1Vor111al eq11a/io11s-Completed. 

C3, C~s c,6 c., c,. Cio C4., 

310=-0·295 --IO "]2 

41 o=+r ·o84 ' 2 "II -,-

5 0=+0·101 + 8·60 

6 ! o= --o ·059 + T "20 + 7·55 

7 j o=-0·134 
' 

-- 2·58 

S ! o=-o ·932 2 ·15 

10: 0=+0·211 ..L. 5·72 - o·So 

i o=-0·276 
' 

n -- 4·70 - 0·57 
I 

12 I 0=-0 ·622 + 1 ·72 

13 \ o=+o ·673 - 2·41 + 7 "6.~ + 0·99 

I..I o=+o·.414 + l . ., +14 ·25 + 2 ·12 - r 0 69 _,_, 

IS I O=- I ·043 - :2 ·64 -rs ·67 - 4 ·43 + 6 ·57 
16 0=-0·522 +12 ·ss + s "()! + I ·$4 -14·04 

Ii I o=+o·6sr + 0·26 + 2 ·25 

181 O=-o "334 - 5·30 - 0·79 

19 0=-r ·324 ' 0"01 + o·or + i ·92 - 7·94 -r-

20 o=+o·.195 - 4 ·12 I· u ·39 + 5 ·40 
21 O= -O ·510 + 0·69 -- ::! "2! - 2·33 

2:! 0=+0·848 - 2 ·1S f- O"IO 

2· 0=-1 ·557 ..L S·w + 4·54 _, 
' 

:2~ I o=+o "2:?:! + 4·05 + 2·20 + 5 "79 + 2·63 

2~ I 0=+1 ·573 - 7·58 - 6·95 + 2·95 -1- 2·95 ' 
26 0=-0·759 + 2·36 + 0·75 - 8·74 +·o··_,,9 

27 o=-0·424 + 2·56 + 5·56 

28 0=+4 ·93 +56 ·29 

29 o=+i·s_,, 
I 

+rs·15 

30 0=--3 ·59 -;- 1 ·oS - 376 
31 o=+o·6o - 3·33 ·+ 5·27 -75 ·97 

32 o=+z ·97 · -15 ·oo + 7 ·51 

33 0=-I "66 -20·54 + 3·29 

34 0=+0·33 +126·96 +55 ·2s -10·00 -82 ·04 

35 o=+S·55 +123 •76 +12 ·72 --78 ·rs 

36 o=+r ·22 +roo ·34 + 2·53 -52 ·49 

37 0=-3 72 +122 ·rs +47 ·39 -IS ·Sr +2S,'OO 

38 o=-r "72 +16·90 -32 ·5S -32 ·58 

39 ::>=-3 ·34 +449"50 :t23 ·29 

40 o=-8·55 +26r ·61 
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C,=+0:226 6 

c.=--o ·223 s 
C3=+0·532 S 
C4=--o ·044' 6 

C5=-0·03r 7 

C6=+o·r34 3 

C7=+0·21S 1 

c~=+o ·263 s 
C9=+0·14S 5 

C,a=+o· 129 T 

,, 
(1)=-0·229 3 

(z)=-o ·057 5 

(3)=+0-·322 9 

(4)=-0·018 4 

(5)=-0·142 I 
(6)=-0·246 6 

(7)=+0·422 r 

(8)=-0·247 3 

(9)=-0·041 0 

(10)=+0·375 3 

(rrl=+o·200 r 

(12)=-o ·247 6 

(13)=+0·215 7 
( i4)=-o ·082 3 

(15\=+0·023 6 
(16j=-o ·333 o 
(17)=+0 ·o67 9 
(18)=+0 ·o66 ;:. 

( 19)=+0 ·053 6 

(20)=-o ·009 7 
(2r)=-0·175 9 

(22)=-0·018 I 

(23)=+0·196 3 

Rt?sultil{![ valut?s qf ct)rrdat •. ·s. 

Cn=+o ·273 6 

c .• =+o ·251 8 
C,_.=+o·oSo ,:; 

C,4=+o ·r54 o 

C,5=+o ·400 9 

c .• =+o ·254 0 

c,,=-o ·029 1 

C,s=+o ·213 4 

C,9=+o ·531 2 

Coo= +o · r69 3 

c,,=+o ·123 8 

C.,=-o ·oSS 3 

c.J =-~ () ·14r 7 

Co4=-o ·047 7 

C.5=-o ·300 S 

c...,=+0·038 3 

C,7=+o ·155 o 

Coe±-o ·05 I o 

C,9 =-f-o ·084 3 

C3o=-o ·020 74 

Corrcclio11s lo <W!rlil11rdirt?dio11s. 

II 

(24)=--0·049 5 

(25)=+0 ·053 9 

(26)=--o ·131 6 

( 27 )=--o ·269 o 

(28)=+0·373 3 

(29)=-o ·058 5 

(30)=+0 ·056 3 

(31 )=-o ·092 7 

(32)=-0·134 8 

(33)=+0·209 0 

(34)=-0·34r o 

(35)=+0 '.:?40 4 

(.~6)=+0·072 ,:; 

(37)=+0·3f:13 4 
(3S)::-0·139 4 

(39)=:._o·oS1 3· 

(40)=-o ·035 S 

(4r)=-0·058 o 

(42)=-0·354 9 

(43)=+0·429 0 

(44)=-0·089 s 
(45)=-0·099 4 

(46)=+0 ·095 6 

/I 

(47)=-r-0·004 9 

(48)=+0 ·087 5 

(49)=+0·333 7 
(50)=+0 "02[ 7 

(51)=-0·243 l 

(52)=-0·244 -r 

(53)=-0·046 6 

(54)=+0 '155 I 

(55)=-o ·014 o 

(56) =-o ·225 o 

(57l=-0·299 8 

(5S)=-o ·219 3 

(59)=+0 °60S I 

(6o)=-0·156 6 

(61 )=+o ·266 S 

(62)=-0·109 4 

(6.~)=-o ·25S S 

(64)=-q ·033 .:? 

(65)=+0·16I 4 

(66)=+0·084 3 

(67)= --o ·004 5 

{68}::--o ·162 5 

(69)=+0 ·135 6 

c,,=+o ·os.i; 5 

c,,=+o ·oi6 o 

C33 =+o ·072 04 

C34=+0·136 I 

C35=---o ·ooo 33 

C35=-J--o ·oS7 5 

C37 =--o·oSS S 

C:,a=+o 'I 13 7 

C,g=+o ·005 51 

C,"=+o ·1SS S 

II 

(70)=--0·1&> 0 

(71)=+0·162 7 
(j2)=+0·065 0 

(7.3l=--o·oos 2 

(7.:1)=-0 ·035 6 

(75)=--o ·267 6 

(76)=+0·498 ..j. 

(nl=-0·533 4 

(78')=+0 ·253 0 

(79)=+0·169 7 

(8o)=-o ".319 7 
(Sr)=+o·r66 6 

(S2J=+o·oS5 6 
(83)=+0·.no 2 

(84)=-o ·.wr 9 
(85)=-o ·002 2 

(86)=-to·26r 6 

(S7)=+0 ·05r ·5 
(88)=-o ·163 7 

(89) =-j-O 'IOJ 6 

(go)=+o ·227 4 

(91)=+0·058 7 
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(d) • .J <{justed lria mrles. Utah.. Nez1ada, and Ca/{/i>nzia . 

Correc- Spher- Spher- Distances No. Stations Observed augkg. tions. ical ical Logs. in metres. angles. excess. 
0 ,, ,, ,, II 

r Mount Lola 28 49 oS·34S -0·448 07 ·900 19·081 s ·0,32 332 s 107 728·96 l Mount Diahlo 73 06 32 769 -0·229 .32 ·s40 19·osr 5 ".BO 156 4 213 873·23 
.Mount Helena 78 05 16 ·661 +0·142 16 ·So3 19 ·oSr s "3.39 8s7 7 218 704·43 

Si 778 S7 ·243 

r Round Top 27 47 26·403 +0·106 2()·509 17 ·047 5 '0,~2 332 5 107 728·96 
2 l .Mount Diablo q- 32 05 ·482 -0 ·058 05·424 17·046 s·360 026 7 229 loo·S4 . I 

Mount Helena 54 41 18 ·cfoo +0·247 19·207 17 ·047 5 ·275 465 4 188 s66·86 

50·845 51 ·140 

( R~tld Top 96 40 rs ·471 -o ·25r ·rs ·220 14 ·4-~r 5 ·j39 857 7 218 704 ·43 
3 Mount Diablo 24 25 32 713 +0·172 32 ·885 I4 ·432 4 ·959 228 2 91 039·14 

Mount Lola s8 54 55·365 -;-0 ·175 55 ·190 14·432 5 ·275 465 4 188 566·86 

43·549 43 ·295 

' ( 
Mount Lola 87 43 6,~ "713 -0·623 63·090 16·466 I 5·3'5o a26 7 ·2~9 IOO ·S4 
Round Top 68 52 49·068 -o·,357 48 711 16·466 5·330 156 4 213 873 ·21 

Mount Helena :?3 23 57 "JOI -0'10.J; 57·597 16°466 4·959 228 2 91 039·q 

50·482 49 ',39S 

r Mocho 26 16 13 ·174 -0·166 13 ·oos 2 ·145 4 '779 637 7 6o 205·71 
s 1 Mount Tamalpais 23 47 55·965 +0·422 56·387 ~ ·q5 4·739 494 2 54 890 ·12 

Mount Diablo 129 5S S7 ·021 +0·019 57 ·040 2·145 5 ·018 315 9 I04 307·6o 

6·16o 6·435 

61 
Mocho So 34 51 ·975 +0·158. 52 ·133 8'6<}1 5·275 465 4 188 566·86 
Mount Diablo 82 43 67·395 -l-o ·039 67 ·434 8·6~p 5·277 86o 6 189 6o9 73 
Round Top 16 41 26·805 -0·298 26·so7 8°691 4 '739 494 l 54 890 'II 

26 ·175 26'()74 

7 J 
Mount Conness S4 I4 19·252 -o ·186 l9·o66 15·284 s·27s 465 4 188 566•86 
Mount Diablo 24 49 05·976 +0·3So_ o6·356 lS'284 4·989 137 4 97 s29·81 l Round Top 100 57 20·565 --o ·1,~s 20·430 1,5 ·284 s ·358 240 4 228 l6o 048 

4S '793 4s·S52 

[Mount Con~ 67 23 41 ·171 -0·082 4I ·089 IS 'S7S s·277 860 6 l89 6o9·73 
8 Mocho 28 21 l I 'SOl +9'214 II 715 1s·s75 4·989 137 4 97 s29·81 

Round Tc1p 84 15 53 ·76o +0·162 53·922 1s·576 5 ·310 407 i 204 36s·s2 

46·4,)2 46 '726 

·! 
Mocha 108 55 63·476 +0·372 63·848 8·982 5·3sS 240 4 :!28 16o ·48 
Mount Diablo S7 54 61 ·419 --0·341 61 ·078 S·9S3 5·310 407 7 204 365 ·s2 
Mount Conness 13 09 21 ·919 +0·103 22·022 s·933 4 '739 494 I 54 890 'II 

26 ·sq 26 "9"18 
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(d) • ..J.djuskd lritmgks, Utah, N~·z•a da. a Hd Cal [fcirn ia-Con tin ued. 

Correc- Sp her- Spher- Distances No. Stations. Observed angles. tion. ical 1cal Logs. in metres. angles. excess. 

II II II /! 

JO f 
Mount Como 71 46 23 ·128 +o ·n5 · 23 ·24_~ 4·359 4 ·959 228 2 9r 039 ·14 
Round Top 69 or 21 ·198 +?·401 21 ·599 4·358 4·951 &ir 5 S9 495·56 

t Mount Lola 39 12 27·817 +0·416 2S ·233 4 ·358 4 7S2 386 2 6o 5S7·94 

12 ·143 13·075 

" l Pah-Rah 62 37 05·836 -o ·168 05·668 5 ·572 4 ·95r Soz 5 89 495·56 
Mount Como 58 59 38 ·0S7 -0·149 37 ·938 5 ·571 4·936 443 9 86 386·11 
Mount Lola 58 2· 32·902 +0·206 33 ·ro8 5 ·571 4 ·933 671 6 85 S36 ·42 ·' 

J6·S25 16 714 

" \ 
Mount Grant 34 23 52 ·977 +o ·05S . 53 ·035 3·927 4·7S2 3S6 2 60 5S7·94 
Round Top 46 21 05·874 -o "002 05 ·s12 3 ·927 4 ·889 SSo 9, 77 603 ·44 
Mount Como 99 15 13 ·1.42 -0·267 12 •875 3·928 5·024 709 l ios S54 ·45 

II '993 JI ·7S2 

r Mount Grant 26 21 .30 ·009 +0·046 30 ·055 4·320 4 ·933 671 6 85 836 ·42 

13 l Mount Como 129 58 45·643 +0·302 45·945 4 ·319 5·170 715 l 148 J54 ·59 
Pah-Rah 23 39 56 ·959 4·320 4 ·889 SSo 9 77 6o3·44 

12'959 

.. j 
Carson Sink 36 46 34 ·170 -0·09r 34 '079 7·663 4·889 880 9 77 6o3 ·44 
Mount Grant 72 36 09·537 +0·023 09 ·56o 7·664 5 ·092 359 5 123 697 'JO 
Mount Como 70 37 39·007 +0·344 39 ;35r 7·663 5 ·087 382 7 122 287 ·65 

22 '714 22·990 ! C•~n s\nk 42 43 59·074 +o·o83 59 'J57 7·729 4'933 67r 6 85 S36 ·42 
15 Mount Como 59 20 66·636 -0·042 66 ·594 7 729 5·036 732 7 108 826·03 

Pah-Rah 77 55 16·856 -\-o ·5S1 17 ·437 7·730 5·092 359 5 J 23 697 'lO 

22·566 23 ·188 

,. ! Pah-R.ah 54 J5 20·477 II ·073 5·087 382 i 122 287·65 
Carson Sink 79 30 33·244 ·-0 '()<_").') 33·236 II ·073 5·170 715 I qS 154 ·59 
Mount Grant 46 q 39·528 -0·022 39 ·5o6 II ·073 5·036 732 7 rnS 826_·03 

33·219 
f Mount Conness 71 52 51 ·927 -0·137 51 790 6 ·391 5·024 709 I 105 854·45 

17 l Round Top 46 59 56·892 -O"c)I3 56·879 6·390 4·910 909 9 Sr 453·53 
Mount Grant 61 07 31 ·025 -o ·523 30 ·502 6·390 4·989 137 4 97 529·81 

19·844 19 ·17J 

r Toiyabe Dome 6o 28 33 '100 -0·3u 32 ·788 10·6So 5 ·0S7 382 7 122 287·65 
1:) l Mount Grant 53 27 24·722 -0·297 24·425 10·6So 5·052 722 1 1I 2 907 ·29 

Carson Sink 66 04 34·633 +0·195 34 ·S2S 10·6Sr 5 ·ros 779 9 128 463 ·56 

32·455 .'12 ·r141 
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(d) Adjusted triangles, Utah, Nevada, and Cal~fornia-Continued. 

No. Stations. 

f 
Lone Mountain 

19 l Mount Grant 
Toiyabe Dome 

Mount Conness 

Mount Grant 

Toiyabe Dome 

I 
Mount Conness 

2r l\'.lount Grant 

Lone Mountain 

l 
Mount Conness 

22 Toiyabe Dome 

Lone Mountain 

( 

Mount Callahan 

23 Toiyabe Dome 

Carson Sin);: 

r Diamond Peak 
24 · Toivabe Dome 

l Mo~mt Callahan 

r White Pine 

25 .l Lone Mountain 
Toiyabe Dome 

( 

Diamond Peak 

26 White Pine 

Toiyabe Dome 

J 
Wh~eler. Peak 

27 l \Vlute Pme 
Diamond Peak 

Observed angles. 

0 " 
69 r6 4I 'i:!O 

41 15 32 ·471 
69 28 12·433 

25 39 
138 24 6r ·739 

15 55 59 ·841 

52 37 5o·oS2 
97 09 :!9·26S 
30 12 66·525 

25·875 

53 32 12·592 
99 29 48".:?45 

63 24 23 ·340 
61 40 31 ·378 
54 SS J2 "0)4 

26 72:! 

40 IO 67 "703 

37 47 Si ·643 
102 OJ 19 "S03 

;q ·849 
30 02 13·686 

70 58 21 ·4s6 

78 S9 6:? ·15s 

37·297 
. 69 25 33 ·644 

59 00 36·559 
51 34 43·291 

53·494 
62 48 33 ·104 

65 00 37·554 
52 II 30 ·717 

41 ·375 

Correc
tion. 

Spher- Spher-
ical 1cal 

angles. excess. 

II " +o ·080 41 ·Soo 

+o ·784 33 ·255 
+a ·179 12 ·612 

14·96g 
+a ·738 62 ·477 

+o ·348 6o ·189 

+o ·6.p 50 724 

-o :04s 29 "22.3 

-o ·075 . 66 ·450 

" 
9·222 
9·222 
9 ·22;, 

27·66i 
5·878 
5·8j9 
5 ·s7S 

17 ·635 
8·799 

8 '799 

8·799 

26·397 
.'1.'i "i5S 12 ·143 

-o ·169 I:? ·423 L! ·143 
+o ·oo6 48 ·251 12 ·143 

36-.p9 
·-o "3i6· n ·964 8 ·69r 
·-o ·265 31 ·u3 S ·690 
·-<) "(IJ(I ,;J ·994 s ·690 

-o ·o.'39 67 ·614 
-o ·oor 57 ·64.:? 

-to ·.p~ 19 ·927 

+o ·298 13 ·984 
+o ·824 22 ·280 

+o '20.:? 62 ',357 

26·071 

8 ·394 
8 ·394 

. 8 ·39s 

25 ·183 

i2 "Si-I 
IJ "3i4 
I.:? ·873 

38·621 

-0·077 33·567 I7'i67 
-o ·316 36 ·:q:3 17 ·766 
-i-o ·198 43 ·4Sg 17 ·766 

s3·299 
-0·028 33·076 13·96.:? 

to ·343 37 ·897 13 ·¢1 

+o ·195 30 ·912 i3 ·962 

41 ·885 

Logs. 

s ·ros 779 9 

4 ·957 002 6 

s ·109 327 4 

Distances 
in metres. 

r28 463·56 

90 573·$2 
!28 625 •6o 

5 ·ws 7i9 9 128 463 ·56 

5·294 365 5 196 954·33 
4·910 909 9 SI 45J ·53 

5 ·ro9 3~i 4 u8 625 ·6~ 
S ·205 720 4 r6o S90"i~ 
4·910 909 9 81 453·53 

4 ·957 002 6 90 S73 ·82 
5·205 720 4 160 590'j0 

5·294 36s 5 r96 954·33 

5 ·052 /22 I 112 907·29 

5 ·045 902 0 III I48·09 

5·or4 2so 6 103 335·74 

5·014 250 6 103 335·74 
4·991 899 7 98 152·13 
5 ·194 go6 6 156 641 ·4r 

4"9S7 002 6 90 s73·82 
5 ·233 181 1 I7I 072·83 

5·249 S3J 5 177 637·04 

5·233 181 I. 171 072·83 
5·194 gci6 6 156 641 ·40 

5·1s5 So6 4 143 154·98 

5·155 So6 4 r43 154·98 
5·163 979 8 145 874·65 
5 .'104 322 6 127 151 ·82 
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(d) Adjusted triangles, Uta/z, Nevada, and Califomia--Completed. 

No. Stations. 

Pioche 

White Pine 

·wheeler Peak 

f Tushar 
29 · Pioche 

l Wheeler Peak 

r 
Ibepah 

w . Wheeler Peak 

- l Diamoml Peak 

r Ibepah 

31 .
1
_ Tnshar 

Wheeler Peak 

Mount Nebo 
'l'uslrnr 

J 

\Vheeler Peak 

r Mount Nebo 
33 ) Wheell':r Peak 

I_ Ibepal~ 

Mount Nebo 

Tnshar 

Ibepah 

J Pilot Peak ·· 

35 l Mount Nebo 
\Vheeler Peak 

r Ihepah 

36 l Wheeler Po;:ak 

Pilot Peak· -

Observed angles. 

0 II 

6I 45 62 ·433 

SI 43 37 ·675 
fj6 30 54 ·288 

34·396 
39 24 53 ·6m 
82 32 20·600 

58 03 27 ·428 

4I ·638 
6I o6 60·345 
82 13 17 ·832 

36 40 18 ·549 

-~6 ·;26 
6o 2 r JO 0 66-'> 

29 15 27·917 
<jO 23 47 ·348 

45·933 
48 03 65 ·67 r. 
SS 16 3I ·284 

43 -10 38 ·377 

75 ·332 

23 07 63 ·497 
46 42 68·971 

10 09 30·489 

"42·957 
7I 12 (•9 ·168 

59 co 6_~ ·367 

49 .J.7 59 ·Sn 

12·356 

61 JO 45·445 
56 59 86·980 
61 30 

I54 I2 35 ·6oo 

I4 47 
IO 59 6o·82S 

\'. 

Correc
tion. 

II 

Spher- Spher-
ical ical 

angles. excess. 

II II 

-0 "4°39 6I ·944 I l 0 I83 
-0·098 37 ·577 II 0 I83. 
-0·261 54·027 rr ·r82 

33·548 
+0·285 53 ·895 14·398 
+0·486 2I ·oS6 I4"399 
-j-0·786 28·214 14"398 

--0·215 
--0 "2.3..'.? 

+·O".:?i.5 

·-0°'2IO 

-o ·76':!. 

-0·266 

-I "OJ.2 

__ ,_ 
4,, ·195 

6o ·130 12 "I68 
17 "6oo 12 ·168 
18 ·774 I2 ·168 

,JO ·458 
27 ·155 

47 ·082 

37 ·345 

.~6 ·504 
q ·898 

q·898 

14·899 

44·695 
24·586 

24·587 
24 ·586 

i.3 759 
-0·059 63 ·438 14·572 
+0·766 69·737 14"572 
+o ·052 30 ·54r I4 ·572 

- 0"·227 

+o ·390 

+o ·26I 

08·94i 

63 757 
6o ·oS2 

43 "jI6 
~4 ·260 .. 

24·26o 
24 ·26o 

j2 ·7So 

-j-o·Io4 45 ·549 40·118 
-0·059 86·92I 40·118 

47 ·885 40"l19 

I20"355 
-0·052 35 ·548 4·876 

38·150 4·877 
-t-o ·104 60 ·932 4· ·sn 

Logs. Dist:mces 
in metres. 

S"I04 322 6 I27 ISI 082 

5·054 232 6 lI3 3av·72 
5·121 78o I 132 367·11 

5·054 232 6 113 300·72 
5·247 845 6 I76 948·00 
s·1So 217 3 I5I 43r ·ss 

5 "I63 979 s 145 874·65 
5 ·217 667 5 165 069·75 

4·997 793 9 99 493"3I 

5 ·247 845 6 

4·997 793 9 
5·30S 765 3 

5 ·247 845 6 

5 ·376 155 4 
5 "21.5 511 .5 

176 948 "ob 

99 493".)I 
°:?03 594 ·16 

176 948 ·oo 

237 769·09 
I64 256 ·13 

4·997 793 9 99 493"3! 
5 ·265 702 7 184 575·27 

5 ·~;76 l.55 4 237 769 ·os 

5 ·308 765 3 
5 ":?65 702 7 
5·215 521 5 

203 594·16 
184 375·27 
164 256 ·13 

5·376 155 4 237 769·oS 
5 ·355 S:q l 226 894 ·59 
5 ·376 158 l 237 770 ·57 

5 ·355 824 226 894·59 
5·r24 323 4 133 144·58 

4·997 793 9 99 493'JI 
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(e"i Precisio11 <!f !ht• adjusfe·d lria11gulatio11. 

For a close estimate of the precision of the Nevada series of triangles. we find 
first the mean error of an angle resulting from the adjustment by the expression-

m = /2 [p·v·v1, in \vhich p may be taken as unity. Then [vi1] = 4 · 37, ,. = 40, and -v .c 
111 = ± o" · 47. The probable error in length of any line of the series due to the angular 
1~1eas1ues is found by the usual formul~-

11 .... = , ) ( o .... 1-· ~::" [ (, + OAO B + o~] and t"• .. = 0'6i4 Slit ,/11 .... 

' 
\Ve will compute the probable error in length of the line Tioyabe Dome-Lone 

Mountain, which is about\ midway between the two base nets. Starting from the side 
Ibepah-Mount Nebo, of the Salt Lake Ba~e Net, we have o . .,, = 4·s, 2 ='7-+"6 (5 tri
angles), t'",. = ±0"463 metre, t"b = ± 0·329 metre, and t', = ± 0·56S metre. Starting from 
the side, Mount Hdena to Mount Diablo, of the Yolo Base Net, we have 2 = 92·0 (5 
triangles·), """ = ± 0·514 metre.,·,,=± 0·248 metre, :;tllCl e, = ± 0·571 metre. Then 

e = J e,e, • = ± 0·403 metre, which is about :r·n·J.n"" part of the length. 
·~+~ . 
For the effect on the developed length of the arc, the distances being taken between 

the middle points of the terminal lines projected on the thirty-ninth parallel, we have 
approximately tne following values: 

Terminal lines. 

Ibepah to Mount Nebo and Toiyabe Dome 

Distanc.;:. 

km. 

to Lone Mountain 397 ·o 

Toi ya be . Dome to Lone Mountain and 

Mount Diablo to l\<fount Helena 420 ·1 

817 ·r 

Probable errors. A,·erage. 

(/) Dcscrip!it>n <~l stations situated betu•l'm the base ucts. 

111. 

±I "60 

±r·5r 

±J "JI 

!lfoc/11>, Santa Clara County, California: established in 1875 by W. Eimbeck. This 
station is situated on the ~ummit of the highest peak of the group of mountains lying 
to the eastward of Santa Clara Valley, on the eastern flank of the Mount Diablo Range" 
and overlooks the San Joaquin Valley. It is about 11 .~·6 miles northeast from the Lick 
Observatory on Mount Hamilton and about 30 miles southeast of the town of Livermore, 
and is reached by wagon and pack animals qver a rough road. 

The geodetic point was marked in 1879 by a copper bolt sunk iu the rock, over 
which, in 1887, was built a concrete pier 45 inches high by 24 inches square, enlarged 
at the top to 26 inches, to receive the theodolite. 

The geodetic point was transferred to the top of the pier. 
R11und Top. Alpine County: California; established in 1876 by \V. Eimbeck. This 

station is situated on a peak, on the <;rest of the Sier~a Nevada Range of mountains, 
popularly known as Round Top. It is the highest !Ind most easterly pinnacle, about 
l mile south of Carson Pass or the main summit of the Amador Grade. It can be 
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reached via Carson City, thence by stage via Genoa to \Voodforcls, 32 miles distant, 
thence by ·wagon or horseback up Hope Valley to the summit of the Amador Grade. 
The ascent to the top of the peak must be from the west or northwest. · 

The geodetic point is marked by a copper bolt five-eighths inch in diameter, set in a 
drill hole fo the rock. Above this was built a pier of rough stone masonry for the theodo
lite to stand on. Three other piers were built for different instruments-one a little east 
of north and the other two nearly ''vest of the geodetic point, and all were left standing to 
serve as reference marks. 

No difficulty was experienced in finding the point whei1 it was visited in 1893. 
J/linmt Lola, Nevada County, California; established in 1876 by W. Eimbeck. This 

station is situated on the southernmost summit of the high ridge between ·weber and 
Independence lakes and the town of Meadow Lake. Independence Lake lies at the 
southeast base of this ridge and Browns Valley is on the opposite side. The station is 
about ::i5 feet northwest fi;om the -highest part of the mountain. It ca1i best be reached 
from Truckee by stage or private conveyance I-5 miles to Jansen's Hotel at the east end 
of Independence Lake, from whence it is about a three hours' ride up the eastern slope 
of the mountain to the station. 

'l'he geodetic point is marked by a cross cut on the top of a five-eighths inch copper 
bolt set. in a heavy capstone fin11ly embedded in a rough stone pier laid in cement. This 
capstone is about 15 inches above the natural surface of the ground and 3 feet 9 inches 
above the. base of the pier. The pier was then built higher and surmounted with 
another capstone 24 inches square with a hole drilled through it, marking the point. 
The pier was surrounded by a stone wall. about 6 feet distant, to serve as a wind-break. 
Three brick piers on stone foundations-one north 36° ·5 east, distant 27 feet 9}·f inches; 
one north 44°·3 east. distant 31 feet 3 inches, and the other north 27° ·75 west-were left 
standing as reference marks. 

No difficulty was experienced in finding the point when visited in 1893. 
llfomzt Gmness, Tuolumne County. California; established in 1879 by L. A. 

Sengteller. Mount Conness is a lofty peak of the Sierra Nevada Range, about 25 miles 
a little east of north from the Yosemite Valley, about 10 miles north of Soda Springs in 
the Tuolumne Meadows, and about 30 miles southwest of the Califon~ia and Nevada 
boundary. The station is located on the highest pinnacle of the summit, which is a 
very small irregular crag. The sheer descent around four-fifths of the summit is over 
I ooo feet to the talus. 

'fhe geodetic point is marked by a cross cut on top of a copper bolt, five-eighths 
inch in diameter by 6 inches long, projecting 3% inches above the solid. rock. Above 
this was built a solid concrete pier 26 inches in diameter and about 40 inches high. On 
its upper surface was embedded a copper bolt five-eighths inch in diameter by 4 inches 
long, having a broad spherical head with a small silver pin in the center. A cross cut 
on the head of the bolt, a little to one side of the silver pin, marks the geodetic point. 

Pah-Rah, ·washoe County, Nevada; established in 1874 by vV. Eimbeck. This 
station is situated on the northernmost of the three principal summits of the Virginia 
Mountains, the middle one, about 3 miles south, being the highest. 

It lies just south of Pyr~mid Lake in the great bend of the Truckee River and is 
visible from both Reno and Wadsworth, two towns on the Central Pacific Railroad 
bearing north 44 ° east, distant 26 miles from Reno, and north 44 ° west, distant 12 miles 

18732_-No. 4--38 



594 UNITF.D STATES COAST AND GEODETIC SURVEY. 

from Wadsworth. It may be reached from either place by road and trai.l-35 miles 
from the former and 20 miles fro111 the latter place. 

The geodetic point is marked by a half-inch copper bolt cemented into the bed 
rock as a subsurface mark, over which a stone slab, with a three-fourths-inch drill hole 
in the center, was firmly cemented in position ·as a surface mark. Around the station 
was built, to serve as a wind-break, a rough stone circular wall, of about 8 feet interior 
diameter, with an opening to the northeast. 

A stone pier, bearing north 37 ° ·26 east and distant 8 · 5 feet from .the geodetic point, 
was left standing as a reference mark. 

llfozmt Como, Douglas County, Nevada; established in 1879 by \V. Eimbeck. This 
station is situated on a sharp conical peak of the Como Range of mountains lying between 
Carson and Mason valleys, about 20 miles nearly due east from the town of Genoa, about 
20 miles southeast from Carson City, atld about 17 miles south-southeast from Dayton. 
It may be reached from either Carson City or Dayton by .wagon road, distant about 
30 miles. The geodetic point is marked as follows: The subsurface mark is a half-inch 
by 4-~nch copper bolt leaded into a large and well-bedded granite rock. The surface mark 
is a half-inch drill hole in the center of a large flat stone, 19 by 22 inches square and 
5 inches thick, firmly cemented to the top of a stone and brick pier built over and . 
around the lm.ver mark to a height of 9 inches above the bolt. A ring wall of stone, 
resembling the figure 6, built to serve as a wind-break. was left standing. Lieutenant 
\Vheeler's monument, about J5° west of south and ro feet distant from ~he geodetic 
point, forms part of the wall. Two piers, one north and one south, were left standing 
as reference marks. Drill holes were made in the rock; one in line to Round Top, 
distant 6·25 metres; one in line to north pier, distant 10·6 metres, and one in line to 
south pier, distant 7·24 metres, from the geodetic point. Angle at the center between 
south pier and Round Top is 71° 01' and between Round Top and north pier is 129° 5 l'. 

11/ount Grant, Esmeralda County, Nevada: established in 1878 by A. F. Rodgers. 
This station is on a h_igh peak of the \Vassuck Range, about 7 or S miles west of the 
southern encl of Walker Lake. The mountain.can be easily recognized by its three sharp 
peaks, one of which, King Peak, stands high above the others. The station is on the 
central peak about 200 metres north of King Peak. 'fhe ne~rest railroad station is 
(1882) Hawthorne, just south of Walker Lake, on the Centralia and Chester Railroad, 
distant about IO miles from the mountain. 

The geodetic point is marked by a copper bolt sunk in a rock embedded in a stone 
and brick foundation pier, the top of which extends about 8 inches above the bolt with 
a center pit in which a notice of approximate height and geographic position was 
embedded in cement. A stone ring wall 15·5 feet interior diameter, with a long wing 
projecting to the southward and curving around the vertical circle pier (distant 32·5 
feet from the center), was left standing. . 

The wall and piers will serve as good reference marks for identifying the station. 
Carson Sin!.\ Churc;hill County, Nevada; established in 1878 by W. Eimbeck. This 

station is located on the highest point of a prominent and well-known peak of the Carson 
S~nk Range, about 20 miles in an easterly direction from Stillwater, the county seat of 
Clrnrchill County. . The nearest railroad station is ( I88_o) \Vadsworth, on the Central 
Pacific Railroad, distant about 70 miles in· a westerly direction. The peak has a gradual 
e'.lstern and precipitous western slope. 

The geodetl.c point is marked by a half-inch by 4-inch copper bolt set in solid rock 
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at the center of the foundation pier for theodolite. At the close of observations a 
large, light, porous rock was sawed to. fit closely on top of the pier and the center 
marked by a drill hole. The entire pier was then covered with small rocks set in 
cement. The astronomical pier, distant 74·49 feet northeasterly, and the vertical circle 
pier. distant 26·67 feet southwesterly, from the geodetic point, were left standing. 
Additional reference marks are four three-fourths inch drill holes in the solid rock-one 
distant 10·24 feet nearly north, one distant 17'59 feet about east-northeast, one distant 
I7'6S feet about south-southeast, and one 6'53 feet nearly west, from the geodetic point. 
The stone ring walls (.wind-breaks} partially surrounding the central and vertical piers 
were also left standipg. 

To~11a.be Dome, Nye County, Nevada; established in 1878 by A. F. Rodgers. This 
station is located on the highest ·and boldest peak at the southern extremity of the 
Toiyabe Range .. ste~p on the western and very abrupt on the eastern slope. The top 
of the mountain is covered with a mass of loose rocks lying 011 the solid ledge. The 
geodetic point· is marked by a half-inch copper bolt set in the solid rock, around and 
over which was built the usual stone and brick foundation pier for the theodolite, in the 
central pit of which was imbedded in cement a tin can containing the approximate altitude 
and geographic position. Around the station was. built a stone wall, 12 fed interior 
diameter, with an opening on the northwest side. The vertical circle pier, bearing 
north 28° 47' west, distant 141 ·42 feet from the geodetic poiiit and surrounded by a ring 
wall, 10 feet interior diameter, with· an opening on the southeast side, and the astro
nomical pier, nearly in line and about half way between the two other piers. were left 
standing. Additional reference marks are 4 drill holes--one bearing north 44 ° 44' west. 
distant 15·42 feet; one bearing north 78° 19' east, distant 16'83 feet; one bearing south 
51" ,53' east, distant 8'14 feet, and one bearing south 26° 14' ·west. distant 18·4 feet, 
trom the geodetic point. . 

Lone Jlfomztai11, Esmeralda County, Nevada: established in 1878 by A. F. Rodgers. 
This station is located on a prominent peak, well known in the surrounding section, 
situated in a dry desert country, about 60 miles, by road, in a southerly direction from 
Cloverdale and about 40 miles it1 an easterly direction from Columbus. 'I'he nearly 
extinct mining camps of Silver Peak and Montezuma lie about 25 miles in a southwest
erly and southeasterly direction respectively from the m91mtain. 

'!'he geodetic point is marked by a cross on a half-inch copper bolt leaded in a drill 
hole in a solid ledge of slate dipping westward, around which was built the usual 
stone and brick foundation pier for the theodolite, surr<?unded by ·a stone ring wall 15 :5 
feet in diameter, wit_h an opening to the northeast. The vertical circle pier, distant 
71·1 feet about northeast from the geodetic point, and surrounded by a stone ring wall 
10·7 feet in diameter, opening to the northeast, was left standing. Additional reference 
marks an~ four drill holes-one about north, distant 9· 15 feet; one about north-northeast, 
distant 13·7s feet; one about south-southeast, distant 21 ·59 feet; and one a little north 
of west, distant s·2 feet, from the geodetic point . 

.llfount Callalian, Lander County, Nevada; established in 1879 hy W. Eimbeck. 
This station is located on the highest point of a broad flat ridge on the summit of a. 
lai;ge flat-top mountain at the northern extremity of the Toiyabe Range, about :20 miles 
north of Austin, the present ( 1881) terminus of the Nevada Central Railroad. The· 
mountain is·accessible from all sides. The geodetic point is marked by· a five-eighths 
_by 4 inch copper bolt, set in plaster of Paris in a large rock bedded in cemented grout, 
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and forming the center of the usual rock foundation pier for the theodolite. A bottle. 
containing the approximate latitude and longitude, was set in plaster of Paris· in the 
central pit of the pier, and the whole covered with a large rock having drill hole over 
the bolt, as a surface mark. Reference marks are three drill holes in solid rocks-one 
due north, distant I I ·42 feet; one !lorth 120° east, ·distant 12. Ii feet; and one north 
I 20° west, distant 1 l ·09 feet, from geodetic point. ~lso the magnetic station pier, 
north 14° 12' east, distant 61·02 feet; the astronomical pier, north 68? 12' east, 
distant r l 3 feet ; and the vertical circle pier, south 4 ° 10' west, distant 37" 83 feet, from 
geodetic point. The usual circular stone ring wa1ls .around the central and vertical 
circle piers and an L-shaped wall at the magnetic station were left standing. 

Di1imond Peak, Eureka County, Nevada; established in I8i9 by W. Eimbeck. This 
station is_ loc:at_ed upon the highest point of the Dlaniond Range of mountains, about 12 

miles northeast of the mining town of Eureka, the present ( 188 r) terminus of the 
Eureka and Palisade Railroad. The peak is well known throughout tl1e surrounding 
country. 

The station is on a small cone rising from a small approximately level space on the 
south end of the ridge. The geodetic point is marked by a five-eighths by 4 inch copper 
bolt set in a solid rock in the cent~r of the stone foundation pier for the theodolite. 
Reference marks are four drill holes-one about north-northeast, distant 10·73 feet; one 
about east-southeast, dista_nt 15 ·49 feet; one nearly south, distant S '69 feet, and one nearly 
west, distant 9·32 feet; the astronomical pier,. about east-northeast, distant 84'81 feet, 
and the vertical circle pier a little east of south, distant 77 · 59 feet, from the geodetic 
point. The usual circular stone ring walls surrounding the central and vertical circle 
piers were left standing. . 

Tl'7zik Pinc, Nye County, Nevada; established in I8i9 by W. Eimbeck. Thi~ 
station is located on the highest and boldest point of the "White Pine Range of mountains, 
called on Lieutenant ·wheeler's map the Grant Range. The local name of ~he point is 
Troy Peak. The station is near the edge of a precipice; the rocky bluff, at a distance 
of a few feet, falling almost vertically for seven or eight hundred feet. The geodetic 
point is marked by a five-eighths by 4 inch copper bolt set in solid rock in the center of 
the stone foundation pier for the theodolite. A bottle, containing the approximate 
height and geogra1:ihical position of the station, was embedded in plast!=r of Paris in the 
cehtral pit of the pier, above the bolt. The reference marks are three· drill holes-one 
about northeast, distant 10·3 fed: one about south-southeast, distant 7·65 feet, and one 
about northwest, d~stant 9 feet, from the geodetic point. The vertical circle station is 
2i '62 feet distant from the geodetic station in a northeasterly direction. 

The usual circular stone ring walls surrounding the central and the vertical circle 
stations, tl1e two stone cabins used for living purposes, and the bolts and drills, to which 
the guy ropes of observing tents were fastened, were left in position. 

TVhcdcr Peal<, White Pine County, Nevada; established in rSi8 by A. F. Rodgers. 
This peak, locally known as Jeff Davis Peak, is by far the most prominent of the Snake 
Range and is widely known all over the States of Nevada and Utah. The range is 
flanked on the west by Spring Valley and on the east by Snake Valley, from either of 
which the peak is accessible. The geodetic point is situated on the western or highest 
prong of the double peak and is marked as a subsurface mark in the usual way by 
a half-inch copper bolt set in solid rock in the ce1~ter of the foundation pier for the 
theodolite. The pier is covered by a stone slab having a three-fourths-inch drill hole in 
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its center, securely cemented in the top as a surface mark. The vertical c~rcle station 
was located to the eastward of the geodetic point, distant 17 3 ·06 feet, and both points 
were surrounded with circttlar stone walls, which were left standing. Reference marks 
are three drill holes-one north, distant 8 ·Ii feet; one in a southeast direction, distant 8 · 53 
feet, and one in a southwest direction, distant ]"87 feet, from the geodetic point. 

Pioche, Lincoln County. Nevada; established in 1879 by W. Eimbeck. This 
station is located on the highest rock knoll of a peak in the mountains just east of 
Eagle Valley. The peak is about l ooo feet west of the boundary line between the 

-States of Nevada and Utah, and bears north So0 25' east, distant 22·5 miles (_about 33 
miles by road), fron~ the court-house in the town of Pioche. The geodetic point 
is marked by a half-inch copper bolt leaded into the solid rock in the center of the 
stone foundation pier for the theodolite, as a subsurface mark. The pier is covered by 
a stone slab, having a three-fourths-inch drill hole in its center, securely cemented to 
its top, as a surface mark.. The copper bolt is SH . inches below the top of the drill 
hole. The vertical.circle station bears north 26° 2o'·s east, distai1t 69·23 feet, from the 
geodetic point, and both points were surrounded with circular stone walls, which were 
left standing. 

Reference marks are five· drill holes--one north 34 ° 28' east, distant S ·27 feet; .one 
south 88° 221 east, distant 7'91. feet; one south 15° 14' east, distant 8"92 feet; one north 
SS 0 'west, distant 7'71 feet; and one north 28° 57' west, distant 6"56 feet, from the 
geodetic point. . · 

Tusltar, Piute County, Nevada; established in 1882 by W. Einibeck. This station 
is located on the summit of the most northern of the highest three peaks in the Tushar 
Range·, the backbone of ·which forms the boundary between Piute and Beaver counties, 
locally known as Mount Belknap. It can be reached easiest from Marysvale, a small 
village situated on the Upper.Sevier River, about 10 miles distant in an air line to the 
eastward from the peak. The geodetic point is marked by a five-eighths-inch copper 
bolt leaded itJto the solid. rock, around and over which was built. the stone fotmdation 
pier for the theodolite, with a stone slab,. having a drill hole in its center-, securely 
cemented on its top. The top of the copper bolt is I I 7£ inches below the drill hole in 
the slab. · 

The vertical circle station is almost due north, distant 34. I 2 feet, from the geodetic 
point. The circular stone walls around these stations were left standing. The one 
around the geodetic point, II feefinterior diameter, with wall 2·5 feet thick ~nd 4·s 
feet high, built in a very solid manner and concentric with the station bolt, makes an 
exeellent reference mark in the absence of the usual drill holes, owing to the shattered 
and loose condition of the shale rocks about the station. 

. I I. THE WESTERN OR COAST RANGE SERIES OF TRIANGLES, 1878 TO I892. 

(a.) Introduction. 

This triangulation runs parallel with the coast, covering the region between San 
·Francisco and Point Arena, which is near the western termination of the arc and in the 
same latitude as its eastern encl. The southern portion of this region had become 
known before the year I856, and further reconnaissances ·were made by Assistants 
W.·Eimbeck and C. Rockwell during I874-1877. The trend of the principal range of 
mountains is parallel with the coast, and its crest at Snow Mountain \.Vest reaches an 
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altitude of 2. 146 metres, or nearly 7 040 feet, but the range lying between it and the 
coast is at a much lower level-, and the highest points probably do not reach half of the 
above height. 

. This triangulation was not pursued steadily, and there were a number of observers 
engaged upon it in part during the period 1876-1880 and_ again in 1891 and 1892. As· 
a result, the different methods employed do not admit of a general description. At the 
five stations lying west of the line Ross Mountain to Mount Sanhedrin repeating theod
olites were employed, ai1d the accuracy of the results at these subordinate stations does 
iiot come up to that obtained at the main stations. It may be noted here that at one of 
these stations (Great Caspar) the 30-centimetre ( 12-inch) theodolite was mounted on 
the top of a quadrangular scaffold 13 stories high, atid stood 41·14 metres (or l.35 feet) 
above ground, while the observer was independently supported by a central redwood 
tree with a two-story superstructure built over its top. (See illustration.) 

(b) .-1bstract qf rt'sulting horizontal din·ctions at t·ach station jiw11 local alldfrom _/igure 
adjustmmt. 

ll/01111t Diablo, Contra Costa County, California. June 2S to September S, 18i6. so-centimetre 
·theodolite, No. 5. G. Davidson, C. Rockwell, and W. Eimbeck, observers. November q to 
December 291 1884. so-centimetre theodolite, No. us. R. A. Marr, obsen·er. ( G. Davidson, 
chief of party.) June 28 to July 19, 1892. so-centimetre theodolite, No. I 1s. G. Davidson, 
observer. 

No. of 
direc
tion.. 

Objects ob~erved. 

Mount Helena 

Resulting direc
tions from station 

adjustme11t. 

0 /I 

Reduc
tion to 

sea level. 

II 

"Result
ing sec

onds. 

/I 

Correc
tions 
from 

base-net 
adjust· 
1nent. 

/I 

o oo oo ·ooo -o ·o82 59 ·918 -o ·645 

Mqnticello 20 03 30 ·643 -o ·032 30 ·6u -o ·rn2 

Vaca 20 19 59 ·505 -o ·024 59 ·481 +o ·319 
Azimuth l\fark (Clayton) 2s 49 17 ·204 -o ·010. 17 ·.r94 

.Yolo Northwest Base 38 39 09 ·129 o ·ooo 09 ·129 · +o ·086 

Marysville Butte 38 40 30 ·881 +o ·oos 30 "886 

Yolo Southeast Base 

Mount Lola 

Pine Hill 

Round Top 

Mo1,111t Conness 

Mocho 

Loma Prieta 

Sierra Morena 

Mount Tamalpais 

43 24 20 ·921 o ·ooo 20 ·921 +o ·s24 

73 06 31 ·834 +o ·185 32 ·019 

76 14 oo ·524 +o ·043 oo ·567 

97 32 04 ·ss1 +a ·181 04 732 
12.? 21 IO ·679 +o "029 IO 708 
180 r6 12 ·207 -o ·080 r2 ·127 

2Il 22 o6 "404 -0 "Oii 06 "393 

249 16 39 ·8s8 +o ·046 39 ·904 

Correc
tions 
fro111 

base-net 
aud first 

figure 
adjust
ment. 

II 

Correc
tions from 
hase-net. 
first, and 
second 
figure 

aclJust
ment. 

!I 

-0·206. 

-0·035 

+o ·34s 

+o ·004 

Fina\ 
seconds 
in tri

angula
tiOn. 

" 
59·273 

30·509 

s9·Soo 

09·21s 

21 "44S 

31 ·813 

04·697 

II "OS3 

12 ·131 

1 Ross Mou11tai11 

310 12 09 ·226 -o ·008 09 ·218 -0 ·047 

339 oS 13 ·637 -o ·042 13 ·59;1 

09 ·171 

+a ·755 14 ·350 

Mean +o ·024 
Probable error of a sing~e observation of a direction (D. and R.) = ± 0"·72. 



TRAN£C0NTINENTAL TRIANGULATION-PART III-TRIANGULATION. 599 

(b) .-lbstrnd q/ n·sulting horizontal dircdioizs· at Mch. station jiiJm lc>cal and ji"0111 figur<" 
adjustment-Continued. 

lllomrt Tama!pais, Marin County, California. 
lite, No. u5. 

August 24 to October 9, r882. 
G. Davidson, ob13erver. 

so-centimetre theodo-

No. of 
direc
tio11. 

2 

Objects obser\'ed. 

Mount Diablo 

Moc ho 

Sierra Morena 

Ross l\:lou11tai11 

Maunt Helena 

Monticello 

Vaca 

Resulting direc
tions fronl station 

adjustment. 

0 II 

Reduc
tion to 

sea level. 

II 

Result
ing.sec

ands. 

II 

Correc
tions 
fr0:u 

base-net 
adjnst-
111ent. 

II 

o oo oo ·ooo -o ·011 59 ·989 +o · 277 

Correc
tions 
from 

ba~e-net 
and first 

figure 
adj11st-
1ueut. 

II 

23 47 56 ·302 -o ·071 56 ·231 +o ·422 

61 37 29 ·92,3 -o ·037 29 ·886 . 

230 31 28 ·940 -0 ·043 28 ·897 

263 31 35 ·075 -o ·006 35 ·o69 +o ·054 

289 01 42 ·852 -to ·045 42 ·897 +o ·048 

307 25 02 ·17? +o ·048 02 ·225 -o ·380 

Correc
tions frotn 

hase-net, 
. first, and 

second 
fi.!;"ure 

adinst-
111ent, 

II 

Mean +0·~4 

Probable error of a single observation of a direction (D. and R.) = ± 0"·54. 

Final 
seconds 

in tri
an~ula

t1011. 

!I 

00·266 

56·653 

35 "1::?3 

42 ·945 
or ·845 

llfou11t Hde'11cr, Napa County, California. September 23 to November 26, 1876. 50-ceutimetre 
theorl.olite, No. 5. G. Davidson and W. Eimbeck, observers. August q to August 21. 1891. 
50-ceutimetre theodolite, No. 115. E. F. Dickins, observer. 

0 II II II II 

I 
Mount Diablo 

Mount Tamalpais 

o oo oo·ooo -o ·073 59 ·927 +o ·183 

-o ·004 57 ·r38 +o ·303 
3 Ross ·Mountain 102 

33 43 
52 
oS 

57 ·142 

47·35!/ +o ·032 47 ·388 
4 Cold Spring 153 42 ·324 -o ·045 42 ·279 

02 53 ·251 -o ·089 53 ·162 5 Mount Sanhedrin 193 
6 Snow Mountain West 208 09 II ·511 -0 ·038 lI ·473 

Snow Mountaii1 East 208 37 44 ·912 

Azimuth Mark (Woods) 225 16 49 ·643 +o ·007 

Marysville Butte 265 31 14 ·523 +o ·042 

Mount Lola 281 54 43 ·,qr +o ·140 

Pine Hill 303 14 ro ·2So +o ·004 

49·650 

14 ·565 

43 ·481 
10·284 

" 

-o·r74 

Round Top 

Monticello 

Vaca 

305 18 41 ·1n +o ·005 41 ·182 -o '2i9 

3o6 46 16 ·071 :...o ·002 16 ·069 1-o ·008 

340 03 44 ·142 ~o ·045 44 ·097 -o ·6.:?I 

II II 

·00·110 

57 ·441 

-o ·551 46 ·S.;7 

+o ·268 42 ·547 

+o ·139 53 ·301 
-o ·322 II '151 

40 '90.~ 
16 ·077 

43·476 

Mean -o ·097 

Probable error of a single observation of a direction ( D. and R.) = ::I:: 0"·62. 
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(b) .-1 bstrad £?/ resulting horizonltll dircdi<>Us at each station jiwn. li>cal and from jigurc 
a,(juslmc11t-Co11ti11ued. 

Ross iliuu11tai11, Sonoma County, California.* July 4 to July 18, 189r. so-centinietre theodolite, No. 
u5.t E. P. Dickins, obsen·er. 

Num- C.")rrec-

berof Resulting direc- Reduc- Re•ulting tions Final sec-
di rec- Objects obsen•ed. tions from station tion to sea sE-conds. from fig- onds in tri-
tion. adjustment. 1.,,•el. ure ad- angulation. 

ju.!:itment. 

0 II II ,, II /I 

9 

I 
Mount Helena 0 00 00'000 +0·063 oo·o63 +0·34s 00 ·4oS 

Santa Ri:>sa court-house dome 34 49 14 ·S3s 
IO Mount Diablo 56 15 40·940 -0·071 4o·S6q +o '19'J 41 ·059 
II Mount Ta111alpais 77 SI I.~ ·776 -0·049 13 '727 -o·r.p r3·5Ss 

7 Mount Sanhedrin 294 26 34·671 +o ·004 34·675 -o ·032 34·643 
8 Snow l\Iuuntain \Vest 3II 13 1S·ox1 +o ·082 lS·o82 -o ·36r l772t 

Probable error of a single ohsen·ation of a Jirection ( D. and R.) = ± 0"·77. 

S11ow llI01mlai11 West, Colusa County, Califcrnia. June 2 to June I l, 1892. so-centimetre theodolite, 
No. rr5. E. F. Dickins, observer. 

0 II ,, !I !/ II 

Snow Mountain East 0 00 00'00 

12 Mount Helena 134 02 02 71 --0·02 02 ·69 +0·72 03 ·41 

13 Ross Mountain 159 59 05 'II +0·03 os·q +0·24 05·38 

14 Cold Spri11g 201 21 47·76 +0·05 47·81 -0·43 47 ·3S 
15 Mount Sanhedrin 26o 00 41 ·7S --O 'IO 41 ·68 -0·53 4I '15 

Prohahle error of a single ohservation of a direction (D. anrl R:) = ± 0 11 ·90. 

llfo1mt _<.,f.111!1t"dri11, Mendocino 
theodolite, No. 4. A. F. 
metre theodolite, No. l 15. 

County, California. September r to October 15, 1880. 4s-centimetre 
Rodgers, observer. September 17 to September 25, 189r. sc-centi
E. F. Dickins, observer. 

·" II ,, ,, I/ 

Reference Mark 0 00 00'00 

17 Mount Helena 26 45 32 ·39 --o 'o6 3:J ·S3 . -I"OO 3I ·$3 
18 Ross Mountain 51 02 II '4r 0'00 II ·41 +0·1s II ·56 

Ukiah court-house dome 63 ..,. _,, IS ·19 

19 Paxton 73 S4 03 '12 +0·05 03 ·17 -0·17 03·00 
20 Cold Spring 84 OI q.·48 +0·05 14 ·53 +0·02 14 ·5s 
21 Two Rock IIO 28 13·94 +0·05 13'99 +0·19 14 ·18 
22 Great Caspar 120 19 54·73 ·+-0·01 54·74 +o·ro 54·84 

Cahto 164 40 04'S4 
Ring Peak 179 16 07 ·04 

Mount Lassie 206 47 46·02 

16 Suow l\fountain West 347 so 21 ·46· -0·12 2I ·34 +0·72 22·o6 
II 

Probable error of a single observation of a direction ( D. and R.) = ± l · 11 in rSSo 
anrl (D. ancl R.) = ±074 in 1891. 

*The station wa~ establis!ied in 1855 by Assistant R. D. Cutts, and was occupied in 1859 and in 1S6o by Assistant G. 
Davidson; these early observations ha,·e no direct relation to the present adjust111ent. 

t 'l"heodolite used in '7 positions with 2 series in each. 
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("b) .-1 bstrad qf resulting h,1rizo1zta/ directions at ca"ch station jiwn !c>ca/ and from jig it re 
a 1(iu st mt'll t-Con tin uecl. 

G>ld Spring, Mendocino County, California. September. 27 to October r3, r87S. 30-centimet"e 
theodolite, No. 37. B. A. Colonna and E. F. Dickins, obsen·ers. October 25 to November 6, 
l89r. 50-centimetre theodolite, No. II5. E. F. Dickins,. observer. 

N1n11- Correc-
Resulting direc· Rednc- tions Final sec-hc:r of Objects observed. tfons fron1 station tion to sea Resulting from fig- onds in tri-

<HTE:C- adjnshneut. level. seconds. ure ad- angulation. tion. just111ent. 

0 II II II ,, II 

24 Great Caspar 0 00 oo ·oo -0"0:2 s9·9s -o·go 59·0S 

25 Two Rock 35 40 ·:q :p +0·02 27 "74 -o·n 27·63 

26 Mount Sanhedrin 59 27 06 :6."? +o·n 06 73 +0·30 07 ·03 

27 Paxton So 58 04·5:? +0·06 04·5s +0·12 04 ·70 

28 Snow Moun ta in \Vest 84 37. 26·03 +0·1.3 26 ·16 +o·oS 26 "2.J. 

Sanel Mountain 132 46 04 ·23 

29 Mount Helena 142 I7 28 ·22 -0·07 28 ·15 -0·20 27·95 
Walalla JgS 56 26 ":21 

Clark 277 03 22 "75. 
Dunn 288 50 4479 

23 Fisher 336 58 41 ·18 -0·05 .J.I ·13 . +070 41 ·83 
Probable error of a single observation of a direction (3 D. and 3 R.) = ± 011 ·91 in 1878 

and ( D. and R.) =±o"·6o .in 1891 .. 

Great C.1star, Mendocino Connty, California. October 24 to November 29, 1878. .10-centimetre 
theodolite, No. 37. B. A. Colonna and J. F. Pratt, observers. August 30 to October 31 I8i9· 
30-centimetre theodolite, No. 37. A. F. Rodgers and D. B. Wainwright, observers. Telescope 
above ground 41"14 metres. 

0 II ,, ,, /I II 

King Peak 0 00 oo·oo 

Chemise Mountain 2 48 39 ·5r 
Cahto 38 i"8 05·97 

30 Mount Sanhedrin go 43 45 79 +0·08 45·87 -0·23 45 "6.J. 

3I Two Rock 105 IO 31 ·91 +o·or JI ·92 -075 3I ·17 

32 Paxton J43 35 42 ·4;i -0·06· .J.2 ·36 -0·27 42 ·09 

33 Cold Spring 174 58 OJ "IO -0"0.J. 03 ·06. +o·or_ 03 "f".7 

34 Fisher rSo O" _, 27·40 -0·03 27"3i +1 "2.J. 28·61 
Probable error of a single observation of a direction (3 D. and 3 R.) = ± r"· 14. 

Pax/011, Mendocino County, California. December 7 to December 171 1878. 30-centimetre theodolite, 
No. 37. B. A. Colonna, observer. 

0 II II II II II 

Sa11el Mountain 0 00 oo·oo 

Walalla 49 08 41 ·49 

.J.O Cold Spring 7i- 06 48 "6o +0·05 48·65 -0·44 48 ·21 

41 F'isher ·93 49 49·39 +0·03 49·42 +r ·19 50·61. 

42 Great Caspar I44 46 24 ·62 -0·02 24·6o -0·82 23 78 

43 Two Rock 177 07 21 ·os -0·04 21 ·04 -0·05 20·99 

44 Mount Sanhedrin 225 28 40·"16 +o·aj 40·25 +o·n 40·36 
Dihel 274 13 09·77 
Cole 290 49 23·24 ··'•· 

Probable error of a single observ_ation of a rlirection (3 D. anrl 3 R.) = ± r"·rS. 
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( b) Abstract c'.f •resuiting horizwztal dire'di,ms at <'ac/1 s!alicm .fiwn /,1m/ ,znd jimn. _figure 
,u(justmc1tl-Completed. 

Tu:io Rock, Mendocino County, California. October 17 to November 
theodolite, No. 4. A. F. Rodgers and D. B. \.Vainwright, observers. 
25-centimetre theodolite, No. :io. E. F. Dickins. ohser\'er. 

20, r879. 45-centimetre 
July 2 to July 6, 1892. 

N111n- Correc-
her of Resultiug direc· Reduc- Resultiug tions Final sec· 

Objects obs.;n·ed. tions front station tion to sea from fig· onds in tri-direc- adjustment. level. seconds. ure ad- a11g11latio11. ti on. justment. 

0 II " " " 
,, 

36 Paxton 0 00 oo·oo -0·05 59·95 +0·52 00·47 

37 Cold Spring 34 41 51 ·04 +o·o.i 51 "•J6 +1 ·oS 52·q 

38 Fisher 45 06 26 70 +0·03 26·73 --2 73 :i4 ·oo 

39 Great Caspar 109 13 ~:z·68 o·oo ~:z ·6S +1 ·:q 53·92 

I Cahto rS7 03 20 "73 

?>5 Mount Sanh:'!drin 264 55 2~·59 +o·II 28·70 --O"Il 28·59 . 
Prol.iable error of a single observation of a direction ( D. and R.) = ± 111 "31 in -1879 

and (6 D. and 6 R.) = ±.111·46 in l.'392. 

Fis/1.:r, Mendocino County, California. November 22, 1891. 20-centimetre theodolite, No. 95. 
F. Westdahl, observer. July 8 and 9. 1892. 25-centimetre theodolite, No. 20. F. Westdahl, 
observer. 

0 II II ,, II 

45 Two Rock 0 00 oo·oo +0·0-1- 00·04 +1 ·19 

46 Paxton 51 36 09·53 +0·0-1- 09·57 ~0·52 

47 Cold Spring IIO 53 44·91 -0·05 44·86 --0·67 

Clark 185 24 39 ·25 

Dunn 198 51 56 ·70 

Probable error of a single observation of a direction (3 D. and 3 R.) = :±: 2 1 '·19. 

No. 

2 

4 

5 
6 

7 
s 
9 

IO 

II 

12 

r3 

14 

15 

(_c) Figure adjust111e11t. 

Obso '-'<llio11 eoqualicws. 

o=-0·749+ (I)- (2)-·(1o)+(n) 

0=+1·340- (r)+ (3)- (9)+(10) 

o=-0·45 (3)+ (6)- (8)+ (9)-(.12l+(13) 

0=+1·66 (7)-!-- (8)-(13)+(15)--(16)+(18) 

o=+-~·43 (5)+ (6)-(12l+(r5)-(16)+(I7) 

0=+2·02 (4)+ (6)-(12)+(1.J.)-(28)+(29) 

0 =+I "Ol - (14) + (15)- (16) + (:20)- (26) + (:28) 

0 = - l "52 - (20) + (22)- (24) + (26) - (30) + (33) 

o = - 1 78 - (20) + (2r) - (25) + (26) -- (35) + (37) 

O = + I ·96 - ( 2 l ) + ( 22) - ( 30) + ( 3 I ) + ( 35) - ( 39) 

0 = -0·55 - (19) + (20) ~ (26) + (27) -- (40) + (44) 

0 = -0 ·93 __;_ (2-1-) + (27) - (32) + (33) -- (40) + (42) 

0 = - I ·96 - (31) + (32) -\36) + (39) - (42) + (43) 

0 = + 6 ·49 - (23) + (25) - (37) + (38) -- (45).+ (47) 

o = -o ·89 - (23) + (27) - (40) -t (41) - (46) + (47) 

/I 

01 •23 

09•05 

44 ·19 
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(c) Figzm: a~iustmmt-Continued. 

Obse;·mfio11 eq11alio11s-Completed. 
No. 

16 o= -t47-3·81(1) -to·81(3) +0·45(9)-5·32(10) + 4·87(II) 

17 O = -t 4 ·o -t O ·57(3) -t 7 "8o(5) - 8 ·37(6) - 6 ·99(7) -t S ·83(8) - l ·$4(9) - l ·54(16) -t- 2 ·61(17) 

·- l ·07(1$) 

1S o = -t 2·s- l ·47(4) -t 7·80(5) -6·33(6) - 2·84(16) -t 2·61(17) -to·23(20) -4·48(26) 

+5 ·82(28) - r ·34(29) . . 

19 0 = -t 2 "6- 4 ·24(20) -t 16 "35(21) -- 12 "II(22) - 2 ·93(24) -t 7 "71(25) - 4 ·78(26) - 8 ·17(30) 

+ 8 ·95(31) - 0 78(33) 

20 0 =+I ·5+2·S3(19) - 4 ·24(20)_ + l ·41(21) - 2 ·93(:q) + 7 71(25) - 4 "78(26) -- I ·8S(3r) 

. + 2 ·66(32) -o 78(.n) + 3 ·33(42) - 5 ·20(43) + r ·S7(44) 

21 0 =·-I "9 - 9·So(19) -t II ·So(20) - 2 "00(22) - 0 ·34(24) -t 5 ·34(26) - 5 "00(27°) - l "6o(30) 

-- 5 ·06(32) - 3 ·46(33) 

22 o ==; + 18 ·o - 5 ·47(23) + 4 ·95(24) + o ·52(27) - 2 ·84(32) + 23 ·64(33) - 20 ·So(34) -- 7 ·01(40) 

-tS·72(41) - l 71(42) 

2:>, I o=_-64·5- r ·80(23) -1- l "28(25) +0·52(27) +0·57(31) - 2·84(32) + 2·27(34)-t lI ·46(37) 
0 

- 12 •48(38) -t l '02(39) - 7 ·01(40) -t 8 "72(41) - l 71(42) 

Corre/alt' ,·q11afio1is. 

( J) +1 -I 

(2) -l 

(3) +1 -1 

(4) ·-I 

(S) . ... .... -I . ... .... .... .... . ... 
(6) +1 +1 +1 

(7) -1 

(S) -1 +1 

(9) -I +r 

(IO} -l +1 .... .... .... .... . ... . ... 
(11) +1 

(12) --1 -1 -1 

(i3) -t-1 --r 

(14) +1 -l 

(15) . .. . .... +1 +1 -tr .... .... . ... . ... . ... 
( 16) -r -I -I 

( 17) +1 
(rS) +1 

(!9) -I 

(20) .... .... ·-II ·-I -I -tr 

(21) +1 -I 

(22) 1-1 +1 
(23) -I ·-I 

(24) - T -1 
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Ct>rrdale eq·11alio11s -Continued. 

\ .. :.=;~_-·-I CI c, c, C.; c, Ce 

\:!5i -l +1 
( 26) ·--1 -f-I +1 -1 

( 27) +1 +1 +1 
( ~si -I -j-I 

( 29) +1 
'3')) ... I .... -r 

(JI) +1 -I-

(32) ·-1 +1 
(33) +1 -t-1 
f.34) 

(35) .... -I +1 
(36) -I 

(.>i) +r -·l 0 

(38) +1 
( .:.9) -1 +-1 
(40) -I -I -I 

(41) +i 
(.p) +r -1 
(43) +1 
(44) +1 
(45) .... -I 

(46) -I 

(-~7) +r +r 
lon elate cq11atio11s-Co11ti11ued. 

,.. ,.. 
Cr9 C.., C2r c .. c.3 ..... ,, '-r8 

Correc-1 C 

• tions.1~~'6~~~~~~--~~~~~~~~~~~~~~~~~~~~~~~~-
(1) -,; ·Sr 

(2) 

(3l +o ·s1 
(4) 

(5) 

(6) 

(7) 
(S) 

(9) +0·45 
(rn) -5·32 

(II) +4·87 
(12) 

(13) 

(14) 

+0·57 

+1·So 
-8·37 

-6·99 

+s·s3 
-1·84 

-I ·47 

+1·So 
-6·33 
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(c) .figure adjustmmt---:>Continuecl. 

1...orrcfate cq11at1:011s-Completed. 
C.orrec· c,. C11 c .• Cr~ C,o Co, Coo Co~ tions. 

( 15) 
(16) -l "54 -2 ·84 

(17) +2·61 +2 ·61 

( 18) --1 "Oj 

(19) +~ ·83 - 9·SO 
(20) .... +0·23 - 4 ·24 -4 ·24 +n ·So 

(21) +16_·35 +1 ·41 

(22) -12 "JI - ..1 "00 

(23) - 5·47 - I ·So 

(24) - 2·93 -2·93 - 0·34 + 4·95 
(25) -i- i 71 +7 71 + I ·2S 

(26) -4·48 - 4 78 -4 73 + 5 "3-i 
(27) - 5·00 + 0·52 + 0·52 
(28) +s·R2 

(29) --I ·34 

(30) ::; ·17 - I ·60 

(31) 8·95 -r ·ss + 0·57 

(32) +2 •66 + 5·06 -- 2·84 .- 2 ·S4. 

(33) -- O"i~ -0·7S - 3·46 +;i3·64 

(34) -w ·so + 2·27 

(35) 
(36) 

(37) +II ·46 

(38) -12 ·48 

(39) + l "02 

(40) - 7·01 - 7 "01 

(4I) + 8 72 + 8·72 

(42) +3"33 - I "j I - I "71 

(43) -s "2() 

(44) -t-1 ·S7 

(45) 

(46) 

(47) 
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(c) Fi'gu re cia~/ustmen t-Continued. 

1Vor111al t'quafit111s. 

-I. C, c. C3 C4 Cs c6 c, Ce c? c .• Cn c,. C,3 C,4 C,s 

---------

I 10=- 0·749 +4 -2 

2 o=-t [ ·340 I +4 -2 

3 IO=-- 0·45 
I 

+6 -2 +2 +2 

41 O=-t I '66 +6 +2 +2 
5 o=-t- 3 ·43 -t-6 +2 +2 

• 1 =+ '= +9 -2 ... 
7 o=+ r ·01 -t-6 -2 -2 +2 
S O=- I '52 +6 +2 +2 -2 +2 

'9 o=- I 7S -t-6 -2 -2 -2 

IO o=-L I ·96 -t-6 -2 

L O=- 0·55 -t-6 -t-2 +2 
12 O=·- 0·93 +6 -2 +2 

13 o=-- [ ·96 +6 

L1- o=+ 6·49 -t-6 +2 

is Io=- o·s9 -t-6 

161o=+4 7 
17 0=+4·0 
IS ; o=-f- 2 ·5 

191 o=+ 2 ·6 
20 o=+ 1 ·5 

2l IO=- I ·9 

2:? I o=-t-18·0 
23 o=-64 ·5 

1Vt>r111al eq11atio11s-Co11ti11ued. 

l c,6 c., (\~ C,;. ("' ,.... 
" c.3 "-20 

.._., '--::::z 
I --1 

I I +6·_,s 
2 -I '15 + 2·41 

3 -0·36 --19 ·61 - 6·33 

-4 +16 ·29 + 2 ·84 

5 -12 ·02 - S·68 

6 - 8·37 -12 '02 

7 + I ·54 +13 "3i + 0·54 +0·54 + 6·46 
s -- 4 '71 - 2·33 +1 ·61 -- 9·98 +is ·69 
9 -- 4 71 + s·w -6·84 - 6·46 +10·18 

IO --II ·34 -3 ·29 . - 0·40 - 0·45 
II + 471 + 0·54 -0·42 -t-IJ ·26 + ~·53 + 7·53 
12 + 2 ·15 +2·82 -13 ·18 -t-27 ·35 + 8·66 
I• .) -- 8 ·95 -.3 ·99 + 5·06 - J ·13 - 0·68 

14 + 7 ·7r +7 ·71 + 5 ·47 -20·86 
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(c) Figun' ,;,~iustmmt-Completed. 

1Vor111al eq11atio11s-Completed. 

-1 C,6 C,7 C,s C,9 C.., c .. c .. c.3 

" 
l.S - s·oo +:H "72 +18 ·os 
16 +67 ·39 - 0·37 

17 +271 ·77 +12s ·or 

rs +173 "74 + 20·44 + 20·44 -- 21 ·21 

19 +670·29 +us ·69 - 34·57 - 32 ·94 + 14·97 
:.10. +171 "79 - 86·14 - 46 ·19 4·4s 
21 +333 ·as -100·4s 16·97 
22 --f-1 182 ·3s +99·07 
23 +434 ·92 

Rcs11lti11g n1lues ,~( corrclaft·s. 

C,=+0·349 6 c 7=+0·154 c,,=-0·522 C,9=-t-0·013 I 

C0 =--f-0·002 9 C s=+r ·813 C,4=-I ·188 C00=-0·091 2 

C,=+0·367 2 c 9=-1 ·523 C,5=+o·srs C.,=-0·037 5 

C4=+o·r3r C10=-I ·631 C,6=-o ·100 9 C,,,,=-0·046 I 

C5=-0·811 Cu=+o·27S C,7=-o·oq I c.,=+o ·123 9 
C6=-0·277 c,.=-0·901 C,a=-o ·059 6 

Conniio11s to angular directions. 

II II II II 

(l)=+o "731 I ( 13 )=+o ·237 (25)=-0·109 (37)=+1 ·ass 

(2)=-o·.:w9 6 (14)=-o ·431 ( 26)=+0 ·299 (38)=-2 '734 

(3)=-0 '4S4 4 ( 15)=--o ·526 (27)=-t-0·120 (39J:=+1 ·235 

(4l=+o·36s ( r6 l=+o 717 ( 28) =+o ·084 (40)=-0 ·437 

(5)=+0·236 ( Ij)=-1 '003 (29)=-o ·197 (41 )=+I ·193 

(6)=-0·225 (18)=+0 ·146 (30)=-o ·229 (42)=--o ·816 

(7)=-0·032 (19)=-0·169 (31)=-q·750 (43)=-o·a.i8 

(8)=-0·361 (20)=+0·017 (32)=-0·274 (44)=+0·109 

(9)=+0·345 3 ( 21 l=+o ·194 (33 l=+o ·013 (45)=--!-I ·1S8 

(10)=+0·190 I (22)=+0·098 (34)=+1 ·240 (46)=-0'SIS 

(II)=-0·141 8 ( 23 l=+o ·702 (35 )=-o ·ros (47 )=-0 ·673 

(12)=+0·720 (24)=-o ·899 (36)=+0 ·s22 
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(d _) >1djusled triangles, Caltt~irnia. 

No. Stations, 

r Ross l\:fot111tai11 

1 i Mount Helena 

Mount Diablo 

I 
Ross Mountain 

2 Mount Helena 

Mount Talualpais 

r Ross Mot~ntain 
3 · Mount D1ablo 

l Mount Tamalpais 

Observed angles. 

0 II 

56 15 40 ·So6 
102 52 47·18I 

20 SI 45·654 

13·64I .1 
77 SI 13 ·664 I 
69 oS 49 ·S50 I 
33 00 06 ·142 

9·656 
21 .>5 32 ·Ss8 
2S 56 04 ·44S 

129 28 31 ·28s 

S·s9I 

J Snow Mountain \Vest 25 S7 

4 l Mount Helena 105 16 

02 ·4s 
24 ·oS 
41_·98 

I 

Ross Mountain 48 46 

r Mount Sanhedrin 

Correc
tion. 

Spher- Spher-
ical ical 

angles. excess. 

" II 

-0·15s 40·651 
-0·454 46·727 
-o 7~1 44 ·923 

-o ·487 13 ·177 

-o ·455 49 ·395 
+o ·350 o6 ·492 

-o ·332 32 ·526 

+073I os·179 
+o ·350 31 ·635 

-0·48 
+0·23 
+0·70 

-I ·72 
-I "25 

Ol ·97 
2.J. ·31 
42·68 

II 

4·100 
4 "IOI 

4 "JOO 

1:? 0 301 

3·022 

.3 "O:.?I 

9·064 

3 ·1r3 

3 ·n3 

3 ·114 

9·340 
2·99 
2·9s 
2 ·99 

s .
1 

Snow Mountain \Vest 

Mount Hdeua 

s·sI 

38 55 II "49 
I2S sS 38 ·99 
15 06 1S·3r 

8·79 

( 

Mount Sanhedrin 63 II 50 ·07 
6 Snow Mountain West 100 01 36 ·54 

Ross Mountain · 16 46 43 ·4r I ~~;; 
09·77 

37 74 
17·Ss 

49·50 

3-5 78 
43·08 

s·96 

I ·79 
I 

0.78 
I 

0 79. 

5·36 

2 79 
2·7s 
2·79 

f 
Mount Sanhedrin 

7 l Mount Helena 
Ross Mountain 

I0"02 
::q 16 38 ·ss 
90 IO 05 ·77 
65 :'13 25 ·39 

9 "74 

I 
Cold Spring 2s 10 19 ·43 

8 Mount Sanhedrin 96 w 53 ·19 

Snow .l\fountain West sS 38 53 ·S7 

J 
Cold Spring 

9 l Mount Sanhedrin 
Mount Helena 

6·49 

82 so 21 '4i! 
57 15 41 ·70 
39 S4 IO ·SS 

14·00 

I 

I 

-\ 

-0·21 

-0·70 
-0·10 

-0·49 
+1 ·02 
-0·13 

3973 
06·46 
25·77 

19·22 
52·49 
S3 ·77 

20·03 

42 72 

IO "7S 

8 ·36 

3·99 
3·9s 

3·99 

II ·96 
1 ·s3 
1 ·s2 
I •$3 

5·48 
4 ·so_ 
4·So 

4·&i 

Logs. 

5·032 332 s 
5 ·101 370 2 

4·664 015 9 

4·918 o6r 8 

4 ·S9S 471 6 
4·664 016 o 

4·779 637 7 
4 ·898 471 s 

Di;;tances 
in 111etres. 

107 728 ·0 
126 290·35 
46 133 ·45 

82 So6·oo 

79 IS3 76 
46 133"46 

60 20s 71 
79 1s3 ·so 

5·101 370 4 126 290·41 

4·664 016 0 
5 ·007 341 2 

4·::;99 265 7 

46 133·46 
IOI 704·73 
79 29S·64 

4·899 265 7 79 298·64 
s·oo9 240 s 102 150·~9 
4·517 094 9 32 892·35 

S "007 341 2 IOI 704·73 
5·oso 022 .3 112 207·6o 

4·s17 094 7 32.892·33 

4·664 016 0 46 133·46 
s·o50 022 4 112 207·62 

5·009 240 5 102 150·49 

4·s17 094 s 32 892·34 
4·Sss 837 8 76 884·32 
4·819 819 9 66 041 ·95 

s·009 240 s 102 150·49 
4·937 510 0 86 s98·42 
4·819 820 0 66 041 ·97 
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(d) Adjustt'd triangles, Ca/ijonzia-Continued. 

Correc- Sp her- Spher- Distances No. Stations. Observed angles. tion. ical 1cal Logs. in metres. angles. excess. 

0 ,, ,, ,, II 

( Cold Spri"" 57 40 QI ·99 -0·28 01 71 4 76 4·899 265·7 79 298·64 
IO Snow Mountain \Vest 67 19 45 'I2 -I '15 43·97 4 76 4·937 510 0 86 598·42 

Mount Helena 55 00 29 ·19 -0·59 28·6o 4 76 4·885 838 0 76 884·36 

I6'30 14·28 

( Great Ca.p•u 84 I4 17 ·19 +0·24 17·43 I 089 4·819 820 0 66 04I '97 
I I Mount Sanhedrin 36 18 40·21 +0·08 40·29 1°89 4'S94 46I s 39 3o6 '2S 

Cold Spring 59 27 06·7s +1·20 07·9s l ·Sg 4'7S7 I24'5 S7 164·2s 

4 ·rs s·67 l TwoRo<k 129 46 22 ·36 +1 'I9 23 'SS 0·87 4 '8I9 820 0 66 041 ·97 
12 Mount Sanhedrin 26 26 s9·46 +0·18 . 59·64 0·86 4'S82 889 l 38 272 70 

. Cold Spring 23 46 38·99 +0·41 39·40 0·86 4 'S39 631 0 34 644·24 

0·81 2'S9 

(Two R0<k 74 32 01 '62 +0·1s 01 ·77 0·75 4 'S94 461 5 39 3o6·2s 
r3 Cold Spring. 3S 40 27 76 +0·79 28·5s 0·74 4 ·376 281 '7 23 783·83 

Great Caspar 69 47 3I ·14 +077 31 ·91 0 74 4 'S82 889 'l 38 272 70 

0·52 2·23 

rwoRock 155 4r 36·02 -I •34 34·68 0·28 4'7S7 124 s 57 I64·2s 
q Great Caspar 14 26 46·05 -o·s2 4S ·53 0·29 4 'S39 631 0 34 644 ·24 

· Mount Sanhedrin 9 51 40·7s -O'IO 40·6s 0·29 4·376 28I 5 23 783·81 

2 ·82 0·86 

( PoxtOD 67 39 3s·95 -0·38 35·57 0 '73 4·594 461 s 39 306·2s 
15 Cold Spring So 58 04·60 +1 '02 05 ·62 o·p 4 ·622 928 3 41 968 ·97 

Great Caspar 31 22 20 70 +0·29 20·99 0 '73 . 4 ·344 848 3 22 123'22 

I '2S 2 ·18 

(Paxton 100 00 32·39 +0·39 32·78 o·sr 4·582 889 l 38 272·70 
16 Cold Spring 4S 17 36·84 +0·23 37 "07 O'SI 4·441 247 8 27 621 'S4 

Two Rock 34 41 SI 'II +o·s7 SI ·68 O'SI 4·344 848 4 22 123·22 

0·34 I ·53 

J Paxton 148 2I SI ·6o +o·s4 52 ·14 0·46 4·819 820 0 66 041 ·97 
17 Cold Spring 2I 30 57·85 -O'I8 57·67 0·4s 4·664 442 7 46 178 ·Sr 

Mount Sanhedrin IO 07 II 036 +o'.19 II '5S 0'4S 4·344 848 3 22 123·22 

0·81 l ·36 

r Paxton 32 20 s6·44 +0·77 S7 '21 o·s2 4 ·376 281 6 23 783 ·82 
18 l Great Caspar 38 2s I0'44 +0·48 10'92 o·s2 4·441 247 8 27 621 'S4 

Two Rock I09 13 s2 ·73 +0·71 53·44 O'S3 . 4 ·622 928 ·1 41 9P8·9s 

s9·61 I'S7 

18732-No. 4--39 
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No. Stations. 

r Paxton 
19 · Great Caspar 

l Mo\\nt Sanhedrin 

[

. Paxton 

20 Two Rock 

Mount Sanhedrin 

f 
Fi,;her 

2r . Great Caspar 

l Two Rock 

I Fisher 

22 .l Great Caspar 
Paxton 

Fisher 

Great Caspar 

Cold Spring 

[

. Fisher 

24 Two Rock 

Paxton 

f 
Fisher 

25 Two Rock l Cold Spr_ing 

I Fisher 

26 l Paxton 
Cold Spring 

(d) • .J.djusted triangles, Ca/(/onzia-Completed. 

Observed angles. 

* " 
So 42 15·65 

52 51 56 ·49 
46 25 51 ·57 

3·71 
48 21 19 ·21 

95 04 31 ·25 

36 34 IO "82 

40 S9 
74 52 55·45 
64 07 25·95 

92 35 
36 27 45·01 
50 56 35 ·18 

151 53 
5 05 24·31 

23 01 18 ·s5 

51 36 09·53 
45 06 26 78 

83 17 31 ·62 

7 ·93 
110 53 44 ·S2 

IO 24 35·67 
5S 41 46·61 

i ·10 

59 17 35 ·29 
16 43 00·77 

103 59 23 "4S 

59 ·51_ 

Correc. 
tion. 

Spher- Spher-
ical ical 

angles. excess. 

II 

+0·92 
-0·04 
+0·27 

+0·15 
+0·63 
+0·36 

II 

16·57 

56·45 
51 ·s4 

19 ·36 
31 ·SS 
II ·18 

34·54 
+r ·99 57 ·44 

+3 ·97 29 ·92 

42 ·38 

+1 ·51 46 ·52 
-2 "OI 33 "17 

17 ·so 
25 ·54 
17 ·25 

·-I 70 07 ·8.~ 

-3 ·25 23 ·53 
-I "24 30 ·38 

-1 ·86 

-0·81 

-0·16 

+1 ·63 
-0·58 

42 ·96 
31 ·85 
45·So 

35 ·13 
02·40 

22 ·S7 

" 
l "62 
I "62 

I "62 

4·S6 
0·81 
o·So 
0·81 

2·42 
0·63 
0·64 

0 ·6.~ 

I ·90 

0·69 
0·69 
0·69 

2·07 
0·09 
o·ro 

O'JO 

0·29 
0·58 
0·58 
0·58 

I 74 
0 ":.'.?I 

0'20 

0'20 

0·61 

0·13 

o ·r3 

0·14 

0·40 

Logs. 

I 4 "757 124 5 

4·664 442 6 
4·622 92S 2 

4 ·539 6,31 0 

4·664 442 5 
4·441 247 7 

Distances 
in metres. 

57 ·164 ·25 
46 178·So 

41 968·96 

34 644 ·24 
46 178·79 
27 621 ·53 

4·376 281 6 23 783·82 
4 ·544 106 I) 35 003 ·06 
4·513 522 2 32 622·S7 

4·622 928 2 41 968·96 

4·397 379 4 24 967·75 
4·513 522 2 32 622·87 

4·594 461 5 
3·869 319 5 
4·513 522 2 

39 3o6·25 
7 401 ·50 

32 622 ·87 

4 ·441 247 8 27 621 ·54 

4·397 379 3 24 967·74 
4 ·544 Io6 0 35· 003 ·o6 

4 ·582 889 '1 

3·869 319 ·5 

4 ·544 106 0 

4·344 848 3 
3·869 319 6 

4·397 379 4 

38 272 70 

7 4or50 
35 003·06 

22 123·22 

7 401 ·50 

24 967·75 
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(o·) Pn·cision <?l lhc 11-"t·stern or loast Range seTks <!_l friangles. 
·. . 

For a fair estimate of the precision of the adjusted triangulation, we have in the 
first place the mean error of an observed angle as derived from 75 corrections to direc
tions determined from the z3 normal equations-

~
.., [~1~1] ~.., '/ .., 7"58 1/l = - <' - - ·" _;.. ~ - ± 11 •. ____ - I 40 

c 23 

To find the probable.error of the length of the side Great Caspar to Fisher, which 
can be reached from the side Mount Helena-Mount Diablo by six triangles, we make 
use of the usual expressions-

11 .. ,. =: ( o .... )- 2 ;z"" [o 2 + o o + o•] and r'.,,. = o·6H 5m../ If..,, 
. 3 . '11 .-! A R H 

In this case-

o .... =13·3, 2 [o• + 00 + o•] = 83·8. 11 .... = 0·316 and ...... = ±0·531111. 
... _{ 1' r. 

To this probable error, due to angular measures, must be added the part arising from 
the uncertainty of the starting side. The probable error of the side Mount Helena
Mount Diablo was found to be± o· 295 metre or H·lu;:ru part of its length. The · 
corresponding probable error for Great Caspar-Fisher is± 0·089 metre, and the total 
probable error is ~(0·531) 2 + (0·089)• = ± 0·538 metre, which is 60 Jin•;:r part of fhe 
length. 

The distance between the middle points of the lines Mount Helena-Mount Diablo 
and Great Caspar-Fisher projected on the thirty-ninth parallel is about 120 kilometres 
(74 statute miles). The average probable error of the triangulation may be taken a's 
}·~ ( :nrr._1""" + ;rrrJr.rro) = To:r1-rrrrrr part of the length. The uncertainty in length of the 
triangulation between the Yolo Base Net and the Pacific is therefore r · 15 metres. 

G. SOME STATISTICS OF THE TRANSCONTINENTAL TRIANGULATION. 

In judging of the extent and value of this work, it will be conveni.ent to have for 
comparison a collection of some leading statistical numbers bearing upon the arrange
ment and results of the preceding computations.· 

The following table exhibits the approximate distances between the adjacent base 
nets as measured from the middle of a junction line through the axis of the intervening 
triangulation to the middle of the opposite junction line. There is also given the 
number of trigonometric stations in the chain of triangles and the number of conditional 
equations involved and satisfied for each connecting link. 
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Designation of triangulation. !'>tarting and junction line~. 
Distances 
between 
sides of 

base nets. 

km. 

I The Eastern Shore series 
l C'P• May Light to C.pe Horuop.n ) 

Light 140 

Finlay to Linstid J . 

2 The Allegheny foleries 
{ Webb to Marriott 

Summersville to Ivy } 445 

3 The Ohio series 
( Piney to Pigeo11 

l Reizin to Culbertson 
I So J ::?· 

4 The Indiana series 
f Green to Stout l 216 't Hunt City to Claremont I 

5 The Illinois series 
( Hunt to Newton l. J7I l Clark Mound to Dreyer I 

6 The Mis.<!Ouri series 
J Insane Asylum to Kleinschmidt 

l Christian to Belche 
} 192. 

7 The Missouri and Kansas { Hubbard to Hughes 
)· 402 series l. Vine Creek to Iron Mound 

S The Kansas and Colorado { Tho:i:upson to Heath . 

series Holcomb Hill to Big Springs 
1. 6o I 5 

9 The Rocky Mountains { Divide to Big Springs 
} 780 

series \ Mount Nebo to Ibepah 

10 The Nevada and California { Mount Nebo to Ibepah ·1 
series Mount Helena to Mount Diablo I 850 

~I TheWesternorCoastRange { Mou!lt Helena to Mount Diablo 

series . Fisher to Cold Spring . · 
1. 16o 
.I 

J:l!umberof Numberof 
dt~1i:frJ!~- conditi,onal 

gulation 'qnattons 
stations. m\'olved. 

I:J rs+ rs 

20 22+33 

2' _, 50 

15 34 

I::? 33 

22 65 

36 i7 

42 99 

12 28 

16 .JO 

8 23 

The total number of principal triangulation stations, not counting those of the 
base nets, is ::i20. Adding to these the latter, or 88, we have for the total number of 
principal stations 3oS. To these must be added about 240 subordinate stations-i. e., 
those which connect the geodetic and astronomic positions. 

The total number of conditions in the above series is 537. Adding to these the 206 · 

conditions in the base nets, the grand total of conditions subsisting and satisfied is 743. 
The following tables contain statistics relating to the angular measures, the closure 

of triangles, and the degree of accord between any two adjacent base lines when co11 .. 
nected by .a series of triangles. 

With rei;;pect to the closure of the triangles ( 71' plus spherical excess minus the sum 
of the angles), we find the number of cases in excess to those in detect in the ratio 
36 to 34, nearly. If .J .equal the closing error, and 1i the number of triangles, the 

column headed •' Meau error of an angle'' gives the quantity er / [ .J:J with an aver--V Jll 
age value of ± 0"·77. The column headed "Probable error of an adjusted directio11" 

is given by d 0·675 ..J[i;•] where c= number of conditions. 

The average value is ±d'·44 
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H. SUMMARY OF RESULTS RELATING TO ANGULAR MEASURES. 

Tria11gle closing errors. Number Mean Probable 
Designation of locality. Number of Smu of of tri- error of error of a 

angles. an angle. resulting 
+ + ·direction. 

...----..--.. ,__.._, 
II II II I/ 

Eastern Shore series 14 14 26·55 22 ·62 28 ±I '22 ±072 
Kent Island Base Net 6 6 8·42 7·54 12 0·96 0'4I 
Allegheny series 33 * lS 46·79 24 '20 52 0·98 0·45 
St. Alban,; Base Net ll I4 II ·35 23 'I5 25 I ·04 0·47 
Ohio series 20 24 24·53 25·77 44 o·Ss 0·45 
Holton Base Net 4 II 4·40 7·47 IS 0·58 0·34 
Indiana series 15 12 13 ·60 S 'II 27 o·6o 0·34 
Olney Base Net I3 22 II 'QI I6 'I8 35 0·54 (1'29 
Illinois series IO I8 6°85 15 ·37 28 o ·57 0·34 
American Bottom Base Net 7 9 I I "31 24 'I7 -16 I '59 0·82 

Missouri series 36 28 49·72 19 ·95 64 0·81 0·66 

Versailles Base Net 17 14 16 '00 ll ·83 31 0·64 0·40 
Missouri-Kansa,; series .p 29 36·40 24 ·go 70 o·6o 0·35 
Salina Base Net s 6 8·73 7 "IO 14 0 '75 0·44 
Kansas-Colorado series 48 48 50·24 46·05 96 0 '75 0·50 
El Paso Base Net 7 9 4·94 TO 'JI I6 o·6S 0·40 
Rocky ]',•fountain series I3 IO II ·29 7 ·93 ,,. 

-.) 0·57 0·32 

Salt Lake Rase Net I8 I5 I4 ·43 12·28 33 0·66 0·32 

Nevada-California series 15 15 s·oo 9 ·17 30 0·42 0·23 

Yolo Base Nd 7 I2 2 ·og IO "79 I9 0 ·51 0·24 

·western or Coast Range series T4 9 I6'56 24·91 23 ±I '37 ±0·67 

Sums 357 343 383 ".:![ 359·6o 70I 
Average value from 701 triangles ±0·77 
Average yalue from I 66o directions ±0·44 

*One triangle closes exactly. 

I. ACCORD OF THE BASE LINES. 

In the adjustment of the triangulation between two adjacent base nets the length 
equation has been derived from the angles as given by the station adjustments previous 
to any further adjustment, the triangles not even having been closed. Any route 
might have been selected, but such angles as differ least from 90° have been chosen. 
Spherical angles have been used, the logarithms of the terminal lines having been 
corrected for difference in. arc and sine. In the solution of the normal equations the 
length equation was assigned the last place in order, so that the diserepancy was 
corrected for the adjustment of all the other equations, thus showing the final discrep
ancy which was distributed over the figure, and which was the same that would have 
been obtained if the length equation had not been formed until all the other equations 
had been adjusted. 
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The following table shows the discord in ~ength between adjacent base lines as 
computed through the intervening triangulation, derived in the manner explained above. 
A plus sign indicates that the base to the east gives the greater length. The discrepancy 
is given in units of the seventh decimal place of logarithms and also in parts of the 
length. 

Base lines. 

Kent Island and St. Albans 

St. Albans and Holton 

Holton and Olney 

Olney and American Bottom 

American Bottom and Versailles 

Versailles and Salina 

Salina and El Paso 

El Paso and Salt Lake 

Salt Lake and Yolo 

Discrepancy. 

In logarithm. One part in-

+ JI 395 000 
24 I8I 000 

7r 6I 200 
6 724 000 

+ 86 50 500 
+169 25 700 
- 92 ·3 47 000 
+ 85·4 50 840 
+ 82·6 52 6oo 
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IV. THE RESULTS OF THE ASTRONOMIC DETERMI
NATIONS OF LATITUDE 

CONNECTED WITH THE TRANSCONTINENTAL TRIANGULATION. 

A. GENERAL REMARKS. 

There are more than loo stations at which the latitudes were determined astro
nomically and almost exclusively by Talcott's method. Many of these determinations 
had been made for purposes other than those for which they are now utilized. They 
elate back to the year 1846, a time whe11 the great practical value of the micrometric or 
Horrebow-Talcott method* had been fairly recognized, only to be further confirmed 
when a greater choice of stars with superior catalogue places became available. The 
latest date when Airy's zenith sector was employed' on the Sttrvey for latitude work was 
in 1850 and 1851. There are also a few stations of a permanent character ·where 
the. ordiuary observatory instruments were used. Altogether there are some l() ooo 
individual observations for latitude collected and utilized in connection with this part of 
the geodetic work. 

B. INSTRUMENTS. 

A zenith sector made by Trough ton & Simms of London according to Airy's. 
design was used at four stations: Webb, Hill and Soper, in Maryland, and Causten, 

- District of Columbia, in 1850-51. This instrument is described in detail in Clarke's 
Geodesy.t pp. 182-185. It was an instrument for making absolute measures of com
paratively small zenith distances (not exceeding 15°). The inclination of the telescope 
was determined by four microscopes reading against two arcs, one near· the object 
glass and the other near the eyepiece, graduated to 51 spaces and having a radius of 
20·5 inches. These graduated arcs, thre.e levels and the telescope axis, were carried by 
a revolving frame, which was placed in the plane of the meridian and could be reversed 
quickly about its vertical axis. ; This vertical axis was not continuous, but consisted 

*For a short hi~toricat notice of the ·ratcott n1ethod, a description of instru111ent, statement of for1nul:::e1 and method 
of rednction, the reader may consnlt Appendix No. 14, Coast and Geodetic Sun·ey Report for iS&., pp, ,45-,59; further 
information will he found in Chau,·enet's Manual of Spherical and Practical Astrono111y,.1863, and in other treatises and 
pnblications, e.g., C. L. Doolittle's Treatise on Practical Astronomy <.ith editi•;n of 1893) and Dr. T. Albrecht's ''Formelt1 
und Hiilfstafeln fiir geographische Ortsbestimnmngen,'' Leipzig, 1894 (3tl edition). pp .. 75 to 8.j. A revised edition of 
App<:ndix No. 14 has since heen published in the Superintendent's annual report for the fiscal year 1897"'98. Appendix 
No. 7, by J. F. Hayford, assistant. 

t Geodesy by Col. A. K. Clarke, Oxford, Clarendon Press, 188o. The. instrument is fignred on p. 183. See also 
"Orduauce Survey: Astronon1ical Observatious, etc .. •· 1Kp to 1850. London, 1852. 
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merely of a lower cone carrying the whole weight of the frame and an upper adjustable 
cone with its vertex downward, which was supposed to furnish just enough pressure to 
make the axis of revolution stable. 

All observations were made with the telescope in the meridian, and with the star 
near the middle of the field of the telescope. Two paintings, with the corresponding 
arc and level readings, were made upon each star, with a reversal of the revolving 
frame 180° in azimuth between them. 

The probable error of a single observation was but little greater than with the 
zenith telesc~pe, which was used later. But it was found that in all the observations 
made with the zenith sector at the four stations named above and at Mount Independence 
and Agamenticus, Maine, the latitude derived from observations upon stars north of 
the zenith were systematically greater (by o"·s on an average) than those derived from 
southern stars. These systematic errors are indicated graphically in the accompanying 
diagram, reproduced from astronomic report December 9, 1869, plotted from the actual 
observations at these six stations. It will be noticed that the error is apparently propor
tional, on an average, to the zenith distance of the star. Various attempts have been made 
to account for these systematic errors by ascribing them to imperfect graduation, to a 
yielding of the cones forming the verticaJ axis, to a distortion of the graduated arcs as 
the revolving frame yielded under its own weight, to defects in the assigned star places, 
to deviation of the telescope from the meridian, and to other causes. Because of these 
unexplained systematic errors and because of the unwieldiness of the instrument in 
transportation the zenith sector was superseded on the Coast Survey by the zenith 
telescope after the sector had been usecl" at six stations only. 

In computing the latitude from observations with the zenith sector the latitudes 
were first separated into two groups, one from stars north of the zenith and the other 
from southern stars; the indiscriminate mean of the results. in each group was taken, 
and the adopted latitude is the simple mean of the two group means. This method of 
reduction eliminates the systematic errors, provided said errors are proportiona~ to the 
zenith distance of ·the star observed, and provided the mean zenith dist21.nce of the 
northern group is equal to the mean zenith distance.of the southern group. The stars 
were purposely selected in such a way as to nearly fulfill this last condition. It was not 
considered advisable tu assign different relative weights, depending upon the number of 
observations to the various stars, since it was evident that the systematic errors were 
much larger than the outstanding accidental errors of observation. The probable error 

assigned to the adopted latitude \Vas computed by the formula\;o·455 ~v". in which 11 
II (U -;--- I ) . 

is the number of stars observed at the sta_tion, and the v's are the residuals obtained by 
subtracting the mean result from each star from the adtptd latitude. It is believed 
that the probable error as thus computed is sufficiently large to include the uncertainty 
arising from the obscurity connected with any systematic errors. 

The observations by the Horrebow-'falcott method were made with instruments of 
three types, commonly called in the Coast and Geodetic Survey zenith telescopes, transit 
and meridian telescopes, respectively. These instruments are illustrated in Appendix 
No. 7 of the Coast and Geodetic Survey Report for 1898, zenith telescope Nos. 1 to 4 
i~1 figure 6, and the meridian ·telescopes in figure 2; and in Appendix No. 14 of the 
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Report for 1880 the transit is shown in illustration No. 62 and the older form of zenith 
telescope in illustration No. 68. 

Particulars of these three instruments are contained in the tabular form below: 

In:o;.tru111e11t. 

Zen. Tel. M. A. 

Zen. 'I'd. No. 1 

Zen. ~rel. No. 2 

Zen. Tel. No. 3 

Zen. ·ret. No. 4 

Made 
by-

T &S.* 

T.&S. 

T. &S. 

T.&S. 

Zen. ·rel. No. 5 W.* 
Zen. 'I'd. No. 6 W. 

Trausit No. 4 • T. & s. 

·rransit No. 6 'l'.&S. 

Mer. Tel. No. 1 w. 

Mer. Tel. No. 2 \\". 

1\-ler. Tel. No. 3 K.* 

Mer. Tel. No. 7 w. 

Mer. Tel. No. 9 

Mer. Tel. No. 13 w. 

l\ler. Tel. No. 16 IF. & Co.* 

When Focal Clear r.;~f,;_g'i- One division One turn of 
made. length. ~;:;- p0wer. of level. micrometer. Remarks. 

1847 

1849 

186$ 

cm. mm. 

l lj 

ll6 

Uj 

118 

66 

119 

;9 

So 

66 

66 

95 
~o 

;o 

;o 

;o 

;o 

~4 

·"° 
66 

fi~\ 
ISoJ 
61 

61 

100 

I •3 

0·9 to 1 ·s 

0'9 to I "O 

l "O lO 2·6 

JOO Cl "9 lO:? '3 

II l ·6t 
/l ·4 

Q, 7 t0 2 ·2 

66 o·S to 2 ·2 

90 2"[ 

J0,5 I ·6 to 2 ·4 

6o 0·9 to 1 ·9 

77 o·;to1·7 

;o 1 ·o lu 2·3 

43 1 ·o to 2·1 

72 :?"5 to 2 "i 

1 "'::"to 2·6 

45 

and 47 

45 

47·6 

Property of United States Mili
tary Acade~ny at West Point. 

Nt:w micrometer in ri::i.79. 

Remodeled 1891 for interna
tional latitude= obser,~ations at 
Honolulu. 

After reconstruction at Coa~t 

and Geodetic Survey Office in 

1891. 

43 ·7 aud 44 ·7 New tnicromt:h::r in i~;S. 

44 "6 After reconstruction :.ll Coaf'.t 
and Geodetic Sun·ey Office in 
IS\ll. 

Fitted for latitude ohser-·ations 
in 1881; modified at Coast and 
Geodetic Sur,•ey Office in 1890. 

Fitted for latitude observations 
in 1881. 

Furnished with new ohjecth•t: 
in 1872. 

66·0 Remodeled at Coast and Geo-
detic Sur,·ey Office iu 1893. 

65 ·6 New micro'n1t:ter in 1894. 
63 ·s 
65·1 

7i "I 

i9'1 

iS ·~:. 
100·7 

So·; 

i7"S 

i Nc::w micrometer in 1f;94. 
I 

1}·n1r~e differtnt ohjt:Cli\•t:s. 

I 

j New micrometer in 1~3. 

*l'. & S. = ·rroughton & Si~nn~. \V. = \Viirdema1111. F. & Co.= Fauth & Company. K. = E. Kiil>el. 
t 1'he=:;e ren1od~led carry /'wo latitude levels-an n])per nnd a tower. 
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C. DETERMINATION OF THE MEAN PLACES OF STARS. 

The star catalo~ues upon which the computations made during the past year 
( 1898) of the north polar distance of latitude stars have been based are as follows (the 
elate being that to which observations given in the catalogue are reduced): 

1i55· Auwers' Bradley 1845. Radcliffe 18io. Glasgow 
1790. Fedorenko 1845.} 1870. Melbourne 
1Soo. D' Agel et ( Goul<l) 186o. Paris 1870. Leiden 
1800. Bailey's I.ala111le 1875 .. 1872. Greenwich, 9-year. 
1800. Piazzi 1850. Greenwich. 6-year 18i5· . .\uwers' Punrlamental 
1810. Groombridge 1850. Cape 1Si5· Armagh 
1825. \Veisse',, Bessel 1855. Bonn 1875. Cordoba 
1830. Cambridge 1855. Pulkowa 1875. Rome 
1830. Pond 1861). Cape 1875. Romberg 
18_;0. Struve 1-860. Greenwich, 7-y~a1· 1875. Hai·vard 
1830. Argelanclt::r, Abo l86o. Radcliffe 18So. Cape 
18

·'
6

· l·Ri"tmker 
1860. Washington, Frishy's Yarnall 1880. Greenwich, 10-year 

1850. f 1862 .. 1880. Ann Arbor IM. S.) 
1840. Armagh 1863. }Radcliffe 1885. Pulkowa 
1840. Cape 1864. 1890. Greenwich .. 'i-year 
1840.) . 1864. Greenwich, j-year 1890. Radcliffe 
S fGn:enw1ch, 1 :?-yt:ar 

1865. Brussels 1890. Glasgow l 45 .. 
1845. Pulkowa 1865. Pulkowa 1890. Cincinnati 

Greenwich annual ,·olumes 1887 to 1895, inclusive, an•l Edinburgh observations J,~· I-Ien1lerson 
mid Smyth of various epochs. 

The present practice in computing mean places is as follows: The north polar 
distance and related quantities are abstracted for a given star from each of the above 
catalogues in which that star occurs. To the north polar distance from each catalogue 
is applied a systematic correction for the known systematic errors of that catalogue as 
developed by the researches of Prof. Lewis Boss,* supplemented for catalogues not 
treated by him by corrections from similar researches by other authorities. The 
resulting north polar distances are reduced to a common epoch ( 1890) by using the 
first two terms of the precession and an assumed approxim.ate value of the proper 
motion. To these reduced north polar distances are assigned relative weights derived 
from the researches of Professor Boss and other authorities referred to above. By a 
rigid least square reduction the most probable correction to the assumed proper motion 
and the most probable value of the north polar distance at the epoch "1890, together with 
the probable errors of those quantities, are then derived, whence the declination and its 
probable error at any epoch becon~es known. 

This, the present method of computing mean places, has been developed and put 
into use gradually. In connection with the latitude observations along the thirty-ninth 
parallel, extending over a period of half a century, many of_ the mean places were com
puted by methods which at the time were satisfactory for the purpose, yet crude as 
compared with the present means. To recompute all such mean places would not be 
justified by the small improvement in accuracy to be expected; it did seem desirable, 

*See report 011 the "Sun·ey of the Northern Boundary from the Lake of the Woods to the Rocky Mountains;•• 
Washington. 1S7S. (Pp. 409-619.) 
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however, to reexamine and eliminate the larger discrepancies arising from such mean 
place computations. 

Thus, wherever it was found that 6 rp, the residual for any pair from the indiscrim
inate mean was greater than 3~.-6 times the probable error of the mean for that pair, as 

given by the formula lxx + <., , in which the larger of the two values for e~ was 
2 2 

used as in computing the weight (see pages 624-625), the mean place computation for that 
pair was carefully revised by present methods, to determine, if possible, whether the large 
residual was due to defects in the assigned mean places or to other causes. The mean 
places of 106 stars were thus revised. In 56 cases the required correction t.o the north 
polar distance was found to be positive and in 50 cases negative; the largest plus correc
tion was 7'' · i arid the largest minus correction 5" ·9; the mean of all the corrections 
without regard to sign was 1"·01 and the mean of all with regard to sign +a"· 18. The 
above facts indicate that the defects in the old north polar distances are in the main 
accidental. Although the munber of star catalogues has greatly multiplied since the 
observations and computations for latitude were made, it may be said that·if all the mean 
places were reduced to a modern basis the value assigned to the mean latitude of the 
thirty-ninth parallel triangulation would not be thereby changed from its present value 
more than o" ·05 at most. and that H is improbable that it would be changed more 
than 0"·02. 

D. WEIGHTS AND PROBABLE ERRORS. 

The probable errors and relative weights assigned to the separate pairs were com
puted as indicated below: 

Let u. = the total number of observations and u' the number upon any pair, p = tl~e 

number of pairs, 6 = the difference between €:ach individual result and the mean result 
deduced from that pa.ir. 2 6" = the sum of all the 6" 's, and e = the probable error of 
a single observation for latitude, .then 

.. - 0~455 26" 
< - ·--- (1) 

11 -p 

Let .:~'.'!'. be the probable error of the lll€:a11 of two declinations. A value for 
2 

c 
** 
2 

for the stars observed at a station may be obtained in two ways-namely, from the com
putation of the mean places of the stars and from the latitude computation itself. 

The computation of the mean places furnishes. for each star, the value of .:*, the 
probable error of declination of that star. If the probable errors of the declinations of 
the stars of a pair are e*, and e*•' the probable error of the mean of the two declina
tions is-

and neglecting the difference between e*• and e*• we may write t! 
'k* 

2 

e• 
= ·* and a mean 

2 
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value of c• for the station is
*""" ~e· 

e· = 21V 
** 2 

(3) 

in which N is the total number of stars observed at the station and ~e" is the sum of 

* all the e" 's given by the mean place .computations of those stars. * . 
To clecluae a mean value for e** for the station from the latitude observations, 

without reference to the probable errors of declinations furnished by the preceding mean 
place computation the following process suffices. From the ordinary law of combina
tion of errors-

in which ep is the probable error of the mean result from a pair, and e is the probable 

error in that mean result arising from observation only and therefore exclusive of errors 
of declination. 

A. mean value of ej, for the station is obtained from the differences 6. <p between 

the mean results from the separate pairs and the indiscriminate mean of all the pairs. 
Thus-

/ = 0·455 .:i.6.<p" 
p p- I 

(5) 

Each pair furnishes a value for e of the following form--

in which 11' is the number of observations upon· that pair. Giving the various values 
of E" equal weight, their mean is-

e•= ~~~ . 
p n' 

(6) 

The mean values of /p and E" for the station, from (5) and (6) being substituted 

i11·(4), there is obtained a mean value of e" for the station. 

** 
2 

In combining the mean results from the separate pairs, it is desirable to give them 
relative weights which are inversely proportional to the squares of their probable errors. 
Accordingly, the weight assigned to each pair is-

w= c- + -( . c•)-I 
?if/ n'. 

(i) 

in which the value used for e" for each pair is always the /a1ger ef the. two values 

** 
2 
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given for that pair by (4) and (2). This treatment is based upon the supposition that 
if (4) gives a greater value for e2 than (2), there are other sensible errors peculiar to 

** . 
2 

the pair in addition to the assigned declination errors. 
The only cases in which exceptions have been made to the weights stated in ( 7) 

are those in. which one star is treated in connection with two or more others to form 
two or more pairs, which are not, therefore, independent pairs. If one star is combined 
with each of two others to form two pairs, each of these pa~rs was given a weight 
two-thirds as large as indicated by Ci>. If one star is combined with each of three 
others to form three partially dependent pairs, each of these pairs was given a weight 
one-half as large as that indicated by (7). A single star, nearly in the zenith, and 
observed in both positions of the instrument, was given the weight-

w= 2e' +~ ( ")-l . ¥ n.' 

The probable error of the weighted mean of resulting latitude is-

- I 0·455 ~Zt:JV" Ctp-
' (p - l) ~w 

(8) 

in which the residuals, v, are the differem;:es between the mean results from the separate 
pairs and the weighted mean of all. 

In the following tabular statements of results the values given in the column headed 
"Adopted seconds of mean N. P. D." are the mean north polar distances at the begin
ning of the year of observation, which were adopted and used in the computation. 
When the same star appears in the tabulations for different stations, the various values 
for its north polar distance do not necessarily depend upon the same data. It frequently 
happens that the place given for a star at late date depends in part upon data which 
were not available when the computation for an earlier date was made. 

Star numbers given without any modification refer to the British Association Cata
logue; numbers inclosed in a parenthesis, thus ( ) , refer to the Greenwich Ten Year 
Catalogue for the epoch 1880; and numbers in a square bracket, thus [ ] , refer to· the 
Coast Survey Catalogue given in Appendix No. 7 of the 1876 report. An asterisk 
placed upon a star number serves to call attention to the fact that the star is also used 
in another pair or pairs at that station. The subscripts P, F, Al, indicate the preceding, 
following, and mean of two close stars, respectively. 

The revisions of mean places of stars and of the latitude results here given, in 
general, were placed in charge of Mr. J. F. Hayford. 

18732-No. 4--40 



UNITED STATES COAST AND GEODETIC SURVEY. 

E. ABSTRACTS OF RESULTING LATITUDES AS OBSERVED AT THE 
ASTRONOMIC STATIONS OF THE TRANSCONTINENTAL TRIANGU
LATION. 

I. EASTERN SHORE SERIES. 

( l) Latitude at Cape J1fay, .New Jers.:11• E. Smith and F. H. Parsons. T. and S. Transit No. 6. 
May 13-27, 1881. One division of level= 211·455, observed at the office in April, 1881. One turn of 
micrometer= 4411 ·19B, derived from observations upon Polaris at this station. 

Pairs of stars. 

4 007 4 656 

4 7o6 4 742 
4 758 4 812 

4 876 4 937 

4 974 5 031 

5 076 5 o84 
(2 386) (2 421) 

5 168 

5 249 

5 313 

5 348 

5 46o 

5 525 

5 619 

5 178 

5 293 
5 322 

5 426 

5 496 

5 599 
(2 617) 

Adopted seconds of 
mean N.P.D. 

II 

32·85 

38·50 

30·38 

24·47 

54 ·52 

35 ·14 
00·27 

30·59 
56·36 

48·99 

59·70 
22·oS 

59·98 

27·94 

II 

26·08 

00·58 

I4 ·44 

04 ·25 

36·or 

17 ·12 
22·66 

37·67 

"!J7 ·51 

51 ·19 
26·28 

03·25 

04 ·52 

50·32 

n' 

5 

4 

3 

4 

5 

5 

5 

4 

4 

3 

4 

5 

5 

4 

5 

5 

4 

5 

5 

5 

5 

5 

5 
4 

5 

5 

5 

5 

Indiscriminate mean = 38° 55' 4411·65. 

Latitude. 

0 II 

38 55 44 "73 
45 ·12 
44 ·12 

44 "72 
44·So 

45·12 

45·37 
46·05 

44 ·26 

44·35 

43 72 

45 ·_07 
44 "II 

43·58 

Weighted mean =38 55. 44 ·66±011·12. 
· e = ± 0 11·52. 

II 

-0·07 

-0·46 

+0·54 
-o·o6 

-0·14 

-0·46 

-0·71 

-I ·39 

+0·40 

+0·31 
-0·94 
-o·.ir 

+0·55 
+1 ·oS 

6o observations, 14 pairs. Twelve observations were rejected at this station; the level was con
sidered to be defective. 

[Reduction to pole or station mark + 111·28.J 
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I. EASTERN SHORE SERIES-continued. 

Latitude at Capt! lllay, New ft!rsq. C. H. Sinclair. Zenith telescope No. 6. May 5-9, r89r. 
One division of level = o'1 ·96. One turn of micrometer= 7611 ·094. derived from latitude observations 
at this station. 

Pairs of stars. Adopted seconds of n' w Latitude. ,, 
mean N.P. D. 

II II 0 II II 

4 384 4 438 04·44 og·oS 4 s 38 55 44 ·19 +0·58 

(1 130) 4 564 38·62 39·40 4 8 44·62 +0·15 

4 6o7 *4 656 33·33 23 ·87 4 5 44·48 +0·29 

*4 656 *4 701 23·87 36·55 4 5 44·o6 +071 

4 675 *4 701 12"49 36·55 2 5 44·09 +o·6S 

4 7o6 4 742 30·66 47 ·75 4 s 44·84 -0·07 

4 758 4 812 18"25 53 ·17 4 8 44·43 +0·34 

4 876F 4 937 57 78 32 ·15 4 8 44·So -0·03 

4 974F 5 031 ls·n 51 ·43 3 8 44 •86 -0·09 

(I 261) 5 071 53·8s ss·92 3 s 4S"33 -o·s6 

s 076 s oS4 45·62 25·62 3 ·s 45 "IO -o·33 

(l 27S) (1 289) 07 ·10 22·67 4 8 44 ·41 +0·36 

s 168 s 178,11 29·70 3S ·14 3 8 4S 72 -0·9s 

s 249 s 293 48 "70 23·09 4 8 44 "IO +0·67 

s 313 s 322 31 ·47 33·64 4 8 44·97 -0·:10 

s 348 s 426 36 "71 s9·50 3 s 44 ·61 +0·16 

s 463 s 473 36·87 17 ·61 4 8 44 ·18 +o·s9 

5 525 5 599 21 ·44 16°38 3 s 4S"32 -0·55 

s 619 (1 393) 36 ·12 s6·97 3 s 45·o6 -0·29 

s 643 *(I 404) 23·64 s6 ·24 3 s 4S ·8S -I "II 

*(I 404) s 7S2 56 ·24 04 "77 3 s 44·9s -0·18 

Indiscriminate mean = 38° SS' 4411 ·76. 
Weighted mean =38 5S 44 ·77 ± o'1 ·07. 

t' = ± 011·28. 
73 observations, 21 pairs. 
[Redu!=tion to pole or station 1nark + 111 ·28.] 
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I. EAS'l'ERN SHORE SERIES-continued. 

(2) Latitude at Cape He11lope11, Delaware. 0. B. French. Meridian telescope No. 9. September 
6-10, 1897. One division of level= r11 ·Sr, observed at the office in March, 1893. One turn of microm
eter = 80"·672, derived from observations upon two circumpolars at this station. 

Pairs of stars. 

6 585 
6 690 

(3 232) 

6 So8 

6 834 
6 862 

(3 315) 
6 926 

(_, 338) 

7 017 

(3 445) 
(3 486) 

7 256 

7 313 
*7 336 
7 465 
7 5;io 

7 595 
*7 641 
*7 641 

6 650 
(3 I<)O) 

6 771 
6 802 

6 839 
6 868 

(3 324) 

(3 331) 
6 976 

7 088 
(3 465) . 

*7 294 
*7 294 

*7 336 

7 398 
7 48o 
7 582 
7 6o6 

(3 669) 
(3 670) 

Adopted seconds of 
mean N. P. D. 

II 

47·97 
24 ·29 

23 "12 

53·04 

22·24 

3078 

41 ·15 

12·98 

52·63 
39·02 
45 ·20 
09 "II 

03 ·19 

49·84 
26 ·14 

33 71 
41 ·41 

16·60 

45·98 
45·98 

II 

o:'> ·62 

51 ·30 

40·01 

r3·55 
16 ·31 

54 ·47 

49·55 
2s·o7 

50·99 
4S·8r 

09·33 

17 :83 

17·S3 
26 ·r4 

I4 "IO 

49·65 

33 "II 

36·37 

07·48 
10·oS 

.,,, 

3 

4 
2 

4 

3 

4 

4 

4 

3 

3 
3 

3 

3 

3 

3 

3 

3 

3 

3 

7 

7 
IO 

5 

9 
6 

8 

9 
8 

7 
4 

5 

5 

5 

5 

7 

7 

7 

5 

5 

Indiscriminate mean = 38° 46' 4011·03. 

Latitude . 

0 ,, 
38 46 40 ·rs 

39·99 
40·10 

40·98 

39 ·so 
40 "16 

39·96 
39·64 

39·94 

39·96 

40·41 

39·84 
40·00 

40·23 

39·49 

39·52 
40·20 

39·79 

39·98 

40·36 

Weighted mean = 38 46 40 ·oo ± 011·05. 
e= ±011·6o. 

v 

II 

-0·18 

+o ·or 
-O"IO 

-0·98 

+0·20 

·-0·16 

+0·04 

+0·36 

+o·o6 
+0·04 

-0·4r 

+0·16 

o·oo 

-0·23 

+0·51 

+0·48 

-0·20 

+o·:zr 
+0·02 

-0·36 

64 observations, 20 pairs. Four observations were rejected at this station. 
[Reduction to geodetic station, Cape Henlopen Light - 0 11 ·56.] 
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I. EASTERN SHORE SERIES--continued. 

(3) Latitude at Dozier, Delawal"C. C. H. Sinclair. Zenith t«::lescope No. 6. May 17-22, r897. 
Ont: division of levd = 211 ·207, th<:: mean.of the observed values of January, 1893, and May, 1895. 
One tum of 01icrometer = 7611·237, derived fro01 th<:: latitude observations at this station. 

Pairs of stars. Adopted seconds of ·n' ({/ Latitude. r• lllean N. P. D. 
,, 

" 0 I II II 

4 538 *2 125 26·67 48·61 4 9 39 09 14·01 -0·39 
*2 125 4 6o7 48·61 21 "73 4 9 I" • ., 

... , "" +0·29 

4 645 4 659 46·24 45·40 3 13 13·56 +0·06 

(r 177) 4 689 24·50 31 "72 4 15 14 ·oo. -0·38 

4 718 4 713 06 ·51 21 "74 4 7 13 ·46 +o·r6 

4 728 4 747 51 ·44 55·36 4 14 r3·ss --0·26 

2 233 4 789 42·81 23·40 4 15 13 ·93 --0·31 

4 Sro (r" :?o8) II ·41 53·22 4 13 13 "]I -0·09 

*4 847 4 874 24 ·50 57 ·03 ·I 13 13 ·57 +0·05 

*4 8~7 2 285 24·50 57 ·23 4 JI 13 "71 -0·09 

4 c;io6 4 958 19·52 II ·66 4 17 13 "7:? -o·ro 

4 978 2 339 56 ·51 18"20 4 12 13 ·31 +·0·31 

5 075 (1 27i) 25·46 37·47 4 12 r3·12 +0·50 

2 396 *5 130 41 ·14 04 ·oS 4 IO 13·60 +0·02 

*5 130 5 178 04·08 47·09 4 13 l4 ·14 -0·52 

5 234 (I 316) 25·52 56·67 4 rs 12 ·83 +079 
2 472 5 307 40·28 2']·95 4 12 13·49 +0·13 

Indiscriminate mean = 39? 09' 1311 ·61. 
Weighted mean =-~9 09 13 ·62 ± o11·o6. 

e= ±011·41. 
67 observations, 17 pairs. 

[Reduction to geodetic station, Court-house Cupola +011·52.] 
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I. EASTERN SHORE SERIES-continued. 

(4) Latitudt? at Pri11cipiv, llla1J'lillld. R. D. Cutts. Zenith telescope No. 5. July rg-September 
101 r866. One division of level = 011·76. One turn of micrometer = 4r11·40. 

Pairs of stars. Adopted seconds of 
11' Zi' Latitude. t' mean N. P. D. 

II II 0 I II II 

5 596 5 652 29·96 1.~ ·69 7 13 39 35 32 ·44 +0·37 
5 702 5 717 59·95 21·:;0 6 13 33·45 -0·64 

5 785 5 S6o 09·40 54 ·57 6 13 31 ·SS +0·93 

5 900 5 918 09·53 07·47 6 13 32·98 -0·17 
6 021 6 09r 56·05 39 ·57 7 13 32 '74 +0·07 
6 II6 6 184 32·00 47·00 6 13 33·02 -0·21 
6 232 6 252 2.3 ·95 r9 ·38 6 13 32 ·49 +0·32 
6 289 6 387 34 ·37 46·44 7 13 32·92 -o·rr 

6 438 6 500 or ·94 32·08 6 13 32 'IT +0·70 
. 6 581 6 6;q 57 ·98 06·89 7 13 32 ·¢ -0·15 
6 656 6 667 16 '73 58·08 s 14 32·76 +0·05 

6 695 6 712 I4 ·f?s ?4'00 5 12 '32 ·46 +0·35 
6 731 6 777 58·86 44'7I 6 13 33·39 --0 ·58 

6 8r9 6 834 I2 '00 07·76 4 JI 32·34 +0·47 
6 912 6 924 II ·94 43·21 6 r3 :p·39 +0·42 
5 9II 5 962 34·02 47·85 2 8 33·00 --0·19 

6 079 6 134 19 ·16 27·20 8 I4 33·67 -0·86 
6 162 6 235 II ·56 38·So 4 II 33·53 -072 
6 348 6 453 ::n ·93 20·27 3 IO 33·22 -0·41 

6 491 6 520 31·90 r2·86 4 II 33·28 -0·47 

6 551 6 637 30·00 32 78 4 II 32·40 +0·41 
.6 698 6 754 48·61 29·45 5 12 32 ·ss +0·26 

6 794 6 861 31 •64 SI ·SS 4 II 32 '62 +o·r9 
6 890 6 930 3r ·90 43·48 5 12 32·99 -o·rs 

6 996 7 oo8 03·o6 05·62 7 13 33 'I9 -0·38 

7 o61 7 IOI 54·44 59·74 8 14 33·26 -0·45 

7 143 7 166 oS·oo S9'SS 9 14 3:i ·61 +0·20 

7 204 7 233 4872 S4'07 s I4 32·77 +0·04 

7 26o 7 313 20·45 05·95 8 14 32·64 +0·17 

7 401 7 437 53·48 57·76 8 14 32 '.00 +0·81 

7 461 7 468 23·60 s6·93 6 13 32·67 +0·14 

7 s24 7 559 06 ·16 00·90 8 I4 32 ·33 +0·48 

7 712 7 738 54·04 IS ·69 9 14 33·00 -0·19 

7 798 7 81s 3s·83 29·68 9 r4 32·86 -0·05 

7 Sss 7 923 20·45 43·26 6 13 32 "62 +o·r9 

7 945 8 024 19'22 49·37 6 r3 32 ·64 +o·r7 

8 o83 8 131 rs ·17 32 ·8s 6 r3 3274 +0·07 
8 162 8 227 09·30 27 76 7 13 33·36 -0·55 

8 256 8 307 49·28 22·r6 5 I2 33·00 -o·r9 

s 3S9 8 30·41 s6·44 4 II 33·2S -0·47 

Indiscriminate mean = 39° 35' 3211·Sr. 
Weighted mean = 39 3S 32 ·Sr ±o'1 ·04. 

e= ±011·36. 
246 observations, 40 pairs. 

[Reduction to geodetic station o11·oo.J 
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r. EASTERN SHORE SERIES-continued. 

(5) L1Uillide at Pooles Island, lll<1-1J'la11d. G. Davidson. Zenith telescope M.A. June 13-July 4, 
1847. One division of level= 111 ·2S. One turn of micrometer= 4411·994, derived from Jatitude 
observations at this station. 

Pairs of stars. Adopted seconds of 
11' i.£1 Latitude. Z' . mean N. P. D. 

II II 0 I II II 

*4 7o6 4 726 5179 34 "02 3 07 39 17 17 ·57 -o ·05 

~4 7o6 4 756 51 ·79 35·47 0·4 16"00 +1 ·52 

*4 7o6 4 789 51 "79 24 ·16 4 o·S 2o·o6 -2·54 

4 874 4 933 04·85 33·95 5 I ·8 17·38 +0·14 

4 962 *5 o64 01 "12 47·87 2 0·7 17"59 -0·07 

4 ¢9 *5 o64 IO "IO 47 ·87 5 I "2 16·85 +0·67 

5 o.'35 5 JJ6 48·05 38·64 3 l "4 16·56 +0·96 

5 348 5 466 28 "79 01 ·48 6 I "9 19"74 -2 ··22 

5 530 5 629 15 ·59 37·05 6 l "9 17"95 -0·43 

*5 647 5 740 01 ·1S 51 ·69 s I ·• ·' 18·29 -077 

*5 647 5 745 01 ·18 40·10 8 l '3 l8·4S -0·96 

5 797 5 900 48 ·16 05·33 6 I ·9 17·50 . +0·02 

5 922 5 937 12·42 59·60 7 I ·9 16"03 +1 ·49 

6 021 6 052 09·64 4S·So 7 I "9 16"02 +r·50 

6 134 6 1S4 27·41 59·32 3 l '4 16 ·72 +o·So 

6 216 6 231 45·00 55·SS 7 I '9 18'96 -I "44 

6 322 *6 368 35·83 ~8 ··o • .J 4 I 'I 16 ·13 +1 '39 

6 341 *6 368 51 ·33 38·30 5 I '2 16"·66 +0·86 

6 397 6 410 04·52 47 "II 5 l '8 18 ·2r -0·69 

6 438 6 477 19·00 22·61 6 I "9 17 ·31 +0·21 

6 574 6·496 57·93 II "6o 6 I '9 18·30 -0·78 

6 582 6 6or 53·53 26·37 6 1"9 15 ·48 +2"04 

6 589 "6 640 33 "IO 33 "79 5 l ·8 17·67 -0·15 

6 681 6 695 46·25 32·6o 4 l ·6 17·89 -0·37 

*6 748 6 827 58·83 58·38 4 I "I 17 ·09 +0·43 

*6 748 6 S35 58·83 41 ·09 4 l "I 18·83 -1 "31 

Indiscriminate mean= 39° 17' 1711 ·51. 
Weighted mean =39 17 17 ·52 ± 011·15. 

e=±1"·01. 
130 ohservations, 26 pairs. 

[Reduction to geodetic station - 7"·84.] 
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I. EAS'l'ERN SHORE SERIES-continued. 

(6) Latitmlt? at Calvert. Jlli.u:vland. A. T. Mosman. Meridian telescope No. 7. July 26-August 
13, 187 I. One division of level= r11 ·o6. One turn of micrometer= 77"· 109, the mean result from 
observations at four stations. 

Pairs of stars. Adopted seconds of n' w Latitude. v mean N. P. D. 

,, 
" 0 I ,, II 

5 821 5 840 38·73 42·oS 8 4 38 21 31 ·30 +0·58 

5 874 5 886 50 ·15 59·76 7 4 33·36 ~1 ·4$ 

5 962 5 990 oo·6o 25 '96. 7 4 33·00 -I "12 

6 021 6 056 07 ·35 12 ·oo 7 4 32 ·03 -0·15 

·.6 068 6 o82 6o·28 ·50·54 7 4 31 ·98 -0·10 

6 o89 6 122 16°48 6o·89 6 4 31 ·58 +0·30 

6 157 6 184 13 ·50 43 ·58 2 31 ·96 -o·oS 

6 218 6 235 47·59 31 ·85 7 4 3o·n +1 ·09 

6 300 6 350 03·55 52·92 8 4 31 ·39 +0·49 

6 3S5 6 365 05 ·So 05·68 7 4 31 ·28 +o·6o 

6 390 6 456 47·19 16'90 7 4 32·42 -0'.54 

6 391 ·6 466 14·50 48·63 6 4 31 ·36 +0·52 .. 
6 5o8 6 528 38·14 34·20 6 4 ·32 ·18 -0·30 

6 586 6 S95 15 •o6 06·86 7 4 32·02 -0·14 

6 644 6 662 47 '«j-.'i or ·So 6 4 32 ·05 ·-0 ·17 

6 676 6 697 45·48 ~;9 "II 6 4 31 ·40 +0·48 

6 701 6 735 35 "II 29·88 6 4 29 76 +2 ·12" 

6 78o. 6 794 24 ·rs 46·35 .6 4 31 '.57 +0·31 

6 834 6 853 21 ·21 23·41 6 4 31 ·36 +0·52 

6 879 6 895 04·18 II ·79 6 4 32·71 -0·83 

6 937 6 986 18·53 58·62 6 4 32·55 ·-0 ·67 

6 967 69¢ 15·24 oS·14 6 4 .;2 ·52 -0·64 

7 027 7 084 o6·34 51 '75 6 4 32·66 -078 

Indiscriminate mean= 38° 21' 31'''88. 
Weighted mean =38 21 31 ·ss ±o"·u. 

t!=±o11·64. 
145 observations, 23' pairs. 

[Reduction to geodetic station - 011·02.] 
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I. EASTERN SHORE SERIES·-c:ontinued. 

(7) L,itilude al Taylor, 11Iaty!a11d. T. J. Lee. Zenith telescope M. A. May 17-29, l&u. One 
division of level= 1 11·28. One turn of micrometer= 45"·028, derived from the latitude observations 
at this station. 

Pairs of stars. Adopted seconds of 
mean N. P. D. 

11' t(.I Latitude. v 

I/ II 0 I II II 

4 121 4 141 49·50 55·53 5 ,, 38594673 -0·65 

*4 194 4 212 35 ·S7 20·66 6 2 47·21 -I "13 

*4 194 4 26o 35·S7 41 ·61 5 2 47 ·20 -I ·12 

4 276 4 299 46·10 33·95 5 ,, 45·62 -!-o ·46 

4.329 4 371 54·78 00 ·15 5 3 46·28 -0·20 

4 392 4 468 II ·95 47·52 5 3 45·60 +0·48 

4 566 *4 649 36·18 02 ·50 5· :2 46·03 +0·05 

4 575 *4 649 33·S9 02·50 6 2 44·99 +1 ·09 

4 675 4 7or 18 ·30. 01 ·05 4 2 45·55 +0·53 

*4 817 4 846 II 72 20·20 5 2 46·30 -0·22 

*4 817· 4 849 I I 72 44·27 6 2 46·61 -0·53 

4 933 4 967 33·95 34·22 6 3 46·07 +0·01 

4 991 5 064 34 ·:io 47·87 4 2 46·40 -0·32 

5 n5 5 153 00·84 15·27 6 3 44·91 +1 ·17 

5 234 5 307 56·03 43 ·14 6 3 47 ·13 -I "05 

5 348 5 426 28·6o 07 ·31 5 3 45 '73 +0·35 

5 490 5 601 . 37 ·18 07·58 6 3 45·58 +0·50 

Indiscriminate mean= 38° 59' 4611 · II. 
,.T,.": .. 1. ~ • .1 ••• • • •• ·'"' 5'1 

.r ._("o I - llo- -
"" ci;s.1.u.c:u .u.u::au -.:iv .. v VV....!....V 

e = ± 111 ·22. 

91 observations, 17 pairs. 
[Reduction from astronomic to geodetic station - 011 ·10.] 

(8) Latitude at llfarriott, lllaiyhmd. T. J. Lee. Zenith telescope M.A. June 16-25, 1846. One 
division of level= 111 ·28. One turn of micrometer= 4511 • 168. 

Pairs of stars. Adopted seconds of 
11' w· Latitude. ~· mean N, P. D. 

II II 0 I II II 

4 933 4 967. 19·99 20·07 3 0·:1 38 52 24·26 +0·47 

5 097 5 146 33 76 40·40 6 I "O 25 "II -0·38 

5 223 5 249 25·gS 22·94 5 I "O 23·95 +078 

5 512 5 620. 09·46 57·67 7 I "O 23·96 +0·77 

5 769 5 893 28·So 15 ·gS 4 I "O 25 72 -0·99 

t6 079 6 110 05·88 42·So 6 r·o 25·57 --0·84 

6 142 6 243 50·73 01 "IO 3 0·9 :;z4·48 +0·25 

Indiscriminate mean= 38° 52' 24"·72. 
Weighted mean =38 52 24 ·73 ± 011 ·19. 

e= ±011·75. 
34 observations, 7 pairs. 

tObservations 11prm pairs 5 972 and 6 035 gave a defective result and were rejected. 



634 UNITED STATES COAST AND GEODETIC SURVEY. 

I. EASTERN SHORE SERIES-continued. 

Latitude at 11/arriott, 11101:1!/ami. A. D. Bache and J. Hewston. Zenith telescope No. r. May 19-
June 17, 1849. One division of level= 1 11 ·519. One turn of micrometer= 4511·665. 

Pairs of stars. Adopted seconds of 
11' iC' Latitude. Z' mean N. P. D. 

,, ,, 0 ,, ,, 
3 931 3 964 5r ·oo 31 ·rs 3 38 52 24·93 +0·19 

3 981 4 147 00·66 46 7r 5 9 24·82 +0·30 

4 I94 4 212 rs 77 58·65 4 8 25·50 -0·38 

4 276 4 299 26 ·14 . 14 ·Sr 2 5 26 ·12 -1 ·oo 

4 30,~ 4 390 32 ·63 48·86 3 i 25·74 -0 ·62 

4 453 4 519 23·55 54 78 4 8 24 ·20 +0·92 

4 566 4 649 II 
0!/7 38 ·48· 4 8 25 ·95 -0 ·83 

4 684 4 7o6 01 ·oo 26·40 5 9 24·65 +0·47 

4 74• 4 SoS . 59 ·09 48·24 5 9 25 ·05 +0·07 

4 937 4 969 07·33 39·00 4 8 24 73 +0·39 
5 061 5 092 59·57 r8·47 4 8 24·95 +0·17 

*5 ns 5 120 26·29 42·28 2 23·82 +r ·30 

*5 u5 5 126 26 ·29 25 '74 2 25·92 -o·So 
5 r81 5 192 54·58 21 ·34 5 9 25·28 -0·16 

5 249 5 293 56·4r 58 '74 5 9 24 ·30, +0·82 

5 36j 5 459 4S·6o 38·66 5 9 24 °6j +0·45 

5 484 5 497 41 ·69 46 ·25 5 9 25 ·62 -0·50 

5 549 5 6o2 17 ·r3 19·22 6 IO 25 ·oo +0·12 

5 747 5 775 35 ·2r 48·25 4 8 25 ·10 -o·os 
5 821 5 s4o fJI '02 10'00 4 8 24·83 +0·29 

5 871 5 986 31 ·05 50·25 4 8 25'09 +0·03 
6 056 6 o84 45·68 56·20 4 8 24'73 +0·39 
6 ro6 6 i84 56·22 58·04 4 8 25 ·So -0·68 

6 238 6 255 53 ·29 08·77 4 8 25 ·52 -0·40 

6 395 6 453 43 ·oo 33·58 4 8 24·57 +0·55 
6 583 6 589 47 ·12 22·00 4 8 25 ·07 +0·05 
6 623 6 657 30·00 23 ·18 4 8 26·21 -1·09 

6 709 6 712 09·4r o8·o6 4 8 25'37 -0·25 
6 721 6 740 . 45 ·14 29'39 4 8 24 ·51 +o 061 

6 794 . 6 818 57·25 3676 3 7 25·33 -o ·2r 

6 839 6 932· 40 ·12 30·25 3 7 25·62 -0·50 

6 855 6 970 33 '75 39·63 3 7 25 ·10 +o ·o~ 
7 II7 7 153 16 ·54 10·2r 3 7 25 ·53 -0·41 

7 243 7 256 36·10 ·50·40 3 7 24·58 +0·54 

Indiscriminate mean= 38° 52' 2511·13. 
Weighted mean =38 52 25 ·12 ± 0" 006. 

t'= ±011·54. 
I."?8 observations, 34 pairs. 

[Reduction to geodetic station - oi'·27. ] 



'I'RANSCONTINENT AL TRIANGULATION-PART IV-LATITUDES. 635 

I. EASTJ.;RN SHORE SERIES--<:Ompleted. 

(9) Latil1/.de at fVebb, 1JfaiJ1fa11d. G. W. Dean. Zenith sector No. 1. October 21 to November 14, 
1850. Levels No. 2. One division of levels = I /1 • 2 r (mean). 

Stars north <•f zenith. Stars south of zenith. 
Adopted Adopted 

Star. seconds ,,. Latitude. " Star. secottds 11' Latitude. " of mean of mean 
N.P.D. N.P.D. 

II 0 II II /I 0 , I/ // 

i 022 15 ·50 i 39 05 25·50 +0·02 6 849 32·82 7 39 05 24 "75 . +0·15 
7 171 12 ·58 9 25 ·67 ---0 ·15 6 915 18 ·oo 7 24·37 +0·53 
7 544 18·65 6 24 '70 +0·82 6 967 O! "15 6 25·58 -o·6S 
7 598 I 58·50 6 :is ·34 +o·rS i o.'34 or ·23 7 24 "IO +o·So 
1 679 I 28·63 6 25·92 -0·40 7 ,:;13 4S·So 6 25 ·19 --0·29 
1 681 I _18 ·48 6 25"·89 --o ·37 7 336 07·50 7 24·82 +o·os 
7 746 / 58·45 6 25 ·66 ---0 ·14 7 36.'> I 09 ·15 6 24·60 +0·30 
1 Sao I 02·So 6 24·93 +o "59, 7 39:3 55 '10 ·6 24·46 +0·44 
7 815 I 16·33 6 25 ']6 --o ·24 

7 4621 
58·66 6 25·24 --0·34 

7 850 39·02 6 24 "]2 +o·So 7 607 20 ·r3 6 24 ·56 +0·34 
7 855 I r4·40 6 25·94 -0·42 7 765 .'i9"89 6 24·39 +0·51 
7 go6 I 19 ·86 6 25 ·23 +0·29 s 097 I 06·20 6 25 ·94 -1 "04 
1 915 I 24·05 6 25·60 -·-0 ·oS 8 159 18·40 6 24 ·12 +078 
7 ¢2 I 22 ·45 6 ·26·3.>, -0·81 s 2s.i I ;_\I 

035 6 24 ·s.i. +o·o6 
1 91 2 I or ·59 6 25 ·oS +0·44 41 r6 ·10 s 24·71 +0·19 
s 0231 44 ·38 6 25 ·s5 -0·33 52 I 04·80 6 25 ·16 --0·26 
8 028 i 52·56 6 25·21 +0·31 155 I 25 ·so 6 24·53 +0·37 
8 082 44·50 6 25·95 --0 ·43 259' 55 ·20 .6 25 ·36 -0·46 I 

'9" I 8 171 47 ·2r 6 25·96 -0·44 
·' ::i I 32 ·oo 6 25·43 --0·53 

8 212 24·40 6 25·92 -0·40 4651 00·95 6 21)·07 --l ·17 
s 224 I4 ·83 6 25 "77 -0·25 624 28·40 6 25·02 --a ·r2 
8 261 44 ·10 6 25·48 +0·04 

691 l 27·6o 5 24·87 -t-0·03 
8 .345 05 "JI 5 25 ·19 +0·33 86r 4,j·So 6 25·58 --0·68 

100 07·90 6 25"59 -0·07 871 08·50 6 21)·03 --1 ·r;_i, 

152 21 ·90 6 25 ·39 +o·r3 
\ 

9r2 29·20 6 2.5 "J{ -0·4r 
227 20·00 6 25 ·83 --0 ·31,. 941 04·90 6 24·22 +o·6S 
283 44·50 6 25·63 ·--0 "II 9-Sr 44·45 "6 24 ·16 +0·74 
318 30 ·72 6 24·97 +0·55 ~017 49·oS 5 24 "70 -t-o ·20 

44r 07 ·oo 6 25 ·46 +0·06 I !23 . JI •84 6 25 ·36 --o ·46 
502 05·00 6 25·6g -0·17 I 13S 29 ·oo 6 24·58 -t-0·32 
522 I og-·20 6 25 •66 -0·14 I 207 59·00 6 24 ·35 +0·55 
555 I 32 ·03 6 25·70 -0·18 I 476' 55 '26 . 6 25·69 -079 
566' 46·50 6 25·03 +0·49 l 530 I 32·25 6 :i4·SS +o·o2 
628 34·00 6 26·06 --o ·54 1 681 29·30 7 23·55 +1 ·35 
676 30·00 "6 24·S3 +0·69 
727 q·S6 6 2.s·57 -0·05 209 ohservations, 34 stars. 

967 54 ·so 6 25·85 -o·33 Mean=39° 05' 2411·90= 'I>,. 
I 043 39 ·10 8 25 ·2s -j-0 ·24 ±o·o; 
I 071 38·85 5 25·48 +0·04 
I 099 4-i ·oo 6 2s ·13 -j-o ·39 
J 2IO 29·45 6 25 "I2 -j-o ·40 
I 266 37 ·12 6 25 ·36 +0·16 

2 3231 55.·50 6 25·82 ---0·30 
I 4I4 56·29 6 25·96 --0·44 
I 613 39·67 7 25·20 +0·32 

275 observations, 45 stars. 
Mean= 39° 05/ 2s11·52 = <P ... 

±0·04 
Adopted latiti1de = % ( <P .. + <P) = 39° 051 25"·21 ± o'1·04. 

[Reduction to geodetic station + o"· 25.] 



636 UNITED STATES COAST AND GEODETIC SURVEY. 

::?. ALLEGHENY SERIES .. 

(IO) Latitudt' at Hill, llf,u:1'/a11d. G. W. Dean. Zenith sector No. I. August 23 to September 
13, 1850. Levels No. 2. One division of levels= 1"·20 (mean). 

Stars north of zenith. Stars south of zeuith. 

Adopted Adopkd 
Star. 5eco11ds 

"' Latitude. " Star. seconds 11' I.atitucle. .. of tnean of tnean 
N.P.D. N.P.D. 

,, 0 I I/ ,, ,, 0 , 
" 

,, 
5 937 08 ·50 8 38 53 53·20 --0·58 5 986 52·50 " 38 53 51 "72 +0·27 

5 990 41 ·50 5 53 "o6 --0·44 6 o84 58·~ 5 51 ·24 +075 
6 091 29·52 7 53 ·04 -0·42 6 I47 21 '9''1 ~ 52 ·40 -0·41 
6 2r8 II ·30 6 52 ·;1 -0·09 6 150 16 '44 6 52 ·42 -0·43 
6 ::?68 17·40 5 53 ·19 -0·57 6 238 51 ·90 6 52·00 -o·or 

6 3571 40·90 5 52 ·37 +0·25 6 355 11 "2(1 .s 51 ·97 -t·o ·02 

6 9~8 34·00 6 51 ·s5 +077 6 429 30·00 8 51 ·54 +0·4s 
6 983 I 40 ·25 6 SI ·96 +0·66 6 497 40·28 6 s1 ·Ss +0·14 

7 022 I rs ·so · s s2 ·69 -0·07 6 ss6 5S"45 s SI ·99 o·oo 
I 

12"S8 6 -o·s8 6 571 48·3s 6 7 171 ! s3·20 s2 ·13 -0·14 
7 • 1 • I ..').) ! 4S·So 6 52·04 +0·58 6 599 50·20 5 52 "II -0·12 

7 S44 i r8·65 6 51 ·92 +0·70 6 6s7 rs ·94 6 52·34 -0·35 
1 598 I 58·50 4 52·51 +o·u 6 667 47·90 6 52·44 -0·4s 

7 679 \ 28·63 s 52·64 -0·02 6 740 :?r ·40 6 Sl ·20 +079 
7 681 I r8·48 6 52·83 ·-0"21 6 784 os·73 6 52 ·40 -0·41 

1 16s I 39·89 5 51 ·31 +1 ·31 6 8491 32·82 .4 52·52 -0·53 

7Soo1 · 02 ·So 5 52·30 +0·32 6 851 45 ·oo 6 51 ·52 +0·47 

7 815 ; 16·33 5 53·46 ·-0·84 6 9151 18·00 5 51 ·78 +0·21 

1 s50 \ 39·02 s 52 "IO +0·52 6 967 01 ·rs 5 52·82 -0·83 

7 85s 14·40 5 53·61 ·-o·99 7 o61 59·20 6 32·14 -0·15 

7 9o6 19·86 s 52·os +d"S7 7 084 01 ·23 s 51 ·64 +0·3s 

7 915 24·os 5 5_2 ·49 +0·13 7 lS2 l8"4S 6 Sl ·43 +0·56 
7 962 22·45 s 53 ·20 -0·58 7 336 07 ·50 6 51 ·57 +0·42 

7 972 or ·59 5 s2 ·31 +0·31 7 368 09 ·rs 7 SI ·99 o·oo 
8 023 44 ·38 5 53·31 -0·69 7 398 55 ·10 5 52 ·04 -o·os 

8 0281 
1 52·56 5 52·19 +0·43 7 462 58•66 5 52·59 -o·6o 

8 082 44 ·50 5 53·52 -O'<Jq 7 607 20 ·13 6 Sl '20 +0·79 
s 171 47·21 s 52·99 -o·37 8 097 06·20 5 s3·o6 -I '07 
8 212 24·40 5 52 ·84 -0·22 8 1:;9 18·40 5 SI ·27 +0·72 
8 224 14·83 5 s2·43 +o·r9 8 284 31 '3S s s2 ·38 -0·39 
s 261 44 "IO s S2 ·21 +0·41 

·8 34S 05 'll 5 52·26 +0·36 

17I observations, 32 stars. 168 observations, 30 stars. 
Mean = 38° 53' s2"·62 = tp,.. Mean = 38° 531 5111·99 = tp,. 

±0'07 ±o·o6 
Adopted latitude=}~ (tp., + tp,)=38° 53' 52'1 ·31 ±011 ·05. 

[Reduction to geodetic station+ 011·s3.] 



TRANSCONTINENTAL TRIANGULATION-PART IV-LATIT:UDES. 637 

2. ALLEGHENY SERIES--continued. 

(II) Latitude al Soper, J1fa1J•la111f. G. W. Dean. Zenith sector No. r. June 29 to July 25, r850. 
Levels.No. 2. One division of levels= r 11 ·2r (m~an). 

Star. 

4 6o7 

4 741 

4 937 

5 092 

5 181 

5 497 

5 549 

5 775 
5 871 

5 937 

5 990 
6 056 

6 091 

6 255 

6 623 

6 721 

6 928 

6 983 

7 076 

7 153 

7 171 

Stan• north of zenith. 

Adopted 
seconds 
of 111ea11 
N.P.D. 

II 

11 ·45 

Latitud<:. 

o I II 

5 39 05 12 ·rs 
3 

3 

3 

4 

3 
6 

3 

3 

3 

II ·93 

9·36 
Il ·31) 

r2·40 

ll ·48 

12'18 

II ·67 

10'34 

II "35 

l0"2I 

l2"0I 

12 ·18 

ro·So 

II ·83 

10"13 

10·87 

lI ·29 

ro·98 

II "57 

I! ·37 

II 

-0·97 

-0·72 

+r ·85 

-0·15 

-1 "19 

-0·27 

-0·97 

-0·46 

+0·87 

-0·14 

+1 ·00 
-o·So 

-0·97 

+0·41 
-0·62 

+1·oS 

+0·34 
-o·oS 

+0·23 

-0·36 

-0·16 

Star. 

Star!=O south of zenith.· 

Adopted 

~f~~~~l~ ,,, Latitude. 
N. P.D. 

/I 

04·00 

26·50 

53 'I5 

12·92 

38·6o 

32 ·40 

41 ·ro 

oS·50 

45"I4 

52 ·50 

58·00 

52·37 

II "20 

O I II II 

5 39 05 09·59 , 0·57 

6 og ·86 +o ·30 

4 

4 

4 

3 

5 
4 

3 

4 

3 

3 
_, 

6 

6 

4 

4 

3 

oS·93 

09'91 
I0"46 

09 ·s8 
08"86 

09·97 

JI ·50 

09·63 

II 048 

10"67 

08·94 

II "82 

I0"30 

107r 
0g·90 
II ·48 

IO "52 

+1 ·23 

+0·25 

-0·30 

+0·28 

+r ·30 

+0·19 

-r ·34 

+0·53 

-0·51 

+1 ·22 

-1 ·66 

-o·r4 

-0·55 

+0·26 

-1 ·32 

-0·36 

5 09·74. +0·42 

3 IO '32 -O "16 
7 243 I 

2I '7£ 

3r ·3r 

07·50 

54·63, 

24·66 

52 ·64 

34·So 

08·50 

41 'SO 

47 '20 

29·52 

07·20 

23·25 
36·61 

34·00 
40·25 

40·37 

57·78 
r2·58 

22·6r 

4 

5 
4 

4 

3 

3 

5 
4 

3 

3 
4 9·r4 +2·07 

4 So8 

4 876 

4 969 
5 o6r 

5 143 

5 192 

5 484 
5 602 

5 747 

5 834 

5 886 

5 986 

6 oS4 

6 238 

6 355 

6 429 

6 497 

6 571 

6 657 

6 673 

6 740 

6 784 
6"851 

30·00 

40·28 

48 ·35 

15"94 

07·44 
2I ·40 

05 73 
45·00 

04·36 

20·70 

37·00 

5 09 ·9r +o ·25 

82 observations, 22 stars. 
Mean= 39° 05' n 11·21 = <p,.. 

±o ·r4. · 
7 II7 

7 204 

7 256 

7 336 

7 368 

• 07·50 

09·15 

4 09 ·23 +o ·93 

3 10 ·72 -O •56 

3 09 ·90 f-o ·26 

3 IO "02 +o "14 

4 09 ·43 +o ·73 

5 I0"88 -0·72 

II2 observations, 28 stars. 
Mean= 39° 051 1011·16 = <p,. 

±o ·u. 

Adopted latitude=! ( 'Pn + <p,) = 39° 051 1011·69 ± 011·09. 
[Reduction to gtodetic station - o11·IO.] 



638 UNITED STATES COAST AND GEODETIC SURVEY. 

2. ALLEGHENY SERIES--continued. 

( 12) Latitude al Seaton. Dist rid qf Cofambia. L. F. Pourtales. Zenith telescope No. 5. June 
24-29, 1850. One division of level= 11'·25. One turn of mierometer = 4111 • 44. 

Pairs of stars. Adopted seconds of 
11' ul Latitude. v mean N. P. D. 

II II 0 ,, II 

4 937 4 969 21 ·71 52·73 2 38 53 23·99 +1 '2I 
5 o6I 5 092 12 '14 30·78 2 24·05 +1 ·15 
5 iI5 5 120 38·53 52·73 2 25·39 -0·19 
5 181 5 192 06·47 34·6o :2 4 25·9:s -0 '78 

5 249 5 293 08·36 07·43 2 4 23·97 +1 ·23 

5 367 5 459 59 '7° 47·76 2 26 ':!I -1 ·or 

5 549 s ~2 24·52 26·36 I 2 25·45 -0·25 

5 747 5 775 40•6o" 52·64 2 25·86 -0'66 
5 821 5 840 05·00 14 ·33 2 24·94 +0·26 

5 871 5 986 34·8o 52·50 2 4 25·05 +0·15 
6 056 6 oS4 47·22 58·72 2 4 26·6o -1·40 
6 1o6 6 184 56·59 57 ·38 2 25 'II +0·09 
6 238 6 255 51 ·90 07 '20 2 4 26·37 -I '17 

6 395 6 453 39·50 29·30 2 4 24·88 +0·32 
6 623 6 657 23 ·50 rs ·94 2 4 24·98 +0·22 

6 794 6 818 s1 ·s5 27·83 2 -I'> 24·09 +1 ·u 

Indiscriminate mean·= 38° 53' 2511·18. 
Weighted mean =38 53 25 '20 ± 0·1115. 

t!= ±011·65. 
24 observations, 16 pairs. 
[Reduction to geodetic station o''·oo.] 



TRANSCONTINENTAL TRIANGULATION-PART IV-LATITUDES. 639 

2. ALLEGHENY SERIES-continued. 

( 13) Latitude at Waslii11gto11, Disflid of Columbia 
0

(Coast and <;;eodetic Surve~' Office). E.G. 
Fischer. Meridian telescope No. 9. July 30 to Septem1Jer I, 1891. One division of level= 1"·509, 
determined at this station, July, 1891. One turn of micrometer= wo"·6S6 frr1m the latitude 
observations at this station. 

Pairs of stars. 

5 575,u 
5 619 

5 740 
(2 685) 

5 874 
5 918 

(2 793) 

6 073 
6 I09 

(2 883) 
(2 888) 
6 238 

6 297 
6 4<l4 
6 574 
6 615 

6 690 

6 771 
6 876 

(3 338) 

5 597 
(2 617) 

5 765 
5 834 
5 886,~ 

(2 76I) 
6 033 

6 091 

(2 874) 
( 2 898) 

(2 898) 
6 255 

(2 976) 
6 466 

6 583 
6 662 

(3 I90) 

6 817 

(3 321) 

6 976 

Adopted seconds of 
mean N.P.D. 

II 

23·66 

36 '12 

55·34 
I0'6o 

o6 ·32 

24 ·79 
45·20 

56·47 
37 ·14 

34 78 
19 76 

53·51 
13·50 

31 ·69 
44·30 
34·86 
08·51 

31 ·30 

30·59 
55·45 

!I 

50·59 

56·97 
32·81 

04·36 

II "64 
.20·59 
26 '(16 

53·58 
43·84 
51 "86 

51 "86 
00·72 

49·29 
22·66 

35 ·17 

43·42 

36·So 

39 ·1.7 
24·39 
56·49 

11' 

6 

6 

6 

6 

6 

6 

6 

7 

5 

7 

5 

5 
6 

6 

5 

5 

4 

5 

1.:1 

I4 

14 
I4. 

I4 
14 

I4 
15 

I4 
8 

13 
15 

14 
14 
14 

14 

14 

I4 
13 

14 

Latitude. 

0 I II 

38 53 07·2S 
08·35 
07·98 
07 ·14 
07 ·yo 
07 ·81 

07·43 
07·86 
07·01 

06·92 

07 ·36 
07·73 
o6 ·75 
07 ·40 

07·72 
07 ·77 

07·41 
07·6o 

07·48 
07 ·05 

Indiscriminate mean = 38° 53' 07"·50. 
Weigl~ted mean = 38 53 07 ·51 ± 0'1 ·06. 

e=±o"·27. 
107 observations, 20 pairs. 

" 
+0·23 
-0·84 

-0·47 

+0·37 

-0·39 

-0·30 
+o·os 

-0·35 
+0·50 

+0·59 

+0·15 
-0'22 

+0·76 

+o·n 
-0·21 

-0·26 

+0:10 
-0·09 

+o·o.; 

+0·46 

No'tE.-Station in yard south of main building; it is 1"·34 south and 1"·14 west of the flagstaff on 
office building. 



640 UNITED STATES COAST AND GEODETIC SURVEY. 

2. ALLEGHENY SERIES--continued. 

Latitude at Washi11gto11, District of Columbia (Coast and Geodetic Survey Office). E.G. Fischer. 
Meridian telescope No. 9. July 25 to August r2, 1892. One division of level= r"·483, determined 
at office July, 1892. One turn of micrometer= roo11 ·655 from latitude observations at this station. 

Pairs of stars. 

5 574 5 597 
5 619 (2 6r7) 

5 740 s 765 
(2 685) 5 834 

5 874 S 886.v 

5 9r8 (2 761) 

(2 793) 6 033 

6 073 6 091 

6 109 (2 874) 

(2 SSS) (2 898) 

6 238 6 2ss 

6 297 (2 976) 

6 404 6 466 

6 574 6 583 
6 615 6 662 

6 6go (3 r90) 

6 771 6 817 

6 876 (3 321) 

(3 338) 6 976 

Adopted seconds of 
11' 'i:{.1 Latitude. mean N. P. D. 

II II 0 /I 

58·22 57·74 4 16 38 53 07·77 
42·93 03 ·70 5 17 07 ·59 
00·87 37·99 6 rS cq 73 

15'27 oS·6o 6 IS 07 '02 
10·06 IS ·12 6 IS 07 ·45 
27 ·86 53·42 7 IS 07·92 

47 ·oS 27·48 7 18 07 ·05 

s7·26 54 ·13 7 18 oS·o6 

37 '47 43 71 5 17 07·21 

19·21 SI '[2 5 16 07 ·38 
s2·00 s9·05 6 r8 07·51 

JI '52 46·7r 6 18 07 ·36 
27·99 r8·26 6 18 o6·58 
38 ·46 . 29 '!3 6 IS p7 ·66 

28·44 36·52 6 18 07 78 
or ·rs 29·23 6 18 07 ·q 

22 76 30 ·is 4 r6 07 73 
20·90 I4 ·34 4 16 07 ·56 

44·99 45·58 .5 17 07·26 

Indiscriminate mean= 38° 531 0711·46. 
Weighted mean = 38° S3' 0711 ·46 ± 0 11·06. 

c =±011·28. 
107 observations, 19 pairs. 

z• 

/I 

-0·31 

"-0 ·13 

-0·27 

+0·44 
+o·or 

-0·46 

+0·41 
-0·60 

+0·2s 
+0·08 

-0·05 

+0·10 

+0·85 
-0·20 

-0·32 

+0·32 
-0·27 
-0·10 

+0·20 

NOTE--Station in yard south of main building; it is 111·34 south and 111·14 west of the flagstaff 
on office building. 
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2. ALLEGHENY SERIES---continued. 

Latitude at Waski"/lg/011, District of Columbia (Coast and Geodetic Survey Office). E. G. Fischer. 

Zenith telescope No. 4. August 1-22, 1894. One division of level= { 1 ;::5~7 Htpper/}, determined 1 · 3· 2 ower at 

office May, 1891. One turn of micrometer= 44° ·655 from the latitude observations at this station. 

Pairs of stars. Adopted seconds of 11' 'U.' Latitude. ., 
mean N. P. D . 
,, . II 0 N ,, 

.5 574 5 597 12"92 12"02 7 30 3S 53 07·43 -0·12 

5 619 (2 617) 56·54 17 ·16 7 26 07·62 -0·31 

5 740 5 765 I I ·93 4S·34 8 41 07·35 -0·04 

(2 685) 5 834 24·61 17·07 s 41 06·93 +0·3S 

5 S74 5 8S6,11 17 ·52 22 ·06 8 25 ~7"53 -0"22 

5 918 ( ~ 761) ;,4·01 59·07 6 25 07 ·76 -0·45 

(2 793) 6 033 50·83 30·29 8 39 07·15 +0·16 

6 073 6 091 58·S2 55·22 7 41 07 ·31 o·oo 

6 109 (2 S74) 3S ·13 43·45 7 30 07 ·14 +0·17 

(2 SSS) (2 898) IS 'IO 49·64 4 17 06·97 +0·34 

6 23S 6 255 4S·97 55·6S 6 29 07 ·04 +0·27 

6 297 (2 976) 07·5S 41 ·54 6 39 07 ·4S --0 ·17 

6 404 6 466 20·6o 09·43 5 33 07·41 -0·10 

6 574 6 5S3 26·77 17·04 5 33 07 ·19 +0·12 

6 615 6 662· 15"59 22 "72 4 36 07 ·59 -0·28 

6 690 (3 190) 46•42 I4 ·06 5 38 06·97 +0·34 

6 771 6 817 05·67 12 ·19 5 28 07 ·41 -0"!0 

6 S76 (3 321) or ·52 54 "22 s 20 07 ·43 -0·17 

(3 33S) 6 976 24·05 23 74 4 24 07 ·33 -0·02 

Indiscriminate mean = 38° 53' 0711 ·32. 
Weighted mean = 38° 53' 07"·31 ± 0 11 ·04. 

C= ±0"·16. 
II5 observations, 19 pairs. 

NOTE-Station in yard south of main building: it is 11 '·34 south and 1"·14 west of the flagstaff 
on office building. 

Station No. I4. Naz•al Obscrl.'a/01-y, old site, Washington, District of Columbia. Results referred 
to center of dome of central building. 

1861 to 1864" S. Newcomb* 
1S83• A. Hall 
1866-1888•. J. R. Eastman 
1893'1 S. J. Brown 
Adopted value 

o I ,, II 

38 53 3S 78 ± o · w 
38 ·94±0°06 
38 ·70 ± .0 ·05 
38 ·So±o·o5 
38 79 ±0·03 

*" Ohservations with Mural Circle. Appeudix to Washington Astronomical Observations of 1864. 
6 Observations with Zenith Telescope. Astrono1nische Nachrichten No. 2625. 
•Obsen•ations with Transit Circle. Letter of Prof. W. Harkness. astronomical director of (new) Ob>lervatory, dated 

June 11, 1898. 
•Observations with Zenith Telescope. Astronomische Nachrichten, vol. 133, pp. 303-304. 

18732-11fo. 4--41 . 
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2, ALLEGHENY SERIES-continued. 

Station No. I5. United Stalc•s Na;•al Obse17•alo1:v, 11ew site, Georgetown Heights, 'Washington. 
Distri<.t of Columbia. Results referred to center of clock room,. 

l893-94"'9S"'96" W. Harkness and G. A. Hill 
l897b 0. B. French 
Same corrected for motion of pole 
Adoptecl value 

0 " . II 

38 SS 13 ']O±O'IO 
13 ·93 ±o ·o6 
13 ·77±0·06 
13 ·7s ±o ·o6 

Differential measures hetween the observatories, old and new sites, in 1893, May, by J. R. East
.nan and A. N. Skinner, as given in "Astronomy and Astro-Physics, Vol. XII, 1893, pp. 69g-701, ''do 
not.agree sufficiently well with the above absolute values and i1eed further explanation. 

(1s) Latitude of 1Vaski11glt>11, District <!l Columbia (Ntw Mival Obst'17•ato1:1•). 0. B. French. 
Zenith telescope No. 4. June 12-2.?, 1897. One division of level= 1''·6oo upper level, 1110364 lower 
level. One turn of micrometer= 4411 ·630 from observations on circumpolars at this station. 

Pairs of stars. Adopted seconds of ,,., 
'lt' Latitude. z• mean N. P. D. 

II ll 0 " II 

(2 os8) 4 440 S9 ·17 1s·28 2 II 38 SS 09·8o -o·99 

*4 SI3 *4 sso 54·26 II '06 2 s 08·00 +o·Sx 

*4 s13 *4' SSS S4'26 ss·o4 2 5 08 '!2 +0·69 

*4 s26 *4 sso os ·92 II ·06 6 4 oS·97 -0·16 

*4 s26 *4 SSS os·92 55·04 6 4 09 'IO -0·29 

4 577 "(2 r58) 27 '2S 32 ·50 6 8 o8·S3 -0·02 

*(2 1s8) 4 646 32 ·so 04'77 6 8 o8 '72 +0·09 

(2 19s) 4 688 S7'37 00 ·.~9 s 12 09°II -0·29 

·4 706 4 726 13°82 42 'SI s 12 o8·2s +o·s6 

4 742 (2 233) 2S·os 42·81 s 12 oS·so +0·31 

(2 2s4) 4 847 13·96 24 ·so s 12 o8 ·93 ~0·12 

4 876 4 937 29·74 01 ·19 s 12 o8·92 -O'II 

4 9s8 (2 ,W) 11 •66 52·04 s 12 o8·83 -0·02 

(2 3so) s 026 33·95 58·42 s 9 09 'IS -0·34 

(2 361) (2 36s) 17 76 10'49 5 5 09·35 -0·54 

5 076 5 084 03·63 42·34 s 12 o8·64 +0·17 

5 n5 5 153. 28·21 23·73 s 12 oS·S7 -o·o6 

s 168 s 178~ 41 '01 47·09 s 12 08·62 +0:19 

s 249 s 293 S5'91 26·35 5 12 o8·50 +0·31 

5 313 5 322 33 ·03 34·68 5 12 09·22 -0·41 

5 344 (2 537) o6 ·70 41 ·61 5 12 o8·44 +0·37 

Indiscriminate mean = 38° 551 oS11·sO. 
Weighted mean =38 55 o8 ·81 ± 0 11·o6. 

C= ±011'20. 
100 observations, 21 pairs. 

[Reduction to clock room+ 5"·12.J 

"Observations with Prime Vertical Transit and Zenith Telescope. Astronomical Journal No. 404, Juue, 18g;. 
In a letter from the astronomical director of the Observatory, Prof. W. Harkuess, dated March 6, 1899, the result of 

the series when extended to 189r6 is stated to be ;,8° 5.5' 13"·966, with the explanatory remark that the great part of this 
oq,ppareut increase i~ 011 account of a change front Professor Boss's systen1 of decli11ation of stars to Professor Newcom.h's 
8y~tem as adopted in his new catalogue of .fundamental stars: the difference arising from this source being + o"·aos. 
[N. B.-The new catalogue referred to has not yet been distributed.] 

~Observations with Zenith Telescope. See abstract of results next page. 
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2. ALLEGHENY SERIES-continued. 

(16) Latitud.· at Lausten, District of Col1m1bia. G. W. Dean. Zenith stctor No. l. May 6 to 
June l,:;. lS5r. Leveis No. ::i. One division of levels= 1~1 ·21 (mean). 

Star. 

3 729 
3 812 
3 856 
3 952 
3 Cj-'31 

-I 057 
-I 235 I" 
4 2581 4 285 
-I 3-16 
4 519 I 

-I 596 
4 6o7 
-I 701 
4 726 
4 741 
4 789 
4 812 
-I 827 
-I 843 
4 937 
-I 958 
5 '033 
5 210 
5 298 
5 338 
5 400 
5 -163 
5 523 
5 552 
55¢ 
5 617 
5 667 
5 775 
5 871 
5 911 
5 937 
5 990 
6 052 
6 09i 
6 129 
6 218 
6 255 

Stars. north of zenith. 

Adopted 
second~ 
of n1eau 
N. P. D. 

II 

11' I.atitmle. 

0 II 

6 38 55 33·20 
6 
6 
6 
6 
6 
5 
4 
5 
5 
6 

5 
6 

32·29 
32 ·oS 
32·55 
33 ·29 
32 •6o 
32·78 
32 ·23 
32 ·58 
32·63 
32·8s 
32 ·55 
32·41 
32 ·30 
32·93 

II 

-0·~81 
+0·53 
+074 
+0·27 
-0·47 
+0·22 
+0·04 
+0·59 
+0·::?4 
+o"I9 
-0·03 
+0·27 
+o·.p 
+0·52 
....:o "JI 

05 ·u 
38·83 
52 ":!O 
55"25 
40·55 
39 73 
55 ·23 
17 ·ro 
38·45 
33·20 
32 ·47 
43 ·So 
29·50 
IO "20 
-12·52 
J2 ·54 
JI "51 
16·03 
31 ·84 
00 71 
37·25 
09·50 
16"39 
01 ·47 
52 ·or 
50·45 
49·02 
46·30 
I6"00 
10·63 
40·85 
29·65 
17"30 
57·82 
J8·53 
45·86 
I I "15 
43 "63 
54·09 
30·14 
25·90 
IO "15 
05·55 

-I 
5 
4 
4 
6 

32 ·50 . +o ·32 
33 ·49 -0 ·67 

5 
·6 
4 
5 
5 
6 
4 
6 
5 
5 
5 
5 
5 
5 
5. 
5 
6 
5 
7 
6 
5 
7 
5 
5 
6 

32·20 
32·29 
33·05 
32 ·53 
32·92 
JJ ·11 
33 ·02 
32 "IT 
33·29 
J2"88 
32·67 
33·07 
32·39 
3j '16 
32·27 
33'41 
33·40 

. 33 ·oS 
32·92 
33 ·31 
32·¢ 
3J ·44 
33 7J 
33·07 
3J "Io 
32·59 

228 observations, 43 stars. 
Mean = .~8° 551 3211·82 = </> •• 

±o ·04 

+0·62 
+0·53 
-0·23 
+0·29 
-O"IO 

-0·29 
-0·20 

+071 
-0·47 
-o·o6 
+0·15 
-0·25 J 

+0·43 
-0·:;4 
+0·55 
-0·59 

=~:~~I 
-O"IO 

-0·49 
-0·14 
-0·62 
-0·90 
-0·2s 
-0·28 
+0·23 

Star. 

4 010 I 
4 209 
4 3rr 
4 384 
4 42I 
4 876 
4 902 
4 969 
4 991· 

·5 036 
s 075 
5 oS-1 
5 143 
5 302 
5.432 
5 479 
5 4So 
5 6o4 
5 693 I 
5 731 ' 

5 7471 
5 922 
6 150 I 
6 I78 

6 2j5 I 
6 355 
6 429 

Stars south of zenith. 

Adopted 
second5 
of n1ean 
N. P. D. 

,, 
46·00 
_59·83 
r6 ·6o 
09·50 
55·42 
41 ·94 
52 ·12 
07·40 
30 ·20 
36·00 
17·48 
51 ·50 
51 ·oo 
I5"40 
39·86 
49·81 
49·32 
27·76 
55·13 
03·38 
46 ·15 
24·38 
I6·22 
43·05 
58·77 
07·85 
26·0I 

11' r ... atitude. 

0 /I ,, 
5 38 SS 31 ·04 +o ·50 
6 30·86 +0·68 
4 3246 -0·92 
5 . 31 ·37 +0·17 
5 3I '62 -o ·08 
6 31 ·37 +o ·17 
5 31 '66 -0 ·12 
5 31 ·13 +o ·41 
4 30 ·70 +o ·84 
5 31 '89 -0 ·3s 
5 JI "o6 +o ·48 
5 32 ·15 -o ·61 
7 31 "63 -0 ·09 
5 31 ·02 +o ·s2 
5 32 · r6 -o ·62 
5 JI ·93 -O ·39 
5 30 ·94 +o ·6o 
5 JI '92 -0 ·38 
6 30 ·84 +o ·70 
5 31 ·50 +o ·04 
4 J2 "J4 -0 ·So 
4 31 ·09 +o ·45 
4 J2"01 -0·47 
6 31 "J9 +o ·rs 
4 32 ·12 -0 ·58 
7 31 "61 -o ·07 
6 31 "64 -0 "IO 

13S:observations, 2t stars. 
Mean= 38° SS' 3111·54 = <f>.; 

±o ·07 

Adopted latitude=!~(</>,.+</>,)= 38° SS' 32"·1S·±o''·o6. 
[Red11ction to geodetic station + 0"·34.] 
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2. ALLEGHENY SERrEs--continued. 

Slalio11 No. q. The Georgdozcw LolltW•' Obs,·rz'<1lo1:11, Washington, District of Columbia. The 
latitu~le is from "Monthly Notices of the Royal Astronomical Society, London, 1850;" see also 
"Gould's Astronomical Journal, No. 9, p. 69." Director J. Gurley gives 38° 54' 2611·oj. (Dome.) 

Slati.111 No. IS. Rockville·, Montgomery County, Maryland. June, 1891, to July, 1892. E. 
Smith, observer. Instrument, Zenith telescope No. 4. This was one of the latitude variation stations; 
the results are published in detail in the Coast and Geodetic Survey Report for IS92, Part ::i, pp. l-51. 
The total number of individual results for latitude at this station is .1 iS9. The value adopted for tht:: 
latitude is 39° 051 ro11 ·45, as given in Coast and Geodetic Survey Report for r893, Part 2, p. 5nj. 

[Reduction to geodetic station Smith + o"· 18.] 

t 19) Latitude at S1tga.r LO<!l. llfc11:vhwd. F. D. Granger and J. B. Boutelle. Zenith telescopt: 
No. 5. October 12-25, r8i9· One division of level= 0"·878, from observations at this station. One 
turn of micrometer= 4111·379, as observed at this station. 

Pairs of stars. Adopted seconds of 
11' 't(I Latitude. ;r 

mean N. P. D. 

II II 0 II ,, 
6 897 6 932 22·38 20·36 5 4 39 15 49·32 +0·39 

6 959 6 973 59·54 21 •68 5 .4 50·04 -0·33 

7 o6i 7 091 03·So 14 78 5 4 50·47 -076 

7 171 7 204 05 'I4 56·20 5 4 48·64 +1 ·07' 

[1 861] 7 246 or ·99 18·92 ·l 4 5o·ro -0·39 

7 277 7 336 53·00 41 ·40 5 4 50·66 -0·95 

i 401 7 .po 37·71 09·20 5 4 49·77 -o·o6 

7 495 7 520 26 ·.~r 30·21 s 4 49·96 -0·25 

7 542 7 567 48·50 I4 73 5 4 
4q "'·' 

+0·16 

75~ 7 6o7 59·84 18·43 s 4 49·32 +q·39 

7 627 7 637 37 ·17 21 ·36 ·' 4 50 70 -0·99 

7 705 7 753 26·55 3o·ro 5 4 48·30 +1·41 

7' 7~ i 824 42 70 JI ·45 5 J 48 ·61 +r 'JO 

7 88o 7 915 30·32 22 ·50 Ii 4 49·00 -t-071 

[2 o65] 7 975 57 77 Ol '54 s 4 49·98 --0·27 

(3 843) s 076 37·65 18·97 s 4 50·04 --o ·33 

8 nS 8 136 . 1'2 ·41 40 ·15 5 4 51 ·20 -l ·49 

s 158 8 203 43·04 07·67 s 4. 50·55 --0·84 

8 231 8 256 54 ·17 30·87 5 4 49·48 -t-0·23 

8 316 8 350 19'36 29·92 5 4 48·85 -t-o·S6 

28 52 57·56 24·31 5 4 49 ·18 +0·53 
100 158 29·43 59·59 5 4 49·88 -0·17 

178 201 04 ·17 30·46 5 4 49·04 -t-0·67 

219 267 31 ·85 43 ·88 5 4 49·68 -f-o ·o-~ 

305 338 1S·4r 30·34 s 4 50 ·13 --0 ·4::i 

Indiscriminate mean= 39° 151 4911·70. 
Weighted mean =39. IS 49 ·71 ±011·10. 

c = :!:: o'1 ·38. 
125 observations, 25 pairs. 

[Reduction to geodetic station - r11·24.] 
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:2. ALLEGHENY SERIES-continued. 

(20) Latitude at 11/aiyltmd Heigllls, llfa1:11/1ind. ·p. Blake. Zenith telescope No. 5. September 
i9 to Octo~r 24, i870. One division of level= 0"·92, 111 "00, i"·o6. Two levels broken at station. 
One turn of micrometer= 4111·40 as dethmined at the station. 

Pairs of stars. 

6 497 
6 547 

6 574 
6 63s 
6 690 

6 So6 

6 868 

7 008 

7 o62 

7 091 

7 164 

7 277 

7_336 

7 401 

7 461 

7 521 

7 559 
7 718 

7 757 

7 SSo 

7 997 
8 075 

s 158 

8 231 

s 284 

8 350 
152 
r6S 

217 

254 

394 
509 
515 
628 

6 626 

6 698 

6 748 
6 t156. 

6 979 

6 520 

6 566 
6 6o1 

6 657 

6 723 
6 817 

6 932 
7 022 

7 067 
i 152 

7 198 

i 320 

7 383 
7 410 

7 488 

.7 524 

7. 602 

7 723 

i 824 

7 915 
s 054 
8 q6 

8" 203 

8 256 

8 307 

83 

158 

182 

244 

348 

45.~ 

572 

573 
649 

6 648 

6 731 

6 835 

6 940 

7 035 

Adopted seconds of 
mean N. P. D. 

/I 

05·12 

27 "73 

45·85 

54 ·51 

42 ·34 

. 58 ·58 

13 ·56 

19·93 
48·8o 

02·48 

13 ".32 

55·28 
18·66 

51 ·64 

:n ·so 
rn ·5r 

55 ·s9 

35·76 

05·43 
16 ·27 

39 ·is 
19 ·38 

40·61 

53·6o 
51 ·80 

21 ·40 

44 ·15 

04·30 

07 '86' 

iS·oo 

28·58 

36·30 

21 ·q 

43•86 

14·67 

19·79 
51 "lO 

18 ·q 

40·26 

II 

S4 "12 

40·00 

07·20 

13 "4,, 

29·07 

47 ·o6 

53;50 

29·50 

49·SS 
12 "JO 

27 ·oo 
19 •6o 

30·20 

45 ·13 
or ·03 

46 '5;? 

35·83 
17 78 
10·38 

56·97 
oo·o6 

29·59 
. 02 "IS 

25·70 

58 ·,,8 

J4 ·oo 
55·20 
26·61 

J0'25 

4o·So 

32·02 

31 70 
52·12 

30·66 

JO "17 

47"J4 
44·24 

11' 

7 

7 

7 

7 
6 

7 
6 

7 

7 

7 
6 

6 

6 

6 

5 

5 
6 

s· 
5 

5 
6 

5 
6 

6 

6 

6 

5 

5 
6 

6 

6 

6 

6 

6 

5 

5 

5 

5 

5 

1C' 

9 

9 

9 

9 

9 

9 

9 
9 

9 
9 

9 

9 

9 
9· 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 
·9 

9 

'9 

9 

9 

9 

9 

9 

9 

9 

Latitude. 

O I " 

39 20 J2"27 

33·00 
_,1 78 

32 "Jl 

J2"36 

JI "I:? 

32·12 

J2 ·15 

32·23 

32 ·3~ 

JI ·93 
32 ·r 2 

Jl ·ss 
,,I '83 

32 "J3 

JI "J2 
32·65 
32 "16 

3r ·64 

31 ·85 

32 ·29 

J2 ·64 

32·65 
32·69 

32 "79 

32·38 

JI ·ss 
32·24 

31 ·48 

32·77 
,,2 ·53 
32·66 

32·06 

32 ·59 

JI 74 

31 ·95 

31 ·60 

32·06 

31 ·17 

II 

-o·r7 
-o·go 

+0·32 

-0·21 

·-0·26 

+0·98 
-0·02 

-0·05 

--0·13 

-0·22 

-t-0·17 
-0·02 

+0·22 

+0·27 
-0·23 

+0·78 

-0·55 

-o·o6 

+0·46 

+0·25 

-0·19 

-0·54 

-0·55 

-0·59 

-0·69 

-0·28 

+0·25 

-0·14 

+0·62 

-0·67 

-0·43 

-0·56 

+0·04 

-0·49 

+0·36 
+0·15 

+0·50 

+0·04 
+0·93 



646 UNITED STATES COAST AND GEODETIC SURVEY. 

2. ALLEGHENY SERIES-continued. 

(20) Latitude at illa1:1•la11d Heights, lll111:1•/a11d, dc.-Completed. 

Pairs· of stars. Adopted seconds of 
mean N. P. D. 11' Zi' Latitude. 'ti 

I/ II 0 II II 

7 073 7 100 39 "70 02 ·22 5 9 39 20 32 "75 -0·65 

7 161 7 204 29·47 55 "6o 5 9 32 ·93 -0·83 

7 297 7 313 17·69 09·32 4 9 31 ·67 +0·43 

i 3i7 7 418 SI ·18 01 ·40 5 9 31 ·So +0·30 

7 450 7 495 ro·86 48·30 5 9 32·01 +0·09 

7 505 7 565 51 ·50 17·98 5 9 32·61 -0·51 

7 606 4 787(11) 03 ·17 59·43 5 9 3r ·43 +0·67 

7 712 . 7 749 4474 20·88 5 9 3r ·47 +0·63 

7 7774 909(a) 51 ·95 35·50 5 9 32 ·35 -0·2s 

7 871 7 945 50·25 04·04 5 9 31 "68 , +0·42 

[2 065] 7 975 48·25 52 ·q 5 9 32 ·16 -0·06 

8 079 8 107 15·49 14"63 5 9 31 ·45 +0·65 

8 126 8 141 51 ·So 58·40 5 9 32 ·rs -o·os 

8 2Il .g 224 17·02 45·88 5 9 32 •6:? -0·52 

s 299 8 344 05 ·s5 04 "II 5 9 31 ·54 +0·56 

s 65 38 ·34 32 ·oS 5 9 32·18 -o·os 

126 223 09·50 42 ·ro 5 9 32 ··~0 -070 

239 247 21 ·89 or·99 5 9 31 ·56 +0·54 

335 341 22·18 oS "JO 5 9 31 "IO +r ·oo 

450 500 37 7:, i/ ·oo 5 9 3~ ·15 -u·us 

525 556 o6·6o r7 ·16 5 9 32 72 -0·62 

614 647 32 •6.J. 02·35 5 9 31 ·30 +o·So 

653 657 21 ·50 35 ·90 5 9 32·49 -0·39 

Indiscriminate mean= 39° 20' 3211 ·10. 
Weighted mean =39 20" 32 ·ro ±011·04. 

<'= ±0"·30. 
343 observations, 62 pairs. 

[Reduction to geo~letic station -0"74.] 
(a) Indicates Armagh catalogue of 1840. 

( 21) Latitude at Bull R1111, f"irgi11ia. F. Blake. Zenith telescope No. 5. September 29 to 
October 14. 187r. One division of level= 111.oo Mean of 3 determinations at Clarks Mountain and.this 
station. One turn of micrometer= 4111·37, from ·observations on Polaris at this station-3 sets. 

Pairs of stars. Adopted seconds of n' 'it/ Latitude. •• mean N. P. D. 
,, II 0 " 

,, 
6 779 6 8oo 59·20 03·42 5 5 385256·14 +0·65 
6 858 6 867 23 ·42 52·93 5 5 56·53 +0·26 

6 881 6 944 50 ·71 16"8o 5 5 5679 o·oo 

6 990 6 996 01 ·35 07·88 5 5 57·32 -0·53 

7 022 7 061 rS ·16 56·31 5 5 56·64 +0·15 

7 098 7 149 20·27 29·50 5 5 57 ·20 -0·41 
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2. ALLEGHENY SERIES-continued. 

(21) Latit11dt· 11t Bull R1111, Virgi11ia. t'lc. -Completed. 

Pairs of stars. Adopted seconds of 
11' rt1 Latitude. v :nean N. P. D. 

II II 0 II II 

*7 256 7 294 · l s4·52 17 '00 5 ·' 38 52 56·57 +0·22 
-~7 398 *7 398 42 ·oo 42 '00 5 3 56·64 +o·rs 

7 444 7 468 

I 
47·00 3970. 5 5 ,56 ·q. +0·65 

7 505 7 S21 35'.50 53'97 5 5 57 ·06 -0·27 

7 5Ss 7 636 
·1 

40. ·17 42 '43 5 5 57 ·63 -0·84· 

7 707 7 74.z 36·36 39·38 5 5 SS 'i -~ +I ·06 

7 757 7 825 47·83 12 ·9_, 5 5 55·55 +I ·24 

7 953 7 997 48 ·rs 20 'I6 5 .5 S7'94 -I 'IS 
8 I 14 *S 133 21 ·37 18'90 5 ,l 57 'IO -0·3r 
8 22:! . 8 279 I7'50 07 ·36 5 5 56·92 -0·13 

8 301 s 317 26·50 20·o6 5 s 57·07 -'-0 ':!$ 

63 «126 56·00 49·50 5 3 56·04 +075 
166 I98 43·65 I9'25 5 5 56·38 +0·41 
229 235 32·78 52·50 5 ' ., 56·82 -0·03 

283 343 56·00 45'55 5 5 56 '6:! +0·17 

409 480 32·!:>8 26°20 5 .) 57 •o6 -0·27 

soS 523 32·20 34·25 5 5 56·87 -o·oS 
6 86I 6 868 05·62 04 ·23 5 5 56·32 +0·47 
6 940 6 959 36·84 25 ·3r 5 5 56·03 +0·76 
7 001 7 008 55 ·36 08·75 5 5 56·84 -0·05 

·7 140 7 189 00·13 40·94 5 s 56·84 -0·05 

*7 256 7 278 54·52 58·20 5 3 56·45 +0·34 
7 297 7 320 06·43 os·26 5 5 s5·67 +r 'I2 

7 333 7 399 0S·4S 36·43 5 5 57·42 -0·63 

7 455 7 465 36·44 15 ·98 5 s 58 ·q. -I '35 

7 476 7 520 38 ':!:2 37 ·93 5 5 57 '9''3 -r ·19 

7 627 7 676 SI ·40 2076 5 5 56·66 t-o ·13 

7 733 7 749 1$ ·27 0:) '2[ 5 5 57;07 -0·28 

7 914 7 995 54·37 I7 '00 5 5 56·44 +0·35 
8 I25 *S r33 56·00 18.·90 5 3 56·35 +0·44 
8296 8 310 46·28 05·63 5 5 56·92 -0·13 

102 *I26 05·37 49'SO 5 3 58 ·24 -1 '45 
168 :n8 44·80 Cl<) '30 5 5 56·48 -t-0·31 
322 391 5I ·¢ 50·33 ,5 5 56·13 -t-0°66 

453 535 II '82 oS·oo 5 5 57·6o -0·81 

Indiscriminate mean = ,>8° 52' 5611 ·79. 
Weighted mean =38 s2 56 '79 ±o'1 ·07. 

e=±o''·26. 
205 observations, 41 pairs. 

[Reduction to geodetic station - 0'1 ·63.] 



UNITED STATES COAST AND GEODETIC SURVEY. 

2. ALLEGHENY SERIES--Continued. 

(22) Latitude at Stmsbnrg, l"i1gi11fo. C.H. Sinclair. Meridian telescope No. i3. June 7-22, 
1881. One division of level= 2"·69. determined at office, August, 1879. One turn of micrometer 
= 7711·$6, from observations 011 Polaris at this station-2 sets. 

Pairs of stars. 

5 178 

5 293 

5 322 

5 426 

5 496 

5 168 

5 249 

5 313 

5 34S 
5 46o 

5 525 

5 619 

5 643 
5 740 

5 776 
5 S6o 

5"9r8 

5 9i8 

6 047 

5 599 I 
(2 617) I 

(: ~~:) . \ 

(2 716\ I 
(2 732) 

(:! 761) 

5 991 
(2 822) 

6 069 6 lf4 

6 109 (2 87-1) 

(2 883) (2 898) 

6 203 6 235 

6. 2.38 6 255 

6 297 

6 355 
(3 023) 

(2 976) 

6 391 

6 452 

I 

Adopted seconds of 
mea-n N. P. D. 

,, 
30·47 
56·57 
48·99 

59·64 
21 ·53 
00·36 
28·08 

lS ·45 
00·20 

53·56 
52 ·15 

53·96 
03 ·13 

35·73 

37 "77 
33·26 

36·46 
50·22 

08·43 

33·20 

34·91 
16·40 

II 

37 76 

37·51 
51 ·45 
26·48 

03·21 

04·62 

50·32 

55·76 
40·59· 

07·24 

57 ·35 

30·34 

22·95 
21 ·37 
45 ·16 
58 ·24 

18·43 

T/'39 
15 ·oo 

4070 
43·63 

11' 

5 

7 

i 

5 
6 

7 

5 

5 
6 

3 
6 

6 

5 

4 

5 

4 

5 

4 

5 

7 

9 

9 
7 
8 

9 
7 

7 
s 
5 
s 
8 

7 
6 

3 

7 
6 

7 

5 
6 

7 

Indiscriminate mean= 38° 5cj' 3111·45. 

Latitude. 

o I II 

38 59 32·50 

JI "19 

•30·90 

JI ·43 

32 ·37 

32 ·34 
31 ·09 

31 ·02 

30·96 
30·98 

,P ·35 
30·48 

31 •68 

30·72 

30·44 

31 ·69 
31 ·90 
31 ·52 
, r .,t;, 
J• _.., 

3r ·92 

31 ·Sr 

31 ·27 

Weighted mean =38 59 31 ·49±d1·09. 
e = ±0"74. 

1o6 observations, 22 pairs. 
[Reduction to geodetic station+ o'1 ·01.] 

v 

II 

-I "QI 

+0·30 

+6·59 

+o·o6 

-o·S8 

-0·85 
+0·40 

+0·47 

+0·53 

+0·51 

--0·86 
+r "UI 

-0·19 

+o·n 
+1 ·05 
-0·20 

-0·41 

-0·03 

-0·43 

-0·32 
+0·22 
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2. ALLEGHENY SERIEs--continued. 

( 23) Latitude• al Cl11rk 1Vom1t11ill, Virginia. F. Blake. Zenith telescope No. 5. July 31 toAngu>t 
20, 1871. One division of level= 111 '00, from two determinations at this station. One tur11 of microm-
eter = 4111·42, from observatio11s upon Polaris at this station. 

Pairs of stars. Adopted seconds of 
11' ti' Latitude. l' mean N. P. D. 

" 0 I II II 

5 619 5 644 21 ·27 47·31 5 6 38 18 38 76 +1 ·04 
5 728 5 749 39·49 13·64 5 6 40·40 -0·60 
5 775 5 863 41 •64 51 ·50 5 6 40·39 --o ·59 
5 937 5 967 08·00 41 ·26 5 6 40·01 --o '21 

6 033 6 052 54·52 14·70 5 6 41 ·19 --I ',\9 
6 223 6 335 21 ·15 50 ·29 5 6 39·88 -o·os 

*6 365 *6 365 o6 ·04 o6·04 5 ·' 38 ·43 +1 ·37 
6 426 6 475 02 ·52 22·88 5 6 39·88 -o·os 
6 496 6 527 20·16 53·07 5 6 4o·Sr --1 ·or 
6 581 6 599 27·61 40·98 5 6 39·51 +0·29 
6 674 6 687 40 ·28 29·23 5 6 39·69 +o·u 
6 698 6 745 12 ··~7 42·27 5 6 40·02 -0·22 

*6 765 ""6 765 04 ·12 04 ·12 5 3 39 ·r9 -t-o ·6r 
*6 8o6 *6 So6 47 ·59 47 ·59 5 ·' 39·58 +0·22 

6 824 6 835 18 ·31 00'97 5 6 40·37 -0·57 
6 856 6 883 oS ·50 18·20 5 6 40·40 -o·6o 
6 933 6 976 59·20 35·83 5 6 39·30 +0·50 
7 oo6 7 022 20 7..'t 17·82 5 6 40·18 -0·38. 
7 098 7 121 20"26 07·01 5 6 39·97 ·-0·17 
7 164 7 171 60·68 46 72 5 6 39·41 +0·39 
7 213 7 277 56 ·2r 41 ·26 5 6 40 ·1S -0·38 
7 313 7 385 56·55 I..! ·07 5 .6 39 ·13 +0·67 
7 444 7 ~48 47 ·oo 48·45 5 6 38·73 +1 ·07 
7 505 7 524 35 ·,;o 45·98 5 6 3S·SS -0·92 
5 975 6 021 1s·2s 07·62 5 6 39 72 +o·oS 
6 487 6 555 I,f$ ·66 57 ·05 5 6 39 ·62 +0·18 
6 583 6 661 35 ·26 23 75 5 6 40 'O,) -0·23 
6 691 6 717 14·63 03·66 5 6 . 40·09 -0·29 
6 739 6 818 50·23 19·32 5 6 39·70 +o·ro 
6 847 6 901 50·53 37 ·64 5 6 39·99 -0·19 
6 952 6 970 36 78 42 ·53 5 6 39·63 +0·17 
6 998 7 041 09·05 59 ·28 5 6 39·07 +0·73 
7 o83 7 131 32·65 36·94 5 6 38·67 +1 ·13 
7 149 7 220 29·23 41 'jl 5 6 40·02 -0·2·2 
7 246 7 294 6,3 ·04 18 ·95 5 6 39·57 +0·23 
7 345 7 368 oS ·03 o3·S3 5 6 39·82 -0·02 
7 465 7 503 17 ·09 38·95 5 6 40·64 -0·84 
7 528 7 545 56·38 37·92 5 6 39·44 +0·36 

*1 6o2 7 6o2 29·95 29·95 5 ·' 40·67 -0·87 
7 737 7 753 46·27 .so ·60 5 6 39 ·55 +0·25 
7 798 7 820 06·07 37 72 5 6 39·66 +0·14 
7 845 7 923 09'i7 09·56 5 6 40·49 -0·69 
7 937 7 953 47·37 48·26 5 6 40·44 -0·64 
8 032 *8 036 58 ·57 56·05. 5 6 39 ·,;8 +0·42 

Indiscriminate meap. = 38° 18' 39"·78. 
Weighted mean =JS IS 39 ·&J ±d'"o6. 

e= ±d1·25. 
226 observations, 44 pairs. 

[Reduction to geodetic station - 011·25.] 



650 lTNITED STATES COAST AND GEODETic SURVEY. 

:?. ALLEGHENY SERrns~continued. 

( 24) Latilmft: al Cliarlotltsz1illt!, Virginia. F. H. Parsons. Transit No. 4. August ·I 1-29. 1882. 
One division of level= :!11 ' I:!, as observed at the office, July, rSSr. One turn of micrometer= 4r''·34, 
from observatiou>:l on ti Ursre Minoris at this· station. 

Pairs of stars. Adopted seconds of 
11' Z(I Latitude. ,. 

mean N. P. D. 

.. /I ,, 0 I II II 

5 765 5 840 45 7S ::q ·29 4 3 38 or 61 ·52 -0·57 

(2 717) 5 886 02·09 41 ·6o 3 3 6o ·23 +o 72 

5 950 (2 8!2) 05·91 41 ·So 6 .;> 59 ·90 +1 ·05 

6 o68 (2 845) 09 .,,s 03·82 5 _, 61 ·q -0·19 

6 100 6 185 10'57 56·40 6 3 6o·o:i +0·93 
6 227 6 302 28·70 07·50 4 3 61 ·oS -o·r,, 

6 322 6 350 l."! ·S9 22'o6 5 3 61 ·71 -(• 76 

6 335 6 392 31 ·76 02·03 6 3 62·q -;-1 ·19 

(3 015) 6 438 38 ·2.~ 57 ·16 6 3 62 ·rs -I "23 

6 ·175) 6 491 32 ·3·7 17 ·17 8 _, 60·82 +0·13 

(3 078) 6 583 37·22 29 ·rs 7 3 6o·31 +0·64 

6 650 lj 646 50'j8 10·09 4 3 6o·67 +0·28 

6 674 6 697 23 ·17 i6·27 4 3 61 ·30 -(1" .. -\5 

6 745 6 784 13·72 46 ·17 4 3 6:? ·13 -1 '18 

6 836 6 833 58·30 13·65 3 3 59·S6 +1 '<)Q 

(3 294) 6 876 08·54 57·44 4 3 6o·22 +073 . 

Indiscriminate mean= 38° 02' 00"·95. 
·weighted mean =JS 02 00 ·95 ±o"·q. 

t:- = ± o".'·44. 
79 <:•bser\'ations, t6·pairs. 

[Re<luction to dome of university.,.- 1011·25.] 
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::?. ALLEGHENY SERIES-:-continued. 

( 25) Latil11dc al Long 11Io1111t, f"irginia .. * A. 'f. l\1osma11. Zenith telescope No. , October 
i6-22, 1875. One division of len~l = r11 :o6, from observations at Maryla111;1. Heights, October to 
November, r875. One turn of micrometer= 44"·779, from observations upon circumpolars at this 
station. 

Pairs of stars. 

7 585 

7 641 

7 674 

7 760 

7 7¢ 

7 843 

7 868 

7 902 

7 967 
7 988 
s 070 
8 127 

8 206 

s 256 
s 277 

8 359 

46 

169 

223 

285. 

7 612 

7 658 

7 700 

7 788 

·7 829 
7 850 

7 881 

7 943 

7 971 

8 039 
s 077 

s 173 

s 223 

s 261 

8 300 

8 370 

214 

244 
.~rs 

Adopted seconds of 
mean N. P. D. 

II 

35 ·24 

57·37 

59·05 

04·57 
·26·07 

58·67 
40·00 

54·31 
24 •68 

59·94 

59·97 
02 ·06 

52·6o 

49·72 

03 ·65 

29 ·53 
4T "jO 

55 ·oo 

o4·34 

or ·55 

II 

08·97 
10·06 

50·74 
18 ·10 

25 "IT 

00·34 

03·8o 

02·95 

43·62 

51 ·70 

10·98 

r r ·49 

43·64 
25·03 

53·55 
57·26 

37·So 
1674" 

17 ·51 

27·98 

11' 

6 
6 

6 

6 

6 

6 

6·. 

6 

6 

6 

6 

6 

7 

7 
6 

6 

5 

5 
6 

5. 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

Indiscriminate mean= 37° 171 28·1172. 

Latitude. 

O I II 

37 17 29·62 

28 78 

29 ·29 

28·24 

27 •66 

29·53 
28·94 

::is ·ss 
28·83 

::!9 ·26 

28 ·is 
21 ·ss. 
28·40 

29·q 

28·23 

2S·S9 
2S·S2 

28·93, 

27·6o 
29·3S 

Wdghted mean = 37 17 28 ·72 ± 0 11·09. 
<'= ±0"·31. 

I 19 observations, 20 pairs. 
[Reduction to geodetic station - 0 11 ·02.] 

II 

-0·90 
-o·o6 

-0·57 

+0·4; 
+r ·06 

-0·81 

-0·22 

-0·16 

·-O"ll' 

-0·54 

+0·54 

+0·87 

+0·32 

-0·42 

+0·49 
-0·17 

-o·ro 

-0·21 

+1 :12 

-0•66 

*Practice obsen•atiom; were 111ade at this station by '\V; B. Fairfield and D. S. Wo~cott, aids. 1'heir results wen·: 
Falrfield, 29"·00 ::I: 0''·12; \Volcott, 28'1·57 ± 0"·15, mean= 28""8<>. In view of the ·fact that these observer~ were then 
inexperieuced, tl11s result has not been co111bi11ed with that give11 above. 



UNITED STATES COAST AND GEODETIC SURVEY. 

::?. ALLEGHENY SERrns-continued. 

(26) Latitude at Elliott A"11ob, f.'irgi11ia. W. B. Fairfield. Zenith telescope No. 6. July 10 to 
August 2, 1878. One division of level= 111 ·09, determined at ·office April, 1879. One turn of 
micrometer=:= 76"·33, frotn observations upon Polaris at this station. 

Pairs of stars. 

5 0~3 
5 Tl5 

5 187 
5 2q8 

5 348 
5 41! 

s 4g6 

5 619 

5 666 

5 728 

5 734 

5 795 

5 887 

5 937 
6 021 

6 0'39 

6 159 

6 223 

6 300 

6 355 

6 426 
6 482 

6 556 

5 072 
s 152 

5 279 

5 319 

5 367 

5 46o 

5 546 

5 644 

5 706 

5 749 

5 757 
5 828 

5 893 

5 g67 

6 os6 
6 I22 

6 184 

6 335 
6 350 

6 392 

6 475 
6 508 

6 593 

Adopted ,;econds of 
mean N. P. D. 

II 

23·98 

29·93 

07·01 

41 ·30 

31 ·09 

31 ·50 

37·99 

ro72 

03 ·20 

19·59 

33·87 
07·85 

2S·q 

24·84 
20·47 
:!I ·67 

12·56 

49 ·54 

44·05 

35·30 
21 ·57 

24·77 

/I 

43·28 

37 ·oo 

45·6o 

37·97 
36·50 

55·35 
22·04 

33·40 

46·53 
SI ·48 
20"!0 

57 ·or 

07·39 
5S ·3r 

19·89 

02 ·55 
38·S2 

32·38 

34 ·17 
16·02 

51 ·57 

04 ·19 

JO ·41 

,,, 

_, 
_, 

6 

i 

7 
s 
6 

7 

i 
6 

6 

7 
6 

s 
8 

7 
6 

6 

i 

'i 
6 

6 

6 

'i'(' 

2 

4 

4 

4 

5 

4 

4 

4 

4 

4 

4 

4 

5 

.5 

4 

4 

4 

4 

4 

4 

4 

4 

Indiscriminate mean= 38° 09' 57"·50. 

Latitude. 

0 

38 09 57 ·as 
57 ·03 

57·29 

57 ·59 

58 ·16 

57·59 

57·48 
. 56 ·20 

57 ·55 
5S·32 

56·63 

5S·or 

5S·o5 

5S ·07 

55·61 

58 ·2·2 
. 56 ·61 

57 ·17 

57·6o 

57·35 
57·87 

58·90 

58 ·19 

Weighter] mean =JS 09 57 ·51 ±o"·u 
e= ±o''·98. 

146 observations, 23 pairs. 
[Reduction to geodetic station - 0 11 ·29.] 

II 

+0·43 

+0·48 

+0·22 

-o·oS 

--0·65 

-o·oS 

+0·03 

+1 ·31 

-0·04 

-0·81 

+o·S8 

-0·50 

-0·54 

-·0·56 

+1 ·90 
-0·71 

+0·90 

+0·34 
-0·09 

+0·16 

-0·36 

-1·39 
-0·68 
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2. ALLEGHENY SERIES-COlltinued. 

(27) Latitude at A~·e1t(I', /Vest T'irgi11ia. A. T. Mosman. Meridia11 telescope No. r3. August 22 
to September 3, l8'b. One di\'ision of level= 2"·69. One turn of micrometer= 77"·848, from 
observations on Polaris at this station. 

Pairs of stars. Adopted seconds of 
mean N. P. D. 11' "lt' Latitude. "l' 

,, II 0 I II II 

6 235 6 268 19 ·59 26·85 6 5 .~7 46 .?3 ·49 -0·23 

6 322 6 350 17·66 27·49 6 5 24 ·is -0·92 

6 341 6 372 26 ·58 59·14 6 5 .?2 ·90 +0·36 

6 452 6 453 46·33 21 ·52 6 5 22 ·s::i +0·76 

6 475 6 497 41 ·43 17·58 6 5 23 ·35 -0·09 

6 520 6 547 04 ·64 34 ·56 6 5 22 ·25 +1 ·01 

6 650 6 646 04·30 23·87 6 5 22·87 +0·39 

6 674 6 723 37 ·42 12 ·go 4 4 23 ·r9 +0·07 

6 734 6 758 22·52 51 ·84 7 5 22·85 +0·41 

6 783 6 847. 39 ·14 26·99 7 5 23 ·38 -0·12 

6 867 6 868 26 ·ro 37·23 6 5 24·31 -l ·05 

6 915 6 986 26·46 20·92 6 5 24·36 -l "10 

(3 383) 7 o67 23·87 SI ·69 6 5 22 "70 +0·56 
[1 819] 7 r43 57·65 14"47 5 4 22·32 +0·94 

7 164 7 241 07·62 31 ·go 5 4 24·36 -'-I "10 

7 3o6 7 368 54·41 52 '.76 6 5 22 70 +0·56 

7 398 [3 578] 27·97 47 ·10 5 4 23 ·36 -o·ro 

7 468 7 474 r9 ·r4 II ·07 6 5 23 '61 -0·35 

Indiscriminate mean= 37° 46' 23"·26. 
Weighted mean =37 46 ,. _,, ·26 ± o'1 'II, 

e= ±011 ·,55. 
105 observations, rs pairs. 

[Reduction to geodetic station - 0 1175.] 



UNITED STATES COAST AND "GEODETIC SURVEY. 

2. ALLEGHENY SERIES-continued. 

(.28) Latitude al Cllllrles/011, West f"irgi11ici. F. H. Parsons. Transit No. 6. August l7-2I, 
1883. One division of level= I""6. One turn of micrometer= 4411• 191 from observations ,upon 
circumpolars. 

Pairs of stars. 

(3 322) 

6 952 
7 022, 

7 086 

7 I64 

7 I88 

7 241 

7 30I 

7 385 

7 465 

7 555 

7 598 
7 664 

. 7 733 

7 778 

7 823 

7 945 

7 995 
8 07I 

8 I4I 

8 250 
8 300 

6 932 

6 970 

(3 388) 

7 qo 

7 171 
[I 86I] 

(3 49I) 
7 368 

7 398 

7 503 

7 585 
7 623 

7 700 

7 754 
7 807 

7 896 
[2 o64] 

8 032 
8 I24 
8 224 

8 273 

(4 057) 

Adopted seconds of 
mean N. P. D. 

,, 
58·86 
28 ·52 

02 ·09 

26 77 

2978 

50·99 
51 ·Su 

07·81 

I2 "74 
I2"92 

35·05 
53·46 
24·75 

47·91 
22 ·8.~ 

10°80 

59·29 

27 "73 

42 7I 

42·6g 

04 ·79 
12 ·57 

,, 
38·78 

3I ·77 

03 "I7 

32 ·09 

14 ·36 

09·93 
24·20 

09·05 

43·24 

30·44 
24·65 

I4 ·oS 

3I ·67 

32 ·oS 

33""57 
50·50 
II ·88 

o6·22 

42·57 
32 78 

35 78 

09·90 

11 1 

3 

3 

3 

. " 
3 

2 

I 

. I 

2 

3 
3 

3 

3 
3 

3 

2 

2 

. J 

I . 

Indiscriminate mean= 38° 2I 1 o6"·56. 

Latitude. 

0 II 

38 2I 05·93 

07·26 

04 "I~ 

o5 ·5r 

07 "79 
08·24 

04·96 

05·5I 

05·8:! 

96·30 

o6·38 

06·33 

05 "73 
08·30 

05·44 

07·07 
o8·29 

04·54 

07·65 

07 ·47 
07 ·26 
08"·21 

Weighted mean = 38 2I o6 ·39 ± o'1 ·19. 
' C= ± 111"00. 

39 obsen•ations, 22 pairs. 
[Reduction to geodetic station o''·oo.] 

II 

+0·41 

-0·87 

+2 "2I 

+o·ss 
-1 ·40 

'-I ·$5 

+1 ·43 
+o·8S 

+0·57 

+0·09 
+o·oI 

+o·~ 

+0·66 

--I "91 

. +0·95 
~0·68 

-1 ·90 

+r ·85 
-I 0 26 

-r·oS 

-0·87 
_:l ·82 
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2. ALLEGHENY SERIES~-continued .. 

Latitud.:·at Cliarles/011, lV<'st. Virgi11ia *. C. Schenk. Transit No. 6. August 24-26, 1883. One 
divhion of level= 111·6. One tum of micronu;ter = 4411 • 191 from observations upon circumpolars. 

Pairs of stars.· 

(3 322) 

6 952 
7 022 

7 o86 

7 164 

7 241 

7 301 

7 465 

7 555 
7 598 

7 664 

7 733 
. 7 778 

7 823 

7 945 
7 995 

8 071 
8 141 

8 250 

8 300 

6 932 
6 970 

(3 388) 

7 140 
7 171 

(3 491) 
T 368 

7 503 

7 585 
7 623 

7 700 

7 754 
7 So7 

7 896 

[2 064] 

8 032 
8 124 
8 224 

8 273 

(4 057) 

Adopted seconds of 
mean N.P. D. 

II 

58·86 
28 ·52 

02 ·09 

26 '77 

29·7S 
5r ·So 

07·81 

12·92 

35·05 

5.3 ·46 

24 '75 

47 ·91 
22·83 
10·80 

59 ·29 

27·73 
42 '71 

42·69 

04:79 
12·57 

,, 
JS 7S 

JI ·77 
03 ·17 

14·36 

;l4"20 

09·05 

30·44 

24·65 

l4 ·o.s 
31 ·67 
32·08 

33·57 
50·50 

II '88 

o6 '22 

42·57 

32 78 

35·78 
09·90 

2 

2 

3 

3 

3 

3 
2 

3 

3 

3 

3 
2 

3 

3 
_, 

2 

2 

5 

3 

5 
6 

3 
6 

6 

6 

5 
6 

6 

6 

6 

5 

3 
6 

6 

5 

5 

3 

Indiscriminate ·mean = 38° 2i"' 0711 ·02. 

Latitude. 

0 II 

38 21 07 :78 

07 ·42· 

07 ·44 

o6·37 
o6·41 
07·6o 

o6·13 
07·61 

06·47 

05·70 

07 ·12 

o6·43 

o6·4S 

06·88 

07·47 
o6·45 

.07·52 

08 ·18 

07 ·30 
07 ·64 

Weighted mean = 38 21 .o6 ·98 ± o''·rn. 
t' = ± 0'1·54. 

49 observations, 20 pairs. 
[Reduction to geodetic station o''.oo.) 

II 

-o·So 

-0·44 

-0·46 

+o·6r 

+0·57 
-0·62 

+0·85 
-0·63 

+0·51 
+1 ·28 

-0·14 

+0·55 
+0·50 

+o·m 

-0·49 

+0·53 

-0·54 
-I '20 

.-0·32 

-0·66 

*Practice observations were made at this station by W. B. Fairfield anrl D. S. Wolcott, aids. Their results were: 
Fairfiel\I. l9'"oo ± o''·12; Wolcott, 28"·57 ± o'1 ·15, mean= 28"·So. In view of the fact that these absen·ers were then 
inexperienced this result has not been coinbined with that given ahove. . 



656 UNITED STATES COAST AND GEODETIC SURVEY. 

2. ALLEGHENY ~ERIES-cop.tinued. 

Latitude at C/1arlesto11, 1Vt~st 1""irg-i11i11*. C. Terry. Transit No. 6. August 29 to September 6, I 883, 
One division of level= 111·6. One turn of micrometer= 44"· 191 frt>m observations upon circumpolars. 

Pairs of s~ars. Adopted seconds of 11' 'W Latitude. 'ii mean N. P. D. 

II ,, 0 I ,, II 

7 o86 7 140 26 77 32·09 5 3·0 38 21 07 "77 -0·87 

7 164 7 171 29 78 '4 ·36 4·5 2 ·9 06·99 -0·09 

7 188 [I 861) 50·99 09·93 5 3·0 . o6 ·39 +0·01 

7 241 (3 491) 51 ·So 24·20 5 3·0 o6·63 +0·27 

7 JOI 7 368 0i"8I 09 ·05 5 3 ·o 05 ·48 +1 ·42 

7 385 7 398 12 74 43 ·24 6 3·2 oS·10 -I '20 

7 465 7 503 12"92 30·44 6 3·2 05 ·90 +1 ·00 

7 555 7 585 35·05 24·65 6 3·2 07 ·:is -0·35 

7 598 7 623 53·46 14·08 6 3·2 05 ·46 +1 ·44 

7 664 7 700 24 75 31 ·67 6 3·2 oS ·15 -1 ·25 

7 733 7 754 47 ·91 32 ·oS 6. 3·2 07 ·03 -0·13 

7 n8 7 &>7 22·83 33·57 5 ' ·o 06·65 +0·25 

7 8·23 7 8¢ 10·8o 50·50 6 3·2 07·69 -079 

7 945 [2 064] 59·29 II ·SS 6 3·2 o6·6i +0·29 

7 995 8 032 27·73 o6·22 6 3·2 07 ·45 -0·55 

8 071 8 124 42 71 42·57 6 3·2 07 74 --0·84 

8 141 8 224 42·69 32 78 5·5 3 ·1 05·54 -tr ·36 

8 250 8 273 0479 35 78 5 3·0 07 70 -o·So 

8 300 (4 057) 12·57 09·90 5 3·0 06·18 +0·72 

28 58 38·36 48·84 5 3·0 07 ·12 -0·22 

100 120 II "25 . 51 ·96 5 3·0 o6·38 +0:52 

Indiscriminate mean= 38° 21' 06"·89. 
Weighted mean =38 21 o6 ·90±o''·12. 

t'= ±o'1 ·67. 
IIS observations, 2r pairs. Weighted mean of 3 series 38° 21' o6"·87 ± o'110. 

[°Reduction to geodetic station o"·oo.] 

*Practice observations were made at this station by W. B. Fairfield and D. S. Wolcott, aids. Their results were: 
:Fairfield, 29"·00 ± 0"·12; Wolcott, 2S''·57 ± 0"·15. 1nea11 = :i.S"·So. In \Pie\v of the fact that these observers were then 
inexperienced this result has not been combined with that given above. 



TRANSCONTINENTAL TRIANGULATION-PART IV-LATITUDES. 6 5 7 

. 2. ALLEGHENY SERIES-completed. 

(29) Latitude al Pi11ey, Wes/ Virgi11ia. A. T. Mosman. Meridian telescope No. 13. August 
30 to September 9, 1SS3. One division of level= 211 ·69. One turn of micrometer= 7711·793 from obser-
vations 011 Polari5 at this station. · · 

Pairs of stars. Adopted seconds of 11/ ,,, Latitude. ,, 
mean N. P. D. 

II II 0 I I/ II 

6 748 6 8rn 00·23 II ·76 6 14 38 26 41 ·28 +o·os 

6 824 6 83s 3o·s4 12 ·12 6 I4 . 41 ·30 +0·03 

6 8s2 6 868 02·44 oS·89 6 14. 40·93 +0·40 

6 879 6 89s oS·66 13 ·Sg 6 I4 41 ·96 -0·63 

6 928 6 979 47 ·1S 19·74 6 14 40·78 +o·ss 

6 990 7 022 49·43 02 ·33 8 16 42 'IS -o·S2 

7 098 7 I07 s6·s8 43·4S 7 IS 41 ·o6 +0·27 

7 164 7 171 30·26 14·42 7 IS 41 ·07 +0·26. 

7 246 7 278 2s·SS 13·28 6 14 41 ·30_ +0·03 

7 34S 7 368 i7·4S 09 ·28 7 IS 40·77. +o·s6 

7 462 7 s21 2S·66 42·22 7 IS 41 ·72 -0·39 

7 S47 7 S97 o8·6s s8·32 6 14 41 ·22 +o·u 

7 676 7 7o6 s3·66 33·66 S'S 14 41 ·so -0·17 

7 733 7 7S4 47·92 32·04 S'S 14 41 ·19 +0·14 

7 778 7 8o7 22·83 33'S7 6 14 41 ·03 +0·30 

7 848 7 893 00·40 s8·37 6 14 41 ·87 -O'S4 

7 943 7 967 36·90 S3'S7 6 14 41 'SI -0·18 

7 995 8 03j 28 ·14 o6 ·21 6 14 41 ·36 -0·03 

Indiscriminate mean= 38° 26' 4111·33. 
Weighted mean =38 26 41 ·33 ±o'1·o6. 

e= ±011·40. 
n3 observations, 18 pairs. 

[Reduction to geodetic station -o'1·44.] 

18732-No. 4--42 



UNITED STATES COAST AND GEODETIC SURVEY, 

3. OHIO SERIES. 

(30) Latit11de at Go111d, Oliio. A. T. Mosman. Meridian telescope No. 7.* August 27 to Septem
ber I 1, 1885. One division of level = 1-"·04 from observations a_t this station. One tum of micrometer 
= 7811·232 from the latitude observations at this station. 

Pairs of stars. Adopted seconds of 
mean N. P. D. n' i:C' Latitude. z1 

,, ,, 0 I II ,, 
(2 898) 6 235 56 ·37 12·54 6 I"'I 38 38 30·94 -0·98 

6 3-P [1 586) 12·58 46 ·16 6 I 'I 29·65 +0·31 
6 429 6 4i5 13 '04 17 ·gS 6 I 'I 30·43 -0·47 
6 510 6 552 24·42 24 ·13 7 I":.'.! 29·81 +0·15 
6 581 6 599 05·o8 q.·49 7 1'2 31 ·05 -I ·og 

6 640 6 654 19'70 34·75 7 l '2 28·56 +1 ·40 
6 690 (3 190) 52·86 22·05 6 l 'l 28·93 +1 ·03 
6 817 6 Sis 33·05 18'87 7 l '2 30·25 -0·29 

6 928 6 979 26·47 58·01 6 l ·1 30·87 -0·91 

(3 383) 7 029 27·07 50·53 6 I 'I 28·85 +1 ·11 

7 og8 7 107 32 ·56 19 ·2s 6 I 'I 28·94 +r ·02 

(3 475) 7 241 52 ·ss 25·42 7 1'2 3o·oS -0'12 

7 256 7 294 45·61 04·23 6 I 'I 33·97 -4·01 

7 345 7 368 48·92 39·96 5 l 'I. 30·28 -0·32 

7 417 7 418 46·44 13·64 7 l '2 27·93 +2'03 

7 465 7 480 41 ·19 . 58·84 4 l 'I 28·58 +1·38 
7 627 7 676 56 ·31 r9·66 2 0·9 30·43 -0·47 

Indiscriminate mean = 38° 38' 29"·97. 
··weighted mean =38 JS 29 ··96 ± d 1·23. 

e = ± 0'1·85. 
IOI observations, 17 pairs. 
[Reduction to geodetic station - 211·00.] 

.' *l11stru,;,.ent defective; object glass loose. 



TRANSCONTINENTAL TRIANGULATION_.:.._PART IV-LATITUDES. 

3. OHIO SERIES__:contim1ed. 

(31). Latitudt! at 1lfi11err1a, Kt!11tuck_J1. A. T. Mosman. Zenith telescope No. 6. August 3-13, 
1887. One division of level = o''·S8 derived from the latitude observations at this station. 011e turn 

. of micrometer = 76"·16o from observatio11s on Polaris at this station. 

Pairs of stars. Adopted seconds of 
11' '((I Latitude. v mean N. P. D. 

II II 0 I II If 

5 821 5 840 49 ·r3 47·69 6 21 38 42 30·90 -0·02 

5 847 5 874 22 '.73 51 ·34 6 21 30·26 +0·62 

5 927 5 990 25·53 59·59 7 22 31 ·39 -0·51 

6 068 6 082 13"23 02·55 6 2( 31 ·38 -0·50 

6 091 6 151 51 ·41 oS·93 6 21 30·91 -0·03 

(2 898) 6 235 54·96 09 "72 6 21 30·55 +0·33 

6 251 6 395 52 "16 29·07 6 21 3o·So +o·oS 

6 478 6 471 59 "16 44·65 6 21 31 "12 -0·24 

6 5IO 6 552 14·68 13·32 6 21 : 30'71 +0·17 

6 583 6 589 59·31 31 ·03 6 21 31 ·20 -0·32. 

6 615 6 662 00·54 II "14 5 20 30·73 +0·15 

6 690 6 734 38 ·19 24·99 6. 21 31 ·02 -0·14 

6 ']40 6 799 24·37 18·67 6 21 30·85 +0·03 

6 824 6 883 54 ·65 40·90 6 21 31 "IO -0·22 

6 928 6 979 05·44 36·27 6 21 30·36 +:o ·52 

(3 383) 7 029 04·23 27·64 5 20 30·74 +0·14 

Indiscriminate mean = 38° 42' 3011·88. 
Weighted mean =38 42 30 ·SS± 011·05. 

e = ±o''·29. 
95 observations, 16 pairs. 

[Reduction to geodetic station =o''"oo.] 



660 UNITED STATES COAST AND GEODETIC .SURVEY. 

3. OHIO SERIES-continued. 

(32) Latitud~· al Ci11ci1111ati,* O!iiv. C. H. Sinclair. Transit No. 4. July 19-27, 188r. One 
division of level= 211·123, from office 'determination of July, 1881. One turn of micrometer= 
41":400, from observations upon a Urs::e Minoris at this station. 

Pairs of stars .. 

5 922 

5 978 

5 999 
6 047 

6 079 

6 203 
6 268 

*6 355 

6 404 

6 496 

6 520 

6 572 
6 667 

6 735 
6 817 

6 867 

6 968 
7 o67 

7 098 

7 171 

(3 484) 

5 937 
5 99I 

(2 804) 

(2 822) 

6 I06 

6 235 
*6 355 

6 391 

6 466 

(3 071) 

6 .534 
6 625 
6 718 

. 6 8o2 

6 849 

6 901 

(3 372) 

7 o85 
7 146 

7 204 

7 246 

Adopted seconds of 
mean N .. P. D. 

II 

55 ·36 
03 '12 

30 ·~6 

35·73 
29·87 

50·22 

25·o8 
35·05 

o6·94 
33·06 

59·68 
26 '·21 

12·06 

29·01 

o8·96 

16·56 

15 '10 

40·19 

20·46 

39·74 
51 '15 

II 

36 'I6 

29·52 

52 ·58 

22·95 

10·23 

18 ·19 

35 ·05 

39·26 

o6 ·51 

07 '79 

56·45 

19·94 

50·53 

41 ·92 

44·02 

56·27 

27·68 
52·24 

44·14 

29·6o 

52·28 

6 

5 

·4 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

8 

s 
7 
s 
s 
8 

·5 

5 
8 

s 
s 
s 
s 
s 
s 
s 
s 
8 

s 
s 
8 

Indiscriminate mean= 39° 08' 20'1 ·48. 

Latitude. 

O I II 

39 o8 18·98 
20·8o 
20'00 

20·46 

20·78 

20·31 

20·19 

x9·87 

20·85 

20·65 

20·77 

20·41 

20·42 

20'01 

20·74 

21 ·68 

20·30 

20·65 

2I 'JO 

20·61 

20·49 

Weighted mean =39 oS 20 ·5o±o'1 ·08. 
e= ±011·43. 

I05 observat~ons, 21 pairs. 

'i' 

II 

+1 ·52 

-0·30 

+0·50 

+0·04 
-0·28 

+0·19 

+0·31 

+0·63 

--'-0'35 

-0·15 

-0·27 

+0·09 

+o·oS 

+0·49 
-0·24 

-I '18 

+0·20 

-0·15 

-o·6o 

-O'II 

+0·01 

[Reduction to center of dome - o''·96; also to geode\ic station - 1 11 ·09.] 

*Astronomic obsen·atory on Mount Lookout. 
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3. OHIO SERIES-com pletecl. 

(33) Latitude at Reizin, I11dia11a. w. B. Fairfield. Meridian telescope No. 7. October 10-17, 
1889. One division of ,level= o'1 ·9-0, from ·the latitude observations at this station. One turn of 
micrometer= 7811·4001 from the latitude observations at this station. 

Pairs of stars. Adopted seconds of 
11' w Latitude. l' mean N. P. D. 

II II 0 I II II 

7 627 7 676 .49·13 10·64 6 6 39 02 53·15 +0·43 

.7 733 7 749 .02 ·89 45·or 6 6 53 ·31 +0·27 

7 807 7 848 45·25 10·43 6 6 54 ·45 --,-0•87 

7 874 7 868 43·61 22 ·15 6 6 53·67 -o·og 

7 9-01 7 915 38·59 15 '12 6 6 54 ·79 .....:_I '2I 

7 932 (2 o63) 47 '77 01 ·62 6 6 54·26 -0·68 

7 972 (3 843) 39·82 26·21 6 6 52·91 +0·67 

8 031 8 074 39·48 45 ·33 6 6 53·64 -o·o6 
8 0;78 8 Jo6 57 •6o 01 ·97 6 6 53·27 +0·31 

8 195 8 212 24'93 32·22 6 6 54 'IO -0·52 

8 238 s 243 r4·30 51 ·23 6 6 52·70 +o·ss 
(4 004) (4 028) 26·04 34 ·57 6 6 53·59 -o·or 

1 32 45·25 38·63 5 5 53·39 +0·19 

sr (43) 10·27 57 ·rs 5 5 52·66 +0·92 
J02 126 07·84 SI ·71 6 6 53·4r +0·17 
166 198 47·65 24 'II 6 6 53·31 +0·27 

227 259 32·69 10·47 5 5 54·44 -0·86 

285 330 31 ·19 01 '20 5 5 53·24 +0·34 

Indiscriminate mean= 39° 02' 5311·57. 
Weighted mean =39 02 53 •58±011'IO. 

e= ±o'1 ·47. 
104 observations. 18 pairs. 

[Reduction to geodetic. station + o'1 ·02.] 



662 UNITED STATES COAST AND GEODETIC SURVEY. 

4. INDIANA SERIES. 

(34) Latitude at f.Veed R1td1, I11diana. J. B. Baylor. ·Meridian telescope No. 7. August 23-291 

1889. One division of level = 111·05 as determined at office, June, 1889. One turn of micrometer 
= 78""365 from observations upon circumpolars at this station. 

Pairs of i;tars. Adopted seconds of n' U' Latitude: ,. 
mean N. P. D. 

" II 0 I " II 

6 o82 (2 SgS) 04·03 53·33 .5 13 39 09 6o·59 -0·04 

6 203 6 235 41 ·s2 o6·go 5 13 6o·14 +0·41 

6 355 6 39IJ/ 09·48 II "62 6 18 6o·41 +0·14 

6 466 6 473 3f ·47 21 ·oS 5 12 59·cp +0·65 

6 582 6 64'> 41 ·47 5.~ ·14 5 II 6o·55 o·oo 

6 667 6 718 16·03 49·45 5 13 61 ·36 -0·81 

6 748 6 827 10·26 34·61 6 13 60·32 +0·23 

6 849 6 857 29 ·51 49 ·10 5 13 6o·93 -0·38 

6 897 6 9_'.,2 47·55 36·45 s I4 61 •o6 -0·51 

6 990 "2 629 43·26 2077 6 4 6o·65 -0·10 

7 067 1 oS5 05·75 17 "o6 5 14 6o·9S --0·43 

7 103 7 241 44·43 31 71 5 13 6o·22 +0·33 

7 275 (3 523) I I "23 07 ·12 5 13 6o·30 +0·25 

7 368 7 431 41 ·41 I2 ·11 s 14 6o·16 +0·39 

7 542 7 567 07·64 32 ·rs 5 14 6o·62 -0·07 

7 598 7 607 14 ·29 32·99 5 14 6o•g6 -0·41 

7 681 7 753 o7 ·so 33·02 5 13 60·44 +o·rr 

7 8o7 7 848 45 "20 IO" ~7 5 14 60·18 +0·37 

7 901 7 915 38·59 14·99 5 13 6o·76 -O":?I 

7 945 7 g6I o6 ·13 09·19 5 13 60·47 +o·oS 

·111cliscrimi11ate mean = j9° 1.d oo'1·55. 
\Veighterl mean =39 IO 00 "S5 ± o''·o6. 

·e= ±0"·55. 
I03 observations, 20 pairs. 

[Reduction to geodetic station o"·oo.] 

* Numher in Armagh Catalogue of t875. 
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4. INDIANA SERIES-completed. 

(35) Latitude at Vinct?1111es, I11dia11a. C. H. Sinclair. Transit No. 4. October 19 to November 
15, 1881. One division of level= 211 ·12, determined at office July, 1881. One turn of micrometer 
= 41 "·399 from observations upon Polaris. But the object glass was found to give a field which was 
not plane, as indicated by both the tnicrometer observations and the latitude observations. rn· 
reducing the latitude obsen•ations the value 4111·426 was used for all observations within 51 3cfl of the 
middle of the field and the value 4I"·293 for all other ·observations. 

Pairs of stars. Adopted seconds of n' w Latitude. fl. mean ;N. P. D. 

// II 0 I II II 

(3 565) 7 503. 32 ·17 02"0[ 6 10 38 40 37·22 -0·45 

7 521 7 566 I.1 ·35 38·82 5 9 36·91 -0·14 

7 627 7 676 03·53 2.8 ·24 6 IO 36·64 +0·13 

7 712 7 754 33 ·24 07 72 6 10 36·59 +o·IS 

7 798 7 855 o6·74 44:52 5 .9 36·31 +0·46 

7 88o 7 901 52·38 07 76 5 9 36·72 +0·05 

[2 058] 7 958 50·04 35·40 6 7 36 78 -0·01 

(3 843) 8 023 59·98 48·38 5 9 35·94 +0·83 

8 052 8 107 25·42 40·90 6 IO 37·01 -0·24 

8 159 8 224 07·03 II "i4 6 IO 36·68 +0·09 

8 273 8.300 IS"75 52·62 5 9 .~6 •68 +0·09 

(4 052) s 366 31 ·31 55 ·40 3 s 35·92 +o·Ss 
28 67 I7"92 26·54 6 IO 37·35 -0·58 

I21 (88) 05 ·17 23 "70 6 IO 37·38 -o·6r 

I66 197 25·70 IS ·14 6 IO 36·16 +o·6r 

219 229p 52 72 15 72 4 9 . 36 "6I +o·I6 

(4 025) 8 330 51 ·oo 26·53 4 9 36·68 +0·09 
16 (5r) 24·6r 56·65 4 9 36·83 -o·o6 

153 r78 29·67 25 "73 4 9 37·58 -0·81 

250 3I4 59·90 50·93 4 9 36 78 -o·or 

330 345 35·45 30·91 4 9 36 "70 +0·07 

431 456 36·05 45·93 s 9 37·32 -0·55 

482 523 46 ·rs 38·20 5 9 37·73 -0·96 

558 593 33 "II 06·51 ~ 9 36·78 -:-o ·or 

676 697 38·99 I6"81 5 9 37·07 -0·30 

·710 73I 26·43 03 "IO 4 9 36·24 +0·53 

(371) Sr6 47·96 11 ·02 5 9 36 ·17 +o·6o 

827 861 33·6I 53·62 5 9 36·81 -0·04 

92r 948 II ·63 46·56 5 9 36·93 -0·16 

(482) 999 15·53 51 ·35 5 9 37·30 -0·53 

I oo6 I 017 49 ·rs 49·64 5 9 36·93 -o·r6 

I 025 I 059 04·01 13·54 3 8 35·6r +r ·16 

Indiscriminate mean= 38° 4o' 361176. 
Weighted mean =JS 40 36 ·77 ±o"·o6. 

. e = ± o'1 ·36. 
I58 observations, 32 pairs. 

[Reduction to geodetic station, Court-house -011·48.] 



UNITED STATES COAST AND GEODETIC SURVEY. 

5. ILLINOIS SERIES. 

Statio//. No. 36. .Parkersburg, Richland County, Illinois. "No. 24, Professional Papers of the 
Corps of Engineers of the United States Army." Report of the Primary Triangulation of the United 
States Lakt: Survey. J~ieut. Col. C. B. Comstock, United States Army, 'Vashington, 1882, llp. 633, 634. 
The latitude was observed here hy Lieut. P. M. Price, on five nights in August, 1879, with (Tnited 
States Lake Survey Zenith telescope No. 19, hadng .a focal length of 81 centimetres and an aperture 
of 7'6 centimetres. The numher of pairs of stars observed was 38 and r26 individual results for latitude 
were obtained; e = ± 0"·42. Resulting latitude of · bserving post 38° 34' s3"·25, and when-reduced 
to trigonometric station 38° 34' s3"·20 ± 011·09. 

Station No. 37. Olney West Base, Jasper Cour1ty, Illinois. Reference as above, pp. 632, 633. 
The latitude was observed here by Assistant Engineer G. Y. "Wisner, on four nights in May, l8So, 
with Zenith telescope No. 19, as above. The number of pairs observed was 30 and ns individual 
results were obtained; e = ± o'1 ·42. Resulting latitude of observing post 38° sr' 4111·23, and when 
referred to the trigonometric station 38° 51' 4111·23 ± 0'1 ·06. 

(38) Latitude at Newton, Illinois. F. W. Perkins. Meridian telescope No. 13. October 16-29, 
1883. On~ division of level= 211·69, determined at office, August, 1879. One turn of micrometer 
= 77" 0 722 from the latitude observations at this station. 

Pairs of stars. Adopted seconds of n' w Latitude. •• mean N. P. D. 
,, II 0 I II II 

7 399 7 402 38·39 46·06 s 9 38 SS 31·1s -0·28 

7 455 7 465 31 ·21 1:2 ·97 s 9 30·1s +072 

7 s21 7 566 42 ·16 06·27 s 9 31 "JI -0·54 

7 s82 (3 6s2) 23 ·rs 16 78 6 s 30·71 +0·16 

7 627 7 676 29·82 s3·66 s 9 3078 +0·09 

7 712 7 778 sS·40 22·8~ s 9 30·6s +0·22 

7 Soo 7 843 09 ·16 33·27 6 IO 30·88 -0·01 

7 879 *7 901 37·94 30·4s 2 4 30·38 +0·49 
7 880 *7 901 1S'6o 30·4s 6 7 30·87 o·oo 

7 932 [2 063] 40·72 S4'91 6 .8 31 ·20 -0·33 

7 961 (3 86s) 03·s3 20·18 s 9 30·42 +0·4s 

8 039 8 149 17 ·rs 3S·sr s 9 30·67 +0·20 

8 'r9s 8 212 23·41 30·91 s 9 31 ·44 -o·s7 

(3 99S) *8 296 54 '12 46·68 s 6 31 ·rs -0·31 

*8 2g6 8 310 46·68 o6'o6 s 6 30·84 +0·03 

(4 038) (4 043) 2s·84 s4·63 s 8 31 ·76 -0·89 

(4 os2) 8 366 so·83 1S'20 s 9 30·37 +o·so 

8 373 26 1_8·94 01 ·oo 4 9 30·24 +0·63 

SI (43) ro·8s S7 ·19 s 9 30·40 +0·47 
102 126 07·10 SI ·28 s 9 30·89 -0·02 

166 198 4S'93 22·48 s 9 3o·So +0·07 

28s 330 27·41 s6·44 s 9 31 ·92 -r·os 

Indiscriminate mean= 38° SS' 3011·87. 
Weighted mean =38 SS 30 ·87 ± o'1 ·07. 

e = ±o'1·40. 
uo observations, 22 pairs. 

[Reduction to geodetic station o'''oo.] 



TRANSCONTINENTAL TRIANGULATION-PART IV-I.ATITUDES. 665 

5. ILLINOIS SERIES-completed. 

(39) La/itl(de al Bonfi11g, I!!i11ois. G. A. Fairfield. Meridian telescope No. 7. October 10-20, 
1882. One division of level = 111·005 determined at this station. One turn of micrometer = 7S11·29S 
from circumpolar observations at this station. 

Pairs of stars. Adopted seconds of n' w Latit11de. ti mean N. P. D. 

II II 0 I II II 

6 640 6 654 39·42 54·68 5 9 3S 36 50·09 +0·64 

6 740 6 799 04·73 or ·70 5 14 50·32 +0·41 

6 S79 6 895 18·28 23 ·85 5 14 5071 +0·02 

6 92S 6 979 57 70 30·50 5 14 50·65 +o·oS 

7 200 7 220 01 ·03 og·5S 5 14 50·08 +0·65 

7 246 7 27S 3S·go 27 ·oo 5 13 50·81 -o·oS 

7 345· ·7 36S 31 ·70 23·66 5 I4 50·99 -0·26 

7 474 7 555 40·03 51 ·14 5 14 5073 o·oo 

7 595 7 6o6 24·63 45 ·rs 5 14 50·37 +0·36 

7 676 7 7o6 10·91 51 ·13 5 14 5o·S2 -0·09 

7 731 (3 719) OI ·35 39·35 5 6 50·93 -0·20 

7 79S 7 S55 4S·55 26·04. 5 I4 50·54 +0·19 

7 S79 *7 gor 56·47 49·10 3 7 50·20 +0·53 

7 SSo *7 gor 34 ·13 49 "IO 5 9 5076 -0·03 

[2 05S] 7 95S 31 ·30 16"47 5 3 50·50 +0·23 

8 052 8 107 05·94 21 ·51 5 14 50·63 +o·ro 

8 273 8 300 557S 32 ·57 5 14 5o·S5 -0·12 

(4 057) 14 20·00 39 ·1~ c 4 50·5r +0·22 .., 
166 197 05·S8 57·47 5 13 51 ·So -I ·07 

219 229,v 33·03 57 ·06 5 14 51 ·14 -0·41 

247 254 o6·67 24·8o 5 14 51 ·19 -0·46 

Indiscrimi11ate mean = 38° 36' 5o'1·70. 
Weighted mean =JS 36 50 ·73 ± 011·o6. 

e=±o'1·42. 
103 observations, 21 pairs. 

[Reduction to geodetic station 011·00.] 
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6. MISSOURI SERIES. 

(40) Latitude at SI. Louis, ./1Iisso11ri. 0. H. Tittmann and W. Eimbeck. Zenith telescope 
No. 6. December 8-27, 1869, and July 3 to· November 7, 1870. One division of level= 1"·r2, deter-
mined at Salt Lake City, Utah, in 1869. One turn of micrometer= 7611·160 from observations upon 
circumpolars at this station. 

Pairs of stars. Adopted seconds of 
11' w Latitude. ,. 

mean N. P. D. 
II II 0 I II II 

146 178 13 ·20 22·87 I I ·,, 38 38 00 ·14 +2 ·63 
219 229 48 ·46 12 ·oo 2 I ·7 03 ·97 -I '20· 
330 345 27·04 21 ·69 3 I ·9 02 ·74 +0·03 
502 544 15 ·q 02 ·42 .4 2 'I 04·02 -r ·25 

-676 697 04·14 36 ·77 4 2 'I 03·68 -0·9r 
827 86r 39·77 55·63 4 2 'I 02 ·65 +0·12 

I 2I9 I 269 I7 ·32 21 ·37 3 I ·9 02·22 +0·55 
I 530 I 535 39·38 48·48 2 l '7 00·84 +1 ·93 
I 631 l 663 14·64 24·59 3 I ·9 03 ·18 -0·41 
5 084 5 155 56·45 25·01 I '3 04·83 -2·06 
5 315 5 348 14 ·40 12·70 2 I '7 04·04 -I '27 
5 367 5 459 17 ·90 45·22 I ·3 or ·39 +1 ·38 
5 502 5 525 54 ·r6 31 •6o I '3 02 ·31 +0·46 
5 546 5 617 22·49 44 79 ~ I I ·3 01 ·55 +1 ·22 
5 667 5 731 20 '79 so ·19 2 l ·7 02 '74 +0·03 
5 823 5 841 30·53 33·22 I ·3 03 'IO -0·33 
5 834 5 874 34 76 46•69 2 I '7 ·02 ·25 +0·52 

*5 937 5 988 05 ·06 l4 '74 -~ I '3 03·04 -0·27 
*5 937 5 999 05·o6 07 ·16 3 'I ·3 01 ·50 +1 ·27 

6 062 *6 o82 17·46 50·89 3 I ·3 02·46 +0·31 
6 068 *6 o82 58·62 50·89 0·9 02 ·47 +0·30 
6 129 6 150 27 ·17 13·43 4 2 'I 02·57 +0·20 
6 185 6 241 05·26 44·41 3 l ·9 03 ·10 -0·33 
6 348 6 387 II '50 34·So 3 I ·9 or ·99 +0·78 
6 429 6 475 12 ·35 26·27 2 I ·7 02·64 +o ·1.~ 
6 623 6 674 13 '79 47·88 · 1 ·3 02·44 +0·33 
6 644 6 662 54·30 08 'IO l ·3 03·o6 -0'29 
6 690 6 734 42 ·56 43·97 2 I '7 04·68 -I '91 
6 858 6 867 ·33 •66 or ·47 I ·3 03·30 -0·53 
6 937 7 027 30·68 18·83 I ·3 03 ·57 -o·So 
7 567 7 595 42 ·87 42·67 I I '3 01 ·93 +0·84 
7 6r2 7 627 33·67 08 ·18 I ·3 04·49 -I '72 
7 820 7 914 56·06 I2"96 I ·3 01 'I5 +r ·62 
8 052 8 107 58·49 13·69 I I •3 .02·85 -o·oS 
8 147 8 188 12·06 03·06 I I ·3 01 ·51 +r ·26 
8 248 8 279 09·30 28 79 I I '3 00·56 -1-2·21 

98 126 41 ·37 10·00 I "3 or ·74 +1 ·03 
235 256 II ·71 45·56 I I ·3 04·90 -2·13 
285 330 40·04 07·69 I I ·3 05·o6 -2·~9 

Indiscriminate mean = 38° 38~ 021173. 
Weighted mean =38 38 02 ·77 ±o'1·r3. 

e= ±o'1·65. 
74 observa,tions, 39 pairs. The first nine pairs were observed in 1869 and the remainder in 1870. 

[Reduction to spire of Second Presbyterian Church - I 11'97.] 
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6. :ll'IISSOURI SERIES-continned. 

Latitude at St. Louis, lllissouri. F. H. Parsons. Transit No. 6. September 24 to October IO, 1SSr. 
One division of level= 2 11·12, determined at office in July, lSSr. One tur11 of micrometer= 44.'l·.168, 
from circumpolar observa.tions at this station. 

Pairs of stars. 

7 568 
7 6S6 

7 723 

7 798 
7 SSo 

[2 058] 

(3 843) 

s 074 

s 136 

s 273 

(4 025) 

s 344 
121 

7 5cj3 

7 689 

7 758 

7 855 

7 901 

7 958 
s 023 

8 I05 

8 212 

s 300 

8 330 

(4 052) 

(88) 

1.97 
229 

254 

345 
456 

514 

Adopted seconds of 
mean N. P. D. 

II 

39 ·98 
II ·40 

13·62 

06·50 

52·38 

49·7$ 

59 "79. 
21 ·20 

or ·25 

15 ·91 

50·68 

23·73 

05·05 

26·07 

52 ·56 
25 "70 
34·82 

51·44 

31 ·03 

II 

26 ·45 
21 ·07 

41 ·71 

44·62 

07·72 

35·20 

48·29 

03 ."75 

I0"37 

53 ·.p 

26·53 

31 "6o 

23·71 

16°00 

15 "IO 

43·44 
30·91 

45 ·Sr 

19 ·or 

5 

5 

5 

5 

5 
5 

5 

5 

5 

5 
4 

4 

4 

5 

4 

5 

5 

5 
4 

5 

5 

5 

5 

5 
5 

5 

5 

5 

5 

4 

4 

4 

5 

4 

~ 

.5 

5 

4 

Indiscriminate mean = 38° 38' 0211·S3. 

Latitude. 

O I II 

JS JS OJ "4J 
02 ·31 

02·44 

02 ·40 

03·22 

02·24 

or ·Sr 

02·22 

03·39 
02·64 

o~ ·75 
02·So 

02 "72 

02 ·5s 
03 ·20 

04·05 

03·02 

02·oS 

04·42 

Weighted mean = 38 38 02 ·81 ±o''·og. 
e = ::1;:o'1 ·76. 

90 observations, 19 pairs. 
[Reduction to· spire of Second Presbyterian Church - 2 11·40.] 

II 

-0·62 

+0·50 

+0·37 

+0·41 

-0·41 

+0·57 
+1 ·oo 

+0·59 

-0·5S 

+0·17 

+0·06 

+0·01 

+0·09 

+0·23 

-0·39 

-l "24 

-0·21 

+073 
-1 "61 
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6. MISSOURI s1rn·rns-completed. 

(41) Latitude al Je.t/crso11, 1Jfisso11ri. H. W. Blair. Meridian telescope No. 3. November I<j-29, 

1879. One division of leve.J = i 11 ·82, a mean of several rleterminations. One turn of micrometer 
= 63"·Soo, from circumpolar observations at thi.s station. 

Pairs of t<tars. 

7 902 

[2 058] 

7 973 
8 052 

*8 195 

(4 0,'ii) 

IOI 

166 

219 

247 

264 
330 

427 

43 1 

482 

566 

593 
676 

745 

777 

(,> So5) 

7 958 

7 975 
[2 og7] 

*S 195 

14 

148 
197 
229 
254 

3q. 

.345 
*456 

"456 

523 

579 
614 

697 

744 

794 

Adopted seconds of 
mean N. P. D. 

II 

39·84 
27·06 

47·07 

03·92 

42·45 

30·20 

38·72 
05·55 
31 •86 

05 "74 
09·84 

13·49 
29·20 

13·63 

22·go 

o6·18 

41 ·31 

13·20 

17 ·95 
46·00 

II 

01 "74 
16 ·So 

42·45 

39·42 
25·66 

56·44 

54·45 
22 ·6,, 

26 ·58 

09·37 
23 ·oS 

23 ·oS 

12"95 
ss·cp 
54 ·15 

50·05 

34·97 
oS·o6 

4 

5 

5 

5 

5 

'5 
5 

5 

5 

.5 
5 

5 

5 

5 
5 

4 

5 

5 

5 
5 

w 

10 

11 

It 

II 

6 
II 

11 
II 

JI 

rr 
II 

II 

7 

7 
II 

IO 

JI 

JI 

TT 

II 

Indiscriminate mean = 38° 33' 4311·99. 

Latitude. 

O I ,, 
:;8 33 43 ·97 

43 ·02 

44 ·01 

43·45 
43·8S 

43·67 

43·86 

44·75 

44 ·18 

44·36 

44·57 

44 ·47 
44·02 

44·50 
44·0S 
43 ·25 
43·52 
44·23 

43 "70 
44·30 

Weighted mean = 38 33 43 ·99 ± o'1 ·07. 
C= ±o''·37 . 

. g8 observations, 20 pairs. · 
[Reduction to geodetic station d 1·oo.] 

i:'" 

,, 
+0·02 

+0·97 
--0·02 

+0·54 
-\·O 'II 

+0·32 

+0·13 

--076 

-0·19 

-o·37 
--0·58 

--0·48 

---0·03 

--o·sr 

--0·09 

-+-o ·74 

+0·47 

-·0·24 

..L.0·29 

-0·31 
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i· J\IISSOUR I -KANSAS SERIES. 

(42) Latitude at Hunter, 11fissol/.ri. F. D. Granger. Meridian telescope No. 3. July 26 to August 
3, 18So. One division of level = 1"·7S, determined at Jefferson City, in 1379, by H. W. Blair. One 
tum of micrometer = 63"·422, from the latitude observations at this station. 

Pairs of stars. Adopted seconds of 
11' w Latitude. v mean N. P. D. 

II II 0 I II II 

5 86o 5 937 48·96 33·56 6 4·4 38 25 47·22 +079 

5 962 5 9g:> 23·8o 45·50 5 4·2 48·74 -0·73 

6 052 6 073 23 ·94 47 ·5s 5 4 ·2 47·26 . +o.·75 

6 109 6 178 32 74 24·59 5 4 ·2 48·37 -0·36 

6 218 6 235 37·41 19·20 5 4·2 47·27 +074 

6 251 6 .;95 01 ·33 54·52 5 4 ·2 49·14 -1 ·13 

6 429 6 475 32·96 41 •68 5 4 ·2 4S·23 -0·22 

6 522 6 574 48·01 47·86 5 4 ·2 48·49 -0·48 

6 6CI *6 654 06·20 oS·o7 5 2·8 48·67 ·-0·66 

6 640 *6 654 54 72 0S·o7 5 2·8 48 ·20 -0·19 

6 698 6 745 05 ·09 29·6o 5 4·2 48·59 ---:0·58 

6 824 6 835 57·32 39·28 5 4 ·2 4S·44 -0·43 

6 857 6 875 J4 "IO 07 ·13 6 "4 ·4 48·50 -0·49 

6 928 6 979 22·17 52·08 5 4 ·2 . 46·59 +1 ·42 

7 098 7 107 32·47 19"96 5 4 ·2 47·02 +0·99 

7 149 *7 220 37·42 37 "IO 5 2·8 48·58 -0·57 
I 

7 200 *7 220 26·40 37 "IO 6 2·9 48·64 -0·63 

7 ·246 7 278 05·90 54 ·11 5 4·2 47·62 +0·39 

7 345 7 368 59·73 52 ·46 5 4·2 48·46 -0·45 

7 465 7'503 59·65 16·95 6 4·4 "47 ·29 +072 

7 568 7 598 56·80 42·91 6 4·4 47·03 +0·98 

*7 705 7 721 oS·97 47·95 5 2·8 48·83 -0·82 

*7 705 7 731 08·97 36·54 5 2 ·s 47·95 +0·06 

Indiscriminate mean= 38° 251 4811·05. 
Weighted mean =38 25 48 'QI ±011 '10. 

e= ±o'1·62. 
120 observations, 23 pairs. 

[Reduction to geodetic station 0'1 ·00.] 
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7. llfISSOURI·KANSAS SERIES-continued. 

(43) Latitude at Kansas City, 11fisso11-ri. C. H. Sinclair. Transit No. 4. Sep~mbe~ 20-26, 1882. 
One division of level = 211·12, determined at office, July, 1881. One turn of micrometer = 4111·333, 
from circumpolar observations at this station. 

Pairs of stars. Adopted seconds of n' w Latitude. •• mean N.P. D. 

II II 0 I II II 

6 520 6 534 54 71 51 ·23 4 7 39 05 51 ·29 -0·37 

6 574 6 583 3675 29 ·18 4 7 50·68 +0·24 

6 6~7 '6 718 05·00 42 79 5 7 50·98 -0·66 

6 794 6 852 09·90 12·36 6 7 50·93 -0·01 

6 867 6 901 07·01 47·38 5 .7 51 ·26 -0·34 

6 928 6 966 58·01 04 "IO 4 7 50·13 +079 
6 986 7 o6r 58 '20 47 ·77 4. 7 51 ·69 -0'77 

7 II2 7 164 38·66 42·00 4 51 ·44 --0·52 

7 211 7 223 17 78 44·63 4 50·28 +0·64 

(3 484) 7 246 37·92 39·00 4 50·27 +0·65 

7 275 (3 523) 46·87 46·oS 4 51 ·18 -0·26 

(3 565) 7 455 17·28 46·48 4 51 ·84 -0·92 

7 542 7 567 59·95 26·52 2 6 51 ·30 -0·38 

7 598 7 6o7 09·92 .28·94 4 51 •63 -0·71 

7 945 i 961 18 ·14 22 "IO 5 7 51 ·12 -0·20 

(3 841) s 023 07·30 29·03 5 7 . 50·51 +o·.p 

8 078 8 I06 13 ·33 19·82 5 7 52 ·05 -I "13 

8 188 (3 957) 04·86 3770 5 7 50·47 +0·45 

8 238 8 243 34·38 09·78 4 7 50"!0 +0·82 

8 279 (4 052) 28·36 11 ·54 4 7 50·61 +0·31 

8 366 8 35 ·34 38 'II 4 7 50·04 +o·8S 

Indiscriminate mean = 39° 05' 5011·94. 
Weighted mean =39 05 50 ·92 ± 011·09. 

e= ±o''·33. 
72 observations, 21 pairs. 

[Reduction to geodetic station, Second Presbyterian Church+ 511·41."J 
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7. MISSOURI-KANSAS SERIES-co111:inued. 

(44) Latitude• at Adams, Ka11sas. F. H .. Parsons. Meridian telescope No. 7: July 7-i9, 1888. 
One division of level= r"·o6, derived from the latitude observations at this station. One turn of 
micrometer= 7811·356, from observations 011 Polaris at this station. 

Pairs of stars. Adopted seconds of 
11' w Latitude. "ll mean N. P. D. 

II II 0 I II II 

4 98o 5 031 57·8o I0"8I 6 5 39 02 4I ·43 +0·29 

5 071 (2 386) 16·61 28·96 6 5 4r ·65 +0·07 

5 143 5 181 28·84 39·67 6 5 42 "J6 -0·44 

(2.455) 5 315 16 ·41 17"99 6 5 41 ·63 +0·09 

5 348 5 426 07·63 31 ·57 6 5 4r ·48 +0·24 

5 SII 5 520 12·98 13 '12 6 5 41 ·54 +0·18 

5 574 5 597 28·78 29 ·13 6 5 42·44 -0·72 

5 628 5 647 54·84 32 ·63 6 5 42 ·so -078 

(2 658) (2 690) 09 "79 14·88 6· 5 4I "62 +0·10 

5 86o. (2 732) 18°65" 21 ·95 6 5 41 "75 -0·03 

5 918 (2 761) 15"55 42·07 6 5 41 ·48 +0·24 

5 978 5 991 22·46 42·92 ~ 6 42·27 -0·55 

(2 793) 6 073 39·54 54·09 8 6 41 ·79 -0·07 

6 114 6 IQ[· 22 "So 29·09 8 6 ' 41 '21 -t-0·51 

6 203 6 235 42·86 08·81 7 5 41 ·82 -O'IO 

6 297 (2 976) 19·42 57·01 8 6 41 ·24 +0·48 

6355 6 3901' 12"68 48·54, 5 5 43·47 -I ·75 

6 469. ., ;_,7 29·4r 7 5 4I ·71 +o·or 

6 496 (j 071) 00·55 34·55 6· 5 40·89 +0·83 

6 520 6 534 24·99 21 76 6· 5 40·41 +1 ·31 

Indiscriminate mean= 39° 02' 4111·72. 
Weighted mean =39 02 4r ·72 ± o'1 ·10. 

e= ±o'1·65. 
129 observations, 20 pairs. 

·[Reduction to geodetic station - 011 ·06.] 
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7. MISSOURI-KANSAS SERIES--completed. 

(45) Latitude at Salina 1Vt1st Base, .li.imsas. W. C. Hodgkins. Meridian telescope No. 2. 
July 30 to August IO, 1896. One division of level= 111·663, determined at office November, 1890. 
One turn of micrometer= 6511·572, from observations on Polaris at this station. 

Pairs of stars. Adopted seconds of 
mean N. P. D. n' U' Latitude. ZI 

II II 0 I II II 

5 527 5 643 36·36 56·27 l 0·2 38 SI 03 ·72 -0·15 

5 740 5 765 22·gS 58·67 4 o·S 03·44 +o·r3 
5 821 5 840 28·04 25 ·58 3 o·6 04 ·19 -0·62 

5 871 5 927 .• 26 ·27 51 ·53 7 I ·4 04·46 -o·S<) 

5 978 5 991 44·71 58·10 6 l "2 o6"02 -2·45 

6 073 *6 091 ·00·37 56·31 7 0·7 04 ·71 --1 ·14 

*6 091 6 151 56·31 06·33 2 0·2 04·34 -077 
*6 091 6 152 56·31 51 ·44 2 0·2 02·38 +1 ·19 
(2 883) (2 898) 33·91 48·14 2 0·4 01 "34 +2"23 
6 238 6 255 45·94 52·31 6 I "2 02·41 +1 ·16 

6 300 [1 586] 10·40 o6·48 4 o·S 04·24 -0·67 

6 520 6 571 45 78 24·51 5 l"O 03·78 -0·21 

6 583 6 582 04·94 58·84 4 o·S 02·28 +r ·29 

6 615 (:; 662 02 "73 oS·91 6 I "2 oj·27 +0·30 
*6 690 (3 190) 31 ·67 58·Sg 6 o·6 02 "IO +r ·47 
*6 690 6 734 31 ·67 11 ·25 7 0·7 02·92 +0·65 

*6 690 6 730 31 ·67 40·95 I 0 "I 03 ·rs +0·39 

6 754 (3 233) 19"99 ll ·32 2 0·4 01 ·rs + 2 "39 
6 783 6 852 20·08 59·05 7 l "4 04·68 -I "ll 

6 890 6 970 38·rn II ·84 6 1"2 03·02 +0·55 
6 990 7 022 25·94 34·47 5 l "O 01 •84 +1 ·73 

[1 819] 7 126 4I "II 00·46 0·2 05 ·59 -2·02 

7 164 7 233 45·82 r8·44 2 0·4 04 ·14 -0·57 

7 256 7 278 16 "73 15"19 2 0·4 04·06 -0·49 

Indiscriminate mean= 38° 51' 0311·47. 
Weighted mean =38 51 03 ·57 ± o"·18. 

e=±211·22. 
"98 observations, 24 pairs. 

[Reduction to geodetic station o''·oo.] 
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8. KANSAS-COLORADO SERIES. 

(46) Latittede at Ellsworth, Riwsas. E. Smith. Transit No. 4. September 17-25, 1885. One 
division of level= 211·1, determined at the office in 1881. One turn of micrometer = 4111·395, from cir-
cumpolar observations at this station. 

Pairs of stars. Adopted seconds of n' w Latitude. v mean N. P.D. 

II " o. I II II 

7 256 7 294 45 ·61 04 ·23 4 3·1 38 43 48·51 -0·91 

7 320 7 398 48•66 13·42 4 3 'I 47 '74 -0·14 

7 417 7 418 46 ·51 13·28 4 3 'l 46 ·16 +1 ·44 

7 474 7 555 53 ·25. 02 ·16 4 3 'I 48·83 -1 ·23 

7 595 7 6o6 35·00 55·40 4 3 '! 46·46 +1 ·14 

7 627 7 676 56·29 19'48 4 3 ·r 48·28 --0·68 

7 731 (3 719) o8·96 46·30 3 2 ·9 47·23 +0·37 

7 798 7 855 54·68 30·96 4 3 'I 48 ·48 -o·S8 

7 88o *1 901 38·61 53·20 4 2 'l 48•04 -0·44 

[2 058] 7 958 33 ·76 19 ·73 4 3 'I 46·82 +0·78 

(3 843) 8 023 42·92 31 '20 4 3 'I 47·24 +0·36 

8 052 8 107 o8·40 23·96 4 3 'l 48·99 -1·39 

8 153 8 227 49·32 II 78 4 3 'I 46·34 +1 '26 

7 268 (3 530) 21 ·66 34·67 3 2·9 47·22 +0·38 

(3 555) 7 437 07·50 10·50 3 2 ·9 .46'62 +0·98 

7 521 7 566 ro·28 33 ·54 3 2·9 47·56 +0·04 

7 585 7 631 51 ·95 37·02 3 2 ·9 48·41 -0·81 

7 686 7 689 02·90 11 '28 4 3 'l 47·39 +0·21 

7 712 7 754 23·62 ,56·38 5 3·3 48 ·oS -0·48 

(3 754) *1 901 33·29 53·20 4 2 'I 47·61 -0'01 

Indiscriminate mean= 38° 43' 47~'·6o. 
Weighted mean =JS 43 47 •6o ± o''· 13. 

e = ±o''·53. 
76 observations, 20 pairs. 

[Reduction to geodetic station o''·oo.] 

18732-No. 4--43 
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s. KANSAS-COLORADO SERIES-continued. 

(47) Latitude at Russell Soutlzeast Base, Kansas. H. L. Stidham. Meridian telescope No. r. 
September 2I-30, I893. One division of level= r11·901, determined at office April, r893. One turn of 
micrometer= 6s11·987, from circumpolar observations at this station. 

Pairs of stars. Adopted seconds of n' w Latitude. v mean N. P. D. 

II ,, 0 I II II 

6 6s6 6 6<)8 14"28 28 "I3 6 I6 38 SI 23 "I6 -0·26 

6 740 6 799 3s·60 26·96 6 IS 22"3I +o·s9 
6 890 6 932 07·84 SS ·oo 6 IS 22·23 +0·67 

6 9S7 7 o62 45 78 17 76 s I6 22·88 +0·02 

[1 8I9] 7 I26 l7'SS 37"S4 s I4 23·01 -O"II 

7 2s6 7 278 S7 ·37 s6·40 6 I9 . 23 ·so -o •6o. 

7 333 7 399 s6 79 08·7r s 17 22·8o +0·10 

7 46s 7 48o 36 "I7 s2·69 s I4 22·46 +0·44 

7 627 7 676 41 ·ss 01 ·38 6 18 23·34 -0·44 

7 7I2 7 7S4 04·36 33·79 s 12 22·76 +0·14 

7 8oo 7 843 09·09 30·20 6 I6 23"I4 -0·24 

7 88o 7 g<>I ro·36 23·9s 6 16 23 "I6 -0·26 

7 923 7 999 I8"3i IS"8i 6 I9 22·90 o·oo 

8 os2 8 "Io7 33·44 49"I7 s I7 22·69 +0·2r 

8 IS9 8 224 I0"26 17"93 s 14 23·o8 -o·xs 

8 296 8 310 26·79 45·78 s I4 22 •83' +0·07 

Indiscriminate mean= 38" sr' 2211·89. 
Weighted mean =38 SI 22 ·go± o''·o6. 

e= ±o'1·48. 
88 observations. I6 pairs. 

[Reduction to geodetic station o''·oo.] 
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8. KANSAS-COLORADO SERIES-continued. 

(48) Latitude at lViillace, Kansas. E. Smith. Transit No. 4. October 8-14, 1885. One division of 
level= 211• r, determined at office July, 1881. One turn of micrometer= 4111·366, from latitude observa-
tions at this station. 

Pairs of stars. Adopted seconds of 
11' w Latitude. ti mean N. P. D. 

II II 0 II II 

6 615 6 66::! 13·28 24·82 4 4 38 54 44·62 -0·24 

6 6go 6 734 52·61 41 ·46 4 4 44·86 -0·48 

6 783 6 852 55·68 42 ·So 4 4 45 ·19 -o·Sr 

6 926 (3 331) 15·85 31 ·19 4 4 44·23 +0·15 

(3 338) 6 976 58 ·r6 01 ·93 5 5 44 ·27. +o·ll 

6 986 6 990 25 ·84. 27·38 3 4 43 ·31 +1 ·07 

7 022 7 o6r 39·62 12·90 5 5 45 ·or -0·63 

7 098 7 146 32 ·39 54·86 6 5 43·56 +0·82 

7 164 7 233 04·86 43·9~ 5 5 43 ·75 +0·63 

7 g61 (3 865) 25·30 40·57 5 5 44·34 +0·04 
8 031 8 074 56·62 03 "IO 5 5 43·88 +0·50 

8 159 8 224 48 ·16 53·73 5 5 43·98 +0·40 
8 2<)6 8 310 06·71 25·91 5 5 46·03 -~ ·65 

(4 038) (4 043) 47·48 14·02 5 5 44."04 +0·34 
(4 052) 8 366 11 •o6 35 ·10 4 4 44·79 -0·41 

7 32 04·66 58·83 5 5 44·34 +0·04 

Indiscriminate mean = 38° 54' 4411·39. 
Weighted mean =38 54 44 ·38±o'1 ·12. 

e= ±011·66. 
74 observations, 16 pairs. 

[Reduction to geodetic station 0 11 ·00.] 
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8. KANSAS-COLORADO SERIES---continued. 

(49) Latilmfeat Adobe, Colorado. 0. H. Tittmann. Zenith telescope No. 4. July 28 to August 4, 
18Sr. One division of level= 0 11 ·896, from observations at this station. One turn of micrometer 
= 4411 ·712, from observations on Polaris at this station. 

Pairs of stars. Adopted seconds of 
mean N. P. D. 11 1 u• Latitude. v 

II II 0 II II 

5 667 5 731 31 ·95 51 ·12 .4 9 38 40 37·67 -0·14 

5 821 5 840 22·86 22 ·36 5 IO 38 ·20 -0·67 

5 874 5 886,,, 2S·So 36·70 5 10 36·87 +0·66 

5 927 5 990 o8·6o 47·25 5 ro 37·56 --0·03 

6 o62 *6 o82 28·44 58·62 4 6 37·68 -0·15 

6 068 *6 o82 08·12 58·62 4 6 .37 74 -l) ·21 

(2 898) 6 235 57·33 oS "07 4 9 37 ·rs +0·35 

*6.355 *6 355 34·79 3479 5 7 37 ·28 +0·25 

6 397 6 463 59·91 24·61 4 9 37·95 -u ·42 

6 542 6 551 5S·rs 08·44 4 9 38·04 -0·51 

6 623 6 674 02 ·44 30·34 4 9 36•cfl +0·55 

6 754 (3 233) 24 ·41 16·41 4 9 36·44 +1 ·09 

6 779 (3 258) 32·92 09·04 4 9 37·65 -0·12 

(3 267) (3 294) 44·24 18·30 3 s 38·30 -077 

6 879 6 895 28·49 33·41 4 9 38·03 -·0·50 

6 928 6 979 o8·25 41 ·41 4 9 37 ·37 +0·16 

. 6 990 7 022 II "I I 24·85 4 9 37·31 +0·22 

7 098 7 173 20·46 05·43 4 9 37·68 -0 ·15 

(3 475) 7 241 44 76 18·48 4 9 37·83 -·0·30 

7 256 7 294 39·88 59·34 3 s 36·97 +0·56" 

Indiscriminate mean= 38° 40' 3711 ·54. 
Weighted mean =38 40 37 ·53 ± 0 11·07. 

e= ±o'1 ·46. 
82 observations, 20 pairs. 

[Reduction to geodetic station+ 011·01.] 
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s. KANSAS-COLORADO SERIES-continued. 
. . 

(50) Latil•tdt' at El Paso East .Base, c_olorado. 0. H. Tittmann. Meridian tel~scope No. 3. 
September 25 to October,\, 1879. One division of level= 111·866, from observations at this station. One 
turn of micrometer= 6311·793, from circumpolar observations at this station. 

Pairs of stars. Adopted seconds of 
111 'U' Latitude. v mean N. P. D. 

II II 0 II II 

6 574 6 583 53·68 47·37 4 6 38 57 16 ·58 +0·32 
6 690 (3 190) 36 '75 0i"46 5 7 16 ·41 +0·49 
6 731 6 784 18·95 IO ·53 5 7 17·42 -0·52 
6 867 6 901 36 '75 16·49 5 7 17 ·oo -0·10 
7 022 7 061 47 ·37 . 23 ·09 5 7 17 ·u -0·22 

(1 819] 7 126 07 ·39 28·77 5 7 r5·98 +0·92 
(3 475) 7 253 I I ·40 12 ·85 5 7 16"88 +0·02 
7 275 (3 523) 27·59 28 ·41 5 7 16°77 +0·13 
7 399 7 402 37·17 45 ·6r 5 7 16 ·74 +0·16 
7 455 7 465 .33 ·13 rs ·20 5 7 r6·30 +0·60 
7 505 7 521 28·30 45·87 5 7 17 78 -o·8s 

7 733 7 749 58·os 41 72 5 7 17 '?4 -o·q 
7 Soo 7 843 20·44 45·55 5 7 17·95 -1 ·05 
7 901 7 915 45 ·oS 22·50 5 7 17·26 -0·36 

i 945 7 961 1 ~·59 20·37 4 6 16·oS +0·82 

Indiscriminate ri1ean = 38° 57' 1611·89. 
\Veighled mean =38 57 16 ·90±0'1 ·10. 

t:= ±011·45. 
73 observations, 15 pairs. 

[Reduction lo geodetic station +d1·15.] 

9. ROCKY MOUNTAIN SERIES. 

(51) Latitud.: at Colorado Spri11gs, Colorado. E. ·smith. !\:Ieridian telescope No. · 13. August 
30 to September II, 1873. One division of level= 2"·53, determined at office in August, 1871. One 
turn of micrometer= ii11 'i74. from circnmpolar obsen,ations at this station. 

Pairs of stars. Adopted seconds of 
11' ';(! Latitude. '(! mean N. P. D. 

II II 0 II II 

6 397 6 463 29·30 59·50 5 ;'i 38 49 59·46 +0~88 
6 487 6 508 09·53 28·45 5 5 59·87 +0·47 
6 520 6 571 38·40 37·58 5 5 6o•86 -0·52 

"6 583 6 589 23·20 55·40 6 5 6o·43 -0·09 
6 623 6 657 55 ·14 52·88 5 5 6o•67 -0·33 
6 690 6 734 19 70 20·52 6 5 59·64 +0·70 
6 758 6 824 50·62 00·47 3 5 6o·26 +o·oS 
6 862 6 868 19·01 44·~ 3 5 59·80 +0·54 
"6 890 6 932 25·50 22 ·47 5 5 59·36 +0·98 
6 943 6 959 04 ·33· 04·37 5 5 61 ·29 -0·95 
6 990 7 022 39 ·28 55 ·04 5 5 

0

61 ·28 -0·94 
7 og8 7 149 56·24 04·33 6 5 6o·So -0·46 
7 204 7 253 15 ·75 33·54 4 5 59'';19 +0·35 
7 333 7 399 . 40·20 o6·50 5 5 61 ·09 -075 

Indiscriminate mean= 38° 5d 0011 ·34. 
Weighted mean =38 so 00 ·34 ± 011 ·12. 

e= ±011 ·40. 
68 observations. 14 pairs. 

[Reduction to geodetic station d'·oo.J 
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9. ROCKY MOUNTAIN SERIES-continued. 

(52) Latitude at Pi/us Peak, Colorado. R. L. Faris. Zenith telescope No. 6. July r9 to August 
4, r895. One division of level= 2"·r7, determined at office January, 1893. One turn of micrometer 
= 76"·204, from observations 011 Polaris at this station. 

Pairs of stars. Adopted seconds of 
11' ll' Latitude. Z·' mean N. P.D. 

I/ I/ 0 // 

5 348 5 426 15·48 36·69 3 38 50 26·82 +1 "Oi 

5 460 5 496 25 ·54 oo·6o 3 27 ·43 +0·46 

5 545 5 621 r7·04 32·62 2 5 27 ·92 -0·03 

5 667 5 731 02·00 08·28 2 5 27·94 -0·05 

5 82I 5 840 23·72 21 ·43 3 6 28 "II -o ·22 

5 871 5 927 22·59 48·66 4 7 28·54 -0·65 

5 978 5. 99I 4I ·93 56·22 5 8 27·79 +0·10 

6 073 6 O<)I 59·6o 55 76 6 9 28·22 -0·33 
6 IO<) (2 874) 38·46 43 ·30 5· 8 27·07 +o·S2 

(2 SSS) (2 898) 17 ·55 48·SS 3 6. 29·01 -1 ·12 

6 246 (2 950) 54·40 48·38 6 9 28·29 -0·40 

6 348 6 387 05·54 15·28 7 9 28 "75 -o ·86 

6 469 6 46o 10·00 58·33 7 9 27·90 -o·or 

6 520 6 571 5074 30·34 7 9 27·73 +0·16 

6 583 6 589 10·99 41 ·79 7 9 27·33 +0·56 

6 656 6 698 00·57 13 ·13 4 7 27 ·54 +0·35 

6 73r 6 784 15·74 59·98 6 9 27·42 +0·47 

6 890 6 970 48·02 22·66 5 8 28 ·58 -0·69 

6 990 7 022 37 ·oo 45 ·S6 4 1 27·56 +0·33 
[r 8r9] 7 I26 53·26 12·82 3 6 27·02 +0·87 

Indiscriminate mean= 38° 5o' 2711·85. 
Weighted mean =38 50 27 ·89 ± o''·09. 

e= ±0'1 ·55. 
88 observations, 20 pairs. 

[Reduction to geodetic station o"·oo.] 
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9. ROCKY MOUNTAIN SERIES---continued. 

(53) Latitude at il'Iou11t Ouray, tolorado. R. L. Faris. Meridia·n telescope No. 3. July 7-23, 
1894. One division of level= 111 ·186, determined at office April, 1894. One tum of micrometer 
= 6511 ·078, from circumpolar observations at the station. 

Pairs of stars. Adopted seconds of 
11' 1£' Latitude. V· mean N. P. D. 

II II 0 I II II 

4 936 4 951 40·75 32 ·59 4 38 25 17"50 +1·15 

5 098 5 177 43·73 10·87 .4 19 ·42 -0·77 

5 248 5 252 55. ·04 12 ·rs 2 5 r8 ·54 +o·u 

5 287 5 319 09·42 35 "77 2 5 20·38 -I "73 

5 479 5 552 04·21 39·50 3 6 19'06 --o ·41 

5 667 5 731 55·59 02 78 2 5 18"70 -0·05 

5 823 5 841 r7·37 13'66 4 6 18 ·Sr -0·16 

5 860 5 937 41 ·41 12·56 4 6 19'40 -0·75 

5 975 6 02! 09 "79 02 ·15 6 7 18 ·19 +0·46 

6 052 6 073 38·09 58·82 6 7 18·36 +0·29 

6 r34 6 185 26 "72 42 ·16 6 7 18·90 -0·25 

6 245 6 289' 35·56 38·81 6 7 18"64 +o·or 

6 395 6 438 04·34 09·02 5 7 18·83 -0·18 

6 476 6 547 23·87 16·81 4 6 r7 "78 +0·87 

6 595 6 662 44·27 22·72 6 7 18"46 +0·19 
6 701 6 735 45·28 09·11 5 7 18"09 +0·56 

6 748 6 8JO 28 ·51 33·23 2 5 19"03 --0·38 

6 856 6 883 33 ·16 31 ·34 3 6 18"00 +0·65 

6 932 6 952 44·63 30·68 4 6 18·46 +0·19 

7 098 7 107 44 ·17 28·97 4 6 18·34 +0·31 

·7 146 7 220 02 "70 22·64 4 6 19'05 -0·40 

7 246 7 278 59·65 42·66 4 6 rS·So -0·15 

Indiscriminate mean= 38° 25' 1811 ·67. 
Weighted mean =38 25 18 ·65 ± o11 ·oS. 

e= ±0'1 ·40. 
84 observations, 22 pairs. 

[Reduction to geodetic station - 0 11 ·66.] 
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9. ROCKY MOUNTAIN SERIES-continued. 

(54) LaNt11de al Trc11su1:1' lllom1t<li11, Colorado. John Nelson. Meridian telescope No._ 3. 
September 4-10, 1893. One divisiou of level = 111·94. One turn of micrometer= 6311 ·872, from cir-
cumpolar observations at this station. 

Pairs of stars. Adopted seconds of n' tl' Latitude. Z' mean N. P. D. 

II II 0 I I/ II -
6 238 6 255 50·49 57·37 4 7 39 oo 48·6r -0·60 

6 348 6 438 10·87 13 ·15 4 i 47 ·50 +0·51 

6 453 6 522 24 78 4I ·$2 4 7 4872 -0·7r 

6 574 6 583 32:62 23 ·oS 4 7 48·14 -0·13 

6 623 6 674 44·38 05·69 5 7 47·78 +0·23 

6 690 (3 190) 53·78 2I ·65 6 7 47·96 +0·05 

6 722 6 769 .33 "¢\ or ·64 5 7 47·23 +078 

6 928 6 966 02 ·oS 0470 6 7 48·69 -0·68 

6 990 7 027 59·09 58·54 6 7 47·32 +0·69 

[r Sr9] 7 126 16·49 37·54 5 7 . 48·36 -0·35 

7 194 {3 4So) 15 ·09 44·85 6 7 48·62 -o·6r 

7 256 7 278 57·37 56·40 5 7 47·99 +0·02 

7 333 7 399 56·flo 0871 5 7 46·95 +r·o6 

7 455 7 465 56·48 36 ·17 5 7 48·02 -o·or 

t3 597 7 568 22·25 2679 3 2 46·96 +r ·05 

7 585 7 631 40·30 22·49 5 7 4S·2r -0·20 

7 733 7 749 52 ·59 34·41 5 7 47·73 +0·28 

7 So7 7 848 32·86 57 "07 5 7 48·08 -0·07 

7 932 [2 063] 3::i ·45 46·10 5 7 48·38 -0·37 

Indiscriminate mean= 39° oo' 4711·96. 
Weighted mean = 39 oo 48 ·01 ± o''·oS. 

e= ±011·38. 
93 observations, r 9 pairs. 

[Reduction to geodetic station+ 0 11·85.] 

t Bonn, Durchmusterung 49°. 
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9. ROCKY MOUNTAIN SERIES-continued. 

(55) Latitude at G11-1111iso11, Colorado . . J. Nelson. Meridian telescope No. 3. October cru, !893. 
One division of level= 111 ·94. One turn __ of micrometer =6311 ·894, from the latitude observations at 
this station. · 

Pairs of stars. Adopted seconds of n' "ll' Latitude. z• meanN.P. D . 

" . " 0 I " " 
6 879 6 895 ,'10 ·89 35·cg 3 7 38 32 45·or -0·15 

6 928 6 979 02 ·os 30·64 3 7_ 45·08 -0·22 

(3 383) 7 029 55·68 18·90 3 7 45·02 -0·16 

7 188 [1 861] 43 ·95 59·58 
"" 

i 45·40 -0·54 

7 246 7 278 12·94 56·40 3 i 44 ·24 +0·62. 

7 345 7 368 54·14 42·94 ·' 7 44·67 +0·19 

7 401 (3 591) 05·57 17·36 3 7 45 ·19 -o·33 

7 555 7 585 51 ·96 4~·30 3 7 45 ·3 2 -0·46 

7 598 7 623 oS·og 26·97 3 7 44 ·20 +0·66 

7 676 7 706 01 ·3s 39·14 ·3 7 44·62 +0·24 

7 733 7 778 52·59 24·22 2 7 44·63 +0·23 

7 798 7 855 30·54 03·64 3 7 45·21 -0·35 

(3 8o7) 7 958 42 ·53 48·32 3 7 45 ·13 -0·27 

(3 854) 8 052 JO ·90 33·44 3 7 45·66 -o·So 

s 141 8 224 26 ·22 17·93 3 7 43·56 +1 ·30 

Indiscriminate mean= 38° 32' 4411 ·86. 
W'eighted mean =38 32 ·44 ·86 ± o"·rn. 

C= ±011 "21. 

44 observations, 15 pairs. 
[Reduction to geodetic station - 011 ·45.~ 
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• 
9. ROCKY MOUNTAIN SERIES-continued. 

(S6). Latilt1dt! at U11compa!1grc, Ci.>lora;fo. J. Nelson and R. L. Faris. Meridian telescope No. 3. 
September s-n, I89s. One division of level= I''·I86, determined at office April. I894. One turn 
of micrometer= 6s11 ·os2, from circumpolar observations at this station. 

Pairs of stars. Adopted seconds of 
11' "if.I Latitude. v mean N. P. D. 

,, II 0 I ,, II 

6 030 6 079 40·os 39·2s 4 9 38 04· I5"40 +0·99 
6 109 6 147 38·46 II ·46 4 9 I6°63 -0·24 

6 r8s 6 23I 41 ·19 S9 "4:? s IO I7 "I6 -o·n 

6 300 6 3SO I2"6I 47 "70 s IO I6"63 -0·24 

6 427 6 47S II ·93 31 ·85 5 IO I6°65 -0·26 

(3 068) 6 S43 oo·ro 2s 'S2 5 IO rs ·Sr +o·s8 
6 602 6 623 49 "II 3 1 ·33 5 IO I5"77 +0·62 

6 637 (3 I90) 20 72 06·48 5 rn 16·34 +o·os 

6 794 6 847 16·24 06·65 5 IO I6·39 o·oo 

6 895 6 943 15 ·29 I4 76 5 IO I6·97 -o·s8 

6 975 (3 372) 24 °.34 52 ·89 4 9 16·39 o·oo 

7 067 7 JIJ 5470 00·36 5 JO r6·83 -0·44 

7 IS8 i 213 31 ·17 42 ·39 5 IO I6 ·go -o·s1 

i 202 7 27s 07 ·97 4873 ti II IS"SS +o ·5r 

7 368 7 45S 13 70 25·49 s IO 16 "3I +o·oS 

7 522 7 564 Oj ·45 56·o8 5 IO 15 ·Ri. +0·55 

7 63I ts 047 · 48·Ss I9'8o 4 9 16·65 -0·26 

t4 671 7 746 q·38 43·57 6 I l I6°40 -·O"OI 

Indiscriminate mean= 38° 04' I6"·39. 
Weighted mean =38 04 16 ·39 ± 011 ·08. 

e· = ± o'1 ·48. 
88 observations, 18 pairs. 

[Reduction to geodetic station+ 0 11·29.] 
·------

l Bonn, Durch111usteru11g 200. t Bonn, Durchruusterung 250. 
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9. ROCKY MOUNTAIN SERIES-continued. 

(57) Latitude at Gm11d Ju11ction, Colorado. C. H. Sinclair. Transit No. 4. ·July 18--27, 1886. 
One division of level= 2"·123, determined at office July, 188I. One turn of micrometer= 41"·334, from 
latitude observations at this statiou. 

Pairs of stars. 

5 !22 •5 178 

5 130 • *5 i78 

5 234 (2 455) 

5 313 

5 348 
5 918 

5 978 

6 079 

6 203 

6 268 

6 395 
6 520 

6 574 
6 582 

6 667 

6 758 

6 849 

6 897 

6 968 

7 022 

[1 8r9] 

7 140 

5 32~ 
5 426 

(2 761) 

5 991 
6 1o6 
6 235 

6 355 

6 453 

6 534 

6 583 

6 640 

6 718 

6 824 

6 857 

6 970 

(3 372) 
7 061 

7 126 

7 215 

Adopted seconds of 
mean N. P. D. 

,, 
40·64 

48 ·13 

20·91 

40 ·12 

48·23 

09·39 
16·88 

33 "73 

44·99 
16 ·22 

32 ·67 

35·37 

13"45 

59·55 

37 ·07 

or ·33 

57 ·65 
16"24 

20·94 

28 ·26 

40·98 

54 "65 

,, 
36·97 

36·97 

54 ·12 

42·67 

12 ·So 

36·39 
39·08 

J2 ·50 

19·00 

55 "2 3-, 
32·32 

05 ·36 

r3 ·28 

12 "jO 

03·64 

17·63 

59·54 

33·37 
01 ·22 

03·97 

45 29 

n' 

I 

4 

5 
6 

4 
2 

2 

2 

4 

4 

4 
2 

2 

4 

3 

4 
2 

2 

3 

3 

3 

3 
7 

7 
12 

13 
JI 

7 

i 

7 
II 

II 

II 

7 

i 
II 

9 
II 

i 
i 

9 

9 

9 

Indiscriminate mean= 39° 03' 59"· 39. 

Latitude. 

O I II 

39 03 59 74 
59·87 

59 ·24 
6o·13 

59 ·~2 

6o·3; 

59 78 

59·59 

59 ·r9 

59·39 
59 "II 

59 ·21 

58·57 

59 ·15 

58·94 

59 75 

~8·55 

59·58 

58·69 

59·69 

59·93 

5873 

Weighted mean =39 03 59 ·39±o'1 ·07. 
e= ±o'1 ·43. 

68 observations, 22 pairs. 
[Reduction to geodetic station 0 11 ·00.] 

v 

II 

-0·35 
-0·48 

+o·r5 

-074 

-0·03 

-0·93 
-0·39 
-0·20 

+0·20 

o·oo 

+0·28 

+0·18 

+0·82 

+0·24 

+0·45 
-0·36 

+0·84 

-0·19 

+0·70 

-0·30 

-0·54 

+0·66 
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9· ROCKY MOUNTAIN SERIES--continued. 

(58) Latitude at T11z1ap11ts, Colorado. P. A. Welker. :Meridian telescope No. 3. October 4--«J. 
1891. One division of level= 111094. One turn of micrometer= 63 ·863, from latitude observations at 
this station. 

Pairs of stars. Adopted seconds of 
11 w Latitude. ll mean N. P. D. 

,, II 0 I II II 

6 623 6 637 57 ·43 47·55 6 31 39 32 17"35 o·oo 

6 690 6 697 oS ·sr oS·6r 6 31 17 ·77 -0·42 

6 718 6 722 34·00 49·64 5 28 17 ·53 -0·18 

*6 868 6 932 52 ·33 IS 073 6 18 17·30 +0·05 
*6 868 6 970 52 ·33 05 ·91 6 19 17·03 +0·32 

6 979 (3 372) 52·44 37·57 6 28 17 ·32 +0·03 

7 037 7 065 o6·26 07·95 6 22 17 ·36 -0·01 

(3 437) 7 174 02·61 23 "75 5 18 17·51 -0·16 

7 204 7 233 16"38 24·61 6 30 17 ·32 +0·03 

*7 277 7 320 08·56 24 ·12 6 13 17"97 -0·62 

*7 277 7 336 oS·56 I I "30 6 21 17 71 -0·36 

7 401 7 4.37 35 ·63 38·67 6 22 17 ·16 +0·19 

7 453 7 544 12 ·q 15"49 6 25 17·23 +0·12 

7 56o 7 568 28 ·17 59·05 6 25 17"17 +0·18 

7 590 *7 699 34·56 38 "IO 6 13 17·62 -0·27 

7 6o6 *7 699 15·92 38 "IO 6 20 16·93 +0·42 

7 733 7 755 27 "74 23·22 6 23 17 ·50 -0·15 

7 798 7 815 06·59 or ·44 6 3r. 17·83 -0·48 

7 855 7 923 40·48 55·84 6 3r 17 ·14 +0·21 

7 958 7 ¢r 26 ·18 F ·1· 
- .:i 

6 31 17"25 +o·ro 

7 997 8 054 56·06 09·57 6 28 17 ·33 +0·02 

8 125 8 141 21 ·70 05·56 6 23 17 ·14 +0·21 

8 177 [2 145] II 
035 04·85 6 2 17"34 +o·or. 

8 268 8 296 18·96 06 "77 6 rs l7·2r +0·14 

s 359 8 09·6o 38·41 6 23 17 ·52 -0·17 

(34) 58 37 ·07 09·04 6 30 16°86 +0·49 

Indiscriminate mean= 39° 32' 1711 ·36. 
Weighted mean =39 32 r7 ·35 ±011·03. 

c=±o'1·32. 
154 ohst:rvations, 26 pairs. 

[Reduction to geodetic station - 0 11 ·62.] 
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9. ROCKY MOUNTAIN SERIES--Continued. 

(59) Latitude 1it 11-fozent Waas, Utalz. John Nelson. Meridian telescope No. 3. July 17-27, 1893. 
One division of level= 1"·94. One tttrn of micrometer = 6311·887, from circumpolar observations at 
this station. 

Pairs of stars. Adopted seconds of 
11' 1l' Latitude. v mean N.P. D. 

II II 0 I II II 

5 287 5 319 5S·9S 24·89 4 3 38 32 28·24 +1 ·46 

5 341 5_399 12·33 42·25 5 3 31 ·34 -1·64 

5 502 5 525 05·65 37 ·56 4 3 30·55 -0·85 

5 552 5 619 31 ·91 49·74 3 3 31 ·64 -I ·94 

5 667 5 731 49 ·16 57 ·20 4 3 30·04 -0·34 

5 823 5 841 12·95 09·53 5 3 29·91 -0·21 

5 874 5 886Jr 13 "79 19"03 5 3 29·38 +0·32 

5 911 5 931 00·54 53·12 4 3 28 "73 +0·97 

5 962 5 990 55·97 12 ·04 6 3 29·08 +0·62 

6 052 6 073 37 ·12 58·03 6 3 29·32 +0·38 
(2 858) 6 162 18 ·So o6·07 3 3 28·90 +o·So 

(2 898) 6 235 50·28 01 ·22 5 3 29·81 -0·11 

6 348 6 387 10·87 21 ·73 3 3 30·17 -0·47 

6 429 6 475 41 ·19 41 ·04 6 3 30·10 ~0·40 

6 522 6 574 41 ·75 32·54 6 3 29·30 +0·40 

6 640 6 654 26·27 40·11 4 3 29·36 +0·34 
6 701 6 735 52 "70 15 ·19 4 3 29·24 +0·46 

6 748 6 810 36·90 42 ·21 5 3 30·53 -0·83 

6 857 6 875 11 ·oo 01.·10 6 3 28 76 +0·94 
6 928 6 979 02 ·09 30·64 5 .3 29·85 -0·15 

(3 383) 7 029 55·68 18·90 5 3 29·22 +0·48 

(3·· 415) (I 819] 23·85 18·63 4 3 29 ·91 -0·21 

Indiscriminate mean = 38° 32' 2911·70. 
Weighted mean =JS 32 29 ·70±011·12. 

e=±o'1·45. 
102 observations, 22 pairs. 
[Reduction to geodetic station+ o'1·SS.] 
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9. ROCKY MOUNTAIN SERIES-continued. 

(60) Latitude at G1·een River, Utah. C. H. Sinclair. Zenith telescope No. 6. July 28-3 r, 1898: 
One division of level= 2'1 ·172, determinr.d at office January, 18g3. One turn of n1icrometer = 76"·227, 
f1om the latitude observations at this station. 

Pairs of stars. Adopted seconds of 
11' w Latitude. 'i! mean N. P. D. 

" II 0 I II II 

5 574 *5 597 42 ·32 40·55 3 9 38 59 23 ·33 +0·56 

5 575 *5 597 15 ·09 40·55 3 8 23·51 +0·38 

5 667 ·"1 693 21 ·26 46·27 4 16 24 ·16 -0·27 

5 714 *(2 690) 23·54 00·24 4 11 23·83 +o·o6 

(2 658) *(2 690) 02 ·62 00·24 4 IO 23·58 +0·31 

(2 709) (2 721) 22 ·So 16 ·41 4 13 23·66 +0·23 

5 86o (2 732) 56 ·51 57·04 4 9 24·77 -0·88 

5 940 5 972 39·88 00·24 4 16 23·92 -0·03 

5 978 5 991 50·27 01 ·87 4 16 24·29 -(; ·40 

6 005 (2 804) 40·39 19·76 4 12 24·20 -0·31 

*6 079 6 110 41 '20 00·07 4 lr 24·04 -0·15 

*6 079 6 157 41 '20 o6·03 4 II 23·79 +0·10 

*6 246 (2 949) 49·96 57 '74 4 II 23·89 0'00 

*6 246 (2 950) 49·g6 42·57 4 II 24·01 -0·12 

6 355 (2 996) 4o·So oS·63 3 14 23·42 +0·47 
[1 586] (3 021) 56°86' 34·64 4 8 23·48 +0·41 

Indiscriminate mean= 38° 59' 2311·87. 
Weighted mean =38 59 23 ·89 ± o''·o6. 

e= ±o''·33. · 
61 observations, 16 pairs. 

· [Reduction to geodetic station o''·oo.] 
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9. ROCKY :MOUNTAIN SERIEs-continued. 

(61) Latitude .it Patmos Head, Utali. P. A. Welker. Meridian telescope No. 3. September 
22 to October 20, r890. One division of level = 1 11 ·94, a mean of several determinations. One turn of 
micrometer = 6311 ·888, from the latitude observations at this station. 

Pairs of stars. Adopted seconds of 
"' U' Latitude. ':I mean N. P. D. 

II I/ 0 I I/ I/ 

6 589 6 640 12'53 46·43 7 13 39 29 57·29 -0·14 

6 656 6 667 34 '39 09·30 4 12 56·32 +0·83 
6 690 6 697 15·87 16 ·15 7 13 57·40 -0·25 

6 714 6 734 43·92 . 00·49 6 I" ,, 57·01 +0·14 

6 754 6 784 10'02 41 ·04 6 13 56·37 +0·78 
6 852 6 90r 55·66 25·94 6 13 57·6o -0·45 
6 928 6 940 . 33 •68 18 ·15 6 13 57·00 +0·15 

6 979 (3 372) 03··34 48·73 6 13 56·83 +0·32 

7 027 7 o61 32·61 14·45 6 13 56·48 +0·67 
7 067 7 091 53·91 03·39 6 l.\ 57·49 -0·34 

(3 437) 7 174 14·98 36·51 6 13 57 ·13 +0·02 

7 204 7 233 29 "71 37·84 6 13 57·23 -o·oS 

*7 277 7 320 22 ·29 38·22 5 8 56·63 +0·52 
*7 277 7 336 22·29 28·86 6 9 56:56 +0·59 

7"368 7 411 26·So r8·43 6 r3 56 ~84 +0·31 

7 495 7 520 31 ·99 33·90 6 13 57·63 -0·48 
*7 56o 7 568 44·49 15 ·17 5 8 57 ·28 -o·i-3 

*1 56o 7 623 44·49 17 'II 5 8 57 'IO +0·05 

7 659 7 686 35·17 37 '44 5 12 57·28 -0·13 

7 733 7 755 45·31 40·90 5 12 57 ·32 -0·17 
*7 814 7 857 50·55 29·62 5 8 57·54 -o·39 
*7 Sr4 7 874 50·55 25·05 5 8 57·62 -0·47 

(3 799) 7 945 32 ·74 47·27 5 12 57·53 -0·38 

7 997 8 054 15·29 28·97 5 12 57·75 -o·6o 

8 125 8 14r 41 ·40 25·22 5 12 57·04 +o·n 
8 211 8 224 40·28 16·36 6 13 57·55 -0·40 

Indiscriminate mean= 39° 29' 5711·14. 
Weighted mean =39 29 57 ·15 ±011 ·o6; 

e= ±011·32. 
146 observations, 26 pairs. 

[Reduction to geodetic station - 111"81.] 
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9. ROCKY MOUNTAIN SERIES--continued: 

(62} Latitude al .llfo1mt Ellt?11, Uta/1. P. A. Welker. Meridian telescope No. 3. August I7-24, 
I89I. One division of level= 111 ·94. One turn of micrometer= 6311 ·8001 from circumpolar observa-
tions at this station. 

Pairs of stars. Adopted seconds of 11' U' Latitude. r• mean N:P. D. 

II ,, 0 I " " 
5 740 5 So2 55·28 56·82 7. IO 38 07 24·53 +o'I3 

(2 7I7) 5 886,11 36·21 l"2 'IO 7 JO 25·02 -0·36 

5 917 5 991 36·02 48·64 6 JO 24·42 +0·24 

6 033 6 052 26·ro 35 'I4 6 IO 24·57 +0·09 

6 o89 6 I22 .28·93 04·96 5 IO 24·88 -0·22 

6 I34 6 .185 27·06 45·09 5 IO 25·33 -0·67 

6 2I3 6 243 03·41 01 ·25 5 IO 23·96 -+-o 70 
6 245 6 289 40·34 ·44·82 5 IO 25 ·23 --0·57 

6 300 6 350 21 ·39 58•68 5 IO 24·65 -j-O'OI 

[r 586] 6 453 24 '10 33·50 5 3 23·64 -t-1 ·02 

6 475 6 491 50·22 35·o6 5 IO 24·8I -o·r5 

6.583 6 654 35 ·17 53 79 4 IO 24·47 +0·19 

6 698 6 7i8 43·04 34·00 5 IO 24·64 +0·02 

(j 745 6 784 OI ·05 32·Sr 5 IO 2..f. "I2 I .-. ·-' Iv-'>'+ 

6 835 6 856 58 ·15 01 ·48 5 IO 24·42 +0·24 
-6 9I2 6 928 58·30 23 'I5 5 IO 24·76 -o·ro 

6 975 (3 372) 07 ·79 37·57 5 IO 24·41 +0·25 

7 o67 7 JI2 4·2 ·05 49·23 5 IO 2470 -0·04 

7 I58 7 2I3 2I ·45 34·83 4 IO 24·00 +0·66 

7 320 7 336 24 'I2 II '33 5 IO 25 ·23 -0·57 

7 385 7 398 I I '22 4J ·So 5 IO 25 ·59 -o·93 

7 437 7 468 38·67 29·87 5 IO 24·43 +0·23 

Indiscriminate mea'n = 38° 07' 2411 ·63. 
Weighted mean =38 07 24 ·66 ±011·o6. 

t!=±o11·26. 
II4 obsen·ations, 22 pairs. 

[Reduction to geodetic station +011·4~.] 
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9· ROCKY MOUNTAIN SERIES-continued. 

(63) Latitude at Wasatd1, Ul<lll. P. A. Welker. Meridian telescope No. 3. August s-19, 1890. 
One dh,ision of level = 111·94, a mean of several determinations. One turn of micrometer = 6311·788, 
from the latitude observations at this station. 

Pairs of stars. Adopted seconds of 
11' Zl' Latitude. XI mean N. P. D. 

II II 0 I II II 

s 8s6 s 917 41~ ·69 32·81 7 12 · 39 o6 SS ·40 -·I 0o8 

s 922 s 937 21 ·9s 01 ·40 7 12 s4·07 +0·25 

5 978 5 991 28·02 . 4674 6 12 s4·Ss -'-0 ·s3 

6 021 6 052 52·91 34 ·15 7 12 s4·24 +0·08 

6 079 6 1061· 35'9S 13·s8 7 12 S3"S9 +073 
6 203 6 23s 40·76 05·48 7 12 s4·38 -o·o6 

6 2SI 6 348 47·88 18·86 s 13 S4 ·16 +0·16 

6 404 6 466 3s·3S 27·07 7 12 54 ·57 -0·25 

6 s20 6 S34 15 ·s6 II ·36 s 13 s3·q3 +0·39 

6 S74 6 s83 50·14 41 ·21 6 12 54·07 +0·2s 

6 s89 6 640 12'S3 46·43 7 12 S470 -0·38 

6 667 6 718 o8·99 41 73 7 12 S4"3l +0·01 

6 779 6 784 1s·37 41 ·04 7 12 s4·36 -0·04 

6 So2 6 836 18·ss 44·34 s 13 S4"57 -0·25 

6 849 6 857 20·12 39·59 6 12 54 ·or +0:31 
6 897 6 932 37·98 26·09 7 12 54·94 -0:62 

6 g62 *7 029 01 ·41 53·30 7 8 54·28 +ow 

6 96s '*7 '029 31 ·77 53·30 7 8 54·32 o·oo 

7 o61 *7 158 14 ·45 34'"01 5 7 54·02 +0·30 

(3 437) *7 158 14·98 34·01 6 s 53·57 +075 
7 171 7 204 4S"30 29 ·;1 7 12 54'56 -0·24 

[1 86'r] 7 246 38·70 52·8s 3 7 54'09 +0·23 

7 275 (3 523) S7 '49 53 ·oo 3 9 53·83 +0·49 

Indiscriminate mean = 39° o6' 54''·29. 
\Veighted mean =39 o6 54 ·32 ± o''·o6. 

e='±d1·37. 
150 observations, 23 pairs. 

[Reduction to geodetic station - 311·06.] 

18732-No. 4--44 
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9. ROCKY MOUNTAIN SERrns-continued. 

(64) Latitude at 11Io1mt 1Vebo, Utal1. J. H. Turner. :i.\ieridian telescope No. 3. July 25 to 
August l, 1887. One division of le\•el = 311·6, determined at this station. One tum of micrometer 
= 6311·90, from latitude observations at this station. 

Pairs of stars. Adopted seconds of 
mean N. P. D. 11' w Latitude. "' 

II " 0 I II II 

5 388 5 432.lf 06·58 17 ·82 5 3 39 48 33 ·52 -0·62 

5 459 5 466 15'08 51 ·50 8 3 32·23 +0·67 

5 496 5 523 53·59 o$·97 6 3 33·00 -O'lO 

5 740. 5 749 •• ·22 
,),) 40·58 7 3 32·54 +0·36 

5 842 5 871 39·73 53·o6 s 3 34 ·17 -r ·27 

5 9ll 5 927 41 ·50 25·55 7 3 33 ·46 -0·56 

5 951 5 ¢7 59·61 20·30 8 3 33 '20. -0·30 

6 052 6 150 3! ·18 09·26 7 3 32 ·39 +0·51 

6 193 6 218 27·58 27·39 7 .3 33·77 -0·87 

6 387 6 463 41 ·oo 58 '74 7 3 33 ·.u -0·43 

6 476 6 571 54·41 l6·9r 7 3 31 ·33 +0·47 
6 612 6'615 14 ·13 00·49 5 3 32 ·58 +0·32 
6 656 6 722 55·35 20·91 7 3 32 ·23 +0·67 

6 745 6 771 33 "7"2 05·44 G " 32 72 +u ·1~4 
6 856 6 879 39·20 29 ·57 

' 
5 3 34 ·16 -I '26 

6 912 6 976 39·02 40·12 7 3 34 ·13 ·-1 ·23 

7 03.~ 7 125 52·27 59·22 7 3 _31"7r +r ·r9 
7 213 7 241 27·22 5S·52 6 3 33 ·63 -07_~ 

7 294p 7 368 36·¢ 10·63 7 _, 31 ·04 +1 •86 

7 402 7 453 45·82 13 76 7 3 32 ·25 +0·65 

7 495 7 528 19·39 39 ·24 6 3 32 '90 o·oo 

7 555 7 571 29·62 26·87 7 3 33·46 -0·56 

Indiscriminate mean = 39° 48' 3211·90. 
Weighted mean =39 48 32 "9Q±d1 '12. 

<'= ±0''·9r. 
l 47 observations, 22 pairs. 

[Reduction to geodetic station+ 0 11 ·59.] 

Station No. 6j. G1m11i.so11, Uta/1. United States Geographical Surveys West of the 011e hun· 
dredth Meridian. Lieut. G. :M:. Wheeler, United States ,Engineers, in charge. W'ashington, 1877. 
Vol. II, pp. 99-125. Observations for latitude were made on 8 nights in November, 1872, by W. \V. 
Marryatt, using the meridian instrument Wiirdemann No. 16. Focal length 26 inches, clear aper
ture IM inches. Number of individual results for latitude 179. Resulting value for latitude 39° 
ort 2511·62 ± 011·05. 

[Reduction to geodetic station 011 ·00.] 
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9. ROCKY MOUNTAIN SERIES-continued-. 

(66) Latititdt! ,it Ogden Peak, Ufa!z. J. H. Turner. Meridian telescope No. 3. September 
23-29, 1888. One division of level = 211 ·35, determined at the office, July, 1888. One turn of microm
eter= 63"·90, from latitude observations at Mount Nebo, 1887._ 

Pairs of stars. 

6 623 

6 754 
6 830 
6 983 
7 194 
7 290 

7 398 
7 462 
7 521 

7 585 
7 7o6 
1· 850 

7 972 
8 153 
8 212 
8 268 

(43) 
109 
178 
267 

343 
510 

6 648 
6 771 

6 851 

6 998 
[I 861) 

7 320 
7 402 
7 48o 

7 544. 
7 6o5 

7 749 
7 915 
7 984 
8 l6o 

8 229 
8 324 

79 
153 
244 
314 
404 

566 

Adoptecl seconds of 
mean N. P. D. 

II 

· r6 ·98 
26·68 

25·44 

46 "79 
20·02 

50·34 
28·62 

II ·05 
2:2 ·18 
02·60 
06·42 
02·41 
58·48 
50·20 
52 ·09 
19·08 

17·59 
57·38 
o6·95 
48·63 
19 ·14 

55 "70 

II 

50·52 
. 56 ·91 

so ·as • 
or ·09 

04 "77 
o6 ·41 
30·80 

II ·45 
Q4 ·15 
37·25 
02 "72 

33·96 
12 ·19 

44·83 
07·31 

52 ·34 

03·27 

IO "73 
02·o6 

46·26 

30 "72 
23·99 

11' 

7 

7 

7 

7 

7 
2 

6 

6 

6 

6 

6 

6 

4 
6 

6 

6 

6 

6 

6 

6 
6 

6 

9 

9 

9 

9 

9 
6 

9 

9 

9 

9 

9 

9 
s 
9 

9 

9 

9 

9 

9 

9 
9 

9 

Indiscriminate mean = 41° II' 5911·62 . . 

Latitude. 

0 I II II 

41 II 59 "50 
58·65 
59 ·26 

58 77 

59·91 
60·88 

59 ·26 
59·63 
59·63 

59 "74 
59·29 
59 ·7S 
59·08 
6o•o8 

59·93 
59 ·ro 

59·68 

59·98 
6o·o9 

59·44 
59 76 
6o·1S 

\Veighted mean = 41 11 59 ·6o ± 0'1 ·07. 
e = ±o'1·40. 

131 observations, 22 pairs. 
[Reduction to geodetic station - o''·o2;] 

v 

,, 
+0·10 

+0·95 
+0·34 

+0·83 

-0·3r 
-I ·28 

+0·34 
-0·03 

-0·03 

-u·14 
+0·3r 
-0·18 

-o·33 

+0·50 
-0·08 

-0·38 

-0·49 

+0·16 
-o·r6 

-0·58 
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9. ROCKY llfOUl\"TAIN SERIES--continued. 

(67) Latitude at Salt Lake Cil.J', Utalt. F. H. Agnew. Zenith telescope No. 6. March 23 to 
April 29, 1869. One division of level= l"· 12. One turn of micrometer= 76"·r26, from circumpolar 
observations at this station. 

Pairs of stars. Ado11ted seconds of 
11' Z(" Latitud~. ,. 

mean N. P. D. 
,, II 0 I II II 

2 379 2 464 i9·50 28·50 5 IO 40 46 03 ·17 +0·61 
2 44r 2 485 55·30 37 70 6 l! 03·69 +0·09 
2 516 . 01544 13 ·oo 39·08 4 lO 04 ·20 -0·42 
2 Si6 2 617 51 ·48 51 ·50 6 Il 03·43 +0·35 
2 632 2 648 20 78 o8 ·20 5 lO 03·92 -0·14 
2 700 2 704 34·72 16 ·57 7 ll 03 74 +0·04 
2 714 2 751 24·50 50·50 7 II 04·06 -0·28 
2 786 2 792 37·40 39·8o 7 11 04·46 -o·6S 

*2 819 2 917 49·96 55·30 5 7 02·96 +0·82 
*2 819 2 918 46·96 05 ·50 5 7 03·99 -0·21 

2 999 3 048 12·94 46·84 7 II 03 "'13 +0·35 
3 059 3 097 02·45 35 ·oo 6 II 03·80 -0·02 
3 140 3 204 22 "7i 20·10 7 II 03·30 +0·48 
3 242 3 255 39 ·17 09·27 7 II 04·53 -075 
3 3r3 3 33° 34 ·20 43 75 6 II 03·66 +0·12 
~ :~58 3 37r 30·84 38·99 6 II 03 ·30 +o°4"1 
3 468 3 505 13·06 57 "6o 6 II 04 ·14 -0·36 
3 533 3 584 33·50 19·05 6 II 04 ·41 -0·63 
3 612 *3 671 39·05 35·57 7 7 03·54 +0·24 
3 664 *3 671 50·25 35 ·57 7 7 03·64 +0·14 
3·725 3 751 IO "13 02·6o 6 II 03·88 -o·ro 
3 iS7 3 825 22·So 39·55 5 IO 04·09 -0·31 
3 838 3 864 17·45 12 "6o 6 II 02•<)6 +0·82 
3 904 3 915 33·12 oS·76 7 II 03·93 -0·15 
2 765 2 799 30·10 57 ·so 6 II 03·67 +0·11 
2 817 2 887 21 ·90 42 "12 6 II 04 ·rr -0·33 
2 982 2.991 00·90 52·45 5 lO 04·56 -078 
3 068 3 oSs '16·04 04·08 6 II 03·84 -0·06 
3 II2 3 150 12·50 18°86 6 II 04·37 -0·59 
3 178 3 218 20·25 34 75 6 II 03 "JI +0·67 
3 246 3 324 21 ·95 2075 6 7 02·80 +0·98 
3 331 3 402 26 ·56 46·00 7 II 03·93 -0·15 
3 496 3 534 23·45 54 ·rs 7 II 03·21 +0·57 
3 665 3 728 31 ·oo 46·50 7 II 04 ·14 -0·36 
3 744 3 784 23·00 I4 ·50 6 II 03·88 -0·10 
3 Su 3 868 48·81 58·20 6 II 03·92 -0·14 
4 123 4 l4I 22·93 14 ·53 6 II 03·20 +0·58 
4 188 4 235 16·32 48·40 6 II 03 75 +0·03 
4 258 4 285 15 ·38 31 ·75 6 II 04 ·04 -0·26 
4 300 4 351 12 ·50 00·90 6 II 04 ·13 -0·35 

Indiscriminate mean= 40° 46'· 0311.77. 
Weighted mean =40 46 03 ·78 ± o'1 ·05. 

e= ±o'1 ·35. 
244 observations, 40 pairs. 

[Reduction to geodetic station o''·oo.] 
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9. ROCKY MOUNTAIN SERIES-continued. 

Stalio11 JV(I. 6S. Ogde11. U11ited Slates E11gi11,·ers' Obs,.,.m/01:1', Ula/1. From United States 
Geographical Surveys \Vest of the One hundredth Meridian, Lieut. G. M. \Vheeler, United States 
Engim:ers, in charge. \Vashingtou, 1877. Vol. II, pp. 7-54 and 469-47r. Observations for latitude 
were made in 1873 and r874 with the Wiirdemann combined transit instrument No. 28. In 1873 
Dr. F. Kampf observed for latitude on 5 nights in October, nuniber of pairs 36, and qo individual 
results; re5ttlting latitude 41° r3' 0811 ·65 ± o''·o22. In 1874 Dr. John H. Clark observed for latitude 
on 7 nights in September and October, number of pairs 23, and 117 individual results; resulting 
latitude, 41° 13' 0811 ·4;. Mean of two results 41° 131 0811·56±011 ·03. The reference is to the longi
tmie pier of the observatory. 

[Reduction to geodetic station o"·oo~] 

(6g) Latitud<" at TVadd<mp, Uta/1 . . 0. B. French. Meridian teiescope No. 3. June 7-19, r892. 
One division of level= r11 ·94. One turn of micrometer= 6311 ·753, from the latitude observations at 
this station. 

Pairs of stars. Adopted seconds of 
11' ';(1 Latitude. ,. 

mean N. P. D. 

If If Q I ,, II 

(2 000) 4 335 02 79 I4 ·4r 2 4 40 54 22·55 -0·44 

(2 036) 4 407 45·00 05 ·43 2 4 20·54 -\-I ·57 

4 433 4 438 30·69 28 ·19 2 4 22·07 +0·04 

4 451 4 467 31 ·61 56·45 2 4 23 ·16 -I "05 

4 540 4 594 52 ·99. 21 ·25 3 4 21 ·93 +0·18 

4 615 4 646 58··46 35 ·45 4 5 2I ·96 +o·r5 

4 664 [1 185] 36·36 02 ·30 4 5 22·03 +o·oS 

4 742 4 823 04·4S oS·og 2 21 ·36 +075 

4 S45 4 864 35·01 46·46 2 4 22 •6o -0·49 
*[1 226] 4 949 50·6o 14·89 22·20 -0·09 

*[I 226] 4 989 50·60 3S·45 2 2 22·65 -0·54 

5 031 5 071 04·96 09·02 2 4 20·45 +r ·66 

5 091 5 146 22·55 03·51 2 4 21 •g6 +0·15 

(2 427) 5 192 15"29 43·43 2 4 22·41 -0·30 

5 287 5 295 48·33 27·55 2 4 22 ·59 -0·48 

5 322 5 348 43·S2 46·41 2 4 23 ·34 -I ·23 

Indiscriminate mean= 40° 54' 2211 • 11. 
Weighted mean =40 54 22 ·v ±d'·13. 

e=±d1 ·59. 
35 observations, 16 pairs. 

[Reduction to geodetic station+ 211 ·00.] 



UNITED STATES COAST AND GEODETIC SURVEY. 

9. ROCKY :MOUNTAIN SERIES-continu~d. 

(70) Lalit11dt' at • ..J11tdopc, Utali. P.A. Welker. ·Meridiati telescope No.·3 .. October l2-r9, 1892. 
One division of level= 1"·94, a mean of several determinations. O.ne turn of micrometer= 63"·828, 
from the latitude observations at this station. · 

Pairs of stars. 

7 o67 

i r64 

7 213 

7 253 

7. 345 
7 417 

7 462 

7 6o7 

7 708 

(3 719) 
*j 823 

*7 823 

7 893 

7 9I4 

7 967 

8 034 
8 162 

8 227 

*8 296 
*8 296 

52 
!20 

I55 

[I 819) 

7 182 

7 233 

7 320 

7 399 

7 437 
7 503 

7 676 

7 733 

7 7i7 
i 857 

7 874 

7 902 
[2 058] 

7 975 
8 124 

(3 957 
[2 150] 

8 344 
s· 366 

JOO 

*165 

*x65 

Adopted seconds of 
mean N. P. D. 

30 ·21 

36·42 

21 74 

18·49 

oS ·51 

00·67 
08·95 

42·99 

44 ·31 

42 "IO 

25 ·go 

25·90 

1171 

22·06 

03·62 

32·90 

36·65 

52 ·48 
4678 

4678 
04·91 

52·98 

30·96 

I/ 

29·69 

52 ·13 

II ·38 

10·02 

23 72 

23·36 

o:S·49 

18·65 

JO ·17 

20·83 

52·94 
4S ·12 

3i ·25 
22·29 

54·86 
45·90 
1872 

01 ·67 

43 ·rs 
14 75 
10°69 

20·58 

20·58 

5 
5 

5 

5 
6 

5 
6 

6 

5 
6 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

i'C' 

8 

s 
8 

8 

8 
s 
8 

s 
8 
8 

5 

5 
8 

8 

8 

8 

8 

2 

5 

5 
8 

5 

5 

I11discrimi11ate mean= 40°. 571 4011 ·49. 

Latitude. 

0 .I // 

40 57 4?"00 
40·43 

40·65 

40 78 

39 "21 

39"94. 
41 ·54 

40·34 

39·89 
4076 

40·57 

4076 

40·46 

40·26 

40·51 

40·47 

40·81 

39·68 
40·39 

40·45 
41 "22 

41 "02 

41 ·og. 

_Weighted mean = 40 57 40 ·49 ± 011 ·07. 
e= ±0"·35. 

II9 observations, 23 pairs. 
[Reduction to geodetic station+ 011 ·33.] 

. " 
,, 

+0·49 
+0·06 

-0·16 

-0·29 

+1 ·28 

+0·55 
-I "05 

+0·15 

+o·6o 

-0·27 

-o·oS 

-0·27 

+0·03 

+0·23 
-0·02 

+0·02 

-0·32 

+0·81 

+o·ro 

+0·04 

-0·73 
-0·53 
-o·6o 
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9. ROCKY MOUNTAIN SERIES-continued. 

( 71) Laii!ltde at Promo11/01:v. Utali. P. A. Welker. Meridian telescope No. 3. July 9-14, 1892. 
One division of level= 111 '94, an average of several determinations at various times. One turn of 
micrometer= 6311 ·8·27, from cir_cumpolar observations at this station. 

Pairs of stars. 

4 969 
5 o6r 

5 147 

5 192 

5 302 

5 348 

5 512 

*5 545 

*5 545 

5 708 

5 788 

5 978 
6 o82 

*6 289 

*6 289 

[1 574] 

6 404 

6 520 

6 58~ 

6 690 

6 758 

4 992 
5 071 

5 146 

5 248 

5 313 

5 399 
5 527 

~ 563 
[I 395) 

5 769 
5 871 

(2 812) 

6 109 

6 300 
6 322 

6 391.v 

6 473 

6 556 

6 637 

6 748 

6 847 

Adopted seconds of 
mean N. P. D. 

/I 

52·o6 

31 'OI 

40·50 

43·43 

33 "25 
46·41 

- 28 ·87 

53·68 

53·68 

24·44 

27 '75 

33·59 

05·97 
42 •82 

42 ·82 

12·40 

27·99 

05·64 

29 ·13 

QI '15 

rci ·82 

II 

41 ·09 

09·02 

03 ·51 

32 ·78 

4i: ·73· 

32 '74 
04 ·05 

38·63 

04 ·15 

33·05 

II ·53 

54·63 

37·47 
19 '20 

48·24 
00·82 

07 '74 
08'•39 

40·85· 

45 '20 

34·69 

11' 

5 

5 

5 
6 

6 

4 

5 
5 

5 

5 

s 
5 

s 
5 

5 

4 

3· 

5 

5 

5 
5 

7 

7 

7 
8 

8 

7 

7 

4 

5 

7 

7 

7 

7 

5 

5 
7 

7 

7 

7 
7 

7 

Indiscriminate mean= 41° 17' 4811·23. 

Latitude. 

0 I /I 

41 17 47 ·91 

48·35 

49·36 

48 '79 
49 ·r2 
48·10 

48·44 

47·27 

47·37 

48·37 
48·82 

48·23 

47·90 
48·14 

48·20 

47·68 

48·62 

47·93 
47·So 

48 '73 

47·73 

Weighted mean = 41 17 48 ·28 ± o"·oS. 
e=±o11 ·27. 

103 observations, 21 pairs. 
[Reduction to geodetic station+ 0·1101.] 

II 

+0·37 
-0·07 

-I ·oS 

-0·51 

-0·84 

+0·18 
-0·16 

+1 ·or 

+0·91 
-0·09 

-0·54 

+0·05 

+0·38 

+0·14 

+o·oS 

+o·6o 

-0·34 

+0·35 

+0·48 
-0·45 

+0·55 
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9. ROCKY MOUNTAIN SERIES--continuecl. 

(72) Latitude at Deserd, Uta//. P. A. Welker. Meridian telescope No. 3. September S-r3, 
1892. One division of level = 111 ·94, a mean of several determinations at various times. One turn of 
micrometer = 6311·748, from circumpolar observations at this station. 

Pairs of stars. 

( 2 939) 

6 300 

[1 574] 

6 428 
6 542 

6 599 
6 697 

6. 784 
6 827 
6 858 
6 96,2 

6 965 
7 029 

~ 09I 

7 li3 

7 275 
7 333 

7 399 
7 505 

7 676 
7 760 
7 820 

6 302 

6 348 
6 392 

6 491 

6 583 
6 656 

6 714 

6 799 

6 847 
6 932 

*6 998 

*6 998 

7 062 
- .. IC• J iV-f 

i 211 

7 310 

7 385 

7 4.55 
7 544 

7 693 

7 796 

7 843 

Adopted seconds of 
mean N. P. D. 11' Latitude. 

" 
41 ·55 
r9·20 

12 ·40 

21 ·69 

59·72 

30 76 
01 '06 

24·63 

07·02 

03·33 

39·91 
10·20 

30·37 

39·35 

45·58 
30·00 
II '02 

23·68 

00·40 

18·65 

03·92 
16·33 

II 

51 ·24 

r3·54 
27·6o 
30·31 

29 ·13 
2I ·q 

28·4::; 

35 '71 

34·69 

05 ·23 
16·72 
16 '72 

29 ·57 
.,_ .. ·-
.J'J 4~ 

07·11 

00·96 

55·98 
II ·96 

59·27 

38·57 
20·16 

4:3 ·53 

5 

5· 

5 

5 

5 

5 

4 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

4 

5 

5 

8 
8 

6 

s 
s 
8 

7 
8 

8 
s 
5 

5 
8 

s 
8 
8 

8 

8 

8 

7 
8 

8 

Indiscriminate mean = 40° 271 3111·94. 

0 I 

Weighted mean = 40 27 31 ·93 .± o''·oS . 
.. = ±0"·48. 

rnS observations, 22 pairs. 
[Reduction to geodetic station + 0·31.] 

" 

32 ·39 

31 ·46 

32·90 

31 ·31 

32:38 
31 'JO 

31 ·31 

31 ·83 

32·58 
32·56 
32·55 

31 ·94 

30:97 

32 ·25 
31 ·55 

32 ·52 
32 ·26 

31 ·79 

JI ·97 
,; I ·50 

31 '74 

. ~· 

" 
+c·o2 

-0·46 

+0·47 

-0·97 

+0·62 

-0·45 

+0·83 

+0·62 

+o·rn 

-0·65 

-0·63 

-0·62 

-0·01 

+u·96 
-0·32 

+0·38 

-0·59 

-0·33 

+o·q 

-0·04 

+0·43 

+0·19 

Statio11 No. 73. Beavt'r, Uta//. United States Geographical Surveys \.Vest of the One hundredth 
Meridian. Lieut. G. M. Wheeler, United States Engineers, in charge. \Vashington, 1877. Vol. II, pp .. 
54-71. Observations for latitude were made on 7 nights in August, 1872, by John H. Clark, using 
the meridian instrument, Wiirdemann No. r6. Focal length 26 inches, clear aperture rl.l." inches. 
Though 30 pairs were used only 94 individual results for latitude were obtained 011 account of the 
unfavorable weather. Resuiting value fC!r latitude, 38° 16' 2311·28 ± o'1·o6. 
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9. ROCKY i\:IOUNTAIN SERIES-completed. 

(74) Latilud,~ al Oasis, Utali. Fremont Morse. Zenith telescope No. 6. August 25-31, 1898. 
One division of level = 211 • 17, determined at office January, 1893. One turn of micrometer = 7611 ·240, 
from circumpolar observations at this station. 

Pairs of stars. Adopted seconds of 
n' w Latitude. ~I mean N. P. D. 

II II 0 I " I/ 

6 Sr7 6 849 36 "IS 04·92 2 4 39 17 34 "12 +r·35 
6 930 6 952 12·58 47·52 2 4 35·So -0·33 

(3 354) (3 361) 47 ·30 59 ·94 2 4 36·3r -0·84 
6 990 7 027 03·82 or ·71 2 4 35·43 +0·04 
7 o67 7 o85 r9 ·13 29·22 3 6 35·84 -0·37 
7 171 7 204 03'•38 43·01 3 6 35·65 -0·18 

(3 475) 7 254 02·97 17 ·35 3 5 35·83 -0·36 
7 255 *(3 503) 25·8o 24·42 2 2 35·04 +0·43 

*(3 503), 7 276J1 24·42 50·26 2 2 35·76 -0·29 
(3 519) 7 377 or ·79 58·56 2 4 55·48 -O'OI 

(3 553) 7 453 39·6r 24 ·19 4 7 35·98 -0·51 
7 505 7 559 24·25 19·65 4 8 34·58 +0·89 
7 566 *(3 649) 00·85 36·59 2 3 35·46 +0·01 

(3 630) *(3 649) 43·93 36·59 35·22 +0·25 
7 598 7 6o1 45 ·31 03·22 2 4 34·92 +0·55 

(3 669) 7 664 50·37 07 "74 2 4 35·64 -0·17 

7 659 7 686 18 ·19 20 •6g 2 4 36"i2 -1 ·25 

7 705 7 753 55·97 54'09 5 8 35 ·13 +0·34_ 
*1 765 *7 765 28·59 28·59 4 s 36·62 -1 ·15 
(3 728) 7 8rop 48·15 32·62 2 34·93 +0'54 

*(3 754) *(3 754) 35·99 35·99 4 5 34'49 +0·98 
*1 858 *1 858 42 ·12 42 ·12 4 7 34·86 +o·6r 

t672 *1 932 o6·89 58·30 3 0·2 37 •6o -2·13 
(3 Sor) *7 932 15'69 58·30 2 2 35 '53 -o·o6 
(3 So2) *7 932 19'03 58·30 I 35 •39 +o·oS 

7 972 (3 843) 47·89 33·96 4 7 35·25 +0·22 

7 999 (3 857) 40·05 52 '68 4 7 34 "]I +076 
8 070 *8 lo6 33 ·20 05·56 4 4 35·66 -0·19 
8 078 *8 ro6 02·24 05 ·56 4 4 35·81 -0·34 
8 188 (3 957) 48·27 19"~9 3 4 36 ·25 -0·78 
8"218 8 238 49·85 r3·36 I 2 35·59 -0·12 

s 276 8 2g8 05·71 55·48 2 35 ·48 -0·01 

(4 022) (4 032) 42·19 09·82 2 35 "74 -0·27 

8 355 8 370 o8·76 r7·36 I 2 35•83 -0·36 

Indiscriminate mean = 39° 171 3511·55. 
Weighted mean =39 i7 35 ·47 ±011 ·08. 

e=±o11·66. 
87 observations, 34 pairs. 

[Reduction to geodetic station o"·oo.] 
-·-----

t Weise. XII. 
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I.Q. NEVADA SERIES. 

( 7S) Latitude at Ibepali, Ula/I. E. P. Austin. :Meridian telescope No. 3. August 30 to Septem
ber 5, r~89. One division of JeyeJ = 1"·94, a mean of several determinations at various times. One 
turn of micrometer= 6311·9s9. from circumpola~ observations at this station. 

Pairs of stars. 

5 842 
s 918 
s 978 

.(2 84s) 

S 87r 
(2 769) 
(2 806) 
6 162 

6 2ss (2 ¢8) 

(3 OlS) (3 023) 
6 463 (3 071) 
6 s22 6 S42 
6 612 6 6rs 
6 662 (3 174) 
6 698 6 7S4 
6 769 6 813 
6 8s6 6 879 
6 928 

6 979 
7 037 

7 143 
7 213 

(3 491) 
*7 294,ll 
*7 294M 

7 402 

7 493 
*1 6os 
*7 6os 

6 940 
_(3 372) 

7 o88 

(3 46s) 
7 241 
7 268 

7 368 
(3 S37) 
7 4S3 
7 s61 

(3 6s2 
(3 6s9) 

Adopted seconds of 
mean N. P. D. 

II 

47·87 
r8·63 
2s·2s 
06·69 
04 ·07 
l2'4S 
so·w 
02·03 
01 ·48 
57·22 
57·98 
3S'SS 
20·34 

14·23 
29·26 

23 '64 
OI '03 
02·s7 
o8·79 
08·79 
IS'79 
3s·69 
20·62 
20·62 

" 
00·45 
s6·6S 
41 ·31 
07·29 
43 ·so 
4S ·17 
28 'I4 
rs·79 
47·68 
29·99 
l8"3S 
46·81 
10'03 
2S·6r 

s9·89 
2s·13 
S3'30 
31 ·71 
26·89 
41 ·41 
33·78 
42 ·96 
01 'IS 

37·94 
17'93 

,,, 

2 

3 

s 
6 

s 
s 
S" 

5 

s 
s 
4 

s 
(j 

6 

6 

6 

s 
3 

s 
4 

s 
·s 
s 
s 

'il' 

3 
2 

4 

7 
s 
6 

6 

7 

7 

7 
6 

s 
7 

8 

8 

7 

7 

4 

s 
4 
6 

7 

4 

4 

Indiscriminate mean = 39° 49' 3911·36. 

Latitude. 

O I II 

39 49 39 ·rs 
40·21 
39·os 
39·s6 
39·84 
40·09 
38·80 
38 ·16 

39 ·72 
39·24 
40·03 
38·02 

39·95 
3\1 '31 
39·46 
39 ·13 
39·07 
39·65 
39·24 
39·54 
39·07 
38·84 
39 'SI 
39'S5. 
39 '73 

Weighted ·mean = 39 49 39 ·3s ± d 1·07. 
e=±o'1·So. 

n7 observations, 2s pairs. 
[Reduction to geodetic station ·- <;>'''22] 

v 

II 

+0·20 
-0·86 
+0·30 
-0·21 

-0·49 
-0·74 
+o·ss. 
+r ·19 
-0·37 
+o·n 
-0·68 

+i ·33 
-o·6o 

+u·04 
-o·u 
+0·22 

+0·28 
-0·30 

+o·u 
-0·19 
+0·28 
+o·sx 
-O'I6 

-0·20 

-o ·,38 
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IO. NEVADA SERIES--continued. 

(76) Latitude at Pih>/ Peak, JVemda. E. P. Austin. Meridian telescope No. 3. July l l-16, 1$89. 
One division of level= 1"·94, a mean of several determinations at various times. One turn of microm-
eter = 63"·959, from circumpolar observations at Ibepah. 

Pairs of star?. Adopted seconds of 
11' I 'U.' Latitude. "i-' mean N. P. D. 

" " 0 I " " 
5 031 5 071 24·35 29TI. 3 2 41 or 07 ·56 +070 

(l 273] (2 391) 3$·03 57 ·38 0$·63 -0·37 

5 143 (2 422) 4r ·15 09·64 4 3 08·40 -0·14 

5 192 5 :;148 o8·qr 59·47 3 2 07·68 +0·58 

5 302 5 313 Ol ·38 10"93 4 ·' 07·92 +0·34 

5 322 5 348 13"26 17•32 3 2 08·68 -0·42 

5 459 5 525 32·72 05·32 5 3 07 ·51 +075 

5 597 5 643 36·28 10·58 5 3 0S·46 -0·20 

5 677 5 752 23 ·48 54·01 5 3 08 ·16 +0·10 

5 776 5 842 34·77 47·87 4 2 07 '54 +072 

(2 732) 5 931 25·46 41 ·90 5 3 09·41 -I 'IS 

(2 845) 6 109 06·69 36·46 5 3 09·02 -076 
6 162 6 193 07·29 25·95 5 ·' 07·47 +0·79 
6 224 6 245 25·47 43·51 4 3 08·06 +0·20 

(2 963) (2_989) 52 ·18 48·68 : 5. 3 07·37 +0·89 

6 410 6 438 ro·42 29·62 5 J oS·29 -0·03 

(3 054) (3 o68) . 16"02 28·85 4 3 07 '55 +071 

6 542 6 6or 15·79 10"69 4 3 oS·96 -0·70 

6 640 6 674 53·14 34·04 5 3 08·45 -0·19 

6 734 (3 233) 08·69 09'77 4 3· 08 "77 -0·5r 

(3 262) 6 847 33·85 02 72 5 3 09·07 -0·81 

6 867 6 912 01 "30 18·67 5 3 07·95 +0·3r 

(3 338) 6 9So 16·37 55·94· 5 3 oS 76 -0·50 

Indiscriminate mean·= 41° or' o8"·25. 
Weighted mean · =4I or oS ·26 ± o'1·09. 

e.=·±·111·21. 
98 observations, 23 pairs. 

[Reduction to geodetic station+ o'1·05.] 



UNITED STATES COAST AND GEODETIC SURVEY. 

IO. NEVADA SF.:RIES-continuecl. 

(77) Latitude al Pioc/ic, N,·;•ad11. G. F. Bird. Meridian telescope No. 3. September 13-2r, 
1883. One division of level= l"·S96, from observatious at this station. One turn of micrometer 
= 6:/''793•. from circumpolar observations at this station. 

Pairs of stars. 

6 300 

6 .p7 

(3 068) 

667"1-

. 6 745 

6 827 
6 ~.;95 

6 970 

7 o67 

7 19'1-

7 336 

7 437 
*i 50,:; 

7 56o 

i 658 

7 765 

(3 766) 

7 8So 

[2 05!'!] 

7 958 
*8 032 

*8 032 

6 350 

6 475 

6 543 

6 697 

6 784 

6 856 

6 943 

(3 378) 
7 II2 

7 ::!33 

7 385 

7 468 
-~7 505 

7 571 

7 664 

7 777 

7 855 
(3 So2) 

7 945 
(3 854) 

8 059 
8 o82 

Adopted seconds of 
mean N. P. D. 

,, 
38·83 

59·55 
56 ']I 

16·07 
06·42 

29·33 

13·93 

32 ·56 

16'52 

25 ·26 

31 ·55 

40 ·r3 

::!4 'C'4 

38·52 

53'48 
55·09 

05 ·24 
15 ·32 

09·98 

Si ·40 
05·Sr 

c15 ·Sr 

" 
19 ·33 
27·ss 
28 ·25 

08·72 

38·38 

16'58 

21 ·55 

22·44 

26·45 

09·So 

12 ·31 

33·58 

24·04 

32·47 

24·65 
•xi ·Sr 

07·82 

59 ·42 
59·23 
24·01 

29 'IO 

58·53 

11' 

5 
5 

5 

5 

5 

5 

4 
6 

5 
6 

6 

6 

6 

5 

5 

5 

5 

5 

4 

5 

5 

5 

6 

6 
6 

6 

6 

6 

5 
6 

6 

6 
6 

6 

3 
6 

6 

6 

6 

6 

5 
6 

4 

4 

Indiscriminate mean = 37° 59' 07"·01. 

Latitude. 

0 , 

37 59 07 ·08 
05·55 

07 ·52 

06·19 

o6·Sr 

07 ·6r 

07 ·33 

05 ·65 

07 ·31 

0676 

07·65 

07 '00 

07·83 

07·39 
Oj'l2 

07 ·27 

o6·28 

07 ·28· 

07·54 

06·68 

07 ·33 
07 ·q 

Weightecl mean =37 59 06 ·9S±o'1 ·og. 
c= ±011 ·50. 

I 13 observations, 22 pairs. 
[Reduction to geodetic station - o'1 ·2S.] 

" 
-O'!O 

+1_'43 
-0·54 

+0·79 

+0·17 

-0·63 

-0·35 

+1 ·33 

-0·33 

+0·22 

-0·67 

-0·02 

-0·85 

-0·41 

-0·14 

-0·29 

+070 
:._o ·30 

-0·56 

+0·30 

-0'.)5 
-0·16 
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IO. NEVADA SERIES-continued. 

Station No. 78. Piod1e, iVc<•ada. United States Geographical Surveys West of the One hun
dredth Meridian. Lieut. G. M. Wheeler, United.States Engineers, in charge. \Vashington, 1Sn. 
Vol. II, pp. 75..:96. Observations for latitude were made by W. \V. l\'.Iarryatt on 6 nights in October, 1872, 
using the meridian instrument, \Viirclemann No. 16. Focal length 26 inches, clear aperture 1 ?4 inches. 
Number of individual results for latitude 193. Resulting value for latitude 37° 55 1 26"·07 ± 0"·07. 

(79) Latit11dt· 11t Dia111011d Peak, Nei•ada. R. A. l\'larr. Meridian telescope No. 3. October 1-5, 
l88I. One division of level = 111 '86. One turn of micrometer= 63"·815, from circumpolar obser.\•a-
tions at this station. · 

Pairs of stars. Adopted seconds of n' '«' Latitude. ,. 
mean N. P.D. 

II " 0 I II ,. 

6 397 6 410 59·85 40·56 2 6 39 35 03·82 +0·31 

6 491 *6 520 21 ·92 59·68 3 5 05 ·03 -0·90 
*6 520 6 553 59·68 06·28 3 5 04·53 -0·40 

6 623 6 637 02 '75 53·91 4 8 04·42 -0·29 

6 656 6 667 35·30 12 ·o6 5 8 . 04 '70 -0·57 
6 714. 6 734 54·21 14 '72 5 8 03 ·16 +0·9; 
6 748 (3 262) 18·09 45"·61 5 8 03·60 +0·53 
6 852 6 901 21 ·72 56 ·27 5 8 04·06 +0·07 

*6 928 6 940 o8·52 SI ·42 5 6 04·84 -O)I 

*6 928 6 943 o8·52 41 ·53 5 6 ~4 '74 -0·61 

6 979 (3 372) 41 '16 27·68 5 8 04·57 -0·44 

7 037 7 o65 02'02 05·88 5 8 03·93 +0·20 
7 o86 7 143 50·89 02 ·02 5 8 04 ·65 ....:o ·52· 

7 204 7 233 29·60 36 ·27 5 s 03·97 +0·16 

7 277 7 320 25 '7 I 44·94 4 8 03·36 +0·77 
(3. 555) 7 444 07·68 12·83 5 8 03·59 +0·54 
7 462 7 544 59·75 57 79 5 8 03·90 +0·23 

7 733 7 755 22·95 20·39 5 8 04·59 -0·46 

7 823 7 8Sr 46:35 12'!0 4 8 04·38 -o ·25 

(3 799) 7 945 19·46 36·82 4 8 04·44 -0·31 

7 972 (3 841) II '79 26·41 4 8 03·68 +0·45 

7 997 8 054 08·07 23 'I6 4 8 03·SS +0·25 
8 I25 8 qr 39·19 21 ·69 4 s 03·58 +0·55 
s I62 s 227 13 ·14 31 '02 4 8 05·04 ....:o ·91 
8 268 8 2g6 38·87 27 ·oo 4 8 03 ·78 +0·35 
8 310 (4 025) 45·g6 50·68 .3 7 03·96 +0·17 

Indiscriminate mean = 39° 35' 0411·16. 
Weighted .mean =39 35 04 ·13 ± 011 ·07. 

e= ±0"·39. 
112 observations, 26 pairs. 

[Reduction to geodetic station - d'·28.] 



UNITED STATES COAST AND GEODETIC SURVEY. 

IO. NEVADA SERIES-continued. 

(So) Latitude al llf,ni11t G1llal11111, 1Vc;:•ada. R. A. Marr. Meridian telescope-No. 3. July 29 to 
August 2, 1881. One division of level= 111"86. One turn of micrometer= 63"·866, from circumpolar 
observations at this station. 

Pairs of stars. 

5 259 

5 388 

5 459 
5 490 

5 659 

5 740 
5 842 

5 9u 

5 950 

(2 795) 
6 114 

. 6 193 

(2 939) 

(3 Oll) 

6 491 
6 623 

6 662 

6 714 

6 745 
(3 258) 
6 856 

5 287 

5 432 
5 466 

5 628 

5 705 

5 749 
5 87r 

5 927 

5 967 
6 033 

6 123 

6 218 

6 2<:J7 
(2 990) 

6 452 
6 520 

6 637 

(3 174) 
6 734 
6 771 

(3 267) 
6 879 

Arlopted seconds of 
·mean N. P. D. 

II 

21 72 
09 "20 

22·65 

30·10 

47·20 
00·66 

15·27 

22·55 

03·30 

52·58 
21 ·37 
32 ·45 

or ·or 
Ii "02 

52 ·09 

21 ·92 

02·75 

52 74 
54·21 

21 ·92 

I/ 

SI ·62 

20·57 

59·05 

o6·99 
56·12 
oS·04 

31 "II 

07·87 

05·85 
II ·So 

i6·87 

34·39 
33·20 

55 ·s·:. 
41 ·Sr 

59·68 
55·20 

26·62 

14-p 
56 "73 
44·58 
28·49 

11' 

2 

5 

5 

5 

5 

5 

5 

5 

5 

4 
5 

4 

5 

5 

4 

5 

4 

5 

.4 
5 

5 

5 

ZCI 

5 
6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

Indiscriminate mean= 39° 421 3211·32. 

Latitude. 

O I II 

39 42 31 •68 

32 "94 
32·74 

32·95 
32·73 

32 ·26 

31 ·oo 

32 ·37 

32·43 

32 ·62 

32 76 

32 :00 

32 ·69 

31 ·6S 

31 ·86 

33·42 

31 ·32 

32 ·2S 

31 •68 

32 ·77 

32·40 

32·49 

Weighted mean = 39 42 32 ·32 ± o'1 ·0.'3. 
e=±o'1 ·40. 

102 observations, 22 pairs. 
[Reduction to geodetic station - o'1 ·41.] 

II 

-0·42 

·-0·63 

-0·41 

+0·06 

+1 ·32 

-0·05 

-o·rr 
-0·30 

-0·44 

+0·32 

-0·37 

+0·64 

+0·46 
-1 "IO· 

+1 ·oo· 

+0·04 

+0·64 

-0·45 
-0·08 

-0·17 



TRANSCONTINENTAL TRIANGULATION-PART IV-LATITUDES. 703 

IO. NEVADA SERIES-continued. 

(Sr} Latitude at To(vabe Dome, Nevada. W. Eimbeck and R. A. Marr, Meridian telescope 
No. 7. September 20-27, r88o. One division of le\•el = 111·04, from observations at this station. One 
turn of micrometer ~ 78"·329, from circumpolar observations at this station. 

Pairs of stars. Adopted seconds of 
11' U.l Latitude. v 

me~n N. P. D. 

II " 0 I ,, 
" 

6 583 6 589 41 ·24 13·65 5 5 38 49 54·33 +0·22 

6 615 6 662 45·34 59·62 4 4 53·72 +0·83 

6 690 (3 190) 29·39 59·23 5 5 54 '2[ +0·34 

6 740 6 799 20·45 19·31 5 5 54·49 +o·o6 

6 883 6 928 49·90 r9·02 5 5 54 "7.~ -0·1S 

(3 338) 6 976 50·55 57 ·05 4 4 53·81 +074 
(3 378) (3 39r) 56 ·36 16"86 5 5 53·26 +1 ·29 

[1 819] 7 r26 · 55 ·25 17·91 4 4. 54·23 +0·32 

7 194 (3 480) 03·69 35·44 5 5 55·38 -o·S3 

7 256 i 278 53 "IS 54·57 4 4 54·58 -0·03 

(3 519) 7 310 I I ·28 48 ·13 5 5 54·52 +0·03 

(3 530) 7 345 46·00 00·39 3 3 56 '22 -I ·67 

7 363 7.405 57 ·q 12 ·rr 5 5 55 'IO -0·55 

7 465 7 48o 59·49 17·62 5 5 55 •66 -1 "II 

(3 6o2) 7 568 rs "72 56·40 5 5 54·49 +0·06 

7 585 7 6.)I 13 ·67 00·52 3 3 55 "I I -0·56 

7 712 7 754 50·08 25 ·39 4 4 54·95 -0·40 

*1 832 *1 857 O'.l"20 33·29 4 2 53·65 -!-o ·90 

*7 857 *7 868 33·29 07·93 5 2 54·48 +0·07 

*1 832 *7 .874 00'20 29·24 53·34 +r ·21 

*7 874 *7 868 29·24 07·93 53·38 +r ·17 

Indiscriminate mean= 38° 49' ,s4"·46. 
W'eighted mean =38 49 54 ·55 ± 0 11"ll. 

e= ±011·82. 
87 observations, 21 pairs. 

[Reduction to geodetic station - 0"·69.] 



704 UNITED STATES COAST AND GEODETIC SURVEY, 

IO. NEVADA SERIES--COlltinued. 

(82) Latitude at Ci.1rso11 Sink, Nt?mda. W. Eimbeck. Meridian telescope No. 7. July 29 to 
August 2, r8So. One division of level= 111·04, determined at Toiyabe Dome, September, 1880. One 
turn of micrometer= 7811•274, from circumpolar observations at this station. 

Pairs of stars. Adopted seconds of 
11' w Latitude. v mean N. P. D. 

II II 0 I I/ II 

5 388 5 432 59·48 II "19 5 7 39 34 58 ·50 -0·35 

5 459 5 466 13·88 50·35. 4 6 58·96 -0·81 

5 490 5 628 2I "20 00·12 4 6 58·04 +o·u 

[1 395} 5 740 44·79 55·09 5 7 57 "2.2 +0·93 

5 752 (2 669) o6·23 09·41 4 6 58·43 -0·28 

(2 722) (2 732) 22·07 53·85 4 6 57·58 +0·57 

5 900 5 918 57·96 50 •89. 2 4 57 ·30 +0·85 

(2 So4) 6 033 50·97 ro·45 3 5 57""32 +0·83 

6 079 6 r34 29·24 2S·41 4 6 58 ·19 -0·04 

6 185 6 223 57·20 IO "16 4 6 58·49 -0·34 

(2 939) 6 297 02 76 35 ·15 3 5 58·07 +o·os 

(2 963) (2 990) 13·26 5S·6S 4 6 57 ·13 +1 ·02 

fi 397 6 410 03·6o 44·35 4 6 59·22 -I "07 

6 491 *6 siu .. 6·67 u4 ·75 3 3 5S·S9 -074 

*6 520 6 553 04·75 II ·50 4 4 58·63 -0·48 

6 623 6 637 09·45 00·75 4 6 57 ·87 +0·28 

6 656 6 667 43·00 19 "12 4 6 58 ·ro +0·05 

6 714 6 734 or ·72 22 "77 2 4 57 ·55 +0·60 

6 748 (2 .z62) 25·66 54·64 3 5 57 70 +0·45 

6 852 6 90r 31 ·09 06•38 4 6 58·01. +0·14 

*6 928 6 940 18·78 . 01 ·56 4 4 58·90 -075 
*G <l'?8 6 0·~3 18·78 53'34 4 4 58 ·r3 +0·02 

6 979 (3 372) 52 ·os 38·88 3 5 58·31 -0·16" 

7 037 7 065 i3 ·41 17·61 3 5 57 ·46 +0·69 

7 086 7 143 02·82 15 ·oo 4 6 59·24 . -I '09 

7 204 7 233 42·So 49·03 3 5 58·95 -o·So 

7 277 7.320 39 ·46 59·00 3 5 58·10 +0·05 

Indiscriminate mean= 39° 34' 58'1 • 16. 
Weighted mean =39 34 58 'l5±o'1·o8. 

C= ±o'1·6S. 
98 observations, 27 pairs. 

[Reduction to geodetic statio11-o'1 ·47.] 



TRANSCONTINENTAL TRIANGULATION-PART IV-LATITUDES. 705 

IO. NEVADA SERIES--<:011ti1111ed. 

(83) Lalil11de at Carson City, Nevada. C. H. Sinclair. Meridian telescope No. 2. July 17-20, 
r889. One division of level =o''·91, determined at office March-April, 1888. One turn of micrometer 
= 6511·856, from several determinations at various stations. 

Pairs of stars. Adopted seconds of 
11' Zl' Latitude. ,, 

mean N. P. D. 

" II 0 I II II 

6 II4 6 IOI 22·94 29·90 4 3 39 09 48·o6 -0·87 

(2 883 *6 203 35 ·14 41 ·74 4 2 46·6o +0·59 
*6 203 6 235 41 "74 06·86 4 2 45 ·96 +1 ·23 
6 251 6 348 49·42 21 ·22 4 3 46·24 +0·95 

6 355 6 390 09·47 43·59 4 3 47·28 -0·09 

6 466 6 473 31 ·32 21 "26 4 3 47·49 -0·30 

6 520 6 534 20·45 14·57 4 3 48 ".14 -0·95 

6 574 6 583 56·24 47·27. 4 3 47 ·16 +0·03 

6 589 6 640 18·89 52·00 4 3 47·62 -0·43 

6 698 6 731 58·22 02 ·25 4 3 46·85 +0·34 

6 754 6 784 IS ·13 49·33 4 3 45·56 +r ·63 
6 817 *6 849 57·34 29·30 4 .2 46·00 +r ·19 

*6 849 6 857 29·30 49·39 4 2 46·95 +0·24 

6.897 6 932 47 ·56 36·59 4 3 47·16 +0·03 

6 962 *7 029 12 ·40 04·66 4 2 47·97 -078 

6 965 *7 029 42·5r 04·66 4 2 48·64 -I ·45 

7 o67 7 o85 05·83 17 ·oS 3 2 47 ·51 -0·32 

7 II2 7 164 13 ·32 14·40 4 3 48·07 -o·SS 

Indiscriminate mean= 39° 09' 4711 • 18. 
Weighted mean =39 09 47 ·19±o'1 ·13. 

e=±o'1 ·95. 
71 observations, 18 pairs. 

[Reduction to dome of capitol-o'1 ·85.] 

18732-No. 4--45 



706 UNITED STATES COAST AND GEODE'.J'IC SURVEY. 

IO. NEVADA SERIES--continued. 

Latitude al Carso1! lily, Ne,vada. C. H. Sinclair. Zenith telescope No. 6. August 13-15, 1893. 
One ~ivision of level = 211·17, determined at office January, 1893. One tur11 of micrometer = 7&'· 170, 
from circumpolar observations at other stations. 

Pairs of stars. Adopted seconds of 
II~ l£I Latitude. Z' mean N. P. D. 

" 
,, 0 I II II 

5 86o (2 732) 37·63 39·57 2 6 39 09 47·61 -0·01 

5 922 5 937 30·72 09 78 2 6 47·91 -0·31 

5 967 *(2 So4) 35·01 l I '70 2 4 46 '72 +o·SS 

6 005 ·»(2 So4l 31 ·63 I I '70 2 4· 47·37 +0·23 

6 047 *(2 822) 55·66 34·88 2 4 47·61 -o·or 

6 048 *(2 822) 26·o6 34·88 2 4 47 ·32 +0·28 

6 II4 6 IOI 24·05 30·83 3 7 48·33 -073 
(2 883) *6 203 34·44 37 ·56 3 5 48·03 -0··43 

(2 888) *6 203 18·66 37·56 3 5 47 '73 -0·13 

6 251 6 348 43·69 10·87 2 6 47·63 -0·03 

(2 982) (2 990) 35·93 16·o6 g 7 47·53 +0·07 

(3 031) *6 456 48·35 43 ·24 3 5 48·14 -0··54 

*6 456 6 473 43·24 03·29 3 5 47·71 -O'II 

6 496 (3 074) 37·o8 IO 79 3 7 46·49 +1 "II 

6 520 6.534 00·68 55·88 3 7 46·82 +0·78 

6 572 6 625 16·29 05·03 2 6 48 '79 -I '19 

(3 148) 6 656 5~·76 14·28 3 7 46 '72 +o·ss 

6 670 6 702 04 ·18 10·04 3 7 47·97 -0·37 

6 722 6 769 33·98 OJ '64 3 7 48 ·17 -0·57 

. 6 8o2 6 836 50 '72 16·So 3 ·7 48·14 -0·54 

6 849. 6 857 51 ·94 II '03 3 7 47·87 -0·27 

(3 309) (3 322) 28·40 18·05 3 7 47'45 +0·15 

6 918 6 940 04·04 46·74 3 7 47·30 +0·30 

6 990 7 027 59·09 58·54 3 7 48·10 -0·50 

7 098 7 146 56·20 15 ·18 -~ 7 47 ·19 +0·41 

(3 451) (3 457) 08·29 52·62 3 7 46·87 +0·73 

Indiscriminate mean = 39° o9' 4711·6o. 
Weighted meant =39 09 47 ·Go± o'1·07. 

c = ±d1 '4I. 
70 observations, 26 pairs. 

[Reduction to dome of capito!" -d1·S5.] 

t For cotubiued result sc::e synopsis further on. 



TRANSCONTINENTAL TRI ANG ULATION-P ART IV_;_ LATITUDES. 7°7 
JO NEVADA SERIES-continued. 

(84) Latitude at Verdi, Nevada. G. Davidson. Zenith telescope No. r. July r2-19, 1872. One 
division of level = 111·00. One turn of _micrometer= 4511·So4, from circumpolar observations at this 
station. 

Pairs of stars. Arlopted seconcls of 
11' 'it' Latitude. l' mean N. P. D. 

II II 0 I II II 

5 210 5 244 04·34 18 ·oo 5 6 39 31 04 ·23 +0·47 
5 259 5 271 38 76 21 ·40 5 6 04·99 -0·29 
5 313 5 399 16·20 2:2 '()() 3 5 04·96 -0·26 
5 426 5 459 01 "70 02 70 4 6 05 ·03 -0·33 
5 497 5 534 58·80. 38·40 5 6 05 "70 -r "00 

5 549 5 624 14 "75 24·54 5 6 05·79 -r··09 
5 618 *5 705 34·51 02 ·oo 2 04·45 +0·25 
5 659 *5 705 49·36 02·00 6 4 04·50 +0·20 

*5 647 *5 740 47·00 10·93 2 04·58 +o·r2 
*5 647 *s 745 47·00 58 ·17 I 2 05·66 -0·96 
*5 7.J.O 5 753 10·93 39 ·37 6 3 04·46 +0·24 
*5 740 *5 757 10·93 47 ·15 2 04·01 +0·69 
*5 745 *5 757 58 ·17 47 ·15 5 3 05 73 --1 "03 

5 765 5 823 52 ·40 39·70 6 6 05·90 -I "20 
5 863 5 871 55·84 57 "7' 7 6 05 ·19 -0·49 
5 900 5 918 32 ·30 25·24 5 6 04 ·2.~ +0·47 
5 986 6 036 43 ·rs 34 ·15 5 6 03·91 +079 
6 056 6 147 13 ·15 17 ·So 5 6 04·59 +o·u 
6 237 6 255 02 ·20 . 32 ·56 4 6 04·41 +0·29 
6.357 6 391 38·20 10·92 5 6 04·60 +0·10 
6 438 6 496 37·74 15·50 5 6 05·63 -o·93 
6 516 6 534 45·36 43·40 3 03 ·40 +1 ·30 
6 52o" 6 553 44·34 55·65 4 6 04 ·2s +0·42 
6 574 6 6or 34 ·28 55·02 6 6 04·90 -0·20 
6 623 6 637 or ·50 53 "-39 5 6 04 "72 -:-0 ·02 
6 656 6 667 36 "I6 15 ·50 6 6 04·89 --0·19 
6 690 6 6cj7 27 ·12 31 •6o 6 6 04·56 +0·14 

*6 714 6 730 03·20 51 ·50 5 4 03·58 +1·12 
*6 714 ·6 734 03·20 29 ·12 5 4 03·44 +1 ·26 
6 754 6 784 40·29 07·90 3 04 ·18 +0·52 
6 772 6 So8 4S·96 32 ·66 4 6 04 "70 o·oo 

.... 
6 819 6 834 19·50 12 "IO 5 6 03 76 +0·94 
6 852 ,6 901 46·50 2i ·11 5· '6 04 "73 -0·03 

*6 928 6 940 44·30 26·34 2 03·63 +1 ·07 
*6 928 6 943 44·30 15·30 3 3 04 ·29 +0·41 

6 937 6 963 o8·03 29·73 3 05·99 .-1 ·29 
6 983 7 029 40·61 17·90 4 6 05 ·13 -0·43 

*6 996 7 001 57·08 44·54 2 05·27 -0·57 
*6 996 7 008 57 ·08 57·56 2 04 "75 -0·05 

7 o6r 7 IOI 44 "70 47·23 ·5 6 04 "75 -0·05 
7 122 7 185 00·34 30·60 5 6 04·96 -0·26 
7'204 7 233 29·00 35·00 5 6 04·61 +0·09 
7 i6o 7 313 00·03 42~57 5 6 o3·6o +r ·10 
7 401 7 437 22·8o 26 ·15 3 05 ·14 -0·44 

Indiscriminate mean'= 39° 31' 0411·68. 
Weighted mean =39 31 04 70 ± cf1 ·07. 

e= ±u'1 ·42. 
175 observations, 44 pairs. 

[Reduction to geodetic station o"·oo.] 



UNITED STATES COAST AND GEODETIC SURVEY. 

IO. NEVADA SERIES-continued. 

· (85) Latit11de at Lake Tal10e Soutlieast, Cal(/i.1r11ia. C. H. Sinclair. Zenith telescope 1\[o. f.. 

August 16-20, 1893. One division of level= 211·172, determined at office January, 1893. One turn of 
micrometer= 76"·172, from circumpolar observations at this station. 

Pairs of stars. 

5 940 
6 005 

6 069 

6 109 
(2 888) 

*6 246 

~6 246 

*6355 

*6 355 

(3 015) 

6 478 

6 563 

6 615 

6 670 

(3 193) 

6 731 

6 834 

6 926 

(3 338) 

(3 370) 
7 022 

7 098 

5 972 
(2 fo.i) 

6 114 

( 2 874) 

(2 Sg8)" 

(2 949) 

(2 950) 

(2 996) 

6 391,11 

(3 018) 

6 471 

6 597 
6 662 

6 702 

6 715 

6 784 
6 868 

(3 331) 

6 976 

7 008 

7 o61 

7 149 

Adopted seconds of 
mean N. P. D. 

II 

26·55 

31 ·63 

47 •66 

37·So 
18•6g 

57·35 

57 ·35 

56·74 

56·74 

Si ·59. 
32 ·65 

07 ·60 

22·02 

04 ·18 

43·33 
31 '40 

59·01 

5.) ·94 

34·52 

44 "70 
o8·5S 

56·24 

II 

48·88 

11 "72 

24·o6 

43·58 

50·38 

07·43 
52 ·18 

25·91 

57 ·19 

13·85 

17·90 

32·58 

29·62 

10·04 

24·35 
16·40 

33·06 

09 ·r6 

34·66 

03·36 

39·33 

55 ·13 

11' 

4 

5 
5 

5 

5 

5 

5 

5 

5 

5 
5 

5 
5 

5 

4 

5 
5 

5 

5 

5 
5 

5 

12 

13 

13 

!3 
13 

9 

9 

9 

9 
6 

13 

13 

13 

13 
12 

13 

13 

13 

.13 

IJ 

13 

13 

Indiscriminate mean= 38° 57' 1911·78. 

Latitucle. 

O I II 

38 57 19"88 
20 "71 

19"92 

19"31 

19·35 
19·82 

19 "77 
_19 ·46 

19 76 
20·76 

20·07 

19·41 

19·97 

19·97 
19·So 

19 "IO 

19·38 

19·78 

19 ·61 

19·44 
20"20 

19·59 

Weighted mean = 38 57 19 ·76 ± o'1 ·o6. 
e = ± o''·35. 

1oS observations, 22 pairs. 
[Reduction to geodetic station o''·oo.] 

II 

-0·12 

-0·95 
-0·16 

+0·45 

+0·41 
-0·06 

-0·01 

+0·30 
o·oo 

-1 ·oo 

-0·31 

+0·35 
-0·21 

-0·21 

-0·04 

+0·66 

+0·38 
-0·02 

+0·15 

+0·32 

-0·44 

+0·17 



TRANSCONTINENTAL TRIANGULATION-PART IV-LATITUDES. 709 

IO. NEVADA SERIES---continued .. 

(86) Latitude at Jllo1mt Co1111ess, Califor11ia. F. Morse, J. J. Gilbert, and I. Winston. Zenith 
telescope No. 1. August 13 to September 5, 1890. One division of level= 0"·92, determined at San 
Francisco, 1891. One turn of micrometer= 4711·52, from circumpolar obser\'ations at this station. 

Pairs of stars. Adopted seconds of n' w Latit11de. v mean N. P. D. 

II II 0 I II II 

6 300 6 350 23·So or ·42 6 9 37 57 57 ·14 -070 

6 355 6 392 06·26 34 76 4 7 55 ·17 +1 ·27 

(3 ors) 6 438 08 74 25·51 6 9 56 "J l +0·33 

6 475 6 553 54·81 16 ·93 7 9 56·21 +0·23 

6 625 (3 149) 23·52 36·37 7 9 55·89 +0·55 

6 674 6·697 26·91 16 ·15 7 9 56 ·07 +0·37 

6 745 . 6 784 09·22 41 '02 5 s 56·30 +0·14 

6 836 . 6 833 44·34 03·26 s 10 56·20 +0·24 

6 867 6 868 51 77 01 ·96 7 9 56·47 -0·03 

6 901 6 976 25·94 07·40 7 9 56·55 -O'II 

6 990 7 o6r 32·22 14·44 6 9 57 ·19 •-0 75 

7 126 7 182 14 ·57 I7 '74 9 IO 56·oS +0·36 

7 194 7 233 54·o6 37·84 9 IO 56 ·27 +0·17 

7 320 *7 385 38·22 26·38 9 7 57 ·39 -0·95 

7 336 *1 385 28·82 26·38 9 7 57 ·q --o ·70 

7 428 (3 594) 40·32 44·30 3· IO 56·44 o·oo 

7 56o 7 571. 44'49 37·65 8 IO 56·39 +0·05 

7 63I (3 660) 12·95 57 '14 8 IO 56·56 --O'I2 

7 700,u 7 796 29·33 . 56·21 8 IO 56 "II +0·33 

(3 766) 7 855 57 ·18 58·92 8 IO 56·07 +0·37 

7 88o (3 So2) .05 ·94 48·48 7 ·9 56'6I -0·17 

7 958 (3 854) 45 ·17 oS 72 8 IO 56·93 --0·49 

s 032 8 059 50·05 12 70 7 9 56 ·16 -t-0·28 

8 I07 8 I3I 47 ·19 42·43 8 IO 56·24 +0·20 

8 188 8 227 26·85 32·::8 7 9 56·36 +o·oS 

8 296 8 322 26 76 23·64 7 9 55 77 +0·67 

4 (19) 01 "02 35 78 8 IO 56·38 +o·o6 

(34) I20 57·05 32 75 8 IO 56'4I +0·03 

I64 197 oS·48 18·So 8 IO 56"84 -0·40 

218 247 o:; ·53 30 '12 6 9 57·30 -0·86 

(I65) 365 13 ·53 56·32 s IO 56·87 -0·43 

Indiscriminate mean =.37° 57' 5611 ·44. 
Weighted mean =37 57 56 . 44 ± o''"o6. 

e=±o''·51. 
228 observations, 31 pairs. 

[Reduction to geodetic station+ 311·34.] 



710 UNITED STATES COA~T AND GEODETIC SURVEY. 

. IO. NEVADA SERIES-continued . 

(87) Latit1edi cit Ro1md Top, Ci.ilifor11ia. B. A. Colonna. Zenith telescope No. r. August 23-
29, 1879. One division of level= 011·94. One lum of micrometer= 47"·521, from circumpolar observa-
tions at this" station. 

Pairs of stars. Adopted. seconds of 
II ';(/ Latitude. ('..' mean N. P. D. 

II II 0 I II II 

5 93l 5 975 q.·04 36 ·17 6 6 . 38 39 47 ·49 -o·6o 

5 996 (2 797) 50·62 52 ·28 5 6 47 ·50 -0 ·61 

(2 812) 6 079 35·85 28 ·57 6 4 46·o8 +0·81 

6 129 6 150 26·97 I l '4 r 6 6 46·32 +0·57 

*6 193 *6 193 33'¢ 33·96 -6 4 45 ·78 +1·11 

(2 926) 6 316 44 ·rs 4r ·15 6 6 46 ·24 . +0·65 

*6 355 "6 355 4l '20 41 '20 6 4 46·07 +0·82 

6 397 6 463 07·39 33 ·ro 6 6 47 ·03 -o·q 

6 496 (3 078)_ 42·32 52 ·c6 5 6 47·27 -0·38 

6 615 6 662 51 70 05·99 6 6 46·63 +0·26 

6 69o 6 734 36 '75 J0'59 6 6 46·89 o·oo 

6 7il 6 817 r3·85 26·95 5 6 47 ·56 -0·67 

(3 267) (3 294) 02·57 37·47 6 6 47 ·oS -0·19 

6 879 6 895 47 "9''3 53·40 6 6 47·58 -0·69 

6 928 6 979 29·32 03·21 6 6 47 "J2 -0·23 

*7 001 *7 001 26·58 26·58 6 4 48·06 -1 '17 

7 o86 (J 445) 14 ·78 30·12 6 6 46·98 -0·09 

7 174 7 213 57·01 12 '2(l 6 6 46·08 +0·81 

7 256 i 294 06·89 26·87 5 6 46·86 +0·03 

7. ;,36 7 398 41 •6o 43·o6 6 6 47 ·38 -0·49 

7 474 7 555 26·92 40·28 6 6 46·78 +0·11 

7 595 7 6o6 14 ' 23 35·02 6 6 46·31 +0·58 

7 686 7 689 45 ·56 56·00 6 6 46·88 +o·or 

7 721 (3 719) 05·82 32·89 6 6 46·82 +0·07 

Indiscriminate mean= 38° .>9' 4611·87. 
\Veighted mean =JS 39 46 ·89 ± o"·o8. 

C= ±011 ·51. 
140 observations, 24 pairs. 

(Reduction to geodetic station+ o"·or.] 
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IO. NEVADA SERIES-continued. 

(88) Latitude at 11101111/ Lola, Calzfor11fa. B. A. Colonna. Zenith telescope No. I. July 3-9, 
1879. One division of level= o'1·94, determined .at the station. One turn of micrometer= 4711·486, 
from latitude observations at this station. 

Pairs of stars. Adopted seconds of 
II 'ii.I Latitude. t' mean N. P. D. 

/I II 0 I/ II 

4 847 4 874 44 ·12 18 '74 2 5 39 25 57·38 +0·62 

4 930 955 14·63 C'6 ·65 Q 4 58·13 -0·13 

5 026 5 076 52 ·16 08·77 6 9. 58·69 -0·69 

5 131 5 177 53·67 10 78 7 IO 57·55 -t-O '45 

5 249 5 284 34 ·20 32 ·63 7 JO 57·64 +0·36 

5 319 5 388 50 '20 49 '79 6 9. 57 ·98 +0·02 

5 440 5 461 58·6o 18 ·82 6 9 57 ·81 +0·19 

5 497 5 534 58·86 34·41 4 i 58 ·79 -079 

5 568 5 604 27·44 37 ·50 6 9 58·35 --o ·35 

5 647 5 740 34·04 49·04· 6 9 58 '77 --o ·77 

(2 7J7) 5 874 49·95 21.·oo 7 10 56·93 -j-1 ·07 

5 goo 5 918 53·81 47 ·86 6 9 57·96 +0·04 
6 02r 6 052 27·41 23 ·oo 7 JO 57·89 +0·11 

(2 883) 6 203 36·80 52 ·06 6 9 58·03 -0·03 

6 237 6 255 s1 ·s8 J9'91 7 IO 5t\ ·21 -0·21 

6 300 6 368 47·45 58 ·12 5 s 58·60 ·-o·6o 

6 392 6 404 13 ·92 14·33 7 IO 58 '75 -075 

6 497 6 520 22·42 10 '10 7 JO 57 ·39 +o'6J 

6 574 6 6o1 53·93 12·12 6 9 57·87 +0·13 

6 635 6 657 55·09 17 ·37 7 IO 58·00 o·oo 

6 690 6 723 36 '75 21 '14 7 JO 57·62 +0·38 

6 754 6 784 41 ·06 Jo·S7 6 9 57 "66 +0·34 
6 852 6 858 40·35 07 •68 7 io 57·88 +0·12 

6 913 6 952 25·50 lT '75 7 JO 58 ·51 -0·51 

6 983 7 029 25 ·16 59 'JO i IO 57 ·87 +0·13 

Indiscriminate mean= 39° 25' 5S''"oJ. 
\.Veighted mean =39 25 58· 00 ±011 ·07. 

e= ±o'1 ·54. 
J 55 observations, 25 pairs. 
· [Reduction to geodetic statio11 - o'1·22.] 
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IO. NEVADA SERIES--continued. 

(89) Latitude 11/ Jliodio, Cal(fornia. P. A. Welker. Meridian telescope No. 16. September 
18-26. 1887. One division of level= 211·58, determined in 1882. One turn of micrometer= 67"·3171 

from circumpolar observations at this station. 

Pairs of stars. Adopted seconds of .,,., 
"itJ, Latitude. v mean N. P. D. 

,, ,, 0 I ,, ,, 
7 493 7 547 07·24 03·93 7 17 37 28 36·97 -0·03 

7 567 7 582 04·91 17"46 7 17 36 ·31 +0·63 

7 641 7 658 36 ·16 44·96 7 17 36·69 +0·25 

*7 664 7 699 16·41 47 ·95 7 I']. 36·91 +0·03 
* 7 664 7 707 16·41 56 ·10 7 17 37 ·16 -0·22 

7 721 *7 770 46·21 23·25 i 17 36·72 +0·22 

7 731 -~ 7 770 33-81 23·25 7 17 36·84 +0·10 

7 798 7 845 18·67 17·09 7 17 37·42 -0·48 

7 893 (3 799) 44 ·57 28·65 6 16 36·90 +0·04 

7 967 7 971 37 ·98 56·60 i J7 36·69 +0·25 

s 039 8 051 59·55 03·05 i 17 36·56 +0·38 
8 1o6 8 127 41 ·20 07 "74 7 17 36·39 +0·55 
s 141 8 2.1i7 24·26 30·39 i 17 37·48 -0·54 

8 299 8 3!0 26·33 45·87 i 17 36·44 +0·50 
(4 028) (4 038) I4 •68 07·78 i 17 36•66 +0·28 

(4 052) 7 31 ·oo 25 ·03 7 17 36·~0 +0·24 
26 46 41 ·04 41 ·14 7 17 36·88 +o·o6 

!02 (66) 47·6o 49 "12 7 17 37·27 -o·33 
126 142 31 ·36 01 ·23 i 17 37 ·36 -0·42 

164 189 07·23 37 ·81 7 17 37·17 -0·23 

213 228 33·49 04 "71 7 17 37·61 -0·67 

267 330 08 ·14 39 "77 7· 17 37 ·37 -0·43 

395 487 48·80 40 78 7 17 36 "75 +0·19 

499 518 55·71 04·53 7 17 37·26 -0·32 

558 577 45·31 41 ·09 7 17 36·77 +0·17 
628 691 47·00 00 "]I 7 17 37 ·40 -0·46 

7o6 7!0 31 ·41 46·33 7 17 36 "73 +0·21 

Indiscriminate mean= 37° 28' 36"·94. 
Weighted mean =37 28 36 ·94 ± 0"·05. 

t'= ±o'1 ·44. 
188 observations, 27 pairs. 

[Reduction to geodetic station 0 11 ·00.] 
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IO. NEVADA SERIES--continued. 

(90) Latitude at 1Jft11:1•sz•il/c, Califor11ia. C. H. Sinclair. l\1~ridian telescope No. 1. May 28 
to June 2, 18<)8. One divisiou of level = 1N:90r, determined at office April, 1893._ One turn of 
micrometer= 66·029, from the latitude observations at this station. 

Pairs of stars. Adopted s~conds of 
mean N. P. D. n' 'ill Latitude. " 

II II 0 I I/ II 

4 235 tr 979) 18·22 14 ·SS 5 12 39 08 12 ·71 -0·23 

4 271 4 302 oS ·35 10·27 5 rS 12·92 -0·44 

4 328 * 4 335 or ·74 12 ·03 5 15 12·24 +0·24 

*4 335 4 387 12·03 58·04 5 14 12 ·18 +0·30 

* 4 433 * 4 479 25 ·55 oo·.:p 4 7 12'72 -0·24 

*4 433 *4 536 25 ·55 42·60 4 8 12 ·45 +0·0,3 

* 4 467 * 4 479 50 78 00 ·41 4 6 12 ·31 +o ·17 

* 4 467 * 4 536 50·78 42·6o 4 6 r2·04 +0·44 

4 552 4 5g6 10·95 59·86 _, II 12 ·34 +0·14 

4 615 (2 155) 46·34 07·76 3 12 12'22 +0·26 

4 6g6 4 751 12 ·05 30·64 5 17 13·07 ~0·59 

4 758 4 812 15 '02 44 ·29 4 13 12'22 +0·26 

(2 255.) (2 265) 09 ·19 13 '70 5 13 12·36 +0·12 

4 870 4 906 33·3~ 34·43 5 I4 12·38 +o·ro 

Indiscriminate mean= 39° 08' 1211·44. 
·weighted mean =39 o8 12 ·48±011·06. 

t'= ±o'1·44. 
61 observations, 14 pairs. 

[Reduction to court-house+ 1011 ·05.] 
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IO. NEVADA SERIES-continued. 

(91) Latit11d.· at ll/011111 Ha111ilto11,t California. C. H. Sinclair. Meridian telescope No. 2. 

November 21-28, 1888. One division of level= o'1 ·91, determiner! at office March-April, 188S. One 
turn of micrometer= 6511 ·856, a meap of several determinations. 

Pairs of stars, Adopted seconds of 
mean N. P. D. 11' Latitude. 

8 224 
*8 256 
(4 057) 

(43) 
121 
285 

*349 
*349 
453 

*561 
*561 

628 

707 

744 
*(381) 
*(381) 

967 
I 040 

I '-'71 

I 139 
J 203 

*1 293 
*I 293 

363 
I 445 
*(772) 
I 549 · 

*8 25~ 
8 261 

36 
100· 

170 
3r8 
404 
432 
515 
588 
610 

691 
pi 
760 
871 
888 

(489) i 
I 129 I 

J (537) 1. 
l (538i,11J 

I 175 
I :qr 
l ,"\16 
I 3:;q 
1· 425 
*(n2J 
I 540 
[503] 

I/ 

55·27 
31 76 
29 ·11 
17 ·07 
46·04 
50·14 
18·24 
18 ·24 
54·53 
41 ·::;4 
41 ·.s4 
29·40 
02·47 
o6 77 

42 ·13 
03·67 
44·48 

32 ·19 

34 ·19 
26 ·12 
13 ·68 
13·68 
25 ·09 
57 74 
29·42 
Cl(! ·q 

II 

31 76 
05·90 
03·94 
31 ·17 
34·01 
17·66 
.30"20 

18 77 
50·48 
2j"20 

23·30 
43·80 
03·07 
32·57 
34·1;6 
09·:;9 
39·23 
17·30 

39·35 

. 09·82 
,)6 ·62 

42 ·59 
52 ·04 
41 ·oo 
29·42 

.)6 ·49 
37·57 

2 

2 

2 

3 

4 
3 
4 
4 
5 
4 

3 

4 
4 
4 
4 
4 
2 

2 

3 

o·6 
o·6 
0·9 
0·5 
0·9 
0·5 
0·4 
0·4 
0·5 
o·8 
0·4 
I ·.) 

I ·5 
I ·3 
1 ·o 
I ·o 

I 7 
I ·5 

I ·3 

I ·5 
I ·5 
I ·o 
I "O 

I '5 
o·6 
o·6 
I ·3 

Indiscriminate mean = 37° 20' 2911
• r r. 

0 II 

37 20 28 72 
28·36 
28·69 
30·.w 
:..7 ·64 
27·34 
25·99 
26 ·44 
30·91 
30·51 
30·90 
30·41 
28·38 
29·10 
31 ·~r 
30·93 
29 "I.:! 

28·30 

3o·oS 

29·14 
28 79 
29 ·10 
29 ·;;2 
27 •66 

32 "J7 
28·44 
27·So 

\Veighterlmean =37 ::?o 29·10±011·17. 
C= ± 1 11·27. 

74 observations, 27 pairs. 

v 

II 

+0·38 
+074 
+0·41 
-r ·24 
+1 ·46 
+1 76 
+3 "I[ 
+2 •66 
-1 ·81 
-I ·41 
-I ·So 
- I "31 
+072 

o·oo 
-2 ·11 

-1·83 
-0·02 
+0·80 

-0·98 

-0·04 
+·;·31 

o·oo 
-0·22 

+1 ·44 
-3 ·27 
+0·66 
+1 ·30 

tThe United States Co.~•t and Geodetic Sun·ey latitude station on the mount is 3"·51 north and 16"·36 east of the 
~rransit Hou~e (or tnc-ridian I of the Lick Ohservatary. The instnunent wn~ fouml to he in a "e1·y clefecth-e co11ditio11. 
and it is hoper! the latitude will he reobsen·ed. 

Addition lo foot note, July 161 I9<-l0: Volumt: IV of the p1 1blications of the Lick Obc;.en·atory (Sacran1e11to, Cal., 1900) 
came to hand as this paper was passing through the pre!o'S. R.H. Tucker, astri:mo1ner at the. obs~ivatory. gh·es the 
following results for latitnde of the Meridian Circle made during the years 1»<}3-94-95-<)6: 

Fro111 _,6 ~;tars Rl U. C. 37° 20' :!.511 ·49 
l'rom 41 •tars ::it L. C. ·49 
From 32 stars at both culminations ·52 
Frmn 86 equatorial stars ·65 
From 22 zenithal stars ·77 

The resulting normal latitude"'"' as corrected for \•ariations of pole (answering to the epoch 1895-<)7) and derived 
fl"om ahout 1 ooo ohserva.tion~of ii cuhninationsof 45 circumpolar stars and fron1 about r 400 observations of 86 equatorial 
stars is gh•en as 37° 20' 25' 1 ·57 ± 0"·02 ( p. 30: ). 

To compare this result with that ohtamed by the Coast and Geodetic Sur,·ey we have the geodetically determined 
difference of latitude between the Survey station and the Lick Transit House or of the Meridian Circle, derived from 
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IO. NEVADA SERIES-continued. 

(92) Latitude at J"olo Bas.~ So11tl1casl, Catijor11ia. J. J. Gilhert. Zenith telescope No. r. . July 
24-30, 1SSo. One division of level = 011 ·94, determined at Mount Lola. California, July, 1879. One 
tur;1 of micrometer= 4711·416, from circumpolar observations at this station. 

Pairs of stars: Adoptecl seconds of 
11' 'it.' Latitude. (! 

mean N. P. D. 

/I /I 0 I /I II 

5 834 *5· s74 17·47 24 ·35 6 5 38 31 34 "2[ +o ·37 

*5 874 5 895 24·35 26 "jO 7 5 33·95 +0·63 

5 9n 5 93 1 19 ·52 16·49 ; 7 3.• ·s5 1-o ·73_ 

5 962 5 990 23·So 45 ·16 ·i 7 34 ·19 +0·39 

5 996 (2 797) 52 ·6,; 54·08 i 7 34 78 -0 ·20 

6 033 6 091 10 ·,38 47·40 7 i .w 76 -0·18 

6 129 6 150 26·98 II "18 7 i ,;4 •66 -o·os 

{2 898) 6 235 58·95 19·48 i 7 -~5 ":?J -0·64 

t2 646 6 427 35·30 II "43 i 7 .>5 ·Sr -I ":!J 

6 463 (3 04S) 28 ·92 37 ·66 i i .35 ·42 --0·84 

6 542 6 623 03 ·55 o8·94 i i 34T~ -0·14 

6 640 6 654 52 "75 08·23 i i 34 ·17 +0·41 

*6 71 I *6 71 l 55·51 55·51 i 4 34·43 +0·15 

6 745 6 777 .;o·ro 43 ·90 i "i 35 "70 -I "12 

6 817 6 875 18 ·oS 08·23 i 7 34·02 +0·56 

.6 928 6 979· 18 76 52 ·os 7 34·85 -0"2j 

(3 393) 7 064 50 77 23 ·24 7 7 35 "I I -0·53 

7 086 (3 445) 02·So 17 ·62 i 'i 34·35 -{-o ·23 

7 200 7 220 26·40 37·33 i i 34·51 +o ·07 

7 246 7 278 05·;6 54·5$ 7 7 33·90 +o·6S 

7 .)20 7 ,'\98 59 "(l(J 27·97 7 7 34 '2j +o·.:;1 

7 465 7 501 59·65 40·40 7 i 33·S3 +075 

i 520 7 582 q·6o II ·84 7 7 ,;.:i.·48 +0·10 

7 6IJ 7 664 16 "74 16 ·oS i 7 34·66 -o·oS 

7 686 7 689 28·44 38 ·56 i 7 ,'.4"19 +0·39 

7 733 7 782 40·66 41 ·SS 7 7 34·65 -0·07 

Indiscriminate mean= 38° 31' 34"·56. 
·weighted mean =38 31 34 ·58±0"·07. 

c=±cJ''·3t. 
181 ohservatioi1s, 26 pairs. 

[Reduction to geodetic station - 011·45.] 

n1easures by Assistant R. A. Marr in 1SSS. dz: 311 ·51, the l,ick Obsen·atory reference point heing ~11th i"'Jf the Sm·\·ev 
station. Hence we have- · · . 

'P Coast and Geodetic Sun·ey station, 1SSS 37° 20' 29"·10 ± 0''·17 
San1e whe11 corrected for variations of pole 29 ·o6 
C,.rp - 3 ·51 
rp. Lick Observatory Meridian Circle 37 20 25 ·55 

showing a very close agreement, nohvithstanding that the two stations are about 400 metn:s apart. with a surface 
depre.-.ion het"·eeu them aud a possible differential deflectiou. 

In the aho'-e results the reduction to sea level (-0"·21) is not included. C. A. s. 
tGroombridge. 



UNITED STATES COAST AND GEODETIC SURVEY. 

IO. NEVADA SERIES-completed. 

(93) Lalil11dt· at rolo Bas~· Nortl1west, California. E. F. Dickins. Zenith telescope No. 1. 

August 28 to September 3, 188o. One division of level= 0"·94, from obsen•ations at Mount Lola July, 
1879. One turn of micrometer= 4711·424, from circumpolar observations at this station. 

Pairs of stars. 

*6 193 
(2 926) 

*6 355 
G2 646 

6 463 
6 496 
6 542 

6 644 
6 745 

(3 267) 
6 879 

6 928 

7 o84 
7 174 
7 256 

7 313 
(3 565) 

7 548 

7 595 
7 686 

7 pr 

*6 ·193 

6 316 

*6 355 

6 427 
(3 048) 

(3 078) 

6 551 

6 662 

6 777 

(3 294) 
6 S9s 

6 979 
7 lJ4 

7 213 

7 294 

7 336 
7 503 
7 568 
7 606 

7 689 
*(3 719) 

7·731 *(3 719) 
i 798 7 855 

7 88o 7 9cn 

(2 058] T 958 

(3 843) s 023 
8 os~ s 107 

Adopted seconds of 
mean N. P. D. 

II 

.33 ·15 
42·68 

38·05 

36·88 

28·92 

. 37 ·65 

03·55 

40·43 
30 'IO 

53·43 

38·23 

18 76 

03·95 

44 ·29 

53·38 

49·33 

47 ·58 

40·76 

57·67 

28·44 

48·35 

36·49 

24·75 
10·90 

oS·So 
19"06 
44.·51 

II 

3:; ·rs 
38·96 

38·05 

JI ·33 

37 •66 

47·o6 

I4 ·40 

59·10 

4:; ·go 

27·86 

4., ·54 

52 ·oS 
53·24 

59 ·12 

13 ·09 

24·07 

r7·79 
57 "IO 

18·45 

3:;·56 

15 ·.~o 
15 ·30 

03 '00 

26·40 

54 ·33 
07·6o 
00·26 

11' 

4 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

'i 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 
7 

7 

'ill 

4 
8 

4 
8 

8 

8 

8 

8 

8 

s 
8 

s 
s 
s 
8 

s 
s 
s 
5 

5 
8 

8 

8. 
8 

8 

Indiscriminate mean= 38° 4o' 3711·26. 

Latitude. 

0 / .11· 

38 40 36 ·56 

37 ·37 
37·62 

38·o6 

37·43 
37 ·20 

36·27 

37·33 
37·91 

37 ·07 

37 ·95 

3.? ·44 
37·84 

37·03 
37 ·78 

37 '99 

37·35 
36·37 

3i ·18 

37 ·34 
36·66 

36·43 

36·90 
37·66 
37·17 

36·55 

37·65 

Weighted mean = 38 40 37 ·29 ± o'1 ·07. 
e= ±d1 ·43. 

I 86 observations, 27 pairs. 
[Reduction to geodetic station - 0 11·r3.] 

II 

+073 
-0·08 

-0·33 

-0·77 

-0·14 

+0·09 
+1 ·02 

-0·04 

-0·62 

+0·22 

-0·66 

-0·15 

-0·55 

+0·26 

-0·49 
-0·70 

-o·o6 

+0·92 

+0·11 

-0·05 

+0·63 

+0·86 

+0·39 

-0·37 

+0·12 

+074 
-0·36 
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I I. WESTERN OR COAST RANGE SERIES. 

(94) Latitude at Jl{o1111t Diablo, Cal{lornia. W. ·Eimbeck. Zenith telescope No. J. July 27 
to August 6, 1876. One division of level = o'1 ·933, determined at San Francisco March, 1877. One 
h1rn of micrometer= 4511·820, from circumpolar observations at this station. 

Pairs of stars. 

5 795 

5 853 

5 999 
6 oS7 

(2 874) 

6 223 

6 289 

6 322 

6 365 

(3 048) 
6 528 
6 6o2 

6 637 

6 674 

6 741 

6 824 

6 901 

6 944 

7 022 

(1 Sr9] 

7 173 
7 262 

5 828 
5 922 

6 052 

6 109 

6 162 

6 246 

(2 963) 

6 350 

6 392 

6 496 

6 555 

6 623 

6 659 

6 697 

6 762 

6 866 

6 924 

6 985 
7 073 

7 143 

7 220 

7 275 

Adopted seconds of 
mean N. P. D. · 

II 

59 ' 13 

30·43 

19'55 

57. ·67 

45·73 

15 ·33 

14·64 

27·34 

49'74 

55·33 
10·05 

47 ·34 
28·07 

05·64 

07·49 

33·32 

47·58 
25·40 

21 ·74 

43·65 

oS·92 

28·39 

I! 

47·89 

4o·~h 

19'97 

31 •66 

0971 
21 ·36 

22'2! 

38·35 

24·53 

56·32 

30·57 

34·86 

13·36 

or ·47 

36·15 

00'01 

00'1( 

54·34 

29·66 

04 '75 
32·86 

09·95 

11' 

5 

5 

5 
6 

6 

6 

6 

5 

5 

4 

5 
6 

6 

5 

5 
6 

6 

6 

6 

5 

5 
6 

II 

II 

l~ 

.re 
Ji 

9 

II 

lJ 

Io 

II 

II 

II 

ll 

II 

ll 

II 

II. 

ll 

II 

II 

ll 

Indiscriminate mean = 37° 52' 49'''63. 

Latitude. 

0 I /I 

37 52 50·03 

49·46 

49 ·52 

48·99 

50·50 
50·10 

49·05 

50·52 

49·47 

49·02 

49 ·27 

49'.'9 
. 49·38 

49·26 

49·83 
50·18 

49·¢ 
49·46 

49·87 
49·28 

49 ·13 

49·39 

Weighted mean = 37 52 49 ·63 ± o"·o6. 
e = ±011:37. 

120 observations, 22 pairl!. 
[Reduction to geodetic station +011·03.] 

II 

-0·40 

+o ·17 

·+0·1r 

-1-o ·64 
-·0·87 

-0 ·47 

+0·58 

-0·89 

+0·16 

-0·29 

+o ·36 

+0·24 

+0·25 

+0·37 

-c·20 

-0·55 

·-0·33 

+0·17 

-0·24 

+0·35 

+0·50 

+0·24 



718 UNITED STATES COAST AND . GEODETIC StTRVEY; 

I I. WESTERN OR COAST RANGE SERIES-continued. 

(95) Latit11d,· at Vaca, California. J. S. Lawson. Zenith telescope Nq. ·I. November 4-11, 
18So. One div:sion of level= 011 ·942, determined at Mount Lola, July, 1879. One turn of microm-
eter = 4711·456, from circumpolar observations at this station. 

Pairs of stars. Adopted seconds of 
mean N.P.D. 

.,,, 
~[I Latitude. 11 

II II 0 I II II 

7 664 7 7co0 16·o.S 23·30 7 9 38 22 23·6o :....0·17 

7 733 7 i54 40·50 25 ·30 7 9 23 ·67 -0·24 

7 778 7 So7 16 "IO 27·So 7 9 23 ·96 -0·53 

7 823 7 896 05·50 46·66 6 9 22·96 +0·47 

7. 902 7 912 21 ·04 35 "II 7 9 23 73 -0·30 

7 937 7 953 56·40 59·64 i 8 23 75 -0·32 

7 967 8 003 50·16 43 ·20 7 9 23 76 --0 ·33 

8 032 8 036 04·54 00·14 i 9 22 76 +0·67 

s 071 8 124 40·6o 41 ·56 i 9 23·99 -0·56 

8 147 8 158 55 •68 23 ·27 7 9 23 "II +0·32 

8 177 8 217 48 ·19 . 15 ·91 7 9 23 77 -0·34 

8 282 8 299 12 ·65 46·46 7 9 23·41 +0·02 

8 316 8 324 58 ·18 32·25 7 9 23 ·42 +0·01 

t6 258 8 354 .;2 "75 51 ·49 6 9 24·25 -0·82 

8 18 18·52 39·So 7 9 23 "68 -0·25 

55 *So 06·49 02 74 7 6 23"39 +0·04 

63 *So 54·56 02 74 7 6 23·33 +o·rn 

100 120 II "01 51 ·6o 7 .9 22·66 +0·77 

138 154 31 ·62 oS 74 6 9 23·68 -0·25 

166 189 45·46 55·52 7 9 23 ·95 -0·52 

223 239 27·60 03 70 7 9 23 ·14 +0·29 

(165) ( 191) 26 ·31 42·29 i 9 23·46 -0·03 

374 393 58 76 12 ·oo 7 9 24·40 -0·97 

413 416 26·So 20 ·21 i 9 23 71 -0·28 

450 476 29·So !0"20 7 9 23 ·19 +0·24 

509 -~538 32:30 20·34 7 6 22·45 +0·98 

515 *538 17·39 20·34 i 6 22·48 +0·95 

*566 579 47·85 41 ·18 7 6 23·22 +0·21 

*566 5So 47 ·85 15·48 .7 6" 22·81 +0·62 

614 648 ::;6·94 20·87 7 9 23 ·18 +0·25 

675 706 36·69 28·85 i 9 23·38 +-0·05 

744 755 18 ·39 32 ·62 7 9 22·72 +071 

lndii'>criminate mean.= 38° 22' 2311 ·41. 
'Veighted mean =38 22 23 ·43 ±o"·o6. 

t'= ±0"·45. 
221 observations, 32 pairs. 

[Reduction to geodetic station+ o'1 ·37.] 
---------- ---

t Nuinber 6 258 of Radcliffe Catalogue of 18.j5. 



TRANSCONTINENTAL TRIANGULATION-PART IV-LATITUDES. 71 9 

I I. WESTERN OR COAST RANGE SERIES-continued. 

(96) Latitude al 11!011-ticdlo, California. J. S. Lawson. Zenith telescope No. I. October 3-13, 
11:i8o. One division of level = o''·942, determined at Mount Lola, July, 1879. One turn of inicrometer 
= 4711 ·396, from circumpolar observations at this station. · 

Pairs of stars. Adopted seconds of 
mean N. P. D. n' ';(.' Latitude.· v 

II II 0 I II II 

(3 415) [r 819] 59·5S 55·25 5 4 38 39 45 ·93 +0·53 

7 .125 7 211 24·90 44 ·18 4 4 45·23 +r ·23 

7 256 7 294 53 ·3S 13 ·09 7 4 47 ·52 --1 ·06 

7 313 7 336 49·33 24·04 6 4 46·81 -0·35 

(3 565) 7 503 47·58 17 79 7 4 46·40 +0·06 

7 548 7 568 40 76 57 "JO 6 4 44 ·79 +1 ·67 

7 595 7 6o6 57·67 18·45 7 -I 46·36 +o·ro 

7 686 7 689 28·44 38"·56 7 4 46 ·:;7 +0·09 

7 721 (3 719) 48·35 15·30 7 4 45·86 +0·60 

7 798 7 855 :q "75 03 "01 6 4 45 '8I +0·65 

7 88o 7 901 10·90 26·40 6 4 46 ·33 +0·13 

[2 058] ·7 958 ol:i ·So 54·33 i 4 46·09 +0·37 

(3 843) s 023 19 ·o6 07·60 i 4 45 "2I -1-1 ·25 

8 052 s I07 44·51 00 ·26 8 4 47·27 -0·~1 

8 153 s 227 27·62 51 ·47 7 4 47 ·08 ·--·0·62 

8 248 8 279 49·50 08·92 6 -I 45·99 ·+0·47 

8 307 s 350 41 ·43 II "40 7 4 47 ·82 -r ·36 

8 372 32 56·76 38·23 7 4 47·48 -I "02 

89 125 2I ·oo 50"I2 i 4 46·67 -0"2[ 

I53 1'j8 49·56 44·99 6" 4 46·96 -0·50 

2I4 244 38·98 39 "20 7 4 45·91 +0;55 

264 314 50·03 08 :75 6 4 46·30 +o·I6 

334 377 ·57 ·83 37·54 7 4 46"·99 -0·53 

4I6 446 
0 

20·30 55·24 i 4 47·35 -0·89 

465 480 43 '07 43·00 "l 4 47 ·17 -071 

501 516 37·63 38·16 i 4 46·I8 +0·28 

*558 sSI 5I ·04 42 ·05 s 3 46·97 -0·51 

*558 593 5I ·04 24·27 s 3 46·85 -0·39 

65I 663 16·40 II '46 3 3 45·55 +0·91 

676 697 56 "I4 33·57 3 3 46·6o -0·14 

728 744 40 "IO I8'38 2 ·' 46·:17 -0·01 

Indiscriminate mean= 38° 39' 4611 ·46 .. 
Weighted mean =38 39 46 · 46 ± o" ·09. 

c = ±0":63. 
195 observations, 3 I pairs. 

[Reduction to geodetic· station - o''·31. 



720 UNITED STATES COAST AND GEODETIC SURVEY. 

I I. WESTERN OR COAST RANGE SERIES-'-tontinued. 

( 97) L1itiltt-de al IVi1s/1i11glo11 Squan', San Fra11cisco, Califoniia. W. Eimbeck. Meridian 
telescope No. 1. July 1, 1873. One division of level= 611 • 42. (This level temporarily used on this 
instrument.) One turn of micrometer= 64"·37. 

Pairs of :;tars. Arlopted seconds of 
11' 'l.C.' Latitude. 'i'.'' mean N. P. D. 

,, II 0 I II II 

4 98o 4 991 27·09 38·54 0·5 37 47 53·72 +3"25 

5 o67 5 I 16 34·40 07·39 0·5 55·96 +r ·01 

5 273 5 313 55·50 16·61 0·5 58·20 -I "23 

5 348 5 392 42·36 13 ·06 0·5 59·33 -2·36 

5 417 5 484 56·87 10·07 0·5 57 ·65 -0·68 

Indiscriminate mean = 3 7° 471 56'' ·97. 
Weighted mean = 37 47 56 ·97 ± d'·66. 
Probable error of a single result from a single pair=± 111 ·48. 
5 observations, 5 pairs. 

[Re<i.uction to geodetic station o"·oo.] 

(98) Latitude at L1(/i1ydk Pt.irk, San Frn11cisco, California. G. Davidson. Zenith telescope 
No. I. January 6 to February 241 1888. One division of level = 0 11 ·912, from observations at this' station. 
One turn of micrometer= 4711·50, from circumpolar observations at this station. 

Pairs of stars. Adopted seconds of 11' 'lt.' J,atiturle. l' mean N. P. D. 
,, II 0 I II II 

569 587 01 ·96 05 •86 s 17 37 47 28·61 -0·53 

632 646 07·78 35 ·6! 8 17 27 73 +0·35 

707 733 02·69 55 ·83· 8 17 28 ·42 -0·34 

761 (381) 46·86 43·o8 s 13 27 ·61 +0·47 
827 872 45·45 06:01 8 17 28·09 -o·or 

948 986 05·8o 51 ·02 8 17 27·96 +0·12 

1 023 I 035 05 "IO 18·49 8 17 28·02 +o·o6 

*I o87 I I II 52·02 50 "59 8 JI 28·27 -0·19 

*r o87 1 133 52·02 34·97 8 II 28·24 -0·16 

I 192 I 214 33·93 48·00 7 16 27·89 +0·19 

I 274 1 318 15 •84 50·35 8 17 27·96 +0·12 

I 362 1 382 48·37 01 '70 8 17 27.'37 +0·71 

I 398 ' I 452 34·90 45·44 .g rs 28·28 -0·20 

*r 496 t9 261 21 ·20 r9·30 2 27·8r +0·27 

*1 496 I 538 21 '20 31 ·34 8 II 27 78 +0·30 

1 554 I 572 oS ·2r 01 ·73 8 17 27·87 +0·2r 

I 625 I ~42 09·98 56·98 s 15 28·56 -0:48 

*r 705 I 726 33 ·85 24 "OS 9 12 27 "?I +0·17 

*1 705 1 734 33·85 25·90 9 I2 2 7'99 +0·09 

I 777 I 852 50·30 4o·oS 9 rs 27·82 +0·26 
' 

I 867 *1 887 40·83 23 ·oo 6 ro 27·45 +0·63 

I 876 *r 887 44·22 23·00 8 II 27 '70 +0·38 

I 928 r· 9s2 13 ·49 39·67 s 17 28·05 +0·0,3 

t Number iu LaI.aniie. 



TRANSCONTINENTAL TRIA~GULATION--:-PAR'I'. IV-LATITUDES. 721 

I I. WESTERN OR COAST RANGE SERIES-continued. 

(98) Latil11d11 al Lafayette Park, San Francisco,. Cal{lonzia, dc.-Completed. 

Pairs of stars. Adopted seconds of .,,, 
'ZU Latitude . v mean N. P. D. 

II II 0 I II II 

I 989 2 020 41 ·49 53 ·14 s 17 37 47 2.S·6o -0·52 

2 090 2 107 04 ·29 58·49 s 17 27 ·or +r 07 

2 143 2 230 55·85 32·40 s 17 2S·or +0·07 

2 249 2 265 45·28 07 ·19 s 9 27 '95 +0·13 

2 300 2 313 32·05 44·31 8 17 2S·68 -o·6o 

2 330 2 376 2S 71 44·S9 ~ 17 28·00 +o·oS 

(I 2So) 2 493 22·09 22·40 s 17 2S ·13 -o·os 

2 55S 2 616 02·S9 07·97 9 IS 28·31 -0·23 

2 650 2 744 02·13 54·31 9 rS 2S·42 -0·34 

2 776 2 S16 31 '22 07 ·40 II rS 28·5S -0·50 

2 842 2 S97 26·S3 21 ·9S 12 r9 2S·21 -0·13 

2 942 2 982 05 ·27 10·77 9 rs 2S ·13 -0·05 

3 033 3 059 33·6g 2S·oo II rs 28·26 -0·18 

3 069 *3 150 25·06 00·34 6 IO 28·47 -0·39 

3 oSS *3 rso 3.2'75 00·34 IO 12 2S·34 -0·26 

Indiscriminate mean = ;p0 47' 2811·07. 
Weighted mean =37 47 28 ·08 ± 011·04. 

<" = ± o''·37. 
310 observations, 38 pairs. 

[Reduction to geodetic station 011 ·00.] 

Slatim1 No. 9S. San Francisco, Laj;1_wtlc Park Oburoa/01y, California. George Davidson, 
observer. May, lS91, to August, 1892. Instruments, zenith telescopes Nos. I and 3. This is one of 
the latitude variation stations; the results are published in detail in Coast and Geodetic Survey Report 
for 1893, part 2, Appendix No. rr, pp. 441-509. The number of individual observations and results for 
latitude at this station is not less than 6 76S. The value <p = 37° 471 2811·33 as given on page 504 
ii:: adopted. 

(99) Latitude at San Fra11cisco, California, Presidio, old station. G. Daviilson and J. Rockwell. 
Zenith telescope No. 3. January 2S to February ro, rS52. One division of level = 111·04. One turn of 
micrometer ~ 4611·63. 

Pairs of stars. Adopted seconds of 
11' 'W Latitude. z1 

mean N. P. D. 

II II 0 I I/ II 

So8 816 52 78 46 'IS .2 s 37 47 35 ·26 +0·72 

904 967 54 76 26·50 s 8 36·36 -0·38 

983 *1 017 13 78 22 ·oS :; s 35·6o -t-0·38. 

993 *1 017 11 '20 22·oS 5 s 35 '21 -t-o·n 
I 034 l o65 23·74 55·32 4 7 36·59 -0·61 

l 040 l 059 37·72 29·2S s s . 36 ·24 -•)"26 

I 092 l 127 48·63 09·63 4 7 35 76 +0·22 
\ *1 l 105 132 32·25 49·S4 5 5 36·56 -0·58 

*r 132 I 139 49·S4 37-'0I 6 6 36·85 -0:87 

18732-No. 4--46 



722 UNITED STATES COAST AND GEODETIC SURVEY. 

I I. WESTERN OR COAST RANGE SERIES-Continued. 

( 99) Latitude 111 Sau Fra11dsco, California, Presidia, old station, de. -Contim1ed. 

Pairs of stairs. 

l 144 

I I92 

I 203 
I 237 
l 305 
I 3I3 
l 362 
l 371 

I 434 
I 445 
l 490 
I 492 

*1 526 
*1 526 

l 554 
l 002 

l 6o9 
I 705 

*1 777 
*1 777 

l 778 
l 82I 

l SS7 
I 9CJO 
I 970 
I 989 
2 005 
2 009 
2 090 

*2 III 

*2 III 

*2 III 

. *2 I43 

*2 I43 
2 26I 

*2 330 
*2 330 
*2 376 

2 451 

2 sor 

l 174 

1214 

l 275 
l 272 

l 349 
r 328 
I 382 
I 425 
I 470 

I 475 
*r 534 
*r 534 

I 546 

I 547 
I 572 
I 663 

I 649 
I 726 
l S52 
l 862 

I So4 
I S49 
I 9.39 

l 942. 
2 024 

*2 020 
*2 020 
*2 020 

2 107 

2 175 
2 1S7 
2 220 

2 199 

2 255 
2 340 

2 369 
*2 376 

2 4S6 
2 527 
2 519 

Adopted seconds of 
mean N. P. D. 

II 

16 ·32 

18'79 

05 ·35 
43 ·ro 
41 ·21 
23 •66 

58 ·32 
30·96 
26 ·56 

19 ·76 
47·00 
07·65 
58·38 
58 ·38 
j:J"67 

46·72 
31 ·S4 
27 "I6 
TS ·12 
IS ·12 

28·oS 
25·20 

5473 
II ·72 

26·46 

24·94 

33 75 
57·68 
56·96 
51 •66 
51 ·66 
51 •66 

27·50 

27·50 
10·8r 

15·56 
IS ·56 
II "62 

10·97 
09·20 

II 

57 ·51 
I9"23 
52·59 
35 ·44 
oo·oS 

02 :So 

or ·51 
16 78 
16 ·91 

36·84 
05 ·87 
05·87 
29 ·1s 

30·00 
o6·87 

29·84 
07·65 
14 ·65 
31 ·64 
I3 ·rs 
.p ·93 
Io·45 

47 ·54 
35·56 
14·92 
21 ·25 

2I "25 
2I "25 

44·37 
49·88 
58·08 
oo·or 

38·03 
I9"82 

02·17 

5872 
II "62 

33·79 
53·33 
35·01 

4 
5 

4 
5 

5 

5 

5 

5 
5 

5 

4 

5 

5 

5 

5 

5 

5 

5 

5 

4 

5 

5 

5 

5 

5 
6 

5 
6 

6 

5 
6 

6 

5 
6 

5 

5 
6 

5 
6 

7 
8 

7 
8 

s 
s 
s 
8 

s 
8 

5 

5 
5 

5 
s 
8 

8 

8 

5 

5 
8 
8 

8 

8 
8 

4 

4 

4 
8 

4 

4 

4 

5 
6 
8 

5 

4 

5 
8 

3 

J_,atitude. 

O I •.II 

37 47 35·46 
35·43 
34":?1 

35 76 

35·90 
35 ·52 

35·63 
35 ·87 
36·q 

36·49 
36 ·02 

35·86 

36 ·57 
36 ·38_ 
,36 •6o 

36·39 
35·44 
35·84 
35·50 

35·33 
35·35 

35·54 
35·54 
35·84 
36 ·55 

36·87 

36·54 
36·07 

35·77 
36·64 

36 ·rr 

36·33 
35·94 
36 ·14 

35·04 
36·32 

35·S1 
35 ·69 
36 "3'1-
35 ·28 

v 

II 

+0·52 

+0·55 

+1 77 
+0·22 

+o·os 
-j-0 ·46 

+0·35 
+0·11 
-o ·r6 

-0·51 
-0·04 

+0·12 

-0·59 
-0·40 

-()"6~ 

-0·4r 

+0·54 
+o·q 
+0·48 
+0·65 

+?·63 
+0·44 
+0·44 
+0·14 

-0·57 
-0·89 
~·56 

-0·09 
+0·2r 
--0·66 

-0·13 
-0·35 

+0·04 
-0·16 

+0·94 
-0·34 

+,o ·17 
+0·29 

-0·36 

+070 



TRANSCONTINENTAL TRIANGULATION-PART IV-LATITUDES. 723 

I I. WESTERN OR COAST RANGE SERIES--continuecl. 

(99) Latitude ut Sa11 I'm11cisco, California, Prcsidi<>, old statio11, e/c.-Completed. 

Pairs of stairs. Adopted seconrls of 
11' iCI Latitude. •' mean N. P. D. 

II II 0 I II II 

2 532 2 551 . 17 ·94 06·40 5 s 37 47 35·19 +079 

2 558 2 616 00·02 44·98 5 8 36 "12 -o·q 

2 648 2 720 30·62 56·39 5 8 35·82 +0·16 

2 664 2 704 26•So 27·10 6 s 36 ·~3 -0·45 

2 731 *:! 776 10·50 04 ·14 4 5 36·83 -o·S5 

*2 776 2 816 04 ·r4 II ·54 5 5 35·88 +o·ro 

2 732 2 799 35·43 47·30 5 s 36•64 -0·66 

2 867 *2 884 !0"52 39 "II 5 5 36·23 -0·25 

*2 884 2 958 39 ·11. 09·74 5 5 35·91 +0·07 

2 876 2 897. 25 ·54 01 ·43 5 8 36·28 -0·30 

2 942 2 982 31 ·54 20·87 5 8 35·92 +o·o6 

2 989 3 016 35·84 49·30 5 8 -~6 ·30 -0·32 

2 999 3 059 3o·o8 05 ·29 5 8 36·¢ -0·98 

3 135 3 171 56 "62 12·56 5 8 35·57 +0·41 

3 169 3 246 07·94 56·40 5 s 35·41 +0·57 

3 221 3 250 42 73 51 ·16 5 8 35·8o +0·18 

3 255 3 34r 43·32 32 ·39 5 8 36·95 -0·97 

3 292 3 358 14·82 50·27. 5 8 36·33 -0·35 

3 390 3 453 49 ·13 03·82 5 8 36·47 -0·49 

Indiscriminate mean= 37° 471 3511·99. 
Weighted mean =37 47 35 ·98 ± 0"·04. 

e =±011·47. 
·336 observations, 68 pairs. 

rRerluction to geodetic station - o'1 ·24. J 



_724 UNITED STATES COAST AND GEODETIC SURVEY. 

I I. WESTERN OR COAST RANGE SERIES-continued. 

( 100) Latitude at Sa11 .Francisco, Prr:sidio 11cw statio11, G1hfor11ia. 0. B. French. Zenith tele-
J I/ SoS ' 

scope No. 3. November 5-13, 1896. One division of level = l ~ :
855 

~~$!;}•"determined at this sta-

tion. One turn of micrometer = 4711·636, from circumpolar obsen•ations at this station. 

Pairs of stars. Adopted seconds of n' ((' Latitude. r• mean N. P. D. 

II " 0 " II 

991 998 51 ·36 00·38 6 I4 37 47 48·37 -0·15 

l 045 *1 o65 48 'IO 28·81 5 9 49 ·18. -0·96 

l 053 *1 065 56 '74 28·81 6 IO 4S·S2 -o·6o 

I 087 l III rr ·63 14·33 6 I4 48·61 -0·39 
l r3S (586) · 29 'SI 30·21 6 I4 48·00 +0·22 

(600) I 203 05 ·25 58·92 6 I4 47 ·89 +0·33 
I 262 I 287 50·96 rs·93 6 r4 .48 '22 0'00 

I 302 I 313 35 ·r5 43'75 6 14 48·00 +0·22 

I 36,~ I 382 17·35 56·25 6 I4 48·34 -0'12 

I 425 I 449 40·98 34 '16 5 14 48 'I2 +o·ro 

I 496 l 538 31 ·85 45 ·r3 5 I4 48 ·14 +o 08 

I S54 I 572 27 ·rr 2I '45 6 I4 48 'II +o·n 
I 602 .I 663 20·64 44 ·r2 5 14 48 ·19 +0·03 

I 705 l 726 ro·os 00·33 .6 I4 48 ·_16 +o·o6 

I 749p I 75r oS·77 33·54 6 I4 48 ·rs +0·04 
I 821 I 849 07·14 08·62 6 r4 47·62 +o 6o 
I 867 *1 887 31 '49 17·20 6 IO 47·Sr +0·41 
I 876 *r 887 36·56 r7·20 5 9 47·94 +0·28 

928 I 952 II '09 41 ·4r 6 14 47'90 +0·32 
I 989 *:! 020 45 '71 or ·82 6 IO 48·99 -o '77 
2 009 *2 020 29·90 01 ·s2 5 9 49 ·oo -0·78 
2 090 2 107 20 ·r9 16·49 6 I4 47·91 +0·31 
2 143 2 230 16·99 03·39 6 I4 48·47 -0·25 
2 249 2 265 r8·5S 42·40 6 8 47·96 +0·26 
2 300 2 313 r3'56 25·98 5 r4 48·05 +0·17 
2 330 *2 369 r2·66 17·59 6 JO 48·22 0'00 

2 362 *2 369 53·25 17·59 6 IO 48 ·58 -0·36 

Ind\scriminate mean= 37° 47' 4811·25. 
Weighted mean =37 47 48 ·22 ± o'1 ·05. 

t!= ±o'1 ·22. 
155 observations. 27 pairs. 
[Reduction to geodetic station o''·oo.] 



TRANSCONTINENTAL TRIANGULATION-PART IV-LATITUDES. 725 

I I. WESTERN OR COAST RANGE SERIES-continued. 

( 101) Latitude at Tamai.pa is, G1/ifonifo. J. F. Pratt: Zenith telescope No. 1. · September 12-26, 
188:!. One division of level= 011·91, determined at this s~ation. One turn of micrometer= 4711·480, 
from circumpolar observations at this station. 

Pairs of stars. Adopted seconds of n' .zo Latitude. Z' mean N. P. D. 

II II 0 I II II 

6 901 6 924 47·23 s8·2s 6 s 37 SS 19·72 -0·64 

6 944 6 C)Ss 22·23 48·68 7 5 18·42 +0·66 

7 022 7 073 13·52 18 7S 6 s 18 ·91 . +0·17 

(1 819) 7 143 30·99 so·o6 6 s 18·62 +0·46 

7 173 7 :!20 52·72 09·ss 7 s 18·34 +0·74 

7 262 7 27s 05·86 47 ·56 7 5 18·87 +0·21 

7 320 7 385 30·84 28·04 6 5 20·06 -0·98 

7 410 7 468 s7·48 49·10 6 5 20·24 _:I '16 

7 sos 7 s66 4o·s7 22·48 6 .s 19'32 -0·24 

7 s8s 7 637 40·68 30·81 7 s 19 ·51 . -0·43 

7 693 7 727 31·91 36·69 7 5 19·67 -0·59 

7 742 7 7S9 26·63 27 •66 6 s 18·41 +0·67 

7 84s 7 914 49·31 :!8°96 7 s 18·97 +o·n 

7 9s8 (3 8s4) 16·46 42 ·8s 7 s 18·82 +0·26 

8 032 8 059 25·63 48 ·65 7 s 18·38 +070 

8 097 8 II4 42 70 46 '12 7 s 18·s9 +0·49 

8 12S (3 950) 19 ·51 04'3S 7 s 18 '21 +0·87 

8 212 (3 981) so·66 02 'SI 7 s 19·33 -0·2s 

8 296 8.322 o6·s6 02 ·71 7 s 19·00 +o·oS 

8 374" 7 46·89 17·22 7 s 18 ·oS +1·00 

*52 *s2 24·63 24·63 .7 3 19 'II -0·03 

(SI) 78 36·36 21 'S3 7 s 19'31 -0·23 

92 133 43·70 02·72 7 5 20'2.'i -I "17 

164 197 . 45 ·15 58·08 7 5 18 ·ss +0·20 

223 2s5 48·61 34·89 7 5 18'45 +0·63 

283 334 21 ·7•7 19'45 7. 5 20·20 -I "12 

345 404 11 ·65 24 ·16 7 5 19·69 -0·61 

441 514 07 ·19 OI '49 7 5 18:&3 +0·25 

Indiscriminate mean = 37° 551 19"'o8. 
Weighted mean =37 55 19 ·oS ± o'1 ·oS. 

e=±o'1 ·56. 
x89 observations, 28 pairs. 
[Reduction to geodetic station= o'1·04.] 
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I I. WESTERN OR COAST RANGE SERIES-<:ontinuecl. 

( 102) Latil11de at JII01mt Hel.ena, Califor11ia. W. Eimbeck. Zenith telescope No. I. November 
7-20, 1876. One division of level = 0'1 ·933, determined at San Francisco March, 1877. One turn of 
micrometer= 4511·795, from circumpolar observations at this station. 

Pairs of stars. Adopted seconds uf 
111 1l1 Latiturle. v 

mean~· P. D. 

" 
,, 0 II " 

7 943 7 g67 46 ·13 05·55 5 8 38 40 00 ·76 +0·29 

8 003 8 039 00·38 32·52 6 9 or ·03 +0·02 

8 074 8 105 57·92 42·03 5 8 00·31 +o "74 

8 159 8 225 45·69 49·22 5 8 00·94 +o·u 

8 248 8 279 09·26 28·83 5 8 oo·ss .+o·r7 

8 307 8 350 OI "62 27·73 6 9 OI ·55 -0·50 

8 372 32 . 17 ·15 5S·49 4 8 OI ·47 -0·42 

116 126 5o·go 10·56 4 8 OI '22 -o ·r7 

153 178 09·04 04·22 6 9 01 .. 34 --0 ·29 

214 244 57·93 57 ·32 5 s 00·57 +0·4S 

264 314 08·37 20·05 6 9 01 ·57 -0·52 

334 377 14·6o 54 'IO 6 5 02·09 -I ·04 

416 446 35·78 10·05 6 9 01 ·o6 -o·or 

465 4So 57 ·51 55·67 5 8 00·88 +0·17 

5or 516 50·71 SI "44 6 7 02 ·10 -l ·05 

*558 581 03 ·16- 53 ·32. 6 6 00·60 +0·45 

*sss 593 03 ·16 34·69 6 6 00·66 + 0 ·39 
676 697 04·45 40·06 6. 9 00·54 +o·sr 

728 744 46·65 24·29 4 8 01 ·6.S -0·63 

777 794 34·14 55 73 5 8 oo·ss +o·r7 

827 86r 51 ·24 09·20 5 8 00·25 +o·So 

920 948 46·40 59 ·rs 6 7 00·85 +0·20 

9Sg 995 43·74 27 ·n 5 8 OI °OS -0·03 

Indiscriminate mean = 38° 4o' 0111·o6. 
Weighted mean =38 40 01 ·05 ± o''·o.7. 

t!=±o'1·42. 
123 observations, 23 pairs. 

[Reduction to geodetic station +o11·95.] 
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I I. WESTERN OR COAST RANGE SERIES-continued. 

(103) Latitude at Ross Jlfo1111tai11, Califomia. A. T. Mosman. Zenith telescope No. 3. Decem-
ber 27, 1859, to January 28, r86o. One division of level= 111 '10, One turn of micrometer= 46"~·64 1 from 
circumpolar observations at this station. 

Pairs of stars. Adopted seconds of n' w Latitude. v mean N. P. D. 

II II 0 I II II 

I oo6 1 017 34·37 32 78 7 9 38 30 IO '06 -o·o6 

*1 025 I 035 43·00 28·90 7 6 09 ·18 +0·82 
*1 025 I 059 43 ·oo 45 ·so 6 6 09 '75 +0·25 

I o83 I 097 16·85 15·63 7 9 10·03 -0·03 
I I38 l J42 30·8o 39·87 7 9 IO '70 -070 
I 219 I 268 54'45 37·99 8 9 10·89 -0·89 
I 323 I 364 23 ·46 50·94 6 8 09·u +0·89 
1 444 *1 477 35 '77 21 ·14 8 6 09·83 +0·17 
l 46~ *r 477 00·57 21 'I4 8 6 09·45 +0·55 
I 530 I 534 33·25 rS ·20 8 9 09·59 +0·41 
l 546 *r 568 43·40 47·75 7 6 09·92 +o·os 

I 547 *r 568 43·37 47 '75 7 6 09·66 +0:34 
I 613 I 668 57 'IO 37·71 8 9 10·14 -0·14 
l 676 I 737 21 ·s:i 47·30 6 8 09 ·51 +0·49 
l 767 *1 797 46·32 53·67 7 6 09·64 +0·36 

*r 797 l 835 53 ·67 01 '66 7 6 09·42 +0·5s 
.l 851 .1 874 32 '54 24·08 7 9 10·04 -0·04 
I 888 l 925 18·85 24·39 8 9 09·97 +0·03 
l 932 l 942 30·32 33 74 7 9 IO '14 -0·14 

l 953 l 992 41 ·32 44 ·14 9 10 09·48 +0·52 
*2 024 2 028 23·08 45·00 7 5 09·85 +0·15 
*2 024 2 o63 23·oS o6·53 8 5 09·94 +0·06 
*2 024 2 o64 23·oS 56·67 7 5 II 'I4 -I '14 

2 Os4 *2 II4 23·95 33·34 9 6 10·27 -0·27 

2 090 *2 114 II '54 33·34 9 6 10·66 -0'66 

2 173 2 192 01 ·50 28·23 8 9 10·44 -0·44 
2 209 2 216 22'22 52·98 9 IO 09·41 +0·59 
2 239 *2 270 29·75 35·40 9 6 I0'59 -0·59 
2 241 *2 270 40·96 35·40 9 6 IO '13 -0·13 
2 28o *2 312 14·36 35·59 8 6 09·46 +0·54 
2 285 *2 312 50·91 35·59 9 6 IO 'IO -o·ro 

2 341 ,2 364 38 ·64 3:i ·38 8 9 IO '51 -0·51 

~ 397 2 398 40·20 38·20 8 9 09·61 +o·39 
2 459 2 493 35·40 48·00 8 9 09·81 +0·19 

*2 540 2 6o6 52 '43 22 ·50 9 6 09 •87 +0·13 
*2 540 2 6o9 52·43 36·32 9 6 09·61 +o·39 

577 658 '40·62 03·87 9 IO 10·51 -0·51 

676 698 38·71 08·20 9 IO 10·89 -0·89 

766 So6 14·57 oS 76 9 IO 10·38 -0·38 
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I I. WESTERN OR COAST RANGE SERIES-continued. 

(I03) latitudo· at Ro~s 11101111tain, Cali/01'11ia, ctc.-Completed. 

Pairs of stars. Adopted seconds of 
11' ~£.I Latitude. fl mean N. P. D. 

II I/ 0 I II II 

*866 875 54·38 52 ·85 IO 7 38 30 09 ·54 +0·46 

*866 ss-~ 54·38 49·40 IO 7 I0'43 -0·43 

92I 948 I9 "I7 SI ·44 IO IO 09·98 +o·o:i 

989 995 25·21 07·o6 IO IO 09'47 +0·53 
I 025 l 02~ 43·00 oS·50 IO IO 09·29 +071 

l 058 I 096 06·00 45 '00 IO IO IO '78 -0·78 

1 u9 l 204 I9'45 2I 'I2 IO IO I0'40 -0·40 

I 254 *I 262 59 ·oo 5o·So IO 7 09·26 +0·74 
*l 262 I 301 5o·So u ·S9 lO 7 09 ·54 +o·-l6 

I 313 I 350 09·55 II ·69 8 9 I0'03 -0·03 

I 424 I 453 27 ·34 48 ·66. 8 9 I0'22 -0·22 

I 460 I 474 05·00 04·82 9 IO IO"I6 -0·16 

*1 ?OI I 551 2c ·08 49 ·17 8 6 IO'I6 -0·16 

*1 501 I 571 2[ ·oS 03·43 8 6 I0'09 -0·09 

Indiscriminate mean = 38° 30' 091'·98. 
\Veighted mean =38 30 10 ·oo ± o'-'·o~. 

c= ±d1 ·52. 
437 observations, 53 pairs. 

(Reduction to geodetic station o'"oo.] 

(rn4) Latit11dt? al Sulphur, California. G. Davidson. Zenith telescope No. 3. September S-28, 
1859. One division of level= l 11 'Io. One turn of micrometer= 4611·5401 from circumpolar observations 
at this station. 

Pairs of stars. Adopted seconds of 
mean N. P. D. n' w Latitude. fl 

II II 0 I II II 

6 073 *6 091 29·38 34·99 5 8 38 45 45 'II -0·54 

*6 091 6 151 34·99 14·29 2 4 43·55 +1·02 

6. 185 6 24I IS ·27 OI 'II 8 15 44·25 +0·32 

6 268 6 365 02 '70 42·25 II Ij 44·77 -0·20 

6 387 6 477 08"J9. :i9·87 7 14 44·57 o·oo 

6 601 6 678 13 '71 ·o·oo ,, . 7 I4 44·41 +0·16 

6 640 6 652 I3'85 13·04 6 13 43·67 +0·90 

*6 6go 6 730 01 ·99 33·So 3 6 44·48 +o·og 

*6 690 6 734 or ·99 14·20 4 7 44·03 +0·54 

6 740 6 799 09·66 21 ·94 I2 18 44·21 +0·36 

6 861 6 868 58·05 59 '72 7 14 44 ·15 +0·42 

6 918 6 944 49·56 23·20 7 14 45·07 -0·50 

6 g63 6 998 49·07 21 ·77 7 14 44·oS +0·49 

7 o84 7 JOI 14·20 24·24 II 17 45·16 -0·59 

7 II2 7 131 19 'IO 04·62 7 14 44 '72 -0·15 

7 164 7 233 32·16 26·48 7 14 44·62 -0·05 
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·r r. WESTERN OR COAST RANGE SERIES-continued. 

( 104) Latitude at S11lpl111r, California, etc.-Completed. 

Pairs of stars. Adopted seconds of n' 'ii' Latitude. z• mean N.P. D. 

" II 0 I ,, II 

7 256 7 278 35·90 41 '79 12 18 38 45 44'45 +0·12 
7 297 7 336 52·73 30·17 12 18 44·57 o·co 
7 361 7 40~ 37·56 35·01 7 I4 44·94 -0·37 
7 465 7 4So 23 '75 47·62 .6 13 44·90 -0·.~3 

7 494 7 520 13·89 51 '35 6 13 44·50 +0·07 
7 528 7 582 07·85 55·95 6 13 44·97 -0·40 
7 621 7 641 44·53 29·50 ? 12 45·29 -0·72 
7 654 

.... 
7 689 52·63 43'77 44·37 +0·20 5 12 

7 707 7 742 05·62 09·22 5 12 44 ·26 +0·31 
7 796 7 810 13·45 18·73 9 16 44 ·27 +0·30 
7 833 7 876 22·70 56·85 9 16 44·38 +0·19 
7 901 7 915 57·44 35·92 8 15 44 72 -0·15 
7" 953 7 997 35 ·18 I0'59 9 16 45 'QI -0·44 
8"003 8 039 24·90 01·27 9 16 44·81 -0·24 
8 125 8 133 51 ·so. 14 'IO 8 15 44 'IO +0·47 
8 156 8 261 36·53 44·47 8 15 44·03 +0·54 
8 159 8 224 20 72 19 78 8 15 44·90 -0·33 
6 456 6 493 07 ·36 45 ·16 7 14 44·49 +0·08 
6 520 6 571 47 ·32. 58 ·24 IO 17 44·53 +0·04 

*6 623 6 674 25·49 04·41 8 IO 44·44 +0·13 
*6 623 6 676 25·49 09·87 3· 6 45·51 -0·94 
6 698 6 728 41 'IO 28·50 7 14 44 '21 +0·36 
6 863 6 901 15'92 37·88 7 14 45·02 -0·45 
6 943 6 959 32··27 33 ·50 6 13 44'90 -0·33 
7 001 7 oo8 o8·50 22·78 6. 13 44·84 -0·27 
7 144 7 222 07·25 23 ·Sr 7 14 44·50 +0·07 
7 363 7 405 58·66 27·34 7 14 44·86 -0·29 
7 444 7 489 49·07 04·36 6 13 44 '53 +0·04 
7 519 7 597 46·56 33·30 6 13 44·62 -0·05 
7 627 7 676 12'34 47'5.5 6 13 44'59 -0'02 

*7 712 7 778 56 '14 30·50 6 9 44·08 +0·49 
*7 712 7 782 56·14 56·02 6 9 44·24 +0·33 

Indiscriminate mean=38° 451 4411·56. 
Weighted mean =38 45 44· 57±011·04. 

e=±o'1 ·50. 
341 observations, 48 pairs. 
[Reduction to geodetic station o''·oo.] 
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I I. \VF.STERN OR COAST RANGE SERIES-continued .. 

( ro5) Latitude at Ukiali, Cat(lor11ia. C.H. Sinclair. Mericlia11 telescope No. 1. November 10 -
14, I89i· One clivision of Ie,·el = 111·901, determined at office April, 1893. One turn of micrometer 
=6611"0i3• determined from the.latitude observations at this station. 

Pairs of stars. Adopted seconds of 
11' w Latitude. v mea11 N. P. D. 

II II 0 I II II 

*1 746 7 757 08 ·17 07 ·17 4 12 39 o8 54·85 -0·45 

*1 i46 7 7<jS 08·1i 18·46 4 12 54·42 -0·02 

7 8o7P 7 848 20·50 43·66 4 19 54·27 +0·13 

7 858 7 8So 00·56 56·19 5 19 53 ·87 +0·53 
7 gar 7 915 09·30 45·36 5 21 54·83 -0·43 

7 945 7 g61 35 ·19 36·93 .5 21 54·29 +0·11 

7 972 (3 843) o6·95 53 ·12 5 20 54·62 -0·22 

8 031 8 074 04·97 09·95 5 21 54·55 -0·15 

8 ro4 8 127 49·53 so·go 5 21 54·50 -0·10 

8 195 s 212 46·88 53·66 ~ 21 53·83 +0·57 

(3 970) 8 224 57 ·53 00·02 5 19 54 'IO +0·30 
8 231 s 284 55 ·51 51 ·go 5 21 54·54 -0·14 

8 344 s 02 •g6 38 ·32 5 21 54·35 +0·05 
16 (25) 04 ·12 58·97 5 19 54·73 -0·33 

SI (43) 30·23 17 ·54 3 r3 54 ·28 +0·12 
102 126 28·25 I:? "3I 5 21 54·91 -0·51 

(SS) *20I 06·62 32 ·55 5 II 53·go +0·50 
*2or 215 . 32 ·55 35·53 5 14 54·25 +0·15 

Indiscriminate mean= 39° o8' 5411·39. 
Weighted mean =39 08 54 ·40 ±-011·05. 

e=±o'1·34, 
85 observations, 18 pairs. 

[Reduction to court-house+ 311·42.] 
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II. WESTERN OR COAST RANGE SERIES-continued. 

( ro6) Latitude at Poi11t Reye·s, C11lifor11ia. G. Davidson. Zenith telescope No. 3. February 6-
8, 1853. One division of level= 2 11 ·6o. One turn of micrometer= 4611·63. 

Pairs of stars. Adopted seconds of 
11' Ul . Latitude. ,, 

mean N. P. D. 

II II 0 I II II 

2 084 2 107 15 ·10 46·42 07 37 59 33·52 +0·10 
*2 163 2 175 47·73 52·28 0·3 33 ·14 +0·48 
*2 163 2 187 47·73 oo·6o 0·3 33·04 +0·58 
"2 163 2 220 4773 03·55 I 0·3 34·27 --0·65 

2 294 *2 330 16·So 20·$1 0·4 34·63 -I "01 
*2 330 2 349 20·$1 27 ·go 0·4 33 •g6 -0·34 
*2 407 2 423 51 ·77 59·09 3 I ·3 33 ·18 +0·44 
*2 407 2 457 51 ·77 ro·59 3 I ·3 32·55 +1 "07 

2 486 2 495 41 "II 42 ·22 I 07 34 ·14 -0·52 
2 555 2 6o6 23 ·20 20·40 07 34·22 -o·6o 
2 683 2 732 44·49 45 ·40 2 I •3 34·02 -0·40 
2 776 2 8ro q·So 32·00 07 32·81 +0·81 
2 842 *2 867 34·47 2! ·68 2 0·9 35·88 -2 ·26 

*2 867 2 876 21 ·68 37 ·36 2 0·9 32·69 +0·93 
3 026 3 075 54 ·oo . 57 ·16 07 32·66 +0·96 

*3 129 3 135 22·89 II ·46 I 0·4 34 ·24 -0.·62 
*3 129 3 172 22·89 54 ·14 0·4 33 78 -0·16 

Indiscriminate mean = 37° 59' 3311·69. 
Weighted mean =37 59 33 ·62 ± 0 11 • 13. 

e=± 111·24. 
24 observations, 17 pairs. 

[Reduction to geodetic station o''·oo.] 

( 107) Latitude at Bodega, Califor11ia. G. Davidson. Zenith telescope No. 3. July 91 1853. 
One division of level= 211 ·6o. One turn of micrometer= 4611 ·63. 

Pairs of stars. Adopted seconds of 11' ZtJ Latitude. v mean N. P. D. 

II II 0 II II 

6 475 6 48o 43·00 03·90 2 38 18 18·3~ +1 ·90 
6 581 6 599 15 ·So 32 ·ro 2 20·64 -0·43 
6 657 6 687 56·06 38·50 2 20·72 -0·51 
6 730 *6 762 20·95 46·20 J 19·95 +0·26 
6 734 *6 762 02 ·50 46·20 I 19 ·24 +0·97 
6 8o6 6 849 27·25 04·90 2 1976 +0·45 
6 813 6 86o ro·95 05·03 2 22·23 -2·02 
6 937 *6 9g6 26·30 26·6o 1978 +0·43 
6 967 *6 996 29·00 26·6o 20·72 -0·51 
7 027 7 073 31 ·oo 59·22 I 2 19·48 +073 
7 149 7 220 13·27 52 ·25 I 2 21 ·24 -I ·03 
7 246 7 294 02·30 2677 2 19·88 +0·33 

Indiscriminate mean = 38° 18' 2011 ·16. 
Weighted mean =38 18 20 ·21 ± 011·21. 
Probable error of result from a single pair=± 0 11 ·69. 
12 observations, 12 pairs. 

[Reduction to geodetic station 0 11·00.] 
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I I. WESTERN OR COAST RANGE SERIES-completed. 

(rnS) Latitude at 1lfc11doci110. City, California. G. Davidson. Zenith telescope No. 3. July. II, 

1853. One division of level= 111"04. One turn of micrometer = 4611·63. 

Pairs of stars. Adopted seconds of 
mean N. P. D, 11' w Latitude. V; 

II II 0 , II II 

6 087 6 129 44·20 26·00 4 39 18 o6·32 -0·76 

6 185 6 223 23·55 42·01 I 4 04·77 +079 
6 322 *6 368 22·20 18"50 I 3 .o6·89 -1 ·33 

6 341 *6 368 36·So ~8·50 3 06·07 -0·51 

6 392 6 404 45 ·34 49·39 4 04·04 +1 ·52 

6 438 6 477 48·32 56 71 I 4 05·03 +0·53 

6 497 6 520 24·64 16 76 4 05 ·57 -0·01 

6 547 6 566 57·58 15·80 4 04 78 +0·78 

6 589 6 601 57·30 50·59 4 06·09 -0·53 

6 690 *6 723 45·So 35·53 3 05·So -0·24 

6 691 *6 ]23 27·o6 35 ·53 3 05·33 +0·23 

6 765 6 817 33·10 19"00 . I 4 05·25 +0·31 
6 866 6 924 45·82 57·97 4 o6·6o -1 "04 

6 959 . 6 973 37·30 02·41 I 4 05·83 -0·27 

6 997 *7 041 27·90 26·34 I 3 06·03 -0·47 

7 006 *1 04r 40·27 26·34 3 05·22 +0·34 

7 126 7 153 48·ss 20·54 I 4 05·33 +0·23 

Indiscriminate mean . = 39° 181 0511 ·58. 
Weighted mean =39 rs 05 ·56±o''"12. 
Probable error of result from a single pair= ±0"·49. 
17 observations, 17 pairs. 

[Reduction to geodetic station o"·oo.] 

(109) Latilud.· at Point Arena, California. G. Davidson. Meridian telescope No. i. May 26, 
1870. One division of level = 111"00. One turn of micrometer= 6511·38. 

Pairs of stars. Adopted seconds of 
11' w Latitude. v mean N. P. D. 

II II 0 , II II 

5 847 5 874 15·21 45 76 I 3 38 SS og·s3 +0·81 

5 940 s 972 24·47 57·44 I 3 09·67 +0·67 

6 084 6 129 u ·so 26·66 I 3 10·91 -0·57 

6 185 6 241 05 75 44·4r I 3 09 ·24 +1 "IO 

6 357 6 365 43·49 08·75 I 3 09·64 +0·70 

6 395 6 4S3 30·00 04·47 I 3 II 78 -I ·44 

6.s20 6 571 54 ·12 55·07 I 3 II "02 -0·6~ 

6 s86 6 615 20 78 47·44 1· 3 IO 72 -0·38 

6 637 6 687 . 06 71 36·So I 3 u.·34 -1·00 

6 714 6·741 17·ss s6·Ss I 3 09·54 +o·So 

Indiscriminate mean = 38° SS' rn11·34 .. 
Weighted mean =JS SS 
Probable error of result from a, single pair=± 011·61. 

IO ·34 ± o'1·19. · 

10 observations, 10 pairs. 
[Reduction to geodetic station 0'1·00.] 
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F. REDUCTION OF ~rHE OBSERVED LATITUDES TO THE SEA LEVEL. 

In consequence of the earth's rotation, the vertical line at a place is slightly curved 
and is concave to the pole. The observed latitude being the angle which the tangent 
to this curve makes with the plane of the equator, needs, therefore, to be referred to the 
foot point at the sea level. This correction is always negative, ancl is given by*-

i = o·ooo •171h sin 2cp 

where h =elevation of station in metres, <p =the latitude, and i= the curvatme corre~
tion in seconds. For latitude 39° we have i= o·ooo 167h very nearly. This correction 
reaches up to o" ·7 for our highest stations, and is therefore many times greater tha,n 
the probable error assigned to the resulting latitude and can not be.neglected. 

G. CORREC1'IONS TO OBSERVED LATITUDES, AZIMUTHS, AND LONGI
TUDES FOR VARIATION OF POLE OF ROTATION. 

When the. change of latitude is compared with the probable error of observation 
result;ng from accurate measures, it is seen that the effect of the systematic variation in 
the position of the pole of rotation as determhied by· Dr. Seth C. Chandler may be 
several times larger than the mere observing error. · Hence the correction for variation 
of ·pole can not be ignored in any refined deductions from latitude observations. A 
similar remark applies also to the corrections to azimuths, with this difference. however, 
that here the probable obscro.•i11g error· generally exceeds the effect clue to change of 
pole, thus rendering the correction for shift of pole of less consequence. The correctior. 
to differences of longitude clue to the same cause is quite small, and may generally be 
neglected as covered by the error of observation. · 

Dr. Chandler's latest expressions are contained in No. 446 of Gould's Astronomical 
Journal, October, 1898. t His coordinates x and ;v of the average or normal position 
of the pole with reference to the position of the instantaneous pole of rotation are 
given by-

x = r, sin (t - T,) 0 + 0"·095 sin ( 0 - 30SO.:') 
)' = r, COS (/ - T,) f:I + 0 • I IO COS ( 0 - J:) 

where T, = 2 p2 646 + 42ro E- o·os E• 
0 = oc·s43 + o·ooo 316 E 

and r, = 0"·125 + 011 ·05 sin t2 414 363 - t) X 0·:;·015 

Here t and T, are expressed in Julian dates; t is the epoch of observation, E is the 
period, and 0 the sun's longitude. 

The corrections for latitude, azimuth, and longitude are given by the expressions-

6. <p = <p - <p,. = x sin i\. - )' cos i\. 
b,.a =a - a

0 
= (x cos.A. +_v sin i\.) sec <p 

LJ.i\. = i\. - i\ = - (x cos i\. + -1' sin i\.) tan <p 

*Clarke's Geodesy (Oxford, lSSo), p. lo>; also Helmert's Hohere Geodasie (Leipzig, 188.j), Vol. II. p. 9'.'· 
tsee also ibid . .Nos. 3"9· November, 1894; 360, December, 18\);; 392, January, 1897, and 4o6, June, 1897. 
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where <p =observed latitude, tY =observed azimuth, "A.= observed longitude of place 
counted westward from Greenwich, and <p

0
, a

0
, "A.

0 
the corresponding corrected values. 

For stations occupied between the years 1890·0 and 1897"5 the coordinates x andy 
were taken from Dr. Albrecht's report of 1898. * For this interval a convenient table 
is given by him of the. quantity <p - tp

0 
for various longitudes, which can also be 

employed for the azimuthal correction. In this system the coordinates are those of the 
instantaneous pole of rotation with reference to the average position of the pole (of 
figure). and the corrections to latitude, azimuth, and 19ngitude are found by-

cp - <p
0 
= x cos i\. + )' sin i\. 

a - er,, = ( - x sin "A. + ~v cos i\.) sec <p 
A. - /1.

0 
= (x sin A - -1' cos A.) tan <p 

For the interval 1890-1897 }~ the resulting corrections are quite reliable, as they 
depend directly upon observed variations, but for other years the general formulre as 
given above must be made. use of. 

For the greater part of the statio1~s these corrections were comp~1ted by Mr. D. L. 
Har.arcl. 

H. SYNOPSIS OF RESULTS FOR LATITUDE OF STATIONS DETERMINED 
ASTRONOMICALLY. 

No. Natne of $tation. Stat<:. "Year. 

l / Cape May 

1 Cape May 
N. J. 
N.J. 

4 

5 
0 

s 

9 
10 

ll 

12 

13 

Ad•Jpted ''alue of a.stro110111ic 5tation 

Cape Heulo\1eu 
Dover ................................ . 
Principio 
Poole Island 
Calvert 
Taylor 
Marriott ............................. . 
Marriott 
Adopted ••alue 
Webb 
Hill 
Soper ................................. . 
Seaton, Wasl1ington 
Coast and Geodetic Sttn•ey Office, 

·washington, statfon in yarcl 

u .. 1. 
Pel. 

Md. 
Md. 
Md. 
Md. 
Mel. 
Md. 

Md. 
Mc\. 
Md. 
P. c. 
D. C. 

Coast aud Geodetic Smvcy Office, D. C. 
"\Vas~ington. station in ya1·d 

Coast and Geodetic survey Office, P. C. 
\Vashingt»n, station in yard 

Adopted mlue 

14 United States Naval Observatory, old P. C. 
site, don1e. "Vashington 

United Stat~- .o/aval Observatory, old P. C. 
site, dome, Washmgton 

•\:97 
1897 

1866 

• 18.\7 
I8il 

1847 
1846 

1"-19 

1894 

{ '
86
10

1

} 
1864 

Obsen·erl 
latitude. 

0 ' 

4 
f • ..,., 

~ " 

y;, 46 4<>'00 

39 09 13 "62 

39 35 32 ·Si 
39 17 17 ·52 

38 21 3 1 ·ss 
38 59 46·oS 

38 52 24 ·n 
25 ·12 

39 05 ~5 .,, 

38 53 52·31 

39 05 !0'69 
38 53 25 "20 

38 53 07 ·51 

38 53 38 "78 

Approxi- Reduc- Correc- Final 
Probable matealti- tion tion for seconds 

error. tude of to sea variation of 
statiou. level. of \><•le. latil\lde. 

±0'12 

±0·07 
±O"oO 

±0"<>5 
±O'o6 

±O"C\I 

±0'15 

:::!:.O 'II 

-±::0'12 

±0'19 

±O'o6 

±o·oo 
±O"C\j 

±0·05 
±0·09 

±O'I5 

±O"oO 

±0"0.1 

::!:O"IO 

m. 
lQ 

ID 

0 

a 

·.lQ r_. 

12 a 

30(?.l - ·01 

5 0 

30 -·01 

~O - "VI 

77 - ·01 
77 - ·01 

73 - "Ol 

S5 - ·01 

144 -
0

02 

28 0 

16 0 

10 0 

0 

-·oi 

-·01 

,, 
+a·os 
-O"li 

+0·07 
-0·13 

-o·os 
o·oo 

-0·16 

o·vo 
-0·07 

-o·o6 

+0·15 
+o·o6 
-o·oo 
-0·08 

-0·13 

-0·16 

+0·05 

44·;: 

44 "6a 
-14 ·~3 
40·07 

13 ·47 

32'75 
li •52 

3r ·7r 

46'07 

24 "65 

25 '05 

25 ·05 

25 'JS 
52'36 
10°61 

.25 "12 

07·38 

07•35 

*Bericht Uber den Stauc\ cler Erfotschu11g clt:T Bre1te11-Variation. CentTal-Dltreau dcr Internation .. alen Erd-~ 

1nessung. Berlin, 1&J8. 
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H. SYNOPSIS OF RESULTS FOR LATITUDE OF STATIONS, ETC.-Co!lt'd. 

No. Na111e of station. State. Year. 
Approxi- Rednc

Observed Probable mate alti- tion 
latitud<:. error. tude of to sea 

station. level. 

t 111ited States Naval Observatory, old 
site, dome, Washington 

D.C. 

United States Naval Obsen'atory, old D. C. 
site, dome, Washington 

Adopted ''alue 

15 llnited States Nal'al Obsen·atory, new D. C. 
site, Georgetown Heights, clock 
roo111 

Vnited States Na,•al Obsen·atory, new D. C. 
site, Georgetown Heights, clock 
room 

Adopted \•al11e 
16 Ca10ste11 D. C. 
17 Georgetown College, observatory D. C. 

do1ne 

18 Rockville 

19 
20 

21 

. 27 

28 

30 

31 

32 

33 
3-1-

37 
38 

39 

40 

Sugar Lonf 
Maryland Heights 
Bull Run 
Strasburg .................. ." ......•... 
Clark Mouutain 
Charlottesville, University, tra11sit 
Long l\·fount 

Elliott Knob 
Keeney .............................. . 
Charleston 
Piney 
Gonld 
Minerva 
Cincinnati, Mount Lookout Observa· 

tory, dome 
Reizin 
W~ed Patch 
Vinc:ennes 
Parkersb11rg, A station 
Olney West Base A station .......... . 
Newton 
Bording 

St. Louis, \Vashiugton University 

St. Louis, 'Vashington University 
Adopted ''al11e referred to Second 

Presbyterian Ch11rch 

Md. 

Md. 
Md. 

"a. 
"a. 
Va. 

Va. 
Va. 
Va. 

W.Va. 
W.Va. 
w.va. 

Ohio 
Ky. 

Ohio 

Ind. 
Incl. 

Ind. 
Ill. 

Ill. 
Ill. 
III. 

Mo. 

Mo. 

0 I I/ 

{lf~l .1sssJ 

38'79 

{ll;t·~,3} """' 38 s_o; IJ ·70 

13·93 

1851 38 55 32 ·18 
1846 JS 54 JS ·so 

.f1B9 1
} 39 05 10 ·45 t1&p 

1889 
18Sg 

1881 

18;9 
1880 

1883 
1882 

f1869\ 
)1870) 

1881 

39 15 49 "jl 

39 "' 32·ro 
38 52 5(.79 

38 59 31 ·49 
38 18 39 ·so 
38 1)2 00·95 

37 17 28·72 

38 09 57"51 
37 46 23 •J6 

38 21 o6·S7 

38 26 41 ·33 

38 38 29·¢ 

38 42 3o·ss 

39 08 19·54 

39 02 53 ·ss 
39 10 00·55 
38 40 36·77 

38 34 53 "JO 

38 5r 41 ·23 

2<~ 55 30·87 

38 36 50·73 

38 JS 02 77 

02·$1 

00·54 

:!:0'05 

:!:0°05 

±0"10 

±O'ol) 

:::!::0'05 

:±0 'IO 

±0"<>4 

:±:0'07 

±0"09 
:±:O"o6 

:::1::0·14 

±0 ·09 

±O'll 

:±:O'lI 

±0'10 

±O"o6 

±0'.?3 
:::!::0'0.5 

±0"0$ 

±.o'Io 
:±:0 "0'5 

±.0 'o6 

±oO"O<} 

:±:O'o6 

±:0'07 

±~"o6 

:±:0'13 

±0'09 

±0'07 

Ill. 

30 

85 

85 

nS 
60 

" 
-·or 

- "OI 

-·01 

- "OI 

~·03 

- ·or 

-~90 - ·07 
44-1 - ·07 

4JO - ·07 
200 - ·03 

335 - ·06 

;!(.JI) - '(•,) 

43S - ·07 

I 363 - '23 

1200 -·~ 

185 - ·03 
3 .. ~6 - '1)1) 

300 (?) - ·05 

3"" m -·os 
JSo - ·04 

155 

155 

-·o.; 
- "o6 
-·02 

- ·03 
-·03 

·- ·03 

-"0!. 

-·03 

-·03 

Correc- Final 
tio11 for seconds 

variation of 
of polt:. lalilude. 

II 

-0·16 

-0·14 

-0·10 

+0·16 

0 

+0·10 

-0·14 

+0·17 

+0·19 
-0·20 

+o·or 
+0·11 

+0·13 
-0·13 

+o·o6 
+0·15 

+0·23 

+0·19 

+0·05 
-t:i"I.2 

+0·03 

+0·11 

13 "6g 

13 ';6 

13 ·74 
32·02 

25 ·79 

40·54 

32 ·19 

56·73 

JI "s'S 
39·60 
01 ·09 

28 ·s.i 
57·og 

O'S ·95 

41 ·40 

29·7S 

3o·Sg 

19·65 

53 •76 
oo·os 
36·So 

53·05 
41 ·2s 

31 "IO 

50·93 

02"i7 

02'89 

00·59 

41 J<:fferson Mo. ±0'07 

±0'10 

- ·03 - -0·01 43•95 
4-g·oo 42 

43 

44 
45 
41) 

47 
48 

49 

50 

Hunter 
Kansas City 
Adams 
Salina West Base .............. .. 
Ellsworth 
Russell Southeast 
Wallace 
Aclobe 
El l aso East Base ............... , .. .. 

Mo. 1~So 

Mo. 1882 
I~ans. 1SSS 
Kans. 18¢ 
Kans. 18S5 

Kans.' 1893 
Kans. '1885 
Colo. 1881 

Colo. 1879 

sS 25 48·01 

39 05 50·92 
39 02 4r·7~ 

38 51 03 ·57 

38 4~; 47 '60 
3q sr 22 ·90 

38 54 44 ·38 

38 40 37 ·53 
38 57 16 ·90 

±.0 ·09 
±O'JO 

:±:0'18 

±0"00 
±0'12 

±0'07 
±o'IO 

200 (]l - ·03 

23~ - 'O.J. 

3"' (?.I - '"6 
37J - "o6 

47'' - •Of; 

SS9 - ·09 

1007 -·17 

1 s:-6 -·"6 

r 99-1 - ·34 

+0·02 

+0'24 

+>"'4 
+0·01 

-0·03 

-o·oS 

+0·04 

+0·1,5 

-o·o6 

51 ·12 

41'So 

03·53 

47•49 
22·73 

44 ·25 
37·42 
16·50 
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H. SYNOPSIS OF RESULTS FOR LAT~TUDE OF STATIONS, ETC.-Cont'cl. 

No. 

51 

52 

53 
54 

55 
56 

57 
5S 

59 
60 
6I 
6; 
63 

6't 
65 
66 

67 

Name of station. 

Colorado Springs 
Pikes Peak 
Mount Ouray . 
Treasury Mountain ....•.•.•.•••...•.. 
Gt\ unison 
lTncompahgre 
Grand Junction 
Tavaputs 
Mount Waas ..............•••••..•.... 
Green River 
Patmos Head 
:MO\tnt :Ellen 

'Vasatch 
lllount Nebo ........••.•.•....•...•..• 
Gunnison 
Ogden Peak 
Salt Lake City 

6S Ogden O!Jst:rvatory, United States En-
gineers 

0 Waddoup ..................•........... 
;o Antelope 
71 Promontory 
72 Dt:seret 
73 Beaver 
74 Oasis ................................. . 
75 Ihepah 
76 Pilot Peak 
77 Pioche 
7~ Pioche. United States Engineer St:ltion 
i9 Diau1ond Pc:;ak . ...................... . 
So Mount Ca1laha11 
Sr Toiyabe Dome 
S.? · Carson Sink 
83 Ob~ervatory, Carson City 

Observatory. Carson City ....•........ 
Adopted value 

3.1 Verdi 
85 I,ake Tahoe Southeast 
86 I Mount Co1111ess 
87 Round Top ...................•........ 
SS Mount I,ola 
59 Mocho 
9'> Marysville 
91 Mount Hamilton, Lick Observatory, 

Coast and Geodetic Survey Station 

92 

93 
94 
95 
96 
97 
9S 

99 

Yolo Southeast Base ................. . 
Yolo Northwest Base 
Mount Diablo 
Vaca 
Monticello 
Sa11 Francisco, Wasl1ington square ... 
San Francisco, Lafayette Park 

San Francisco, Lafayette Park 

San Francisco, Presidio, old statiou 

State. Year. 
Approxi- Reduc

Obsen·ed Probable mate al ti- tion 
latitude. error. tt1de of to sea 

station. level. 

Colo. 
Colo. 
Colo. 
Colo. 
Colo. 
Colo. 
Colo. 
Colo. 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 

Utah 

Utah 
Utah 
Utah 

Utah 
Utah 
Utah 
Utah 
Nev. 
Ne\'. 
.Nev. 

Ne''· 
Nev. 
Nev. 
Net•. 

Nev. 
Nev. 

Ne,•. 
Cal. 
Cal. 
Cal. 
Cal. 
Cal. 
Cal. 
Cal. 

Cal. 
Cal. 
Cal .. 
Cal. 
Cal. 
Cal. 
Cal. 

Cal. 

Cal. 

0 / /I 

I87J 38 49 fo 034 
1895 38 50 ·27 ·Sg 

IS\14 38 25 18 •65 

I893 39 00 48 "OI 

r893 :;S 32 44 "86 
1895 JS 04 r6 ·39 

IS86 39 O.J 59 . 39 
rS9r 39 32 17 ·35 

1893 38 32 29 ·70 
1898 38 59 23 ·Sg 

rSgo 39 29 57 ·rs 
I8\>1 3$ Q/ 24 "66 

1890 39 06 54 ·32 
rSS7 39 48 32 ·90 

IS72 39 09 25 ·62 
IS.SS 4I II 59 "6o 

1"6<) 40 46 03 ·7S 

fxS73} 4I n oS ·56 
\1874 v 

189.? 40 54 2::! "II 

1892 40 57 40 ·49 
1892 41 17 4'i ·,g 
1$92 40 27 31 ·93. 
1$72 ;ii> 16 23 ·2S 

1898 39 17 35 ·47 

IS89 39 49 39 •35 
rSS9 41 01 oS ":!6 

1SS3 37 59 o6 ·95 
1872 37 55 26 ·o; 
IS.SI 39 35 04 "13 
ISSI 39 42 32 ·32 

18So 38 49 54- ·55 
lSSO 39 34 5S "I.5 
1S.'39 39 09 47 ·19 
r893 47 ·6o 

1S72 39 3~ 04 ·70 
1£<;13 38 57 I9 •76 

I89<> 37 .57 56 ·44 

tSn 38 39 46 "Sg 
1879 39 25 58 ·oo 
r887 37 28 36 ·94 
rS.,8 39 o8 I2°<\o'3 

lSSS 37 oo 29 ·ro 

lSSo 
18.So 

1876 
xSSo 

rSSo 

r873 
ISSS 

{18\>rl 
rSqoJ 

1852 

ss sr 34 ·ss 

38 40 37"29 
37 52 49 •63 
38 22 :?J ·43 

38 39 46·46 
37 47 :,6•97· 

37 47 2S·c.S 

. ... 2S·33 

.l7 47 35·~ 

/I 

±0"12 

±0"09 
±o"oS 
±o·os 
±o"IO 

±o"o.S 

±0"07 

±0'03 
±O"Il 

±O"o6 

±0°06 

±O"o6 

±O"o6 

±O"l2 

±0°05 
±0"<>7 
±<:l"05 

±0"03 

±0°13 
±0"07 

±0°08 

±O"o8 

±O"o6 

±o·os 
±0"07 

±C•"C19 

±U"O!;J 

±0"07 

±O"U7 

±•J"03 
±O"II 

±o"oS 
±0"13 

±0°07 
±O"o6 

±0·07 
±O"o6 

±o·o6 
±<>"o8 

±0"07 

±0·05 
±.o ·015 
±O"I7 

±O"Oj 

±0"07 
±O"o6 

±o"o6 

±0·09 
±0°66 

±0""4 

±O"OI 

±0""4 

'"· I 822 

4 301 
4 254 

4 098 

2 343 

4 356 
l 4o6 
2 680 

3 755 
I 250 

3 003 

3 5or 

3 398 

3 634 

I 568 
2 924 
l 32') 

I 308 
::? 016 

2 014. 

3 367 
I 803 

I 435 
36..~ 

3 268 

2 679 
r Su 
3 242 
3 lU 

3 59' 
2.681 

1 421 

I 421 

I 4Sc 
I S95 

3 S30 
3 166 
2 788 
I 248 

2J, 

I 286 

22 

47 

1 I73 
·730 

932 
. 25 

IJ6 

II6 

IIS 

,, 
-·31 
-·72 

-7I 
-·69 

-·39 
·- •73 
-·24 

-·45 

-·21 

-·5r 

-·sS. 
-·57 
-

06I 
- ·26 

-·50 

·- "22 

-·22 

-·34 

-·34 
- ·57 
-·30 

-· ·24 
-·62 

-·56 

- ·45 

- ·30 
-·55 
-·53 
-·6o 

-·45 
-·04 
-·24 

-·25 
-·32 

-·o.i 
-·53 
-·47 
-·21 

" -":?I 

0 

-·or 
-".:.!O 

-·12 

-·16 

0 

-·02 

-"o:! 

-·02 

Carree- Final 
tion for seconds 

variation of 
of pole. latit\tde. 

-0·05 
+0·11 

+o ·oo 
-0·07 
-0·08 

+o·oS 
-o·u 

0

+0·22 

-0·07 
-0·05 
+0·22 

+o·c9 
+o·oS 
+0·03 

+0·10 

+0·13 

-0·20 

o·oo 

-o·r6 

+0·01 

-0·17 
-o·u 
-o·os 

+o·o6 
+0·24 
to·I3 

+0"27 
+0·03 
+0·07 
+o·r3 
-0·04 

-0·03 
+0·16 

-0·07 

-0°16 

-0·07 
+o·rs 

-0·09 
-o·I6 
-0·02 

-0·2t 

-0·04 

-0·03 

-0·03 
+0·17 

-0·04 

-0·04 

-0·07 
-o·o6 

0 

59·9S 
27°28 
IS"oo 

47·25 

44 ·39 

r5·74 

59·04 
l7"I2 
:!9"00 

23·63 
56°86 
24 ·17 
53·S3 

25 "4-6 
59·22 

03•36 

~1 ·73 
·11) 0 16 

. 47 ·77 
31 ·25 
22·90 

35·29 
38•97 
07·$.; 
o6·So 

:?5"8o 

03·65 
3I ·92 

53·91 
57·67 
4i"ll 

47·29 

4i
1

"25 

04·29 
19·37 

55·95 
46"27 

57"37 
3671 
12·27 

·28•85 

;.i ·ss 
37·25 
49•60 

23·27 
46"26 

56·90 
28·00 
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H. SYNOPSIS OF RESULTS FOR LATITUDE OF STATIONS, ETC.-Compl'td. 

Approxi- Reduc- . Correc- Final 
No. Name of station. State. Year. Obsen•ed Probable mate al ti- tion lion for seconds 

latitude. error. tude of to sea variation of 
station. le"el. of pole. latitude. 

0 ' Ill. 
100 San Francisco, Presidio, new station Cal. 18¢ 3i 47 4S·22 ±0"05 130 -·o.'.! +0·15 48·35 
IOI Mount Tamalpais ..................... Cal. 1882 37 55 19·08 ±O'OS i9l -·13 +0·23 19 ·1s 

IO.? Mount Helena Cal. 1876 38 40 01 ·05 ±0'07 I J~2 -".'.!2 +0·22 01 ·05 

103 Ross Mountain Cal. {185~} 1860 38 :)0 IO"OO ±0·04 6p. -·11 +0·07 "9 ·96 

104 Sulphur Peak Cal. 1859 38 45 44 ·57 ±0"04 I 055 -
0 18 +0·03 4~ ·42 

105 Ukiah Cal. I'l\lj 39 oS 54_·40. ±0'"5 26o -·04 +0·23 ~·59 

rn6 Point Reyes., ......................... Cal. 1S5J ,,; 59 .'3 '62 ±0·13 430 -·07 +0·07 .. ~J "62 

1071 Bodega Cal. 1853 38 18 20·21 :1:0·21 264 -·04 -0·06 ::'O"IT 

1o8 Mendocino City Cal. 1853 39 1S 05·56 :1:0·12 18 0 -o·o6 05·50 
109 Point Arena Cal. 1870 38 55 10·34 ±0'19 7 0 -0·18 10'16 

18732-No. 4--47 
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V. THE RESULTS OF THE ASTRONOMIC DETERMINA
TIONS OF AZIMUTH. 

A. INTRODUCTION. 

The azimuth, like the latitude determinations, antedate the time of the conception 
of the Transcontinental Triangulation, but they differ from them in the variety of instru
ments and methods used. This might have been anticipated from the fact that the 
proper selection of the method depends largely upon the kind of instmment the observer 
has at his disposal, as well as upon the season and time of day at which the obser
vations are to be made. The relative advantages and disadvantages. or adaptability, 
of various methods and their respective instrumental requirements, together with 
formulre and examples, are set forth in Appendix No. 14, Coast and Geodetic Survey 
Report for 1880, pp. 263 to 286. * Under. the title ''On the determination of an azimuth 
from micrometric observations of a close circumpolar star near elongation by means of 
a meridian transit or by means of a theodolite with eyepiece micrometer," Appendix 
No. 2 1 Part II, of the Coast and Geodetic Survey Report for 1891, pp. r5-r9, contains 
an account of a method capable of great accuracy, ·which was first published as Bulletin 
No. 21 in December, 1890. In the great majority of cases the azimuth at a station was 
determined during its occupation for the measures of horizontal directions and the same 
instrument was used for both purposes. The following table gives the principal 
dimensious of the various instruments used: 

Coast and Diani-
t N11111her eter of Geodetic Kind of instrument. of tnicro- Name of maker. When hori· Focal Clear Magni-

Sur\·ey scop<:s. made. zontal length. aper- fying 
ntunbe:r. circle. tu re. power. 

(JU. cm. t.'IU, 

Direction theodolite s Troughton & Sinnus 1836 75 I ~.5 j ·.; (?) 
Direction theodolite 3 Trough ton 1817 60 7S '\ .. 

' - 30-40 
5 Direction theodolite 3 Oertling 1873 5•) 9~ 7·4 So 

Il3 Direction theodolite 3 Lingke & Co. 1876 so -;.co 7 75 

114 Direction theodolite 3 Lingke & Co. 1876 50 {r; 7 {~; 5 
ns Direction theodolite 3 Lingke & Co. 18;6 50 100 7•4 4<>-95 

10 Direction theodolite 

U.S. 

f after;is86} W. Wiirdemann (?) 1874 .35 62 5·6 36 

Lake ;;un·ey Direction theodolite Tronghton & Sin1u1s 1$7r 35 60 5 (?l 
,.; Kepeating theodolite Gambey 1848 (?) 30 75 , .. 

' J 48 

30 Repeating th~odolite Ga111bey (?) go 
Js6 4·7 05 
l53 5•3 2S-4JS 

IIS Direction theodolite ·3 Fauth & Co. r87S 30 5S 6 2S-S" 

r35 Direction theodolite { after:i~7} Faut~ & Co. rSSo (?) 30 49 6·5 2S 

'47 Direction theodolite Fauth & Co. 1886 I_?) 3c ii 6·2 2S-,7 
3 Meridian telescope E.Kilhel 1876 So 7 72 
7 Mc;ridian telescope w. Wiirdemarm 1870 66 5 35-67 
9 Meridian telescope \V. 'Vi.irde111ann 1870 65 ... , 

' - 43 
13 Meridian telescope \V. \Viirdc:mann 18;1 66 5·5 70 

'A new edition of this Appendix has appeared in the Aunnal Report of the Superintc;ndent for rSg7-<)S. Appendix 
No. 7 by J. F. Hayford, assistant. · 

t Equidistant reading-microscopes. 
743 
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For each azimuth station the following abstracts contain the individual results ana 
all information needed to judge of the value of the determination. The apparent places 
of the stars used are taken directly from the American Ephemeris or derived from the 
second edition of Dr. B. A. Gould's Standard Places of Fundamental Stars (Washington, 
I 866), unless a statement is made to the contrary. The column headed "Position" in 
the summaries of results refers to the different positions of the horizontal circle of the 
theodolite during the observations. so distributed as to eliminate so far as possible system
atic error,s of graduation. The probable error of a resulting azimuth is determined from 
the differences between the resulting azimuth and the individual i.-esults from which it is 
derived, but no account has been taken of the probable error of the star's place, which is 
usually much smaller than the observing error. At a majority of the stations the effect of 
an uncertainty in the star's place as well as in the latitude has been practically eliminated 
by observing at hour angles about twelve hours apart. For stations at high altitudes 
l west of the Salina Base), where the azimuth mark was at a triangulation station, a 
correction for reduction to sea level has been applied, just as in the abstract of horizontal 
directions. Where the azimuth mark was used simply to connect the azimuth with the 
horizontal direction measures, no such correction was needed. A correction has been 
applied to the azimuths for variation of latitude and is given in the summary of results;· 
for explanation and remarks see a similar correction to the latitude results in preceding 
part. At each station the azimuth of the mark is referred to a line of the triangulation 
for convenience in comparing with the corresponding geodetic azimuth. The stations 
are arranged in the order of longitude beginning with the easternmost. 

B. ABSTRACT OF RESULTING AZIMUTHS. 

I. EASTERN SHORE SERIES. 

(1) CAPE HENJ,(IPEN UGHT-HOus:i;;, SUSSEX COUNTY, UELAWARE. 

,1 = iS0 051 ·0 \Vest of Greenwich. 

Results /(11· qzimutli ji'(llll observations!?/ t:r UrstZ 11/in(iris and i\ UrsR ll:lilwri's at 
<Jarivits hour auglcs.-The 30-centimetre direction theodolite No. 135 was mounted on a 
brick pier, about 15. metres north of the light-house tower. Brandywine ~hoal Light
House was used as azimuth mark, hut the light, ·which was usually observed upon, ·was 
large and unsteady. A single result for azimuth is derived from a set of observations 
consisting of pointing on mark, pointing on star, reversal of instrument, pointing on star 
and pointing on mark, with noting of time and level readings for the star observations. 
The observations and field computation were made by 0. B. French: the office computa
tion by D. L. Hazard and C. C. Yates. The probable error of a single result for azimuth 
was found to be± 1"·76 for a Ursre Minoris and± 0"·97 for A Ursre Minoris. 
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S11-111111a(V of res11/tsfor azi111111!1 at Gipe He11lop,·11 L~g-!1t-Ho11s,., t"Ccc1llrfr station, Ddii-;:vare. 

a Ursre l\-linoris. A lirs~e. Minori~. 

Date, 
1897. 

Position. Series. 

Sept. 5 

6 

6 

6 

6 

s 

Mean 

II 

III 

IV 

v 

VI 

VII 

VIII 

IX 

x 

XI 

XII 

XIII 

XIV 

(I 
"t J 

j I 

l 2 

( l 

·1 J 

J l 

1. 1 

J I 

I' 

) I 

I, 

f I 

). J 

c 
I' 
). 2 

f l 

l. 2 

l\Iark 
W. of N. 

0 ' 

6 14 .?3 ·97 

23 ·32 

20 "61 
28 ·32 

23·12 

21 ·28 

~s·38 

~s ·41. 

25 ·s., 
25 •46 

24 ·90 

~2 'o8 

19·50 

21 ·70 

23 ·41 

23 "'-'9 
25 "66 

24 ·09 

20·15 

::OI ·13 

17·98 
21 ·n 
'9 ·s~ 
I9"i0 

21 ·99 

6 14 23 ·2r 

+0·76 
+0·11 

+3"40 
+s·11 
-0·09 

·-I '93 

+2·17 

+5"J6 
+J'6.? 

+2"J5 

+1 ·69 
-r ·13 

+1 ·25 
+o·c.; 

-3·71 
-1·51 

+0·20 

+• ·45 
+o·ss 

-3 ·06 
-2·os 
-s "J,\ 

.-1 ·44 

--3 ·32 

-3·51 

+0·17 
-I".?:! 

±0"33 

Date, 
1897. 

Position. Series. 

Sept. 9 

JO 

10 
I 

xv 

XVI 

XVII 

10 II 

JO III 

11 IV 

II VI 

JI VIII 

II XII 

11 XIII 

l\:'Ieau 

0 

:Mark 
W.of N. 

6 14 J3·· r4 +o ·95 
.:?.? ·73 +o ·54 

23 ·53 +1 ·34 
JI ·72 -o "47 

24·79 +2·6o 

22 ·22 +a ·03 

[16 · 28] Rejected. 
23 ·or +0·82 
21 ·99 
20·67 

24 ·05 

21 ·92 

:?0"83 

24 ·:.s 
22 ·16 

23 ·14 

20·59 

20·51 

19·18 
20·84 

6 14 23·19 

-0·20 

-1 ·52 

+0·05 

+r ·86 
-0·27 

-1·.3,6 

+0·03 
+2·36 
-0·03 

+0·9,; 
-1·6o 

-I "6$ 

-3·01 

-I '3.5 

±0"21 

There is not sufficient evidence of position errors to warrant a combination of the 
results by positions. The mean of the separate results for the two stars, weighted accord
ing to their probable errors, is 6° q' 22"·48 ± 0"·18: the indiscriminate mean of the 49 
values, 6° 14' 22"·77. The true value probably lies between these two, say their mean, 
6° 14'" 22"·62 ±0"·21, of which the probable error is obtained from the c;lifferences 
between it and the individual results. Applying the correction for diurnal aberration 
-o" · 32, we have mark west of north 6° 14' :22" · 30 ± o" · 21, and azimuth of Brandywine 
Shoal I.,ight-House from eccentric station-

Reduction to center of light-house 
Azimuth, Cape Henlopen Light-House to Brandywine Shoal Light-House 

( 2) PRINCIPIO, MARYLAND. 

<p = 39° 35'·6. ,l = 76° oo'·3 West of Greenwich. 

0 II II 

173 45 37·70±0·21 
-20·37 

173 45 17 ·33 ± o ·2r 

Results for azimuth _from ob~t'r1Jatio11s ef a Ursa: llfi11oris nmr Eastern. Elonga
ti,111.-The 60-centimetre direction theodolite No. 2 was mounted over the triangulation 
station. The mark was at Carpenters Point, about 376 miles south of the station, and 
consisted of the usual lamp, of which the light showed through an aperture in its 
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protecting box. A single result for azimuth is derived from a set of observations con
sisting of 3 pointings on the mark, reversal of instrument, 3 pointings on the mark, 
4 to 6 p0intings on the star, reversal of the instrument, followed by the same operations 
in the reverse order, with the necessary time and level readings. The observations were 
made by R. D. Cutts: computation by J. Main. Probable error of a single result± 1"·75. 

Da:e, 
IS66. 

Aug. '5 
16 

17 
18 

20 

23 

23 

34 
25 
26 

S11111111a1y <?l results /or a::i11111tli at Pri11cipio, 1lf,11:1•!a11d. 

Position. Mark 
6. 

Date. Position. Mark 
6. W.of S. 1866. "'·of S. 

0 ' 0 ' " n 3 05 u.s·47 +1 '27 Aug. 27 v 3 05 oS·35 +1·15 
II 03 •6.S -3·52 29 v 10'02 +2"82 
II 0S·74 +1 '54. 31 v 05·93 +t "i3 
II 02·3~ - 4·81 Sept. I I 05·21 -·I ·99 

III Oi ·50 +0·31) 4 02 ·90 -4·30 
III 07 ·So +o·6o 4 1 10·13 +2'93 
III 1:>9 ·49 +2·29 5 I r 08·48 +1·2s 
IV 07 ·06 +o·o6 5 

I-
[04 sS'5I] Rejected. 

JV 1)5"9'2 -1·.:-s 6 07·o6 -o'I4 
IV ll.3 ·35 -.i·s5 6 II '05 +3·SS 

0 I II II 

Mean, Mark 'Vest of South 
Diurnal aberration 
Azimuth of Mark 

3 05 07 ·20 ± 0 ·40 

Angle between Turkey Point and Mark 
Azimuth of Turkey Point 

(3) CALVERT, MARYLAND. 

+0·32 
3 05 07·52 
I 30 24·01 

.I 34 43 "51 

A.= 76° 2:;'·6 West of Greenwich. 

Resulls fiw azimuth from t>bscrzralions t?/ tY Ursu: Jlfhwris ltt'<tr Eastern E/011gation.
The 30-centimetre Gambey theodolite No. 16 was mounted on a yellow pine block over 
the triang11lation station. The mark was across the bay at Meekins Neck, about 6 miles 
distant. A single result for azimuth is derived from a set of observation~ consisting of 
12 repetitions of the angle between the mark and the star, 6 with telescope direct and 6 
with telescope reversed, the star being observed alternately direct and reflected in 
mercury. Observer, A. T. Mosman; computer, Ja£nes Main. Probable error of ·a ·single 
result± o" ·7 I. 

S1e111111m:11 <?f n:sultsfor a::imutli at Calz1crt, llli.11J•/,111d. 

Date, :Mark a Date, Mark '1 1871. E. of N. i87I. E.of N. 

c ' 0 " " " Aug. 25 72 o6 o<i ·30 +0·69 Sept. I ;o o6 09 ·;4 +1·13 

25 07·23 -1·3s 1o·S3 +.?".22 

35 o.~·42 -(1"1~ oS·o4 -0·.~7 

25 07 ·54 -1·07 07·45 -1·16 

31 08·85 +0·24 07·73 -o·S8 

31 07·46 -1·15 07·93 -o·i:i9 

31 08 'i4 +0·13 3 0/"i8 -0·$3 

3I ~·44 +o·S3 3 uS·49 -0·12 

Sept I 09 ·69 +1·0S IO'IO +1·49 

9 II II 

Mean 72 o6 o8·61±0·17 
Diurnal aberration +0·32 
Azimuth of Meekins Neck 252 o6 c.8·93±0·17 
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(4) MARRIOTT, MARYI.AND. 

<p = 38° 521 ·4. ;\ = 76° 36'"6 West of Greenwich. 

Results .for azimuth /icm1 c>bservations qi a, o, and A Ursa: .J:linoris Near Enslen1 
Elo11gation, and a, /3, 0, and~ Urste Afi11oris and a Ursa: Afajoris, near H-'l:·stern Elonga
timz.-The 60-centimetre direction theodolite No. :? was mounted over the triangulation 
station. Observers, A. D. Bache and J. Hewston, jr.; G. Davidson and J. Main, com
puters. A single result for azimuth is derived from a set of observations consisting of 
about a dozen pointings 011 the star, one-half with telescope direct and the other half 
with telescope reversed, and corresponding pointings on the mark. Probable error of a 
single result± 1"·92. 

Summa 1:11 qf results fi>r a:: imut/1 at Jlfa rriott, Jlf111:1•la 11d. 

Stars near Eastern ::Ei~longation. Stars near Western Elongation. 

Date, Star. 
I849. 

June 4 8 Urs.Min. 

4 A Urs.Min. 

5 8 Urs. l\Iin. 

5 A Urs.Min. 

5 a Urs.:Min. 

s 8 Urs. Min. 

8 A Urs.Min. 

IO 11 Urs.Min. 

Mean 

Position. Mark 
6 

Date, Star. Position. W.of N. 1849. 

0 ' IV 0 58 25·61 -1 '77 June 5 11 Urs.Miu. v 
III 25·43 -I "9'J IO ~ Urs.Min. VII 

II ~[ ·37 +3"99 II 11 Urs. l\Iaj. VI 
I 25 ·7~ -1·62 11 ~ Urs.Min. VI 

XI 2S·10 +072 I6 ~ Urs.Min. VIII 

IX 33 ·15 -4·23 16 9 Urs.Min. IX 

x 29 ·09 +171 18 fl Urs.Min. x 
VIII' 30·50 +3"12 18 ' Urs. :l\liu. XI 

±0"68 
!.,'lean 

05S27·3s 

Mean, Mark \Vest of North 
Mark West of South 
Correction for diurnal aberration 
Azimuth of Mark 
Angle between Hill and Mark 
Azimuth of Hill 

0 I II ,, 
0 58 27·97::!:0°48 

I79 or 32·03 
+0·31 

179 or 32·34 
82 23 4S·9S 
¢ 37 43·36 

(5) WEBB, MAllYI.AND . 

.P=39° 051 ·4. ,"\. = 76° 401 ·5 \Vest of Greenwich. 

Mark 
W.ofN. 

0 ' 
0 58 .23 ·05 

29·54 
29·68 

29·75 
2S ·77 
::05"1.? 

30"jl 

31 ·84 

0 58 28 •56 

6 

•.. 
-5·51 

+o·~~ 

+z·12 
+1·19 
+0"21 

-3•44 

+2'15 
+3·-,s 

±0'71 

Results.for azi111utlz from obsrn.1alions ef a Ursti" Afinoris ucar Eastc111 a11d Hestem 
Elonga.tions.-The 75-centimetre direction theodolite No. r was mounted over the tri
angulation station. '!'he mark was about a mile distant. Observers, A. D. Bache and 
G. \V. Dean; computer, J. Main. A singl~ result for azimuth is derived from a set of 
observations consisting of 6 pointings on the mark, half with telescope direct ·and half 
with telescope reversed, 12 pointings on the star, half -of these being direct and half 
reversed; finally 6 more' pointings on the mark. Probable error of a single result ± o" ·67. 
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S11-111111a1:1• qf resulls_t<>r a::i111111/i at llebb, llfaryland. 

a. Ursre l\'linoris near Eastern a. Ursre Minoris near 'Vestem 
Elongation. Elongation. 

Date, Position. !\:lark .i. Date, Position . i\1ark 
~ 1850. E. ofN. 1850. E.ofN. 

"' ' 0 ' " " Oct. 29 6 07 45 "46 +0·04 Oct. "9 I 6 07 45·45 -0·24 
NO\'. l II 46 "62 +1·20 NO\'. 9 III 44•46 -1·23 

IO III 45 ·97 +0·55 13 IV 47'59 +1·90 

13 IV 44 "iS -0·67 14 v 45·23 -0·46 
14 v 44".U -1 ·11 18 II 45·73 +0·04 

Mean 6 07 45 ·42 ±0"28 Meau 6 07 .45 "69 ±0"35 
0 " " Mean, Mark E. of N. 6° 071 45 11·56 or W. of S. 

Diurnal aberration 
I86 07 45 ·56±0·21 

Azimuth of Mark 
Angle between Soper and Mark 
Azilliuth of Soper 

"2, ALLEGHENY SERIES. 

(6) HILL, MARYLAND. 

+0·3::! 
I86 07 45·88 
97 07 56·64 
SS 59 49 ·:q 

,l = 76° 521 ·8 West of Greenwich. 

Results for azim.ut/1 from obserl'afions of"' Ursa! Jlfinoris near Eastern and fVcstcrn 
Elonga!it>J/S and A Urse[' JliHoris near upper C11lmi11atio11.-The 75-centitnetre direction 
theodolite was mounted over the triangulation station. The mark was in line to station 
Webb. Observers, A.D. Bache and G. \V. Dean; computer, J. Main. A single result for 
azimuth is derived from a set of observations consisting of 6 pointings on the mark, half 
with telescope direct and half with telescope reversed, 10 pointings on the star, half direct 
and half reversed, and finally 6 more paintings on the mark. Probable error of a single 
result=·± o"·s3. The results from A Ursre Minoris are considered inferior and are 
therefore not used. 

S1111111w1:i• of results _ti>r a::i11111t/1 at Hill, l1Ia1:1•la11d. 

,1 Ursre 'Minoris 11ear Eastern a Ursre Minorts near \Vestern A Ursre l\rinoris near 
Elougation. Elongation. u.c. 

r:ate, Position. Mark 
6 

Date, Position. Mark 
6 

Date, Position. Mark 
1850. E.ofN. 1850. E.ofN. 1850. E.ofN. 

0 ' 0 ' c ' 
Sept. 27 • III 39 46 56·5_1 -0·30 Sept.:16 III 39 46 59 •34 +1 ·57 Sept. 17 v 39 46 6o ·22 

28 II 54·63 -1".:?Q 27 II 57·38 ··-0'19 21 59·86 

29 IV 57 ·o; +0·24 28 IV s7·~ +<>"l? Qct. 4 II 62 ·¢ 
Oct. 3 I 5S·35 +1 ·52 Oct. 56 ·so -1 ·27 These results not nsed. 

5 v 

Meau 

57 ·ss +072 4 v 57 ·67 -O'JO 

----
39 46 56 ·s.; ±0'42 !\lean 39 .¢ 57 ·77 ±•:J'JI 

Mean 39° 46' 57"·30 E. of N., or 
Mean corrected for diurnal aberration 
Angle between Mark and Webb 
Azitmi.th of Webb 

0 II 

219 46 57 ·30 W. of S. 
219 46 57 ·62 ± 011·26. 

0 0, 00 ·27. 
219 46 51 ·s9. 
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( 7) SOPF.R, l\!ARYJ.AND. 

<p = 39° 051·2. A = 76° 571·0 \~est of Greenwich. 

Rcsiells for a:::imuth ,tiwn obso"L·ations qi a [Trsa: .11/bwris nrnr L0<£•t·r Culmi1111tio11, 

;\ Urstr 11/z'?wris near Eastern Eliwgation, mui o Ursa: Afhwris nca r 1-Veslcrn EM11ga
lion. -The 7 5-centimetre direction theodolite No. 1 was mounted over the triangulation 
station. ·The mark was 442 metres to the south of the station. Observer, -A. D. Bache; 
computer, J. Main. A single result for azimuth is derived from ~ set of observations 
consisting of 6 paintings 011 the mark, 10 pointings 611 the star, half with telescope <lirect 
and half with telescope reversed, 6 paintings on the mark, taken just before culmination, 
followed by similar operations immediately after culmination. For the stars at 
elongation the operations are not repeated. Probable error of a single result= ±0"·92 . 

. Daie, 
1850. 

July 4 

4 

5 
s 

IO 

Star. Position. Mark 
l!. 

Date. fotar. Po!!>ition. Mark 
E. of N. 1850. .. F.. of N. 

~ 0 ' 
.l.Urs.Min.E;.E. III 17$ 19 .•S 'OJ -0·19 July II " tTrs. Min. L. C . I\' 17S 19 37 ·oo 
a Urs. Min. \V. E. lll 3S·23 +o·or 19 " Urs. Min. L. C. v 39·01 
" Urs. Min. I,. C. III sS·sS +0·36 23 "Urs. Min. J •. C. v 40·10 

" Urs. Min. I,. C. III 37·6• -0·60 25 " llrs. Min. L. C. 40·29 

" Urs. Min. I,. C. IV 37·40 -o·S2 29 "Urs:Min. L. C. lI 35'96 

0 ,, I/ 

Mean 
Azimuth of Mark (corrected for diurnal aberration) 
Angle between Webb and Mark 

178 19 38 '22 ± 0 ·29 
358 r9 38·54 
89 30 rs ·os 

Azimuth of Webb 268 49 23·46 

(8) SEATON, DISTRICT OF cor.UMBIA. 

i\. = 77° oo'·o West of Greenwich. 

.6 

-1':!2 

+0·79 
+1·88 
+i·o7 
·->'26 

Resulls for azimuth from observations ef a Ursm Afi1toris at -various hour angles.
The 75-centimetre direction theodolite was mounted over the triaugitlation station. 
·The mark was on the .tower of the Soldiers' Home, about 33-f miles distant. Observer, 
C. 0. Boutelle; computer, James Main. A single result for azimuth is derived from a 
set of observations consisting of 8 pointings on the mark and 8 pointings on the star, 
one-half of these with telescope direct and one-half in the reversed position. The star 
was observed alternately direct and reflected in mercury. Probable error of a single 
result=± 0"·72. 
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Date. Position. 

1868. 
Dec. 17 II 

17 II 

_17 II 

17 II 
1$ III 

18 I III 
18 III 
IS III 
IS III 

19 IV 
19 IV 

19 IV 

21 IV 
21 IV 
21 v 
21 \' 

>I v 
,, I v 
21 v 
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S11111m1u:v oj re"s11lls for a::imuth al S.::a/011, Disllid of Col11111bia. 

Series. l\Iark l\fean of 
!:::. Date. Position. Series. Mark 

W.ofN. position .. W.ofN. 

0 ' II II 1868. 0 fl 

10 01 15 ·55 Dec. 2; VI 10 01 14 ·65 
13·50 2; VI 13·50 

3 1.; ·50 27 VI 3 13·30 

4· 15 ·05 14 ·40 +0·67 2j VI 4 14 "10 
·12·40 27 Vl 5 14·70 

13·~ I 1869. 

3 lJ'OO Jail. -~ VII 15 "75 

4 13 ·55 5 VII 14·~5 

5 13·60 I 13 ·15 -o·.;S 5 \'II 14 ·35 
13·00 5 VII 4 13·45 
II ·40 5 VII 5 13 ·45 

3 13·90 6 I i4 ·as 

4 14 ·35 6 I 14 ·25 

5 13·So IJ ·29 -0·44 

:1 
. I 14 ·15 

II ·95 4 15·10 
13 ·20 5 13·70 

3 13 ·25 

4 10·;0 

5 13·So 12 ·s-5 ·-I 15 
0 I // // 

Mean IO OI IJ "73 ±0°18 
Aberration -0·32 

Azimuth of Mark 169 58 46·59 
A.ngle between Mark a11Cl Hill 95 34 07 ·17 
Azimuth of Hill z65 32 53 "76 

(9) CAllSTEN, DISTRICT OF COLUMBIA . 

tp = 38° 55'·5. . l = n° 041 ·4 West of Greenwich. 

l\Iean of 
position. !:::. 

" ,, 

14 ·as +0·32 

14"37 +0·64 

I4 "25 +0·52 

Results for azimuth from observations mi a Urste Jlfhwris 1l(ar Eastern Elt>11gntion 
and near Lower Cu/11i.i1tatiou .-The 75-1.!entimetre direction theodolite No. 1 was mounted 
over the triangulation station. The azimuth mark was about a quarter of a mile distant. 
Observer, G. W. Dean;· computer, James Main. A single result for azimuth at elonga
tion is derived from a set of observations consisting of 6 pointings on the mark, one-half 
with telescope direct and the other half in the reversed position, 10 pointings on the 
star, telescope, half direct and half reversed, finally ·6 more pointings on the mark. At 
culmination two such sets, one before and the other after culmination, are combined to 
get a single result. 

S11111111a1:11 of rt•suttsfor a::i111utl1 al Ca11slo1, District of Co/l(.mMa. 

Star near Eastern Elongation. Star near Lower Culmination. 

Date, Position. Mark A Date. Position. l\Iark A 
1851. J;;. of N. 1851. E. of N. 

0 ' 0 ' 
l\Iay 9 30 52 60"78 +0"16 May 26 v So 52 57 ·4r -I"S9 

I2 II 59·25 -1·37 31 IV sS "<Yl -1·22 

14 III 61 "84 +1 ·22 Jbne III 6o·44 +1·15 

4 II 59·27 --0 ·02 

I 6I "27 +1 ·<JS ----
l\Iean 30 52 60"62 :0·51 Mean 30 52 59·29 ±.:>"48 
Aberration +0·32 Aberration +0·31 

a , ,, 
Mark E. of N. 30° 531 00'1 ·27 ± o'1 ·37 or 
Angle between Mark and Soper 
Azimuth of i?oper 

2ro 53 oo ·27 W. of S. 
o or 41 ·51 

210 54 4r 78 
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(IO) SUG.-1.R LOAF, MARYLAND. 

tp = 39° 15'·7. ,l = 77° 231 ·6 West of Greenwich. 

Results ft>r azimuth .from obser;•alit>11s •1 a Urstr ll:finoris at z•arious hour angles.
The so-centimetre direction theodolite No. II3 was mounted over the triangi.ilation 
station. The mark was near the railroad station at Barnesville, 3·s miles d1sta1it. 
Observers. C. O. Boutelle and F. D. Granger; ·computer, James Main. A single result 
for azimuth is derived fro1n a set of observation.s consisting of a pointing on the mark 
followed by paintings on the star and its image reflected in mercury, reversal of instru
ment, pointings on the star ·and its reflected image, concluding with a pointing on the 
mark. Probable error of a single result = ± 1"·02. 

S11111ma1:v of re·s11ltsfor azinmt/1 at Sugar Loaf. 1llmyla11d. 

Date. Position. Series. Mark Mean of 
6 

Date. Position. Series. Mark l\fean of c. 1879. F;. of N. position. 1879_. E. of N. positioJ1. 

0 ' 0 ' Sept. 
191 

167 OJ 60 "451 Oct. 16 VI 3 167 01 .59 "\10 

19 55·39 6o":?O . +0·24 16 vu 6o"~5 

19 61 ·76 16 VII ~·99 60"23 +0"27 

>4 I II 62"50 16 Vil 60";6 

>4 II 61 ·oo 60·34 +0·3S 16 VIII ~·39 

25 II 3 57·51 16 VIII 61 ·37 59·69 -0·27 

Oct. 14 Ill ss·sa 16 VIII ~ .59"32 
14 III .59"42 S$"46 :-I ·50 31 IX 6o·o7 

14 III 3 57 ·47 31 IX .59 "23 59·23 -0·73 

14 IV 59·16 31 IX 58·39 

14 IV . ~8·62 59·05 -0·9r No11·. 9 x 6o•42 

14 IV 3 59·36 9 x 62·23 61·58 +1 ·62 

14 v 6o·51 9 x 62·oS 

14 v 5S·S3 59·56 -0·40 9 XI 61 •54 

14 v 3 S9"S5 9 XI 6o·17 61 ·63 +1 ·67 

Oct. 16 VI 5ns 9 XI 6.~ ·1; 
16 VI 61 ·25 59·58 --0·38 

0 /I II 

Mean 167 01 59·96±0·20 
Diurnal aberration .+0·32 
Azimuth of Mark 347 02 00·28 
Angle between Mark and Bull Run 45 27 16·51 
Azimuth of Bull Run 32 29 16 ·79 ' 
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(II) MARYLAND HEIGHTS, MARYLAND. 

tp = 39° 2o'·4. A. = 77° 43'·0 \Vt:st·of Greenwich. 

Results for azimutli from obser<11itions •if Polaris at 11anims · h11ur angles. - The 
7 5-centimetre direction theodolite No. 1 was mounted over the triangulation station. 
The azimuth mark was on a hill back of Knoxville, about 3}-6 miles distant. Observer, 
C. 0. Boutelle; computer, James Main. A single result for azimuth is derived from a 
set of observations consisting of a pointing on the mark, pointings on the star and its 
image- reflected from mercury, reversal of instrument, pointings on the star and its 
reflected image, pointing on the mark. Probable error of a single result = ± I"· IO. 

S11111111a1")' of l"t'Sllllsfor azi11111t/1 at llfi.11:11la11d Ht!iglits, llfm:11/1111d. 

Date, Position. Series. Mark Mean of 
L 

Date, Positio11. Series. Mark Mean of 
b. 1~70. E.or N. positi011. I8iO. E.or N. position. 

0 I 0 , 
Oct. 9 III 1o8 14 41 ·37 Oct. 16 VII IOS 14 45 "63 

-;. III 42·67 16 VII 5 43·32 

9 Ill ~ 41 ·86 43·10 -o·y, ,, I 45 •45 

9 III 4 44•85 21 45 ·71 

9 III 5 44 ·75 21 45·65 45·15 +1·"'9 

I4 v 45·92 21 I 4 42·55 
14 v 43·34 21 I 5 46·;;7 

14 v 44 ·43 43 ·s2 +0·36 22 II 4• .""' I 
14 \I 42·67 ,, II 41 ·41 

14 v 5 42 "75 22 II 3 42 ·90 42 "55 -0·91 

15 VI 41 ·50 22 II 4 42 ·4~ 

15 VI 40·39 22 II 5 43 "S6 

15 VI 4""54 42·40 . . -1 ·o6 23 IV 41 ·97 

15 VI 4 44 "i9 2· I\' 41 "4;=\ I ·' 
15 VI 5 44 ·So .23 IV 45 ·32 I 43 ·33 -0·13 

16 VII 43 '62 23 IV 4 43·951 
16 VII 42·\)-S 23 IV 5 43·¢ 
16 VII •' 43 "67 43·8~ +0·38 

0 ,, ,, 
l\lean 108 I4 43·46 

From an ·values ±0·1S 

And from positions . ±0"24 

Diurnal aberration -j-0·32 

Azimuth of Mark 288 I4 43 ·7S ±o ·rs 
Angle between Mark and Bull Run 70 28 23·10 

Azimuth of Bull Run 358 43 o6·SS 

(I2) BULL RUN, VIRG1NIA. 

tp = 38° 52'·9. ;t = 77Q 421 ·2 West of Greenwich. 

Remits /01· azimuth from observations ef Polaris at ·various hour angles.-The 
75-centimetre direction theodolite No. i was mounted over the triangulation station. 
The azimuth mark was on High Point Mountain about I}:( miles distant. Observer, 
C. 0. Boutelle; computer, James Main. A single result for aziinuth is derived from a 
set of observations consisting of a pointing on the mark, pointings on the star, and its 
image reflected in mercury, reversal of instrument, pointings on the star, and its reflected 

. image, and finally a pointing on the mark. Probable error of a single ·result= ± 1"·20. 
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Date, Position. Series. Mark Mean of 
6 

Date, Position. 5eries. Mark Mean of 
6 1S7r. W.ofN. position. rS71. W.ofN. position. 

0 0 

Oct. 131 158 36 JS ",56 Oct. 2~ ' IV 4 r5S 36 ::-~ ·71 I 
13 I 2S·78 ., IV 5 2S ·"'6 

13 I 3 .;2·63 29·~ -0·14 23 v 2~::v-::1 

14 I 4 30·57 23 v 3o·o..i. 
14 I 5 ':.?8"6i 23 v :?8'40 2S·59 -I ·~9 

17 II :;.; ·63 23 v 4 .28"10 

19 II 29·ss 23 v 2S'~H 

191 
II 3 ~0·91 32·05 +2"0j NO\'. VI 33·40 

19 II 4 33 ·25 VI 33·00 

19 II 5 ~2·56 VI 3 31 ·32 31 '75 +1 "Ti 

:1 III 2s·s3 VI 4 29·48 

III 2 31 ·56 I VI 5 31 ·47 

20 I III 3 so·o~ 29·65 -0·33 3 VII 28 ·93 
20 III 4 :?8 'j2 "l.'II 31 ·00 

' 
:?O I III 5 29·13 VII 30·12 29•49 -0·49 
., I IV 28 ·18 VII 4 2S ·77 

221 IV 27 ·94 VII 5 2S·5S 

22 IV ·~·35 28'49 -I'49 

0 " 
,, 

Mean 158 36 29·98 

From all values ±0'20 

And from positions ±0·36 

Mean corrected for diurnal aberration I58 36 29·66 ±0'20 

Azimuth of Mark 2I 23 30·34 

Angle between Mark and Peach Grove 242 29 57·SI 

Azimuth of Beach Grove 263 5.~ 28 ·15 

(13) CI.ARK, VIRGINIA. 

tp:= 38° 18'·7 ,l = 78° 001 ·2 \Vest of Greenwich. 

Results for azi11mtlt from obscrvaliolls <?f Polaris at vari,ms hour anglcs.-The 75-
centimetre direction theodolite No. I was mom1ted over the triangulation station. Tl).e 
azimuth mark was at Rapidan railroad station, nearly 5 540 metres distant. Observer, 
C. O. Boutelle; computer, James Main. A single result for azimuth is derived from a 
set of observations consisting of a pointing on the mark, pointings on the star and its 
image reflected from mercury, reversal of instrurpent, pointings on the star, and its 
reflected image, and finally a pointing 011 the mark. . Probable error of a single resu.It 
= ±1"·09. 

I8732-No. 4--48 
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S11m111a1:l' of res1£ltsfor azi11111tli al Clark, Vi1:giuia. 

Date, Position. !?eries. Nlark Mean of 
6 

Date, Position. Series. Mark Mean of 
8 1871. W.ofN. position. 1871. W.ofN. position. 

0 ' 
,, 0 I II 

Aug. III 85 30 57·05 Aug. 151 VI· 4 85 JO 59·04 
IO III 57·79 IS VI 5 6o·4r 
10 III 3 58·43 58'53 -I'II 18 VII 59·23 
10 III 4 6o·12 rs VII 59·30 
10 III 5 59·20 rs VII 3 6r ·51 59•73 +o ·og 
11 IV 5S·S9 18 VII 4 59'8I 
II IV sS'64 18 VII sS'78 
II IV 3 61 ·35 61 '03 +1·39 "5 59'57 
lI IV 4 6273 

:: I 
I 61 ·35 

II IV 5 63·53 I 3 59·9r 59·¢· +0"32 
14 v 57·44 25 4 59·65 
14 v 62·33 25 5 59·3r 
14 v 3 63·46 6o"46 +0·82 30· II 53·52 
14 v 4 59·.9.:J 30 II 2 57 ·56 

14 v 5 59'"7 ... :.o . II 57·49 58•47 -1·11 
15 VI 58·43 JO II 4 59·41 
15 VI 58·81 30 II 5 59·37 
15 VI 3 59·70 59·28 -0·36 

0 II // 

Mean 85 30 59·64 
From all values ±0·18 
And from positions ±0·24 
Diurnal aberration -0·32 

Azimuth of Mark 94 29 00·68 ±0·18 
Angle betwee11 Mark and Bull Run 107 so 27·09 
Azimuth of Bull Run 202 19 27:77 

(q'j LONG MOUNT, Vrn.GINIA. 

(fl=37° 17'·4. ,1 = 79° 051 ·2 \Vest of Greenwich. 

Results f1lr a:dnmt/1 from tlbserviitions ef p,l/aris at va.rious lwur anglcs.-The 35-
centimetre direction theodolite No. IO was mounted over the triangulation station. 
The mark was in the belfry of the court-hotise at Lynchburg, about 10 miles distant. 
Observer, A. T. Mosman; computer, Jam.es Main. A single result for azimuth is 
derived from a set of observations consisting of one reading of the mark, readings of 
the star, and its image reflected from mercury, reversal of the instrument, readings of 
the star, and its reflected image, and finally a reading of the mark. Probable error of 
a single result = ::I:: 1"· 54. . 
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511111111.11:1' <f rcs11ltsfor azi111111l1 al Lo11g llfo1111t, l "irgi11ia. 

J.late, Position. Series. Mark Mean of 
L. 

Date, Position. Series. Mark Mean of 
!::, 187.';. W.ofN. position. 1875. w·.ofN. position. 

0 " " " 0 I II " 
~1)\". 1· 20 48 II ·90 Nov. 1S I XIII 20 4-"3 II ·50 

·' 
13 I 07 "9'2 09·9x -3·20 18 -XIII 10·05 JO 78 -2·33 

13 II 11 ·u 18 XIV 13 ·20 

1.~ II 

::; I 
10·95 -2·16 22 XIV 15·1'> 14 ·19 +1 ·c~'3 

13 III 22 xv 13 "OI 

'7 III 14 ·52 13·91 +0·80 22 xv 13 "J.5 13 ·13 +0·02 

17 IV 16·06 J.:! XVI J.:? "61 

17 IV 17·51 16·78 +;·67 27 XVI 15·90 14·25 +1·14 

17 v q. "2.? 23 XVII 10"]:!' ' 

1; v 15 ·35 14 ·78 +1·67 23 XVII I.'?"03 1r ·os -2·03 

17 VI 15 ·o.~ 23 XVIII 12'4.? 

17 VI 14·15 q •fo +1·49 23 XVIII 10·20 II ·31 -r ·so 

17 VII II ·cp 23 I XIX 12 74 

17 Vll 2 15·35 13·63 +0·5:? 
231 

XIX II 'J.J II ·93 -1·18 

17 VIII 15·93 23 xx n·40 

17 VIII 16 ·79 16·36 +3"25 23 xx 13 ·52 12 ·46 -0·65 

11 I IX 14 ·36 25 i XXI 14·¢ 

171 IX I~ ·~3 IJ 70 +0·59 ."'i::; I XX! 13·os 14 "O.'.? +0·~1 

1$ x 16·77 25 XXII 15·,.; 

18 x 14 '.'.?/ 15 ·52 +2"41 25 XXII 12·75 14·00 +0·89 
18 XI 13 ·27 ::-,i:; XX III 09 ·98 
18 XI 15 ·45 l4 ·36 +1·25 27 XXIII 10 78 10°38 -2·73 

'~ XII 07·¢; I 
18 XII io·85 I 09 •42 -3·69 

0 II II 

Mean 20 48 I3 ·11 

From all values ±0·23 
And from positions ±0·28 

Diurnal aberration -0·32 

Azimuth of Mark 159 II 47·21 ±0·23 
Angle between Mark and Spear 64 16 54·53 
A7.imuth of Spear 2?3 28 4l ·74 

( 15) ELLIOTT KNOB, VIRGINIA. 

,l = 79° 18'·9 \Vest of Greenwich. 

Results for azimuth jiwn ,>bservations ef Polaris tlf i•arious hour m1gks.-The 
~;o-centimetre direction theodolite No. I 14 was moun.ted over the triangulation station. 
A·collimator mounted on a brick pier 29 feet distant was used as a mark. Observer, 
A. T. Mosman; computer, James Main. A single result for azimuth is derived from a 
set of observations consisting of a pointing on the mark, pointings on the star and its· 
image reflected from mercury, then ·reversal of instruments, followed by similar obser
vations of star and mark. Probable error of a single result= ± 1"·50. 
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S11111111a1:1• of rt'sultsfor azimutfl at Elliott J.(11t1b, Firgi11ia. 

Mark Mean of 
!::. 

Date, Positio.11. Series. Mark 
E.of N. position. ISi8. E.of N. ~S~~~· Position. Series. 

Aug. 

II 

JI 
II 

3 TII 

3 III 

•' III 

3 IV 

•' IV 

3 IV 3 
3 v 
_, v 
3 v 

0 I " l 41 36·1 

33 "[ 34 ·9 
35 ·4 

37 ·s 
.33 "6 J4 ·s 
32"! 

35 ·4 

35 ·5 34 ., 

31 ·4 

35•9 
,;C3·2 37·5 
38·3 
34 ., 

36·0 36"I 
3S ·r 

Mean 
From all values 
From positions . 
Diurnal aberration 

Aug. 

+0·4 

o·o 

-0·4 

+J"O 

+r·6 

Azimuth of Mark (collimator) 

·' 

3 
3 

!i 
;·1 
4 

4 

4 

4 

4 

Angle between Mark and Humpback 
Azimuth of Humpback 

VI 
VI 
VI 
VII 
VII 
vu 
VIII 
VIII 
VIII 

IX 
IX 
IX 
x 
x 
x 

0 
·' 

I/ 

I 4I 34·52 

,0·32 

" ' 
I 41 "5 "2 

37"I 
35 ., 

34·2 
32·4 

JI "O 

33 ·9 
34 .. , 

32·6 

30·1 

32·4 

"5 ·3 
32 '6 
30·8 

.. u·4 

" 
±0·27 
±0·36 

ISI 41 34 ·84 ± 0 ·27 
l2I 43 49·53 
303 25 24·37 

( I6) KEENEY, WEST VIRGINIA. 

il = So0 42'·3 West of Greenwich. 

Mean of 
6 position. 

35·8 +• ·3 

32·5 -2·0 

33·6 -0·9 

34 "6 +0·1 

31 ·6 -2·9 

Three separate determinations of azimuth were made at this station by A. T. Mos
man in September, I88o. 

(I) Results for azim 11th jiwn. obso··va.tions ef p,,/aris at ·zia riou s hour anglc·s <e•ithin one 
hour of Easton Elonga.flim. -The 50-centimetre direction theodolite No. 114 was mounted 
over the triangulation station. The mark was on Little Sewall Mountain, about 9·56 
miles distant. Observer, A. T. Mosman; computers, A. S. Christie and A. Ziwet. A 
single result for azimuth is derived from a set of observations consisting of three point
ings on the mark, three pointings on the· star, follo~ved by reversal of instrument and 
similar pointings on star and mark. The probable error of a single result=± 1"·14. 

(I) S11111m111:11 of r,;s111ts' of first dckrmi11atio11. 

Date, Position. Mark 
.i. Date, Position. Mark 

.i. rSSo. E.of N. 1S8·J. E. of N. 

0 ' 0 ' ·Sept. IO VIII I 41 48 "79 +0·50 Sept. IS III I 41 48•04 -0·25 
IV ,.II 45 ·o; -3'2:? IS IV 49•05 +0·75 
13 IX 47·95 -0·34 15 v 51>"20 +r·93 
13 x 47·91 -0·38 IS VI 46•36 -I"93 
13 XI 

47 ·~· -0·38 I9 VII 51 ·29 +3"00 

14 I 49·60 +1 ·31 I9 VIII 48·¢ .+0·67 

I4 II 46·62 -1·67 

0 I /I /I 

Mean I 4I 48·29 ±0·3I 
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(1) Rt·sulls for a.::i11111tl1 ti·o/Jl. /Jl.icromdric mc11s11rcs <?(!he <mglc bdwccn the mar/;; aud 
Polaris at Eastern E/,111gaflim.-Instrnment and mark as in the first determination. A 
shorter telescope carrying an eyepiece micrometer was substituted for the one ordinarily 
used. One turn of eyepiece micrometer = 77 ·"65 . 

.(3) Meridian telescope No. 13 was mounted at a distance of 23·165 metres from the 
triangulation station and exactly in line to the azimuth mark. One turn of eyepiece 
micrometer= 77·848. Observer, A. T. Mosman; computers, A. S. Christie and A. 
Ziwet. A single result for azimuth is derived from a set of obse_rvations consisting of 
three bisections of the mark. with the micrometer thread, three bisections of the star, 
followed by reversal of the telescope ancl similar readings of the star ancl mark. The 
probable error-of such a set was found to be± 0"·58 for theodolite No. 114 and± 0"·75 
for meridian telescope No. l 3. 

( :i) S11mmt11:1' Qi l"t'Sults o,f (3) Su 111111111)' qf 1·cs11lts qf 
tliird dcter111i11atio11. seco11d ddcr111i11alio11. 

:nate. Mark "6 Date, Mark 
6 iSSo. E.ofN. ISSo. Eof N. 

0 , 0 , ,, 
Sept. I6 l 41 .p ·30 -0·74 Sept.2I I 4I 48·¢ -0·34 

I6 48"I4 -(1°96 21 49""'1 -0·~6 

16 4S·S4 --o. :6 OI 51 ·41 +2·n 
IO 4S·,,9 -r·ur ,I 48·60 -070 

16 49·39 +<""'} 21 49·54 +0·24 

16 48·07 -1·03 2I 51 ·17 +1 ·87 
IS 50·62 +I "52 .2.2 48·02 -I "28 

IS 49·55 +0·45 -- 4i "63 -1 ·67 

18 4(1""6 +0·16 -- 49·75 +0·45 
18 50·35 +1·25 22 48·95 -0·35 
IS 4~·62 +0·52 -- 49·2·.l -0·01 

18 4-'3 ·59 ....:.0·~1 22 49·,6 -t•"!>.l 

j\Iean I 41 49 "IO ±0"·17 Mean I ·II 49 ·30 ±01'·~2 

S11m111111:11 qf n·S11!1s fi,,. azi1111dli at .A'ec11cy, West rirgi11ia. 

( 1) Mark, East of North 
(:i) Mark, East of North 
(3) Mark, East of North 

Mean, Mark East of North 

0 

I 

I 

" 
41 48·29 

49·10 
49·30 

41 48·90 
Diurnal aberration + o ·32 

II 

±0·31 
±0'17 
±0'22 

±0':!1 

Azimuth of Mark 181 41 49 ·22 ± o ·2 [ 

Angle between Mark and Bald Knob 75 22 46 ·72 
Azimuth of Bald Knob 257 04 35 ·94 
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( 17) PINEY, WES'r .VIRCrINIA. 

,\ = 82° 031 ·5 \\'est of Greenwich. 

Results j~w azimuth jiwn c>bse11.•ations of Pc>laris at i1ari(lus hour a11gks 1uczr Easft·rn 
Elo11ga/i(l}1.-The 50-centimetre direction theodolite No. 1q was mounted at the triangu-
1<1;,tion station. The azimuth mark was at station Gebhardt, about 12 miles distant. 
Observers, A. T. :Mosman and \V. B. Fairfield; computer, L. A. Bauer. A single 
result for azimnth is derived from a set of observations consisting of 3 paintings on the 
mark, .3 pointings 011 the star. followed by reversal of instrument and similar paintings 
on star and mark. Probable error of a single result·= ± 0"·9+ The observations of 
September 19 are given only ont:-half weight on account of the extremely unfavorable 
conditions of the weather. 

S1111111w1:1· <"'./ 11"s111/s/iw 11zi11111tlt at Piney. lf'est rirgi11 ia. 

Date. Position. Mark Mean of ;::,. Date, Position. Mark Mean of ;::,. 1883. W. of N. position. 1883. W. of N. position. 

0 " 0 ' " 
Sept. 9 oo ,, 27 ·s· I S<,pt. 15 VII tiv 55 29 ·5.; .... ..., 

9 

~;::~I 
~9 "1."'4 +0·~5 rs l'II 29 ·ss "'9 "7J +0·93 

9 II 15 VIII .'.!9".:!r 

"' II 28 ·41 15 VIII 29 ·20 29·20 +0·4r 

10 I II 2S ·20 I 28·61 -0·1s 15 IX 25·72 
JO Ill 28·83 15 IX .'.?5"90 

10 I III :!/"48 1. 2~·16 -0·63 22 IX 27 ""'.> 26·24 -2·55 

14 IV 29·78 19 x 24 ·45 

14 IV 3o·rn 29·94 +i·15 19 x 2"'"66 

141 
v 23 ·96 19 x •1 °"3 I 26 ·u -2·6s 

14 y ~'l•J .:..~·o .. ~ +0·24 .:!.:? XI ·:·5;; I 
14 I VI 22 XI 28"65 

141 
:!lJ"37 Z;j'il I -0·14 

VI 30·92 30·64 +1 ·85 

0 ,, !I 

\.Veighted position mean 6o 55 2~ "79 ±0·26 
Diimrnl aberration -() · .. ,2 
Azimuth of Gebhardt rr9 QJ. .. ~j ·53 ±0·26 

3. OHIO SERIES. 

( rS) c;ouuJ, OHIO. 

,\ = 82° 49'·9 \\'est of Greenwich. 

Rcsultsforazimuthfn>m 111icro111etricmcasure_s C!.i !ht• angle belwtrn P,>/aris near Eastern 
Elc>ngation and an dcmg-ation mark.-Meridian telescope No. 7.was mounted on a wooden 
block 61 ·652 metres from the triangulation station, but accurately in line with the mark, 
which was about 2 miles distant. Observer, A. T. :Mosman: computer, L. A. Bauer. 
A single result for azimuth is derived from a set of observations consisting of 5 bisec
tions of the mark with the movable thread of the eyepiece micrometer, followed by 5 
bisections of the star; then reversal of the telescope and 5 more bisections of star ~.n.-'. 

mark. Probable error of the r.::sult from one night= ± 0"·5s. 
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Date, 
1885. 

Sept. 14 

14 

14 

14 
IS 

'5 
15 
IS 

15 
16 
I6 
16 

16 
16 

S11111111a1:l' ,~( n·su/tsfor t1'::i1111tll! al Gould, 011;,,, 

Mark Mean of 
6 

Date, 
E.of N. night. 18$5. 

0 I 

I 39 58 '/7 Sept. 17 

59·39 
58·,I 

59·17 5s·ss +o·F 

59·95 
59·94 
58·57 
5S·i1 
.59"Jl_i 59·27 +1 "II 

57·35 
57 ·57 
57·66 
58·58 

57 ·3S Si ·71 -0·45 

Mean 
Diurnal aberration 
Reduction to triangulation station 
Azimuth of Mark 
Angle between Howland and Mark 
Azimuth of Howland 

I7 
I7 

17 

18 
IS 

IS 
IS 

IS 

Mark Mean of· 
E.of N. night. 

0 I II " I 39 S7 '$9 
57'o6 

57'50 
s.s·23 

57 '"9 57·67 

57'33 
57·~ 

56•47 
56•90 57 ·26 

o I II II 

l 39 58 '15 ± 0 '26 
+0·32 
-0·05 

ISr 39 58 ·43 ±o ·26 
96 50 45·07 
84 49 13'36 

( 19) MINERVA, KENTUCKY. 

A.= 83° 55 1
• 1 West of Greenwich. 

"" 
II 

-0·49 

-0·90 

Results for azimuth from obscr'vations of Pt>laris at nnious lwur 1111gks.-The 
30-ce1~timetre direction theodolite No. 118 was mounted over the triangulation stat,ion. 
The azimuth mark was on the tower of the court-house at Georgetown, about 13 miles 
distant. Observer, A. 'l'. Mosman; computer, L. ,A. Bauer. A single result for 
azimuth is derived from a set of observations consisting of 2 poi.ntings on the mark, I 

pointing on the star, and 1 on its image reflected from mercury, reversal of the instru
ment followed by similar pointings on the star and mark. Probable error of a single 
result = ± 1"·54. 



Aug. IO 

JO 

IO 

JO 

II 

II 

~I 29 
13 
I' ,, 

·29 
I3 

13 
29 

13 

13 
29 
20 

20 
20 

20 

UNITED STATES COAST AND GEODETIC SURVEY. 

S11111-111m:1' q/ results for a::i11111t// at 11Ii110-.•a, lfr11t11ck)'· 

Position. Series. 

I 

I 

II 
II 

III 

III 

III 

III 

IV 

IV 

IV 

v 
v 
v 

VI 

VI 
VI 

VII 

VII 
VIII 

VIII 

J 
4 

2 

Mark Mean of 
E.of N. position. 

0 ' 
4o615•3 

14 ·4 14 ·s 
17 ·2 

16"6 16"9 

23 ·3 
22·s 

19"5 
20·0 "''4 
17"2 

19·3 

15"7 17·4 
:?0"2 

19"3 

19":.:! 19"6 
IS"o 
20·6 

15·s 18"1 

I4 ·s 
17"6 16"2 

15"9 
16"0 16"0 

6,. 
Date, POsition. Series. 
18~7. 

Ang. 25 IX 

-2·5 25 IX 

29 IX ,, 
-0·4 25 x 

28 x 
28 XI 
2S XI 

+4'1 28 XII 

28 XII 
,i; XIII 

+~·1 2S XIII 

2S XIV 

2S XIV 

+2·3 30 XIV 3 
28 xv 
29 xv 

+o·S 29 XVI 

29 XVI 
-1·1 29 XVII 

29 XVII 

·-1·3 

0 II 

Mark 
E:.of N. 

0 ' 
,, 

4 or, 13"4 

13"0 

lS·o 

I7'9 
IS., 

I6'> 

17 ·s 
15 ·7 
I6"8 
lS·2 

19"0 

13 ·9 
13'6 

19 "I 

19·6 
16"8· 

16"2 

17"1 
18"2 

17·7 

II 

Mean, of.all values 4° 061 1711 ·44, and from positions 
Mean by positions cnrrected for dinrnal aberration 
Azimuth of Mark 

4 o6 Ji"26 ±0·28 
4 o6 17 ·57 

Angle between Mark and Ash Ridge 
Azimuth of Ash Ridge 

4. INDIANA SERIES. 

(20) REIZIN, INDIANA. 

rRt- o6 I7"57 ±0·28 
26 48 24·90 

2IO 54 42 '47 

,l = 85° 081 ·4 \Vest of Greenwich. 

Mean of 
/', position. 

14 ·s -2·5 

IS·o +0·7 

I6'9 -0·4 

16"3 -1·0 

18"6 +1·3 

15'5 -I·S 

1S·2 +0·9 

16 "7 -0·6 

28·0 +0·7 

Results for azimuth from obseri.lations C!_f Polaris at i•arious !tour-auglt•s.-The 50-
centimetre direction theodolite No. z 14 was mounted 10·241 metres from the triangulation 
station and accurately in line to station Tanner. The azimuth mark was at Tanner 
42·6 kilometres distant. Observer, A. T. Mosman: computer, L.A. Bauer. A single 
result for azimuth is derived from a set of observations, consisting of 1 pointing on the 
qi.ark, paintings on the star, and its image reflected from mercury, reversal of instrument, 
followed by similar observations of star and mark. Probable error of a single result 
= ±0"·90. 
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S1m111ia1:i• of results for a:;i111111/1 at Rei:;i11, I11dia11a. 

Date, Position. Series: Mark Mean of a Date, Position. Series. :Mark :Mean of a rs.59. E.of N. Position! 1SS9. E. of N. Position. 

0 ' 0 ' .,. " 
Oct. 4 I ¢ 56 45·8 Oct. VI ¢5644•6 

5 I 46·6 VI 467 

5 I 3 46:8 9 VI 3 4$•4 46"6 +07 

5 4 45·5 46·2 +0·3 s VII 46·8 

5 II 45 ·s s VII 47"I 

5 II 44·9 s VII 3 47:7 47·2 +I"3 

5 II 45·9 45·5 -0·4 s VIII 43·2 

s III 45"I s VIII 45·S 

5 III 48·5 s VIII 3 44 •6 44 ·s -1·4 

5 Ill •' 46·9 46•8 +0·9 s IX 45"I 

7 IV 45 ·7 s IX 46·2 
IV 47 'I s IX 45·9 45 ·7 -0·2 

IV 3 47·4 46•7 +a·s 9 x 44 ·o 

7 v 44•5 9 x 44·6 

7 v 4,\"0 9 x 3 ·45•4 44 "7 -1·2 

7 v 3 44"0 44 . ., -I"9 9 XI 467 
9 XI 47•6 

9 XI 46·0 46"8 +0·9 
0 I II II 

Meau, of all values 4511·90, and from positions 96 56 45·ss ±0·22 

Diurnal aberration +0·32 
Correcti~n for eccentricity of. station -0·27 

Azimuth of Mark (Tanner) 276 56 45·93 ±0·22 

(2i) WEED PATCH, INDIANA. 

cp = 39° ro'·o. ,l = 86° I3'·o \Vest of Greenwich. 

Rt•sults for azimuth jimn obso1,1atio11s <!l Polaris al 'Various l1t>ur a11gles.-The 
30-centimetre direction theodolite No. 14j was mounted m·er the triangulation station. 
The azimuth mark was at Monroe, a State survey station, 13 ·5 kilometres distant. 
Observer, G. A. Fairfield; computer, L. A. Bauer. A single result for azimuth is 
derived from a set of observations consisting of 2 paintings on the mark, pointings on 
the star and its image reflected from mercury, reversal of the instrument, followed by 
similar observations of star and mark. Probable error of a single result = ± 2" · 1 i. 

S1m1111a1:11 of1<·s1dtsfor a:::imul/1 al Treed Patclz, I11,.fia11a. 

Date, Position. Mark :Mean "of 
6. 

Date, Position. Mark Mean of 
6 I8S9. E.of N. position. I889. E;. of !'I. position. 

0 ' 0 ' Sept. Il I 9S >.l 53 ·s Sept. I3 x 95 23 44 ·o 
18 I 49·4 51 ·4 +J"S I9 x 44 ·o 44·0 -3·6 
JI II 45·0 45·0 -2·6 13 XI 48·2 48·2 +o·6 
II III 48·8 4S·S +1·2 I3 XII 47•8 47•8 +0·2 
JI IV 44 ·5 44•5 -3·1 I3 XIII 42·4 
12 v 45·1 45·1 -2·5 19 XIII 44·0 43·2 -4·4 
u VI 48"6 48"6 +I"O lj XIV 45·3 45•3 -:z·3 
1' VII 48·2 48·2 +o·6 17 xv SI'S 
12 VIII 51 ·2 19 xv 51 "6 SI "7 +4"I 
I9 VIII 46·5 4S·S +I"2 18 XVI' 45·3 45•3 -2·3 
I3 IX 49•7 49•7 +.?'I 18 XVII 52·9 

I9 XVII 53·0 s2·9 +5"3 

0 II II 

Mean, of all values 47"·86, and from positions 95 23 47·56 ±0·51 

Diurnal aberration +0·32 

Azimuth of Mark 275 23 47 ·fiS ± o ·51 
Angle between l\:Iark and Fountain 92 09 33 ·26' 
Azimuth of Fountain 7 33 2l'"J4 



UNITED STATES COAST AND GEODETIC SURVEY. 

(22) OSBORN, INDIANA. 

t:p = 38° 5I 1 "4· A.= 86° 521 ·6 West of Greenwich. 

Results ji>r azimuth Jimn pbscrm.fic>ns of Polaris at various hour m1gles.-The 30-

centimetre direction theodolite No. 147 was mounted over the triangulation station. 
The azimuth mark was in an open field, about 3 miles _distant. Observer, G. A. 
Fairfield; computer, L. A. Bauer. A single result for azimuth is derived from a set of 
observations consisting of two pointings on the mark, pointings on the star and its 
hnage reflected from mercury, reversal of instrument, followed by similar pointings on 
star and mark. The probable error of a single result= ± 1"·00. 

S11mm111y of results for azimuth. at Osbor11, I11dia11a. 

Date, Position. Mark Mean of 
6. 

Date. Position. 1887. W.vfN. position. 188;. 

0 I II 

J1'.ne 231 4 '4 50•4 50·4 -0·5 June27 I x 
23 II 53 "I 53 ·1 +2'2 27 XI 
26 III ('CC'= ~ . .J) 46 ·3 July I XI 

July l III s•)"J 49·0 -1·9 June27 XII 

June 26 IV 48'8 4S·S -2·1 28 XIII 
26 v 51 'l 51 'I +o-. 08 XIV 
26 VI 50·5 50·5 -0·4 2S xv 
26 VII 50·6 50·6 -0·3 2S XVl 

27 VIII 53 ·5 53 ·5 +2·6 July 

: I 
XVII 

:!.i IX 50·1 S•>'J -o·s XVII 

Weighted mean, of all values 50''·85, and from positions 
Diurnal aberration 
Azimuth of :\Iark 
Angle between Mark and Calvary 
Azimuth of Calvary 

5· ILLINOIS SERIES·. 

( 23) PARKERSBURG, ILLINOIS. 

Mark Mean of 
W.of N. position. 

0 I 

4 14 50·2 .50·2 

(W= '.~)55·3 

5~·1 53 '2 
,52'0 52·0 

49·9 49·9 
51 ·2 51 ·o 
51 ·o 51 ·o 
s2 ·o 52·0 

("' = ~~) 44 '7 

~··"7 48·7 

0 ll II 

4 I4 so ·go ±o ·24 
-0·32 

] i5 45 09 ·42 ± 0 ·24 
r6 3r 08·29 

192 16 I7'7l 

,\ = 88° oI'"8 \.Vest of Greenwich. 

D,. 

-0·7 

+2"3 
+1 'l 
-r·o 

+0·3 
+0·1 

+1·1 

-2·2 

Results for azimutli from obso·vations ~/ jI Cep!1d and a, o, and A UrstE llfinori.;.
This azimuth was determined by A. R. Flint, of the United States Lake Survey, and a 
full account of it is given in ''Professional Papers of the Corps of Engineers, No. 24," 
pages 673'--686 .. The 35-centimetre Troughton and Simms theodolite was mounted over 
the triangulation station. Two azimuth' marks were used. For night observations the 
mark was about 2 miles distant in a westerly direction. For daylight observations a 
mark about 1 I miles to the eastward was used. A single result for azimuth is derived 
from a set of observations consisting of pointings on mark, s~ar, star and mark, reversal 
of instrument and again paintings on mark, star, star and mark; then the same opera
tions in the reverse order, making in all 16 pointings on the mark and the same number 
on the star. The star's places were taken from· the American Ephemeris, but the 
azimuth results were corrected for the difference between the American Ephemeris and 
Auwers' lleclinations. In two cases where the number of pointings were .only half the 
usual number, the results are given only half weight. 



Date, 
1l!79. 

Aug. 9 
lO 

II 

12 

I~ 

16 

NO\', ~3 

Aug. 9 
ll I 
" 1.: 
16 

17 
No,·.20 

04 

25 

29 

Date. 
1879. 

Aug. u 
12 

<7 
17 
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Su111111a1y qf ffs11lls.hr ,1=i11111//1 <?f lf"l;sl Azimutli llfark. 

Star. Mark J. D.1.Lc. Star. Mark 
.\V.')f ~- 1--.."i')· w. of s . 

0 I 0 

Polaris near E. E. III .. 1i.? 32·92 -o·s_, A11g.10 

I 
.> l?rs. Min. 11ear ,V. E. III 32 3.3 ·24 

3(. ·34 +>"59 II " 34 ·49 

,\7 "3' +3·5S 12 " J4 ·&i 
34 ·92 +1"li 13 35 ·oo 
33 ·s3 +o·os 16 3s.·s~ 

34 ·os +0·5_3 17 Jl •46 
PolariS near \V. E. 33·05 ~o "/•) NO\', 20 35 ·&i 
51 Cephei near E. E. ( 'W= % ) 33. ·f.:9 +o·q 23 .33 ·28 

·'.5 ".'.!i +1 '5::! 24 I 32 ·9ti 

35 'Ji +1 ·42 25 30·34 
34 •86 +1·11 29 3,\ ·53 
.\4 .,, +(J'46 Aug. 12 >. Urs. Mi11.11earW. E. (w=%)35·25 
31 ·15 -::!"60 16 

33·41 -·0·34 r; 

,\2 ·45 -1·30 Nov·20 

3L "6o -::!"15 25 

34 ·41 +0·66 29 

0 /I II 

\Veighted mean III 32 33·75 ±0 ·19 

511-111111111:11 qf results for azi11111tl1 ,~f East • ..Jzim111!1 lllark. 

Star. Mark a Date, Star. W. of~- 18i9· 

0 0 

32 ·50 

31 ·oo 

J4 ·63 
3.'.! ·25 

33 "<>~ 

Mat·k 
w. of S. 

Polaris 11ea r L. C. ~ o6 .28"66 -·I "26 Nov.20 Polaris near E. E. , 90 06 29 ·ss 
::!9'(12 

2'!)"'2.j 

30·98 

Mean 
Angle.between Marks 
Azimuth of West Mark 

-0·90 
-0·65 
+r·o6 

. Weighted mean of results 

~I 

23 

24 
2S 

Angle between West Mark and Denv~r 
Azimuth of Denver 

o I I.I II 

290 o6 29 ·92 ='= (l • 36 
1Sr 26 03 ·51 ±o ·32 
rrr 32 -?3 ·43 ± o ·44 
III 32 33 ·70 ±0 "17 
31 43 41 "74 

143 r6 15 ·44 

(24) NEWTON, ILLINOIS. 

,\ = 88° 09'·8 West of Greenwich. 

>9·15 
.2'}"81 

SI ·4:; 
31 ·o6 

a 

-0·51 

+.-_,·74 

+o·~, 

+1 ·85 

. +1 ·75 
-2·09 

+1 ·s.;, 
-0·4;· 

-079 
·-3 ·41 
-0·~2 

+1 ·50 
-1·25 

-2'i5 
+o·ss 
-I',5') 

-0·(.7 

·-0·1.....U 

-o·j7 
-·0"11 

+1·s1 
+1 ·14 

Results for azimuth ji"0111 observations of Polaris at z1,1rious /1i:Jur a11gks llt'<l-1" Eastern 
Elongation.-The 30-centimetre direction theodoli·te No. r35 was mounted over the 
triangulation station. The azimuth mark was at station Claremont, :?3 "6 kilometre~ 
distant. Observer. G. A. Fairfield; computer, L. A. Bauer. A single result for 
azimuth is derived from a set of observations consisting of two pointings on the mark, 
paintings on the star and its image 1~eflected from mercury, followed by re-versa! of 
instmment and similar paintings on star and mark. Probable error of a single result 
= ± 1"·12. 



UNITED STATES COAST AND GEODETIC SURVEY. 

· S11111111m:11 Qf results for azimuth at 1\T,·;£11011, I!linois. 

Date, Position. Mark .i. 
Date, Position. ?.Inrk .i. 

1S83. E. of N. 1SS3. E. of N. 

0 ~ ' Oct. 30 I 141 29 07 '2 +2"3 Nov. , 
[· 

TX 141 29 o6·o +1·1 

30 II 02 '3 -2·6 x 04 '6 -0·3 

31 III 04 ·3 -c.·6 

I 
XI 01 '6 -3·3 

31 IV 07·5 +2·6 XII oo·o +1 ·1 
NO\!'. [ v 0>'9 -2·0 XIII 04·S -1)'[ 

VI 04 ·o -·O ·j XIV 06·5 +1·6 

VII 04 'i -0·2 4 xv o6·o -\-1'1 
VIII <4 •8 -0·1 6 XVI 03·1 -1 ·S 

6 XVII 05·7 +o·s 

" " II 

Mean 141 29 04·86 ±0·27 
Diurnal aberration +0·32 
Azimuth of Claremont 321 29 05 ·rs 

(25) BORDING, II.LINOIS. 

Results for a.zimutli ji"01n ,1bscn.1atio11s qi Polaris at ~·arious hour angles.-The 
30-centimetre direction theodolite No. i35 was mounted over the triangulation station. 
The mark was at station Geoffrey, I IN kilometres distant. Observer, G. A. Fairfield; 
computer, L.A. Bauer. A single result for azimuth is derived from a set of observations 
consisting of two µointings on the mark, pointiugs on the star and its image reflected 
from mercury, followed by reversal of instrument and similar pointings on star and 
mark. Probable error of a single result= ± 1"·25. · 

S11m111my Qf rcsultsj;_,,. azimuth al E1mli11g, .Tlli1lois. 

Date, Position. Mark 
6 

Date, Position. :\lark 
6 1882. \V, of N. t'S.~2. ,V, of N. 

Oct. 29 II 126 34 50 ·S6 -r·S5 Nov. 6 x 1>6 34 50 •66 -2·05 

l9 III 5r ·15 -r·56 6 XI 52·15 -0'56 

NO\'. IV 5i:··o5 -2·66 XII 52·59 -0·1.::e 

3 v 52 ·39 -u·.;2 XIII 52 ·42 -0'"9 
VI 55 '28 +2·57 XIV 53 "3 ... ~ +0·62 

3 VII 55·49 +2:78 xv 56·19 +3'43 
6 VIII 50·07 -2·64 XVI 53 ·76 +1 ·05 
6 IX 53 '57 +o·So XVII 53·93 +1·22 

9 I 52·26 -0·45 
0 I ,, II 

Mean 126 34 52'7I ±0°30 
Diurnal aberration -0·31 
Azimuth of Geoffrey 53 25 07·6o 

6. MISSOURI SERIES. 

( 26) KI.EINSCHMUJT, MISSOURI. 

.l = 90° 1g'·5 \Vest of Greenwich. 

Results _ti:>r azimuth ji·o111 observations o/ Polaris at ~·arious hour a11gles.-The 30-
centimetre repeating theodolite No. 32 was mounted over the triangulation station. The 
azimuth mark was about I H miles distant. Observer, \iVilliam Eimbeck; computer, 
James Main. A single result for azimuth is derived from a set of observations consisting 
of 6 repetitions of the angle between the mark and the star, one-half with telescope direct 
and one-half with telescope reversed. The first set consisted of 12 repetitions, one-half 
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of the observations being on the star's image reflected from mercury. Probable error of 
a single result = ± 3'' ·o. . 

S11111111,i1:J1 ·~i reslf.ltsfor azimulli at K/d11sdm1idt, JIIissouri . . 
Date, l\lark c.. Date, 
1871. E. of N. 1S71. 

C• 

~O\". 30 "° 41 .'.?8 ·o ·-o·s Dec. 6 
Dec. 4 :!S"i -O"j s 

3.'.?".5 +J"l lI 

6 04 ·s -4·6 II 

6 .:-6·3 -3·1 II 

6 :6·o -.~·4 ll 

6 0'5·1 -3·3 11 

Mean 
Azimuth of Mark, corrected for diurnal aberration 
Angle between Insane A.sy~um and Mark 
Azimuth of Insane Asylum 

(27) BERGER, MISSOURI. 

Mark 
E.of N. fj, 

0 ' 
20 41 .30 '2 +o·s 

29·u -0·4 

34 "6 +5"2 

;y; ·.~ +6·9 
21 ·5 -7·9 
31 •3 +1 ·9 
;,6·4 +7"' 

0 I II " 
20 .p 29 ·45 ±o 79 

:WO 4l 29°77 ±079 
o 3I 58 ·15 

:mo 09 31 ·62 

,1=91° 171 ·5 \Vest of Greenwich. 

Rt•sults Joi· azimuth from obschJations t.?.l Polaris nca.r Easlcm Elo11ga:fio11.-,-,The 
35-centimetre direction theodolite was mounted over the triangulation station. The mark 
was a little more than a mile distant. Observer, H. vV. Blair; computer, Jari1es Main. 
A single result for azimuth is derived from a set of observations consisting of a pointing 
on the mark, pointings on the star, and its image reflected from mercury, follow·ed by 
reversal of the instrument and similar pointings on star and mark. Probable error of a 
single result=± 1"·5r. 

Su.111111<11J' of rcsultsfiir azimul/t. at Bt'1~:;:«·r, JIIissouri. 

Date. Position. M.qrk 1\-fea.1111f 
6 

Date, l'ositiou. Mark Mean of 
1878. W.of N. position. 1~78. W.ofN. po~iti•)11. '-' 

0 , 0 I 

Sept. 16 148 IO 2j"lj Sept. 19 IX 14,S IO ::i "7+ 2:3 ·41 +c'"97 
16 26•66 ::-6·91 -0·53 19 x 2+ ·oo 
16 II 32·65 19 x 26":J7 25 '.'.?O .. 2 ·2+ 

16 II :!j ·.,i.;' 30·06 +2'6J 20 XI 26·59 
16 III ·.::6·20 20 XI 2S·67 07·63 +0·19 
16 III 23 ·t:o .'.!ri'OO -1·44 20 XII 27·63 
18 IV' ~6·21 20 XII 25·6g "6"66 -c··7S 
18 IV 24 ·1s ~j '2f) -2·24 21 XIII "9 ·24 
18 v 31 "66 21 XIII 25 ·29 27 ·27 -:-O'I/ 

IS v 32 ·80 32·23 +4 ·n 21 XIV 25 ·13 
rs VI 2S·97 2I XIV 26:04 2,.C0'.59 -1·S5 

IS VI 30·;6 .'.!9°86 +2·42 21 xv 26·98 

19 VII 24 ·43 21 xv 26·74 ;,.6•56 -0·58 

19 VII 28'36 ,.;·4-0 -1·04 25 XVI 26°38 
19 VIII 28·74 25 XVI 2S ·53 27·45 i:O 'Ol 

19 VIII 2fj·72 277.\ +0·29 25 XVII 28 ·Sg 

I9 IX ""'·09 25 XVII 25·37 27 ·13 -0·31 

0 II II 

Mean 148 IO 27 ·44 ±0°31 

Diurnal aberration -0·32 

Azimuth of Mark 31 49 32·88 ±0"3I 

Angle between Mark and Wi11ter 7 22 32 '45 
Azimuth of \Viuter 39 I2 05·33 



UNITED STATES COAST AND GEODETJC SURVEY, 

(28) JEFFERSON CITY, l\~ISSOURI. 

;\. = 92° 091 ·8 West of Greenwich. 

Results for azimuth from <'bscrvations <!/Polaris ai various hour angles.-The 35-
centimetre direction theodolite No. IO was mounted over the triangulation station in 
Jefferson City. The azimuth mark was at station Cedar, about 2·9 miles distant across 
the Missouri River. Observer, H. \V. Blair; computers, A. Christie and A. Ziwet. A 
single result for azimuth is derived from a set of observations consisting of a pointing on 
the mark, paintings on the star and on its image reflected from mercury, followed by 
reversal of instrument and similar pointings on image, star, and mark. Probable error 
of a single result=± I"·97. 

Summary ef resultsjiw azimuth atjcj}erso11 Cit_1•, 11lissoud. 

Date, Position. Mark Mean of 
6 Date, Position. Mark Mean of 

6 
i879. E. of N. position. 

1879. E. of N. position. 

0 0 I II II 

Ne,,v. 15 I 19 55 32 71 I Nov .. u IX 19 55 39 '22 37·72 +o·sr 
15 I 32·75 32 "73 -4·1s 2I x 35·83 
15 II 34 ·s2 "9 x 33·59 34·71 -2·20 

:~I 
II 34 ·78 34 .,,,, -.'.!'I[ 29 XI 36•86 

III 31 "5.J ~9 XI 35·o.i 3s·9s -0·96 

'51 IU 3:2 "75 32 ·14 -477 29 XII 40·451 
15 IV J6·SS 29 XII 40"99 40'i2 +3·81 

~1 
IV 

sns I 35 ·13 -1 •78 "9 XIII 
39·41 I v 3s·S1 29 XIII 3$·63 39·02 +2"11 

20 v 35·8.j 35 ·s2 - [ ·09 29 XIV 35·45 
20 VI 39·53 I 29' XIV 35·81 I 35•63 -1 ·2s 

20 VI 40·941 40·..; +3"35 Dec. xv 37"6.! ,, vu 34·31 xv .;9·07 38·36 +1·45 
21 VII 34•q 3-1- ·~J -1°68 XVI 41 ·Si 

"' VIII 
JS "751 

.XVI 41 ·56 41 ·68 +4 ·77 
2I VIII 37·58 38°16 +1·15 XVII 41 ·091 
21 IX 36·22 XVII 39·66 40·38 +3"47 

0 I II II 

lllean I9 55 36·91 ±0·47 
Diurnal aberration +0·3r 
Azimuth of Cedar 199 55 37·22 

(29) HUNTER, MISSOURI. 

cp=38° 251 ·8. ,1=92° 46'·4 \Vest of Greenwich. 

Results fi1r azimu.tli from observations <?,(Polaris at i•ari,l/(s hour angles.-The 35-
centimetr'e direction theodolite No. 10 was mounted over the triangulation station. 
The mark was· at North Base, 7"6 kilometres distant. Observer, F. D. Granger; 
computers, A. S. Christie and A. Ziwet. A single result for azimuth is obtained from 
a set of observations consisting of a pointing on the mark, poiutings on the star, and its 
image reflected from mercury, then reversal of instrument and ~imilar pointings on 
star, reflected image and mark. Probable error of a single result= ± 1""83. 
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Date, 
18~0. 

Aug. 
:1 

6 
6 

12 

]J 

6 
t; 

7 

7 
7 
9 
9 

ll 

Sum111111J' <~(results for azi11111//1. er.I f-!1111/cr, J1fissouri. 

Position. Mark Mean of 
W.ofN. position. 

v I II 

I OJ 09 24 ·731 
I 24 •6.S 24 ·70 

II 17·oS I 
rr. 19·96 
II J1·4S 

II =1 ·os 19·94 

III JS "!'4 
III JS ·75 25·54 

IV 25·35 

IV 25·43 25•39 

v ~9"86 

v 28·92 29•39 

VI 24 "II 

VI 23 'I.2 23 ·62 

VII . ~~:;~I VII :::!2'10 

VIII . :?~ "Oj 

VIII 2:!"39 . ,, . 73 

Mean hy positions 
Diurnal aberration 
Azimuth of Mark 

!::. Date, 
iSSo. 

II 

Aug. 

I~ I +0·60 

II I 
II 

-4·16 II 

II 

+1·44 II 

II 

+1 ·09 II 

,, 
+s·29 12 

12 

-0·4S 12 

13 

-:?'CJ? 12 

12 

-2·37 12 

Angle between Mark and Christian 
Azimuth of Christian 

Position. Mark Mean of 
W. ofN. position. 

0 ' II 

IX =i 09 JO ·83 

IX JI ·92 ·= ·38 
x 19·S1 

x 22·73 :!I ·::7 

XI 27·28 

XI =6·05 .n •(.6 

XII 24·94 
XII 24·42 =+ •68 
XIII 24 ·18 

XIII 25·43 =+ ·s3 
XIV :JI"8o 

XIV 2572 >3 ·76 
xv .'.?2 "J.'.? 
xv '2.5 ·17 03 ·74 

XVI 26·-14 
XVI 03 ·04 24 ·74 
XVII 04·35 
XVII 06·13 25"24 

II ll 

22 09 24 "IO :!:: 0 ·36 

-0"3.'.? 

157 50 36·:?2 ±0·36 

63 57 44·40 
:22r 4S 20 ·62 

7. :MISSOURI-KANSAS SERrn:S. 

( 30) ADAMS, KANSAS •. 

A= 9(5° 041 ·4 \Vest of Greenwich. 

£::. 

II 

-1 ·72 

-2·83 

+•·s6 

+o·sS 

+0·73 

-0·34 

-0·31) 

+0·64 

+1·14 

Results for azimuth _timn obsen1alio11s <?f Polaris at ~·cr.rious !zour anglcs.-The 35-
centimetre direction theodolite No. ro was mounted over the triangulation station. The 
azimuth mark was at Buffalo Mound, about 2 kilometres distant. Observer, F. D. 
Granger; computer, L. A. Bauer. A single result for azimuth is derived from a set of 
observations· consisting of a pointing on the mark, pointings on the star, and its image 
reflected from mercury, then reversal of the instrument and similar pojntings on star, 
reflected image and mark. Probable error of a single result= ± o"·so. 
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S11111111aiy <!f 1·es11/tsfor azi11111th at .-I.dams, Ri.msas. 

Date. Mark Mean of Date, - Mark Mean of 
1$.SS. 

Position. W.ofN. positiou. !:. 1SSS. Position. ,V. of N. position. 6 
c ' 0 I 

July 18 O II 28·4 July 20 IX 0 11 28·1 

18 I 27., 07·s -0·3 20 IX 28·0 28 'I o·o 
18 II 30·2 21 x 29·6 
18 II 26·0 2S·1 o·o 21 x 28·2 ,s·9 +o·s 
19 III 28 ·s 21 XI :.'.!i"S 
I9 III 29·~ 21 XI 27 ·9 27·9 ...!..0·2 

02 III 28".? 28·7 +0°6 21 XII 26•8 

19 IV ~'6 ·9 21 XII 27·0 26·9 -I':? 

I9 IV 25·7 26•3 -r·s 21 XIII 29·0 

19 ,- 28°0 21 XIII 25·8 27•4 -0·7 
19 v 277 27·8 -0·3 ,, XIV . ~s-·s 
20 VI 31)'3 o• XIV 27·9 26·9 -1·2 

~ VI 28 "5 ""·-. ~ +1., 22 xv 29·4 
:ro VII 2s·s 22 xv 27·6 28·5 +0·4 
:ro VII 27 ·9 28·4 +0·3 22 XVI 2S·s 
20 VIII 07 ·7 22 XVI 29•7 29·2 +1·1 
~ VIII 29·5 2S·6 +:0·5 22 XVII 28°6. 

·22 XVII 27 ·9 :?8'.? +o·x 
0 I I/ // 

Mean by positions 0 II 2S·o6 ±0·14 
Dit1rnal aberration -0·32 

Azimuth of Mark 179 4S 32 ·26 ±0·14 
Angle between Mark and Clark i:9r 57 39·67 
A:>:imuth of Clark II 46 II "93 

(31) SAUNA WEST BASE, KANSAS. 

rp=3S0 5I'"I. A.= 97° 36'·2 \Vest.of Greenwich. 

Results./;,,. azimuth jimn c>bscrvations qf Polaris at z·arious hour angles near Eastern 
El01lg,1titm.-The 30-centimetre direction theodolite No. IIS •vas mounted over the 
triangulation station at the ·west encl of the Salina Base. '!'he mark was at Salina East 
Base, distant 6·5 kilometres. Observer, F. D. Granger; computer, C. H. Ktmunell. 
A single result for azimuth is derived from a set of observations consisting of a_pointing 
on the mark, poii~tings on the star, and its image reflected from mercury, then reversal 
of instrument and similar pointings on star, reflected image and mark. Probable error 
of.a single result= ±I""oS. 

511111111.uy <~l r<·sultsji.w azimuth at Salilla u··est B<lse, I<<?nsas. 

Date, Position. Azimuth of 
6 

Date, Position. Azimuth of 
D. I$¢. mark. 18¢. mark. 

0 ' 
,, 

0 ' If 

IAttg. 3 248 36 20·4 +2°6 Aug.4 VII 248 36 r4 ·4 -3·4 
3 I 19·9 +2·1 4 VII 16·1 -1·7 

II 20·3 +2·5 4 VIII 18·8 +x·o 
3 II 19'5 +r7 6 VIII I6"6 -I'.? 

3 III 16°8 -1·0 4 IX r6·9 -0·9 
3 III 17"5 -(•'3 4 IX x4·9 -2·9 

3 IV~ rs·7 +0·9 6 IX I9 ·1 +r·3 
3 IV xs·o +0·2 6 IX r6·S -r·o 
5 v 17 "2 -0°6 4 x 15"9 -x·9 
3 v I87 +0·9 4 x r7·6 -0·2 

4 VI ,3·5 +<•"7 4 XI x5·9 -1·9 
4 VI 18'0 +0·2 6 I9"8 +2"0 

0 // // 

Indiscriminate mean 248 36 17·76 :;!=0"22. 
Diurnal aberration +0·32. 
Azimuth of Salina East Base :248 36 18 ·os. 
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8. KANSAS-COLORADO SERIES. 

( 3:?) R USSELT, SOUTHEAST, KANSAS. 

,1 = 98° -17 1
• ~ West of Greenwich. 

Results jc>r a·::imuth jiwn (lbscn1alicms t!f Pc>laris at 1•arious hour angle'.~ Jtc>f./arji·(lm 
Easlt'm Elongation.-The 3.'i·centi.metre direction theodolite No. 10 was mounted over 
the triangulation station. The mark was at Russell Northwest, about 3·3 miles distant. 
Observers, F. D. Granger and H. L. Stidham; computer, D. L. Hazard. A single result 
for azimuth is derived fi-om·a set of observations consisting- of a pointing on the mark, 
pointings on the star, and its image reflected from mercury, reversal of instrument, 
followed by pointings on star, ·image, and mark. Probable error of a single result 
= ±1./'·s9. 

.Si11111m11:1' •!i rt•s11/lsf()r azimuth al Russell So1dlit·asl, A"a11sas. 

Dale, l'osiLio11. Mark M~an of 
L. 

IJate, Position. Mark Mean of 
6 1893. W.of N. position. 1893. W.ofN. position. 

0 0 

Oct. ·'9 16 61 ·09 Oct. 

;·/ 
IX 39 _16 no·is 6o·4S -0·1~ 

sS·n ,r:..9 ·fitj -0"9i x 61 ·s1 

II 60·50 x 59·os 60"4-t -•)"19 

ll 6o"o6 tio·~s -·0·3.; ~I XI 59•58 

.. Ill 6o"63 I XI 59·90 ~~' 'j{ ·--0·~9 

III 62 ·30 f.1 ·46 +0·~3 5 XII 59 ·11 

,\ IV 61 ·16 5 XI! 6o ".54 ,i;9·~.? -0·~1 

IV 59·17 60"16 ·-O"-ti 5 XIII 58·70 

~ v 62 "63 6 Xlll f..?'6.? fV"l '(16 +o·c:,_-; 

v 62·88 62";6 +z·1-; 6 XIV fw)"I\) I 

·' \'I 58·43 6 XIV 61 "I(• 
"''' ·15.i 

+•)"f•I 

VI ,59·36 58·9,, -I ·7:-; 6 xv 6u ·~-;7 

3 VII 61 •:?(j 6 xv 59·5; 59 "•_1; -(1"66 

4 Vil 61 ·61 61 ·44 +1)'81 

:1 
XVI 62·65 

4 VIII 61 ·oS XVI 63·os t.2·S6 +:?".?; 

4 VIII &>·51 f;o·s,·, +n·17 xvu 61 ·~4 

4/ IX 6()":?1 sl XVI! o9"i9 6o·M +0"(1.; 

0 ' " ll 

lVlean, Mark West of North 39 16 6o ·6.~ ±I) ·15 
Diurnal aberration -0·32 

Azimuth of Russell Northwest 1-10 .p 59·69 ±1)"15 

(33) nvi;;Rf.AND, CO!,ORADO. 

,l 103° 09'·8 \Vest of Greenwich. 

Results for a.zimuth ji·om obso<1ati,111s of t5 UrsR .iUinoris at Upper Cu/111i11a/i,111, 5I 
Ccphd at Lower c...lilmina/i,m and A Ursa: /lfinoris at ·Upper Culmination .-Meridi~n 
telescope No. 9 was mounted on a wooden pier ,r 44 metres north of the triangulation 
station and exactly in line with the azimuth mark, which was about a mile distant. 
The· angle between mark and star at culmination ·was measured by means of the eye
piece mi~rometer. Observer, 0. H. Tittmann; compu~er, L.A. Bauer. A single result 
for azimuth is derived frdm a set of observations consisting generally of 20 rea_dings of 
the mark, with reversal of the telescope in the middle, followed by r 1 readings of the 
star. In observh1g A Ursre Minoris the telescope was reversed also during the f?tar 
observations and the mark readings were repeated at the close of the set. Probable 
error of a single result == ± 1"·26. 

18732-No. 4--49 
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Star. 

a Urs. Min. 

51 Cephd 
b Urs. Min. 

51 Cephd 
>. l!rs. Min. 

. 
S11111111a1:11<?f1t•s11!1sfor a=i11!11ll1 al 0<1erla11d, O>.'orado. 

1-'hase. )fark 
,0, 

Date, 
w:or N. 

u. c. 5"6j 

I .. c. f..;"J'i 

u. c. I "S.) 

L. c. 3 ·67 
l.'. c. f. ·3s 

Mean 
Diurnal aberration · 
Azimuth of i\'Iark 

1881. 

+0·44 Sept. 

+2"94 
-._:\"40 

-1·~ 

+1·1_:-, 

Angle between i\'Iark an1l Eureka 
Azimuth of Eureka 

19 

19 

21 

" 
21 

Star, 

a Urs. Min. 

51 Cephei 
a Urs. Min. 

SI Cephei 
>. Urs. Min. 

II 

5 ·23 
-0·32 

179 59 55·09 
1::04 IO 37 ·64 
284 IO 32 ·73 

(34) "r,:r. PASO EAST RASE, COLORADO • 

Phase. 

t:. c. 
I •. C. 

u. c. 
I.. c. 
u. c. 
,, 

±0·40 

±0"40 

. l-= 104° 27'·2 \Vest of Greenwich. 

Nark 
w of N. 

5 ·98 

6"69 
3 ·17 

4 ·97 
5"78 

II 

+0·7s 
+1·46 
-2·o6 
-o·:z6 

+o·ss 

Rt•sults for a.zimutli _tiwn vbscr;_•ations (>f i\. Urste 11/ilwris and tr Ursa: llfhwris at 
Uppa· Culminatiiw and o Urs,z- 1Yi11c>ris at Lc>wer Cu/111i11atic>11.-Meridian telescope 
No. 3 was mounted 4"j6·metres south of the East end of the El Paso Base Line in the 
prolongation of the line to the mark. The azimuth mark was about 3 miles distant. 
Observer, 0. H. Tittmann; computers, A. S. Christie and J. G. Porter. The angle 
between mark and star was measured by means of the eyepiece micrometer. A single 
r~sult f~r a~imutl~ is cleri~'ed fro~n a set- of olJser\,ations consisting of IO readfngs of the 
mark, 10 bisections of the star taken at equal intervals of time, reversal of telescope, 10 

more bisections of star, and 10 more readings of mark. Probable error of a single result 
at Upper Culmination = ± o" ·s_;. On account of the small number of observations the 
single result for Lower Culmination is retained. but is given less weight. 

S1m1111<11:1• 1.~/ rcs111ls/~w a:::im111/1 al El Paso East Base, G•lc.>rado. 

Date, 
1879. 

Oct. 

6 

10 
II 

I 
13 
16 

\Veighted mean 
Diurnal aberration 
Azimuth of Mark 

~tar. 

A Urs. Min. 
A Urs. Min. 

6 Urs. Min. 
a. l;rs.. M1n. 

a. i:rs. l\lin. 
aUro.Mi11. 

a. Urs. Min. 

Phase. :Vlark 
E.of N. 

u. c. r&i 
u. c: 4 ·31 

L. c. 9 76 
u. c. 2 '20 

u. c. 0·53 
u. c. 1 ·65 
u. c. l ·75 

Angle between Mark aid El Paso \Vest Base 
Azimuth of El Pas,; Wo::st Base 

!::. 

+0·23 

+• ·70 
+1·15 W=Y, 
-0·41 
-2·oS 
-o ·rp 
·-o·~ 

0 II II 

"2 ·61 ±0 '59 
+0·32 

18o 00 02 ·93 ± 0 ·59 
282 48 01 ·48 
102 48 04·41 



TRANSCONTINENTAL TRIANGULATION-PART V-'-AZIMUTHS. 771· 

9· ROCKY MOFN'I'AIN SERIES. 

(35) PIKES PEAK, COLORADO. 

;\ = :05° 02'·7 \Vest of Greenwich. 

Results for azimuth ji"Olll ·,,bso·vcilicms c?f P1llaris al vcu·tc)lfS hour a11gles.-The 50-
ceutimetre direction theodolite No .. 5 was mounted 2 1

5ro inches south of the triangulation 
station. The mark was at Mount Rosa, 12·j2 kilometres distant. Observer, R. L. 
Faris; computer, D. L. Hazard. A single result for ~zimut11 is derived from a set of 
observations consisting of ::? pointings on the mark, 2 poiutings on the star, reversal of 
i;1strnment, 2 pointings on the star, 2 po.in tings on the mark. Probable error of a single 
result= ±0"·91. 

Oct. 1 

s 
$ 

S11mm111y ,y· rt?sullsfor azim11//1- at Pikes p,,ak, Colomdo. 

Hour a"ngle of :-;tar 7h to 1011. 

Po~itio11. 
Mark 

E. of N. 

0 , 
13._, S.3 3i ":!!) 

III 39·8.j 

IV .p·19 

IX 39 ·3• 

x 3i ·75 
XI 38"63 

XI! 3S·o6 
·xur .J.0"16 

XIY [43·39] 
II .?"ii 
IV 41 '77 

:\lean l.?.-c.. 53 31) -~/· 

Mean of groups 
Diurnal aberration 

!~\ 

-::!"JS 

+0·46 

+2·S1 

-0·07 

-l"th 

--o 7;. 
-·I ·32 

+o·;8 
).{<:j<:ct<:cl 

-0·67 

+~·39 

Reduction to center of station 
~zinrnth of "M.ark 

Date, 
1895. 

(•ct. 6 

6 

6 
,:, 
,. 
•' 

s 

Angle between Mark and Mount Ouray 
Azimuth of Mount Ouray 

Hour angle of ~tar qh to 17h. 

Positio11. MA.rk 
E. of F. 

0 , 

1 

v 138 53 39 ·o.i 
VI 3i ·4 ( 
VII 39·X2 

I 
VIII 3'? ·90 
xv 39·s, 

I 
XVI ,;.;,·43 

XVII 39"1.? 
I 4° ·75 

i\·It:an 138 53 39 ·41 

0 l! l! 

-t-o ·32 
+0·64 

:;rS s;:. 40 ·34 ±o ":!2 

107 II 36 "41 

66 .05 16 "75 

(36} ~!OlJN'l' OURA\", COLORADO. 

,l = lo6° 13'"6 \Vest of r~ret-nwich. 

!::. 

~-I) ·34 

··I ·97 

+0·44 

+0·52 
+0·~4 

+1_1·05 
···o·2f. 

+1 "Ji 

Results /or asimuth jiw11 obst•rvalions <?/Polaris al vcirious hozer cingles.-The 50-
centimetre direction theodolite No. 5 was mounted over the triangulation station. The 
azimuth wark was about 5 miles distant. Observer, W. Eimbeck; computer, D. L. 
Hazard. A single result for azimuth is derived from_a set of observations consisting of 
2 pointings on the mark, 2 pointings on the star, reversal of instrument, :? pointings 011 

the star, 2 pointings on the mark. Probable error of a single result= ±0"·61 for star 
near Upper Culmination and± o"·ss near Lower Culmination. · 
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Date, 
1894. 

July 25 

25 
. 25 

UNITED STATES. COAST AND GEODETIC SURVEY. 

S11mma1J' ·~l ffS11ltsfor azimutll at JJ/01111! 011ra_1•, ~·oloradu. 

Near Upper Cultnination. !'\ear I .. ower c...'.ulminatiou. 

l'osiliou. !\fark 
W. of N. 

XIV 178 lJ [47 ·83] 

X\' 53·19 
XVI 52 -~IU 

Xll 5.'.! ·15 
XII! _50·9: 
X\'ll ::;2·3 .. 

Ill 5(•'"4 

IV S.? ·50 
\' 51 ·ss 

Mt:"an 17S lJ 5::? •of., 

Mt:an of groups 
Diurnal aberration 
Azimuth of Mark 

Dal~. 
:.:.. 1894. 

Rejected July 05 
+2·61 26 
+2·32 27 
+t ·57 27 
+0·3._\ ::j 

+1 ·79 -· 
+o·o6 ,,'.!.~ 

+· ·~· 28 

+1 ·27 28 

Angle hetween Mark and Uncompahgre 
Azimuth of Uncompahgre 

Mark Position. W.ofN. 

" ' VI 178 12 48 ·63 
XI 48'49 

... _,~if33 
11 51 ·02 

VI 48 ·60 

\'11 49 "2f.J 

V!II 49·67 

IX 48 ',ll 

x 48'5'" 
-----

Mean 178 
,. 

" 
178 1.2 -~o ·5s 

··'~:::Co ·32 

1;J47: 09 ·74 

~~/ 4~ 41 ·61 
79 35 51 ·_;5 
,,J 

lJ 49 'O\I 

±0·29 

,\ ='= 106° 55 1 ·5 \Vest ,·,f Greenwich. 

b. 

-1 ·95 

-2 09 

-I ".:!5 

+0·44 
-1·i;..~ 

-1 ·3S 
--o ·91 

-.2"27 

·--::·oo 

R.·s1tlls .!;,,. a:zimul/1 ji·um obscri.'alions qf Polaris at ziarious h,>ur ang!t:s.-The so
-centimetre· direction · theoclolite ·No. ~ was mounted over the ·triangulafrou station . .._ .,.,I -
'The mark was about 2 miles distant: Observer, John Nelson; computer, D. L. Hazard. 
A single result is derived from a set of obsen;at'ious consisting of 2 pointings on the 
mark·. 2 pointings on the star, reversal of instrument, 2 paintings on the star. 2 point
.ings on the mark. Probable error of a· single r~sult = ±0"·87 . 

Date, 
1893. 

Oct. 4 

s 
5 

5 

5 
6 

6 

6 

.S"11m111a1:i• ,y·rcsults /(.w a:::i11111ti1 ;11 G111111iso11, Colorado. 

Hour ang1e of star Oh h"J :;h. · 

Position. Mark 
E. of N. 

14; 45 (1(1 '5.5 
![ [01 ·73] 
VI 03 ·s2 

Vil 00·07 

Vlll •:J.4 ·50 
IX 03 ·54 

XIV o~ ·19 

xv 05·:!6 

XVI 04 ·63 
·----

Mean 147 .\5 °4 "9i 

Mean of groups 
Diurnal aberration 
Azimuth of Mark 

" +• ·54 

kejt:Clt:d 

·- l "llJ 

+1 ".:?6 
-0·51 

--1 ·4; 

+i:•"IS 

+0'25 

-n·.r-: 

l.>att.-. 
1~\1: .. 

Oct. 

~ 

6 
f, 

6 

Angle between Mark and Uncompahgre 
Azimuth of Uncompahgre 

!II 

x 

., 

Mark 
E. of N. 

' 
I4j 4.:; •):! ·~5 

i.\l,"I•) 

05 '87 

o6 ·95 

·'-" 

-:''"It°• 

·-I ·91 

+o·S6 

+• ·94 
XJ [09 ·9 1] Rej~cted 

XI! 05 ·39 
XIII os ·ss 
XVI! •)5"95 
XVIII 03 ·s~ 
XIX 04 "3::? 

XI (11)"7'J 

Mc:a11 14; 4.5 os·o:. 
II /I 

147 45 05 "OJ ± 0 ':?O 

+0·32 
327 45 05 ·33 ±" . 20 

74 09 54·99 
41 .55 00 ·32 

+o·J~ 

+0·~:4 

+0·94 
·-1 ·4~1 

·--1) "t\1 
+1 ·1).;i 
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(38) TREASURY MOUNTAIN, COLORADO • 

. ,1 = IOi 0 06':0 \Vest of Greenwich. 

Rtsults for a:oimuth ji"rJlfl c>bur1.1atio11s <?/Polaris at ~1arious hc>ur .mgks.-The 50-
centimetre direction theodolite No. 5 was mounted over the triangulation station. The 
azimuth inark was 1 ·7 miles distant. Observer, W. Eimbeck;. computer, D. L. Hazard. 
A· single result for azimuth is derived from a set of observations consisting of::? pointings 
011 the mark. '.! poil1ti11gs 011 the star, reversal of instrument, '.! pointings on the star, ~ 

pointings on the mark. Probable error of a single result = ± o" · 59. 

Date, 
1893. 

Sept. 2r 

" 
21 

2:! 

2> 

02 

~3 

2· ·' 
03 

24 

24 

24 

S11111111a1:v <?l rt"s11/l.<j;il" 11zi11111th at Tr1'as111:1• 11!01111t11i11, 1._o/oradr:>. 

Honr angh:: of star 1511 to 1jh. 

Position. Mark 
.W. of N. 

0 ' 
58 5.5 00 ·59 

II (•3 ·13 

III 01 ·70 

VII 02·96 

VlJI OJ".?,1, 

·IX 0.? ·40 

XIII 03 ·01 

XIV OO"iJ 

xv 01 '("-' 

XIX O:? ·30 

xx ''4 ·29 
XXI 03 ·91 

)T..:-a11 5~ :;.i:. (•."? ·r~s 

Mean of groups 
Diurnal aberration 
Azimuth of Mark 

t:. Date, 
1893. 

+0·23 Sept. 21 

+o·n " -0·66 21 

+o·r'.o 22 

+,,·s1 22 

+0·04 --
+0·6.1:\ 23 
-1·f.;:; ~-" 
·-(J ·7(:. .2.) 

-()'Qt) 04 

+1 ·9,; 24 

+1 ·55 24 

Angle between Mount \Vaas and Mark 
Azimuth of Mount \Vaas 

Honr anglt:: t)f star 5h to 7l'. 

Position. l\Inrk 
W.ofN. 

0 ' 
IV 58 55 00·85 

v o.~ ·22 

VI 03·03 
x 1)1 "4."? 

XI (.11 '99 
XII 02 ·So 

XVI 01 ·s.i. 
XVII c•2 ·so 

XVIII (JI ·7~ 

XXII OJ 'Ol 

XXIII (•1 '22 

XIX 02 ·23 

l-lt'an _5-':: 55 02·cq 

0 ' " " 
5S 55 O.:! •z,i<i ± o 'I::! 

-0·32 

1.:!I 04 57·96 ±0"1:! 

46 19 53 ·32 
74 45 04·64 

( 39) UNCl)l\IPAHGRE, COI.ORADO. 

,l == IOi 0 2i'"8 West of (;.reenwich. 

.6. 

+0·49 
·-1) ·14 

+0·67 
-0·94 

-0·37 
+0·~4 

-0·52 

+o·q 

-(•"6.i 
-1 ·35 
-I ·14 

-0·13 

Rt•su/ts for azimuth. /i"Oln obscn;atic>ns qf Poldris al i•arious _hour a11gks.-T!1e 
50-centimetre direction theodolite· No. 5 was mounted over the triangulation station. 
The azinmth mark was 2·s miles distant. Observer, W. Eimbeck: computer, D. L. 
Hazard. A single result for azimuth is derived from a set of observations consisting of 
2 pointings on the mark, 2 paintings on the star, reversal of instrument, 2 paintings on 
the stat, 2 pointings on the mark. ;I>rob~ble error of a single result= ± 0"·77. 
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Hour an~le of star 5h to Sh. 

Date, Positi011. 
Ma.rk 

1S95. W.<•f N. 

Sept. •' XI 105 .50 59 ·56 

XII 
.f. XVII 
4 I 
4 II 

5 VI 
VIII 

5 IX 
6 XIII 

l\lean 105 50 

Mean of groups 
Diurnal aberration 
Azimuth of Mark 

sS "9> 

59 ·74 
59·.p 

61 ".39 
62 ·~s 

59".f..f. 
.s-")·16 

59·1)6 

59·8.j. 

,:> Date, 
1895. 

-0·67 ,,;ept. I 

-1·31 

._,,·49 

-i:1·S1 .f.· 
+1·16 .f. 
+0·01 

-079 
-:!"O/ 

-·i)"Si 6 

6 

Angle between Mark and Treasury Mountain 
Azimuth of Treasury Mountain 

Hour angle off.tar qh to rr:lh. 

Po~ition. 
Mark 

W.ofN. !.... 

IV 
VII 

XIII 
XIV 
xv 
Ill 

IV ,. 
x 

XVI 

!\lean 

" 105 50 61 •55 +1 ·31 

fo">o . -0·03 

58•56 -I ·67 
fo•94 +o·i• 
&:.·10 -0·13 

61 ·54 +1·31 

61 ·27 +1:04 
bl ·09 +>·St; 

59·75 -0·48 

61 ·2~ +1·00 

!05 50 60 "61 

.II '.I 

105 50 60 ·23 ± o ·rs 
-0·32 

74 09 00·09 ±0·18 
122 33 55 'i5 
196 42 55·84 

( 40) GRAND JUNCTION, CO I.ORA DO. 

<p= 39° 041 ·0. ;t = 108° 331 ·9 West of Greenwich. 

Results for azimuth jiwn. obscn1alions of Polaris at 11arious ht>ur angks.--The 50-
centimetre direction theodolite No. s was mounted over the triangulat.ion station. The 
mark was at "Chiquita, 19·6 kilometres distant. Observer, John Nelson; computer. 
D. L. Hazard. A single result for azimuth is derived from a set of observations con
sisting of z pointings on the mark, 2 pointings on the star, reversal of instrument, 
2 pointings on the star, 2 pointings on the mark. :Probable error of a single result 
=·± 1"·s3. 

Date, 
1895. 

June 4 

4 

s 
5 
6 
,; 

S11111111111y ·~l ffsultsjiw azimutli at Gra11d J1mdia11, colorado. 

:iour angle of ~tar 8b to uh. 

PO!;ition. 

I 
II 

III 
IV 

1. 

v 
VIII 
IX 

Mean 

Mark 
L. W.ofN. 

0 ' 
1;1) 02 35·35 -0'"4 

34 ·59 -I ·70 

36;25 -0·04 

43•4rJ f 7 'II 
:;.4 ·39 -I ·90 

37·16· +o·S7 

156 02 .i6 "86 

Mean of all 
Diurnal aberration 
Azimuth of Chiquita 

Hour angle of star ~I'' to ,:-4h. 

Date. Position. Mark 
1895. W. of N. 

0 ' 
Jun..:3 1:.6 Q2 33 ·¢ 

4 IV 3S·66 

5 VI 31 ·94 

5 VII 36·93 
6 x ~s·:?s 
E- ·I Xl 35·50 

.; ! ·36·;5 
II J.J ·S; 

-----
l\-Iean 1.r:..6 02 3.5 "86 

II II 

156 02 36 ·29 ± 0 ·49 
-0·32 

23 57 24·03 ±0·49 

6 

-2·33 

+2'37 

-4 '35 
+0·64 
+1 ·"') 

-0·79 

+0·46 
-I '.f.l 
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(4I) TAVAPUTS, COLORADO. 

;\. = 109° 00'·4 \Ves.t of Greenwich. 

Rt~su/ts for azimuth ji"0111 ,1bst'J''mlic111s <?l Polaris al various /"'ur angles.-The 50-
centimetre direction theodolite No. 5 was mounted over the triangulation station. The 
mark was about 3 miles distant. Observer, vV. Eimbeck; computer, D. L. Hazard. A 
single result for azimuth is derived from a set of observations consisting of 2 pointings 
on the mark, 2 pointings on the star, reversal of instrumelit and similar pointings· on 
star and mark. Probable error of a single result = ± o" ·s4. 

S11m111a1y •if n•sul/s _1<1r a=i11111tkal Ta<'ap11ts,· Colorado. 

Near Eastern Elongation. :~~ar \\'e~krn Elongation. 

Date. Position. Mark 
L. 

Date. Position. Mark 

"' 1891. E.of N. 1891. E.of N .. 

0 ' 0 ' 
Oct. 12 21 39 oS "!! -1·79· Oct: }2 !\" 21 3-:"-' 1 ( "i.? +l'8.? 

12 II 09·02 -o·ss 12 \' 12 "l)i) +2·10 

12 III JO"l.1 +0·~2 13 IX II •QI) +1·1n 

13 VI oS·s2 -r ·3s · 13 ·X o..~·¢ -0·94 

13 VII oS ·;o -- I '10 13 XI "9 ·77 -0·13 

13 VIII 09·09 -o·6r 14 X\" 12 ·41 +0·51 

14 XII II "21 +1·31 14 XVI _10"9,'i +1 ·03 

14 XIII 10"0[ +0·11 14 XVII 09·68 -o·.?~ 

14 XIV 09·94 +o·b,i 15 XVIII 07 "i6 -o·q 

16 XXI I0"0.1 +0·1i .IS XIX 10"5.5 ,J-0:65 

16 XXII onS -0·52 15 xx oS"4t ·-I ·49 

16 XX III 11·,,i +1 ·40 16 VI 09·00 -0·90 

16 I 1o·S2 +0·9, 16 X\" oS ·36 -I ·54 
16 VIII 1~·41 +0·51 

Mean 21 39 ~l "i3 
.Mean .11 39 IO"Oi 

0 
.. , 

" " Mean of groups :?I 39 09·90 ±0·16 

Diurnal aberration: +0·3:2 

A.zimnth of Mark 201 39 IO ·2.'.! ±O"I6 

Angle between Patmos Head and Mark rr3 :?I 29·64 

Azimuth of Patmos Head SS I7 40 ·58 

( 42) MOUNT WAAS, UTAH. 

,l = 109° 13'7 \Vest of Greemvich. 

Results for azi111ut/1 ji"OJH obscr1.111lio11s of PrJ/aris al z•arious hour a11g/cs.-The 50-
centimetre direction theodolite No. 5 was mounted over the triangulation station. The 
azimuth mark was about 7· I miles distan~: Opservers, \V. Eimbeck and J. Nelson; 
computer, D. L. Hazard, A single result for ·azimuth is derived from a set of observa
tions consisting of 2 pointings on the mark, 2 pointings on the star, reversal of instru
ment, 2 pointings on. the star, 2 pointings on the mark. Proba,ble error of a single 
result = ± o" ·90. 



Date. 
1~93. 

Aug. 1 

•' 

UNITED STATES COAST AND GEODETIC SURVEY. 

S1111111u11:1' <?/results J;>r .1:::i11111th at ;l/,111111 lfiws; Utah . 

.Ni:-cu Upper Culmination. 

Position. 

II 

III 
JV 
v 

VI 
VII 

VIII 
IX 
x 

XII 
XIII 

Mean 

Mark 
W. of N. 

165 4'? 15 ·9s 
19 ·t:YJ 
r6·92 
16'.'-l 
16·41 
16·9:: 
'7 ":!3 
it=.·.F 

16·91 
19·36 
1r:=. ·23 

-r ·65 

+.1 ;~, 
-0·71 

-r.·79 
-1 ·~2 

--0 ·71 

--0·40 

··-1 ·31 

--0·71 

-(1".:!IJ 

Date. 
1S9._~. 

Ang. 4 

4 
~ 

I~ 

Mean of groups gh·ing weights,; and ::?, 

Diurnal :1berration · 
Azimuth of Mark 
Angle between Mark and l\'I(ll111t Ellen 
Azimuth of Mount Ellen 

Near Lower Culmination. 

Position. Mark 
W. of N. 

~ 

XI 165 49 rr.·:-;1 
XVIII I~"S:! 

XIV 18 "83 
xv 19 ·o.~ 

Mean 165 49 18 ·.~o 

0 

I65 49 17 ·63 ± 0 "::?O 

-0·32 

q 10 .4.:? ·69 ± 0 ·20 

57 49 33·98 
72 00 16·67 

( 43) PAT)Jl)S HF.AD. lJTAH. 

,\ = 110° 191 ·0 West of Greenwich. 

,). 

-0·82 

+0·89 
+1":?0 
+1 ·4r 

Results for. ll'::imut/1 jiwn obscrziatio11s <f Polaris al various hour angles.-The 50-
centimetre direction theodolite No. 5 was mounted over the triangulation station. The 
azimuth mark was about a mile distant. Observer, W. Eimbeck:· computer. D. L. 
Hazard. A single result for· azimuth is derived from a set of observations consisting of 
::! paintings on the mark, 2 paintings on the star, reversal of instrument, 2 paintings on 
the star, 2 paintings on the mark. Probable error of a single result= ± 0"·7r. 

. . '':i11111111a1:1• q.f rcsultsfnr a::i11111th at Patmos He·ad, Uta Ii. 

Before I..ower Culmination. After Lower Culmination. 

Date, Position. Mark of 
!~ 

Date, 
Po~ition. 

Mark 
A 1890. \V. of N. lg~, W. ofN. 

<• 
Oct. 1.5 XII II 14 2S·77 +0·~5 l.lcl. 1t) XIII 11 14 2.'Si ·27 ·-0·25 

lb I ;!6•85 - I ·07 16 XIV :;o·oti· +1 ·54 
16 II 30·~1 +1 ·69 Ii v os·3-~ ·-0·14 
16 III 2s·s...; +0·36 li VI "9"36 +o·&i 
16 IV 2~·94 +r:i·42 iS IX 27·44 -1 "<>5 
17 xxu .:07·$5 --0·67 ·~ x 29 '07 +0·55 
IT XX III 3,0··"' +1 ·99 18 XI 27 ·23 ···1""9 
17 VII 2$ ·27 . o·.:o; 18 xv :IQ ·54 +1 ·02 

Ii VIII 27 •i!q - o·~.'i 19 xx 28 'I:! ·0°40 

18 XVI 27·~1 - 0·71 20 26 ·7:; - I ·79 
JS XVII 27 ·79 - 0 '7.~ "" XII 29 '7.2. +I'.:!I 

18 XVIII 1S·44 -o·oS ,0 x ":!/"~· ·-0·66 
18 XIX 29 ·97 +1 ·45 

Mean 2i--·. '4';.• II 14 
19 XXI 07·44 -I "o8 

'Mt:an ll 14 28·54 
0 II II 

Mean of groups II 14 28 ·52 ±o·q 
Diurnal aberration -0·32 
Azimuth of Mark 168 45 31 ·So ±o·q 
Angle between 'Wasatch and Mark 102 04 13 ·12 

Azimuth of Wasatch 66 41 18·68 
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(44) MOUNT EI.LEN, UTAH. 

,l = 1 w'' 481·9 \Vest of Greenwich. 

Results /ill" azimuth jiwn obscniali<J11s <!l P,>/aris al ~·arious liour angles.- The 50-
centimetre direction theodolit~ No. 5 ·was mounted over the triangulation. station. The 
mark was about 2 miles distant. Observer, Vv. Eimbeck: computer, D. L. Hazard. 
A single result for azimuth is derived from a set of observations consisting of 2 paintings 
on the mark, 2 paintings .on the star. reversal of instrument, 2 pointings on the star, 2 

pointings on the mark. Probable error of a ~ingle result=± 0"·64: 

Datt:, 
1891. 

Aug. 18 

IS 

18 

1:-3 

19 

19 

19 

19 
.:0(1 

20 

:?() 

'' 
:.'.!::! 

02 

S11111111,11:1· ,y· resulls.tiir azi11111tli ,,, 11Im111t Elle11, Utah. 

l'oi;itivn. Mark 
E. of N. 

0 I 

XII 16::? 1B (•/ ·24 

XIII •)5 ·35 

XIV 05 ·S7 

xv 05·6o 

XVI rf,·,:01 

XVII 05·24 
XVIII 1:i6·3.:-

XIX '-'5 ·82 

III 05 ".J.5 
IV •\5 ·11 

v (i{."41 

II o8 ·17 

•)/ ·39 

VI 0<;"15.5 

Mean of all 
Ditimal aberration 
Azimuth of l\:lark 

Date. 
!_, 

1891. 

+1 ·3.; Aug. --
-•)'5...J. 2;;. 
-1)'02 -.• 
-(1"2-;i .:-._:; 

+,-,·.v i::. 
-(1'65 :::3 
+o·.i3 -.> 

-·)·07 . '4 
-o·.~ 04 
_,_.·iS '4 
+c:i",5:? '4 
+2"08 '-' 
+1 ·50 ;!;:.. 

-0·24 '~ 

Angle between Patmos Hea<l a11<l Mark 
Azimuth of Patmos Head 

Mark l'ositi1:i11. E. of N. 

., I 

VII 1(00 18 o6"JI 
VIII 00·74 

IX ~·67 

x ·).~ "61 

XI C.•5 ·o::: 

XII i_:,f, -~.:. 

xx 1)-'.' -~IL 

VIII ·-~··ss 

XXI v.;·.:-ti 

XXII 04 ·99 

XXJIJ ··'4 "li 

XIX ··.=-,·S:.1 

xx '"'.5 "jO 

Tl i:o6"0..J. 

0 ,, !I 

162 18 05·89 ±0"12 

. +0·32 
3.p 18 06·21 ±0·12 

146 4.:! oS ·6o 
195 35 57·61 

!::. 

+0·22 

+o;Ss 

+(•"/$ 
-:::·~.:.: 

-··.:.·R7 

+•J'0 
+0·01 

+0·69 

-o·t. .. -; 
-0"9(• 

-I "7' 
-i:.·.:-:::. 
-0·19 

+0·15 
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(45) WASATCH, UTAH. 

tp=39° 06-'·9. .1· =Ir I 0 27'· 1 \Vest of Greenwich. 

Results j;,,. ,1:::im11th. fn>m obscr-.·ali~>us <?/ Polaris at varit'lfS. hour a11gks.--'-The 50-
centimetre direction theodolite No. 5 was mounted over the triangulation ·station. The 
azimuth mark was at Baldy Peak, about 4 miles distant. Observer, \V. Eimbeck;· com
puter, D. L. Hazard. A single result for azimuth is derived from a set of observation~ 
consisting of 2 pointings on the mark, 2 pointings on the star, reversal of instrument, 1 

pointings on the star, :.:! pointings on the mark. Probabl~ error of a single ~e~ttlt 
= ±0"·55. 

Date, 
1890. 

Aug 20 

,., 
20 

20 

22 

22 

~:? 

12 

23 
~.; 

2 .. \ 

.2) 

0-1 

»1 

S1111n11<11y <~l rcs11/lsj<>r a:::i11111tli ,,, 
Honr angle 2h to .sh. 

Positio11. Mark 
W.of N. 

0 ' 
IV 75 " 19·84 

v lj' ·11 

.v1 19·29 

VII l'!f '(•5 

x 19·03 

XI 19 "7i 

XII 1S·7S 

XIII 18·02 

XVIII 1~·64 

XIX J9"(12 

xx 1~·31 

XX! 17 •89 
I 18·66 

xv 1•.l 'j.~ 

l\Iean i~ " 18 -~:1 

Mean of groups 
· Diurnal aberrntion 

Azimuth of Mark 

i.e. Date. 
1&,o. 

+l"·s3 Aug. 00 

-1 ·so 2•) 

+•)"18 00 

+0·04 " 
+0·01 --
+•)"jr) 2._l 

-0·23 23 
·-0·99 2.) 

-0·.,,7 23 
+1)'0[ '4 
-0·71) >-1 
._;.I "I~ 24 

·-0'._\5 ~s 

+o"ii 

Angle lJetween Mark and Mount Nebo 
Azimuth of Mount Nebo 

f f"a Stl /d1, Uta Ii. 

Hour angle 1.:-h to r5h. 

Positk111. Mark 
W.of N. 

0 ' 
I 75 21 19·S~ 

11 ~0"6(1 

Ill 1S·t5S 

VIII 1$"iS 

IX 18 ·97 
XIV 00 ·43 
xv 19·6o 

XVI Ii '62 
XVII 18 "!-I 
XXII 19·02 

XXIII 19"75 
XX III 19 ·~\r_, 

XIV 18·'4 

!\lean iS ,, 19 "!I 

O I ,, ,, 
75 21 19·01 ±o·rr 

I04 38 .j I 'J l ± 0 'I I 

56 15 11·17 

16o 54 02·48 

( cj6) i\IOUN'T NEBO, UTAH. 

,l = 111° 461 ·0 \Vest of .:;.reenwich. 

-0·::3 

+o·.59 
·-1·.w 
-0·77 
+o)'Ol 

-+ 0 ·74 

+O'J9 
-0·07 

Rt:sul!s ji>r a:::imut/1 from c>bscn.•atz',>ns <!l Polaris near lJppcr and Lm:vtr Culmina
tioHs.-The so-centimetre direction theodolite No. 5 was mounted over the triangulation 
station. "The azimuth mark was about s miles distant. Observer, W. Eimbeck; 
computer, D. L. Hazard. A si11gle result for azimuth is.derived from a set of observa,tions 
consisting of 2 pointings on· the mark, 2 ·pointings on the star, reversal of instrument, 
2 paintings on the star, 2 paintings on the ri1ark. Probable error of a single result 
= ± 0"·46. 
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Date, 
1887. 

July 'O 
20 
20 

20 

20 

21 
21 
21 

21 
21 
2! 

22 
.:!:? 

:22 

S11111111<11y •.~( n·s11/lsjiw 1r::i111111/1 at Jl/01111/ 1\Td>v, Utali. 

Near Upper C11hnin:ition. 

Po~ition. 
Mark 

E. of N. 

0 

~II 5 28 43 ·24 
IV 43·50 
v 42 ·47 
VI 41 ·9~ 
VII 41 ·77 
XI. 42·41 
XII 42 "97 
XIII 41 ·55 
XIV 41 "6.1 
xv 42 ·78 
XVI 44·08 
XX! 42 ·.,,g 

XXII 42·97 
XX III 4.? 'JI 

Mean 5 2S 4>"54 

Mean of groups 
Diurnal aberration 
Azimuth of Mark 

6 
Date, 
1887. 

+0·;4 July .?•) 

+1·00 :,7:1) 

--0·03 21 
-0·57 " -0"'73 21 
-0·09 --
+0·47 .?~ 

..:., ·95 .?.? 

--o ·s1 22 

.. +0·2s 2.? 

+1 ·58 23 
-0·42 .?3 
+0·47 
-0·39 

Angle between Mark and Tushar 
Azimuth of Tuslrnr 

Near L•)wer Culminatio11. 

PositiQ11. Mark 
E.of N. 

0 ' 
5 28 4»98 

I.I 43 ·57 
VIII 42·3_; 
IX . . (,·15 
x 41 ·9~ 

XVII 4.:0"::?1 

XVIII 43·0.:o 
XIX 42 '20 

xx .p·3s 
XX! 42 ·oo 

I 42·45 
I III 4[ ·31 

'i.\.tean ,; :?~ 4.2·46 

0 / ,, 
:; 28 4:? ·50 ± 0 ·09 

+0·32 
185 ::?8 ,p ·82 ± 0 ·09 
194 36 40·39 

20 05 23 "2I 

(47) SALT I.AKE CITY, UTAH. 

,l.= ru 0 S,>'".5 \Vest of Greenwich. 

,-:::.. 

10·.i,s 

+1 ·o; 
--(I '\j 

+0·65 
--0 ·5~:.; 

··-•)";:'J 
+0·52 
-•)'._;o 

·-0'1.? 

-0'51:0 

-1)"•)5 

-I'l:;i 

Rcs11/ts for tizi11111th from ,1/iscn•alivns 1?/ p,1/aris al '-'.an:vus hour anglts.-The si:•
centilm:!tre theodolite No. 5 was mounted over the triangulation station in. Temple 
Block, Salt Lake City. The azimuth mark was at City Creek station, about -J."3 kilo
metres. distant. Observer, \V. Eimbeck: computer, D. L. Hazard. A single result fo:· 
azimuth is derived from a set of ohservations consisting of 2 Jlointings on the mark, 2 

pointings on the star, reversal of instrument, 2 paintings on the star. 2 paintings 011 

the mark. Probable error of a single result = ± o"·6+ 

Date, 
1893. 

June ~ 
3 
3 
4 

4 
5 
5· 

5 
6 
6 
6 

7 
7 

~o~ir a11gl~ of s~ar 9h t~l uh. 

·.Position. Mnrk 
"E.ofN. 

0 ' " 
12 I).? 50·.?9 

51 ·19 

II 48 "68 
v 50 "•).? 

VI 49:~9 
x 49 ·34 
XI 50·34 
XII 50·58 

XVII 52·._;3 
XVIII 51 ·79 
XIX 49·64 

XXIII 49·00 
XIII 50·28 

Mean 12 O.J 50·24 

:Mean of groups 
Diurnal aberration 

i2 

" -o·oS 
+~"52 
.,.-1·~ 

-0·35 
-0·78 
-I ·03 

-o·o,-; 
+0·21 

+1·96 
+1 ·42 
-0·73 
-1 ·37 
-0·09 

Hour angJe(•f star: .:-ih to .?3h· 

Date. Positio11. Mark 
1893. 'E; of N. 

·:· ' 
June 3 III .l 2 o~ 49 "i4 

IV 
4 .. VII 

4 VIII 
IX 

5 XIII 

5 XIV 

5 xv 
5 XVI 
6 xx 
6 XX! 
6 XXII 

Mean 12 02 

0 II II 

I2 02 50 ·37 ± o ·r3 
+0·32 

:;1 ·55 
.::;1 '0(• 

50·40 
:D· .. ;2 

'so ·.l5 
~p·So. 

50·44 
50·94 
;1 "\13 
49 "9" 
48·;5 

50·51 

Azimuth of Mark (City Creek) I9.? 02 50 ·69· ± 0 "I3 

--:r.0·63 
+•·1s 
+·:o·6.:. 
+•)'1:0,3 

-0·0.5 
-1)"(1:! 

+0·4~ 

+0·07 
+0·5; 
+1_"5l' 
-o·.n 
-1'6.? 



UNITED STATES COAST AND GEODETIC SllRVEY. 

(48) WAIJDOUI', UTAH . 

.l = 1 u 0 52/· 2· \Ve,;t ,-,f Greenwich. 

Rc·sulls for a.-::imut/1. jiw11 c>l'.f~T~1afioizs q/ Pt>laris 111 ·;•arit1/lS lit>ur angks.-The 50-
centimetre direction _theodolite was mounted over the triangulation station. Observer, 
\V. Eimbeck; computer, D. L. Hazard. A single result for azimuth is derived from a 
set of observations consisting of _:? paintings on the mark, .'.! paintings on the star, 
reversal of instrument, :? paintings on the star, :? paintings on the mark. Probable 
error of a single result = ± o" ·9s . 

Vat~. 
189i. 

June 13 
1· _, 

14 

q 

. )"i1m1J1<11T '!/ r,·su//s _1iw r1::i11mtl1 at Ui1ddoup, Utali. 

l\:'i::ar l.i]))kl" L.11l111inatio11. 

l'i:•:o;itin11. Mark 
E. uf N'. 

0 

IV '-19 q ._.,,; • J°I~• 

Vll I o.5 "(•:; 

XII 1_1; ',\2 

XVI •)j ·04 

::\ka11 '·I') 14 .:ir:.·r:.(. 

Meai.1 of grnups 
Diurnal aberration 
A>.i111ut~1 ·of Mark 

lJate, .... 1~92. 

+0·04 June 13 
+2"1)1 16 

+1 ·.;1) 17 

-·-•)'9·°"' 17 

17 

Angle between Ogden Peak anrl l\Iark 
Azimuth of Ogr!en Peak 

Near I ~O\\'Ct" ~11l111inatio11. 

Po:;iti011. Mark 
E.ofN. 

'49 q o6'6o 

XIV 03 ·27 
xx i:6'79 

xxnr "4 ·9S 

Ill 05 ·:.g 
----

Mt.:"an J.t':l I4 05 '.\$ 

0 ·'' ll 

T49 q 06 ·02 ± '-' ·33 
-i- 0 ·32 

.~29 14 06 ·34 ±o ·.u 
qS :;1 33 ·66 
!So 42 32 '·6$ 

(49) or;nEN OBSHRVATOR\", UTAH. 

rp=.p 0 13'·i. .l = 1.1r 0 59'·7 \Vest of Greenwich. 

·-
" 

+0.58 
-2·75 
+rJ'j7 

-I "Q.j 

-0·74 

Ffrsults _1;,,- ,1:::i111utli jiw11 ,1bscn1cilio11s <?i .f't>/,iris al ~·arious liour angit:s. -The 50-
centinietre direction theodolite w:ls mounted over the triangulation station, about 4 metres 
son th of the longitude pier in the United States Engineers' Observatory at Ogden. The 
a:-dnmth mark was at North Ogden Peak, ahout IO miles distant. Observer, W. Eim
beck; compute'r, D. L. Hazard. A single result for azimuth i's derived from a set of 
observations consisting of 2 paintings on the mark, 2 paintings on the star, reversal of 
instrument, :? paintings on the star, 2 paintings on the·mark. Probable error_ of a single 
result·=± 0"·45. 



TRANSCONTINENTAL TRIANGULATION-PART V-AZIMUTHS. 781 

Date, 
1891. 

May 27 

30 

JO 

,l.O 

June 4 

4 

4 

5 

5 
5 
6 

7 
7 
7 

S11.111111111:1• 1?/ rc·s1lltsfor a:::im11tl1 at Ogdm Obse1<•at01:v. l-!la/1. 

Hour angle of star 9h to nh. 

Position. Mark 
E.of N. 

0 ' 
10 03 s.;·41 

56·4_; 

II 5t'>"7i 
Ill 57 ·32 
VII Si "46 
VIII S~'i4 

IX 56"/I) 

XIII 5~·64 

XIV 56·00 

xv 57 "."7 
XIX 57·09 

xx S6 ·07 
XX! 55·97 
XXII 57·66 

---
Mean IO 03 56 ·9~ 

Mean of groups 
Diurnal aberration 
Azimuth of Mark 

!~ 
Date, 
1891. 

-0·49 June 3 
-0·.)3 _, 
-0·19 3 
+o·._;0 4 
+0·5i:1 4 
+• ·78 4 
-0·"26 .'. 

-0·32 5 
-0·90 5 
+:0·61 9 
+0·13 9 
-0·89 9 
-0·99 

+0·70 

Angle between Mark and Ogden Peak 
Azimuth of Ogden Peak 

Hour angle of star 2011 to 24h. 

l'o:;ition. Mark 
E.ofN. 

0 

IV 10 03 S6 ·45 

v 57 ·24 
VI 57 "(>5 

x Sf. ·oo 

XI 57 ·23 

XII ::.07 ·~3 

XVI .;6·37 

XVII .~·s2 

XVIII .57 ·24 
XXIII s6·91 

X.XIH S7 '19 
IX 57 "7.'. 

Mean 10 03 57 "QI 

0 II 

IO 03 56 "96 ±o "09 
+0·32 

190 03 57·2s ±o·09 
93 04 47 ".35 
~83 oS 44·63 

(50) OGDJ~N PEAK. J.T"fAH. 

'P = 4I 0 
I2

1"o. ,\ = III 0 5.)'·o West of Gre~nwich. 

2. 

-0·51 

+o·:!S 

+o·i:'9 

-IJ\lri 

+0·:!7 
+0·~7 

-0·.:o.9 
-0·14 

+0·28. 
-0·05 

+0·23 

+0·79 

Results for azimuth ;i·om obscr·va.tions of Polaris 11car Eastan and Tf"'cstcrn Elong-a
tions.-The 50-ce11timetre direction theodolite No. s was 111oui1ted over the triangulation 
station. The mark was at North Ogden Peak, about IO miles distant. Obscn·er. 
\V. Eitnbeck; computer, D. L. Hazard. A single result for azimuth is derived from a set 
of observations consisting of 2 pointings on the mark, 2 pointing-s on the star, reversal 
of instrument, 2 paintings on the star, 2 paintings on the mark. Probable error of a 
single result= ±.°'"73. 



Date, 
1888. 

Sept. 30 
Oct. 

4 

5 
5 
5. 
5 
5 
6 

6 
6 

UNITED STATES· COAST .AND GEODETIC su:.:.VEY. 

S11111lll<llf(I( rt'Sllllsfor a::i11mt/1 at Ogden Peak, Uta/1. 

Near:·Eastern Elongation. Near Western Elongation. 

Position. Mark 
W. of'N. 

0 ' 
19 56 5S·66 

II 61 ·o~ 

11 61 ·5; 

VII! [54 ·09] 
IX 6o·19 

x 60·16 

XI 60· .. ,9 
XII 60·~5 

XIII [67 ·56] 

XIX 62 "83 
xx 61·,,.i. 

XXI 6::-·31) 
--··---· 

Mean 19 .r:..6 C.1 ·c·~ 

Mean of two groups 
Diurnal aberration 
Azimuth of Mark 

[:;, 

-2·01 

+"'35 
+0·90 

Reject~d 

-0·48 

+1 ·49 

-o·:::' 
-o·.i.~ 

Rejected 
+~·16 

+0·67 

+1'6\l 

Date, 
1888. 

Oct. 3 

3 

5 
5 

s 
s 
8 

9 

9 
9 

Augle between Mark and l\"Immt Nebo 
Azimuth of Mount Nehc; 

(SI) ANTEI.OPE, UTAH. 

Position. Mark 
W.ofN. 

0 ' 
IV 19 56 60 ·oo 
v (56"<''7] 
VI 60·11 

vu 60·1,3 

XI\.' 61 "6i<i 

xv 6o·o1 

XVI ;;8·91 

XVII .'\S ·~.i 

XVIII 6r:i ·47 

XXII 60·0~ 

XXII 6r:. ":!.i 

xxqI 59 ·75 
XHI 59·02 

XIV 61 ·07 

61 "70 

x 6o"66 

XI 61 •53 
XII 60 ·05 

----
1'lea11 19 56 00·26 

0 II I! 

19 56 6o'6j ±o·q 
-·0·32 

160 02 59 ·65 ± 0 ·14 
196 16 30·84 
_;56 19 JO. '.-19 

,l = 11 ~ 0 1,3'·0 \Vest of Greenwich. 

C!. 

-o·r;7 

Rejected 
-o·,56 

-•)"S4 
+1 ·01 

-(•'66 

-1 "76 

-1 "7.l 
-0":?1) 

-0".59 
-0·40 

-0·92 

-1·65 

+0·40 

+1·03 
-0·01 

+0·86 
70"6.? 

Results for a.-::imulli _ti·om c>bs,·1;:alions c?f Polaris at ~·ari,>us liour a.nglcs.~The 50-
centimetre direction theodolite No. 5 was mounted ov~r the triangulation station. The 
azimuth mark was about s:~ilometres distant. Ob::;erver, P. A. Welker; computer, D. 
L. Hazard. A single result for azimuth is derived from a set of observations consist
ing of 2 pointings 011 the mark, 2 pointings on the star. reversal of instrument, :2 point
ings on the star, i .pointiugs on the mark. Probable error of a single result.= ± 0 11 ·65. 



TRANSCO~TINENT AL TRI ANG ULATION-P ART V-AZIM: UTHS;. .. 

Date, 
1S92. 

Oct. 23 
23 

23 
·J4 

'4 
24 

'5 
05 

>5 
26 
26 

06 

Hour angle of star 7h to~·· Hour angle of star u=,11 t•) 18h. 

Pos1tiou .. l\fa1·k 
W. uf'N. 

0 ' ·., 
. I II 21 45 "6i 

lI 4i"30 
III 46·49 
VII 47 ·17 
VIII. .46·_;1 

IX 46 ·16 

XIII 45 ">4 
XIV .47 •(>$ 

xv 47 "97 
XIX 4S ·49 
xx 47 ·52 
xxr 45 -~4 

:\lean JI 21 46·79 

Mean of groups 
Diurnal aberration 
Azimuth of Mark 

6 
Date, 
18\12. 

-1·6S Oct. 24 
.,-0·05 24 
-o·S6 21 
-0·18 :?5 
-0·84 .'.?5 
-1 ·1q 25 

·-:?"11 26 

-0·27 26 

+0·62 o6 
+1~1.J. ,, 
+0·17 
-1·51 

Angle between Dt:seret and Mark 
Azimuth of Des:::ret 

1-'osition. Mark 
W.of N. 

0 ' 
JV II 21 48·38 
v .4i ·s2 
VI 47·66 
x 48 ·47 

x.r 47 ·05 
Xll 47 ·&i 
XVI 47·5z 
XVII 48·49 
XVIII 47 ·90 

XXII [.is·18] 

Mean 11 ~1 4i "';>I 

ll ,,. 

II :21 47 ·_;s =(l"l4 

o ... .,. - ,)-

168 38 l~ ·97 ::'::O"I.j. 

136 39 09 ··~9 
31 ·59 03 "88 

. (52) l'R0:110NTOR\', UTAH. 

A= 11 ~ 0 ::?5'· 2 'V<:st of Greo:-nwich. 

6 

+1·03 

+0·47 

+0·31 
+1·12 

-0·30 

+0·49 
+o·u 
+1·14 

+'•"SS 
Rejected. 

Results fcir azimuth f11>JJ1 · obscr;m./iolls 1?/ Po/,1ris at ~·a.rious hour ang1es.-1'he 
50-centimetre direction theodolite No. 5 was mounted over the triangulation station. 
The mark was about J kilometres distant. Observer, W. Eimbeck; computer, D. L. 
~azard. A single ·tesult for azimuth is derived from a set of observations consisting of 
z pointiugs on the mark. z pointings on the star, reversal of instrument_, .2 pointings on 
the star, 2 pointings on the mark. Probable eITor of a single result·=± o''·77 . 

Date. 
1~92. 

July II 

II 

JI 

II 

"i.? 
12 

12 

12 
IJ 
13 
13 
13 

. 'ii111111111l(I' q/ 1"<"s11//s for a::in111tli 11! Pn11111mto1:1•, Utah. 

N1.:nr Upper Culmination. Nc:ar I.owc::r Culmination. 

Pof.itiou. l\fark 
.~ 

Date, Positio11. Mark 
W.ofN. 1S.p. W.eof N. 

0 ' 0 ' 
IX 39 ''9 14 ·40 -1 ·~1 Jnly 12 XIII 39 09 15 ·28 
x 10·~5 +o·t.4 ll XIV r6 ·42 
XI q·35 - I "26 12 xv ~3 "i9 
xri 14 ·oo -J"61 I' xx 13'6L _, 
XVI 16·32 +0·71 13 XXI 1575 
XVII 17 ·32 +1 ·71 13 XXII . 15 ·75 
XIX 16 ·50 +o·&~ 14 IV 16°(11.."I 

XXIII 15 ·95 +0·34 q v 14 ·55 
XX III 15 ·30 -0·31 14 VI 17 ·55 

14 ·43 -1 ·1s 14 VII 15•96 
II 17 "'Si +1·90 15 \TIU 16 ·44 
Ill I'; i5 +0·14 15 XX III 15 ·49 

·--- -----
:\lean .39 09 15 ·t=,8 Mean 39 09 15 ·ss 

0 II ' . II 

Mean of groups 39 O<) 15 ·61.± o · 16 
Diurnal aberration - o ·,~::? 

Azimuth of Mark qo 50 44 ·71 ± u · r6 
Angle between Mark and Ogden Pt:a~ 142 33 17 ·s3 
Azimuth of Ogden p.,'1k · 283 24 02 ·54 

6 

·-o·.13 
+o·S• 
--1 ·s, 
-·i·oo 
+o·q 
+0·14 
+0·39 
-1 -.;6 

+1·94 
+0·35 
+o·S3 
-0·12 



UNITED STATES COAST AND GEODETIC SURVEY. 

(53) DF.SERET, UTAH. 

,l = 112° 3i'"6 West of G:eenwich. 

Resu/ls for azimuth .fiwu ,1/>scrvations <"!/Polan~· at ~1arious hour ang/es.-The 50-
centimetre direction theodolite No. 5 was mounted over the tria,ngulation.station. The 
azimuth mark was 15·92 kilometres distant. Observer. W. Eimbeck; computer, D. L. 
Hazard. A single result for azimuth is derived from a set of observations consisting of 2 

pointings on the n'1ark, 2 pointings on. the star, re\rersal of instrument, 2 pointings on 
the star, 2 pointings on the mark. Probable error of a single result= ± 0""86. 

Date. 
1892. 

Sept. I 
i 

~ I 
s I 
8 I 

9 
I 

9 

9 
10 

10 

to 

II 

1l 

Hour angJc: of star 411 to till. 

Position. l\fark 
E of N. 

VU! _, :!._\ 09·97 
IX 1(!"47 

XIII <'9"0 
XIV 10·17 

xv ~l".J•) 

XIX II ·o .. \ 

xx 09 '(~I 

XX! I ( "2.j. 

II 10·5S 

Ill 10·17 

I\' 11 ·28 

\" JO".)I 

XVI 09 ·~~ 
----

:v1t: .. 111 ,, ~~; 1•)"~6 

·Mean of groups 
Diurnal aht:rration 
Azimuth of Mark 

Date, 
~ 1892. 

+o·O..> Sept. ~ • +1·19 s 
+0·41 $ 

+0·~9 s 
+0·12 9 

+' "75 '.1 
--0 ·27 9 
+•\16 JO 

+1 ·30 10 

+o ·So;i JO 

+J"oo II 

+1 ·2,3 II 

+0·60 II 

Angle between Mark and Mount Nebo 
Azimuth of Mount Nt:bo 

i 

(5.l) IBEPAH. UTAH . 

Hour angle of :Star 14h to 16h. 

Mark Position. E.of N. 

0 ' 
VIII 3 23 0S·90 

x 07"S9 
XI 07 ·57 

XII as·s3 
XVI 07·1s 
XVII os·o6 

XVIII 09·71 

:xxn o.S ·40 

XXIII V.)77 
Ofi"SJ 

\" o6•69 
VI 08·04 
\'JI 08 "II 

!\tean _, 2.; 08 "J•)· 

0 I " 
.>,2309·2S±o·17 

+0·32 
1S3 23 09 ·60 ± o ·17 
130 50 5I ·51 
314 J401"1! 

i~ 

-o·JS 
-1·69 
-1·71 

-0·45 
-2·10 

_, n 
+o "43 
--o·ss 
+0·49 
-·(• 46 

-·~ '.59 
-1·0.i 

-1 ·17 

. l = 113° 55'·2 \Vest of Greenwich. 

Results jiw azimuth jimn obscr<!ations t?f Pci/aris at various hour ang/cs.-The 50-
centimetre direction theodolite No. 5 was mounted over the triangtllation station. The 
azimuth. mark was at North Ibepah Peak, 1 ·9 miles distant. Observers, \V. Eimbeck 
and P. A. Welker; computer, D. L. Hazard. A single result for azimuth is derived 

. from a set of observations consisting of 2 pointings on the mark, 2 pointings on the star, 
reversal of instrument, 2 pointings on the star, and 2 poin~ings on the mark. Probable 
error of a single set ::::;: ± 0"·70. 
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S11111111a1:1• of r.:s111tsj<1;· azi11111tli at lbep,111, Utah. 

Hour angle of star 4h to 6h. Hour itngle of star 14h to 16h, 

Date, 
1889. 

Sept. 6 
6 
6 

8 

8 
s 
9 

9 

Position. Mark 
E.c•f N. 

0 I 

I ,, ll 53 ·70 
II 50·so 

III 54 .,, 

VII 54 ·67 
VIII SJ'.'.?8 

IX 55 'IJ 
XIII 52 ·60 
XIV 53 ·97 
xv 53 ·51 
XIX 5.\ ·52 
xx 53 ·39 

!\·lean !> II 53 ·53 

Mean of groups 
Diurnal aberration 
Azimuth of Mark 

[:, 
Date, 
18-59. 

+<'"43 Sept. 6 

·-2·45 
+0·94 

+1·40 
+0·01 8 

+1 ·85 s 
-0·65 s 
+0·70 9 
+0·24 9 
+0·25 9 
+0·12 IO 

10 

Position. Mark 
E.of N. 

0 · I " 
22 JI 54 "OI 

IV 53·36 
v 51 ·51 
VI 53·04 
x 51 ·79 
XI 53 ·37 

XII 53 ·72 
XVI 52·3~ 

XVII 53 ·4S 
XII 54 ·26 

XVIII 5.'.?'.'.?I 

VI (5770] 

Mean 22 II 53 '01 

fl 

22 II 53 "2i ±0·15 
+0·32 

202 II 53""59 ±O"I5 
Angle between Diamond Peak and Mark I2I oo 25 ·13 
Azimuth of Diamond Peak 81 11 28 ·46 

IO. NEVADA SERIES. 

(SS) PIOCHE, NEVAi:1 . .\. 

<P = 37° .59'' I. ,l = r q 0 03.t·2 '\Vest of Greenwich. 

6 

+o."74. 
+o ·09 
-1 ·76 
-0·03 

-1·48 
+0·10 

+0·45 
-o·ss 
+0·21 

+0·99. 
-1·o6 

Rejected 

Results /or azimullt jimn 1>bscrz•ations <?/ p,1/aris al <Jari1ws hNtr angks.-The 50-
centimetre direction theodolite No. 5 was motmted over the triangulation station. The 

, azimuth mark was about a mile and a half distant. Observer,\:V. Eimbeck; computers, 
A. S. Christie and E. Smith. A single result for azimuth is derived from a set of 
observations consisting of 1 pointings on the mark_, 1 pointings on the star, reversal of 
instrument, :! paintings on ~he star, 2 pointing on the mark. Probable error of a single 
result = ± 0"·66. 

18732-No. -1--50 



UNITED STATES COAST AND GEODETIC SURVEY. 

N'ear Eastern Elottgation. ~t=.:ar \Vr::~tr::rn E.l0no;;.atir.Jn. 

Date, rositir•n. Mark 
L. 

Dak, Position. Mark 
L. 1~83. ,V. of N. 1883. W.ofN . 

. , 
' <• 

Sept. 1S I It\i JI 1.5 ·~::2 +0'·46 Sept. IS 

I 
III 164 ·" 15 ·71 +0·35 

IS II 1.) ·4~~ +<•'07 1S v 14 ·25 -I "II 

19 vu. '4 ·;s -o·s-s 1X VI 15 ·93 +0·57 

19 VIII 16"1.:! +(•"70 19 

I 
x .Ii '45 +o·Q(J 

l(j IX 15 ·77 -t-0',41 00 XII l5 ·S5 +o·.4q 
20 XI 16 'ii +1 ·41 20 XIII 13·47 -1 ·89 

" XVI 14 ·19 --:-I "17 :.'.!•) 

I 

XIV 14 ·99 -·0·37 

21 XVII I.:~ -~,r_, --1 ·-10 ;>) xv 16·62 +1 ·~i 
21 X\'III 15 ·s.i +0·48 20 XIX 14 ··~7 -·:i·.w 
22 XIX 16·:-5 +0·39 00 

I 

xxu 14 "j6 ·-c··oo 
~2 XXIV 14 "56 --0'$1) 00 XXIll 16·6:; +r ·27 

22 xxv 13 ·S5 -1 ·51 21 xx 15·14 -o "2J 

24 IV 15'.31 -0·05 21 XXI 15·04 -0·:1• I ---- -----· 
l\'Iea1i 164 JI 15 ·os ::\-lean 1tq 31 15'H 

0 " " 
Mean of t\\·o groups 164 31 J 5 ·,;6 .±O"IJ 
Diurnal nherration -O".).'.! 

Azimuth of Mark rs 28 44·96 ±0·13 
Angle between Mark and Tushar 135 30 05 ·19 
Azimuth of Tus!tar 250 5S 50 ·15 

(56) PILOT PHAK, NHVADA. 

,l = 1 q 0 04'·7 \Vest of Greenwich. 

Rt·sults for azimuth _1iw11 o!iscn.•alions <?f Polaris al ~·ari1i11s hiiur angks.--The 50-
centimetre direction theodolite N•:o. 5 was mounted over the triangulation station. The 
azimuth mark was r3~ miles distant. Obsen·er. \V. Eimheck; computer, D. L. 
Hazard. ·A sing"Ie result for azimuth is derived from a set of obsen-ations consisting of 
2 pointings on the 111ark, 2 poi11ti1:igs 011 the star, reversal of instrument, 2 pointings on · 
star, 2 pointings 011 the mark. Probable error of a single result= ± o"·sr. 

Date, 
18&;:. 

July 18 
18 
18 
1$ 

19 
19 
IQ 

19 
20 
2() 

20 

Near IJpper C11lminativn. 

Pos.ilio11. Mark 
E. of N. 

Ill " ....... ._v=..t·33 
IV 3.5 ·s7 
v 3i ·-i.~ 
VI 3(1'9') 

VIII .-:.6·51 
IX 37 ·99 
x 36"88 
XI 36·.;..i:; 

XVII 3i"39 
I 38·64 

VI ;:-6 ·35 
----

:\·lean 12 33 36 ·97 

Mean of two groups 
Diurnal aberration 
Azimuth of Mark 

.~ Date. 
1S~9. 

+0·13 July 18 
-0·33 IS 
+1 ·22 19 
+07r_1 19 
+0·3l ~o 

+1 ·j9 ~I) 

+0·68 20 

+0·1o; 20 
+1·19 20 

+0·44 
+0·15 

Angle between Mark and Mount Nebo 
Azimuth of Mount Nebo 

Nea1· I.,i:.1wer Cuhninatio11. 

j-'(1::;.ition. Mark 
L. E. or N. 

., II 

i 2 ,:;; 36 ·34 +0·1.i. 
II q·,,4 -1·66 

VII ~3 '.JO -2·&> 
VIII ;,c:;'~•:I -0·51 
XII .35 ·.~.3 -o·r:-.; 

XIII ~-1- ·..:,o -l ".)O 

XIV -~~ ·q2 -o·os 
xv --~f_, ·91 +071 
XVI .. ::.5 ·s,~ -0·67 

l\l(ean ,, 
._"!1._'t J; ·4~ 

0 ,, ,, 
12 33 36":!0 ±o·rS 

+o·.F 
192 33 36·5~ ±o·IS 
I! J o6 37 ·49 
303 40 14 "OI 



·TRANSCONTINENTAL TRIANGULATION-PART y......:..AzIMUTHS. 7$7 

(5ij DIAMOND PEAK, NEVADA. 

<p = 39° 35'· I. ,l;,,, u5° 491 ·1 \Vest of Greenwich .. 

. Results for azimutli ji·om. ob so ·uations. r?.f Polaris near Ea.stern and IFesit"ni Elo11ga
lio11s.-The so-centimetre direction theodolite No. s was mounted over the' triangulation 
station. The azimuth mark was about s miles distant. Observer, W. Eimbeck; com
.puters, A. S. Christie and E~ Smith .. ·A single result for azimuth .is de.rived from a set 
of. observations consisting of 2 pointings on the· mark, 2 pointings on th\:· star, reve.rsal of 
instrm~1ent, 2 pointings on the star 1 2 poitJtiugs o_n the mark. · Probab}e error of a single 
result near Easten1.Elong[!.tion = *0"·54, and near Western Eiongation = ±0"·4r.·. 

. . . . . . 

Su1111111u;11 ~i r.:su/tsjor a::f111u//1 al Diamond Peak, i\Te"'i!ada. 

Near Eastern Elongation. Near \Vestern Elongation. 

Date, Positiou. Mark 
L Date, Position. Mark 

W.of N. 1881:. W.of N. 18S1. 

Sept. 17 IX 2 45 32 ·14 

IS x 31 ·47 
18. XI 33 ·57 

19 XII 31·85 

19 XU! 33 ·17 
20 XIV 32·q 

20 xv 30·45 

24. XXllI 31 ·;7 

24 XXIV 31 •$6 

25. III · 32 ·31 

25 IV 31 ·93 

25 v :;2·01 

26 VI 30·22 

26 VII .31 ·n 

Mean 2 45 32·12 

Mean of two groups 
· Diurnal aberration · 

Azimuth of Mark ' 

+0·01 Set>l. 21 

-0·65 04 

+1 ·45 04 
+o "7.~ . '4 
+1 ·05 .?6 
+0·02 .?6 

+0·33 i9 
-0·35 '9 
-0·26 29 
+0·19 30 
--o ·19 30 
-o·u 
-1·90 

-0·35 

±0"11) 

Angle between Mount Callahan and Mark 
Azimuth of l\fount Callahan 

0 

XXII 2 45 _30 ·.51 
xxv .:!9"85 

J. 31 ·33 
II 30·96 

vin 30"·61 

XVI 32;03 

XIX 31 ".:!O 

xx 30·64 
xxr 31 ·o'3 

XVIII 3o·S5 
XV.II 31 "i7 

:Mean ~ 45 3o·o;.c-. 

o I II II 

2 45 31 ·55 ±"O ·13 
-0·32 

177 q 2S·77 ±0·13 
iS 4i ·q ·Sr 
98 27 13·96 

(58) MOUNT _CAI.I.AHAN, NEVADA. 

<p = _.,,9° 42'·5. ,\ = q6° 57'· I West of Green..\•iCh. 

'-' 

-0·47 

. :-1 ·13 

+~>".15 
-0·02 

-0·37 

+1 ·05 
+o·» 

-0·34 
+0·10 

·-0·1.1 

+0-;9 

±O'J.? 

Results for azimuth ji·om obseri!a.fitms <f Polaris near [Jppcr and Lower Cul111i11,r

tio11s.-The so-centimetre direction theodolite No. 5 was mounted over the triangulation 
station. The mark was_ a little more than 6 miles distant. Observer, vV. Eimbeck; 
_computers, A. S. Christie and A. Ziwet. A single result for aziniuth is derived from a 
set of observations consisting of 2 pointii1gs on the mark, 2 paintings on the star, reversal 
of ins~rmnent, 2 paintings on the star, ::! paintings on the mark. Probable ern'r of a 
single result =:=- ± 0"·79 for Upper Culmination and ± 0"·60 for Lower Culmination. 



Date, 
1881. 

July 21 
2I 
2I 
22 

--
" 
23 
23 
23 
25 
25 
25 
27 
27 
27 
28 
28 
28 

UNITED STATES COAST AND GEODETIC SURVEY. 

S11mma1:11 of n;sulls for ,1zi111111/1 at 11/,1u11t Cal/a/1a11, 1Vez•ada. 

Upper. Culn1i11atio11. 

Position. Mark 
E.of N. 

0 ' XVIII 29 39 fo•fo 
XIX 58·01 
xx 59"70 

XXIV 59·87 
xxv 6I "52 

I 61 "98 
v 60°8.j 
vr: 6o·37 

VII 59·34 
·x 59·88 
XI 59·5S 
XII 5976 
XIII 6I "57 
XIV 59•83 
xv 57·97 
XVI 57·87 
XVII 6o•45 
XVIII 59·65 

Mean 29 39 59 ·¢ 

Mean of two groups 
Diurnal aberration 
Azimuth of Mark 

!::. 
Date, 
J8Si. 

+0·66 July 21 

-I ·95 21 
-o'.?6 21 
-0·09 22 
.j.q6 22 

+2"02 ,, 
+o·ss 23 
+0·4I .?3 
-0·12 2S 
-o·og .s 
-0·33 28 
--:0'.20 

+1·61 
-0·1 .. J, 

-1·99 
_, ""9 

+0·49 
-0·31 

:!:o"I9 

Angle between 'Carson Sink ancl Mark 
Azimuth of Cars011 Sink · 

l.,OWtT Cnl111i11ation. 

Position. ii-lark 
E. of N. 

0 , 
XXI 2939ss·4, 
XXII 59·o6 

XX III 58·04 
II 59·28 
III s-'3"95 
IV 58·70 

VIII 58·92 
IX 59"-'9 

XIX 56·79 
xx 57·13 
XXI 59·46. 

Mean 29 39 58 ·55 

0 II II 

29 39 59 ·26 ±o ·16 

-t-0·32 
202 39.59·58 
126 30 24·64 
83 09 34·94 

(59) TOIYABE DOME, NEVADA. 

·q1 = 38° 491 ·9.· ,l = II7° 21'·2 \Vest of Greenwich. 

!'!. 

-0·13 
+0·51 
-0·51 

. +0·1.1 
+0·4u 
+<•"15 
+0·37 
+074 
-1 ·76 
-1·42 

+0·9I 

±0°18 

Results/or azimuth from obscrvatio11s ,?(Polaris 11mr Eastern and H:esto"ll Elongati,ms 
and o Ursa? .~Jinoris near Lt>'il'er Culmination.-The 50-centimetre direction theodolite 
No. 5 was mounted over ·the triangulation station. The azimuth mark, called Ophir, 
was about 7 miles distant. Observer, W. Eimheck; computers, A. S. Christie and 
A. Ziwet. A single result for azimuth is derived from a set of observations consisting 
of 1 pointings 011 the mark, 3 pointings 011 the star, then reversal of instrument followed 
by similar paintings on· star and mark. Proba.ble· error of a single result = ± 0;'·62. 

Date, Position. 
188o. 

St:pt. >o I ,, XVIII 
21 II 

-- ~n 

>3 IV 
23 v 
~3 VI 
24 VII 
24 VII 
24 VIII 
24 IX 

S11111111m~1· qf results /(.>r azi11111t/1- at Tv~1·abt1 Dome, _IV~·~·ada. 

Star. Phase. Mark 
E. of N. 

0 , 
o.U.M. W.E. 13 ~I S.'.? ·07 

SU. M. L.C'. 51 'Ji 
o.U.M. W.E. s2·1s 
aU.M. W.E. 50·82 
·su.M. L.C. 51 '99 
aU.M. W.E. 50·45 
o.U.M. W.E, 51 •73 
S lT. M. L. c. 50•14 

·hU. M. r •. c. 50·21 

o.U.M. W.E. 52·3; 
aU.M. J;..E. 48·71 

Mean 
Diurnal aberration 
Azimuth of Mark 

!'!.. 
llate, 
iSSo. 

+0·93 Sept. 24 
+0·23 25 
+1 ·04 26 
-0·32, 26 

+a·ss 28 
-0·69 28 

+0·59 29 
-1 ·oo 29 
-0·93 30 
+I·23 30 
-2·43 

Angle between Mount Grant and Mark 
Azimttth of Mount Grant 

Position. Star. Phase. 

x a.U.M. E.E. 
XXllI o.U.M. E.E. 

XI h U. M. L.C. 
XII o.U.M. W.E. 
XIII a.U.M. E.E. 
XIII o.U.M. E.E. 
XIV aU.M. W.E. 
xv o.U.M. ·W.E. 
XVI a.U.M. W.E. 
xvn a.U.M. W.E. 

0 / //. I/ 

13 21 51 ·14 ±0·13 

+0·32 

193 21 51 ·46 ± 0 ·13 
1i6 or 02·16 
77 20 49·30 

Mark 
6 E. of N. 

0 , ,, . 
I~ .'.?l ,51 '51 +0·37 

50·39 -0·25 
SI "IO -0·04 
50·59 -r_,·,i:;5 
50·79 -0·35. 
SI"65 +0·51 
SI ·26 +0·12 
,50·09 -1·05 

SI "_70 +0·56 
52·37 +1 ·23 
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( 6o) CARSON SINK, NEVADA . 

. <p·= 39° 35'·0. ,l·= I I8° 14'·2 West of Greenwich. ·=---·-·-_· _·_1 

Res1tlts fol· azimuth from obsoo.z1atio11s l!f Polaris J~t;ar Upper and Lower Culmina-
tzons.-'-The 50-~entimetre direction theodolite No. 5 was mounted over the triangulation 
station. The mark was about 6"4 miles distant. Observer, W. Eimbeck;. computers, 
A. S. Christie and A. Ziwet. A single result for azimuth is derived from a set of obser
vations consisting of 2 poiiltirig!' on "the mark follow~d by 2 pointings 01i the star, then 
reversal of instrument, and similar pointings on star and mark. Probable en:or of a 
single result near Upper Culmination = ± 0"·99,. near Lower Culmii1ation = -::J::.0"·37. 

S11-111ma1:11 qf results for azimu!ll at G1rso11- Si11k, Nevada. 

Polaris near Upper Culmination. Polaris near Lower Culmination. 

Date, Position. Mark .:l. Date, Position. Mark 
.<!. i8So. W.ofN. i.s.so. W.of N. 

0 ' " 0 ' July 19· "XVIII o 54 32·w +0·67 July 14 XIV o 54 30 ·s5 o·oo 

19 -XIX 33·02 +072 14 xv 33 ·05 ·+0·40 

20 XXI 307:i .-I"sS 18 XVI 34 "r.JI +1·16 
20 XXII 30·9s -I "32 lS XVII 32·67 -0·1s 
21 xxv 34 "26 +1 ·¢ 20 xx ·32·86 +0·01 
21 I 33 ·05 +075. 00 XXI 33 ·65 +0·80 
21 II 32·47 +0·17 21 XX III 32·31 -0·54 
22 IV "9"96 -2·34 01 XXIV 32·15 -:-0'/0 

22 v 33·50 +1·20 21 xxv 32·39 -0·46 
22 VI 33 ·74 +1·44 ~2 III 31 "89 -0·96 

23 IX 33 ·25 . +0·95 2.? III 33 ·43 +0·58 
24. XIII 33 ·65 +1·35 03 VI 33 ·;14 .+0·49 
26 XUl 32·:z6 -0·04 23 vu 32·65 -0·20· 

26 XX III 30·84 -1·46 03 VIII 33 ·90 +0·05 
26 VII 29·76 -2·54 24 . x. 32·55 -0·30 

24 XI 3i·93 +o·os 
!\'lean 0 54 32·30 ±0°25 

XII 32·69 -0·16 .14 

Mea1~ 0 :;4 30 "85 ±0"09 

0 ,, II 

Mean of .two groups 0 54 ,32 ·58 ·±a ·13 

Diurnal aberration· -0·32 
Azimuth of Mark I79 05 27 74 ±0·13 
Angle between ·Mark and Moun~ Callahan 83· LI 57- "9I 

Azimuth of Mount Callahan 262 :20 25 ·65 
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(6I) MOUNT CONNESS, CAJ.IFQRNIA. 

lp = 37° 57'·9. A= n9° 19'·3 \Vest of Greenwich. 

Rtsults for azimuth jimn obso-vations t?( p,)laris al 11ario11s hour aizgks.-The 50-
centimetre direction theodolite was p1ounted over the triangulation statiqn. Tl:e 
azimuth mark was on Mount Hoffmann, about 13.~-~ miles distant. Observer, G. Da-

. vidson; computer, D. L. Hazard. A single result ~or azimuth is derived from a: set of 
observations ·consisting of 4 pointings on the mark, 6 pointings on the star, reversal of 
instrument, 6 poi.ntings on the star, 4 paintings on the mark. Probable ~rror of a single 
result.= ± 1"·or. 

S1wmltlrJ' <?f n·s11/lsji>r t1::im11lh al JJI01111I Cmn1t'SS, CaliforllitT. 

Date, Position. Mark 
6 

Date, ..l:'osition. Mark 
t:. 1890. W.of N. 1890. W.ofN. 

0 ' 0 I 

Aug. IJ VI 1'9 37° OI "\)6 -o·w Aug. 20 XLV IJ9 37 05 "J4 +2"J9 

14 VII 0:!"!'5 --0·40 21 XLVU 02·98 +0·03 
q VIII oz·oo -0·95 21 III 02·s-:: -o·c3 

15 xv 02 -~s -0·67 21 x~v '!1_"41 -1 ·54 
16 XX! o.i -~s +1 ·93 22 XII 36 59 ·16 -3·79 

16 XXII OJ "5.l --0·42 2J XL 37 0.1 ·50 +o·ss 

17 XX VII 00·6.j. --2 ·31 23 XIII 1)1.J"J.2 -2·63 

17 XX VIII 03·4.; +0·51 23 XVII ''4 ·16 +t ·21 

18 XXIX 02·S1 -0·14 23 XIX •).~ '16 +0·21 

18 XXXIII 04·;6 +1·81 2-1 XXXI o::;·34 +2"39 
18 XX XIV 04 "81 +1·% 24 XLII o-;:·2s -0·67 

19 XXXVI 01 ·95 -1 ·oo :?S x. O:?'J...:=; -o·6o 

19 X.XXIX 04 ·11 +r "I6 25 IV 03·60 +0·65 

19 05·14 +2·19 26 XX.III 02·Sg -o·o6 
20 XLIV 03·67 +0·72 26 ' XXXVIII Ol ·73 -I '22 

0 II II 

Mean 129 37 02 ·95 ±0·19 

Diurnal aberration -0·32 

Azimuth of l\'Iark 50 22 Si"37 ±O"I9 

Angle between Mark and Roun(l Top 92 16 21 ·83 
Azimuth of Round Top J4:! 39 19·20 

(62) L,~KE TAHOE, SOUTHEASTERN END, CAT.IFORNIA. 

,\ = l 19° 561 ·7 \Vest of Greenwich . 

. Rtsults fi.11· as:imutli f1w11 obstT<!alio11s t?f B. A. C. /I65 ntar TVt•stenz Elongation· 
a;zd Polaris near Eastern El,mgatiou.-The 50-centimetre direction theodolite No. 115 
was mounted on a brick and stone pier near the California-Nevada boundary foie, on 
the southeasteri1 shore of Lake Tahoe. 'l'he azimuth mark was near the Taliac House, 
nearly 6 miies distant across the lake. Observer. G. Davidson; computer, D. L. 
Hazard, A single result for azimuth is derived from a set of observati6ns· consisting of . 
5 paintings on the mark, 6 pointings ~n the star, reversal of instrument, 6 poii1ti11gs 011 

the star, 5 paintings on the mark. Probable error of a single r~sult .from B. A. C. 
4165 =·±0"·29. and for Polaris (rejecting the first set)= ±0"·39. The apparent 
declinations of B.· A. C. 4165 given in the Connaissance des Temps were diminished by 
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0"·2, in accordance with a redetermination of the mean declination from all available 
catalogues. 

Date, 
18\J3. 

Aug .'.?l 

2.\ 
24 
27 
28 

29 

.I 30 

. 31 
Sept. I I 

511111111111:1• <!l n·sultsj(>r a::i11111tl1 at Lake T.1/we; California. 

Position. "Mark 
W. ofS. 

0 ' 
71 33 59".?:? 

II . 59 ·2~ 
IV 59 '9' 
VI· 59'82 

VIII 59·98 
x 59 '87 

XII fo·37 
XIV 59·63 
XVI 59 ·05 

1\-lean 71 33. 59·68 

Mean of two· stars 
Diurnal ·aberration 
Azimuth of Mark 

~ 
·Date, 
1893. 

-0•14 Aug. 20 

-o·os ::!J 
+0·56 24 
+0·46 07 
+0·62 28 

+0·51 "9 
+1·01 30 
+0·27 JI 

-0·31 Sept. I I 

Angle-between Mark and Folsom Peak 
Azimuth of Fols0111 Plt"ak 

Polari!"i. 

Position. Mark 
W. of s. 

0 ' 
71 33 [60'81) 

III 59.'53 
v. 5S·S3 

VII 59·o8 
IX 59·38 
XI 57 ·so 

XIII 59·19 
xv .5~·59 

XVII 5S·S.,, 

Mea11 71 33 59·0-1 

Q II II 

71 33 59·36 ±0"10 

+0·32 

7r; 33 59·68 ±O"IO 

I06 :22" 19 ·4 
177 56 19 "! 

( 63) ROUND TOP, CAUFORNIA. 

· i\. = 120° oo'·r \Vest of Greenwich. 

~ 

·Rejected 

+0·17 
-0·53 
-o·os 
+0·02 

-1·54 
-0·17 

+0·23 
--0·47 

Results for azimutli from ohscr;.1iitio11s.of B .. ../.. C. ·+I65 near TV1::skril Elongation and 
Polans ?lt1ar fiaskm El1>11gatio11.-The so-centimetre direction theodolite No. I IS was 
motmtec). over· the triangulation statio1J. The mark was 5 ·9 miles distant. Observer, 
G. Davidson: computers, James Main and A. Ziwet. A single result.for azimuth is 
derivedtfrom ~ set of observations consisting of 5 or 6 pointings on the mark, followed 
by 6 pointings·on the star, then reversal of instrument and similar pointings on star and 
tnark. Probable error of a single result-for B. A. C; 4r-65 = ± 0"·35 and for Polaris 
'=;:- ±o''·5·5. The apparent places of Polaris were taken from the American Ephem~ris, 
and _of B. A. C. 4165 from the Connaissance .des Temps. A redetermination of the 
declination of the latter star from all available catalogues gave a value o" · J:2 smaller 
than ·the one given in the Connaissance des Teinps. The resulting·azimuth has been 
corrected accordingly. . 
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Su111111a1:11 of res11f,(sfor a=im11_tl1.al Ri>1111d Top, ('al(fi.1r11 ia. 

B. A. C. 4165. ·Polaris. 

Date. Position. Mark 
.:l Date. Position . Mark 

6 1879. W.ofN. 1879. W.ofN. 

C' ' 0 ' 
Aug. 23 v 27 3J 23 "IO ·, +0·05 Aug. 20 IV 27 3._:; 23 · .. ~4 +o·s9 

24 II 23·1_4 +0·09. 2 .. ; VI 22·4s -0·30 
25 VII 23 ·57 .+0·52 24 III 22 'il -0·04 
26 IX 22 ·89 -0·16 2.5 VIII OJ "64 -1 ·11 

:iS XI 2.3 ·63 +o·sS 26 x 22·~ +0·14 
30 XVI 21 ·79 -r·26 28 XII 24 '23 +1·4.S 
31 XVIII 22 ·so -u·25 29 XIV ~1 ·1s -1·57 

Sept. I 23·04 -O'('H JO xv . 2:! ·c:.4 -O'Jl 

XXII 23·16 +0·11 31 XVII 2::!'o6 -0·69 

3 XIX 23 ·ss +o·So Sept. I ;>:XIII 22 ·54 -0·21 

4 II 2:! ·71 -0·34 2 XX! :?J ·ss +1 "IO 

5 x 22 ·S7 -0·18 3 xx 23 ·23 +0·48 

4 IV 22 ·59 -,0·16 

5 VI 23 ·20 +0·45 ----
Mea11 27 33 23 ·05 ±O'IO Mean 27 33 22 ·75 ±0"15 

II 0 I II II 

Corrected for change in 8, 23·46 
· Mean of two stars 27 .33 22 ·90 ±0·09 
,Diurnal aberr~tion ~ 0·32 
Azimuth of Mark 152 26 37·42 ±0·09 
Angle between Mount Helena and Mark 6I 27 43·65 
Azimuth of Mount Helena 90 5S 53 77 

·(64) MOUNT I.OLA, CALIFORNIA. 

<p = 39° 26'·0. ,\ = I2o0 ::n'·9 West of Gree;1wich. 

Results fi1r azilliuthfn>m obseruaticms of P(l/aris near Eastern Elongatimi and B . ..--1. C. 
tf.I65 near Ir~·stem Elmzgafi,lll.-The so-centi111etre direction theodolite No. l 15 was 
mounted over the triangulation. station. The azimuth mark was on the· summit of 
Webber Hill, 5·3 miles distant. Obs~rver, G. Davidson; c01i1puters, Ja~nes Main· and 
A. Ziwet. ·A single result for azimuth.is derived from.a set of observations consisting 
of 4 to 6-pointings on the mark followed by 6 or 7 pointings on the star. then reversal 
of instrument and similar paintings on star and mark. Probable error of a single . 
result for B. A. C. 4165 = ± 0"·7 I and for _Polaris= ± 0"·70. The apparent places 
for Polaris were taken from the American Ephemeris, those of B. A. C. 4I65 from the 
Connaissance des Temps. A redetermination of the declination of B. A. C. 4165 from 
all available catalogues gave a value o".32 smaller thtm the one given in Connaissance 
des Temps. The resulting azimuth has been corrected accordingly. 
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S11111111<11:1• of resullsj'ur a=i11111lh at· llfozmt Lolir.; Ca/ifomi1r., 

B. A: C. 416s. Polaris, 
Date; . Position. Mark 

6. 
Date. Position. Mark 

1879. W.ofN. 1879. W.ofN. 
0 ' 0 I II 

July. 9 XIX s• 44 59·s3 -I'I8 July 9 XVIII 52 44 61 ·oo 
13 XXI 00·50 .:_0·51 I3 xx 59·51 
I4 X:".'ll 6o'I7 -o:s.i. I4 I 60·31 
IS XXllI 61 ·15 +0·14 IS ll. 6»37 
16 XI 61 '06 +0·05 16·· III 61 ·46 
17 IV 59·56 -I'45 17 v 62'o6 
18 xv 6.?'05 +I ·04 18 XIV 60·85 
19 XVII 00·39 -•J'6.J 19 XVI 62°04 
20 XIII :f'J'97 "-I '04- 20 Xll r'.;-77 
21 x 63 "IO +2'09 21 IX 61 ·19 
2J VllI 61 ·17 +0·16 32 VII 62·69 
23 VI 62°26 +1·25 23· XIX 63·1.i. 
24 XXI ·6r ·ss +o·S7 24 xxu 60·34 

.Mean 52 44 61 'M ±o·~·J Mean 52 ·44 61 ._,., 
0 I II " .. , II 

Correction for change in /5 + o ·4r 
52 44 6I ·42 ±o ·20 

Mean of two.stars 
Diurnal aberratioi1 
Azimuth of Mark 
Angle between Mount Helena and Mark 
Azimuth of Mount Fielena 

52 45 Ol"47 ±0"14 

--0·32 

127 q sS ·85 ±o ·14 
,59 5.2 56 ·45 

67 22 02·40 

( 65) MOCHO, CALIFORNIA. 

tp =. 37° 281 ·6. .1 = I2I 0 ;:.31 ·4 \Vest of Greenwich. 

6. 

-0·52 
-2·or 
-I 21 

+o·s5 
-o·o~ 

+o·.'54 
-·0·67 
+0·52 
-0·75 
-0".).3 

+r·17 
. +1 '62 

+0·82 

,i,o·r9 

. Rtsults for azimuth from observations o/ Polaris near Eastern El1mgatit1n and o _lTrsa: 
.111i11oris near f.Ves,tenz Elo11gatio1t.-"7"The. 50-centimet:re direction theodolite No. 1 IS was 

· monuted over the triangulation station. The azimnth mark. was at Livermore :tVJ;oun
tain, abput 9 miles distant. Observer, J. S. Lawson; computer,. D. L. Hazard. · A 
single resnlt for azimuth is derived from a set of observations co1isisting of 5 paintings 
on the mark, 6 paintings on the star, followed by reversal of instrument and then the 
same number of paintings on star and mark in .. the reverse order.. Probable.error of a 
single result = ± 1"·04. 

S111n111a1:v of rt!s11lts for azi11111tli at Jlh>dl<l, California. 

Date, Position .. Star. Mark 
/°). 

Date. Positi911 .. Star. Mark 
6. 1887. W. •Jf N. 1887. w.ofN. 

0 ' , . 
Sept. 7 VI Polaris· 20 '40 47 ·oS +0·59 5e1>t. 20 XXI Polaris 20 40 46 •50 -1·15 

8 VII 47·63 -0·04 23 XXII 44 ·~I) -2'81 

9 VIII 49·06 +1·59 24 XX III 45 ·90 -I ·77. 
IO x 50·36 +.-59 25 I 47"96 +0·09 
II XI 44 ·95 -2·72 26 II 48'84- +1 ·17 
12 XII 50·89 +3'22 27 llI 47 ·,,.; -o·j1 
13 IX 48 ·54 +o·S7 2S IV .p!·oo +0·42 
14 XIV 47·37 -0·30 :.?S v B Urs.Min. 47·45 -0·22 

15 XIII 4~'<>:' +0·42 29 XVII Polaris 46•46 -1·~1 

16 XVI 49·oS ·+1·41 30 xviii:· 47 ·oS -0·59 
lS XIX 46:94 -0·73 30 xv 45·75 -1·90 
19 xx 49•65 +1·9s Oct. l VI 48·07 +0·40. 

0 I " " 
Mean ::m 40 47 ·67 ±0"2I 

Diurnal aberration -0·32 

Azimuth of Mark 159 I9' 12 ·65.,± 0 "2I 

Angle between Mount'Diablo and Mark I4 2I ;:.6 ·89 

Azimuth of Mount Diahlo T44 57 35 76 
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(66) SOllTHJ£AST \'OI.O HASE, CAT.IFORNIA. 

,l = J:?r 0 ..i.S'·L) \Vest of Greenwich. 

R~·sultsfor tl'Jllllltlli .ti·cm?- obso Dali1ms o/ B .. -1. c. +I65 llt'ar rr·~·sft'l"ll Elmzgatiou aud 
·Polaris JIC<lr.Easlern E/,111.i;'atioll.-The so-centimetre ~lir~ction theodolite No. IIS was 
mounted over the triangulation station at the soi1theast end of the _Yolo Base~ The 
mark was at the other end of the base, nearly r 1 miles distant. Observer, G. Davidsun; 
computers, A. S. Christie and· A. Zi.~vet. A single result for azimuth is derfvecl from a 
set of observations consisting of s pointings on the mark followed by 6 pointings on the 
star. then revt:rsal of instrument and similar poiutings on star and ··mark. Probable 
t":rrbr of a siilg\e result for B. A .. C .. .p6s = ± 0"·79 ai1d for Polaris= ± 0"·75. The 
apparent places of Polaris were taken· frQm the American Ephemeds and of B. A. C . 
. .p65 from the C6nnaissance des Temps. A redetermination of the declination of the 
latter star from all available catalogues gave a value 0"·33 smaller than the one given 
itr the Connaissance des Temps. The resulting azimuth has been corrected accordingly. 

B. A. C. 4165. 

Date, P•)~itio11. 
Mark Date. Po!o;ition. Mark 

1$80. "\\'.of N." 6 1S&J. W.ot·N.· 
., 

' " 0 ' 
July 25 

I 
VI 16 5"Z 49·12 .+1 ·70 July 2~ \'II 16 52 47 ·61 

1(j VIII 4fS ·S.'.! +1 ·30 26 IX 46·71 

07 

\ 

x 47 ·sr +0·09 '27 XI 44·90 

~~· :SH 46 ·C>t -1 ·46 :!$ XIII 46·70 

09 
.1 

XIV 4.-3 ·o~ +0·50 ~9" X\T 46 ·{() 

J<' XVI .J5"6 .. l. -- I ·S9 30 XVII 46·30 

31 XIX 46·90 --c· ·&i JI 

I 

XVIII 47'19 
Aug. I XXI 48 ·05 +0·53 Aug. I xx 45·34 

XXII 4S·ti9 -f-1 "Ii ; x-xnr 44 ·or 

-· 

I 
I 47"·jS. +0·26 .3 I 

. II 47·5S. 
III 45·¢ ·-1·"56 4 IV 45·_;8 

5 v 47 ·31 ··-;V".2I I VI 46·i3 
----- ----

l\'leau 16 S:? 47 ·52 ±c1·~~ 1\-lean 16 ,5.'.! -16·.:-1 

Corrected for .change in ,5 16" 52' 47'' ·93 

Mean of two gtar;; 
Diurnal aberration 
Azimuth of N. \V. Y(•]o Base 

0 I I) 

I6 s2 47 ·07 ±o ·16 

·-·0·32 

163 07 13 ·25 ± 0 ·16 

( 67) NORTHWEST YOLO BASE,· CALIFORNIA, 

· ,l =·I2I 0 5.I'"S \Vest of Greenwich. 

t.., 

+1 ·40 
+0·50 
-1 ·31 

+0·49 

+o·39 

+o ·09 
+0·98. 

-·0·87 
--'2".:!0 

+.1 ·37 
-·o·S3· 

+0·03 

:±:0"22 

Rcsuils j,,,. azimuth fnw1 obscn•afi,111s qf B .. -1. C . .f.I65 near f Vcstcnz Elo~1gati01i ana 
Pc1laris iu·ar Eiistcrn·Elo11gatio11. The so-centimetre direction theodolite No·. 115 was 
mounted c•ver the triangulation station at the northwest end of the Yolo Base. · .. The 
azinmth. mark was at the other end of the base, nearly ·I 1 miles distant. · Observer, 
G. Davidson; computers, ·A .. S. Christie and A; Ziw~t. A single result for a,zimuth is 
derived from a set of observations consisting of s pointings on the .mark followed. by 6 
p~i"ntings on the star,\hen .reversal of i_nstrument and similar. pointings on star· and 
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mark. Probable-error .of a :;itigle result from B. A. C. 4165 = ± 0·"66 and from 
Polaris= ± 0"·63. The apparei1t p)qces of Polaris are taken from the American 
Ephemeris~ those of B. A. C. 4165 from the Connaissa1ice des Temps. A redetermina
tion of the declinatiOn of the latter star from all available catalogu~s gave a ·valut!. of 
o" · 33 smaller than the one given in the Connaissance des Temps. The r~sulting 
azimuth has been corrected accordingly. 

S11m111<11y <>/results for a=i1111i~1z at 1Vortllr£1e·st Yo/,1 Bas<, Califomi,1. 

ll. A. C.4165. Polaris. 

Date. Position. Mark 
6 

Date, Position. Mark, 
6 188o. J;;.of N. 18&> .. E.of N. 

0 I .u ' 
Aug. 19 I !faJ 05 00 ·72 !_a·¢· Aug.I~ II 163 05 00·71 -1·70 

20 IV 00·02 -1·66 20 v 03·16 +075 ,, .VI OJ "O.? -o·f,f, 21 VII 03·60 +1·19· 

2~ VlII •)2 '91 +1 ">J 22· IX 03·50 +1 ·n 

2,\ x 02·1; +0·44 23. XI 0.?."95. +0·54 

24 XII 1)2":?8 +o·fo 24 XIII. 02·51) +0·09 

25 XIV 01 ·99 +0·31 25 xv 02·07 -0·34 

"'6 X\;II 0[ ·09 -0·5~ 26 XVI O.?"J'j·. -0·02 

2i_ XIX 02·¢ +t ·"2:; 27 XVIII 01 "69 -o"j2 

28 xx 02·SS +1 ·20 .28 XXI 0 3 ·33 +0·92 

29 X:'):II or.i ·s.i -o·&i. 29 XX III 01 ·56 -o·S5 

30 III 01 ·29 -0·39 ·30 VII oi ·42 -c>·99 

Mean 163 05 .?'·OS ±O"f9 l\.1ean I6,5 (•5 02 ·4·l ±o"IS 

Corrected for change in d· 1630 05 1 01'' ·27 
0 II !I 

Mean of two star~ 163 05 . OI '84 ± 0 ·13 

Diurnal aberration +0·32 
Azimuth of S. E. Yolo Base ·343 05 02·16 ±o'I3 

I I. WESTERN OR CQAST RANGE SERIE~. 

· ( 6~) MOUNT DIABLO, CALIFORNIA. 

A.= 1_2~~ 541 ·9 West· of Green"'.ich. 

Results jiw azimitlli .flwn obscr<.Jti!ions <{ P,1/a rfs near EaslcTI/. E/011gali~n and B.-~A ." C. 
,,.;65 near H·'cstcm E/011gation.-The so-centimetre direction theoclo°Ii~e _No; 5. was 
mounted over the triang~1l:.:i.tion .sta·t.ion. The azimuth mark was 6~4 · mlles distant~ 
Observer, G. Daviclsoi1; computers, James Main and A. Ziwet. A sii1gle result for 
azimuth is derived from a set of observations consisting of 4 pointings 011 the niark, 
4 pointings on the star, then. reversal of instrument and 4 niore pointings on the st~r. 
concluding with 4 pointings on the 111ark. Probable error of a single result for: B. A .. C. 
4165 = ± 0 11 ·59 and for· Polaris=± 0"·38. ·The apparent places for ·Polaris were taken 
from the American Ephemeris_ as u;snal. ·For B. A. C. 4I65 ·recourse was had to the 
Connaissance des Temps. Subsequently the· mean declination of the latter star was 
·determined from all available catalogi1es and a result obtained which was o"· 29 smaller 
than that given in the Connaissance des Temps. · A ~orrection cor~esponding to this 
diffeFence was applied to the azimuth deduced from the observations on B. A. C. 4165. 
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.S'11111111a1:1' of results for azi11111tlt al ;1!01111/ Diab/,1, G1/Ui,,-,iia • 

B. A. C. 4165 near Western Elongation. I)o\arh; near Ea~tern J:-:\01~gation. 

Date, Position. Mark 
. '). 

Date,. Po!-i.ilion . Mark 
1876. W.ofN. 1876. ·W.of N. 

Q I 

July 2S XI 9 42 25 ·.20 -1·12 July 27 IX ~ .p ;:,7 ·41 

Aug. I 27·40 +1 ·oS 28 XI 25·91 

IV 2(.:51 +o·rn Aug. I 26 .,., 

XXI :?6 "Si +0·55 v 2.i:; ·t.4 

v 24 '61 -J"jI XXII ~6·1):::: 

XIII ~6-iS +0·46 VI 25 ·72 
.S XIX 26"52 +0·20· .VII 25·64 

9 !I 27 ".:'( +0·89 s xx 26·io 
JO XIV 25 "i5 -0·57 9 III 25 "84 
II x 26"6o +0·28 "' XU 25·43 
12 XX III -::J.j "IO . +0·7s II VIII 26·44 

15 XVII 26"45 +0·13 .J.:' XVIII :?5"90 

15 XVI 25 ·18 -1 ·14 15 xv 26·36 

!\'lean 9 .p 26'..)2 ±0"17 :Wean 9 42 26 ·14 

0 .I ll 

Correction for change in o + o ·43 
0 I II II 9 42 26·75 

Mean of two stars 
Diurnal aberration 
Azimuth of Mark 

9 42 26·44 d:O"IO 

Angle between Mount Helena and Mark 
Azimuth of Mount Helena 

-0·32 
170 17 33·88 
.25 49 18 ·02 

144 ~s 15_ ·S6 

(69) vACA, CALlFORN[A. 

,1_= 122° 05''I West of Greenwich. 

!::,. 

+1 ·27 
--0·23. 

+o·o6 
--0".)0 

i-0 ·54 

--o ·4~ 

-0·50 

+(•"56 
-0·30 
-(J"jt 

-t:o·30 
·-•)"24 

+a·.:02 

±:O "10 

Rr·sul!s jc>rtr.:::imut/1 _1i·om obscn.1alit>i1s il o Ui-sa~ .Jlli11oi·-is 1uar f.V"·stcnz Elongation and 
JI <._ephci near Easten1 E/,•nga/ion.-'rhe 50-centimetre direction theodolite No. 15 '>Vas 
mounted over the triangulation station.· The azimuth mark was at Southeast· Yolo Base, 
about 18"6 miles distant. ·Observer, G. Davidson; computers, A. S. Christie and A. 
Ziwet. A singie result' for azimuth is derived from a ·set of observations consisting of 5 
pointings on-the mark, 6'pointing~ ·on the star, reversal of.instrument, 6 pointings 011 

the star, 5 pointings on the mark. Probable error- of a· single r~sult = ± r"·37 for o 
JJrsre Minoris and ± r" · 35 for 5 I Cephei. 
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S11m11u11:1' ,~f rt"sullsfor ,1zi11111th at T"aca, Ca!ifun1 ia. 

~ Ursre Minons. 5r Cephei. 

Date, Position. Mark ·t::. Dale, Position. Mark 
6 ISSo. E.of N. 1890 .. E.o.f N. 

0 I 0 ' ,; 

Nov. II 55 38 39 ·20 +1·98 Nov. I III S!; z,8 38"05 +2'o8 

3 IV 35·7:. -0·53 v 36·29 +o:J> 

5 VI 37 "II +0·83 VII .. lS ·13 -o·s.i 
7 x 36·05· -0·2:..· IX 34·56 -1·41 

s ;"I.I . _37 ·34 +1·o6 XI 35 ·15 .-o·S2 

!! XIV . 38·4~ +1·15 XIII 36·39 ' +0·42 

10 XVI 3f ·5s --I ·70 xv 35 ·67 ·-0·30 

II XVIII ' 35 ·32 -:-0·¢ l<' XVII. 32 ·34 -~ ·0 .. 1 

12 xx 35'99 -0·29 II XIX .ri ·1 .. 1 +1·16 

13 XXII 38·09 +1·81 12 XXI 35 ·55' -0"4.J 

14 VIII 35\15 -0·~3 13 

I 
XX III ' 36·74 +o"i! 

24 XVII 31·55 -4 'i3 q I '40·5~ +4"61 

24 ' x·xx ·34 'rJ3 -1·94 
Mean 55 3S 36 ·28 ±0·39 ----

!\'lean 55 JS 35 ·97 ±<>:38 
0 I II II 

'.Mean of two stars 55 38 36·12 ±0'':!.7 
Dfornal aberration +0·_32 
Azimuth o.f Southeast'Yolo Base 235 38 36·44 :1;:0'27 

·(70). MONTICEI.Lp, CALIFORNIA.· 

<p;,,_ 38° 391 ·8. ,.l.=,•·-~2° II
1 '4 West of Greenwich. 

---- ....:;;:a.__, . -· .. ~ 

.Results for azimuth from -obstrZJalioni of o lh~;:z, 1Jfi11oris 1~~"ar TTl·stcrn E/;,;,gation 
and5I G·pl1ei near Eastc11i Elo"11gatio11.__:._The 

0

5f.?-ccnti111etre direction theodolite No. i 15 
was "mounted over. the triangnlation station. The mark was at Mount Helena, about 
::?4 miles distant. Observer, G. Davidson; computers, A. S. Chrjstie and A. ·ziwet .. A 
single resi.11t for azimuth is deri,ied from a set of ·observations consisting of 5 pointings 
011 the mark, 6-pointings on the star, reversal of ·instn:unent; 6 paintings on the star, 5 
pointings on the mark. Probable error of a single result = ± 1

11 ·2 r for .0. Ursr:e Minoris 
and ± 0

11 ·77 for 51 Cephei. 

Si1111111a;:i. f!f resu!tsf01~ azi111ul'1 at llfonticdh>, Cal(fur11ia. 

h Ur~1t: !\linoris. 51 Cephei. 

Datc 1 Posit_i'?n. Mark 
6 

Date, Position. Mark 't::. 188o. W.ofN. 1880. ·.W.of N. 

" ' C• I " " Sept .. 27 vu SS 55 35 ·37 +0·67 Sc::pt. ~i VIII SS 55 35 ·53 +0·15 

28 IX .'4 ·59 +0·19 ,g x J5"IO :--0°28 

29 XI 32·00 -2·10 :.?9 xix 34 '91 -0·47 

30 XIII 33 ".:!1 -1·49 30 XIV ~"6 ·06 +o ·ffi 

Oct. xv 34 76 +o·o6 Oct. XVI 36·33 ·+0'95 

3 XVIII 35 "74 +1·o.i xvu· 35·01 -0·37 

~ xx '-7 "46 +2"76 XIX :: ·54 +2'Tli 

6 XXI 3S.·06 +3'36 xxn 35·93 +0·55 
s ·xxin J2 'IO -2·6o ·s I 34·46 -0·92 

9 II 34 ·17 -0·53 9 III 33'"7 -2·3r 
IO IV ~3 "7.3 -0·97 JO v 36•oS +0·70 
J2 VI 34 ·31 -0·39 I' VII .J4 ·52 -o·S6 

---· -.----
Mean s~ ss .:4 'i? ·ll0",15 Mean SS 55' 3.5 ·3S ±0'2.:! 

0 " II 

Mean of two stars SS 55 35 ·04 ±'0'21 

Diurnal aberrntion -·0·32 

Azimuth of Mon;1t Helena 91 04 :is -~s 
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(71) MOUNT TAMALPAIS, C.~LlFORN_IA. 

,1=122° 351 ·8 \Vest of Greenwich. 

Results ji>r azimuth from c>bso vat ions of B .. ..J. C. ¢I65 ncar H'i:stcrii E/,111gatim1 and 
Pc1/aris 11e·ar .Easte·nt E/011galio11.-The.50-centii11etre direction theodolite No. n5 was 
mounted over the triangulation statfon. The mark was at Mount. Diablo, 37 · 3 miles 
distant. Observ.er, G. Davidson: computers, A. S. Christie and· A: Ziwet. A single 
result for azimuth is derived frow a set of observations consisting of 5 paintings on the 
mark, 6 paintings on the star, reversal of instrument, 6 p9inti11gs on the. star, 5 paintings 
on the mark. Probable errqr of a single result= :;l::o'''6r for B. A. C. 4165 and ±0"·56 
for Polaris. The appare1it places of Polaris were taken from the American Ephemeris 
·and of B. A. C. -4165 from th~ Connaissance cles Temps. A recletem~ination of the 
. declination of the latter star from a·n available catalogues gave a valtie o"·· 35 smaller 
than the one given in the Connaisanc~ des ·Temps.· The resulting azimuth has been 
corrected accordingly. 

S11111111a1:1' rf ;·, .. w//s.t<>r a=i111i1tli at.ll:fo1111/ Tamalpafs, Cal[fo1'11ia. 

Date. 
1882. 

Sept. 5 
6 

12 

I" ·' 
19 
'.>) 

21 

2.:! 

:6 

Oct. 4 

7 
s 

E. A. C..416s. 

l'(1Sili011. Mark 
E.of N. .~ 

XI 94 rs q·H --0·3~ 

x1iI 13 "71 --1 ·os 
XVII 13·.;s -1·.18 
XIX 13·SS -o·ss 
XXII 15·35 +0·59 
XVI I5"4-I +0·68 

I 16·03 +1 ·47 
v 14·70 -o·o6 
lX 16·10 +1·34 

VIII 14 ·90 +0·14· 

II 14 ·25 -0·51. 

VI 14 ·71 -0·05 
----

Mean 94 15 q"j6 ±0"18 

Corrected for change in o 
Mean of ~wo.stars 
Diurnal aberration 

Polaris. 

Date. iVT,.rk 
1SS2. 

I ... ositi011. E. of N. 

"' ,;ept. 5 XII 9.f. 
6 XVIII 

12 XIV 

13 xx 
19 XXI 

:.?•) xv 

" ~XIII 

-- IV 

26 x 
Oct. 

4 _VII 

7 III 

8 IV 

Mean 94 

0 /I II 

14'25 . 
94 15 i4 ·84 ±o ·15 

+0'32 

, 
rs 13·¢ 

15"6, 

. 15 "6.! 
15_·37 
IS ".21. 

16"5<> 
15 ·26 

15"+4 
15·36 
i6 ·8{> 
15'.74 
14 "0[ 

15 15"42 

Azimuth of Mount Diablo .2i4 15 15 ·q 

(72) MOUNT HELENA, CALIFORNIA • 

. 1 = 122° 38l·o \Vest of Greenwich. 

.. 
·-

/:;. 

-1·4-1 
+0·20 

.. +o·» 

---:-?:"5 
..:.'J ·~1 

.·.f1 ·0S 
,. -0·16 

+·0·02 

-o·OO 

+1'47 

· +o:s~ 
-r·41 

±0·16 

Results for azimull1 ji"OJn c>bscr;.1alic>}1s c?i o UrsUJ 11/inoris near H ~'slenz Ehmgaticln ana 
.5I Gpl1d near Eastern Elo11gafioN.-The 50-centimetre direction theodolite_· No. 5 was 
~noit'ntecl over the triangulation station .. The azimuth niark was about 7.~·3 miles distant 
in the direction of Miclclleton. The Hassler telescope was also mounted as a collimator 

- for. experimental pti.rposes, but it dicl not give··results as satisfactory as the ordinary 
mark. Observer, G. IJavidson; computers, James Main and A. Ziwet. A single result 

. for azimuth is derived from a set of observations consisting of 4 to 6 pointings on the 
mark, 4 pointings on th~ star, then reversal of instrument followed by siniilar pointings 
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on star and mark. Probable error .of fl. single result from o Ursre Minoris = ± 0
11

• 51 
and from 51 Cephei = ± o"·6S. The apparent places of the stars were taken from the 
American Epheineris, with corrections to the right ascensions and with a cqrrection to 
the declination of 51 Cephei derived. from a recl~termination from the best available 
~atalogues. 

8 Ursre l\'linoris near \Vestern Elongation. 51 Cephei near Easlt:rn Elongation. 

Date, Position. Mark 
6 

bate, Pos.ition. Mark 
6 1876. E. of N. •Si6. E. of N. 

0 , 0 ' 
Oct. ,. XIII 9 18 1j·s5 +p·17 Oct. I,\ XIV 9 rs 15·14 '+0·51 

13 xv 13·95 +0·27 14 XI 14 ·19 -0·54 

14 XII 14·52 +o·&i 18 XVII 16·59 +r ·86 
18 xvi 14·15 +c··47 22 XXII 13 ·17 -I '56 
22 XXI 1_4·10 +0·42 03 J. 13 ·98 -0·75 

23 XX III 13 ·77 +o·.,9 09 IX 16·16 +1 ·43 

29 x I:.'.?".:!.:! -1 '46 31 VII 14 ·72 -0·01 

31, VIII l:!"!:IJ -1·1s NO'\", I v . 14 ·91 +0·18 

Nov. I ·VI . 13·51 -0·17 III 14 '77 +0·04 
IV 12·99 -'Co '69' s xx 14 ·51 -1)',;?2 

5 II 1 3·9~ f.0·33 6 XIX 13·t5 -·0·95 

6 XVIII 14 '63 +0·9~ 

:Mean 9 1S 13 "68 ±0"1.) !lfeA.n 9 18 14'·73 ±0"20 

.. .:. ... 0 '/ II .,, 
Mean of two.stars 9 IS Lj.":!O ±O'I3' 
Diurnal ah:::rration __,. ~n"l2 

A;o:in:uth. of Mark 189 18 I4 ·52 ±0·13 
Angle between Mark and Mount Diahlo 134 43 10·54 
Azinnith of ?\fount Diablo 324 OI 25 •cfj 

(73) PAXTON, CALIFORNI,.\. 

<p == 390 o&'·o. ,l = 12,, 0 1S1 ·S ',.\Test of Greenwich. 

Results Joi· azimuth )i·,wi observations ef Polaris al ~1arious lwur angles·.-The 50-
centimetre dfrectfon theodolite .No. I ls was ti10tmtecl over the triangulation station . 
. The mark. wa!?"'a:iJout· l ',!.{ miles clista1;t. ·Observer, C. H. Sinclair: computer, D. L. 
Hazard; A single result for azimuth is derived from a set of observations consisting of 
2 pointings on the mark, 3 pointings on the star,' reversal of instmment, 3 pointillgs on 
the star-, 2 pointings on the mark. Probable error of a single result = ± o" ·79. 



Soo 

Date, 
1897. 

Nov. 3 

Oct. 28 
,g 

NOY. 3 

5 
Oct. >8. 

28 

Nov. 5 

5 
Oct. 29 

29 

"9 
29 

29 

29 

30 
30 

30 

UNITED STATES COAST ·AND -GEODETIC ·SURVEY. 

· S11111111a1:1' 1~/rcsuttsjor a:::il!111lh·at Paxton, Ca/ij~r11ia. 

Position. 

II 

II 

q 
II 

III 

III 

III 

III 

IV 
IV 
v 
v 
VI 
VI 
VII 

VII 

VIII 

VIII 

Mean 

· Mai·k 
W. of.N. 

0 ' 

37 47 09·8 
10·5 
II "2 

10·3 

10·5 
14 •8 

12 ·2 

lO"i 

10·6 

12·6 

10·2 

10"4 

. 11 ·3 

12 ·6 

09·4 
10"9 

o~·s 

o8"8 

09·3 
09·3 

Diurnal aberration 
Azimuth of Mark 

Mean of 
posi~ion. 

" 
10 ·2 

ll ·5 

10"3 

1.:-·o 

oS·6 

Date, 
1897. 

Oct.30 

o·o 30 

+0·1 

+1·8 

-~' 

3' 
31 

~[ 

3r 
NQV.1 

Nm•.3 
o·o 3 

3 
.: I ·6 J 

- 0·9 

Position. 

IX 
IX 
x 
x 
XI 

XI 
XII 
XII 

Xlll 

XIII 
XIV 
XIV 

xv 
xv 
XVI 

XVI 
XVII 
XVII 

Mark 
W.ofN. 

o· ' 

37 47 10"[ 
10·2 

10 "i 
oS·s 
10·$ 

10·4 

oS·s 
09 ·7 

'o8·7 

09·1 
u ·5 
12"6 

JI 'O 

09·2 
o8·5 

09·3 

II 

Mean of 
position. 

" 
10·2 

09·6 

io·6 

12'0 

10·4 

II 

37 47 JO "17 ± 0 "18 

:_ 0·32 

Angle between ly.[ark and 1\1.ount Sanhedrin 
Azimuth of Mount Sanhedrin 

I42 12 50·15·±0'18 

6r 34 15 ·65 
203 47 05·So 

6-

o·o 

-0·6 

+0·4 

·-1 '0 

-1 ·3 

+0·2 

-I'O 

-1·3 

(C"l SYNOPSIS OF. RESULTS OF ASTRONOMIC DETERMINATIONS OF 
AZIMUTH. 

No. Station occupiecl. 

Caj1e
0

Henlope11 L. H. 
Prlncipio 

_, Cah'.ert 
4. Marriott 

Webh 

<i Hill 

Soper 
~ Seaton 

~· Causten 
10 Sugar I.oaf 

" Maryland Heights 
T:? BuJl Run 

13 Clark Mount 
q I Long Mount 

1s I Elliott K1ioh 
r6 Ke<:ney 
17 Piney 
18 Gould 

19 ·Minerva 
zo Reizin 
~1 Weed Patch 

State. 

Del. 
Md. 
Md. 

Md. 
Md. 
Md. 
Md. 

D.C. 

D.C. 

Md 
Md. 

Va. 

'Va. 

Va. 

Va. 

W.Va. 
\V. Va. 

Ohio 
Ky. 

Ind. 

Ind. 

Yea1·. Station re:-ferred ti). 

1897 Brandywine Shoal"L. H. 
1866 Turkey Point 

1871 llieekin Neck 

1849 Hill 
1850 Soper 

1850 Wt:bh 
1$5l" '\Vebb 

186:'-6q Hill 

Soper 
Bull Run 
Bull Rnn 

Pe~ch Grove· 
Bnll_R.un 

Spear 
Humpback 
Bald Knob 
Gebhardt 
Howland 
Ash~Ridge 
Titnner 

1889 Fomitain 

Azi111uth 
(west of 
south). 

0 ' 

r73 45 r7 ·33 

I 34 43 "51. 
252 o6 oS ·9.~ 

96 37" ·13 ·31\ 

SS 59 49·24 
219 46 57 ·89 
>6g 49 OJ ·46 

:!65 3.:! 5j •76 

2hl 54 4' "78 

32 29 16"j9 
358 43 06"88 

263 53 28·15 
20:! 19 27 ·77 
22~ :!8 41 ·;4 

3u3 25 24 ·.37 

257 04 35 ·94 
r19 04 3' ·53 

. 84 49 13 •36 

2'0 S4 42 ·47 

276 56_ 45 ·93 

7 33 2I ·14 

,, 
±0".?I 

0·40 

0·17 

o·.1s 
0·21 

0·26 

0·>9 
0·18· 

0·37 
o·.?o 

0·1s 

0·20 

0·1s 

0'21· 

o·~. 

o·"5. 
o·os 
o . .,., 

+0·3r 
-0:01 

+0·25 
+·0·04 

+0·14 

+o·~.? 

+0·14 

-0·15 

-0·13 
-i-o·iS· 
+0·30 

.+0·34 
+0·21 

-0·10 

+0·09 

-0·05 

+0·31 
+0'·25 

.-0·09 
+0·09 

o·sx . +0·14 

,, 
1p;,,f 

43-50 
09·rs . 

_43·40 

49·38 
~s ·rr 

23·60 

53 ·6r-

41 '6:\ 

16"97 

07 ·18 

2S·49 

27 :98 
4' "6.i 
04 "46 
35·89 
JI "84 
13·61 

42·38' 
46'0:? 
2i ·2~ 

--------------· -·----------- --------
*This dr-,..::-s not inclmle the probable error Qf the angle conntcting the azimuth mark with'the triangulation station. 
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(C) SYNOPSIS OF RESULTS, ETC.-Continued. 

No. Station occupied. 

:22 .Osborn 

23 Parkersb\lrg 
~4 Newton 
25 Bording 

26 Kleinschmidt 
27 Berger 
28 Jeffer!'On City 

29 Hunter 
30 Adams 

31 Salina West Base 
32 R\lssell southeast 
33 Overland 
34 El Paso East Base 

35 Pikes Peak 
36 Mount Onray 
~7 G"unnison 
38 ·rreasury Mountain 
39 Uncmnpahgre. 
40 Grand ] m:ction 

41 'rnvavuts 
42 Mo\lnt Waas 

43 Patmos Head 
44 MO\lnt Ellen 
45 Wasatch 

Mol~nt Nebo 
Salt I.ake City 

48 ·waddollp 

49 Ogden Observatory 
Ogden Peak 

51 Antelope_ 
52 Promontory 
53 Dcscrct. 
54 Ibepah 

55 Pioche · 
56 Pilot Peak 

57 Diamond Peak· 
58 Mount Callahan 
59 'foiyn he Dome 
6et Camon Sink 
61 Mount Conness 

62 I.ake Tahoe Southeast 

6~ Round Top 
64 Mount Lola 
65 Mocho 
66 Southeast.Yoi;, Base 
67 Northwest Yolo Base 
68 · Mount Diablo 

6\) Vaca 

. 70 I Monticello 

71 I Mount "fnn1nlpais 
72 Mount ~elena 
73 · Paxton 

State. 

Ind. 

Ill. 
Ill. 
Ill. 
Mo. 
Mo: 

Mo. 
Mo. 
Kans. 

·Kans. 
Kans;. 

Colo. 
Colo. 

Colo. 
Colo. 
Colo. 

Colo. 
Colo. 
Colo. 

Colo. 
Utah 
·Uta Ii'" 
Utah 
utah 
Utah 
Utah 

Utah 
Utah 

Utah 
Utah 
Utah 
Utah 

Utah 
Ne,·. 
Ne,·. 

Ne\'. 
Nev. 
Ne\·. 

Ne'". 
Cal. 

Cal. 
Cal. 
Cal. 
Cal. 
Calo 

Cal. 
Cal. 

Cal. 
Cal. 
Ca_!. 

Cal.. 
Cal. 

18732-No. 4-. -5 r 

Year. Station referred to. 

Calvary 
Denver 
Clare!llout 
Geoffrey 
Insane Asylum 

'Viuter 
Cedar 
Christiau 
Clark 

Salina East Base 

1893 R 1isse 11 North we•t 
1881 Eureka 

1879 El Paso West na~e 

1895 Mount Ouray 

18<)4· Uncompahgr~ 

1893 
189_~ 

1895 
1895 
1891 

1893 
1890 
18<J1 

189<> 
1887 

18<J3 
1892 . 

1891 
1888 

1892 
1892 
1892 

1889 

U11co111pahgre 
Mount Waas 
·rreasury Momttain 
Ch.iquitn 

Pat1nos Head 
Mo1111t Ellen 
w·asatch 

Patmos Head 
Mo11nt Nebo 

"fushar 
CitY. Creek 
Ogden Peak 
Ogden Peak 
Mo1111t Nebo 

Deseret 

Ogden Peak 
l\.·lo1111t Nebo 

Diamond Peak 
1883 'l'ushar 

,1889 Mo1111t Nebo> 
1SS1 Mount Callahan 
1SS1 <;arson Sink 

18..'lo Mount Grant 
1880 Mount Callahan 
1&)o Round 'fop 

i893 Folsom Peak 

1879 M01111t Helena 
1879 Mount Helena 
18$i 1\'1~11nt Diahlo 
1SSo- -N?ft)twest·Yolo Base 
18So Southeast Yolo Bas~ 
18;-6 Mount Helena 

18So Sontheast Yolo Base 
Mount Helena 
M<)unt Diablo 
Mount piablo 
Mount Sanhedri11 

Azimuth 
(west of 
south). 

0 

192 16 17·71 

143 16 15 '44 

321 29 05 ·18 

53 25 07·6o 
200 09 31 ·62 

39 12 oS •33 
199 55.37·22 
221 48 20·62 

II 46 11 '93 
248 36 1s·os 
140 "42 59•69 

284 10 32 ·73 
11)2 48 04 ·41 

66 05 r6 '75 

70 35 5r ·35 
41 55 00·32 

74 45 04 ·64 
1¢ 42 55·84 

23 57 24 ·03 

~ 17 40·~~ 
72 00 16 ·f:.a7 

66 41 1s·.:.s 
195 35 57 . .,, 
16o .'\.! 02·,1!< 

::ro o5 .;-3·=r 
192 02 50"6':) 

J&l 42 32 ·6~ 

28 3 o~ 44 '6,; 

356 19 .1•> ·49 

31 59 0.1 ·88 
283 24 02 ·54 

314 q. 01"[( 

81 lJ 28 ·46 

250 58 50·15 
303 40 14 ·or 

g'1 27 IJ '</> 
.-s3 09 34 ·94 

77 20 49·30 
262 20 25 ·65 

142 39 19·20 
177_5619·: 

90 58 53 ·77 
67 22 02 ·40 

144 57 .;5 •76 
163 07 13 ·25 
343 05 02 ·16 
144 .'.!S 15 ·~.6 

235 38 36·44 
91 04 25 ·28 

274 15 15·14 
32-1- 01 25 'o6 
203 47 05 ·So 

Proba
ble 

error. 

0·24 
. O"I.7 

·o ·27 

0·30 

0 "79 
(•'31 

0·47 

O"Jti 
(1~14 

Q"'l'1 

0·15 

. 0·40 
(J"S9 
0·22 

0·29 
O".:!i) 

0·49 
0·16 

0'20 
o·q 

Q"J.'.! 

0 ·11 

0·13 

o·:n 
O"C9 
0·14 
o·q 
0'16 
0·17 

0·15 

. 0.:13 
0·1S 

0·13 

0·16 

0·13 

0·13 
0·19 

O'JO 

0·09 
O'I4 
Q",:!I 

0·1,, 

0·10 

0·27 

0·21 

0·15 

o·r3 
±.a ·18 

Correc
tion for 
variation 
of pole. 

~:::;I 
+o·~:J 

-0·07' 

+0·191 

-~:::!I 
+0·01 

+0·24, 
+o·m 
-0·11 

+o"Jl 

-0·05 
....:...o·oS 

+0·07 
+0·07 

o·oo 

-o"'-?5. 
+0·27 

-0·05 

+0·02 

+0·28 

+0·25 

-o·r5 I 
-0:19 
-0·13 

+0·07 
-0·12 

+o·J6 

+0·10 
+0·27 
+0·03 

+0·14 
+0·14 

=:::~I 
-0·01 . 

--0·15 

+0·26 

+0·03 

+o·i> 
-0·04 
-0·05 

-0·14 

-0·09 

+0·17. 
+o II 
+0·02 

·-0·10 

-0·10 

-0·03 

801 

Result
ing 

sec:ouds. 

17·59 

15·55 
05·,;o 

<'7'53 
31 ·s1 
05·54 

37•47 
20·49 
11 ·94 
18·32, 

59·;9 
32"63 
<>\ '62 
16·70 

51 ·27 

00·,,9 
04·;1 

55·s4 
23 "9-'l 

4o·s5 
16"62 

18·70 

57·59 
02·73 
23·o6 

50·50 

32·.ss 

44 ·;o 
30·37 

<>\ '14 
02 '64 
01 ·35 
'8'49 

?."'29 
14·15 
IJ"83 

. 34·S4 

49·29 
25·50 

19·46 

19·1,3 

53'89 
02'36 

. 35 "7.' 
lJ"11 

02·07 

16·03 

36·55 
25·30 
15·04 
24·¢ 

05'i7 
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VI. THE RESULTS OF THE ASTRONOMIC "DETERMI-
NATIONS OF LONGITUDE. . . 

A. INTRODUCTION.· 

The results of the telegraphic longitude determina~ions at stations distributed over 
or near the .parallE'.1 of 39° and geodetically connected with the transcontinental triangu" 
lation are given in the following pages. · 

The longitudes of the .stations in conriection with the measurement of the arc of the. 
parallel depend wholly up01"1. the results of. the" adjustment of the ·general longitude" 
system of the United States, a full account of which is contained in,Appenclix No. 2, 

Rep~rt of the Coa:?t ail.~ Geodetic Stmiey for' the fiscal ·year ending June 30, 1897, * 
Several of the stations ·are common to both systems, and the abs.tracts of individual 
values for difference of longitude for these staticins will he found in the above Appendix. 

A few of the arc stations _are connected with 1i1ore than one fixed longitucle station. 
For these the results of the simple adjustment are given. t 

. For particulars respecting methods of arrangements in t)le field, of instruinents, 
o1)serving .and deducing inclivid,pal ai1d filial results the reader m·ay consult Appendix 
No. r4, Coast and Geodetic Survey Report for 1880, pages :i3r-.:q1 it also· (for reduction) 
Appendi·x No. 8, Coa~t mid Geo~letic Survey I{eport for 1~89, pages 209-2.1:?, and (for 
la_tc;st instruments) Appendix No. 9, same report, pages 213-:i16 .. · · . 

B. i\BSTRACT.S OF RESULTS AT TELEGRA.PHIC LONGITUDE·STATIONS. 

[The tal~ula·r results ~re: gi\·en ;n chr.·mol•)gical order of tht! execution of the lvor~.] 

Co11ie11ts, df/jcn:11<t· '?f longitude· bd;c1ec1t-
No. 

1. Parkersb1irg, Illiiiois, and Detroit, Michigan (La
0

ke Survey) 
2. Stra,,:lmrg, Virginia, and '.Vashington, District of C:olumhia 
_,. Vincennes, Indiana, and Nashville, Tennessee 
4. St. Loni,;, Mis~ouri, and Vinccnne<, Indiana 
5. Charlottesville, Virginia, and Washington, District of Columbia 
6. Louisville, Kentucky, and Charleston, West Virginia 
i· Ellsw9rth, Kansas, and Kansas City, Missouri 
8. '¥allace, 1':ansas, and Ellsworth, Kaii.sas 
9: ~olorado Springs: Colorado, anrl Wallace, Kansas 

ro. Gunn.i,;<;>n, Colora~lo, and Colorado· Spririgs, Colorado 

*An abstract of this pap!'r appeared in No. 410 (September 14, 1897) of Gonld'• Astronomical journal. 

Dale. 

18i9 
1881 
1881 
1881 
1882 
1883 
1885 
1885 
18~5 
1.886 

t·NO use was made of any longitude wc:>rk by the United !\tales E;ngin.,ers within the region of the arc unless I he 
ob . .;;.erVers e·xchanged places for..the tmrpose o_f elitni,1ating person~! equation. 

t A revision of this appendix was published as Appendix No._.;, C. & G: 8.· Report, i897-9.5. 

Soi. 



8q8 UNITEp STATES COAST AND GEODETIC SURVlW, 

.Co11/twls, diffcrc11ce. o//01~r;i111de bel'{IH!C11-
No. 
11. Grand Junction, Colorado, and Colorado Springs, Col~rado 
12. San Francisco (Lafayette Park anrl Washington square), California. 
13. San Francisco (Lafayette Pa·rk) and Mount HamiUon (~ick Observatory), California 
14. Point Arena, California, and San Francisco (Lafayette Park),.~alifornia 
15. Point Arena, California, and Sacramento, California. 
16. Marysville, California, and Sacramento, California 
17. Sacramento, California, and Verdi, Nevada .. 
18. Verdi, Nevada, and Carson Citv, Nevada 
19. Carson City, Nevada, and Virginia City,·Nevada 
20. Genoa, ·Nevada, and Carson City, Neyarla · 
~I. Carson City, Nevada, and • .\ustin. Nevada 
22. ~ustin, Nevada, and Eureka, Nevada 
2.>· Eureka, Nevaqa, and Salt Lake City, Utah 
24. Lake Tahoe, California, and Carson City, Nevada 
25. San FrancisGo ( Pre::;idio and Lafayette Park), California 
26. Washington, District of Cohimbia, and Dover, Delaware 
27. Ukiah, Ca:l.ifornia. artd San 'Francisco (Presidio j, California 
28. Salt Lake City, Utah, and Green Ri_ver, lTtah 
29; _0asis, Utah, and Salt Lake City; Utah 

Date. · 
1886 
1887 
1888 
1889 
1889 
1889 
1889 

.1889 
1889" 
i:8~9 
1889 
1889 
.1889 
1893 
1896 

.1897 
1897 
1898 
1898 

(l) DIFFERENCE O~ I:UNGlTUDE BETWEEN PARKERSBURG, H.l.lNOIS,-AND DETROIT, i.\HCHIGAN .. 

[Determined by the trnited States Lake Sur,·ey. For particulars see Profession!ll Papers No. 24 oi the Corps of 
Engfoeeis of the United State• Arniy, Washington, 1&~z·; pp:725-727.J 

Frnm From :\-lean of Difference Date, Observer at- \Vestern or Eastern or West and Personal 
1879. Olney. Detroit. Olnev Detroit \V.-E. East eq1iatio11. of longitude "· 

signais. signals. ~ignnls. 61... 

/1.111 .. s. 11.111. s. ·'· h.m. s. s. 11.m. s. .<. ''" "l 0 20 08 ·582 () 20 oS'4"4 0·178 "20 o8 ·493 +0·003 0 20 o.S ·496 +·011 

~. W. Loc~-1 
' . 

28 oS·oo2 oS ·409 ·193 ·505 ·5oS + ·023 

29 
P. M. Price 

wood · 08·645 os·.po '235 ·527 ·530 + •045 
30 oS'4gS o8 ·,;oS ·190 ·403 ·4o6 ·- ·0;9 

Mean ----- -----
O'l'.19 0 20 o8 '48, 0 20 oS'.i.85 

Transmission time= o'"IOO ± 0•·004. · . 
Personal equation Lockwoo,1-Price. = + o'"oo3 ± 0'·036 from ·direct observations on 2 days before 

and 2 days after the longitude work. · 
Buff and Berger transit, No. 2 of the Lake Survey, was mounted 011 the East pier in the Lake 

Survey Observatory at Detroit. By direct measurement in 1891 this pier was ·found to be o"·366 west 
of the Coast and Geodetic Survey station. . 

Wiirdemann transit, No. l of the Lake Survey, was 1noimted at Olney, about 10 miles north of 
the trigonoIIJet~ical station Parkersburg. By a focal triangulation the transit post was found to be 
13•·461 west-of Parkersburg . 

.6,A. Parkersburg & .:.... Detroi~ .( 7;891 ) = d' 19"' 55•·390 :± 9.'"040-



TRANSCONTINENTAL TRIANG Ui:..ATION-PART VI-·LONGITUDES. _8o9 

( 2) DIFFERENCE OF "1,6NGITUDE BETWEEN STRASBURG, VIRGINIA, AND WASHING.TON, DISTRICT 

OF COLUMBIA. 

Observer at- Front ·From Mean of Difference . Date,· 
Wash-

Western ·01· ·Eastern or W.-E. ·West and Perso.nal ·of longitude p. v. . 1!>~1. i;tras- Sti-asburg Wa~hinf,ton East 
~urg. . ·ington .. signals. s1gna s. signals. 

equation. C,A • 

"'· s. »I. s. s. Ill. s. s. m. s. s. 
June 14} . 

G. 'f· D~an { 

5 14 ·252 5 14. 249 . 0·003 . 5 14·250 i-~:14_2. . ·5 14·1o8 + ·005 

. · 15 E. Smit~. '274 '263 ·ou '268 ·126 + ·023 

16 ·241 ·2:9 . '012 ·235 ·093 5 ·~1_('1 

Mean. .'009 . ·251 

18} . { 5 13··930 5 r:i ·9r3 ·017 5 13 ·922. +·142 'o6.t - ,',039 

t9 · G: W. D~an .E. Smith . r3·¢o ·952 ·ooS "13·9s6 .. '098 3 - ·005 

21 14·01~ '998 . ·016 14 '(00 ·148· + ·045 

Mean ·014 13·96r 5 14 'lll6 
Weighted mean 5 14:103 ±O'oo8' . 

Transm.ission time= o''oo6 ± o''OOI . 
. Per~n~I· equation D. -Sm. = - o'· r45 ± o''oro; same fro~ weighted means= - o'' q2. 
At Strasburg, transit No. 4 was mounted on .a br~ck pier wit!;iin the old earthworks to the north 

of tlie town. . . · · 
At Washington, transit Nq. 8 ·was mounted over th~ old station of. 187S iii the groun.ds of the 

United States Naval Observatory, old site, now the Museum of Hygiene. The station is 44'714 metres 
or: o'; 124 Wt'St of the c~1~ter. of the s,mall central dome of the building. . . 

.6,;\. Strasburg (7;881 )-Washingt~n,.United States Naval Observatory, old site (D) =·s"' q•·227 
±o'·ocis. . 

(3) l•IFFlrnEN,CJ;; .OF I.ONGITUDE BETWEEN VINCENNES, INDIA~A, AN:Q NASHVII,LE, TENNESSEE. 

Date, 
1881. 

Ohserver al
Vi11ce1111es. Nashville. 

r·ron1 
Western or 
Vincen11es 

signals. 

111. s. 
Nov.ii} 

13 E.Smith 
14 

G.W.Dea11 { 
2 58 ·119 

·123 

·073 

16} . 
19 

G.,w. Dea11 E .. Smith 
24 . 

{ 

. 2 57 '782 

·571 

·691 

Transmissio!l time= o''oo8 ± o'·oor. 

From 
EaSteru or 
Nashville 
signals. 

'Ill. s. 
>58·111 

'Ill 

·04$ 

Mean 
2 57 •762 

•548 

'686 

Mean 

W.-E. 

s. 
0 ·oo.s 

"OT.2 

·015 

·020 

'0..1J 

'005 

·016 

Mean of · · · Difference 
We•t and. · Per""!nal of longitnde 

_East . eqnat1on. C,A 
signals. · · 

111. s·. 
2 58·115 

•I "Tl7 
'o6o 

·097 

2 57'7P 

'.56<> 
'688 

"67 .. li 

s. 
-0·'200 

Weighted mean. 

m. --'· 
, 57 ·915 

··917 
'860 

'172 
·"/.>o 
'888 

. 2 57 ·s.s5 
2 57 •891 

p. 

6 

4 
s 

5 

Personal equation D.-Sm.= -·o'·212 ±0s·o22;. same from weighted means= ~o"·209.·· 

. !'. 

.s. 
+ ·024 
+·o.>6 
-- ·031 

+·oS1 

- 'IJI ' 

- 'OOJ 

±O"VIS 

At Vincennes, transit No. 4 was mounted in the Court-House yard,'nqrtheast of the·Co~rt-House. 
At Nashville, transit No. 8 was mounted ~wer the station .of I877, east of the Capitol or State House . 
.6,;\. Vincennes ( T.as, )-Nashville ( ~~7-111' ~ 2•• 57•·89I. ± o''o18. 



Sro UNITED STATl_:!S COAS1' ·ANo··GEOi>ETIC. ·SfJRVEY:· .. 

(4)· DiFF_ERENCE OF I,ONGITUDE BETWEEN ST. LOUIS, llHSSOURI, AND VINCENNES, INDIANA. 

. Dl\te. 
"l881. 

Obsen·er at-
From ·. 

Wt:slern OT 
St. -1.oriis' 
signals. 

St. LOuis. 

Nov. 28 I 
Dec. ; • ~ . 1 . s r F. .. :nut 1. 

9) 

Dec. 14} · 
16 C.H. Sinclair 

23 

·vi11ce11nes. 

11i. ' .s: 
·1 Iu 43 ·366 

C.H. Si.·1~clair · ·-'
38 

. ·3~ 

·.109 

E.Omith 

IO 4,'\ "162. 

'I87 
·166 

From 
EasteTn or 
V111cennes 

siguats. 

m . .. (. 
10 43·351 

·300 

·273 

·ns 
l\Ieftn 

'10 43'I11 

·14.i 

·1~1) 

Me~u1 

W.-E. 

;. 
•J"OT5 

·o.}~ 

·055 

·034 

i\-fean of 
West ancl 

East 
signals. 

"'· s. 
JO 43 '._'5g 

·319 
._,•)0 

\ '2')2 

'31i 

JO 43 'I._;6 

'Ifui 
·14,; 

Pt=rs.onal Difference · 
equation. of longitude p.: 

. L.A. 

5. m. .<. 
.:...0·1J..l7.i7 

I 
IO 4.3 ·271 

·232 J·. 

'.?i.) 

·105 
,, 

·22 .. , ·4 
·251 6. 

•23r1 I 9 

IO 4.'\ ·23:0 'I4.S I 
'Ve1ghted mf'an IO .J.3 ·235 

Transmission time= o'·o20 ± o<·oo2. . 

1''.-

·'· + ·036 

-"-i:-0.; 

- ·~n2 

- '•)30 

- '012 

+:016 

-·oos 

±0"()1)1) 

Personal equation Sm.-Sin. = + o'·oSs ·± o•·oo6; s~me from weighted means"=: +·o':os7. 
At st: Louis, transit No. 6 was mounted over the "station "of 18S1, in the east end of the small bri.:k 

observatory attached to ""Washington University. 
At Vincennes, transit No. 4 was mounted iu the Court-House yard, northeast of the Cotirt-House. 
L'l..l- St. Louis ( "T. •83•-'!•) - Vincennes ( T. ·.as.)= IO"' 43"235 :±: ch:io6. 

·( 5) DIFFERENCE OF I.ONC.ITUDJ<;· BliT\\iEEN CHARI.0TTESVII.1.E, VIRGINIA, AND WASHINGTON, 

DISTRrc·r OF COI.Ul\IBIA. 

From Front 
nat<:. 
188>. 

Obsen,er at-
Chnrlottes- \Vashing-

dlle. ton. 

\VcStern o.r En5ter1l or 
Charl•)ltes- Washin1 .. ~to11 

villt:siguals. signal~. 

Ill . • Ii. Ill. t. 
July IS I CH .. I·. F.~.Pmons.f ·' 53 ·171 s i:; ... ·10(. ,J 

24 r , .!'jJ1\C an "J(\-:.: ·1:~11 

2s ·o;s . ~19 

1\'lt:Dtl 

July 27 l c H .. 1 ·· I . ' 
52·&}6 5 so·fi.~" 

Aug. 7 .• H .. S.3 ·005 53 ··:ic11 .. 1 
· 

1

1'. .Parsons . .~me air l 
I•J· ,52 ·~""5::? 52 ·971 

11 ·. S:! "9''57 -~~ 

Mean 

Transmission time= o'·009 ± Q'.:003. 

W.-E. 

t.. 
0·065 

·017 

·011:=. 

·03,, 

·vq 
·005 

"OJ[ 

·oo.:. 

·oos 

Mean of 
Westaml 

Ea•t 
~ignals. 

m .. <. 
5 53·138_ 

"11)1') 

·~:!/ 

·1.5,5 

5 5:!"8..'~9 

53"1Ji);:' 

5.:-·9i6. 

·986 
,;o ·963 

Personal Difference 
equation. of longitmh: f.· 

·L.A. 

:;., m. " -0·099 s 5J ·039 J 

I 
"Oi)l 3 
·1~s 

+o ·099 ·I 5.:-·98~ ·4; 
.53".IOl 4 

"'?75 
"1).~~!i 5 

.5 .5.~ ·o~·. 

Weighted mca11 _; _l:j3 ·1..-£.,_; 

Personal equatfon Sin. -- P. = + o'"o96 ± 0•·012°; same from· weighted means=+ 0•·099. 

'i'. 

s. 
...:.._ ·02.:a 

·- ·of_;,. 
+ 'Q~S 

- ·o;s 

+ ·03S 
+"<_ii~ 

+ ·002 

:::i O"N.J 

At Ch'arlottesvjlle. transit No. 4 was mounted on the small transit pier. on the· eagf ~i-.-le.of the large 
equatorial of 1'-icCormick Ohser(.ati)ry: : ·· . · · · . 

· At Washingtol'\, transit· No. 8 was nlou11te(l"cwer U\e oid station of 1878.h1 tile'groum1s·of the "(Ji1ited 
State~ N~val" cll:iservator~' •.. old site, now the Mi1seum of" Hygiene.. This station i~ 44"714 metres or 
o'·i24 west of the center of the-sman central dome of the buildi11g. · · · 

-L'l.l Charlottesville (Ti.~,) - Washington, United States Naval Observatory, ol•l site (D) = 
5'" 53•·187 ::!= o'"OJ4. 



TRANSCONTINENTAL TRIANGULATION-PART VI-LONGITUDES." 8II 

(6-) ·DIFFERENCE-OF LONGITUDE BETWEEN: LOUISVILLE, i;:~;NTUCKY;_ AN·D CHARLESTON, \VEST. 

VIRGINIA. 

Di1te, 
I i\!'oi .~ .. 

Observer at-
Louisville. Charleston. 

From Fr(ttt\ 
\\Testern or. Eastern or 
Louisville Chal'l~~ton 

signals. signals .. 

'Ill. s. . s. 
Aug-.16 

17 

" C. 'l'erry 
04·. 

. . 116: 31 ·497 
·556 

F.H.Parsons .l 'Sii 

·"'· 16 31 '41.'> 

·495 

·450. 

Aug.~ f F.H.~a;sons c, Terry 

·Sept. 3 
. 5 .. 

·.p~ 

·428 

l 
.16 31 ·636 

·46o 

•583 
"6o4 
'6JrJ 

'3'16 

·374 

~ean 

16 31 ·590 

·412 

'5.:!l 

·545 
·:,64 

Mean 

s. 
o·oS2 

·001 

·o67 

·076 

·054 

·.,.;..s 

·046 
·048 
·062 

·059 

·056 

·os 

Mean of 
West and 

East 
signals. 

"'· J" •. 
16 -~' ·456 

·526 

'483 

".18.i 
·401 

. ·450 

Per~cJtial 
cq110.tio11. 

·'· +o '049. ·I 

16 3i:613 -'-0 •049· 

·436 

·552 

·574 

·590 

Weighted mean. 

Difference 
of'l..:•ngitude' 

f.:,,A, 

Ill. ·'· 
16 31 ·~o:; 

·575 

·532 

·433 

·450 

"564. 
·387 

·503 

'525. 

·543 

.16 .3' ·50:? 
16 31 ·5o6 

Transmission time= o'"l'.?3' ± o<·oci1. ·. . . 
Personal equation T. - P. =i= - o'·o52 ± o•·ciIS; same from weighted.means= -o'·o49 . 

p. l'J. 

s. 

·' -·001 

4 +'ofoq 
+ ·026 

2·5 - 'Oj._~ 

- ·056 

5 +. ·os-~ 
4 -·119 

1 ·5 - ·003 

>"5 +·019 

4 + ·0;7 

±0'01,5 

. At Louisville, t~ansit .No. S was mounted over the .station established in 1879 in "the grounds of the 
Boys' High School. · · 

At Chai-leston, transit No .. 6 was mounted on· a sandstone pier "in the northwestern pa~t of the 
State Ho.use grounds. · · · 

,£'.:I.;\. Loui.sville ( T18; 9.,,.,) - Charleston ( :7iss:i) 7= 16'" 31•·5o6 ± cf·o15. 

(7) DlFFERl;NcE OF r.ONGITUDE ill!TWEEN El.LSWORTH, KANSAS. AND KANSAS CIT'li, l\I"ISSOURI. 

Ohservc::1· at- Front Front 

Hllsworth. K:i11sas 
City. 

· \Vestern or 
Ellsworth 
signals .. 

~at~;:~·~ft~ '\V.-E~ 
.signals.· 

~J:~·~~~l. l'ersonal Diffen;nce 
East equation. of k~ir.tnde />. 

signals. 
. .. 

' 
Ill. ·s.: Ill. '· 'I. s. Ill. ·'· s. 111. s. s. 

"''··•O I J. 
14 32 ·946 14 .. ~2 •<;116 IJ"OJO . '4 32·931 +0·108"" 14 33 ·0~9 0·_5 .. +·059 

. 13 . . 
J~.f:imith 

·ss-1 "8j1 ·oq ·877 ~2"9'°35 ·."l; . :t ·005 
. ·F.H.Pari:.on!" 

14 . . . I ·s66 ·83,1 ·033 ·sso 32 ·958 7·5 -=·022 

I~ ·.·92i ·9o.i '1X',, ·915 33,·023 . + ·043 

Mean '02.5 ·~9j 

Sept, 16} . . . 

~'. H. Pa!SOIIS l 14 33 ·o82 14 33 ·_023 '•J.59 q 33 ·052 -0:10$ 30 '.944 5 :5 - ·oy, 
17 . ·• . . ·053· ·034 ·019 ·044 32·936 6-5· - :"44 E.Snuth 
18 ··140· 'I II '(•29 ·125 33 ·017 4 ·s· + ·037 

19 .,·6.5 ·141 l.,_i4 ·1::;._; 33 ·045 + ·005 

1\tean . ·o .. J, .. ~ ·094 14 32 ·993 
Weighted mean·. '4 :'J "~).~(I . "±0"011 

Transmission time= o" 00I4± e1·002. 

l'ersoirnl equation Sm. '---- P. ~ + o<· roo ± 0•·012; .same from weighted means=+ O'' JO:<. . . 
At. I~ansas City, transit No. S was mounted over the okl station established in .rSS2 in the grounds 

of. the F)·a~1klin School.·_ · · 
At Eilsworth, transit No·. 4 was IIJounted.on 2. lip1estone piers' in ·the·. grounds of .the Graded 

School, ·near Douglas avenue and Second stre~t. . . · · · 
L::,,, ;\.Ellsworth ( T1885 ) :...:... Kansa;> City ( 7;,~2-~) - ·14"' 32•·98o ± o'·ou. 
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.· (8)' DIFFERENCE OF I,O_NGITUDE BETWEEN WAI.LACE, KANSAS; AND EI,I,SWORTH, KANSAS; 

Observer at- Front :P_roni Mean· of Difference Date, Western or Eastern or W.-E. West and Personal of longitude p. ''· 18S5. Wallac!'. El.lsworth. ·Wallace Ellsworth East equation, 
. ~A. signals. : -·signals. signals. 

"'· s. ,,,_ s. s. m. s. s. '"· s. s. 

~,·~1 . 
I· 

13 27'J35 13 27 'J03 O"f!.32 13 '27 ·219 +0·090 I 13 27 ·309 2·5 + ·041 
25 . ·15~ ·135 ..:021 ·146 '236. 4 - ·032 
. F.H.Parsons E.Smith 

·242 ·33~ + 'oli.i . 26 . - ·253 ·230· ·023 

:· 1. 

2. 
"9 - .. ·169 ·,153 ·016 ·161 . ·2~1 -6·5 -·or7 

Me8:n ·023 ·192 

Oct. 

'l 
lJ 2; ·345 13 27 '3J5 . ·020 13 27 '335 -0.090. ·245 4 . -·023 

3 . ;,a-..j "."37 ·328 ·009 •332 ·242 6·5 -·026 

4 };;.Smith ·439 ·432 ·007 ·436 '346 2·5 +·01s 
5 .. ' . ·3~ ·374 ·012 •JS(> . ''90 4 + '022 

6 ·.169 '341 ·028 ·355 '265 4'5 - ·oc.3 

Mea:r!. '015. ·368 ~3 27 ·2~0 

Weighted mean 13 27:268 ±0"009 

Transmission time= o''IJ09 ± o<·oc:>r. · 
Personal eqti'ation Sm. - P. = + o''o88 ± cf·oog: same from weighted means=+ o''og(>. 
At Wallace, transit No. 6 was mounted on 2 limestone piers i_n tI:ie northeast coruer of the small 

park of the Ui1io11 Pacific Railroad Company. · · 
At Ellsworth; transit No; 4 was mounted on 2 limestone piers in the grounds of the Graded 

Sd;.001,• near Douglas a\•enue·and Second street. 
L:I, ,l Wallace ( T1880 ) - Ellswqrth ( .7;~) = r3_"· 27•·268 ±o'"OO<). 

( 9) DIFPERENCE OF J_,ONGITUDE BETWEEN COI.ORADO SPRINGS, COI,ORADO, AND WAI.I.ACE, KANSAS. 

Observer at- . From Western From East-
Date, 
1885 .. Colorado 

Springs. 

Oct. 

'l 12· 

13 F. 11. Parsons 

14 . 
15 . 

·oct. 

~l JI 

22 E.Smith_ 

23 

or Colo- en1 or 
Wallace. rado Springs Wallace 

signals. signals. 

Ill. s .. HI, . S. 

rM~' 
12 54 '675 

'743 ·716 

E.Swith '719 'i05 
. "685 •668 

·785 -;:68 

Mean 

12 !i4 "930 - 12 54 'B9o . I 5s·165 55·133 
F. H. Parsm1s 

54 
.
893 . 54 ·859 

~4 •&J6 54 '779 

Mean 

Tra~smission time =.o''or4 ±·o'·oor. 

W.-E. 

s. 
0•046 

·027 
·014 

·017 
·017 

·024 
·040 
0 032 

·034 
·Q37 

- ·033 

Mean of 
West and 

East 
signals. 

Ill. s. 
12 S4 '698 

•730 
. ·712 
•676 

.:776 

·718-
12 54·9ro 

. 55·149 
54 ·876 

54 •792 

54 ·933 

Personal . Differo::nce 
equation. of lo~ftude p.. 

s. "'· s. 
. +0·102 J2 54 'Soo 3 

'$32 4 
'814 3 
'778 
'878 J 

-0·102 'SoS 

55 ·047 

54 '774 3 
'6<y.> 2 

12 54 '825 
weighted mean I~ 54 '822 

v. 

. s. 
- '022 

+·010 

-·oos 
-"<>44 

+·o.';6 

-·014 

+ ·225 

-·04s 
-·132 

±0'020 

Pers0nal equation Sm._,,:_ P.= +o<·107 ±o'·o2r; same from·weighted m~ans 7 + 0-·102. 
At Coloraclo Springs, transit No: 6 was mounted over the new or 1885 station_ in the g~ounds of 

the Colorado Springs: Land- Company. 
At· ·wallace, transit No. 4 was mounted _on 2· lfmestone piers in the northeast corner of the 

. small par-\'-.'of Uie Union Pacific Railroad ·Company. . 
~,l Colorado Springs ( T;~s-116) - Wallace ( T.se5) = r2 .. 54•·822 ± o':o:zo. 
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(10) DIFFERENCE OF l,ONGITUDI'; BETWEEN GUNNISON, COI,ORADO, AND COI.ORADO SPRINGS. 

COI.ORADO. 

Observer at- From Fron1 Eastern 
Date, 

Gi11111ison. Colorado 'Vestern or or Colo- W.-E. 18"6. Springs. Gunnison rado Springs 
signals.· signals. 

In. s. Ill. s. s. 

,.m. :; I 
C.H. S~nclair j 8 25 ·310 8 ,~ ·264 0·046 

•355 ·315 ·040 

21 E.Smith 
·394 ·34; '"17 

26 ·317 ·273 ·044 

Mean ·044 

jm1e .w. 

{ 
8 25 ·341 8 25 '298 "04 .. i 

July 2 I •364 ·328 ·036 J C. H. Sinclair E.Smith 
·367 ·328 0

'-"'39 ~ 

8 ·376 •334 ·04·2 

Mean ··:.io 

Transmission time = 0''021 ± o''OOI. 

Mean of Difference 
'\\'e~t and Personal of longitude East equation~. 

signal:;. 

m. .s. s. 
8 25 · ::l37 +o ·001 

·335 
·370 

·346 

·348 

·355 

·342 

Weighted mean 

/:::i,A. 

m. s. 
8 .?.5 -~s~ 

·336 

·371 
·i.¢ 

·319 
·345 

".147 
·354 

8 ::?.5 ·33~ 
s 25 ·3~:. 

p. 

I ·5 
5·0 

4·~ 

:? ·s 

3 "' :?"O 

1 ·o 

l".5 

Personal equation Sm. - Sin.= - o''OIO ± o''oo6; same from weighted means= -· o'"oor. 

'&", 

s. 
- "(•4i 

+ ·001 
+ "1)3~ 
-· "rJ.)9 

- 'Ol~ 

+·01(1 

+ "l')JJ 

+ ·019 

±o·oi:i-

At Gunni,;on, transit was mounted on a sandstone pier in the northeast corner of the Court-House 
g-roun<ls. 

At (.olorado Springs. transit No. 6 was mounted over the new or 1885 station in the grounils of 
th"' Colorado Springs Land Company. 

6-l Gunnison ( 7~ssd - Colorarlo Springs ( T.sss-86) = 8"'. 25•·335 ±0'·007. 

( 11) l>IFFERENCE OF J.ONGI'fUDE BETWEEN GRAND JUNCTION, COLORADO, AND COI.ORADO SPRINGS, 

COi.ORA DO. 

Date, 
1RAA. 

011!-'erver nl-
G ra ncl Colorado 

From 
\Vestern or 
Gra11dju11c
tio11 s;gnals. jnnction. S11rings. 

m. >. 
jnly 

15 f .I 
14 58 ·948 

2-1 . •. . 
E.l:>mith 

·978 
L. H.~mclrur 

26 l •932 

2i. ·822 

July 

3''l c. H Sinclair! 

14 58 '963 

~I • • • •986 
Ang. 4 

l!..~m1th 
·977 

5 ·957 

Transmission time =o'·o40 ± o'·oo2. 

From 
Eastern or 
Colorado 
Springs 
stgnals. 

Ill. s. 
14 58 •892 

·9;11 

'83'1 
·721 

Mean 

14 58 ·S75 
·902 

'893 
•87~ 

Mean 

W.-E. 

>. 
0·056 

·047 
·098 

·101 

·076 
·oSS 

·084 
·084 
·o.S4 

·oS.; 

Mean of 
West anrl 

East 
signals. 

Personal Differ<;nce 
equation._of lo;~gl~udc 

m. s. s. 

14 58. 920 +o ·039 

·954 
·883 

·ss2 
l4 58·919 -c ·039 

'"44 
·935 
·91":' 

·928 

Weighted mean 

Ill . ..\. 

14 58"Q59 
·99_, 
'Q.?.? 

811 

·~so 

·905 
•8¢ 

·S76 

14 s~·90s 

14 s8·801 

p. .·v. 

5. 

+·ot,S 

+·10:! 

+ ·031 

J ·s - ·080 

l 'S -'0[1 

+·014 

+·cos 
I ·5 - ·015 

±0'013 

Personal equation Sm. - Sin.=+ IY'0.?3 ±0"'0!2; same fmm weighted means=+ 0'·039. 
At Grand Junction, transit No. 4 was mounted on 2 stone piers \tear the northwest corner of 

Cottonwoo<l Park. 
At Colorad11Sp.-ing,.;, transit ~o. 6was mounted over the new or 1SS5 station in the grounds of the 

Colorado Spring~ Land Company. 
,D,, ,l Grand Junction ( T,..,..,) -- Colorado Spring,; ( 1~r;a;-~) = 14'" 5S•·S91 ± 0•·013. 
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(I~) DIFFERENCE OF LONGITUDE HE TWEEN SAN FRANCISCO, LAFA YET'l'E PARK, AND SAN" FRANCISCO,. 

WASHINGTON SQUARE, CAT,IFORNIA. 

n:~ie. 
1~~7. 

Observed at- From 
\Vt·stern or 

Lafayett., Washing- Park >'ignals. 
Park. ton ~quare. 

s. 

May 261 4 ·u.7 

27 . ·.598 

June ~ 

1

. C.H. ~inclair P .. A. Welker ·618 

·550 
0 f.1)I 

June 

lAWe<k" 
I 4 ':!jl 

c H-ffi•••fr \ 
·261 

·229 

12 ·248 
,. ·245 . 
·' 

Trans.mission time = o"ooq ± o'·ooo5. 

From 
Ea~tern or 

Square 
signals. 

s. 
. i ·661 

·590 
·017 

·546 
·002 

'Mean 
4 -~j:! 

·250 

'22 .. \ 

"248 

·251 

Mean 

W.-E. 

>. 
+o·oo6 

·oos 
"001 

·004 

·001 

+ ·004 

·001 

+ 'OJI 

+ ·O(f.. 

·ooo 

·<JOO 

+ '0(1,2 

Me~n ·of D"ff 
West and Perl'Onal 1 er~nce 

E ast equation of.long1tud., 
signals. 

s. s. 
4 ·664 -6 ·172 

·594 
·617 

·54S 
·6o2 

4 ·005 
4 "2jl +0·172 

"256 
·226 

"24-~ 

">4$ 

4 ·250 

• f:::.lo. 

s. 
4 ·4~2 

·422 

·445 
•376 
·430 

·44_; 

·428 

·398 
·420 

"4:!<> 

4 ·42; 
Weighted mean 4 ·421 

Personal equation S. - \V. = + o'·17S ± O""OCI6; same from weighted means=+ o<·172. 

;. ''· 
s . 

'·5 +'Oji 

5·5 + ·001 

3·5 + ·004 

i ·5 - ·045 

S'S +·009 

6 + '•):!.:! 
4 + ·oo; 
6·5 ·- ·023 

6 -·001 

5·.5 -·001 

±•)'Oo5 

At the Lafayette Park, San Francisco, transit No. 3 was mounted on the western or standar<l piet· 
of rSSr. 

At the \Vashington Square. San Francisco, transit No. 6 was mounted on the brick pier near the old 
station of 1869, which wao:;marked by a granite block. The use of the pier of r88i became necessary since 
the instrument.could not he put on the block; it is o»•·405 or 0"017 or Q'·oo1 cast of the oM station. 

L:::,. ;\San Francisco, Lafayette Park ( T,88,.s7 ) ·_San Francisco, 'Va,;hingt~n Square ( T,i«o) = 4~·4w 
± r:f"oo6 .. 

( 13) DIFFERENCE OF I.ONGITUDE :iiHTWEEN S.•.N FRANCISCO AND MOUNT HAMILTON, CALIFORNIA.<> 

Date, 
1888. 

Oct. 
30:1 

Ob~t:n·ers at-
San Mount 

Franci~co. Hamilton. 

031 
,1 .. 1. ': r C.H.~mc air R.A. Marr 

N·n·. 

5 

Nov. 

24 

Frc:i111 rro111 
\Ve~tern or Eastern or 

San Fr:111dsco lHount Han1-
sig11als. ilton signals. 

m. s. "'· s. 

I 
3 09·.;;.o::i . 3 09 ·o;6 

'180 ·148 
·138 ·128 

·1 
·263 ·259 
'2.JI ·215 

·248 ·244 

Mean 
3 c..S'8W 

·sss ·s&i 2,1 l I 3 oS"S<J9 

26

1 

R. A. Marr C. H.Sinclair .

1 

·953 ·935 

27 \H(• ·902 

28 "8j5 ·857 

Menn 

Transmission time= d'"OOi ± o""(I(1I. 

W.-E. 

s. 
0·023 

'(• .. 1-2 

"OIO 

:004 
·oc·8 
·004 

·oq 
·005 
·o~I 

·018 
·008 
·018 

·014 

Mean 1..•f 
w~st and 

East 
signals. 

Personal J.?iffer~nce 
equation. al 10~~1.tude 

m. s. ·'· 
.-=. 09 ·vs~ -o ·140 

·164 
·r.u 
·2t)1 

·217 
·246 

3 "9 ·185 
3 o3 ·8¢ +o "14<' 

"8j4 
·944 
·906 
·st"5 

3 o3·~·'3 
'\Teighted 111ea11 

m. s. 
.l <W94~ 

09 •024. 

o3"993 
09·1~1 

09•077 
09·100 

09·036 
09•m4 
~·084 

09·046 
l.)9"oo6 

,, 09·041 

" 09 "('47 

Personal equation S. - M. = + o"" 144 ± 0•·01 r; sanle from weighted means= +Cl'" qo. 

f. 'L'. 

.< • 

9 -·ogrJ 

9•5 - ·023 
6 -"0.54 
7 + "(•74 
6 + ·i:13LJ 

12 +·.-.... i:;9 

-· "('111 

.:?";:i - ·033 
s +·0.,7 

-·001 

- ·041 

::!:.(1"013 

At San Fran~isco, transit No. rS wai; mounted on the eastern or small transit pier in the Lafayette 
Park Observatory. Redu.:tion tn western tra1rsit pier (of rSS1) o<·oo4. 

At l\'fount Hamilton, transit No. 19 \\•as mounted about a quarter of a mi1e to the eastward of the 
Lick Observatory. Reduction to meridian of transit house 16''·2Sr, or 1""085. 

L:::,.il San Fi·ancisco, Lafayette Park ( T.ss, 87 ) - Mount Hamiltoi1, Lick Observatory (Transit 
house) 3m 07'·966 ± o'·o13. 
·---------·------------·-·-

*For n. more •.letailed account of this work see Appendix No. X, Coast and Geodetk Snn·ey Ri:port fc1r 18891 or 
Hnlk:tin No. 13, 1S.~: the latest rt:sult is g·h~en it1 At)pendix No . .:?, Coast and Geodetic Survey Report f{lr 1897. p. :?6o. 
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( 14) DIFFERENCE ·OF I,ONGITUDE BETWHEN POINT ARENA, CALIFORNIA, .\NIJ SAN I'RANCfSCO, 

CALIFORNIA. 

Date, 
1S89. 

]au. 
18 

Point 
Arena. 

'"I ::r· A. Marr 

01 

Ja1_1. 2, I 26 

~ 

1

. C. H. Sinclair 

,g 

29 

San Fran
cisco. 

Front 
\Ves.tern or 
Point A1"~11a 

signab. 

m. s. 

e.ao;"°'"'j 
.1" o.i ·050 

03 '':)'~) 
114 ·002_. 

·031 

·r41 

·073 

I 
5 o.~ •470 

·456 

R.A. Marr ·4-~6 

l ·546 

·531 

·533 

From 
Eastern 1Jr 
San Fran

cisco signal~. 

m. s. 
5 {'4 ·i:·J6 

l\;'93..i;. 

0:;·969 
o:~ ·~19'J 

""'.;,..,7 
•.:..i "oJ:!7 

!\·Jean 

s "'-! "4'4 
·415 

·4·:io 

·514 

-~03 

·489 

l\Ie:.-tn 

Transmission time= o'"o20 ± o''"OJI. 

W.-E. 

s. 
C>'OJ.J. 
·05~ 

·o .. ; .. ~ 
"(141 

"(•._;; 

·r:qtj 

"(<\0 

"•>46 
"•J-ll 

"1_)36 

·o .. ~2 

·ooS 
·04.1 

'1J.~i: 

!iiean of 
\Ve~t and 

East 
signal~. 

m . . ~. 
s 04 '(\;J 

03 ·964 
''3 ·9S5 
0-1. "01(.1 

f)_J ·011 

Per:;onal 
equation. 

s. 
+o ·2 .. ~7 

.5 04 ·447 -o. '37 

·436 

·418 

":\.~1) 

·4:7 J 

\Vi:1gllte~l n1ean 

Difference 
of lo11gitucje f. 

.0.A. 

m. s. 
5 04 ":!.jO 

"WI .'\ ·5 ....... 4 

".:!.f7 

".:!63 s '.5 
".:!Si x 

".?r(l 

·199 
·1S1 

·.::9,; 

·.::~•) 

·.:-;4 

5 04 "'44 

s o.+ ·250 

Personal equation Sin. - ~:I.=+ 0'·233 ± ct·oos: same from weighted means= +0'·237. 

t•, 

s. 
+ '020 

- ·04~1 

- ·02:': 

- '003 

+ ·013 

+ ·037 

-·040 

-·051 

-·00 
+·c·4.' 
+ ··:i.~r_. 
+ . .,,4 

:=o·ooo 

At T't•int Ari::na, transit No. 19 was 111ounte11 on a brick pier upon a hill about 200 metres east of 
the Main stred nf the town, between 2 Iargt: water tanks. 

At San Fniucisco. transit No. 1S was rnounterl on the eastern or small pier in the Lafayette 
Park Ob~ervatory. It was 6~ inches ( cr'"(J04) east of the western •)r stand:m·l pier. 

6,l Point Arena ( T,,,.;) - San Frnndsc<J, Lafayette Park ( T,33, .• ,) = 5•• 04·•·;:q6 ± o'"o)S. 

( 15) J1TFFF.RF.NCE OF I.ON1-;ITliDE BF.'rWHEN POINT ARENA, l.:ALIFORN.TA, AND S.-ICRAMENTO, 

CALiFORNIA. 

fllis.;:n•i.::r at- Fn.nn Fron1 Mean of DiITt::reuce 
Datr.:, \Vestern or Eastern or \Vest and Personal 
1S.~9. Point Point Arena :Sacra11H.:ntu W.-E. East equati011. of l1.mgit11dt-. /o. 1'. 

An.:na. ~ar:rnmt:ntr:i. :-oig11al~. sig1rnls. !-'ig11nls. .'.\A. 

If(. '· m. ~- s. 111. s. ·'· Jll. '· .. 
Jnn. 

31 l ~ 4-5"¢5 s 45 ·ss6 0·109 s 4S·91•) -0"::!.2.:: 8 48 ·o~'~ + ·013 

F~lo. .1 "91(1 ·s1B \.'9.2 ·&;4 ·642 ~ -·o .. ;3 

;IC. H. ~inclair R. A. Marr "97i ·871 'J/)6 ·90.+ ·7.:•J (, + "i)~j 
·99~, '9J~ ·rij; "966 ·;44 +·o&? 

·' ·915 ·B_y:i ·0S5 ·S7.::,, ·650 -"O.:!.:::, 

:i.\Itan ·~·-== ·~107 

Feh. 

l-AMon ';""""l 
·' 4.'; ';51•) s 48"4°'!) ·oS1 8 4S "4iO +..-.·2:!.~ "t'9' + "Olj 

·4so ·419 ·i:it:l3 ·450 ·tq:! -·oo .. =. 

C.H. ·532 ·46s 'l"l.)i ·494 ·716 +·(qi 

·4~: .. ~ ·394 ·.;59 ·43~ ·(>l)l) - ·015 

12 '4~17 ·~94 "(•73 ·4~r:1 ·652 -·02_7, 

!\'lean ·0;3 '456 8 48 ·682 

\\'eig:hted n1ea11 s 4:S.67s ±C•"~rQ"T 

Transmission time= 0•·04 T ± o•·uo:?: 
Personal equation Sin. -1\II. = + 0"·225 ± O""ooi; same from weighted means=+ 0"·222. 

At Point Arena, transit No. 19 was mounted 011 a brick pier upon a hill about 200 1ndres east of 
the mai1i street of the town, between 2 large water tanks. 

At Sacramento, transit No. 18 was 111ot111ted on the granite block pier of 18881 in the gronm1s of 
the Capitol, on the east side of the builrling. · 

ll.,l Point Arena ( T,88.,) - Sacnm1e11to I T,"~" •·:o) = K'" 4,<;•·07s ± u·c·r. 



UNITED STATES COAST AND GEODETIC SURVEY. 

( r6) lHFFERENCE ··oF I.ONGITUDE BETWEEN l\I.-1.R\"SVILI.E,. CAUFORNIA, AND SACRAMliN:ro. 

Date, 
1809. 

F~b. 

27 

Ob~en·er at-· 
Marvs- S:tcra-

vilfe. mento. 

Fro'ln 
Western or 
1\laT)•S,Ti \le 
signal~. 

m. s. 

·499 26l f 0 JO ·rj21 

08 ·518 JR.A. Marr C.H. Sinclair l ,~ "5.5.5 
Mar. l ·~as 

0 '46\l 

Mar. 
3l Joo3•o6z 
~ l C.H. Sinclair 

·ooo 
R. A. Marr ·oS1 I ·079 

6 . ·054 

'fransmission time very nearly .zero. 

CAI.IFORNIA, 

Fro111 
Eastern or 

Sacran1e11to 
signals. 

Ill. ·'· 
(I ;:;;:.·621 

·512 

·516 

•554 

'!\'' 
'482 

MeHn 

0 23 '057 

'Oi5 

·077 

·074 

""44 

l\Iean 

W.-E. 

.. 
o·ooo 

-·01., 

+ ·ooo 
+ ·001 
- ·013 

-·•JI.'\ 

-·1..xi6 

+·.,.,s 
- ·013 

+ ·004 

+ '(105 

+"OICl 

+ "000 

Mean of 
West and 

East 
signals. 

Ill. s. 
0 2.:!'6.'.?I 

·soo 
·517 

·533 

, . Difference 1 erso_nal of longitude 
equation. .::,A. 

·'· I/I. ·'· +0·066 0 .'.?J '887 

·770 

·783 

"82\., 

"79" 
·742 

0 03·o6Q -0·"66 "M 
·o&j 'So3 

"$13 

·s11 
·7S_; 

·o67 0 :!.'.?"S1..x.i 

-weighted mt-an " i::: ·799 

Personal equation Sin. = M. = + o" z67 ± <:f·oo7; same from weighted means= + •.:t'266. 

}. 7'. 

s. 
4 + ·o:;;s 
~ - "0"7 

- ·016 

+ "021 

(. -·(JI'=-' 
-·o:;i7 

·I ·- 'l"J05 

4 +·•x•4 
+·oq 

~ +·01:! 

6 -- ·016 

:1:(•"007 

At Marysville. transit No. 19 was mounted on a hrick pier in Cortez square, one block east of the 
Court-House. 

At Sacramento, transit No. 1:3 was mounted on the granite block riit:r of 188::; in the grounrb of the 
Capitol, 011 the e11st side of the buili!ing. 

b.. :t Mary,;yj]]e ( T,as9 ) - Sacramento ( T,ssa.a9 ) = (>'" 22•·799 ± o'·oo;. 

( 17) DIFFERENCE OF LONGITUDE BETWEEN SACRAMJ,;NTO. CAf.IFORNIA, AND VF.Riii. NEVAD\. 

IJb~erver at- From 
Western or 
Sacramento 

•ignals. 

nnte, 
1889. 

Sacra
tuento. 

Jnne :: l . .. . 
.
1
. C:. H. S111clmr 

28· 

09 

July 

~ i N.. A. Mal"!" 

! I 

Verdi. 

N.. A. i\larr 

{ 

6 QO • .,,;: 

. .. . . •6.j5 
L ll. S.incla1r 

059i 
·6~~ 

'fransmission time= o'·oo.'3 ± o''OOI. 

Front 
Ea.stern or 

Verdi 
signals. 

m. s. 
S:. C•,3"149 

Mean 

f. 02·61S 

"6:!2 

l\Iean 

W.-E. 

"O.?:.? 

"Ol:! 

·020 

·01?. 

·010 

Mean of 
West and 

East 
.signal~. 

m. s. 
6 03 ·158 

·1:i6 

·099 
·07~ 

"1!4 

6 r_.2·62 ... ; 

"6" 

Personal Differ~nct" 
<iuati"on of longitude 

e . !JA. 

Ill. .. 
.; Q.?"';H-\ 

"88:? 

-~5$ 

-~:!';I 

+0·214 ·%; 

·sr; 
·s;~ 

'RS!' 

6 0!":568 

\Veightc:"d 111ea11 6 oo·Sf.6 

Personal equation Sin. ·- _M. = + if·246_ ± <;l'"OOi; same from weighted means=+ 0•·244. 

}. -r·.· 

·'· + "1)4~ 
+·0115 
.....: ·vrr 

- ·03j 

+·0i:-1 

" + ·011 

,_; -·v::;.,;o 

+·ot9 

±0"007 

At Sacramento. transit No. 1$ was mounted on the granite block pier of 1888 in the grounrl~ of 
the Capitol, on the east si.de of the building . 

. .\ t Verdi, transit No. 18 was mounted on a brick pier built on a slight elevation hack of l\lir. O. 
Lonkey's residence, about. one-third of a ~nile east of the central part of the town. 

b.. ,\Sacramento I T.sso.r.,) - Verdi ( T.so9 ) = 6"' 02'·866 ± o'"OOj. 



TRANSCONTINENTAL TRIANGULATION-PART VI-LONGITUDES. 

(r8) DIFFERENCE OF J.ONGI'£UDE BETWEEN VERDI, NEVADA, AND CARSON CITY, NEVADA. 

Date, 
1889. 

Observer at- Front 
·carson 'Vestern or 

City. Verdi signals. 

July 

July 

Verdi. 

6 

7 \. R. A. Marr ')I 
IO 

:~ l . I! ··· I . 
13 I L. · . ~tnc air 
q 

16 

111. s. 

I
. (•.,I\! ·~70 

·s.r 
C.H. $inclair.

1 

-~~~ 

. ·773 

R. A.Marr 

Trausmis,;ion time= 0"'007 + o"ooo 4. 

Fr•Jttl. 
Eastern or 

Carsl)n Cih· 
signals. · 

m. s. 
,, 5.:! ·~58 

·?,78 
·817 

·765 

'!\·tt-an 

,, :).? ·225 

·.;cq. 

·.=:~j 

·of::: 

·:--~, 

!\li:an 

W.-E. 

s. 
O"(•IJ 

·015 

·011 

·rxiS 

"•)I~ 

'•)It 

1_11,::; 

·oq. 

"(•.:!J 

'•)]$ 

·u1ri 

1\1(-::an 
of West 

anrl East 
5ig11al~. 

111 • ..\. 

.o .5:-·&14 
·SS(: 

- ·27..:. 
·2~1~1 

Personal Difference 
eqnation. of longitnde 

f:. A. 

s. 
-o ·0;3 I 

Ill. s. 
0 i;,2·591 

•(.13 

·503 

·.;~5 

'5ii 
',552 

·~.72 

0 s2·_;(.o 

'VeiglJted n1ea11 0 52 ·5f.o 

f. 

4 

l'ersonal equation Sin. - M. = + 0""275 ± o"ooS; same from weighted means=+ o'"2i3· 

1•. 

s. 
+ "(•31 

+·o,i:;_; 

-'(•II 

-·0~7 

+·015 
+ ·017 

-·oos 
+ ·012 

±o ·oos 

At Venli, transit No. I9 was t!lountecl on a brick pier built on a11 elevation back of Mr. 0. Lonkey's 
resi11.:m:e. about <:•rIC:-thin:l of a mile east of the centml part of the town. 

At Carson City, transit No. rS was mounte1'l on the transit pier in l\fr. Charles \V. Friend's obsen'-
0alory, 1Iear the corner of King- anrl Stewart streets . 

.6. ;\. Veri"li ( 1:.,.) - Carson City. Friend's observatory ( T.-;z.,) = o•• 52•·560 ±0"008. 

( 19) UIFFI•;1u:NCE I)!•' l,ONGI'£UDli BETWEEN CAl{Sl)N CITY, NEVADA, AND VIRGINIA CITY, NEVADA. 

From Frum 
\Vester11 , ,,. F.nsh:·r11 fJr 

(1hsc1"Vl:l" at-
IJ.alr.:, 
1S&J. Lar~o11 City. 

July 
,,.,, 
1<) •I ... I. 

I
. \,;,,, L ~111C M\" 

~I 

July 

,:1 I . . 
I
. R . .-\. 1\1:-.n 

25 
06 

Virg-ini:L 
City. 

Crtrson Citv Vir~iufa Litv 
signals. - ~ig-1ml~. · 

111. s. 

1<.. :\. 'Mn\·1· 

r 
,., o; ·9·'6 

"Q" -· II .. I . ",.J 
l:. · .S111c i.lll"·I , 

";-jil 

"')II 

Ill. >. 

Q ~:-:;·.i6;:. 

·423 

'4(1~: 

·4sf. 

!\It:an 

0 :?/ '91 I 
·~141 

"80 
·907 

'Mean 

Transmi,;sion .time very nearly zero. 

W.-E. 

.<. 

-O'•X•I 

'(J•)/ 

- "(ifJ.5 

"(r07 

'(tr15 

- "1)1_15 

'(NJ/ 

+ '((I.'.! 

+ ·004 

- 0 (11)2 

'Mean 
(1f \Vest 

and East 
signnls. 

m. ~\. 

•) ~s ·46i 
"-tO:•) 

·.vQ 
·450 

·937 

"Sjo 

·909 

s. 
-0"'2.f..j 

·9i:i1) 

\Veig;htc.::.<\ nv-=:an 

Ill. 

I 
0 oS »oc• 

"153 
·1,39 

·1S5 

·176 

·304 

'l,)i 

'Ii6 

Q ~~"Iii 

,, 28 "\6~=-

Pcr·,;011'11 cquntinn Sin. -1\'.l. = -1- 0•·265 + cf·oos: same from weighted means=+ 0"'26;. 

s. 
5 + ·032 

6 - ·ot5 

6 -"0=--9 

6 + "QI7 

!(• + "0''8. 

4 +·o.,6 
8 -·03r 

+ ·008 

±o"oo6 

At (arson City, transit N•). r8 was mounted on the transit pier in l\'.Ir. Charles ,V. Friend's observ
atory, near the i.:on11;er of King and Stewart streets. 

At Vir·ginia City, the station was located in the office yard of the ''Consolidated California and 
Vfrginia l\fines." directly opposite the depot of the Virginia aw-1 Truckee Railroad. Transit Ne•. 19 
\V3S. use1.l. 

.6. ,\ Carson City, Friend's Obserrntory ( T,~s-,) - Virginia City ( l~os.)) = o"' 28"168 ± o'-.x•6. 

i S73~-No. 4--5~ 



818 UNITED STATES COAST AND GEODETIC SURVEY, 

(20) DIFFERHNCE OF LONGITUDH BETWEEN GHNOA, NEVADA, AND CARSON CITY, NEVADA. 

Date, 
i8S9. 

Observer .. at Frotn Frotn 
\Vestern or· Eastern or 

Genoa: 

July ~ol 
31 J C.H. Sinclair Aug. 1 

2 

Aug, 31 . 
; R. A. Marr 

IO 

Csrson 
City. 

Genoa Carson 
signals. signals. 

R. A. l\iarr 

Ill. s. 

r 
0 J$"i9l 

"jjO 

l :~~: 
. 0 1$·235 . . I ·,So 

C. H. S111cla1r ., 
'"IO 

l .;55 

m. s. 
o iS ·795 

"i65 
·.;s, 

•731 

Mean 

0 J8"2:!7 

·267 

271 

•361 

Mean 

W.-E. 

s. 
-0·004 

+ ·005 

+ ·005 

·- ·007 

o·ooo 

+ ·oos 
+ ·013 

+ ·039 

·ooo 

+ ·01.+ 

Mean of 
'Vest and 

East 
signals. 

m. s. 
0 I~ "793 

·-;6S 
"68./ 

0 18 ·231 

·os~ 

Difference 
Pers~nal of longitude p. 

equation. b A. 

s. m. s. 
-0·223 0 18•571..1 4-

·540 4 
·461 s 
·504 

•454 3 
·497 

·51,, 

·5Sr 

0 18 '!=\U) 

Wdghted mean 0 1S·_i;16 

... 
s. 

+ ·054 

+ ·029 

-"0.5-5 
-·01~ 

-·co2 
- ·019 

-'i.J03 

+·o6s 

±0'01'2 

Transmission time variable on account of changes in the length of the circuit. For the 5 days, 
August l, 2, 3, 4, ,5, it was 0•·006. 

Personal eqmtti•m Sin~ - .M. = + o'"~.:!:; ± o'"or 5; same from weighted means = + o'·22,>,. 

At Genoa, transit No. 19 was mounted on a stone and brick pier in the vacant lot back of the 
store of Mr. Morris Harris. 

At Carson City, transit No. 18 was mounted on the transit pier in Mr. Char~es W. Friend's 
observatory, near the corner of King ano1 Stewart streets. 

A"-Genoa ( T,329 ) -Carson City, Friend's Observatory ( T.889) =o" 18•·516 ±0'·012. 

(21) DIFFERENCE OF LONGITUDE BETWEEN CARSON CITY, NEVADA, A.ND AUSTIN, Nii,VADA. 

Observer at- Fron1 
Date, \Vestern or 
1889. Car~on 

City. 

Aug. 181 _. 
: c. H. Sinclair 

21 

Aug. 24} 
~ R. A. Marr 

Austin. 

R. A. Marr 

Carson 
signals. 

m . .s. 

I !(I 45'51.l 
·~o~ · 1 -~,~ 
.... ,.., 

•" • r IO 44 "999 
C.H. Smcla1r l ·S7:!-

·s9.; 

Transmission time = o'·o34 ± cf·oo2. 

Fro111 
Eastern or 

Austin 
sig·na1s. 

Ill, s. 
"'45 ·458 

•447 
·.;6 .. ~ 
·411 

Mean 

10 44 ·928 

"804 
·;¢ 

Mean 

W.-E. 

·'· 
0·054 

·056 

·050 

·085 

"o61 

·071 

·i:6.S 

'i..19i 

"079 

Mean of 
We•t :me! 

East 
signals. 

m. s. 
10. 45 ·4SS 

·475 
·3S8 

·454 

'4,5•) 

Personal 
equation. 

s. 
-O":!yl 

IO .j.j "9')4 +o ·091 

·83$ 

·s+i 

·ss~ 

W<:ighted mean 

Difference 
of longitude 

6,A.. 
p. "· 

m. s. s. 
IO 45·1~14 I3 +"(•"6 

·i:l.J +"OJ~ 

"0<}7 6 -·071 
·163 5 - ·005 

0255 5 + ·o.'37 
'I:?9 .5 - ·039 

·1.35 - ·03:i 

I(> 45 'Jf)5 

IO 45 '16:3 

Personal equation Sin. - M. = + d'·2S4 ± o'·ooS; same from weighted means = + o<·29i. 

At Carson City, tra11sit No. 18 was mounted on the transit pier in Mr. Charles 'V. Friend's 
observatory, near the corner of King and Stewart streets. 

At Austin, transit No. 19 was used. The station w:ts just west of the Court-House. 
A"- Carrnn City, Friend's Observatory ( T,as.;) -Austin ( T,~,) =Id" 45"168 ± croq. 



'fRANSCONTINENTAL TRIANGULATION-PART VI-LONGITUDES. 

(:!:!) DIFFERENCE OF LONGITUDE BETWEEN AUSTIN, NEVADA, AND .EUREKA, NEVADA. 

Date, Observer at-
1889. 

Austin. 

Aug. 30 l 
Sept. ~ J c. H. Sinclair 

·' 

Sept. Sf 
6 

7 
R.A.Marr 

s 

Eureka. 

R.A.Marr 
{_ 

- H s· I. r \.:.. . me a1r l 

Frott1 
\Vestern or 

Austin 
signals. 

m. s. 
4 o; ·598 

·531 

'561 

·571 

4 27 ·os.s 
·085 

"14> 
'120 

Transmission time= 0"015 ± o''ooI. 

From 
Eas~trn or 

Eureka 
~ignfllS. 

m. s. 
4 >7 ·561 

·501 

·531 

·533 

:Mean 

4 >7 "(•]I 

·116 

•<JS.t 

Mean 

W.-E. 
l\le~n °~ . Difference 

West and Pers.,_nal of 1011 ,·t d , 
Ea~t i:.-quat1011. · . gi 11 e r· 

sigu.::il~. :.:::,.A. 

s. m. s. s. 
0 '03i 4 ::!.i ·579 -o ·223 

·030 ·_516 
·030 ·546 

·0.18 •552 

'?J+ 
·017 

·54S 

4 ~7 ·uSo 

"Uj::? 

'IV2 

·0915 

+0·223 

Weighted mean 

Ill. s. 
4 27 ·356 

·~93 

·323 

·329 

·303 

·295 
·,150 

·325 

4 :!j ·322 

4 27 ·318 

6 

6 

8 
6 

i 
6 

Per,;onal equation Sin. - M. = + o".:?26 ±0•·006; same from weighted means=+ c:/·22,:;. 
At Austin, transit No. r9 was mounted on a brick pitr just west of the Court-House. 

819 

... 

s. 
+ ·o.:.~:-.: 
- ·0.::5 

+ ·005 

+ 'Oil 

-· "OJ.5 

-·0.:03 

+ '•)34 

+ '1)07 

± o·oo6 

At Eureka, transit No. rS wr.s mounted at the station on the east side of the town, near the east 
end of Bateman street . 

.,6.:l Austin ( T,Ul9) - Eureka ( T.zs.;.) = 4"' ~7'"318 .::!: cf·oo6. 

(23) D!FFERJ,;NCE OF LONGITUDE BETWF.F.N EUREKA, NEVADA, AND SALT I.AKE CITY, UTAH. 

Dnte, 
1889. 

Oh~rvc1· at-- Fron1 
\Vestern or 

Eureka 
signals. Eureka. 

tiept.,., l 
11 

1 

c. H. Sinclair 
IO 

14 

Sept. 21 l 
:-3 

J

R.A. l\larr 
04 

05 

Salt Lake. 

it.A.Marr 
{

. ~:;· 15 ~623 
·1594 
'620 

•647 

C.H. Sinclair ·I 
16 15 •o67 

·167 

·113 

Transmission time= o'·o44 ± o•·oo::?. 

f1"1)111 
Eastern or 
Salt I.ake 

signals. 

Ill. 5. 
1,; IS ·565 

•596 
·s .. ::.o 
·540 

Mean 
16 15 ·ocq. 

·083 

"•)6$ 

·017 

Mean 

W.-E. 

s. 
o·o.::;S 

·09s 
·090 
'!Oj 

m. s. 
16 15·5·~ 

'645 

·575 
._,Q.j 

16 15 'i:.135 
'J.15 

'120 

\165 

·c.S6 

s. 
-0·261 

\Veighted mean 

111. .<. 
16 15·333 

._,_s.1 
·314 

·333 

·296 

·3:S6 
•3:)1 

·3~6 

16 15'.).!4 

16 15·337 

Personal equation Sin.- M. = + ,y-·158 ± 0•·007; same from weighted means=+ rf'·26r. 

s . 
6 -·0-4 

4 +·q7 
6 - ·c23 

5 ·- •,:-04 

9 -·0...i1 

s + ·049 

4 + ·o.;4 
-'•)]} 

± 0'')1)9 

At Eureka, transit No. lS was mounted at the station 011 the east side of the town, near the east 
end of Bateman street. 

At Salt Lake City, transit No. 19 stood oyer the old station pier established in 1869 in Temple block . 
.,6.1lEureka ll~.;s")-Salt Lake City l T18(9-9s) = 16"' 15•·337±0"009. 



S20 UNITED STA'.fES COAST AND GEODETIC SURVEY. 

(24) DIFFERENCE OF LONGITUDE BETWEEN' LAKE TAH01<:; CALIFORNIA, AND CARSON CIT\", 

NEVADA. 

Oh;eTveT at- Front Frotn 
Dati::, 'Vestern or F.asti.::rn or 
1S93. Lake Car:;on Lake Talwe Carson Cit\• 

'fa hoe. City. f.igna1~. signals. · 

m. .<. Ill. >. 
Aug. ·' l 

J 
0 ~4 ·4._;2 0 44 ·431 

4 ·400 •493 

~ l C. H.Sinclair G.Davidso11 ·48, '4/ ... ~ 

l •4;6 ·476 

s ".J47 ·430 

l\"lean 

Aug. ''l r Q 43 ·;94 0 4J ·785 

"73' 

w.-E. 

s. 
O'OUI 

'OC•;; 

·oi:.v;1 

"(11)1) 

'•)11 

·005 

"1)09 

'l)(l/ 

Mean of 
've~t and 

East 
signals. 

111. s. 
0 44 '4J.? 

·494 

·478 

'4j6 

·+JI 

·404 

Per~onal 
equation. 

s. 
-0·3ss 

o 43 "789 +o ·358 

"7.)5 

})ifference 
of longitude p. 'i'. 

(\I\. 

m. s. -'· 
Q 44 ·0;4 - ·03.:, 

·1 .. ;6 ·' +"OJ./ 
0 1.X• 7 +"Oil 

·us 4 + ""''9 
·oS ... ;.3 -·02ti 

·147 

~ 1 I G. na,·idson 

" 
C.H. Sinclair l '739 

. ·743 ·141 'CJ(;j ·;44 9 - "o<:•; 

l\Iean "ov.'3 

Transmission time= 0•·003 ± o•·ooo 5. 

·756 
\Veighted 111ean 

(1 44 ·109 

o 44 ·w9 

Personal equation Da. - Sin. =' - 0•·354 ± 0'·006; same from weighted means= - Cf·.~58. 

±o·ooh 

At I~ake Tahoe, transit No. IS was mounted on a brick pier on the east side of the road from 
Bijou to Glenbrook, near the Lake Side Tavern, at the southeast end of the lake. 

At Carson City, transit No. 19 was mounted on the latitude pier of I889 at l\Ir. l~rienrl's observa
tory. This pier was S·o15 metres= 0•·02.:: cast of the transit pier in the observatory, which was used 
for longitude work in 18·'39· 

,6.;t Lake Tahoe, southeast end ( T.s93) ·-Carson City, Friend's Observatory ( T.ss.,) = 44•·0Si ±Cf·oo6. 

(25) DIFFERENCE OF LONGITUDE BETWEEN SAN FRANCISCO, PRESIDIO, AND SAN FRANCISCO. , 

LAFAYEl'TE PARK, CALIFORNIA. 

Date, 
iS~i6. 

NfJ\'. 

JO 

Obsen·er at-

Presidio. 1·~!:i~~tt 

lI l 
13 J 0. B. French F. Morse 

14 

"" 

~7 

Fro111 
'\\<"esteru or 

Presi.dio 
signals. 

m. s. 
f () 05 "9+5 

·943 

·1 ::~; 
. ·842 

0 o6•ooS 

os ·9154 No' ~l 1· 

28 F. l\Iorse O. B. French .

1 

05·984 

~9 06·oi:•3 

30 00·013 

Transmission time = o'"ooo ± ct·ooo 3. 

From 
Eastern or 
Lafavette 

Park ~ignals. 

Ill. s. 
., os ·946 

'9-tJ 
"8i9 

·9~1 

·~43 

Mean 
o oo·-:o;i 

05·¢7 

05 ·987 

05·998 
cf.·013 

'Me:in 

W.-E. 

s. 
-0·001 

"1)1')1) 

"(II)~ 

+ '(V).? 

·001 

'O(oQ 

'(lrJI 

·00._; 
0 1:io3 

+ ·005 

"OQ<, 

'ooo 

Mean of 
\Ve.:;,t and 

Rast 
signals. 

m. s. 
0 0:;·946 

0

9H 

·90:'.-: 

s. 
+0·0.10 

o 06 ·oo:-S -o '•40 

05··~:-.t.; 

05 ·9:'6 
00"(1&)1') 

00·01.1 

os·~s 

\'\7eighted 111can 

"'· .<. 
0 (1,5 ··.l~:!) 5 

·~83 s 
·91S 

·97•J 
·SS.:! 5 

":'68 

·9:-6 4 
·946 "' 
·¢iv 

'97.~ 

,, 0,5 -~15l 

0 05"':l5.'.! 

Personal equation Mo. - Fr. = + o'"04-3 ± O"·ooS; same from weighted means = -i. <>' 0 040. 

.... 

s . 
+ ·03,4 
+·o_;l 

-·1.."34 
+·i:118 
-·07•J 

+·016 
.- "QJI;) 

-'t)(6 

+ 'f"J.)$ 

+·021 

±o·rxq 

The Presidio station was established in 1896 in the Presidio Military Reservation. Transit No. 3 
was mounted on the west pier in the frame observatory. 

At Lafayette Park, transit No. 4 was mounted on the westen1 or standan.l pier of rSSr. 

,6.;t :5an· Francisco, Presidio ( T,8?6.97 ) -·San Francisco, Lafayette Park ( i,,,.,,.,7) = 5•·952 ± c:r·oo7. 
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(26) Dll'FERF.NCE OF LONGITUDE I!IO:TWEEN WASHINGTON, DTSTRJCT OF COLV11IRIA 1 AND 

DOVER, DEI,AWARE. 

Date, 
1897. 

Obser"·er at
Coastand 

Geodetic Snr- Do,·er. 
,·ey Office. 

:\1ay ~ .

1 ~ ; f C. H. ~h~clair 

l~ 

0. B. French 

May 17 isl 
I 

o. n. French 
i9 
,0 

From 
\Vestern or "Fron1 

~?=.~~1 :;;~1 E~~,~~~ or W.-E. 
Surve\' (rffi.ce signals. 

sigiials. 

m. s. 

I
. s 56 ·sis 

"iSI ., 

.5 56·~0 
·088 

''4" 
·071 

m. 
5 

s 

s. 
56 ·702 

"6i9 
·711J 

·r:.1~:-i 

l\-Ieau 

sr:.·1f:1 
·~oi.:1 

·177 
·::w 

l\h:an 

s. 
')"c"J?r) 

'11)2 

'llJ.? 

·.,,;4 

·~1 

·059 

'Oi9 

"((13 

·ooi 

·065 

Transmission time with repeater= 0•·047 ± 0"'·~2. 

'rransmission time without repeater= cf·o31±0"001. 

Mean of 
\\7est and 

East 
signals. 

Ill. s. 
s s6 ·7;0 

'i30 
·761 

·f.~t 

5 .56'.?10 

·249 

':!09 

·~27 

Differenc.; 
Perso.nal of loni,,>itude p. 
e'1nat1011. !::,.A. 

5. m. s. 
-0·251 5 s6 ·5i9 5 

·479 s 
·5ro 4 
·400 4 

·461 
·500 

".,\.6i:-i 6 

·4-;i1 

5 ~.6·47S 
'Veightecl iuean 5 56·479 

Personal equation Sin.-Fr. = + o"·25I ±0'·012; same from weighted means=+ o'·25r. 

S21 

.... 

s. 
+··:..to 

·ooo 
+ '031 

- '1)71_) 

-·018 

+ '0'1 

-·019 
+·01.:! 

±0·009 

At \V:Jshington, the station of the Coast· am1 Geodetic Survey Office was used. Transit No. I9 
wns mounted on the east pier, in the small woc•den observatory. in the lot south of the ofl1ce building. 

At Dover, transit No. rS was mounted on a brick pier in a lot just east of and adjoining the 
Court-House. 

LI). \Vashington, Coast and Geodetic Survey Office ( Tis.:.o-:>1 ) - Dover ( Tis91 ) = 5"' 56•·479 
±0'·009 .. 

( 27) DlFl'El<ENCE c)F J.ONGITUDF. BEl'WfiEN UKIAH, CA!,IF(IRNL\, AND SAN FRANCISCO, PRESIDIO, 

CALIFORNIA. 

01):-;er,·c.,· at-
Ukiah. ~au Francisco. 

From 
Western or 

Ukiah 
signals. 

Ill. s. 

Fr01n 
Eastern 
or San " 1 .-E. 

Francisco 
signals. 

m. s. s. 

Mean of 
\"\.,.est and. 

East 
signals. 

m. s. 

Personal Difference 
equation. of longitude p. 

611.. 

s. Ill. s. 
Nov,1;1 

r 
3 01 ·7~5 

23 ' H .. I . H. P. Rittet· 
"8jO 

JC. . ::>me air l 
.3 01 ·701 0·004 

·So, ·oos 
3 o1 ·7r3 

"836 
·770 
·700 

-o •340 I 3 01 •37._-:, 

'40 
"4._:;0 

$. 

-·04s 
+ "OiS 
+ ·009 
- ·o39 

Dec. 

05 753 
07 ·740 

: } H. P. Ritter Sinclair { 
3 01 ·o&i 

C.H. ·i37 

.1 ·o6S 

'rransmission time= Q'·or7 ± ct·oo2. 

"75i 
·705 

l\Iean 
.3 01 ·001 

·102 

·034 

l\Iean 

·026 

·035 

·03S 

"0:?3 

·0.35 
·034 

'C•,31" 

·700 

3 01 ·072 

·120 

+0·340 

"oSI 3 f"JI ·4:::1 

Weighted mean 3 01 ·.i21 

Personal equation Sin.-R. = + d' ·340 ± 0'·009; same from weighted means. 

-·009 

I • + ·039 
-"OJO 

±0·013 

The Presidio station was established in I896 in the Presidio Military Reservation. Transi~ No. 3 
was mounted m; the. west pier, in the frame observatory. 

At Ukiah, transit No. 4 was mounted on a brick pier, near the southeast corner of the lumber 
yard of F. M. Mason. It was ro5"•·20 south, and 36'"·99 (or cf· 100) west of the flagstaff on the Court-
House cupola. · 

LI.A Ukiah ( T,.897 ) --:- S_an Francisco, Presidio ( T.s96.91 ) = 3"' oI''42I ± o''OI3. 
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(2S) DIFFERENCE OF LONGITUDF., BETWEEN SAT.T r, . .\KE CITY AND GREEN RIVER. urAH. 

Obsen·er at-
IJate, 
189-S. SaltI.ake. Green River. 

From 
'Vestern or 
Salt Lake 

signals. 

m. s. 
Ang. 

II . rs· 1. r 
6 55 ·440 

~ F. l\'lorse 
'467 

L. •· • me air l ·403 

9 'H7 

Ang. 

131 
F. Morsel 

6 55·~.t) 

14 • .• • "845 
~ C.H.81nch1r 

'9''5 "' 
17 ·ss.i 

Transtnission tiine = 0'·020 ± 0*·002. 

Frotn 
Eastern or 

(:rreen River 
signals . 

m. .. 
6 55 ·~17 

'426 

"381 

'402 

Mean 

6 55 "834 

"ii9 
"863 
"$3~ 

Mean 

W.-E. 

t. 
(• "02J 

·041 
"(1,2'.l 

"='45 

"1..•.3.) 

·03':! 

·@ 

·o .. p 

·046 

'047 

~~:~1~~1~l Personal l>ifferc;nce_ 
East equation. of long1tndt: J>. 

signals. D,A. 

m, £.. s. 
6 .55 ·.p~ +o ·~13 

·447 

"124 

6 55 ·.C"\51·, -o·~r3 

'SI.:? 

•.$$4 

'SI\! 

"'fighted 111ean 

111, 
i; 

.; 

6 

... 
55 ·('41 

•(.60 4 
"6o),:I 5 
'6,17 6 

·637 6 

·599 
·671 

·6.iS 

;.5 ·~.)7 
_c-,5 ·t.:~..i. 

Personal equation Sin.--1\fo. = + 'J"'::?IS ± 0•·009; same from weighted means=+ 0•·213. 

s . 
+ ·007 
+ .. ,,,; 
- ·0~9 

+ ·oo,; 

-1- ·oc.3 

- ·035 

+ ·0.-=.7 
+·oq 

±O"oo6 

At Salt Lake City, transit No. IS stoo<l over the old station pier established in IS69, in Temple block. 
At Green Rh•er, transit No. 19 was mounted on a brick pier west of the depot, 011 land belonging 

to the railroad company. 
b,.;\. Salt Lake City ( T,8.,,.if<) - Green River ( T,Sif<) = 6"' 5~•·6,W ± 0'·006. 

(29) DIFFERENCE OF LONGITUDE BETWEEN OASIS AND SALT LAKE crn:, UTAH. 

Observer at- Front 
Date, Western 
18'=18. . Oasis. Salt Lal<e . or Oasis 

signal~. 

Fron1 
Eastern or 
Salt Lake 
signal~. 

W.-E. 
~;;~,~~~l Pt:rsonal Differ~nce _ 

East equation. of long1tnclt: p. 
signals. /j,A. 

Ang. 

Sept. 

m. .. m. s . s. m. s. s. Ill. t. 

2~ l F. Morse· C.H. Sinda;r I 2 56 •330 0 56 ·307 

·32j ·29s 

·o J ·g3 •349 _, 

31 ·~1 '263 

0 ·~"l:!.:. .? .;6 ·318 +e:: ':?lI 

·o.F ·311 

·024 •;:/.•l 
'•)29 ·277 

2 56·5:!9 
·522 

·~·i:!. 

·4S8 

M~an '•):!.7 ·3r7 

: ) . I . 
F. Morse I 2 56 '7.52 .? :l.1"717 

·;56 'i3I 
; JC. H. Smc air 

·731 ·7,"5 

4 ·739 'jl:! 

'l.i25 .? 56•740 -(•':!.II 

'\.i25 '743 
·o~ 'iI9 
·027 'j.?f. 

·529 

·53.:0 
-~.o.$ 

·515 

Mean 0 56·514 
Weighted mean 2 56"521 

Transmission time = o'·or3 ± o•·ooI. 
Personal equation Sin.-Mo. = -+- r.f·:mS ± o''oo7; same from weighted means= -+- o''::?I I, 
At Oasis, transit No. I9 was mounted on a "brick pier southwest of the depot. 

4 
4 

4 

5 

5 

4 
6 

~·. 

s. 
+ ·008 

+··:iOl 

+"1)_)1 

-·1..\t) 

+ ·oos 
+·011 

- ·013, 
-·ooo 

±o·ci06 

At Salt Lake City, transit No. 18 was monnted over the old station in Temple block, established 
in I86~i. 

L:i..1. Oasis ( T,Ss>s) - Salt Lake City ( T,8.;,.if<) = 2"' 56•·521 ±o''oo6. 
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C. SYNOPSIS OF OBSERVED DIFFERENCES OF :i."~CNGITUDE. 

No. Yt:ar. Month. "'estern station. Refer
t:"nce. Eastern station. Rder

..::nce. 

Oh,..o:-n•e<l Prnb- n.edp
difference ablf" r<_,,cal 

of er - r _,f 

3 
4 

5 

6 

7 
s 
9 

l(J 

ll 

17 

18 

01 

22 

187•) July 

1%1 June 

1~;81 Nov. 

1S:O::i Ni::,,·. and Dec. 

rSS1 July nnd Ang. 

188_:, An:;. ancl Sept. 

i~B~ S1..:pt. 
1~~:;5 ~cpt. an1\ Oct. 

t)i.:t. 

Jnni: and July 
July 311d Au~. 
M:-iy n.nc\ Jun..: 
(h,:t. :J.llcl N°O\', 

18.5') Jnn. 
18~9 j;:i,11. and Fl:h. 

JS.°'9 Ft:h. :ind Mn1·. 

lS'.89 Jun~ an<\ July 

1889 July 
1889 J111y 

1889 J1!ly a11d Ang. 

JSS..J Aue!. 
i&S9 Ang. an\\ ~e.pt. 

188~1 :o;ept. 

1893 Aug-. 

1S96 NO\'. 

18')7 1\·l:ty 

1897 No\'. ant\ Dec. 

iS9S Aug-. 
1898 Ang. i.01'\ Sept. 

Park<:rsburg. Ill. 

Strasburg, Va. 

Vincennes, Ind. 

Saiut Lonis, Mo. 

Clmrlottes\•ille, Va. 

Louis\"ille, Ky. 

El\sw()rth, Kans. 
Wallace, Kans. 
Colon:i\l•:i Springs, Colo. 
Gunnison, Colo. 
Grand J1111ction, Colo. 
San Francisco, Cat. 
San Francisc•), Cal. 
Pi:·int An::na, Cal. 
Point Areun, Cal. 
l\Inry."dlle. Cnl. 
~acrc.ln1en\.o, Cal. 

Verdi, Ne\'. 

Carson City, Ne\·. 
Genon., Ne\·. 
Cars•)n City, Ne\·. 
Au~tin, N't.!v. 

Huri:ka, ~e\•. 
Lnke "fahoe,SE.,Cal. 
San Francisco, Cal. 

'Vashington, D. C. 
trkiah, Cal. 
Salt I,ake City, Utah. 
o:isis1 Utah. 

longitude. r•J · weight. 

Ill. s. ·'-

Tr. 1·1·"5-' ( Dome, 
·l old site 

5.5. :;'TJ ± 0 ·040 16 & Detroit. Mich. 

Tr. Washington, D. C. 

Tr. Nash,·ille, 1.'enn. 

·rr. 188.:? Vincennes, Ind. 
Tr. 
Tr. 

·rr. 
Tr. 
'fr. 

Tr. 
·rr. 
'fr. 

·rr. 
L. l'. 

J,. P. 

\Vashington, D. C. r Dome, 
"l <,Id site 

Charlestc•u, W. Va. 
Kansa; C\ty, Mo. 
Ellsworth, Kans. 
\Yallace, Kans. 
Colorado Spri ng!",Colo. 
Colorad0Spri11.:;s,Colo. 
San rrandsco, Cal. 
l\fount Han1ilt•)n 1 Cal. 

'l'r. San Francisco, Cal. 
Tr_ Sacramento, Cal. 
'fr. Sacranu:nto, Cal. 
Tr. VenH, Ne.\~. 

Tr. Carson City, Ne\'. 
Tr. 1S~9 Virginia City, Ne\'. 

Tr. Carson City. Nev. 
Tr. 1889 Austin, Ne\". 

Tr. Eureka, Ne\~. 
Tr. Salt J.ake City, Utah. 
'fr. Carson City, Ne\·. 

Presidi•) San Francisco, Cal. 

Office 

Tr. 
Tr. 
Tr. 

Dover, Del. 
San Ft"ancisco, <:.al. 
Green River, Utah 

Salt Lake City, Utah. 

Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 

W.$q .• 

Ob~y. 

L. P. 
Tr. 
Tr. 
Tr. 

Tr. 18&.J 

1'r. 

'l"r. 1~:~·? 

Tr. 
Tr. 
Tr. 

Tr. 1839 
T •. P. 

Tr. 
Presidio 

Tr. 
'fr. 

10 4 .. 1> ·235 

}ss3·1s7 
16 31 ·506 

14 32·9't'.-0 

13 .:!7":!.68 

I:! 54 ·S22 

s >s ·335 
T-J. 58·891 

() 04 ·420 

•"!/ ·900 

''4 ·246 
~~ 4B ·tqs 
0 .'.?2 ·799 
6 02 ·SiY0 

o 52 ·soo 
o ~s·1i:.s 

0 18·516 

l(• 45 ·168 

4 27 ·31S 

16 IS'J .. 17 

0 44 'oS7 

t) (•5 •952 

5 56•479 
3 01"4::?1 

6 55 •t)3~ 

s6·521 

·u20 

"i;)j 

·007 

"•"',7 
"0<>8 
·006 

"(1[.1 

3 

2 

4 

2 

2 

In the above measures there are 4 i~1depende11t conditions to be satisfied. Vin
cennes connects with ::?· stations whose longitudes were fixed by the adjustment of the 
longitude net (Appendix No. 2, Report for iS9J°l. Point Arena also connects with 2 

fixed stations. The adjusted stations Colorado Springs and Kansas City are connected 
by a chain of 3 links through \.Vallace and Ellsworth, and Sacramento and Salt Lake 
City are connected by a chain of 5 links through Verdi, Carson City, Austin, and 
Eureka. 

D. ADJUSTMENT OF SECONDARY STATIONS AND REFERENCE TO 
STANDARD LONGITUDE NET. 

What little adjustment is necessary in determining the ·longitudes of these sec
ondary stations is made according to the method explained in full in connection with 
the adjustment of the longitude net. (Appendix No. i, Report for 1897. l 'rhe 
weights used are derived from the probable errors of the observed differences of longi
tude. 

The .reciprocal of the weight given in the last column of the preceding table or 
I . p = u = E0 

/ ro4, any probable error less than ± o•·ooS being regarded as indicating a 
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fictitious accuracy. The nearest integer in the value 0f it is as great a refinement as 
the circumstances will warrant. 

'With respect to the probable error of a resulting longitude, it was found that the 
probable error of longitude of stations in the longitude net varies from ± o-<·049 at 
Washington to ±0'·055 at San Francisco. The probable error of the secondary longi
tudes may safely bt taken as only slightly in excess of primary stations in the same 
locality, say, about ± o-·050 for stations as far west as Charleston, \Vest Virginia, and 
± o"·o55 for stations farther to the west. 

AflJUS'J'MEN1' OF 'fHF. I.ONG T'IUDF. 'IlUANGI.ll. ST. I.OUI:>-NASHVII.I.ll-VINCENNES. 

No. Weste~n station. Eastern station. 

St. Louis Nashville 

3 Vi11ce:1111es Nashville 

4 ·St. Louis Vincennes 

Observation equation 
Nonna! equation 

CJbst::rved 
,0,A. 

"Ill, s. 

.., 57 ·891 

IO 43':?35 

0 = -o" ·047 + (3) + (4) 
O= -· ·047 +4C 

11=.!. 
1' 

Correction. 

s. 

+0·035 

+ ·012 

(-= +o''Oll 8 
(3) =+ ·035 
_(4) = + '012 

Adjusted 
t;.A. 

111. s. 
13 4r ·173 

2 57·926 
10 43·247 

ADJUSTMENT OF THE LONGITFDI~ POJ,YGON COLORADO SPRINGS-1.VALLACE-EJ.JSWOR1'H~l~ANSAS 

CITY. 

No.53. 

Colorado Springs 
--- -- Ka;nsfLS Cit-y 

~~ ~' 

w~zia-ce.---.---.Eiisworth 

No. Western station. Eastern station. Ohsen·c::d 
L,,A. 

I ll=p· Correction. 

7 
8 

9 

Colorado Springs 

Ellsworth 

Wallace 

Colorado Springs 

Kansas City 

Kansas City 

Ellsworth 

Wallace 

Observation equation 
Normal equation 

11/., s. 

I4 32 ·980 

13 27 ·268 

12 54·822 4 

+0·040 

+ '0 39 

+ ·157 

o = - c• · 236 + ( 7) -i- ( 8) + ( 9) 
o = - ·2.16 +6c c = + o" ·039 3 

(7) =+ ·040 
(8) =+ •039 
(9) = + ·157 

Adjusted 
L,,A. 

Ill. s. 
40 55·306 

I4 33·020 

13 :?7 ·307 

12 54·979 
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ADJUSTMENT OF THE r.oNGI'IllDH POJ,YGON SACRAME?'!O-\'ERDI-CARSON CITl'-AUSTIN-EllREKA

SAT.T I.AKE CITY. 

No. 

I7 
rS 

2I 

22 

23 

:No. 

14 

IS 

'Vest(:rn ~tation. Easte1·11 station. 

Sacramento Salt Lake City 

Sacramento Verdi 

Verdi Carson City 

Carson City Austin 

Austin Eureka ' 

Eureka Salt Lake City 

Obser\"er.I 
.0,11.. 

Ill. s. 

6 02 •866 

0 52 ·56o 

IO 45 ·r68 

4 27 ·3r8 

r6 r5 "3.H 

! 
ll=-. . p 

2 

L.orrecti1..111. 

s. 

-O"OJ6 

-0·006 

-O"O!I 

-0·006 

-0·006 

Observation equation 
Normal equation 

o= +0"035 + ( 17) + (18) + (21) + (22) + (23) 
o = + o ·035 + 6C C = - o ·005 S 

( 17) = -o'"oo6 
( l8) = - ·006 
(2!) = .- 'QI! 

(2.:!) =- ·006 
(2J) = --:- "oo6 

.:\i"iju.;;.ti:~l 

,~·'· 
m. s. 

,38 23 ·2q 

6 02 ·S6o 

0 52·554 
IO 45 · r57 

4 2j ".)1.7! 

16 rs ·331 

:ADJUSTMEN"r C•F THH r.ONGlTUm;: TRIANGr.n SACR.-UIENTO-SAN FRANCISCO-POINT ARENA. 

No.55. 

l:_t . ./lren<P 

' --' ...... ...._ .... 
' --',, L----.,{3acra;men±o 

. ' 
'',, 'San. Franci-sco 

\Vestern station. Eastern station. 

Sa 11 Francisco Sacramento 

Point Arena San Francisco 

Point Arena Sacramento 

Observation equation 
Normal equation 

c)bsi::rved Ii=.:.. Correction. j:,11.. 

II?. s. 

s 04·;q6 

8 48 ·67s 

0 = - o' ·045 - ( I4) + ( IS) 
O= - • ·04s+ 2C 

p 
s. 

-O'O:?J 

+ ·022 

C=+o·o.:?2 S 
( 14) = - o' ·023 

(rs)=+ ·022-

Adju~h:d 
/~A. 

m. " 
3 44·4;4 

s 04·223 

.s 48·697 
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E. RESULTING STANDARD LONGITUDES. 

'fhe following ,tandard longitudes west of Greenwich are taken from the adjustment 
of the general longitude net: 

Cape l\1ay, Transit, New Jersey 
Washington, Transit, United States Coast ancl Geodetic Sun•ey Office, District of Columbia 
\Vasl1i11gton, Dome of l;nited States Naval Obsen·atory, old site, Distri~t of Columbia 
\Vashiugto11, clock roo111 of United States Na\?al Observatory, new site, District of C.olu111bia 

*Deu·oit. Transit of 1891, l\.Iichigan 

Ch1cin11ati, Donte of l\'lount Lookout Observatory, Ohio 

Louisville, Transit, Ken.tucky 
* Nashdlle, ·rransit, Tennessee 
Saint Lr)uis, Transit of ISS~. l\fissouri 

Kansas City, 1'ransit1 l\Iissouri 

C•:ilorado Springs, Transit of 1885-86, Col•)rado 

Salt Lake City, Transit, l'tah 
Og:den, East Transit in west roon1 of Engineer's Obsen,atory. Utah 

Sacramento, 'l'ransit, California 
Sau Francisco, Transit, Lafayette Park, California 

Tin1t:. • 
h.111. s. 

4 59 43 ·045 

5 o~ or ·709 

s oS 12·153 

S oS I5"784 

s 32 II "830 

5 37 -11 ·398 

s 43 03 ·636 

S 4 7 oS .• ,~.) 

6 00 49 ".?56 

6 18 21 ·404 

6 S9 16 710 

i 27 3.5 ·173 

7 07 59 '700 
s 05 58 ·3$7 

8 09 .p -~:61 

Arc. 
0 

74 55 45 "68 

77 00 .?5 ·64 

77 03 02 ·.30 

77 0.3 y; ·76 

83 02 57 ·45 

84 25 20 '97 

Ss 45 54 ·54 

864701·24 

90 12 IS ·4 

94 ·'' 
..?I "o6 

104 49 10·65 

I !I 5,~ 47 '6o 

Ill 59 55 "5'} 

I.H ..?•.:i .35'8o 
l.?2 25 4.? "9..:? 

By combination with the differences of longitude on preceding pages, the following 
additional longitudes of stations along the arc are obtained: 

Do"er, Transit, Delaware 
Strasburg. Ti-ans.it. Virgi11ia 
Charl•Jttes,·ille, Transit, Virginia 
C\larlest0:11 1 Transit, 'Vest Virginia 
Vincennes, Transit, Indiana 

Parkersburg, 1'riangnl:ition Station, Illinois 
Ellsworth, ·rra nsit. Kansas 
\Vallace, Transit, Kansas 
Gunnison, 1·1·a11sit, Colorado 
Grand Jtmction. Transit, Colorado 

Green Rh·er Transit, Utah 

oasis. Transit, Utah 
Eureka Trant"it, Ne,·ada 
Austin, Transit, Nevada 
Virginia City, Transit, Nevada 

Carson City, Transit of 1889, Nevada 
Genoa. Tran$it, Ne"ada 
Lake Tahoe. Southeast. Transit, Califon1ia 
Verdi. Transit, Ne\.·ada 
Marysville, Transit, California 

Mount Hamilton, J.ick Observatory Transit honse, California 
San Francisco, Transit, Washingtori Square, California 
San Francisco, Transit, Presidio, California 
Ukiah, Transit, California 
Point Arena, Transit, California 

~Not on the tr~11sconti11eutal triangulation, 

Tin1e. 

/1.111. s. 
5 0.1 05 ·~30 

5 1.) ::6·3So 

5 l4 0.5 ·340 
5 26 3~ "I31) 

5 50 QI) W~} 

5 sr 07·~:?\J 
6 3J 54 ·424 

6 46 JI '/31 

7 07 42 '•'45 

7 ·q 15 ·6o1 

7 20 .3'?"5 .. '9 
7 30 31 "694 

7 43 50·504 

7 48 17 '816 

7 58 34 ·sos 

7 S9 OJ '973 

7 59 JI '48() 

7 59 47 ·ofo 

7 59 SS ·52; 
s o6 21 ·186 

s 06 34 ·595 
$ 09 38 ·441 

s "9 48 •$13 

s I2 50·234 

8 '4 47•084 

Arc. 
C• ' 

i5 3I IS ·45 

78 ~I 35 "iO 

78 31 :!t) ·rn 
81 J-~ OI "9S 

Si 3r J•.J ·14 

88 OI 48·30 

98 I.) .)6 " .. 1..6 

IOI 35 25 ·96 

106 55 JO "68 

IOS 33 54 ·02 

IIO c9 53 'oS 

112 _q 55 ·41 

Il5 57 ._:;7 ·56 

IIi a+ 27 ".1.J · 
II9 38 -12 ·os 

II9 45 44 '60 
II9 50 ::!.1 "J.J 

I 19 56 45 '')'> 

119 58 5.? ·90 

I.U 3..ll 17 "79 

1.u .. ~s 4.3 ·42 
122 24 36 ·02 

I.1~ .1/ 12".10 

I.13 I.1 .$3 "SI 

123 41 46 "26 
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THE GEOGRAPHIC POSITIONS AND COMPARISON OF THE 
ASTRONOMIC AND GEODETIC RESULTS. 

PRELIMINARY COMBINATION OF AMERICAN ARCS FOR 
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VII. THE GEOGRAPHIC POSITIONS AND COMPARISON 
OF THE ASTRONOMIC A.ND GEODETIC RESULTS. 
PRELIMINARY COMBINATION OF AMERICAN ARCS 
FOR DETERMINING THE EARTH'S FIGURE 

A. GEOGRAPHICAL COORDINATES OF THE STATIONS COMPOSING THE 
TRANSCONTINENTAL TRIANGULATION AND THE MEASURE OF 
THE ARC IN ~ATITUDE 39°. 

The angles and length of sides of the triangulation extending from the Atlantic to 
the Pacific Ocean along the parallel of 39° were given in Part III. These data were 
derived from the adjustment of the angular measures in order to satisfy the internal or 
geometric; conditions of the triangulation as well as to produce perfect accord between 
the measured lengths of the several interspersed base lines. The next step to be taken 
was a preliminary computation of the geodetic coordinates of the astronomic stations, so 
that the astronomic and geodetic results could be compared and standard g<'Oddic data 
(latitude, longitude, and azimuth) determined. This first or provisional systematic 
position computation over the adjusted triangulation was started in the East, before the 
adjustment of the western part had been completed. It ·was based upon the Clarke 
Spheroid of 1866, and was made by means of the formulre customarily employed on the 
Surv~y. Their derivation together with· the tables for facilitating their use will be 
found. iu Appendix No. 9, Coast aud Geodetic Survey Report for 1894, pp. 279-,)48.* 
These fonnulre are: 

J - bi. <p = s cos a . B + s" sin °a . C + ( I) <p )
0 

• D - Ii s• sin° a . E 

I 
D.. ,\ = s sin ,y sec <p' . • -l 

-b.,<r=f:).,l sin-} (.P +qi') sec-!; (D,,.cp) + (D,,.-\)3. F 

l <p' = 'P+A<P 
where A'= ,l + f:).,l _ 

<t' = ,r + D,,.a + J.';0° 

and -o<p=S cos a. B-t-s" sin• a. C-l1s" sin° a. E 
also 11 =S cos <t. B 

These fonnulre answer for triangles of ordinary size, but for sides much exceeding 1° 

(or 111 kilometres) an additional term iu the developmet~t of the expression for 
- b. <p may become sensible, viz.-

- ! s"C,E + j s" cos• a. C,E + ~ s° cos" a sec" <p . .4°. C, arc• 1", where C, = s0 ~in• a. C 
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as developed by Mr. !VI. H. Doolittle. This term only demanded attention for the longer 
sides of the triangulation across the western section of the arc.* 

Respecting- the nature of the curve connecting two triangulation stations, we 11]a_\" 
regard it as a line .of alignmenti- (Clarke) at every point of which the'azimuths of tho: 
terminal stations differ rSo 0

• It has the advantage over a geodetic line of having the 
direction of its first element ds at each station· coincident with the direction of 
the theodolite vv:hen pointed to the opposite station, whe1:eas in the case of the geodetic 
li1ie there is an abrupt angular deviation which calls for special computation, since 
the line is not directly observable. Both curves are tortuous. With respect to length 
between two fixed positions, there is no practically appreciable difference whether we 
conceive the connecting line to be an elliptic arc, a line of alignment, or a geodetic line. 
The line of alignment, like the geodetic line, ordinarily lies between the two elliptic 
arcs, but the latter line may deviate widely from or be wholly outside them under 
certain conditions. depending upon near equality in the latitudes of the terminals. 

The geodetic positions of the astronomic stations as derived from the provisional 
position computation and checked by a double computation are given in the following 
table of comparisons of astronomic and geodetic values.· The astronomic latitudes are 
taken from Part IV, azimuths from Part V, and longitudes from Part VI. 

B. COMPARISON OF ASTRONOMIC AND PROVISIONAI, GEODETIC 
MEASURES. 

No. 

I 

I 
4 I 
s 
f. 

8 

'? 

'" 
II 

12 

13 

14 

I 

O II 

Provisional positi0;1 of station "Hays." .ti :~ : ~~ :~ -~~ :;~ 
a = .359 -l-l 19 ·oo to Lacrosse. 

L J.ATITUDES. 

G1111paris<111 qfaslro110111i<- and p1"-o~·isio11al g,:oddi< latitud,·s. 

Sec- Sec-
01,St:-1"\led onds of 

N·an1e of astronotnic C>Lser,·ed onds of 
Nan1e of astrono111ic astronomic N:~1~ _(.e.t.) No. astronomic static.in. latitude. s.tation. latitude. la ti-

tude. 

0 I 0 I 

Cap1~ May (a~tronmuic 

I 
15 United States N•wal Ob-

station) ,):-3 ,;.; 44 "63 47·r"J -2·w sen·atory, new (clock 
C:ape tte11lt..1pt:-n 3s .io 40 ·c.·i 40·57 .....:o ·50 

I 
1"00IU) 3i.i 55 13 '74 

Il•J\"er 39 09 13 ·47 19·18 -5·71 16 Causten J~ s:i ,3.=!'0.:! 

l'ri11dph.1 39 .35 .~i ·75 35·q -2·;19 17 Georget(1\\'ll College Ob-
Poole Island 39 17 17 ·s~ q. "IJ +.\·4, I sen·atory (cltJ111e.1 3:) 54 .:-5·79 
C:ih·~rt :;8 " 31 "/l ,32 "jt$ =:. ~~~ I 18 R1x:k. '\"il te .)•) <;5 10"42 

Taylor 3:) .59 46 ·07 46 ·9-1 
I 

19 Sugar Loaf 39 I_<; 49"54 

Marriott 38 S:? 2) ·os 26·.:-S -I ";?,1, I 20 Maryland Heights 39 .Y1 ,;2·1~1 

\Vebh .39 o:; 25 ·35 2-i ·7r:. +•)"59 I ,, Bull Rttn 38 52. ~·70 
Hill :;S. S3 52 ·36 52 ·$,:; -0·17 -- Strashurg .38 50 3r ·s6 
Soper 39 05 10·61 IO ".jO +<":I .:?3 Clark !llountain 38 rS 39·60 
Seaton .. ,s 53 :::!5"r2 ~7 '.j2 -2·,~o :q Ch~1rk1tt..;o~dlll:!', l\IcCor-
Coast and Geodetic Sur- 111ick Obsen·atory 

,.ey Office,ob.•enatory (transit) 38 01 61 '"9 

in y:ird .>S 53 07 ·35 10"60 -3·25 25 l,f)ng !\'lonntain 37 17 28'8.J. 
Unikel ~tates Naval Ob- I 26 Elliott Knol·· 38 O;J 57·oS 

serv,<tr.ry, old (dome) ~f~ 53 :,.~·;S. 4•:. ·72 -I"~' :?j Ke1::.ney 37 4.') '23"•)7 

*Fa.)\' lln: line lhepah to (lgc\en Pt:ak, :i.:,o kilo111etn:s in length, this term mn(·unt~ to 0"·038. 
t Hremikt-r'~ .. Felr:llinie." 

geo~ 

tletk 
la ti-
tude. 

1.5·49 

~~3 ·.p 

>S ·40 
,~~·c:;s 

44 ·~5 
~I) \1•) 

~2 '6t: 

2~"4J 

39"8J 

56·52 
;:>6·10 

5S·u 
24 "1'2 

/j,q> 
(.'1:-G) 

-·r ·75 

-1·39 

-2°61 

+0·74 

+5".'.!9 

+s·29 

+4 ·04 
+3"1,1 
-0·2·:: 

+4 ·57 

+>"7.J. 
-I'O.) 

-1·05 
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G>mpa1·iso11 of astro110111ic <111d p1vZ'isio11al geoddic /atitud,·s-Con~pleted. 

No. 

33 

34 

35 
36 

37 

41 

40 

43 

44 

45 
46 

Name of astrono111ic 
station. 

Charleston 
Piney 
Gould 
l\.Yin-=:n·a 
1\:1(•\\nt Lookl)ut Ol:>Ser-

,·atory (dome) 
J.:d.;dn 

\\'L:L:1l Patch 

Vi11c~11ne~ 

l'nrkcr~l,11rg. Trinngu-
lath::in Stati1-i11 

Olney \Vest Ba~t:". ~rri

. n ngulation Station 
Newton 

Hording 

:::..t. ·1.oni.s Unh·er~ity l. re

ft:rrecl t•:;, ~l:'concl l're~

l1ytt:ria11 Church) 

Jefferson City 
Huntc.::r 
Kansa:o;. City 

1\dam~ 

Salina \Ve~t Bnsc 
Hll:;.W•)t'th 

4i I.:. u~~<::ll :-;outheast 

48 Wallace 

.i9 I Adu\)c 
50 1':1 l'aso E:ist Jfast: 
51 Colorado Springs 

s~ l 'ikcs Pc..:n k 
.53 M1.11111l (u1rny 

~ Trc~1:-;11ry ~Tountnin 

55 
;-{> 

Si 
.5S 

59 

G111111iso11, \.'..i:1lorado 

linco111pnhgrr;: 

Grand Ju111.::tio11 

Tavnputs 
l\Iount \Vaas 

I 'atnws Head 
1\'lonnt Ellen 
\Vn~atch 

i.\lount Nc:ho 
Cunni...;011, Utah 

1)gdcn Peak 

Snit l.ak~ City 
Ogch:11 C•lnH::rvatory, 

)(111,;itudc ph:::r 
\Vadd1)llJ.1 

Anb:\•)\)c 

Ob8en•ed 
astronomic 

latitude. 

0 

38 21 06·95 

38 26 41 ·40 

38 3~ ~9 'iS 

38 42 JO "S\) 

39 o~ 1':4 ·tis 
39 0:? 53 76 
39 09 &_,·6S 

3S 40 36 ·so 

38 51 4I'JS 

38 S5 31 ·10 

38 36 50 ·93 

.~3 .-:.7 60 ·59 

.-:.S .. l.'.i 43. 95 
3:0:: 25 48 ·oo 
.39 05 51 'l•.? 

39 o.? 41 ·so 
·''f; :.1 03 "5.? 
38 43 4i ·4~ 
.-:.~ 51 22 '7.) 

3~: 54 44 '.?.5 

2-S 4n "3i ·.p 
,;8 57 16 ·5u 

38 49 S9 ··~i:~ 
-;.F. 5') 27"::?3 
3~ 2.5 I:;;'(,.~ 

39 1)0 47 ·2:; 

3~ J.? 44 · .. li9 

38 04 15 ·;.i 

,;9 03 59 ·04 

.39 _,2 17 ·1;~ 

39 ::'9 56 ·so 
,;8 07 _:o4'Ti 

39 ,y; 53 ·s_, 
._;9 48 ,p·..:;i 

39'1..'9 .:-s '-Vi 
41 II 59·.:-2 

40 46 03 '36 

41 1.3 08 ·.;,; 

40 .54 21 ·7,; 

40 f:ti 40· 16 

18732-No . .+--53 

Sec-
onds of 

geo- 6.<P 
<fetic ( A-G l 
lati-

tude. 

oo·s3· 

.)8'5•3 

28·15 

09·7_5 

19·52 

50·46 

s9·0S 

.H·.n 

37 ·2s 

3j ":!i 

44 ·oo 

54 ·92 

.. 2.~'9.5 
44 ·01 

49 ·05 

39·92 
o6"6(1 

4i"i0 
.:-1 ·26 

4.~ ._,9 

.~9·95 

4,_, ·2s 
lj'".34 

54 "4i 
............. -.-. ..... , 

69 '67 
1,5 -~,G 

56·76 
,.,.,-~ 

11 'i:! 

II ·~9 

.?J".35 
43 ·40 

+6·121 
+2·:~h 

+1 -,;,~I 
+1 "14 

+0·1,; 

+1·.;o 

+1 ·40 

+0·43 I 

+ ··~- i - ··' I 
+4"<•3 ! 
+3 ·s3 / 

+6""1 i. 

+s·6; I 
+4"00 

+3 -~.,.,, ! 
+1 ·s1 
+1 ·s.-~ 

-,;·os 
-0·.:1 

+I ".fi 
+o·~ 

-.:0'.53 

-4 ·so 

-o "40 

+1 ·s.3 

-·.t'c:i."' 
-.:i·c.6 
·-I ":-3•~1 

-1 ·1)1J 

+.i "5i 
-6·71 

+9"1.~ 

-l:!"ST 

.+8·.:-1 

=~::~ii 
-S·36 

-.)·561 
·-1 "6! 

-,3"2,+ I 

No. 

ii 

72 

i3 
i4 

75 

~ 
'ii 

79 

So 

91 

Nan1e of astro110111ic 
station. 

Pro111ontory 
D~geret 

Bo::an~r 

O.a~i:;. 

lbepah 

Pilot Penk 

Pioche 

Pioche United State~ 

Engineer Station 
Diamond Peak 

l\'lou11t Callahan 

'TCJiyahe Dome 

Cars~.:in Sink 
Carson City,Ob~en·Atory 

l Zenith tele:;cope) 

Verdi 
Lake Tahoe Southeast 
l\Iount C•:;,nne5s 
Round 'fop 
lliount Lola 

Moc ho 
Marys,·ille 

l\.Iount Han1ilt0n. J..,ick 
(.1bsen·atory, Uniterl 

States Coast and (~~·l

dc-tic ~un·cy station 
92 Yolo Southeast Hase 

93 Yolo N 1·1rthwest Hast: 
94 l\Iouut Diablo 

~ I ~;:~:tkdlo 
97 :-;an Francisco. \\'ash-

Sec
Obsen•ed onds of 

astronomic 9:11~ 
latitude. lati-

<• ' 
4: 17 47 ·n 
40 Oi 31 "!.5 
38 Jf. .2.:'"9(1 

39 Ij .3.1:\ "29 

.39 49 38 ·97 

41 01 07 '83 

3i 59 06 ·&. 

.37 .5.5 .:-5 ·:~o 

39 42 ._;1 ·92 

JS 49 .5~~ ·91 

39 34 Si ·(.7 

-~~' 09 47. 25 

2·9 31 04 ·.:-9 

3~ !:ii I':' "3i 

.-:..7 Si 55 -~,.~ 
::..~: 39 ...,:. ·27 

3i ,,, y; "7' 

39 o8 l.!''::.7 

.. 'i ro .?S: -~:; 

38 31 .~ ·ss 
38 40 .. ~i ".?5 

37 s2 4~1 ·f·•) 
_;8 l! ,_,. '7 

tudi:=. 

5) ·04 

34 ·,;s 
"4 ·99 

4' .• ,.,, 

16·61 

._"1,i'0 
(I') '6i 

16·3~ 

5S ·\~ 
40 "9') 

_;4 "46 

4' ·09 
44 ·t)1 

55"1.3 

.33 ·1 r 

50·1;3 

ington ~quart- .l.i 47 s6 -.?O 

San f-ranci~ci::•. Lafay-

ette Park 37 .Ji .:-:-:: ·.31 
San 1:rancisc,J,Pn:.-:-:oiclio . 

<.1ld 3i .Ji ,-:,:; "';)'"~ 

1oi:• ~ .. 11 1= rancisc•). l'rt:sidio, 

IOI 

102 

Wj 

1.-.iS 

uew 
?."101111t Tamalpais 

:.\'f•)1111t Helt:m.1 

Ros!-0 !\lountain 
:::.nlphm· P1tak 

Ukiah 
Point Reye.:;, 
liOfli;ga 

?.Ie11d•)Ci110 City 
Point Arena 

37 ss 1~1·1s 

3~ 40 (ll "(•_::; 

,;S :.o 1:-;1 ··f• 
38 4S 4-1 "42 

!./~ 08 5·1 ·59 

37 59 33 ·r:.2 
,'-$ I~::_; .:-0 "f I 

3,_:, 1f; i: •. =.·r:;o 

33 55 1(1 "16 

JI "60 

~-=· ·91 
,:.~ ·5.~: 

44 ·or. 

:::9·.i:..=. 

/~<P 
(~-GI 

-5".?i 

--2 ·09 
-l"o.j 

-,3"1} 

-8"ji·: 

-3·1)<.1 

-·l..:''J6 

-3·.-:i~ 

-.~.·11 

--i·.:.9 
-1 ·4_; 

+ .. -:. ·05 
--.:? "!'.°\:; 

···::: ·.53 
-~ ·C:,4 

-7·0;< 

-5·61 

-/"i.+ 

-7 ·36 

-5·50 

-·)·N 
-.i· .. ;7 

-:::·71 

-:-::·!Jl:; 

- :~ ·77 

-10·3_; 

-.:. ·~:i9 

-1(•'.):-:' 

-·:•H· 
-7·69 
-2·50 
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:?. AZil\HlTHS. 

(0111pariso11 t>f aslro11omi,· t111d pro;:•isio11al .t;n>ddic a=im11//1s. 

1)h~erved ri.~tr01101nic Second$ of 
f'!.O. No. Stations occupied. Sh1ti1:in n:ferred to. azimuth West of geodetic 

South. azimuth. (A-Gl 

Cape Henlopen Light Rrandywine Shoal Light- 0 !I ll " 
hou~e 173 -IS 17·64 JS ·s6 +2"08 

Principio Tnrkey Point r 34 43·50 34·S5 +s·65 
_, Calvert Meekin Neck 252 06 •)() ·18 or ·o~ +s·ro 

4 Marriott Hill 96 37 -13 ·-10 35·29 +8·II 

5 Webb Soper SS 59 49·38 42·96 +6·-12 

6 Hill Webb 219 46 5S ·1 r 5r ·,;8 +673 

7 Soper Webb 268 -19 2,3 ·6o 1S ·-10 +5 ·20 

8 Seaton Hill 26s ·~ _,_ 53·61 43·Su +9·81 

9 Causten Soper 210 5-1 -11 ·65 37·S3 +:;·S:! 

10 Sugar Loaf Bull Rnn 32 29 16·97 22·53 -s·56 

II Maryland Heights Bull Run . 35S -13 07 ·rs 1078 -3·6o 

12 Bull Run PL"ach Grove 263 53 28·49 30·84 -2 ·35 
I• ·' Clark i\·lountain Bull Rnn 20::? 19 27·98 29·05 -I "07 

q Long l\lount Spear 22J 28 -IT ··64 46·89 -5·25 

15 Elliott Knob Humpback 303 25 24 ·-16 22·49 +1 97 
16 Kteney BaM Knob 257 04 35·89 3,; ·96 +r ·93 

17 Piney Gehhardt r19 04 31 ·s-1 v·ss -1 ·04 

IS Gould Howland 84 49 13 ·61 IT ·44 +2"!7 

19 l\'Iinerva Ash Ridge 210 S-1 42 ·3S 47 75 -5·37 

20 ' Reizin Tanner 276 56 46·02 49 ·12 -3 ·ro 

21 Weed Patch Fountain 7 33 ::?I 0 .28 22 ·q. -o·S6 

2:! O!-\hf>rn Calvary 192 16 17·59 18 ·-17 -o·ss 
,,, Parkersburg Denver 143 16 1,5 ".55 17".H -I ·79 __ , 

I 24 Nt:·wtou Claremont 321 :!9 05 ·30 06 ·33 -I "03 

::s I Hording Geoffrey S3 25 n7·53 05 "·'39 +1 •64 
26 I Kkinschmirlt Insane As) !um 200 09 3 T ·Sr _)0"8_) +0·9S 

27 Bl-:rgtr \.Vinter 39 1 :! os ·64 03 "IS +i ·49 

2S Jefferson City Cedar 199 55 37 ·-17 36 ·or +r ·46 

29 Hunter Chri,;tian 22J 48 20·-19 23 ·2-1, -2 ·75 

:;o Adams Clark IT 46 11 ·9-1 12·42 -0·48 

:; I Salina W'e;;t Base Salina East Base 24S 36 18 ·32 24 ·24 -5·92. 
., _,_ Russell Southeast Russell North west 140 42 5979 67·9 ·-8 "II 

3.) o,•erla'nd Eureka 284 IO 32 "62 33·57 -0·95 

:q I 
El Paso East Base El Paso West Base 102 48 04 ·62 03 ·19 +1 ·43 

35 Pikes Peak Mount Ouray 66 05 1670 10·99 +s ·7r 

::;6 Mount Ouray Uncompahgre 70 35 sr ·27 54 ·20 - 2·93 

37 Gunni>-011, Colorado Uncompahgre 41 :;s 00·39 JI ·65 -II "26 

38 Treasury Mountain Mount \Vaas 74 45 04 "71 lS·21 -13 ·so 

39 Uncompahgre Treasury Mountain 196 42 55 ·84 64•02 - s ·18 

40 Grand Ju11ctioi1 Cbiquit~i 23 57 23·98 31 ·83 - 7•85 
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Lo111paris,>11 .-!/ asln>11<>111i,· 1wd fn•<'isi1wal g<·oddfr a=im11t/!-Co111pleted. 

Ob~t:n·ed a$tron<Jmic ~ecouds of 
M1 

·'''· :-:.tatio11s 1.1cc11pierl. ~ta ti1111 1"eferred to. nzimuth \Vest of geodetic ( . .\-G l South. a1imuth. 

,, ,, 
.p Tavaputs Patmos Hearl SS lj -10·85 -16 ·8-1 - .5 ·99 

-12 Mount \Vaas Mount Ellen j2 00 16 ·62 30 ·55 ·- 13 ·93 

43 Patmos Hearl \Vasatch 66 -11 18·70 19·65 ·-1.0 ·95 

44 Mount Ellen Patmos Hea<l 195 35 57 ·89 6-1 ·,;.; 6·-1-1 

45 \.Vasatch 1\lount Nebo ·160 5-1 0:? "/"J 12·1-1 9-.p 

-16 Mount Nebo) Tushar .:?Q (15 23 ·o6 40·96 ·-17 "<)(• 

47 Salt T.,ake City City Creek 192 I)~ 50 ·50 68 ·52 --- IS ·02 

48 .. \Var\rloup Og•"lt:n Peak 180 .p 32 ·55 s6 ·-13 .-23 ·$:'; 

-i9 Og11en Obsen·:itr•ry Ogden Peak 283 o.'; 44·70 6r ·,3r ;:_I6 ·61 

.:;o Ogden Peak Mount Nebo 356 19 30·37 -i-1 "TO . -- 13 "73 

.'ii Antelope Deseret •] _, .59 0-1 . T-1 13 '-13 9 .. 29 

52 l'nn11ontm·y Ogden Peak 2S3 ::!4 02 ·64 1)2 ·90 (I ":?6 

53 Dt:seret l\fount Nebo 31-1 q 01 ·38 q·55 -13 ·17 

54 Iht:pah Diamond Peak 81 TI 28·49 36·os 7·59 

55 I'iod1c Tu;;har 250 58 50 ·29 58·3::; i; "('9 

56 Pilot P<"ak Mount Nebo .. -;03 40 q·15 19 ·oo 4 ·s.; 
57 Diamond Pt:ak Mount Callahan 98 27 TJ ·S1 19·46 .s ·6-1 

<;l:i l\1Qunt Callahan Carson Sink S· . _, 09 ::.-1 ·84 41 ·7S 6·9+ 

59 Toiyahe Do:m1c Mount Grant i7 20 49 ·29 58·29 9 'O<• 

6ri (arson Sink Mount Callahan :?6.:! 20 25·50 31 ·os .5 ·ss 
61 Mount Connt:s~ Round 'fop q2 39 19 ·46 29 'j:? - IO '·26 

62 Lakt: Tahot: Southeas, Fols<_•Iu Peak 177 56 19 ·13 29 ·~ -Io ·1 

6· ·' Round 1'op Mount Helena 90 5S 53·89 59·5S s ·69 

64 Mount Lola Mount Helena 67 2a? QJ ·36 05·83 ,) ·-17 

Gs l\'[ocho JVfomrt Oi,1hlo I-14 .57 ,>5 7r -1.? ·3S 6·67 

66 Yol'J Base Southeast Yolo Base Northwest 16,; 07 13 'TI 21 ·37 s·26 

67 Yolo Bast: Northwest Yolo Rase Southeast 343 05 02·07 10·32 s·25 
6l) Mount Diablo Mount Hek:na 144 28 i6·o.:. 21 ·28 5·25 

69 Vaca Yolo Hase Southea;;t ::?35 38 .>6 ·55 39·70 3 ·rs 

70 Monticello l\Iount Helena 91 04 25 ·30 30 ·04 4 '74 

71 Mount Tamalpai6 Mou 11 t Dia 1.olo :!74 15 15 ·0-1 21 ·s-1 6·So 

72 Mount Helena Mount Diahlo 3::!-1 or :?4·96 37·22 -12 ·26 

7."\ Paxto11 Mount Sanhedrin 203 47 05 '77 17 ·07 -Ir ·.w 



UNITED STATES COAST AND GEODETIC SURVEY. 

3· LONGITUDES. 

Co111pariso11 c?i astn'llo//lic a11d pro;:•isio1111/ .f:·t'oddic /011.::itudcs. 

Seconds Seconds 
Natne of astronotnic Ohsen·ed of i::,l• Name of astronomic Obsen·ed of 6A No. astro11omic geodetic No. astronomic geodetic station. longitude. long-i- l.A-G."i station. longitude. lt~:;rei.-

(A-G\ 
tucle. 

0 ' " ' Cape l\Iay, . a!-'t ronmnic 18 Grattd Junction 108 33 St ·oo so ·s; + I "15 

station 74 55 45 •68 4;·44 I 'if.. 19 Green River 110 1.."l9 .53 ·us 55 "l.l -- 2 ·i:o.i 
Dover 75 JI 18·45 :.'.!J ·93 - 5·4~ 20 Salt Lake City Ill SJ 47 ·oo :-15 "6.) +~0·97 

3 \Vashington, Coast and 21 Ogdtn Ohse1·,·ator)· 
Geodetic 5nrvey0ffice 

I 
tram;it, lougitncle pit:-r Ill .59 55 ·59 ~57 ·~s +1s·_u 

(obsen·atory in yard) 'ii 00 
'·" ·.;.i 

3.!'13 - t.·,c:a .:!2 Oasi..;; II~ 37 55 ·41 43 ·70 .+11·7r 

-I \\~ashington, old Naval :::3 Eureka 115 Si 37 ·56 ,";0'1.)I + i ·55 
Ohsen·atory. dmne i7 0 .. '1.. o~ "3.') 06·11 - 3·31 '4 Austin 117 04 27 ·24 I I·=:; +1; 67 

5 I \Vashington, new Naviil :?5 Vh·ginia City I 19 38 .p "(•~ 40·32 - 7. 24 

I 
Ob~en·atory, dock 26 Carson City, transit 
1"(1(1111 7i o.:; ~'i6 6.:-·.:-,; - 5 ·47 Frienrl Olisen·ato1·y 119 4.5 44 ·r).:i 48·39 - 3 'i9 

6 Strasburg i8 01 35 "iO ,,s·9i - ,"'. "2j 3.j GenrJa II9 50 ~3. "3-l- 45 'j'J. -23 ·.~:-\ 

7 I Charl1Jttc:sdl1e. !\IcCor- ,s J.ake Tahoe Southeast II9 56 45 'i~(I 40·..ir..1 + 5·50 
mick Obsrtr\·ntury i~ 31 2(•"10 .:'(•"61) -- 0·50 ~9 Verdi Tl~ _:,S ,5.?"90 Si ·4q - -l- ·59 

s Ch~1rlesto11, West Vir- 30 Sacra111e11to T.:'l .:-9 ,3.c:·So 29·'35 + 5 ·95 
ginia SI .)i 61 ·9,:. ::;9·1 r + "·s4 31 1\-lar)·sville C.:01 .. '1..5 17 'i':I 09·70 + s 09 

';) Cindnnati,1\Iount Look- _,_ lHuuut Hamilt•Jn, I.kk 
out (ll)~ervatr:11·y tra11- Oh.i;;.et·,·a t(•TY. transit 
sit B4 :?5 ~I) ·97 .?I ·~r - 0 ·04 house I~[ 38 4,; '4' 30·~.) +13·19 

1(1 Vincennes °i-f.i .'.H 3o·q 34 -34 - 4 ·;o OJ San Frandi;co, 'Va;;h-

II I P::i.rkersbu1·.g-, t1·ansit >?Si OT 4S ·.;') -ls ·79 - •) ·49 I ington Squnre I~."? .:-4 36·6.;: .~0·9,3 + 5 '('9 ,, St. L1:.iui~. transit of 18$1 9') ,, 18 '84 17 ·18 + I '66 34 San 1:ra 11cisco. J.afay-
1.:. Kansas Ci.ty c;i~ 3$ .:!I 'C..16 ~I •S1 - 0·76 ette Park. 11.l 2$ .p·9:- ,;6 'f·t + 6·os 

q Elbwc•rth 98 13 .~6 ·36 4-1 "59 -- ~ .,, ·. -,, 3.5 ~an Francisco, Presidio 

15 I 
\V::tl\ac.e H.•1 35 :-~·~,.:. 31 •r_f, - 5·10 I \new) T _::~ ::1 12 '2•) i:i..i ·6s + : ·~5 

16 

I 
Cok•rado Spring~ Jo)~ 4q }1) "'5,::, 3-l- '.?.:' -::!J'S7 36 I likiah 12."\ 10 33 ·:. 1 27 ·44 + ~'(".Ji 

1; Gunnison, Colorado 1r:i6 55 30·6s .xi •23 + 4 '4._'; "Ji I Poiut Arena 12:\ .p 46"J6 ::3 ·7~1 +2~'47 

+ PRELIMINARY EXAMINATION OF TI-IE RESULTS OF Tl-IE COMPARISON OF THE 

ASTRONOMIC AND THE PROVISIONALLY ADOP'rED GEODETIC POSITIONS AS PRE

SENTED IN THE PRECEDING TABLES. 

These preliminary values of the respective differences (.-l-Gl in latitude. longitude, 
and azimuth suffice to indicate in outline the general character of the results we may 
derive from the ·measurement of the arc. They-may therefore be advantage1:iusly scn1-
tinized in a general way before proceeding to the determination of the final corrections 
to our geodetic coordinates. 

In the first place. we notice that the greater number of the differences rnnge within 
a few seconds ancl presc11t changes of sign, thus showing that the provisional values of 
q1 ,\ ti'· for the central station can not be much in error: •:in the other hand, large 
deviations appear at certain stations. but these are readily and directly traced to local 
conditions or surface configurations and are not in any way referable to a defective 
spheroid of reference. 

The prevailing negative sign in the values of L rp indicates the need of a slight 
diminution of the provisional value of rp, in onlet to make [.--1-G] = c1, a condition 
which appears already nearly satisfied for the eastern and central part of the arc, 
whereas the western or mountainous region calls for the indicated correction in a more 



TRANSCONTINENTAL TRIANGlJLATION-PART VII-POSITIONS. 837 

decided way. In this we may possibly discern a change in the curvature of the western 
section of the arc. Turning now our attention to the tabular values of D.°'A. and L:,.1¥, 

we find in both cases a certain sign to prevail in the ea~tern section of the arc with the 
opp,>sitc sign in the western section, and further, as it should be by virtue of the relation 
L.t1·= - L:,.°'A. sin cp, to a + or - value for L:,.A there corn~sponds in general or in the 
same section a - ·or + value for L:,.ll'. In the east the values of L:,.t¥ are preeminently 
positive, in the west they are preeminently negative, while in magnitude of deflection 
there is but a slignt difference, and probably only a small correction to the provisional 
value may be needed. It is the longitude differences L:,.A, however, which for the arc 
are of greatest importance. They open in the eastern section with negative sign, turn
ing to positive in the western section. In other words, the astronomic amplitude of the 
whole arc (48° 46' oo"· 58) is greater than the provisional geodetic one (43° 45' 36" · 35). 
There are three prominent causes which undonbtedly go to make up the greater part of 
this difference. In the first place, our reference spheroid does not exactly fit the curva
ture of the arc; secondly, the continental attraction may have a sensible effect, and 
thirdly, there is the influence of the local deflections. If the reference spheroid be too 
large-that is, if the triangulation is placed and developed upon a surface less curved 
than is actually the case-a difference in the sense of astronomic amplitude greater than 
geodetic amplitude will follow; hence a spheroid of smaller dimension (in the parallel 
of 39°) seems to be called for. In the second place, the attraction of the continental 
masses near the" terminals of the arc tends to a deflection of the plumb line to the west
ward (or disturbed zenith .to the eastward of the normal) on the Atlantic coast and to 
the eastward on the Pacific coast. This is equivalent to an enlargement of the astro
nomic amplitude. An effect of this character might, to some extent, be counteracted by 
the sea bottom being supposed as composed of heavier material than the continental mass, 
thus partly overcoming- the influenc7 of the less dense overlying sea water. It is well 
known that off the New Jersey coast the water shoals very gradually and that the actual or 
more pro111i11e11t, but submerged border of the continent, lies far to the east of the present 
coast line. At a distance from shore of 85 nantical miles (minutes of arc"> on the 
parallel of 39° we reach the contour line of 50 fathoms ( 91 metres), but 30 nautical 
·miles farther to the east we plunge into a depth of 1 ooo fathoms ( 1 829 metres). On 
the Atlantic coast then we may expect but a feeble disturbing influence on the vertical, 
as compared with the conditions which prevail on the Pacific coast, where the desc~nt 
of the bottom from the coast line into deep water is immediate, giving a depth of 100 

fathoms 10 nautical miles out and a depth of 1 83:? fathoms at 40 nautical miles on the 
parallel of 39°. Besides, we have there on the land side the attracting influence of the coast 
range of mountains, which rises at that point to a height of more than :? ooo feet (610 

metres). By far the principal part of the deflection of the vertical in the plane of the 
prime vertical supposed due to the cause under cmisideration must therefore be attrib
uted to the western terminus of the arc. 

The great influence which the local deflections exert upon the measures of the arc 
is well shown by the following table of comparisons of astronomic and geodetic ampli
tudes of the whole and part of the arc: 
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\Vhole or part of arc 

Whole an:, Cape May b) Point Arena, No. (37-1) 

Stations next to terminals, Dover to Ukiah, No. ( 36---2) 

Di,;trict of Columbia group to San Francisco group, Nos. 

(33, ,'4. 3:;-3. 4, 5) 

Strasburg and Charlottesville gr<•ttp and California group, 

Nos. (,:;n, ,:;1, 32-6, il 

Amplitude. 

Astronomic. 

,, 
48 46 (0 'St' 

47 41 15 ·06 

45 23 22·35 

.J3 08 04·44 

Geodetic. 

0 I'. ll 

Differ
ence. 

,, 
48 45 36 ·35 +24 ·2,:; 

47 41 0,'>,'51 +11·55 

45 23 JO ·58 +I I '77 

(C.I DETERMINATION OF STANDARD tGEODETICl VALUES FOR LATI
TUDE AND LONGITUDE OF INITIAL STATION HAYS, AND AZIMUTH 
OF LINE HA VS TO LA CROSSE. . 

For the initial station from which to begin the final computation of geographic 
positions '' Hays'· has been selected. as being very nearly in the middle of the 
arc. The provisional computation gave the following results for that station : 
<p = JS 0 54' 50"·8~. A= 99° 16' 16"·36, and a= 359·=· 44' 19"·00 to station La Crosse. 
It remains to determine such corrections to these values as will yield the geodetic data 
best suited for the whole triangulation. \.Vere it not for the presence of local deflections 
in the vertical of the stations, this would be a simple matter, nothing more than taking 
the means of the quantities in the column headed (A-G_) in the preceding tables for 
each of the three elements, <p, A, and ff, so that finally the condition [.A-G] = o would 
be satisfied for each. In the absence of accurate .knowledge concerning the amount 
and direction of the local deflection. as well as of their local distribution, we must 
modify this simple method, in order to avoid as much as possible their disturbing 
effect. 

'l'hesc~ deflections of the vertical m_ay be regarded either as quite local,. or :b 

extending over large regions. The former may be recognized as mainly depending in 
direction and sign upon surrounding local surface irregularities. or upon obvious cleviations 
from <\verage surface density; the latter are characterized by large and nearly constant 
deflections, covering vast areas, which may be due to the presence of irregular density 
of the matter forming the earth's crust, or to the proximity of mountain ranges, con
ti11ental masses, plateaus, or the sea. 

. \.Vhile the deflections elude exact computation from want of the required data, 
their influence in determining standard geodetic data can be lessened by bringing a 
large nttmber of astronomic cleterminations to bear upon the problem. It is desirable 
that the astronomic stations should be uniformly distributed over the whole arc. 
Where the stations are unduly crowded in any particular locality. it would be better in 
determining the standard data to substitute a mean value of <_.1-Cl for this region, in 
place of the individual values. For instance, it would he better when determining <p,, 
to introduce a single representative station, in place of the several latitude stations 
crowded into the narrow limits of the District of Columbia. It is also plain that sta
tions of large local deflection should be excluded. Thus the local deflection in longi
tude of nearly 25" of arc at Colorado Springs, which is mainly due to the attraction of 
Pikes Peak and the mountain masses lying back of it, would necessarily exclude that. 
station when forming Ao. 
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The average local deflection of the vertical in the plane of the meridian from 60 
cases of latitude comparisons of stations, located on the oblique arc between Calais, 
Maine, and Atlanta, Georgia,* was found to be z"·4. irrespective of sign, and about 
the same amount follows from the 5 r latitude comparisons of that part of the present 
m:c between Cape May and Colorado Springs. For the mountainous part of this arc, 
however, the average deviation from the vertical of a standard reference spheroid 
wonk! have to be considerably increased. There is no special reason to expect the 
longitudinal deviations to be any greater· or less than the latitudinal. ones. The effect 
upon the general mean, when omitting all values of ( .-/.-G l greater than 8 seconds, 
is shown farther on in the case of the latitudes. 

There is consequently an arbitrary feature in the process, yet practically this may 
be confined to narrow limits without seriously affecting the derived values. 

The values of <p
0

, A..,. and 1¥
0 

having been finally and satisfactorily determined, as 
shown by the remaining deflections, we may also expect that any subsisting Laplace 
equation of the form-

( O:A•t. - ll'<leurl. l + (A Ast. - Ane•><I. °J "sin cp = 0 

will be found nearly satisfied. The importance of these equations has perhaps been much 
overrated: they nevertheless demand attention. In laying ont field work, however, the 
selection of a longitude station depends mainly ori. the availability of telegraphic wire 
connection, while that of an azimuth station demands free visibility of surrounding 
principal trigonometric stations--conditions generally incompatible with one another. 

In accordance with the principles laid down above, we derive the following values 
as corrections to the preliminary latitude : 

(a) Indiscriminate mean 

(b) After formatir,n into groupsi· 

lisiug nH tahular values 
IA-<~·1. 

,, 
_ 2rr·54= ,.. 1 .

94 
109 

- 34·64 = --0·61 
57 

( c) Mean of the 34 groups of the central + 3~·79 = + 1 ·oS 

and ei1ster11 sections · -'
4 

(d.J Mean of groups of we><krn sectirm - 7I ·49 = - 3·11 
. . .'.?J 

After rejecting all values 
gr~ater than 8". 

" 
- 111·92=·- i·1S 

95 

-- .>4"49 = - 0·64 
56 

+ 36"79 = + 1 ·oS 
34 

- 72·74= - .J··.;r 
. .'.?2 ... 

Evidently the dislribufi,in of the astronomic stations is here of more importance 
than the rejection of large clefl.ections, while at the same time an antagonism between 
the sections of the arc, i.e., (c) - (d°J = + 4":19 and+ 4"·39 is brought out instead 
of zero. For the correction to the preliminary latitudes for the whole arc the value 
- 0"·64 from the above table is adopted; hence <p

0 
= <fJ - 0''·64 = .~8° 541 50"·1s for 

the geodetic latitude of Hays station. The uncertainty of this value is estimated to be 
less than half a second. 

*Appendix No. S, C1xtst nnd Geodetic ~Ur\'ey Kepr""Jrt f.-Jr 1879. Tahlt: on pa~<.:: 11~ .. 
tGroups: (1,2); (718.·J): (11:i.11,J:!,13,14,15,16,:7_); 120,::?1); (2:!,.:?-l): 1.:?~ .. 26J: p~:-.:.~c;,): (36,3;.3S): (51,5.:?l; (54,5.;J; tsS, 

_o;9); (6o, 61 ); (64, 6s, 66. 6;, 6~. <'-~); (i<•. ;n); ( 72. 7.1. 74); (75, 76, i7. 78J; (83. 8~. 85. S7. SSJ; (89, 90. 91. 92, ~.;. '.•l.95. ¢); (97, 98, 99. 100. 

101, 11"J:!): (ll)',, 104, ro_5,_iv6, 1oj): (rn3, 109). 
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To find the linear change of length of a given arc of parallel when moved a 
number of seconds to the north or south of its position on the spheroid, we have: Length 
in metres of 1 ° in latitude cp--

P'·= III 4r5 ·12 cos t:p- 94 ·54 cos 3 rp+o·12 cos 5 t:p--. 
,, dP . . 8 6 . 6o . :in•1 dt:p = - I 11 415 "12 5111 t:p T ·2. 3" 2 Sill 3 t:p- 0. Sill 5 t:p 

Hence for · cp = 39 ° and d cp = o" · 5 and length of arc +s ~·:i 0
, the change is 8 · 2 s 

metres. which in. comparison with the probable error in length of the geodetic connection 
is a small quantity.* 

For the correction to the preliminary longitude we have the following data: 

(a) Indiscriminate mean 

( b) Mean after forming groups t 

Using all tahular i.·alnes 
(A-Gl. 

" 

After r~jection of the 
n\nt: large~t values. 

II 

+ 7'04 = + 0·25 
-:?8 

~·01 + !_-=+0·37 
19 

Adopting the last value, we have Ao= A.+ 0"·37 = 99° 16' 16"·73 for the final 
geodetic longitude of Hays station. The uncertainty of this value may be estimated as 
less than 1 ". 

Respecting any change in azimuth, the values of (A-G) at the eastern and near 
the western parts of the arc (first and last nine stations) appear fairly well balanced; 
while the stations of the western or mountainous section exhibited a predominating 
negative sign. In order to remove this feature, the geodetic a·zimuths would need a 
diminution, which, however, is opposed to the apparent demand for the eastern part of 
the arc_ A small change of azimuth has but a small effect upon the latitudes and hardly 
any upon the longitudes. Upon the.whole it has been concluded to make no change in 
the azimuth; hence a,,= a= 359° 44' r9"·00 for the line Hays to LaCrosse. 

With the standard values of cp,., Ao, and tta for Hays station the geodetic latitudes 
and longitudes of all the stations of the arc were recomputed and the definitive results 
of comparison of the astronomic and geodetic determinations are tabulated below. 

In order to render this comparison mor~ complete, there are also given the positions 
and resulting values of ( .·l-G) when the Besselian spheroid is substituted for that of 
Clarke. It must- be noted, however, that only a dose approximation of these values 
could here be given, since, in strictness, the subject would demand a readjustment of the 
entire triangulation with the introduction of the spherical excess appertaining to the 
Besselian spheroid. 'I;he difference in the excess t is small, even for the largest triangle 
"Tushar, ·wheeler, Nebo," for which e = 73"-758 4. The difference in e is but o"-017 1, 
or 4 in of itself, and for the greater part of the arc the hundredths of a second for any 
angle wonkl not be modified by the change of spheroids. There is nevertheless a small 
accumulated effect in the positions which may tc:nd to introduce a twist, yet this is fully 

*For Bef.sel's spheroid we ha\•t:: po~ 111 39Q111 "6i5 cos 'P - 03·.:?1.:: cos 3 rp + 0·116 cos 5 cp - .•....• 
"tGroups: (3,4,5); (6,7): po,21); (:?5,26,27,.::8.~>: (30,._;1,32),and (J ... ~.3.i.35). 
t The effect on the spherical excess of a triangle by a change of dimensions in the spheroid is gh·en by the 

expression f!!_ = - 2~!!. +~cos 2. 'P <f.J': where a= equatorial radius, .p the latitude, and if= ez = a~-b",;;., as gi,·en iu Part I, p. 52. 
E 11 a:: 
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covered by the ordinary and inherent probable errors of observation. \Vhat has been 
done was a recomputation of the geographical positions, by the same fornmlre as before 
but with the changed constants, the distances and angles of triangles remaining unchanged; 
in other words, the strip of triangulation was simply tran:;ferred to and developed upon 
the other spheroid. Part of this special computation was made differentially. An 
essential and necessary feature, however, is the rtlation of the standard position (and 
azimuth) of the central station ''Hays'' in the two computations. 

D. COMPARISON OF ASTRONOMIC AND STANDARD GEODETIC DATA 
ON THE SPHEROIDS OF CLARKE AND BESSEL. 

I. COMPARISON OF ASTRONOMIC AND STANDARD GEODETIC LATITUDES DEVELOPED 

UPON THE SPHEROIDS OF CLARKE AND BESSEL. 

Seconds Second~ 
Obser\·ed of geodetic of geodetic IA-G) 

No. Name of astronomic :;talion. astronomic latitude, latitud;,, 
Clarke. Be:-:.;e1. latitude. Clarke's Be~!;el's 

spheroid. spheroid. 

0 I I/ ll " I/ II 

I 

I 
Cape May 38 55 44·63 46·53 45 ·23 I ·90 o·6o 

2 Cape Hen \open 3S 46 4C• ·07 _)9·9S 3S·M + 0·09 I I ·43 T. 

·' Dover 39 09 !_) ·47 iS·59 r7·42 - 5 'I:! -" ·95 

4 l'rincipi<J 39 _)S 32 '75 _;4'55 -"-" ·57 - I ·So o ·:i2 

5 

I 
Poole Island 39 Ij 17 ·52 1:; ·52 I:? ·47 + 4 '0) + 5·05 

6 Calvert 38 21 31 '71 32·17 _)0'84 - 0·46 + 0·87 

7 I ·raylor 38 .59 46 'Oj 46·34 4.5 '22 - 0·27 + 0·85 
:') I Marriott 38 52 25 ·05 25 ·68 24 ·54 - n'6.) + 0 ·51 I 
I~ I 

\Vehb 39 05 :.'.?5 ·35 24 ·16 23 ·09 + I ·19 + .'.? ".:?6 

Hill 38 53 .52 ·36 5~ ·24 51 '12 + 0 ·1~ + I ·~4 

I I S(•per 39 05 10 ·6r 09·80 08 76 + o·Sr + T ·Ss 
12 Seaton ,38 5.3 25:12 26·82 25 ·72 I '70 o·6o 

13 Coast and Geodetic Survey Office, ob-

servato1·y 38 53 Oj ·35 10'00 oS ·.59 

I 
-- 2·65 I ·54 

q I United States Naval Observatory (old), 
I dome 38 53 ,;8 ·78 40 'I:? 39·02 I 'Ji (o ·24 

15 United States Naval Observatory( new), 

clock room 38 55 13 74 14·S9 13 ·So - I '15 - O'o6 
T6 Causten ;:,S 55 32 ·02 3·2 ·Sr _)l ·72 \· - 0·79 ' 0·30 T 

17 Georgetown College, Observatory 38 54 2s·79 27·So :?6 71 

I 
::? ·or 0·92 

TS Rock\·ille 39 05 10·42 09·08 oS ·.:is ' I '_)4 + , ....... 
T ... ··-"'' 

19 Sugar Loaf 39 rs 49·54 43 ·65 4:: 70 I + 5 ·:;9 + 6·84 

20 Maryland Heights 39 20 32·19 26·30 25 ·4r + 5 ·S9 + 6 78 
2[ Bull Run ::,8 52 56 72 52 ·os sr ·04 + 4·64 + 5·68 
22 Strasburg 38 59 31 ·56 27·82 26·87 + ,; '74 + 4·69 
,.,, Clark Mountain ,38 18 39·6o 39·22 38·03 + 0·38 + I '57 -,:> 

24 Charlottes\'.ille. University Transit 38 OI 61 ·09 55 ·92 54·69 + 5 ·17 + 6 ·40 

25 Long Momitain 37 17 28·84 25·50 24·09 + 3 ·34 _]_ 4 ·75 ' 
26 Elliott Knob ;:,S 09 57·oS 57·51 56•39 - 0 '4.) . --+· •) '69 



UNITED STATES COAST AND GEODETIC SURVEY. 

I. COMPARISON OF ASTRONOMIC AND STANDARD GEODETIC LA'rITUDES DEVELOPED 

Ul'ON" THE SPHERfJIDS OF CLARKE AND BESSEL-Continued. 

St~Ojt1d . .;; of Secorids .:•f 
· Oh~.tt'"l.'~<l ~eodetic geoc\etic (A-G) 

N•.o. Na mi;: 1.11 a~t1 •.:1110111ic station. n:;tronomic latitud~. iatitude, 
latitude. Clarke's Be~sel's ClaT"ke. Bessel. 

sphe1·iod. sphc-riod. 

0 I ,, 
" II II II 

27 I Keeney 37 46 2.; ·07 ~.3 '.52 22 ·39 -- 0·45 + 0"68 I 
28 

I 
Charleston 38 .:?r:l 66 ·95 6o ·23 59·36 + 6·72 + 7·59 

29 Piney 38 26 41 ·40 37·97 37 ·16 + 3·43 + 4·24 
30 I G<Jnl<l 38 _,,)} 29 "JS 27 ·5-1- 26·S5 + 2·24 + 2·93 
J 1. 

I 

Minerva :;S 42 30·89 29·q 28·54 + I "75 + 2 "" -_,;:, 
... ,2 Mount Loc,kout Observatory, dome 39 oS 19·65 T8"91 rS·49 + 074 + I "I6 
,'13 Reizin 39 02 53 76 ST "1'4 ST ·43 + T ·92 + 2·33 
34 I \Veed Patch 39 09 60·68 58·66 58·35 + 2·02 + 2 """ _,;, 
.'15 Vincennes 38 40 36 -so 33 75 33 ·36 + 3 ·05 + 3 '.44 
36 Parkersburg, 'l'riangulation Statio11 38 34 5.3 ·05 49·58 49 ·19 + 3·47 + 3·86 

."7 Olney West Base 38 SI 41 ·28 36 ·6::; 36·.B + 4·65 + 4·95 
3~ Newto11 38 55 31 "HJ 26 ·6:; .26 ·38 + 4 "45 + 4 ·72 

39 Bon ling 38 36 50·93 4.'I ·40 4_; ·08 + 7"S3 + 7·85 
40 St. Louis ·University, Second Fn.sl·1· 

terian Church 38 3i 6o·59 S4 ·30 S4 ·02 + 6·29 + 6 ·57 
41 Jefferson City 38 :n 43."9S :}9 ·32 39 "IO 

.\ 
+ ·4·63 + 4·85 

42 Hunter 38 25 48·00 43·38 4" ·1" + 4·62 + 4·87 .. 1 ._"I 
I 

Kansas City 4.'\ 39 05 SI ·r 2 48·62 4S·63 + 2 ·so + r49 
44 Ar:lm!1s ... ~9 02 41 ·So 39 ":?8 39·30 + 2 ·52 + 2 ·50 

45 Salina West Base 38 51 03 "5.1 05 ·97 05·94 - 2·45 - 2 ·42 
46 Ellsworth 38 -k'\ 47 ·-19 4i ·07 -Ii ·or I o·,p -r 0·4S --;-

47 Russell Southeast 38 51 2:::!"73 ::'.!0"63 20·61 + 2 ·10 I 2 ·11 T 

4S Wallace 38 54 44·25 .42 "75 42 74 + r ·so + I "51 

49 Adobe 38 40 37 ·42 39 ·30 _;9 ·19 r ·88 - I "ii 

50 I El l'aso East Base 38 57 16·50 20·84 w·64 4·34 - 4·q 
51 i Colora• lo Spriugs ( 1873) 38 49 59·98 61 74 61 ·65 I 76 I 0 67 
S' i Pikes Peak 38 50 27 ·-28 24·82 24 "72 + 2 ·46 + 2·s6 . -
.'i.'I i Mount Ouray ,;S 25 18·00 21 ·40 21 ·q -- 3·40 3 ·q 

' 
' 54 ' Treasury "Mountain ,-,9 00 47·25 49·68 49·5S - 2·43 , ~ ...... - .).) 

55 Gunnison, Colorado _;8 ,, 
-'~ 44·39 45 •65 45 ·40 - I "'.!6 r ·01 

yi ' l T ncom pa hgre y; 04 1574 16 ·7r r6 ·.w 0·97 0·56 

57 Grand Juncti•m 39 03 59·04 5,'I ·S4 53 "jO ' s ·20 + 5·34 --;-

58 Tavaput.- 39 "" ;)- 17 "J :! 23·20 .'.?.) "l9 6•o8 - 6·07 

59 Mount \Vaa,,: 38 32 29·00 19·22 1s·ss + 9 78 +10·12 

60 Green Rh'er 38 59 .:!.) ·63 28·95 28 "71 - s "'2 ' ,) 
- s ·as 

61 I'atmo:< Head· 39 29 56·S6 69·05 68·96 -I'.!"19 -1::?"10 

62 Mcmnt Ellen .:;8 07 .:!..J. ·17 15 ·33 q ·79 __]__ :-.; ·s4 + 9 ·.v:: I 

6-.) \Vasatch 39 o6 53 ·S3 56 ·13 SS ·86 - 2·30 - 2·03 

64 Mount Nebo 39 48 32·31 37 ·24 37 ·rs 4·93 -- 4·87 



TRANSCONTINENTAL TRIANGllLATlON-PART VII-POSITIONS. 843 

I. COMPARISON OF ASTRONOMIC AND STANDARD GEODETIC J.ATITUDES DEVELOPED 

UPON THE SPHEROIDS OF CLARKE AND HESSEL-Continued. 

No. Na111e of nstro110111ic ~tation. 

65 Gunnison, Utah 

66 Ogden Peak 

67 Salt T.ake City 

68 Ogden Observatory. longitude pier 

69 Wacldoup 

7'J Antelope 

i 1 Promontory 

72 ·Deseret 

73 H.;;;wer 

74 Oasis 
75 J.bepah 

.76 Pilot Peak 

77 Pioche 

78 Pioche United States Engineer's Stn· 

ti on 

79 
80 

Diamond Peak 

Mount Callahan 

Toiyabe Dome 

Carson Sink 

Carson City, observatory, Z. 'l. 

Vt:rcli 

Lake Tahoe, Southeast 

Mount Conness 

Rr:•nncl Top 

Mount Lola 

Modi., 

Marysville 

i\fom1t Hamilton, Lick Observatory. 

Cc>ast and Geodetic Astronomic 

::;tatio11 

92 Voki Hase Southeast 

93 Yolo Hase Northwest 

94 Mount Diahlo 

95 Vaca 

96 Monticello 

97 San Franci~co, Washington Square 

98 San Francisco, Lafayette·Park 

99 San Fruncisco, Presidio, old 

100 :;an Francisco, Presidio, new 

Obser\·erl 
a!;tro111.:,mic 
. latitude. 

39 09 is ·46 

41 II 59 "22 

40 46 03 .. ,6 

41 13 08 ·33 

40 54 21 ·73 

40 57 40 ·16 

41 17 47 ·77 

40 7.7 JI '25 
3S r6 22 "9'J 

39 17 35·29 

39 49 38·97 
41 01 07·83 

37 59 o6·So 

37 55 ::?5 ·So 

39 35 03·65 

39 42 ,;1 ·92 

38 49 5.>"91 

.39 34 57·67 
39 09 47·25 
39 31 cq ·29 

38 57 19 ·37 

.37 57 55 ·9S 

.38 39 46·17 

39 :!5 57 ·37 

.37 28 ,;6 "j [ 

39 08 12".:?7 

.38 .)I 34 ·55 

38 40 37 ·15 

37 5.:? 4q ·6o 

38 22 :?3 ·27 

38 39 .i6 ·26 

37 47 56·90 
37 47 z8·31 

_;7 47 35 ·96 

37 47 48·35 

Seconds 
of geodetic 

latitude. 
Clarki::'s 
~uher1)id. 

" 
1976 

59 ·50 
J 1 'IO 

11 ·27 

22 72 

4:? 78 

52 ·4z 

3.3 74 
24 ·37 

3670 

41 ·47 

15 ·98 

09·98 

37 ·34 

o6·05 

.34 ·31 

58 ·41 

59·64 

51 ·24 
05 . I I 

15 "j I 

58·23 

49·31 
59·30 
3H 76 

18 71 

41 70 

44·01 

54 ·52 

.31 ·01 

_,s ·24 

50·47 

Seconr.ls 
of ).!"eodetk 

13titude 
Be~sel'::; 

spheroid, 
,, 

29·49 

59·89 

II ·35 
II "66 

·23 ·01 

43·07 

52·81 

33·84 

23 "ii 
,;6 ·42 

41 ·28 

16 ·18 

09·20 

36 "5:! 

05·65 

33·86 

57·65 

59·05 

50 ·,;8 

04 ·.:;5 
L4 ·77 

57 ·04 
4S·27 

;;S ·47 

40·45 

42·80 

53·o6 
.3f ·19 

4879 
62 ·26 

29·47 

36·70 

48·93 

(A-G) 
Clarke. Hesse I. 

" 
4·30 

0·28 

- 774 
- 2·94 

- 0·99 
2·62 

4 ·65 

2 ·49 

I ·47 

l ·41 

2·50 
8·15 

- J ·18 

-II ·54 
2·40 

2 ·39 

4·50 
I ·97 

,; ·99 
o ·s~ 

+ 3·66 

2·25 
I _, ·04 

r ·93 
2 ·05 

6·44 

.5 'O.:? 

7 ·15 

6·76 

4 "9::? 

9 ·25 

3 78 
6·90 

2·12 

7·99 
3·33 
I "28 

5·04 
1 ·59 
0 ·fl,7 

I ·13 

2 ·31 

8·35 
2·40 

-10 'i~ 

2 ·oo 

I ·94 

3 "74 
I ·,;S 

3 ·1._; 

0·06 

+ 4·6o 
I •o6 

I 0 10 

0·50 

.5 ·40 

3 '4:? 

.5 ·90 

5·55 
.3 ·46 

7·92 
2·53 
5·36 
I "16 

- 074 
- 0·58 



UNITED STATES COAST AND GIWDETIC SURVEY, 

L COi\'IPARISON OF ASTRONOMIC AND STANDARD GEODETIC LATITUDES DEVELOPED 

UPON THE SPHEROIDS OF CLARKE AND BESSEL-Complt:ted. 

• 
No. Na111r:: of astronomic station. 

ror Mount Tamalpais 

102 Mount Helena 

ro,; Ross Mountai11 

104 Sulphur Peak 

ro5 Ukiah 
106 Point Reyes 

IOi Bodega 

roS Mendocino City 

109 Point Arena 

Observed 
astr'lttotnic 

latitude. 

0 /I 

37 55 19 ·rs 
38 40 01 ·05 

38 .)0 09 ·96 

38 45 44·42 
39 08 54 ·59 
37 59 33 '62 
38 IS 20 'II 

39 1S 05 ·50 

38 55 IO '16 

Seconds 
, of geodetic 

latitude, 
Clarkes 

spheroid. 

// 

09 '.:?3 

19 70 

53·38 
5S ·oo 

4,; ·41 

28·96 
12·60 

18 '07 

Second• 
of geodetic 

latitude 
Bessel's 

spheroid. 

II 

25 ·13 

07 ·94 
IS ·31 

52 'IO 

56·So 

41 ·ss 
.:?7 ·52 

Ir ·39 

16 'i5 

(A-GI 

Clarke. Bessel. 

/I 

7 ·47 
s ·18 

9 "74 
s·¢ 
3 ·41 

9 79 
s·s5 
7 'IO 

7 '91 

// 

5·95 
6°89 
8·35 
7 ·6,'g 

2 "2I 

8 ·26 

7 ·41 

5·89 
6·59 

2. COMPARISON OF ASTRONOMIC AND STANDARD GEODETIC AZii\'IUTHS ON 'l'HE 

SPHEROIDS OF CLARKE AND BESSE! •. 

No. :;;t11tio11 occupied. 

1 I Cape Henlopen Light 
Principia 
Cnkert 

4 Marriott 
5 Webb 

s 
9 

IO 

II 

I~ 

Ii 

IS 

Hill 

Super 
Seaton 
Causten 
Sugar Lonf 

Maryland Heights 
Bull Run 
Clark !llouut 
I..i:,ng l\'lount 

Elli•)tt Kuob 

Keeney 
Pini..:y 

Gould 

l\'linen·a 
l~e;zin 

Weed Patch 
Os11orn 

Parkershurg 

Newton 
Barding 

06 I Kleinsch111iclt 
:!7 Berger 
,s Jefferson City 

Station referred to. 

Brandywi11e Shoal Light-house 
Turkey Point 

Meekin Neck 
Hill 

Soper 

Webb 
Webb 

Hill 

Soper 
Bull Run 

Bull Run 
Peach Grove 
Bull Run 
Spear 
Humpback 

Bald Knob 
Gebhardt 
Howland 
Ash Ridge 
·ranuer 

Fountain 
Calvary 
Den,·er 
Claremont 

Geoffrey 

Insane Asylum 
Winter 

Cedar 

Ohser\·ed 
astro1ic•mic 

azimuth 
west of 
south. 

0 ' 

173 45 17 ·64 

I 3:\- 4.) '50 

:!,5.J 1)6 1..19·18 

96 37 43 ·40 

SS 59 49 ·38 

219 46 58."II 

J6$ 49 'J •6o 
'265 .v 53 ·61 
210 !34 41 ·65 

32 29 16 ·97 

Js8 43 07·1S 

263 53 ~8 ·49 
20.J 19 :!7 ''!~ 

223 2S 4r ·04 

303 25 24 ·4.; 

257 o.i. 35 ·s9 
119 cq. 31 ·s+ 
8.f 49 13 ·61 

:210 S4 .p·38 
276 56 46 'O::? 

7 33 21·2S 

192 16 17 ·59 

143 16 15 ·55 

321 29 05 ·.;o 
53 25 07 ·53 

:zoo~ 3c ·s1 
39 lJ 05"64 

199 :;:; 37 '47 

Seconds Seconds 
of geo- of ,breo-
detic detic ! A-GI 

tJ~1:~~~~· a~!~~~f·~~· Clarke. Bessel. 
spheroid. sph~r<·id. 

15 ·29 

.).l.':'.'8 
00·81 

35·04 
42·70 

51 'I:) 

18 ·14 

43 ·55 

37 ·ss 
22 '.'.?0 

l0"54 

30·6o 
2s·s1 
46"6" 

.33 ·77 
32·0 

II '27 

47•60 

4S'9f:l 

.:?~'01 

1$•34 

I/ '.'.?I 

o6':X. 

05 'ii 

30 "73 
03·05 

35•93 

4..:- ·05 

oS'i:i.J 

4~ '.:!.5 
49·91 

~8·2G 

:!5 '26 

5o·r,4 

44·65 
29'.)0 

17 ·46 

37·43 
35·55 
52·99 

2S 062 

39·65 

16·57 

52 ·54 

53"s6 

zr:.·~s 

:22".-;6 

:?0"85 
oSt ·g:? 

09·00 

33"66 
05·67 

3s·:.U 

+ ~·35 
+ 8·92 

+ 8".>7 
+ s·.:.6 
+ 6•68 

+ tj·c,.~ 

+ 5 ·46 
+11)'06 

+ 4 ·07 

- 5" .. 'il 

- 3·36 
- :?'II 

- o·s.,, 
- 5·02 

+ 2·1S 

- 0·85 

+ 2".'4 
- 5·.:-2 
- 0·97 

- O'jJ 

- O'j5 

- 1·66 

- 0·90 
+ 1 ·76 

+ 1·oS 

+ 2·59 

+ 1'54 

- f.".)I 

+ 1·45 
+ 1·14 

+ 1·15 
- 0·53 

- •)"15 

I "66 

+ 2·97 
- 3·00 

-12·33 

-J0'.?8 

- s·99 
- 7·57 
-11·35 

- 4·16 

- 3•;6 

- 6"38 

- 0·91> 
-rn·16 

- 7·54 

- 4-'97 

- 4"'ii 
- 5·30 
- 4 ·52 

I ·47 

I '85 
- 0·03 
- 0·79 



TRANSCONTINENTAL TRIANGULATION-PART VII-POSITIONS. 

2. COMPARISON OF ASTRONOMIC AND STANDARD GEODETIC AZIMUTHS ON THE 

SPHEROIDS OF CLARKE AND RESSEL-Completed. 

No. Station occupied. 

29 Hunter 
30 Ada1ns 

31 Salina \Vt-gt Base 
3:? H.nsgell Southeast 

33 O\·erl:11HI 

34 El Pnso East Base 
35 Pikes Peak 

36 l\'101111t Ouray 
3i Gunnison, Colorado 

3S Trensnry l\·To1111Lnin 

39 Unco111pahgrl.! 

40 Grand Junction 

41 Tn\"apnt~ 

4·2 :M•)1111t \Vnas 

43 l'atmos Ht:ad 

44 Mount Ellen 
4.5 Wn.,~tch 

46 l\·Iom1t Neho 

47 Salt Lake City 
48 Wa<lrloup 

49 Ogden Observatory 

50 I O;,:•lcu l'eak 

51 A11td•..,pt.: 

5:! 1 I 'rom_<mtory 

53 I JJcst:rct 
5·1 11·crmh 

55 l 1foche 

s'5 Pilot Peak 

57 Din1110111l Peak 

s-'3 .

1 

~~1i":tt1't 1:.:a_lhLlmn 
59 I r"J1yal1i.: V•:ime 

60 C.nrson ~ink 

6I j\I 0:.1111t Conness 

6:! L:lkl.:' Tahoe :-;outlleast 

63 l{r;n nd TlJ}> 

64 1\-Tonnl T~1Jln 

1)5 .!\·[•)Cho 

f:tt:. Yolo Base Sonlhea5t 

67 Yi:•lo Hasl: Northwest 

l)S !\·fount Dial.lo 

1~) Vac:t 

71·1 "i\fo11tkel111 

ii :v101111t 'famalpaiF> 

j.1 Mounl 1-ldena 

73 Paxton 

Station referred to. 

Christian 

Clark 

Salina East Base 
Ru:osell Northwest 

Eureka 

El Pa•o West Base 

Mount Ouray 

Uncompahgre 
Unc01npahgre 
Mount Waas 
Treasury l\Iountain 

Chiquita 

Patmos Head 
l\'lount Ellen 
Wasatch 
Patuto~ Head 

:Mount Nebo 

·rushar 

City Creek 
Ogden Peak 

Ogden Peak 

Mount Nebo 

Deseret 
Ogden Pi:ak 

Mount Nebo 
Din111L"1nd Peak 

Tushar 

MonntNc:h0· 

l\I•:it111t Callahan 
Car~n ~ink 

"Mount Grant 

l\lonnt Callahatt 

Round Top 

FolF-0111 Peak 

l\·fount He1ena 
"Mount Helena 

J\'lount Dial1lo 

Yolo Base- North\\?est 

Yolo Hase Sf111theast 

Mount Hdena 

Yolo Dase Southeast 
l\frmnt Hcle11!1 

lHonut Diablo 

:Mount Diahlc:i 

.Mr::iu11t Sa11ht-drin 

Obsen·ed 
astronomic 

azhnuth 
west of 
south. 

~ 

221 48 20 ·49 

II 46 II "94 

243 36 I8"3:? 

140 42 59 ·79 
284 I•) 32 ·6~ 

io.1 ..is 04 ·t.2 

66 05 16 ·;o 

70 3.5 SI ·27 

41 55 00·39 

74 4.5 04 ·71 

190 ·P s5·8.j 

:!J Si .::3 "9'°3 

83 17 40 •$5 

7~ 00 Ib "62 

66 41 1:'< ·70 

195 35 57 •89 
Ifo S4 00·73 

20 05 23 \."'6 

192 o~ .;0·50 

ISO 4.:- .P"5S 

283 08 44 "j(I 

356 19 30 ·37 

31 59 04 ·q. 

283 :?,3 62 "6...i. 
3i4 I4 OJ ·38 

81 II 28 "49 

250 .58 so ·~9 

303 40 q. "IS 

98 :!j 1., "$.1 

83 '"-'9 ;:..i·~ 

7i 20 4'.:'":.!•_.J 

26.:- 2(1 2.5 . 50 

142 39 19 ·41) 

177 5fJ 19 "I.) 

90 ss s .. ' ·sy 
6i :?I 62 "36 

1--14 ~7 ._:;5 "ii 

16,:; 07 l.)"II 

34.3 05 02 ·07 

144 28 I6"0J 
::?.~ 3~ ._;9 . 55 

~H 0-1- 2.) ".)•) 

::!74 IS 15 ·04 

324 Ol 24 ·96 

203 4i 05 ·7; 

Seconds 
of gerJ
de"tic 

a?.imuth. 
Clarke's 

sph<:roicl. 

.13 ·17 

33 "61 
03 ·24 

11 ·04 

5.J ">i 
l I "j:J. 

18·.:-s 

6--1- "IO 

_:.I "93 

.:-9 "ii 
6.J ·46 

4I "II 

t$8"67 

5f;,·s-~ 

6J ".Ji 

44 ·25 

1 .. :;·59 

6J ·07 

14 "7.1 
36 ·06 

~s ·ss 

19·19 

19·6f. 

42·00 

5S·51 

29 ·4 

59·f<.! 
66"0j 

42·00 

.11 ".56 

39·99 

lj"3t) 

Seconds 
of geo-
cletic 

az;n1uth, 
Bessel's 

spheroid. 

25 ·31 

13 ·45 

01 ·5r 

oi;»·14 

SI "')9 

09;.:?2 
15 "ii 
(.1 ·44 

>S·ss 

43 "73 
2;·.p 

~·1 .. ~ 

·60 "j.:' 

08·2S 

36·9i 

64 ·43 

S.:?"J4 

Si "J7 
40·00 

(") ":?3 

,58 "6> 

IO "2-1-

31 ·..p_-. 

53 ·so 

14 "I•) 

14. ":?,; 

36-19 

5"2 "66 

"25 "JI 

22 ·7 

s.,·18 
59 "2.j 

JS "L\~ 

14 "4(' 

32 ·7;~ 

.:03·00 

q 7r.. 
,30"06 

('9"66 

(A-G) 
Clarke. Be.,•el. 

2 "6S 

- 0·45 

- 5·90 
- >;·n 

- 0·99 

+ r·._:;8 

+ 5"66 

- 3·00 

- II ·33 

-13·57 
- s·.:-o 

6·w 

-q·o._'. 

-11 "0i 

- 6·57 

- 9"5.5 

+ 0",3.l 

+ J"ll 

+ 7".56 

- 0"7.:? 

- s·s .. , 
-II"OO. 

- 5·60 

- 4 "(JO 

- o·ss 
-10·79 

- i"4J 

- 5·55 

-I::..·05 -1:;\u 

.-18 "Ji -I3 ·~ .. ; 

- .?4 ·03 -19 79 

-1677 -1~"4i 

-13 -s . ., -- 9 "63 

-.:9 "4.5 - .~ \ .. """;1 

- l)"-J.3 + 4 "1).2 

-13·.3·l - $·St. 

- i "ii - ::-~" 

-$·~6 3·51 

- 5·04 (1"1)-I 

-5·84 O"-Jl 

- j"16 -· I".' .. r::.. 

- 9"2! - .. ;·::..i 
--= 5 "$;: + (l"~'.9 

-10"5(1 - 4·11 

-1(1"::, 

- 37.3 

- 3·53 

i ·09 

-12·56 

-11 ·59 

·- 3·b 

+ 1)"/I 

+ ,;·1:

+ o·os 

1·.w 
I ".)T 

+I "6J 

+ .~-8.; 
+ ~· .. ~o 

5 "JO 

-· 3 "89 



UNITED STATES COAST AND GEODETIC SURVEY. 

c,. COMPARISON OF ASTRONOMIC AND STANDARD GEODETIC LONGITUDES ON THE 

SPHEROIDS OF CLARKE AND BESSEL. 

Nan1e of astronomic station. 

1 1 Cape l\'lay, tran~it 
Do\·er 
\\Tashi_ngton, Coast .a11d (,eodetic Snn't'Y Offici:, ohst:rvatory 

Obsen•ed 
astronornic 
longitude. 

0 ' 

74 55 45 "68 
75 31 1S ·45 

transit Ti oi:• 2~ ·1)4 

4 \Va~hington,old Nayal Oh~en·:it1··ry. d1_1111e 7i oi t.~·3i:1 

.5 \Vns.hiugtr)n, new Na\·al (lhst.·n·:H•:iry, dock l"(IOlil 77 o .. ; stJ 'j6 

r:. I Stra~hm·!.! 
Clmr\i:1tks.,,·1\le, l\IcConni.ck (J1~n:ato1·y 

S Ch:.irh:::-otou, \Vest Virginia 

9 Cincinnati. !\:lonnt Lookout c)li~f:n·atory, •.lom•.! 

rn Vincennes 

II Parker:-ili111·g-, trans.it 

12 8t. T.oui~. transit pier, Vlashington .U11ive1sity 

13 Kansas Ci.ty 

q I Ellsworth 
15 [ \Vall.act:" 

1~ I Color<1do Springs 1. •885) 
17 j Gunnison, Colorado 
1~ Grand junction 

J-?1 Green Rh·er 
20 Salt Lake City 

OI ! Ogt"~,.~n Ol 1sen·at1..1ry. longitude pi~r 
~)as1s 

Enn.:kn 

Austin 

Virginia City 

~6 I ~ar~vn City. Ohser\'atory tnn1sit 
27 1..Tenoa 
;:-q Lake 'l'ahoe :o;outheast. 

.:?':) Verdi 

3•:i Sacrarnento 

.;1 "Marysville 

:;.:- 1\-fonnt Ha111ilton, J.,ick Ohservatory. transit house 
~an Francisco, \Va:.;hi11gt1:i11 ~quare 

San 1.:1·an~i~co. T ... afayette Park 

-~.5 

1 

San f-"r.t m.:isoJ, lie\\·' Presidio 

_,6 I Tik;nh 
. l7 · p~-,int An:na 

78 .=!I 35 ·70 
78 31 20·10 
SI .".i l)y ·~,_, 

&! '·' 00 ·97 
87 ,~, JO"I4 

S8 01 -1--~: ·3•) 

90 IO I8"~4 

9.J :;5 21 '(() 

98 13 f-··.:.6 
JOI _-:;::, ~; "'?6 

104- 49 IO ·1'.5 

IO'S 5.5 ._;o·r)S 

ioS 33 .54 ·o~ 
110 ~_, ::;3·.:,..') 

Ill 5.3 4i"60 

JI I 59 5_i:; ·::;9 

112 .-:.7 5.5"·P 
u5 57 37 ·56 
ll/ 04 .17 ·24 

119 ,l,t; 4:-·08 

JI~ 45 4.J ·6o 

IJ') ~(I 2°2 "34 

JI~ .~l .. 45 ·90 
I 19 5~ .t;:: ·90 

1 :-1 29 _-;5 ·so 

l.'.!I 35 I/ ·79 

].'.![ ~~ -l.~ ·4:~ 

l ::2 ~4 36 ·62 

123 12 .3.'.\ ·51 

123 41 46 •::<; 

Seconds 
of ~"o-

dE:ti~l•ltl-
gitude, 
Clarke's 
spheroid. 

II 

-iS ·03 
>4 "SI 

1)6·(,g 

r:.~·~ 

.)'}'~ .. ; 
::!\"\:, 

.59"64 
21 ·7:: 

,~5 ._,, 

49 ":!7 

17 ·6.l 
.. ,., ..... 
-- -~l 

44 ·97 
.;1 ·.p 

::..+ ".55 

26 '."';4 

-=i_:; ·16 

.=.s ·.io 
of.·&, 

37 ·54 

4_,·96 

3Ct".:04 

11 ·79 

49".".2 

48·59 

4i:;·92 

40·1'.o 

57·6.~ 

."\0"04 

051·SS 
30·.p 

31 "TJ 

,16 ·s2 
04 ·s,, 

Seconds 
of geo-

detic l1:on-
gitude. 
Hesse l's 

spheroid. 

" 
35·43 
12·16 

" ·if. 
s~ · r; 
SI _, 

~s·r:.s 

1r_,·51:i 

.~··s:: 

13 '':'-l 
~9 ·~·) 

;o·s= 
:;8 ·o.~ 
f.1·1(1 

,;:; ·6~ 

44 ·4n 

_l:j(•"~h 

39·00 
21 ·13 

60·16 

59 ·27 

56 "(13 

5' ".\.! 
68"5."l 

41 ·51 

OI ·49 

41 ·77 
4.? ·92 

4S·r:..i 

I 

I 
I 

I 

I6"66 I 
40·04 

36'60 . 

(A-G) 
Clarke. 

~ ",'5 

-- 6"o6 

- 7 ·07 
-. 4 ·.15 

- f,·i:q 

-- .; ·s.; 
I '•)_::, 

+ 2_ -.~1 

(•"i5 

-·· =. ·1~ 

Bessel. 

+ 10·45 

+ t.·29 

+ 4 ·4S 

+ 7·I5 

+ .'i"49 

+ 7·r_.::; 

+ 9"<\o 

+11·.u 
+ 7·03 

+ •)"~.J4 

-- O"';J/ + 4 "88 

+ 1 ·:-1 + ~·94 
·- I ·17 + 1 ".?9 

X·61 - 8"06 

·- .=. ·-1_:; - 6"00 

·--~~. "9') - 26 "81) 

+ .1·q + O'Il) 

+ •) "86 - 4 ·01 

- :! ·.12 - s·oo 

+~"ii +1_,,·x5 

+1;-:·05 +11 ·19 

+11 ·.1s + 4 ·45 

+ 7 ·32 ·- 'A4 
+1_;·4=. + t>n 

- 7 ·44 -1;~·08 

- .~. ·99 -14 ·67 

-23 ·5S -,;4·08 

+ 5 ·,;o - 5·44 
- .ns -15·6,, 

+ 5 ·76 - 5 "7I 

+ 7 ·91 - .. -:. ·70 

+1_,·00 + I ·fJ.5 

+ 5 "SI - 6·,30 

+ 6"10 - 5·72 

+ 7 ._,7 - 4 ·46 

+ 5·91 - 6·53 

+02 ·30 + 9•66 
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Scrutinizing the preceding tabular results expressing the deviations of the astro
nomic and geodetic results, for the two representative spheroids, and heginning with 
the lati.tudes; we notice that the figures in the last two columns easily fall into three 
groups. In the first group of 19 values, between the Atlantic coast and the eastern 
flank of the Blue Ridge, the deflections are small and changing sign: in the second 
group of 29 values, from the Blue Ridge to western Kansas, the plus sign is largely 
predominating, and in the third group of 61 values, from westPrn Kansas to the Pacific 
coast, the opposite sign subsists. The average deviations are as below: 

-
Group 1, stations I to 19 

Group ~. stations w to 48 

Group 31 stations 49 to 109 

C. B . 

.II // 

l:o:S\.-1-G) =-0·34 

,_:.1,:S {.-1-,G) = +2 ·29 

7,'-r:S (_cl-G) = -3 ·69 

+077 
+3 ·52 
-2 ·89 

Thus, over the great extent of the second group, the average surface of the geoicl 
(in the region of the thirty-ninth parallel) seems to be tilted toward the north 2 or 3 
seconds, whereas in the th1rd group._ covering the region across the Rocky Mountains, 
the tilt of the geoid is opposite and toward the south about 3 seconds. These deforma
tions are well marked. and afford us a glimpse of their vast extent, though at present 
we have no means of tracing them to the north or south beyond our parallel. Squaring 
the differences (_.-l-G) and :;umming up, we fiud for the spheroids for ( C.), 2 389 aud for 
(B. ), 2 163. The difference is small. as might have been expected from the small excur
sions beyond latitude 39° and is in favor of the Besselian spheroid. 

The azimitllial comparisons exhibit much larger differences than the preceding 
011es. \Ve have :E(A-G_)" = 4 895 for ( C) and 2 SSS for (Bl and after rejecting 8 stations, 
all west of Pikes Peak, where. the deflections exceed 13 seconds, the above figures 
become 2 S13 and 1 665, respectively, in favor of B's spheroid. It is different with 
the l£>11gil11di11al comparisous; here we have :S( .-1-G )~ = 3 674 for ( C) and 4 I 86 for (B) 
and after rejecting 5 values, at Colorado Springs anc14 stations west of it, where the deflec
tions exceed IS seconds, we find r 294 and 1 SS2, respectively, in either case in favor 
of Clarke's spheroid. In a general way the tabular values of ( .-1-G l in the last two 
colmnm; ap1)ear in opposition respecting their sign, aud near the Atlantic side of the arc 
the negative signs for(_ C.) predominate; near the Pacific side the positive signs prevail. 
This last remark, as has already been stated, is in conformity with the fact of the prev
alence of opposite signs in the ( C.) columns of ( .-l-G) of the azimuthal and °longitudinal 
tables. \Ve have for the azimuthal stations Nos. 1 to 9 the mean value -lo 2( . .:J-G) = 
+ 6"·s,_which converted into longitudinal difference by o"A = - oa cosec a, equals -- 1o"·s, 
the mean tabular difference is - 5"· 2: 1:in the Pacific side we have the mean of S 

values (Nos. 66-73) of L-1.-Gl from azimuths - 7''"8 corresponding to + 12"·4 in 
longitude; the mean tabular difference (Nos. 30 to 39) is +9"·2. 



UNITED STATES COAST AND GEODETIC SURVEY. 

E. REVIEW OF THE STATIONS EXHIBITING LARGE LOCAL DEFLEC
TIONS OF THE PLUMB LINE IN THE PLANE OF THE PRIME 
VERTICAL 'OR IN LONGITUDE. 

The effect of the local disturbing action on the dire<;:tion of the verti.cal at a 
station, due to irregularities of distribution and of density of the surrounding masses, 
may be approximately ascertained, provided we possess a contoured map of prorer 
scale and extent of the region. Even with this knowledge the actual magnitude of 
the deflections must to a large extent remain uncertain, mainly owing to the defects ,_-,f 
our reference spheroid and to our ignorance of the underground distribution of the 
masses and their density.* 

At present we possess but very scanty knowledge respecting the surface configura
tion and distribution of matter at and in the vicinity of our longitude stations; yet it 
will be desirable to examine somewhat in detail, at stations exhibiting large deviations 
from tlie normal, how far the visible topographic environment may account for or 
support the observed deflections. Owing to the heterogeneous nature of the earth's 
crust, computations of this kind have not been very successful: although in cases of 
olwio11s influence a fair agreement between observed and computed deflection in sign 
and magnitude is generally brought ·out. 

\Vhat will be needed by the computer, at least for stations showing large deflec
tions, is a rough topographic survey covering the region for tens of kilometres, the 
extent depending upon local circumstances: the map to give the elevations by contottr 
lines at suitable vertical intervals as !Jdween 50 and ioo or more metres. 

Of stations exhibiting large east or west deflections-say; between about 20" and 
30"-Colorado Springs, Colorado, and Genoa, Nevada, hold first rank. Both places 
face an cas!t'rn flank of mountains which rise to a considerable height. Here L-1-(;) is 
negative: hence the plumb line is largely deflected zc•cstzmrd. 

Tht:re are about 6 other stations with less, but still lar~e. deflections with their 
( .-1-C,:) positi\·e. showing the plumb line deflection to be easterly. They are Point 
Arena, California: Salt Lake City, Ogden, and Oasis, Utah: Austin. Nevada, and 
Mount Hamilton. California. 

r. At ((1/oradt' Springs the local configuration is as follows: Elevation of the station 
above the sea I 821 metres (_or 5 978 feet°); elevation of Pikes Peak 4 300 metres (or 
q roS feet l. Pikes Peak is west of Colorado Springs 18 ~-~ kilometres (or 11 }·f statutt: 
miles J. A profile through. the station and looking westward shows a plateau at an. 
elevation of about ro 500 feet and extending from 60 to So mil.es, where it reaches the 
continental watershed or divide. The distrihution and form of these masses are S(l 

very irregular that no representative geometric figure coHld be substituted to determine 

* No1·E DY THE EDITOR.-The dfi::d of a mountain on the di red ion of the plumb tine was successfully cakuk1.h:·lt 
in the: cast· of Haleakala, in the Hawaiian Islam.::l!-i. Ftiliziug the ci:1nto11rs furnished hy the Government Snr,·ey, the 
attractil~n was detennined. at the stati•:in ·· Kaupo,'' by the formula-

ti} he J.i"·9. Thf' latitud~ of this point was found by astronon1ical obsen·ations, and a sitnilar cletern1ination was made 
for a point on the other side (1f th..: tll(1untain. The two stations being- C(•qnected by triangulation, a dt-flection of tht" 
plmnh line at "Kan po" of 29"·4 w:.is revealt"d. Here we ha,·e a discrepancy of only 111 ·5 bt:"tween the two dt:'ttrmination:;. 
The mountain is IO ooo feet high and about 8o n1iles in circun1ference at the base. See Coast and Geodetic Sun·ey Repc•rt 
f•Jr tS88, Appendix No. 14, page 5:9. 

July. !•)JO. 
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roughly the amount of deflection. Supposing" an attracting mass. cone-shaped, with 
height 2 478 metres and ·a ba;;e of 30 kilometres radius, density 2·3 and distance 1S% 
kilometres, the angular deflection would be nearly 22 seconds. 

2. The station c;cnoa is located at the foot of the steep slope of a spur of moun
tains extending along the eastern side of Lake Tahoe. For this locality we possess a 
map of the topographic survey by Lieut. G. M. Wheeler, United States Army. expedi
ti01.1 of 1876-77, from which we take tht;: following heights: Genoa, 4 801 feet: crest of 
range at Genoa Peak, 9 155 feet, and at Monument Peak, 10 035 feet; surface of Lake 
Tahoe, 6 202 feet (according to railroad reports 6 247 ). Here the __ physical hypsometric 
features lend themselves readily to simple mathematical treatment. Referring to Clarke's 
Geodesy, page 298, to the case of the attraction at a point Pon the slope of a triangular 
section of a mountain range of indeP.nite extent, we get. on transforming the expression, 
when Pis at the foot of the slope-

• 6'' ·2,., t" , .. ba'·e ·1·1 "6' lo ( base }"+ "o l·as• s1'11° 6' ., _., = - .l .. ~ " . " 1 - g. f I - ' ' " . . ( rout s ope_. . . 

where A the attraction in seconds, u the inclination of the front and u' that of the rear 
. slope, assumed density of mass :i · 3, and the unit of length being the statute mile. 

\.Vi th base= 15 miles at the level of Genoa station, tan u = o·9oS; hence cr = 22°, and 
. 2·25 

u' = 13°·6; we get .4 = 11"·5: This, hmvever, takes no account of the attraction of 
the range on the west side of the lake about '.!O miles distant and _rising at least to a 
hctiglit equal to that on the east side. 

3. At Salt Lake Ci(J'. which is at an elevation of 4'·334.feet, we have to the westward 
for about 150 miles a tolerably level ground, nowhere rising much above 5 ooo ,feet, 
whereas to the east an outer spur of the \Vasatch Range rises to about 9 500 feet at a 
distance of about 12 miles. Farther east the Uintah Mountains are at a still higher 
elevation. T.hese conditions account for the large deflection at this place. 

4. Ogden Ci(1• (observatory) is similarly situated as the above station. The eleva
tion of the observatory is 1 · 338 metres (or 4 39c~ feet). and that of Ogden Peak 2 924 
metres (or 9 59::? feet), which point is but 9·6S9 kilometres c1istant from the observa
tory. The difference in height is 1 586 metres (or 5 203· feet). To the west we have 
the Salt Lake. with Promontory Ridge (about 6 500 to 7 ooo feet highJ jutting into it, 
while to the east the closeness of the steep· flank of the Wasatch Range and the elevated 
plateau over 7 ooo feet in height farther to the east must exert a powerful influence on 
the vertical at the observatory. 

5. The station 011sis, at an altitude of about 1 38"7 metres (or 4 550 feet), is situated 
near·the Sevier River and in the desert of that name. To the west the desert extemls 
many miles, bnt little of it is known except some minor elevations r ooo or 2 ooo feet 
::ibove the general level: but at a distance of 60 kilometres (or 37 .r.~ miles l the Antelope 
Mountain rises to ::? 959 metres (or 9 708 feet). Eastward of the station the Canon 

. l\fountains culminate at the Point Scipio with an altitude of:! 967 metres (or 9 7 34 ft:et)., 
which point lies at a distance of about 38 kilometres (or '.!3.% statute miles). Here, 
then, we have to expect a differential, or much smaller, longitudinal· deflection than in 
the above cases, where the attracting masses were much nearer the stations attracted. 

6. Austin Ci(!' is situated on a western slope rising from an elevation of about 5 ooo 
feet at Reese River, 7 or 8 n~iles distant from-Austin City, to its crest of about S 5c:> 

rSi3::!-No. 4--5+ 
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feet elevation. Information is wanting to estimate the deflection, except that it must 
be to the east. 

7. Jl/ounl Hr.1i11i/IN1, upon wbich the Li<~k Observatory is located, is of comparatively 
low altitude, rising only to 1 -::?.87 metres (or 4 -::?.~ 1 feet>. The mountain is of conical 
shape with its western slope sinking into the Santa Clara Valley, which is here less 
than 100 feet above the ocean. From the north around by northeast to southeast the 
mountain is surrounded by closely packed masses rising to 3 ooo feet or more and com
prised within a radius of about 30 kilometres (_or 18% miles), The attraction of these 
masses is to some extent compensated by that of the western hills of the Coast Range, 
which to the west .-::kirt the Pacific Ocean at a distance of about 75 kilometres (or 46_1 6 
miles) from the mountain. The elevation of the Coast ·Rang·e is between 1 500 and 
2 ooo feet." but that of the Santa Cruz Mountains to the southwest reaches, at its culmi
nating point, 1 157 metres <or 3 797 feet"! anel is distant 3 r kilometres (or r9 miles l. 
'Ve may infer that at the Lick Observatory the vertical is not largely affected ( p1umb
line attracted to the eastward). 

S. There remains for special examination the environment of P,1i11t • ...J.rc11.i, the 
western terminal station of the arc and distant from the coast less than ..f. kilometres (or 

2·4 statute miles>. The vertical at this place is under the direct influence of the attract
ing force of the mountains and hills of the Coast Range, which in the parallel of Point 
Arena has a total width between l X• and I 30 kilometres (or 7 5 :;i.ml So statute miles). 
Beyond this there is the low and wide valley of the Sacramento River. The Coast 
Range consists of a series of parallel ridges trending approximately northwest and south
east. The first of these rises to 83-f. metres at Cold Spring and to 67-1- metres at \Valalla 
and t•) about.754 metres (or 2.474-fee(} at a distance of 20 kilometres ~or rz~·6 miles): 
the second ridge reaches at Sanel Mountain an altitude of l 0-::?.2 mdres (or 3 353 feet) 
and is distant from the coast 44 kilometres (or 27 miles l. At this station we may there
fore expect a considerable eastward deflection of the plumb line. 

9. The next longitude station to the east, Ukiah, lies in the valley of the Russian 
River at an elevation above the sea between ~so and 300 metres. It is on the western 
side of the valley, which is l~ere about 4 kilometres in width. A few kilometres to the 
west, at Paxton. t:'.e hills rise to l 037 metres (or ,, 403 feet>: east of the station, the 
hills are nf about the same height. except at the.crossing of the main range, which lies 
at a greater altitude. 

w. At .Ym:rsz•ille, the distincti\'e feature C•f the landscape is the Butte, which lies 
. westward about -::?.o. kilometres (_or 12 }; miles) and reaches an altitude of 6+-f.}~ metres 
(or 2 r q feet>. while Marysville itself, on the other side of the Sacramento and Feather 
rivers, is but 20 -metres I or 66 feet> abov<:: the sea. The greater proximity •Jf the 
mountains on the east side of the valley, as compared with that 011 the west. probably 
more than offsets the attraction nf the Butte. 

The plumb line at stations in 51111 Francisco or its imniediate vicinity is probably 
but slightly disturbed from ,dsible causes. The principal attracting mass along the 
parallel is Mount Diablo. ·Although l 17 3 metres (or ,:; 849 feet) in height, its distance 
45 kilometres (01: 2S statute miles) is sufficient to greatly diminish its effect. To the 
west asfaroutasthe bar, 173~'kilometres (or rr statute miles), we have shallow water, 
not exceeding 20 fathoms; beyond we reach depths of roo fathoms at a distance of about 
F kilometres (or 44J,i statute miles l from San Francisco. The slope into deep water 
is therefore very different here from what it is off Point Arena. 
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F. SYNOPSIS OF RESULTS OF THE ASTRONOMIC AND CORRESPONDING 
GEODETIC MEASURES OF THE PARTS OF THE ARC. 

I. PRELIMINARY STATEMENT. 

There remains the presentation of the angular measures of the several longitudinal 
subdivisions of the arc, together with their corresponding linear measures. The latter is 
obtained by converting or redeveloping the geodetic differences of longitudes given in 
column ·+ of the last table into their corresponding linear equivalents on the parallel of 
39°, 1 degree in this latitude .being equal to 86 6::!8 ·tj~ metres for the Clarke spheroid. 
In the following table column 3 gives the differences of longitude counted from ·the 
ea::;terinnost station of the arc, as ~letermined astronomically; column + shows the 
corresponding geodetic differences taken from the position computations as developed 
upon Clarke's spheroid, and the last column contains. by redevelopment, the corre
sponding linear distances on the parallel of 39°. 

~. COllIPARISON OF AS1'1WN0l\IIC AND GEODETIC LONGITUDES ON ARC OF PARALLEL 

ACROSS THE UNITED S'l'Al'ES. 

Ko. 

2 

·' .1 

.5 
6 

7 
s 
9 

10 

ll 

12 

13 
q. 

15 

16 

17 
IS 

19 
:.::?O 

21 
'.'.?2 

'.'.?,'!, 

TABLE A. 

Nan1e of astronomic station. 

Cape May 

Dcl\'t:r 

\Vashington, Survey Office 

Washingto11, OM Obserrntory 

\V:ishington. N1;w Observatory ................. 

Strasburg 

Charlottesville, obsen·atory 

Charleston 

Cincinnati, observatory 

Vincennes ................. .... ········ ....... 
Parkerslrnrg 

St. Louis, University observatory 

Kansas City 

Ellsworth 

\Valiace - .. - ... - .. - - ........... · ......... ~ ...... 
Colorado Springs 

Gmmison, Colorado 

Grnm l Junction 

Green River 

Salt Lake City ................................ 

Ogden, observatory 

Oasis 

Eureka 

Ohser,·i::-d difference 
of lon~Hnd~ ''A 

fr•)1li. initiaf 
i.:a~tern slation. 

" 
0 00 oo·oo 

0 35 32 77 
2 04 39·96 
2 07 16·62 

2 oS I I ·oS 

.) 25 50·02 

_, 35 ,'\.+ ·42 
6 42 16·27 

9 29 35·29 
12 35 +4·41) 

13 06 02 '6:? 

15 16 33 ·16 

19 39 35·38 
23 17 50·68 
26 39 49·28 

29 5.3 24·97 
31 59 45·00 

33 38 08·34 
j5 q 07 ·40 

36 57 61 ·92 

.37 0' ..) 69·91 

:w 4! 697:; 
,p or 51 ·ss 

Sec•)lld~ of Corre~pondin~ 
,,A fr1-..111 inter\·at in md1:i.:.·5 

trial1;;ulatk111. 011 p::tr:llld ,_,f _-;•;f'. 

" Ill. 

oo ·oo I) "(J 

36·4S 5r 411 '2 

44·6s l8o ro7·6 
r8·65 183 SI::! "7 

q 77 185 r6,:; ·1 

51 ·50 297 220 ·+ 

33·12 31! 2r6 ·2 

IT "61 580 691 'I 

33·69 s ........ , __ ..., 338·8 

47·29 1 ('91 2q·S 

oi '2-1 134 864 ·S 

29 ·60 I ,:;23 2+2 ·5 
34·20 I 7c13 075 ·4 
56·94 ::: ors 373·2 
4,'\ ·,:;S 2 309 696·6 

46 ·52 2 589 871 ·4 

3S·5r 2 77r 598 '7 

05 ·13 2 qr' . .) i.;2 7 

07 ".37 .) 052 392 ·4 
3S·S6 .) 201 862 ·5 
49·51 _, 2 [() /SI '7 

55·93 _, 265 Sor 'O· 

42 '21 .3 554 233 'O· 



N'o. 

24 
:25 

26 

'2i 
28 

29 
30 

3r 

.]2 

33 

34 
35 
36 

37 
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TABLE A--Completecl. 

Name of nstrono111ic station. 

Austin 

Virginia City ... ............................. 
Carsr.n1 City, observatory 

Genoa 

Lake Tahoe Southeast 

Verdi 
Sacramento ................ · ................... 

Marysville 

Mount- Hamilton, Lick Observatory 

San Francisco, \Vashington Square 

San Francisco, Lafayette Park 

San Francisco, New Presidio ................... 

llkiah 

Point Arena 

Obst:·n·ed difference 
of longitml<: ~.\ 

front initial 
eastern stati1J11. 

42 oS 41 ·56 

44 41 56·40 

44 49 5:-; ·92 
·44 54 36·66 

45 00 60·22 

45 o· _, o- . ..,, 
I -· 

46 ... i ... "I 50 ·r2 

46 39 .):.'.?'II 

46 42 .57 '74 
47 28 50·94 

47 29 57 ·24 

47 31 26 '52 

48 16 47 ·s3 
48 45 60 ·58 

Seco11ds of 
~A from 

triangulation. 

;:?3 76 
er ·49 
60·56 

57·89 
52 ·57 
09·65 
,p ·or 

21 ·85 
42·39 
43·08 

4S '79 
J6'80 

39·57 

35 ·93 

·' 650 524 '3 
_, S-· ,_, ns ·9 
_, 883 863 ·~· 

3 891 018·1 
_, 899 55:!"8 

3 9'J:! 851 ·5 

4 033.573 ·1 

4 04r 750·9 

4 046 576·6 

4 II3 008·5 

4 114 589·7 

4 II6 707·5 

4 iS2 226·9 

4 124 009·8 

The above Table A contains all that is needed of the results from the measure
ment 'of the arc in order that it may be available for combination with any other arc or 
arcs, either for the purpose of determining a local osculating spheroid, or a gen.era! one 
for the whole globe. It nevertheless appears desirab,le, for reasons already given, not 
to make such use of the arl~ measures in their entirety without some modification. 
Notwithstanding the large number of subdivisions of the arc; it is plain that certain 
stations affected with large local deflections in longitude could only be productive of. 
injurious effects, and the same is to be said of stations closely crowded into a region 
J{aving the same general deflection of the geoid. 

In the following Table B these modifications have been made. The five stations, 
Colorado Springs ( .LA about ::q" l, Salt Lake City ( .LA about :! 1"), Ogden Observatory 
(_LA about 1811

), Genoa ( L,A. about ~.+" ), and f'oint Arena (.LA. ·about 22"), are 
omitted and the three \Vashington stations, are consolidated, as are also the three San 
Francisco stations, and their respective group means are placed in the new table: 
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3. RESULTS OF THE MEASUREMENT OF AN ARC OF PARALLEJ. ACROSS THE UNITEJj 

STATES IN LATITUDE 39°. 

No. 

i 
8 

9 
IO 

II 

12 

.r3 

15 

17 

18 

29 
JO 
31 

33,34,35 
36 

Nan1e of astronomic s_tation. 

Cape May 

Dover 

TABLE B. 

Washington, District of Columbia (Ill) 

Strasburg 

Charlottesville, observatory 

Charleston 

Cincinnati, observatory 

Vincennes 

Parke1·sburg 

St. Louis, University observatory 

Kansas City 

Ellsworth 

\Vallace 

Gunnison, Colorado 

Grand Junction 

Green River 

Oasis 

Eureka 

Austi11 

Virginia City 

Carson, observatory 

Lakt: Tahoe Southeast 

Verdi 

Sacramento 

Marysville 

Mount Hamilton, obsen·atory 

San Francisco (III) 

Ukiah 

Ob~erved astro· 
nomk difference 

;!~A·~~1Fl11N11;1 
station. 

o I 

0 00 O{)"(Jc) 

0 35 32 77 
2 06 .p ·55 

3 25 50·02 

3 2•5 .34".P 
6 42 16·27 

9 29 35 ·29 
12 3.5 -1-1 ·-16. 

13 06 O:? "62 

IS 16 3.3 ·16 

19 39 35 ·3S 
2.) 17 50 •68 

~6 39 ..io ·2S 

31 59 45 "C•) 

,:;3 3S nS ·,q 

35 q. 07 ·4u 

37 42 09 "73 

-11 01 5 1 ·s8 

.p oS 41 ·56 

4-1 -12 56 '.JO 

-1-1 49 5S·92 

-1-5 OI 00 '.?:? 

45 03 07 ·22 

46 33 50 ·12 

-16 39 32 "JI 

46 -12 57 "7-1 

-17 30 'J-1 ·90 

-18 16 4i ·S3 

Corre~pr::.1t.:i i ;- ':.{ 
~eodetk· ·· 

1i1)e;.ll.' mea::· .. 
ure i:1f arc 
in Jnetres. 

Ill. 

0 

5 I .j.II 

183 028 

297 220 

311 216 

5So 691 

J •J91 21.) 

I 13-1 865 

I 32..) 2...J.2 

I 70.) 075 

2 018 37.'3 

2 309 697 

2 771 599 

_, 55-1 2 33 

3 650 52-1 
_, S73 779 

·' ·883 863 

_, 899 553 

-I o.p 75 r 

4 046 577 

-I 11-1 769 

-I 182 227 

If w.:: divide the linear measures of the table by their corresponding angular ampli
tnd~s as expressed in degrees and fractions of a clegre.::, we shall obtain the value d r 0 

on the arc directly resulting from measurement. Tims taking the whole arc .:ir any 
part of it, we can compare the resulting length for r 0 with its value on the Clarke 
:-.pheroid 86 ti::S·6 metres and with its value on the Bessel spheroid 86 616·0 metres. 
\Ve sdect the following results: 

Whole arc. Cape May to Point Arena ( 48° 766 828), Table A 
Arc between Cape May and Ukiah (-18°·2j9 953), Table B 
Arc between Cape May and San Fra11cisC•) l-17°·501 36r) 
Arc between \Vashington. D. C., an.-l San Francisco 1-15°·389 5-11) 

Ill. 

1° = 86 616 
6:1-1 
6::q 
622 
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Taking the first half or eastern part of the arc, we find-

For the part between Cape May and 'Vallace (26°·661 689) 
And for the western par~, 'Vallace to Ukiah ( 21°·61::; '.!64) 

111. 

86 6.)0 
618 

That is to say, the average curvature (in parallel 39° l of the surface of the geoi~, for 
about four-sevenths of the arc, approaches closely that of the Clarke spheroid, while 
the actual' curvature over the western or remaining three-sevenths part agrees better 
with that of the Besselian spheroid. The arc appears to demand an into-1111Ylialt' spho-oid, 
of which, in latitude 39°, 1° equals i1early 86 62..i. metres, and which, therefore, favors 
that adopted by the Survey more than the older one. 

\Ve have yd to inquire into the accuracy of the linear measures of the partial arcs 
of Tables A and B. For this, provisions were made in Parts I and III, where the prob
able errors of the several parts of the triangulation are expressed in fractional parts of 
the distance covered. Thus we have for the Eastern Shore series in a length of 1 ::?8 
kilometres, the probable error developed in that length 2 · r metres; similarly in r 2 kilo
metres across the Kent Island base net, o·os metre; in the 393 kilometres of the 
Allegheny series, 3 ·46 metres. etc. Adding these figures for the whole arc, we get 
26;2 metres, which for 4 ::?.'!4 kilometres equals 1 Glouu part of the length. We may 
·take this fraction to apply to any of the other tabular numbers. It is equivalent to a 
probable error of 6·2 millimetres per kilometre, or to 0"38 of an inch per statute mile. 
~\i e may .contrast this probable uncertainty of ::?6 metres in the length of the arc with 
the difference of length corresponding to 4S""77 of lqngitude on this parallel of 39° for 
the two spheroids under comparison. It is 12·61 metres X 4S·77 or 615 metres, show
ing_ that the geodetic operation possesses abund~nt accuracy. 

For the sake of completeness and reference, there follows a list of resulting geo
graphic positions of the principal trigonometric stations of the triangulations pertaining 
to the measurement of the arc. Distances between the stations will be found in Parts 
I and 'III and azimuths are given in connection with the positions. 

G. RESULTING GEOGRAPHIC POSITIONS AND AZIMUTHS OF THE 
PRINCIPAL TRIGONOMETRIC ST A TIO NS, INCLUDING THE BASE 
NETS. BASED ON CLARKE'S SPHEROID OF 1866 AND THE STANDARD 
DATA OF THE ARC ACROSS THE UNITED STATES. 

Station. 

Cape May Liglit-Hous~ 

:i::.;;g Ishuul I ... ight-Hons~ 

Cape Henk1pen Light-House 

Brandywine Shoal Light
H•)u::;.e 

Stone 

Mahon 

Latitude. 

·:· " 
3$ 55 56"6:!5 

39 1(1 -ll '6'1.$ 

38 46 39·418 

3S .59 i_"lj ·674 

39 00 01 ·544 

39 IO 45 '4..;l 

Longitude. 

0 ' 
;.i ~7 39·r44 

75 ot-. ~3 ·79i!, 

75 05 03 ·518 

i~ 06 48 ·434 

75 19 41 ·477 

75 24 03 ·047 

Azhnuth. 

0 ' 
IV,l 2j 41 "f):; 

150 50 37 "66 

._;9 59 56·23 

90 20 .. '.6·73 

13·~ ._;r 50·10 

:.'.?tr 54 ·"-' ·74 

95 IO 1;; ·;7 

17..i 31 ;.1 ·~1 

1.:-3 54 i:i.i ·81 

162 06 .33 ·56 

49 .:-3 31 ·46 

90 IO 54 "98 

Back azhnuth. ~.ro station. 

0 ' 
2$-; I.; SO"O[ Sti:-ine. 

.330 43 .51 'j:) Egg Island L.H. 

"9 
, . ,- ...J.::!'O) Stone. 

i70 12 3r5 ·9;; !\'lah(IU. 

31";} , . 3~·90 Stone. 
31 .)9 1;;·5;; Cape May L. H. 

275 1)3 •:05 ·95 Stone. 

-'54 ~.(• 57 ".)·~ Egg I•land L.H. 
31)3 41 C4 ·~% Hartley. 

342 23 48·50 l\'19.hon.· 

.229 1· _, 00·9s Kent. 

270 00 38·93 Hartley. 
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G. RESULTING GEOGRAPHIC POSITIONS, ETC.-Coutinued. 

Station. Latitude. Longitude. Azitnuth. Duck azimute. "ro station. 

L1i'/,l u1a re-Con tin ued.. 
0 ' 0 ' 0 ' II 0 

Hartley 39 IO -f.lj'ioS 7.) 40 1s·400 1 "39 or_:l"Ij 181 3:-i 53 ·5~ Kent. 

75 02 13 ·82 25-J ~.5 :-6·34 Barclay. 
Kent JS .59 35·174 75 40 43·:25 101 31 54 ·a4 :Sr ,:._; 11 'i'} H(•pe. 

1.)8 01 5')'16 317 ~·5 1•)"14 Barclay. 
,J/«1')'/<111d. 

Barclay 39 (18 31 ·916 75 ,51 03'66I 46 57 55'.?4 226 5> 43 '0;) Hope. 

13~ 58 .'.!6·.::s 318 51 c.t.·.:-1 Still Pond. 

Hope .. ;~ 1)2 31 ·1S3 i5 59 1s·.:.ss 9i 02 (i) ·53 :tj6 4._, J8 'O.? l..instid. 

135 19 13 "1..-,3 Jl.5 II 32 ·91 Clough. 

Turkey Poiut ,W ~r:. 56·156 76 O<! 35·4os 50 19 4>·97 23i:1 IV "" ·&;. l'ool~~s I~lanll. 

';l...J. 
,, 30·1.)o /i...J. JI v··o7 l)&bornes Ruiu. 

::;till Pond 39 18 52·636 76 ,,, 39 ·s~.5 350 55 56'% Ii'-" ,s ')3 ·74 H1.."lp~. 

45 l.) 21 ·t.5 225 07 4-· ... s '-·- Clou~h. 

Clough 39 ,, o.i.·350 76 II .:!7 ·913 ~4 uo 1:!"5:! 2.,J._; 49 1)..?"43 Linstid. 

12S _;4 :::6·76 . :1):, " 45 ·s9 Fink1y . 
Pootes Island 39 17 05·631 76 IS 49"9.'.4 41 ~~: 16 •6.J .:!..?l IS 51 ·5..::: Linstid. 

1..:::1 II s;. ·79 :)01 r)2 00·3~ 

I 
Finh"1y. 

Swau Point 39 (•S 28 ">77 i6 16 49·000 15 47 :;s·s, '9~· 45 40·91) K~nt Islanci N. Base. 

71 St; 57 ·47 ~51 4:-J 10·.p Linstid. 
Q:o;hornc:s Ruin 39 27 5:? "7'?i.1 76 16 53 •430 35~· _,s 

.:-6 """~' li5 39 .:6·71) Poolr.:s Island. 

73 07 42·15 ::-5.:0 5~ .:!S ·9.? Finlay. 
Kt-Ill !:;land N!Jrth Base 38 58 '4 ·429 76 20 ..?/ ·924 Li.I .p 00"1.."t.°3 "44 ~ .. 52 ·03 l\fan;ott. 

l,':,5 37 59"0 ,315 3:! ,2.l ·31 Li.n:-!.tic..\. 
J.(cnt I~la nd South Dase JS 53 51 7$7 76 or sS "7S9 8..? 53 40·15 ;$.J2 44 2~) ·1)4 Maniott. 

141 47 26·42 .FI 43 41 ·57 Taylor. 
Taylor 38 59 46»43 .. 76 27 56 ·483 42 39 34·2s ;::~2 -~4 •)7 "'}7 l\Inn-iott. 

J70 '9 4.) "Uj .~51) l~ 57 ·15 I.inst id. 
I,inslicl 39 05 19·591 ;6 ..?9 0i;1·376 24 16 O.+ "i5 2•)4 11 2;) ·97 7\-lartiott. 

9" 34 4·r5S 270 ..?j 37 ·~i6 \Vt::hh. 

Finlay 3~1 24 os ·ss2 76 31 :!._:>"oSo 354 J4 26'29 174 35 5-+ ·os Liustid. 
20 IS l'",13"46 :.?00 12 ,2(1 "76 Webb. 

Mnrriott 38 52 ~s ·41i 76 36 35 "j2..J 96 37 .35"04 271) 2j 23·.n Hill. 
166 46 12 ·26 ~q.6 43 44 ·4i "'ebb. 

Webb 3·~1 05 24 ·413 76 40 31.."I ·733 39 54 :-r:.·51 ;;!l~l 46 51 ·13 Hill. 

97 -- 4~·52 ::!Ti I! 05·40 Stabler. 
Hil! 38 53 5~ "jf.q 76 ,. 50·3:.'.?S 94 38 2ti·59 274 :'.) 17 ·oi_;, Pea<!h Grot•e. 

159 5.5 :q·59 ,;39 51 ..?7·46. Stabler . 
Soper 39 o.; 1':'9 ·703 76 57 01 ·286 26$ 49 1S·14 SS 59 4.?"'jO \Ve-lib. 

34.~ 50 29 ·3s 163 53 Oj"~ Hill. 
Stabler 39 07 15 ·5("!1 76 5\1 •)'"/"050 43 31 30·39 ;;!:!J -- 16·17 Pear:h Gr1)\•e. 

Iq 01 10 ·52 ~·)~' 45 41 ·.~7 Sug~u Loaf. 
sugar Loaf 39 15 4>"412 77 2) 37 ·423 _;:? 29 .:!.'.! ·2s 212 17 ~'9 "•)5 Bull Run. 

107 .:.o 01)"..?4 -:87 17 43 ·:;9 l\Iarylnnd He:-ights. 
Maryland Heights _;9 20 25·5151 77 43 l)IJ"445 358 ·I:~ I(• ·54 178 43 4"".~$ Ilnll Run 

34 00 56·s2 ~'3 42 3~' ·59 l\'Imtnt l\Iar!':.'hall. 
f,·flgini'q .• 

Pet.ch Grove o:> .55 IO'OOl 77 13 4i "3:!i 84 II :01 ·So ~63 53 30·60 Bnl! Run. 

159 J...J. 44 78 339 .:i:S .3~·69 Sugar Li:iaf . 
Bull Run 38 52 51 ·450 ii 42 13·q5 -- 30 41 ·ss ;:1),? 19 .?f::":Sl Clat·k. 

75 1J:! 3S·3S ~34 43 51 ·26 Mc1unt Marshall. 
Clark 3.'S rS :;S·975 78 1)1) r~·l).!S 63 C'? 167S 242 36 •)5 ·o._; I·Itnnpba.ck. 

117 ..?5 51 ""'"9 ::.9j 10 7S·99 Fork. 
Mount Marshall 38 46 31 "6$S jS 12 10·Sr3 -""' 17 18·0~ 161 24 45·90 Clark. 

.'.!') 26 ·H"IO ..?•)9 18 45 ·is Fork. 
Fork 3$ 2S 4~·681 78 04 57 ·999 35 ,52 11 ·94 :"1.5 ~4 1~ ·71 Huuipback. 

.:,; 26 43 ·47 ~45 53 1:l·r9 Elliott Knob . 
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G. RESULTING GEOGRAPHIC POSITIONS, ETC.-Continued. 

I4atitudf". l.ong-itud~. .-!_;::;:~nth. Ik1.ck nzimn.th. To station . 

1 ·;Q,'"i11itz-Continued. 
·-· 

37 ._ .. ._, ·N'i51 i;) 4.5 "'' ·19~ ~,I) -t3 5'-' ~" .:::;o oS I:'.'"(•·~ TrJl•RCCO Ro,v. 

164 ::!) ("-;) "O.j. 3.1-1 20 (i:'.;. ·61:) Humpback. 
Humpback ,)/ 56 :;,-, ·;r:9 7:) 5,) )7"777 S~: J:! i:•S"•j:! :'(•/ 5i (1(1 ·~~) Bal'l Knoh. 

1.:-3 -tC• -l.3. :'·~ .:.·:.. ~ ~5 :'.:> ·28 Elliott Knob. 
Slatt:: Springs .:.:=: z,.o ,\; ·.:..;·:1 79 II 04 ·196 it;. -:-7 ..;~1 ··:1.; 1~16 --~:! .':-0 ·:37 Elli•>tt Knob. 

63 1~: 04 '(o) 040 5.5 36 ':'I Padllys Knob. 

37 -~ ~ s:. ·:;9.~ 7·~ I! ~6 ·70-1 1.:-.1 4'' 3::-·::<1 30-1 16 H~ ·15 Bald 1..:1rnh. 
~l I 01 ('/ ·74 ~:,,1 II . 50 "(l( Huml·had.;. . 

:,:3 (":l 57·:::5 :~:, IS .51 ·.':41 6i:1 3i ,.._,:; ·94 2.,io 1; 17·38 Bald 1.;:1101..i. 

m1 -16 5.+ ·91-; .:-S4 :!Cl ,. (•l -~ . .;:; I'.add.\"S Knob. 
._;S J~ 5-l ·C.:.i j~I 47 • ~h "S.:"".I 7 I'? (13 "•)-1 1~7 17 )I) ·61 Bnld Knob . 

i4 ~9 -1::- ·s; J~4 (") ::1 ·61 Briery. 
Bald K11ob _,, 55 :.o·..i,.:;9 79 _:.I '-'.'5 ":!j•) 77 36 Q(1"19 ::;.7 14 3..l 'i7 Keenty. 

119 24 Si ·::-1 ::99 (16 .. J.3"1:3 Briery. 
II ~·st f"irgi111",,. 

Briery 3S o.~ 37 ·50,5 -:·IJ 20 .p·1:i.ti. 37 -13 21 ·&> .21/ 30 o.;"(\; Ke'='ney. 
81 15 4t ·10 ::6r (I~ iJ[ •61) lieech. 

Beech 3S ,_·16 ·I> ·-1~4 .so )6 I~1 "..j.~-1 65 26 1.~·75 2H 5 .. ~ 3; ·,;4 h·y. 
J ::~-, 17 II ·11 .. =.09 o; 24 ·42 S.ummers\·ille. 

J.(eeney 37 46 -=-~ ·76.,i So 42 19·663 91 ,_ 16 ··~I .::71 1)3 :::.·O:; h·y. 

193 (13 •):: "-t9 13 I[ .i .. ;v:: Bee-ch . 

S~111111H.:rsville 38 16 53 ·;::.~.; ~:o .:;.:- o:~ ·:16 .t5 04 ::2·-i6 204 41 ::1 ·91 1,·y. 
:)y II -1-8"1)1) 260 44 0.5"9.3 Table Rock. 

h·y ,?,/ 47 13 "619 81 :-9 :S·R4,; 13.J. 16 .?::1·96 .. ~'3 ;.; q ·v Pigeon. 
166 19 IS·::~, 346 q 44 ·43 Table Rock. 

38 ,,, JS ·777 81 ?.5 .3-1 "~150 :l~ oS o.~ ·6..J. 104 35. 01 ·:-a Sum111i::-rs\·ille. 

4 (•j 38·.::.s: 1S4 .:;r5 -19"-1.I Tahl~ l{ock. 
Tab\<: Rock .3S II 16".tjl Sr :i· ;: ..... "i;:..5 .-:)6 36 28·::;~ ::76 1':1 40 ·05 Pigeon. 

J~6 21 53 ·_:;..;;; 3flf5 ···.:; ::4 ·.:-.c: Pi11i:-y. 
Rya11 ,:..s ='3 43 ·o~,O 81 4i 38 ·010 6·~ 3~ .;1 "74 2-1~1 3,0 -io·51 Rog~rs. 

• l..\7 JO (•.+ · 1:-) ,,~, It) 19·1~ ~i1n1ns. 

St. Albans East Raso:- 3·~ 23 4'-' ·~.16 $1 47 4.::"6jI ·.;.1 00 .:-.:. ·;)8 .::74 Oi ._;.5 "Si .ki:1ge:rs • 

183 11 17 ·97 ·' 01 :?(1"$6 Ryan. 
Coal .;S ::I .:q ·s~c S1 ""9 3I "0Ij lI5 27 '-'i -~.s. ~5 IS 26 ·&J Piney. 

172 43 (•2"29 3;2 42 27 ·4~ Simms. 
St. .\\ban,; W<:st Base _,:, 23 1•}"414 81 50 q ·2:~s 259 05 !S ·s ... ~ 79 06 5.5 ·S;:.; Ryan. 

28•) 1)1 ~l) ":3--:- 1.:JS U.?, ~.+ ·7~ St. Alhan~ East Base. 
Sirnms 3S ::7 0)"._;49 81 .=.o :!'i "0.)5 .3.:? .-,; 4:) ·11 212 I)::! 33·06 Rig.Rock~. 

87 (~.) .::7 "O..J 200 58 !6·.r:,(, Piney. 

33 -- 50·4r.)(1 $1 51) .-;i ·1:2 181 45 "-'S. ·s1 I 45 1:: ......... , Si nuns. 

3::~' 47 .ti·:.r q.$ 4~ 2:: ".?.4 Cor-tl. 

Big- Rocks 38 20 49·i:~;i5 81 .5.5 29 ·s"'3 43 00 41 ·.is 2:: .. ::. 1.5 25 ·05 Pigeon. 
13.:- 45 OJ"W 31:: -JO 05 "2I Piney. 

Pinc=y 33 ::6 .37 ·533 .$:: 03 09 "42.j ~ -- 17 ··~6 248 II ij ·5.:: Da,·is. 
111_;.i •J.j 3:-·r)._;.i ~18 .:.7 1.5 ·79 C.eU1arclt. 

Pigeon 38 13 41 ·902 $:: o.i 0.:.-448 118 ,36 41 ·::7 ::98 :6 01·6:: Dads. 
1~;1 4.s 07 ·59 1 48 2(,·S.3 Piney. 

Gebhardt )S 31 43 "6C•4 O.:! 15 11 ·-16$ ~., 5u :6 ·24 203 5.5 41 "6.~ Dads. 
111' (Ii) 3.1 ·96 ;i._;,1 5.'.!' 48 •7$ Wray. 

Davi!"> 3X· 21 04 "li9 $:: OJ 12 ·733 9.:? 51 oc··~ 272 40 02·:,v Oakland. 

16" 53 59 ·5;, 3.i1) 49 ss·99 \Vray. 

,_;S·.;:5 40 "J'j(:i $2 :q ..=.9·.us " ~.5 4S "1J; ..?I! 18 -1.S·6t5 Oakland.· 

91 (J.~ =s · 10 271 r,J Col ·04 Fradd. 
Frndd 3$ 3:. 44 ·sso 32 33 o6 ·440 -14 56 y:.·.p 204 47 ~"4i Buena Vista. 

101 5~ ::s·~o ~SI 01 si ·40 Gould. 
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G. RESULTING GEOGRl\PHic POSITIONS, ETC.-Co11tinuetl. 

Station. Latitude. Longitude. A.zimutJ1. Rack azimuth. To station. 

O//f,_1-Contint11.:d. 
v ' 0 , 0 , ,, 

0 

Gould 3S 38 25·541 82 4~1 57 ·1~7 ~~~s 09 37 "O:! 17."' IO ... i/:.a ·~.? IluetU\ Vista . 

:3.i 49 11 ·~7 -:ri4 ,i3 l·.:i ".)) HrJwlaud. 
Scioto 38 4S 45 ·6~r 83 03 ('-J ·012 ii -· ~;. ·;;5 .?51 J."'.\ -t.5'9(1 Twin Creek. 

us yi 17 ·77 ~·;iS 04 -45 •tjf. l""t:Hi:"h Mount. 
Twill c1·eek .. '.S 42 •J6"6i6 s:; 16 ~·-t ·1_~7 75 I.j 4.:. ·s6 05; ,._., I•) ·t.6 Chr:1·1·y Ridge. 

161 57 03 ·9~ .\.).I 54 0::! '4.~ Peach Mount. 
Po::-ach M(•Ullt 38 s.; 41 "4•?4 83 01 .p.·.S:S :!~ ('IC! (.11) ·1.1 :-1-,1 :.s ~"'j ·..i6 Chr:rry Ridge. 

;6 c·s C")"49 255 :.6 16·.p 

I 
Cave Hill. 

Cm·e Hill .,,s "'o 51j·.-.Jj6 s.1 3.5 53 ":!30 r5o 47 45 ·50 ::-40 35 .i.:- ·Si Mint:n·a. 

119 54 (11) '0._\ .:?99 4" I):!.,,-_. Ash Ridge. 
A"h Ridge 38 .55 TJ ·-i·h 83 45 ~.'.! '4S:~ 31 QO 5-l '1)0 2!0 54 4i 'l)o l\IinerYa. 

94 04 00 ..... 
,,J 2i3 -1-9 -i6'J(I Tate. 

Tate 3·~ s6 24·r:.w 84 oS 01 ·&<:.7 ~o 38 o6 "97 .))I) 3,i i9·03 Flaugher. 
Sr5 49 .11 ·70 .:::66 35 o,i ·30 Stevo::ns. 

A·,·nluc!..·y. 

Oakland 38 21 44 "4!1 So 3S 5.~ ·~93 104 45 3::3·95 ~f4 39 45 -~, Eni:na Vista. 

197 56 ~=-9 '::!._?, 1.S 00 15 ··-'s 

I 
Frai.ld. 

Buena Vista 38 !,\ 41 ·9&1 Si 48 .:::2 ·071 125 .:::3 3~·55 ._;os 1:; -~··-18 ca,·e. 
143 30 35·92 3:-S 

__ , 
45 ·;.~ Howland. 

Howland ,\8 3i 45·076 ~' 59 .:O•)·S10 SJ JI ,:;S·19 .:::63 .:-3 .:-o·.:;~ J~ound 'fop. 
160 Q] •J9 "i3 339 s~~ 5i:1·19 ~cioto. 

ca,·e 38 32 37·~.:p •'· 

°"' 
04 '094 l~l 19 19·.31 ~.01 14 11·:::1 l~?1.11ld Top. ......... 

217 43 4' ·,;o 37 ,.ii: . . 5i ·._i~; Howland. 
Round ·rop 3S 36 33 ·33fi o. ,, 3S·1:S5 14~: :,S .:..; ·~.s ._;.'.!~: 55 -=;:, ·;:, 'fwiu Creek . '-'._"! 

.:::19 07 ~, ·:=:·:. ..:"".·:1 T ..:~ :.':? ·6·) Sch:•t1..."'. 
Cherry Ridge z,8 39 36·3r.>7 ~3 28 59 ·~ot. 9.s oS .:-~ ·ss ::.;7 52 c·3 ··.:.~ !\Iinen·a. 

1s4 3.:: 15 ·=..:-1 3~.-t .:::7 ;.<'· ·42 (:1\''= Hill. 
i\Tint:rva .18 42 29.·137 S3 55 07·0.:!l 9S !•) 44 '01 .?/.1 ;)"":.. 51 ·~:;(, Flaught:r. 

144 ,-J6 J} "I:! 
.)-.. ' •S 21 ·._;3 Tate. 

fl:iugher 3S 43 48·400 84 14 (•5 ·385 i9 O.:!" .2(1 ·46 =sS ...\') .;::.C:.·:?1 Dry Ridge . 
J._11 40 30·:34 Jll ,.;o o;. =:~} S.te,·ens. 

Stevens 38 55 23 ·310 84 30 46·3.:::o II 43 ~~ ·12 191 41 ,-.Jl ·45 Dry Ridge. 
1.25 27 1yS7 3•:•5 " 59 ':!.J ·ranucr. 

}Jry Ridge 38 40 39·104 84 34 40:•"-39-3 II& 01 O.:""il 097 45 lr5"i4 Stow. 
169 ,'.I 37 ·I)~) 349 4$ 50·6S Tnnner. 

Tauner w oo r.11 "tJS.'S :4 :'!) 00·701 61 q 23 ·14 241 OJ .:-1 ·18 

I 
Stow. 

9i IS 1.5 ·73 276 56 .is·99 Reizin. 
Imlia11a. 

I . 
Stow 38 51 05 ·,x)l5 &i's9 51 ·.:-39 80 43 20·96 ~6~ .. =.5 5~1_'0~ C111heTtson. 

150 :09 33·0.3 ::. .. -=.o 04 II) '43 Rt:izin. 
Reizin 39 00 51 ·861 Ss 0$ 04 "4C>J IO 53 43 ·71 190 51 43 "40 Culbertson. 

'" 48 24 • __ ,.? ~.53 .p ~.9·55 Correct. 
C11lbi::rtson 3$ 49 54 ·097. Ss II -~"i94 96 08 34 ·07 o;6 •)I 3.::: '5,~ i\lud Lick. 

159 00 41 ·S:! 33~ 59 1~. ·Os Correct. 
Corn~ct 39 1)(1 54 ·;04 Ss 1; 00"1.'.!I 54 56 42·53 034 4S 34- ·94 Stout. 

I lj 00 1:!'8:! ogi 51 54 "32 Green. 
Glasgow 39 on 16•575 :l5 17 49"!''9 294 5' 39·47 !.14 ~.7 g.,"?3 Reiziu. 

353 ~7 07·87 173 07 39·~.i Correct. 
Holton South Base 39 OJ 48·934 Ss -- •J-3 ·521 175 53 48·5; 355.53 3$·05 

I 

Holton North Ba~e. 
.282 si 43·40 IO:! 55 .)4 ·53 Corn;ct . 

Hollon North Base 39 04 46·S50 85 ::.?:! 19·895 246 50 .52"J3 66 SS 40·5$ Glasgow. 
31~ 55 :'I) "XI 13:: &5 ~i ·65 Correct. 

l\fod I,ick 38 50 50·13,_i 85 ,, 47·962 9~ L'9 OJ ·9r 272 OJ ._;5 "7 ... ' Stout. 
004 IO <:'9 ·97 04 13 48·55 Correct. 

Green 39 06 0;·7~ 85 30 10"44S 13 "" lt "r_,6 193 1; 19·97 Stout. 
40 50 05.48 >06 4S 05·So Tripp. 



858 UNITED STATES COAST AND GEODETIC SURVEY. 

G. RESULTING GEOGRAPHIC POSITWNS. ETC.-Continued. 

St::ition. Latitudt:". Longit11de. Azimuth. r1ack. ~udmnth. To station. 

/ndi,111,1-Continued. 
0 ' " ·=· " 0 

Stout 38 51 10·513 S5 3.+ 4J ·438 s;_=; ,,. 18·S5 268 15 1.5·94 1\Iillt::r. 

'""' 4-i 13·.p 34•:> 41 45 '48 Tripp. 
Tripp 38 59 56·169 8.:. 33 ::,; ~SiO 63 •)j .:: ... i "I:! 2-F .).'.? 50·48 Miller. 

110 4.J 10'05 :!~)I) ,, :!9".P Weed Patch. 
Miller 38 ~.o 3~ ·494 86 VO ("-,;) ·152 1::0 ::!.:) t!->'j9 ;;.or.• 15 03"76 Fountain. 

1.:.6 ::?j 1-l "9i 33'-' :!•J O.j '6i Weed Patch. 
\\feed P3tch 39 09 58.·660 86 13 01 ·or.)o i 33 ~2 '•)I 187 :;.1 55·99 Fountain. 

79 "4 15, 'jl oc-i> 4~ 34 ·_;7 Leonard. 
Fo11ntain ,.s ::,6 34 ·S51J 86 15 17·585 9.:. ''I (•2 'i9 >H .;o 34 ·.p Beard. 

I~I (~s 5i ·$4 3•JO .55 4.J ·5S Leonard. 
R.arideu .:;8 ·15 :!5 •330 86 30 48·~3 159 51 51 ·15 339 4S 0:3·.:.1 R~ard. 

::!.::7 1~1 .36":"!6 -17 :::9 ;'.!Q"(I.,:! Fountain. 
r.eo11ar<l ... ":.900 ,,,. ·,ss &6 36 li ·-10.:: , 

'i .59"9':· 152 'i -l-3 ·.=.6 Beard. 

79 ,51 ::!I) "i6 .:?5~) 4.; .:-4·1;) Cah·ary. 
Beard -~s 58 1:.1 ·s~-l6 :-;:6 36 43 ·349 6r .,~ ~7 ·91-i 2.p .:,::: 29·53 Osburn. 

l~.5 •):"! J6".?t. :;r:q. ~~ 2,1:. ·73 Calvary. 
Cah-ary .39 <'4 -t•:i "lj•) $6 48 53 ·1S7 ;3 4l 23 ·::7 .?.53 :::5 347' Sisf)On. 

9:> 10 02 ·67 ~ii .57 ::.~: ·~19 Wright. 
Osb1:iri1 3S 51 .:n ·495 $6 " 36"Vi5 ](•) 39 O:J. ·33 ~s9 ~.3 38·~;:! 

I 

~isson. , .. 
19:" 16 18 ·,~~ 10 19 .f'".51 Cah·ary. 

\V1"ight 39 o; It ·6;_~ "- II .p·6i2 25 16 3~ 'O.j 21).) 13 •:07 "66 SissCin. "' 
76 !/) 5-1- 75 .?5t; 16 :iS ·B-1 l\fero111 Col1e;se. 

Si~-.,on 38 58 01_1"$9.) f":,7 l/ Jl.)",21_:.6 17 .io .34 ·;:-1 1•?7 _,, :::....·"'Si Summit. 
IJ(• 23 39 ·33 .:?·~10 1:'.-; .;.~ ·oo J\let·on1 Col1..::ge. 

~\\11\lllit ~s 45 40·;.&s S7 -- I<, '007 S9 H ::4 •t7 ;:!f~~I 20 ~·"ll Clar\'.:nt\">nt. 
1zr 38 ot: ·s:s ,31.'1 :.:5 :.::.: ·~s Honey Creek. 

1\-lt"rom Colkgi:.· 39 "3 (J(1"767 i:.'·i .) .... 53 ·::71 332 16 (•._; ·3r:. 15:: .:-3 21 ·;6 Sumn1it. 
~, 

11/flwi~. "·~ UI ·95 .::~I 57 30 ·40 Hon~y Creek~ 

Honi:::-yCreek 38 5; 2i:",·:S33 :=.-,, 42 37·036 5.> 14 32·76 233 o.; 50·4S Claretuont. 
120 4~ 05 ·05 3oi::• 36 53 'OJ Hunt City. 

Belle Air ~9 1(1 .74 -~~) S; 50 0~·901 1 2~ 40·91 1S1 ~s ~, ".53 Ohlc111g. 

46 (11) 48·7> 2~.5 55 i.;·i:·-t Hunt City. 
Ol•long 38 59 5.? ·45.5 ~;i 50 3c· ·1~1 ~I IS 01 "(•3 .201 ,. 

.) ;_.o·50 Clare1111Jut. 
l~I 45 ,, ·47 301 .JO O:'.? • .. ~9 Hunt City. 

·c1are111011t 3$ "45 .26'615 ~ $i 5~1 41 .,,,.~ 94 4C 39·52 274 32 ~9:;:.7 De11,·er. 
I.JI .. 2i5 38· . .ir 3.:-1 ~) 06·20 Newton. 

Html City 3':1 OJ 5rj·647 S8 ()o) -~·~1 7:"15 356• 56 .jO ·36 176 57 o.;i·SS Claremont. 

39 17 17 ·50 "9 lJ.~·1 ·6~ Newton. 
Olney East Rase 3i:. 51 42·156 $8 01 35 ·~62 SS 32 34 ·92 263 29 4._; ·46 Oln~y West Base. 

q9 33 :!6 "i4 3::"9 3.:0 1:~ "jl Buffalo l\Ionnd. 
0\11ey Check nase 3:S 4$ 1S·59j SS 1)1 !:·i -~~5 135 'i 55 ·12 315 I5 r7 "&;l 01 ney \Vest Base. 

1Sq 56 41) ·32 4 56 54 ·44 Olney East Base. 
Buffalo l\lound 33 54 u~.·~.:.o N O.) 2~·742 341 :!i Ij "15 161 .:-9 36·7::! Claremont. 

40 -4.5 2'6"•Y;) ~20 45 -t.?"59 Oint::-y \V'c:s.t Base. 
Olney !llidclle Base 38 51 -3~) "41::! SS '-'3 5::!"125 SS 31 I.:' "II 268 29 46·46 Olney West Base. 

188 35 .?.:!"14 s 35 3q·.;,6 Buffa lo l\Iound . 
Onley 'Vest Base 3S 51 .:fi·633 ~s (II') (1~"6::?8 3.:0 ::.~ .:q ·66 qo 42 ('7 ·:.r Clare111011t. 

M 00 31 ·o.5 213 ~6 2.3 ":!-1- DenvF.::r. 
Newton 38 55 06 ·655 ~;8 

""' 
.;o ·5t'6 .. _, ~1 05 ·Y, '93 49 rt.·?;1 Denver. 

93 35 1:~ ·63 .?/3 ::5 1.:0 ·78 I.nca~ . 
Onio11 Hill 38 4S ~5 ·594 so 10 '2j •56~ :::9.~ 2.3 09·..:-1 JI.:! :.:::9 54 ·14 Cla"temont. 

3.3 47 .57 ·93 .?1~; 46 3~ ·46 Dr;:nYer . 
De11,·er 38 46 16·033 $8 " 4.;. ·981 94 :;1 4.J '23 >74 13 36·74 Holtzhansen. 

134 o.-; .,, ''4 313 54 4i ·ss Lucas. 
Isl3nd Creek 39 o6 oS·Soo 8S 00 o6 '4.3J 278 17 20·91 98 "-" ::!571 Hunt City. 

3>3 uS '23 ·oo 143 l4 50·69 Ni..::wtou. 



TRANSCONTINEN!I' AL TRIANGULATION-PART VII-POSITIONS. 

G. RESULTING GEOGRAPHIC POSITIONS, ETC.-Continued. 

Station. Latitude. J41)11gitu1..le. Azimuth. Back azirnuth. To station. 

/l/i1Mis-Conti11ued. 
0 II ,, 

' II 0 

Lucas 38 56 10"775 88 J~ 54 ·718 :.() "° .;2"02 236 IO 39·;9 H•:iltzhansen. 
116 12 oo·q 09,o; .~9 10·95 l\Iound. 

Holtz ha user 38 47 59"966 SS 41 3S·452 6· ·' 16 s~:os .:-43 0$ 1)9 '7 .. ~ HartHn. 

ll5 II II ·.p .::'='~ ·C'··" 52 ·:-I) Sturges~. 

Mound .'9 04 OJ ·513 f;:3 46 J6 ·453 346 50 (•I 'j8 16r5 53 •):.' ·77 Holt;~hausen. 

65 0.5 15 ·r:.c 244 5.:: 55 ·17 Stl1rg~ss.. 

H:n·tlin 3S 40 06 ·049 SS 5.'; 42 ·451 '·' .p 18·5.:- ~5-~ .:6 51 ·&:. B•.in.I;11g. 

150 50 19·11 33(_1 .+5 ~(1'16 ~tttn?:ess.. 

Sturgess 3S </'· 5...l:i ·207 ·'>'.> 06 02":3.!0 .:09 JO 4~·3_, :!09 C•J ·1779 Bord;ng. 

77 J:! 55 ·05 ~-57 01 1.:. ·93 H•Jile. 
Bordiug 38 .)6 43 ·397 89 .:'•) 25 ·so7 S.> 05 (•.:. ·77 J._::,, 21 (•.:' ··;16 Geoffri:.·y. 

I II o ... ::. 1.; ".54 o•;io 49 i9·q Parki11son. 
Hoile 38 .5.3 .p ·1.57 So"" 2.j _:.S·75S 34S 57 55 ·44 16~1 (Jo) .33 ·77 Hording. 

54 1)8 2·~ ·34 233 ~.7 07·88 Parkinson. 
GeoITrey 38 .):! ~":!7i S•J 06 s.5·1S8 7S 31 1c· ·74 ~st- q i:i.S ·91 'furkey Hill. 

1('4 19 3i:• 78 .:is+ 07 ~.'. 'J.l. Bc::rger. 
P.r..rki11:o;ou 3~=- 43 :!4 ·sis2 89 42 44 ·492 310 o.; 36·41 T.)1..""' '.5 ~';I 

0

1.~ I Geoffrey. 

Ii -14 51 ·(q 1•;17 43 i:.18 ·c·:- ! Berger. 
3..:..:rg(.:r 38 36 .)8"059 89 45 JO"J~I .j•) 19 59·5~ :.'..::!(• 14 ._;1·:::::: "furki.::y Hill. 

~' 41 46·99 26:: :;.•) • . .t.·s1 Cl:.=u·ks ~found. 
·:·u,·key Hill 38 ~s 31 ·ois ·89 54 16·~03 ~ 29 36·41) ~7,; l:; 31 ·;_:; Dn:·yer. 

12~ 32 54 ".jl .3(8 ~.:. ..j.:' -~·Q Clarks 1V[1J1111d. 

Sugar I.on f ~rom1cl 3S 4> o ... ~ ·397 90 "' 27 ·740 09;1 43 1S·:~ 114 .5~ ::,~1 ·33 Rer;;~r. 

01 5_, 58 ·58 '2(•1 51 !,.~·04 Clark~ l\'f1)1111d. 

American Bott•:.111 Upper 38 39 48 ·241 90 00 .57 ·434 >6 44 3.5 "69 ~06 40 33 ·75 Clark~ l\fr,und. 
l~nsi.: 73 51 I•) ·sr :.?5) 41 19·7:.i Insane Asylum. 

American lloltom Lower 38 36 14 "063 90 03 02 ·785 ~ 53 40•73 069 45 oS·::q Insane Asylum. 
)fa!'!IC "'"I .;S .5.3 •6.J 2~ 4<' I I ·t:$ American !lot tom Fp-

per Ba~':!'. 
Clarks ;\louucl 38 34 43 "834 90 04 12·So4 52 2.5 32 ·o~ ::32 00 44 ·34 Dreyer. 

98 34 31) "72 ;18 ::6 40 "•>4 Insane A~ylmn. 
Drt::yer ~8 30 04·410 9•> II 54 ·524 '='~ 12 II "7:!. 2F 07 28·04 Kldns._hmidt. 

148 16 51 ·87 3.::8 13 .51 ·35 Insani:: Asylum . 
11/is~t}UJ"f. 

Insane Asyl11111 3S 36 12·077 ~10 16 44 ·179 :?O II l4 '00 ::!1)0 09 30 ·73 I "" .. ~ .... .,, 
1~6 24 .32"26 .. -i.06 20 05·53 Mor~a11. . 

1\Ii1101na 38 ·II 55 ·729 9Q,16 44 ·814 ~,06 oS 50·74 1~6 16 4c··3c1 Clarks l\f•)nnd. 

35? .55 (•)"77 179 SS 01 ·r7 ·Insane A~ylum. 
Kleinschmidt 3S 30 Ii"9JO 9'> 19 29·866 76 03 s~ ·92 25.5 ;56 05 ·(,5 Patter-;nn. 

161 c19 50·79 341 07 1)~1 ·1:~9 llforgan. 
l\lorgan 38 40 18·856 

"'"' 
~3 5I •364 27 13 39·25 ""'7 08 ::..+ ·15 Patterso11. 

i6 ·'-~ 43 ·02 '2.56 "" 24 •86 'fa,·t-rn Rock. 
Pntte::rson 38 27 5.-:J·77.-:J 9c• 32 00"7._\7 70 lo) 15·6r ::50 (•.:' 47 ·99 · J .. ynch. 

129 19 39·26 J(J9 II 0778 ·r.=1.\·en1 Rock. 
"Kessler 38 36 32 ·115 90 -"" 06·101 044 45 Y1"65 64 52 OJ ·5r J\;[(.1rga11. 

349 17 35 ·79 1(9 1;) 53 "&? Patterson. 
Lynch 38 24 25 "836 90 44 (10·810 102 08 21 ·55 281 56 04 ·5s 

I 
Peters. 

137 ::7 31 '65 317 19 38·92 Dieckhau~. 
·ra,pern Rock 38 36 17 ·240 90 45 •"J."t-15 3.55 38 45·5c. 175 39 :?8.· .. ~6 Lynch. 

83 28 52 ·52 .:'63 21 41 ·71 Dieckh.aus. 
Halleck 38 2S 05·783 90 55 25 ·112 :?:!4 28 JO"l6 44 -'4 53 ·(.1 ·ra,·t:rn Rock. 

292 IO 03 "72 IC.2 17 <>:i "13 J..ynch. 
Dieckhaus _,z _;5 14 ·737 90 56 40 ·2.~$ 36 40 49 "77 216 !.6 24·35 Pt:"ters. 

92 32 07 ·t.o 272 19 09°16 Berger. 
?eters 38 27 44- "6~:5 91 OJ 46 ·3;0 SI 28 .'.?:?",?.::? 261 20 39·75 Jacobs. 

127 21 34 ·75 307 1 .. ~ 02·83 Berger. 



Soo UNITED STATES COAST AND GEODETIC SURVEY. 

G. RESULTING GEOGRAPHIC POSITIONS, ETC.-Continued. 

Station. L,l!itude. Longitudt". Azirnulh. Hack azimuth. Tostati•)ll. 

:1/is~(•ltri-Qontinued. 

i v ' •) " ' 
.r:noch Knob 38 34 41 ·903 91 o~ 10·~1)1) 2"'6 28 ll~ ·51) % 3.5 ;!1:1 ·s._) Dieckhaus. 

3.3.3 3.~ };!"(L~ 153 ._,,:) 56·~3 PHe1·s. 
J:.iccihs 38 .'.!t5 16·:,01 ~)] 11.:. 11) "25') I°'' l(• 06 ·56 23c. 1)3 5; \11 \Vinter. 

173 .:;s 5..J ·95 .)53 5~: o(, ·.i.:~ Berger . 
i-~c-rg~t' 38 35 ;_l.•'.'.!55 91 17 ,,;·157 ;:,..;. 10 03 "(•5 .'.!19 (.r) .p·:t: \Vinter. 

S7 I> .;0·45 ~67 (~ 03 ·73 Gasconadt-:. 
\Vinter 3.3 :!} .. ~9·4~ 91 .'.!6 •:._-; ·11:6 &! ~-' 15·09 >n4 ~7 Jf_I •;o Gi::yer. 

138 Si .~.; '.'.!8 31S .<.> ·:...:.:i·9.i Turnpike Bluff. 
(~asconad.-. 38 35 31 ·4.;1 t.:"11 JX .O'.j 'l•eo4 34·~ 36 0~1 ·os 16'3 37 04 ·45 \Vinlt:-r. 

S'-;t 15 :!l ·32 :if,.~ 1l 1.'.! '9'? 'furn pike !!luff. 
Turnpike Bluff 3·~ 35 :n·21s 91 .).\ .1: ·::1 5 !\I '4'14 18.) 5•) -s:- ·5:, G.=...:yi::r. 

:So 49 _::;(,·._,.:? .?'Jo) 4: .:-0··_::.,9 Bradford. 
G•:-ye1· 38 :6 5.5 ·159 •)I .3.5 49""41 54 4: ~5 "...J .. l :,;4 -'4 ~.\ ·15 Pil•JL 1-:;.nob. 

1~9 :1 ..... ) ., .. 309 q 46 ·59 Rraclforcl. 
JJ1·.:--1dford .... ""{8 .,, .55 ·3.::;h. 91 46 .J.:'"3.-_..J 4 1Xi 13 ".5.J l.S.~ 5~::, .:i ·:~s Pilot Knob. 

39 O> 5~·71 .218 :;:~ 53 '7.) !\I..:: Daniel. 
Pik•t Knob ._)8 >O 09 ·3s~ ~I 4i 55·696 93· ~".! .;3 ·7s .JiJ II :..-1·.').;- Ki:-nnedy • 

150 ;!~ 13 "1)1 JJ•) .::5 .54 ·~5 McDanid . 
!\IcDaniel 3S 07 33·s~ ~11 .),3 15·731 56 o3 -l-5 ·72 236 01 1)1)"1)7 Kennedy. 

12.5 c,4 4> ·15 30.J .55 ... ..,t-·~s Cedar. 
Kc::nni:-dy 3S ~IJ 57"'5i7 •p 05 44 ·35_; •;j6 OJ 30 -~~· 27.5 4~ 5~·45 Belsll<:. 

"S.'j\ ~·;:, ..i3·o6 351 is 53 '>;.>:! C~dar. 

Cedar 3$ .. -:..6 (•2 "(•51 92 o:3 39 ·7~.7 4: 17 13·19 ..?~:? 07 =-_:1·01 Belshe . 
;1 .:?6 .)1..."'"48 .'.?51 16 •)2 "2i Moreau . 

i\le•llock 3S .3g 11 ".\I5 92 2(• i3·1~"'6 31 53 45·02 2tl ~,(1 ~··:c) -,.Corcau. 
$6 4: .:?.5 ·31 :'56 34 Z,..? "/I Christian. 

Bdshe 3::.; .22 :.1':3 ·5.::4 9~ :4 i.S·44_5 129 45 .5.)"03 309 39 q ·~-:,f! H;gh Point . 

Ji-l 11.;i 51 'IS 354 19 oS·.::..:. "Mot·eau. 
!\l1:.iri:!·:w ,,., ._;I .35"•)ri"'i ·.:.~ 25 27 '.5'17 7.~ 13 19·04 254 07 22 "66 High Point. 

136 18 ~~1·50 316 03 5 .. l".2(.1 Christian. 
Christhu1 z.S 37 :)'~i ·51)j 'f.? ).? ::.,n·.:·<::l. 57 13 -13 'J:! 236 59 ''"48 Hughes. 

IO•J 5.3 •J'-'"4.:.! 280 41 }1) ·70 R!lbbard. 
High P~Jint 38 .2~1 ::.7 ·56::. 9::. 34 .59'8.S.5 6" :J.j 02·09 247 19 ::t> ·:7 Hunter. 

191 43 00·40 II 44 ::0·93 Christian. 
Cole 38 38 04 ·939 92 43 39·673. 273 07 59·20 93 q 44·41 Christian. 

321 ~I 13 ·s3 141 4i; .. "Zi7"85 High Point. 
Hunter { V~rsailles Son th 38 '5 .!J ·3&> 92 46 24 "."15 91 29 ;1 ·67 271 :3 58 "80 Hughes. 

Basr2.') .:!:!.I 4:~ ~ ... ; ·17 41 '6 50·15 Christian: 
Vers.ailh:s 1'ortl1 Base 38 .29 ·3.:t·~::.,6r ~::. 48 ,_; ·465 z70 ::..; 13·01 9> .H 33 ·ii; High Point. 

337 49 ;:4 '$1) 157 '° 3~ '78 lilluter. 
Hubbard 3S 40 ;J.(,·316 9.'.! 51 46'93.J 55 3:,.7 55·~ 235 ~5 38·83 Schnackenberg. 

9$ 4i 00'9J 278 34 l.'.!
0

0.'.! Heard. 
H11ghi:-:-; _,s ~::; 5~ ·074 9~ 55 52 ·2.:q J07 4'• 13 74 287 39 .;6·8.c Schnackenberg, 

19.'.! ::6 :5·00 IJ 28 57 "87 Hnbharcl. 
~chn:.1ck.e11 berg 3S 2'} 5')"007 9.) ll 27 ·754 130 42 13· .. p 310 ::,3 <>;>"SI Kendrick. 

17'5 3S 45".:?9 356 ,;S os·r.q Heard. 
H~:ard ._;S 42 54 ·579 93 ,, 2t.·440 7: .51 .?.! ·63 -:!,52 42 54·40 I~C"ndrick . 

IC•2 48 -'4- ·02 282 35 4i ·47 Knob Noster. 
l'-~ndrick 3S ~19 37 ·133 93 25 s·.::i·5•Jl 50 15 13 "(•:! 232 I•) 00'46 High Point 'J'ebo. 

141 1· _, J 2 "61 :)-:!I rJS 45·09 Kuob Noster. 
Kn•)h Noster ?JS 4"· 33 "644 93 .) .... 07 ·197 4 ~3 (ll)"I') IS4 

_,_ 
14·50 High Point Teb.,, 

8._; 15 4J . .,., >63 "'° .JJ ·~11 Norn1al. 
High Point Tebo 3:::: .34 3:?"466 93 34 :0 ·304 Bry .).'.? 1~·34 266 45 25 ·43 

I 
Cal~\well. 

144 41 ~3 ·1.5 3~4 3S 10'6.? Normal. 
~·.irma1 3S 4.5 31 ·189 93 44 1'5•544 90 :I 04 .,. ~70 •J.S 3!~ "•j~ Baker. --· 

l?I 41 35•63 ~\(•I <j .; .. ;·q Chapel Hill. 



TRANSCONTINENTAL TRIANGULATION-PART YII-P!)SITIONS. 861 

G. RESULTING. GEOGRAPHIC POSITIONS, ETC.-Continued. 

Station. Latitude. r •. ,ngitmle. A.zitnuth. Back azitnuth. 'fo station. 

1l/isso111·i-Continued. 
0 ' 0 ' 0 ., 

' Caldwell ·-"'' 34 OJ 'S.?9 ~1 ... ; 45 :!:!"550 I~S OJ JI '9j 3oj SI ~s·61 Baker. 
l~.j Ii 53 '6; 4 1S .H'9I Nor1na1. 

Chapel Hill 33 54 4;;·.1.u '?-\ "--' 2~ "67l ·' ·-'i 2S·t;.S £S3 37 (If) 77 Baker. 
(.1 •).j ;5 'J9 2.p Si I9"3-l Tl1ornton. 

Baker ~s 45 35. ':!.\I 94 04 13 "!"-! 5S 35 o.:. ·62 2 .. ~s 26 05·10 Fulton. 

IJS 2i 34 'i9 29S 00 57·54 'fhor11Lo11. 
Hutton Mound ·3~ _,_ 49 '5i5 94 10. so·:q r,,4 •:.4 18·05 3 1.3 .".-9 0:0·_46 Fulti:.111. 

20~ o_:; 39'0J 22 CK;"I -~7 ·or Baker. 
Thornton 3S 50 03 ·565 94 q .+7 ·.:-01 q 39 O:!"C•.5· 194 ;:t.. 39·~5 Fulton. 

114 39 35 ·27 294 34 Ul '20 Bowler. 
Fult<>n ._;S 38 4l ·71;15 94 I-~ 34 '438 131 .54 12·.zo JII .J.l. .J,9··50 B!"rry. 

16.j 42 .~s ·ss 344 39 '4 ·;s nowler. 
B<>wler 38 53 14 ·t.35 94 2,?. 39"6-l3 6, 31 41'·"&! 24' :::,:. 34 "[J .Berry. 

us 20 1~"(16 :?95 <'9 SJ "4., Marty. 
Berry 38 49 1.2":.:!•:>9 94 33 ,13 ·;66 so ·kl .::6·+= .2,,0 38 .p·71 Haskin. 

152 41) 4.;a·40 332 4' 37"35 Marty. 
Kansa5. 

Marty 38 59 :a·rN::. 9-1 40 15 ·1rJ9 49 29 (•,;·~ :?~ "" 4')"1).:J. 'l"ho1uas. 

IO! . :r' I9"45 :?SI ~s 49·49 Eckman . 
Haskin ~~s 44 "' ·827 ~o.j 41 or5·7-1-1 121 ,33 30·2:? 301 25 387:; 'fhc•nrns. 

IS.'.! .) ...... 57·90 " 34 30·;:-0· Marty. 
'rhomas 3$ 50 22 'i07 94 5.3 .i·;o·36S 6~ 16 14 "IS 2-1-.:-· 09 5s ·-i:; Bebe l\Iound. 

157 .:-9 03·01 337 ::..J. 59·76 Eckman. 
Eckman 39 02 30·678 95 (Ii) 06·40~ 9 41 05·23 1&;. 38 51-"j~ B~bl: l\:{•)Und. 

~:o .59 J ! ·~--:3 26o 44 1~·15 I~an,,.·aka. 

Bl:l-.6 Mound 3;=.; .16 15 ·.5:?4 9S o• ,, .;.s·.;ii56 91 ·II :J.S·.p :?7::. :J.7 :?5 ·i;io Simmons. 

t:P 17 4-7"::0 ,?.10 C·5 0~1 ·56 I~anwnka. 

Kn11wrakn ~:·; :-,\:I ~~ '5.5.? 95 23 ,j_) '9-l5 s ,, 52·01 I8S lJ ~5':?1 8immo11s. 

88 oS 5~ 'j:! 267 55 l:J'.:V.1 Elt.·,·ation. 

Si111n1011s .:f. .\i •.1:?':369 ·)~ ~(. c:q·:o6 92 40 oy'S.t :!j'J 2S 5i"I5 l\:fahon. 

12j 56 _;1·¢ 3•:i7 44 I._', ·~9 Ele\'ation. 
i;;k,·ation 3S sS .57 'J.\(• 9.5 45 .i.0·92$ 67 33 07 ·s.i 047 19 34 ·47 Clark. 

10.1 IS 1.J'.J9 08.J o6 2s ·oe Ad:ims. 

Mabon ,,$ 47 47 ·;12 95 4i 09 ·s-~4 104 SS 05·99 2~4 40 2-;>"SI Clark. 

18.5 53 4:l·o:6 5 54 43·69 F.lc,·ation. 
. l:'<Jwell .JS 55 ~i '3$~: 9.5 .55 41 ·sSi ~45 so :.0·60 65 59 os·,3 Ele\'ati1.."'n. 

. 318 55 44 ·03 139 01 0:•.5 'SI 

l 
.i\'I:i.h1)1l. 

Adams ;9 00 39"-721 96 C'.f. 24 ·399 !I 46 1::·39 ]~~ 44 .J4 ·f.: Clark . 
•")'...I 13 !I~ '.),5 279 "'-' 33·$4 Zean Dale. 

Clark 3S SI 57 'JS!a 96 o; l.)'_)1::"11 ')O .?.') -1.:.·9.; 2;.:· q •)I ·62 Reinhard. 

l~.4 ::!j 50·6~ 314 11) 5i ·19 Zea11 Dale. 
Meyer 3S 55 ,,7·::-,::;1 ¢ 1.::.: 11)·014 ~36 51.=. Ii'99 Si 05 ·-..r·1::; Ada1ns. 

293 0:5 "4"c4 Il.3 10 ;!J '•}9 Cbrk. 
ze:m Dale 39 05 }i.)'57l .-p 24 ~4 ·;:,.i:) 29 os oo ·SS 2r/) 59 09·6.3 Reit1hard. 

113 ~=- . ~9 "Ir "9.l 4I I I 'jl I!rrks5en . 

Rdnlrard 38 52 05·316 96 .•.1 50 ·758 I~l 41 4S·63 :;01 ,_ 59·0~ RolJbi11.s. 

'"'" 23 ,:.s·o7 340 IS 03 '9.:! F.rricssen. 
Humboldt 39 01 :?(•·9·n 96 .3S 05 ·6.S5 249 5':! •)~'.J:l iO 07 33 ·41 Zean Dale. 

.340 04 ;.i ·23 160 ~7 1.3 ·~1~ Reinhard. 
E 1·1·\cssen 39 II .:!4 ·::.:..i 9(. 4.'.! 43. ·~91 17 sr -=--~ "l7 '9i 48 16·i;,5 Rol.1hi11.;.. 

74 52 l.\'39 254 39 49·41 \Vil mer. 

White City 3S 4:) OS'i45 ~ii'.'· ·13 4.S ·o.i:~ 163 o·:, 37 'f.9 3-13 (i.:~ 00\l•) RolJbi11s. 

!4! ~3 ,5(t'Oi 63 00 C>T"49 Rein1rnrrl. 

Robbins ~s 58 50'2i.f i;6 47 ~-t .,:,1t. 59 01) 34 ·65 ~38 50 42 ·32 Taylor. 
1~6 -Ii 32·23 306 38 26 'f)O 

I 
\Vil mer. 

Taylor JS s~ 56·7~0 ~·7 ('(• :!(· -~_:;::; j').26 :;.5·~-5 ~.59 Oi 50:."?6 Iron Mound. 
126 23 4;"5"08 2,00 09 17 ·so Vine Creek. 



UNITED STATES COAST AND GEODETIC SURVEY. 

G. RESULTING GEOGRAPHIC POSITIONS, ETC.-Continued. 

Station. Latitude. Longitude. Azi111uth. Back azi111uth. To station • 

.J(,zusas-Continucd. 

" ' 0 ' 0 ' o,: 
\Viln1t-·r 39 07 14 ·.517 97 0, 21 ·640 35 .. ::. 5~1 50 ·76 174 Ol 05 '"37 Taylor. 

86 o.::: . .'.?4 ·79 265 ¥• 09 78 Vine Creek. 
Frt:y 3-;, OJ .:!S'-t.5.'.! 97 IO 23 ·358 ::!.27 o~ 55 ·5S· 47 07 59·01 \Vil mer. 

.317 .'.?6 . ).?"44 137 .F 47 ·~3 Taylor . 
Vine Creek ,,., ·Xi (•4 "648 97 .'.?J .?[ ·910 49 00 "9 ·07 008 51 52 "(.'; North Pole Mound . 

~:4 ,58 i:·1 ·o.::. :o64 41 32·11 Tho111ps•Jt1. 
Iron i\louncl 38 48 08 ·207 97 30 41 ·555 15.'.? 17 .57 ·,~I 332 14 17 '8.'.? North P(ile Mound. 

197 57 49·71 IS 02 .:.6·12 Vine Cre..:.·k. 
Salina Ea~t Base 38 ~.'.! 23 ·-102 97 31 57 ·757 3-l5 46 .'.?I '70 165 47 <9 ·49 Iron 1\Iound. 

6B 39 •:i.:. '02 048 36 24 .,, Salina West Base. 
Salina West Base .38 ~.I 05·¢s ~-,/ 36 1o·S.p 177 .'.!~ S:3 ·35 357 08 45 ·55 North Pole Mound. 

301 07 I6".'.!-t, l.11 3•) 4.:- 'ii Iron l\fo11nd. 
North Pole 'Mound 3~ Si v$ "I6.J ~7 36 31 ·;;:32 7=: 4' ~,:. ·6S '25:: 25 47·13 H(;'at11. 

12-1 3.~. 23 '04 304 ;5 03•98 Thotnpson. 
'fho1npson 39 04 1.;·094 9i 49 4+ ··054 37 01 ;x,·33 217 13 10·~4 Heath. 

95 41 39·27 275 31 ..?6 ·60 T...incoln . 
Hen th 38 . 5(l ._;S 74;,j 98 (•2 5B·239 93 2.j 29·2:! -27 .. :. 07 s·_:, 75 Wilson . 

123 46 ·)9·~.u ~l·.3 36 .::8 ·13 Golden Belt. 
Lincoln 39 05 27 ·-190 9S 05 Xa\l02 351 o6 5<• ·77 171 o.::> -J.:! ")(• Heath. 

55 13 50·04 ~35 o5 oo·S.:i Golden Belt. 
Golden Belt ~'·B i:,~ .p"I8.J. 9$ 18 24 ·467 51 oz .59"3.? :?JO y; 10·3..:- Wilson. 

q; 21 ~)"12 ... , __ "\ 
" 06 '56 Meades Ranch. 

'Vils•Jn _,s 51 4~:,. 230 9$ ~ 1y488 9=: 27 01 ·so :!j:!. is 49·22 Dnnker Hill. 
I"' ,_, 19 ..:-t)•t\_; 3.53 17 .:-... -,. ·:)1 !\lead.es Ranch. 

i\[1,;:ades Ranch ._;9 13 .:-5·006 ·~8 3.=: ,;0·469 19 57 .p·79 199 Sc 31 "J2 llunkt-r Hill. 

75 28 16·52 =:55 17 19 ·53 \\'aldo. 
Bunker Hill 38 5.? 1-1- 71)0 9S .p ..?~.J ·450 71 05 ~3 ·30 .::5(1 59 o~·r,f. Allen. 

i6c 40 57 'IO 341 •s ....... q··:i..; \Vahlo. 

Waldo .39 C";-1 53 "97 ..... 9S 49 50·0~6 5 26 3-1- ·01 185 .?S 00·51 Alh:n. 

4$ s8 ... ;+ ·s1 228 48 2-t 7S !line Hill. 
Allen ._;S 49 34 ·017 98 52 18·677 34 29 47 'o6 :.?q._ 04 47·S9 Fairmount • 

I.;t 20 1:io·31 3ll II 25 ·& .. 1. Blut: Hill. 

Fainnount 38 4•> 28 "49i 9? 00 16 ·f..)2 68 44 02 ·70 24S 34 07 ·46 r.a Crosse. 

138 .5~ -10·65 318 49 .~(J ·12 Hays. 
lllu<: Hill . 3S 58 5.5 •645 99 05 57 '89,\ 3-16 04 51) ''jI 166 2S 24 ·C'3 Fainnount. 

63 07 .;5 "jl 243 Col 06·70 Hays. 

La Crosse 38 .~.5 36"2j') 99 16 JI) "02.J 179 44 ."?.) ·.10 3S9 44 19'00 Hays. 

Hay~ .:.8 54 50 "[,Sr) 99 
,., 1'5 "'/.1.0 

Smoky Hill 38 4,-; 3.~ ·435 99 32 53' ·0.3~ ~~s 'Si s,1 ·51 49 oS 1S·45 HayF-. 

.:"',01 i:•S 3+ '(";l t.=:1 l~I 01 ·05 La Crosse. 

Trt:.~o ,,s 53 5 .. "'."9'-1•) 99 38 15 ·s.ss 266 45 .. :i.-i·;s 86 59 23 ·25 Hays . 

._"\._"\/ )I . ~·:. •53 15i 54 52·49 Smcky·Hill • 
Skaggs 38 .. ~9 26 "4&.) 99 45 14 ·~9r ~·)I) -i(.1 41 ·95 :m 45 04",\9 Trego. 

246 54 .:!ti'V} 6; 02 09"4i Smoky HilJ. 
Big Creek 38 55 ,\7 ·76(. 99 54 22 ·409 .::n 44 ;1S·7S 97 54 55 ·91 Tn::g:o 

3:,6 (~") 45 ·16 156 14 28·18 Skaggs. 
Schmidt .,.s 41 44 ·ss9 1•)1) 03 i7 ·u .. ::. :!06 ,;7 27·99 26 ·B 03·13 Rig Creek 

279 I(• (11,;i "'29 99 21 25 '61 Skaggs. 

Cany~·n 3S 39 .:!3 "i32 '100 ~6 14 "658 171 s .. ; 2i ·90 351 52 OI ·51) Indian Creek. 
~6.:- "' 0.5 "6 .. ; 82 40 26·48 Schmidt. 

Tnr:lian C(eek 3S 52 00·456 100 28 32 •565 ::!62 05 49·65 82 -· 17 '1)0 B;g Creek. 

".!97 17 41 ·So llj 3.~ JI '00 !;chmidt. 
Bea,·er 3S 43 23 ·045 1•)0 SI 47 •331 244 31 03 ·oo 64 45 ._;6 87 Indian Creek. 

:.?Sr ();:) oo·n io1 23 5S·S'5 Canyon. 



TRANSCONTINENTAL TRIANGULATION-PART VII-POSITIONS. 

G. RESULTING GEO(!RAPHIC _POSITIONS, E:TC.-Continued. 

Station. Latitude. Longitudt:. Azitnuth. Back Azitnuth. To station. 

,/(ausas-Continned. 
0 , 0 0 0 ' a 

l\·Ionument .)8 53 54 ·s.is ]1)0 .53 (.l~ ·527 :?i5 .-'2 44 "II 9,::; 48 os·74 Indian Creek . 

354 .::7 43 ·02 174 ::!$ -~':! ·o.~ Beaver. 
Gopher . is 5•) 1.5 ·s.i~1 IO! oq ~,·.S;§J ~3"l::! 3:3 '3!-' ll,3 -- 57 ·os- 1\f•)numeut . 

319 i:i6 5~1·p 139 18 05 ·~11 Bea,·er. 
Sllericlan 38 :;1 31 "9i0 "'' " 16'j85 2l9 18 23 ·26 49 ~s 47·44 G•)pher. 

~S';) 17 28 ·18 109 .3.5 56·71 Bi.:.·aver. 
Teetcrg Hill .39 04 ~I ·.583 IOI 28 ~~5 ·(.75 ~88 ,, .)I ·o~ 108 04 .).2 ·r:,2 (;i:.pht-r. 

3.3.5 57 ·F"lO 156 00 18·.::o Sherid;.111. 

'Vallace Bluffs ::.~: 5•) ;;4 "794 IO! 34 57·3,,5 2QQ q 19·51 20 13 19 '-1-9 Teet<:rsHill. 

066 J6 45 ·4.0 ~:.;. 45 ~·:-i ·1S Sht:rid.cu1. 

'l'urtl<: 39 01 1'.) • ... ;..i.o IOI 45 05 "0.57 256 4-> 34·i:d j6 SI II'.:'.) T"ders Hill. 

3.:01 39 03·SS qr 45 38 "i-l Wallace Bluffs. 
Curlew 3S 50 24 ·510 TOT ·I~ :::;6·59:'.? 186 12 40"0:! 6 I; ;7 ·16 Turtie. 

266 5r 20".)5 S6 $B 51 ·47 Wallace Bluffs. 
McLane 39 or 5.:-·S13 IOI 57 49·239 27";.~ .. :.t 5$·S3 93 39 47·05 

I 
Turtle. 

C."vlonidt.•. J.?J .:-5 w·o6 l~J J.:' 0•)'.:':! Cn1"kw. 

Arapal1oc 38 ·15 59 ·937 1•)2 o.~ 4.) ·73-1 :'.?Ol r3 .:!5".:06 -· I~ 2.; ·05 I Mc Lane. 

.'.!~.3 11 19·14- j._; 24 .-J.5'50 i Curlew . 
i\lonotuny 39 01 43 ·174 102 14 ,5$·513 069 13 19"i[ 89 04 1:07 ·~:7 I Mc Lane. 

335 16 05·30 15.5 21 .5.'· ·6,; I Arapahoe. 
I 

Cheyenne Wells 38 57 1)1 ·9S.5 J(J.:' 04 01 ".)jl 2._\6 .:0.3 .1(.·57 56 29 i:·S ·=-s ?iionotony. 

307 32 47·67 J:!.7 4+ 16·4.:- Ar:ipahoe. 
First View 3."3 47 .p'o4r 10:.::: .·t~ $5 ·2.53 .:n6 36 I._\"~ ,;6 41 48 ·so ; Cheyenne 'Veils. 

36·.So 38 ·t.6 
! 

ArapaJwe. ~74 .:-,3 94 4" 

I Lanl1S111:1.ll 3S 56 50·877 102 35 q·970 26~ 4.3 51 ·91 BS 50 ,i:;:; ·22 Chey~nne \Vells. 

348 44 ,::;3 'I) 1t8 46 .:-0·81 First vi~w. 
i.;. :t Carson -~8-:12-00 'o6:? IO.? 51 34 ·976 i79 .)0 :-l·::;u 359 30 I4 °';l.3 F.ureka. 

.?.fS .59 i:·.~ ·c~'3 69 ro 43 ·91 First View. 
~urekn 38 5S 3S·55r 102 51 45·9:58 277 51) io·.::1 9t: •)U 3z. ·34 Landsman. 

306 ,~2 31 ·61 1.::6 44 "·40 First View. 
O\·crland 39 02 18·~-,5 !03 ro i) ·51; ,34 J(t J.3 "60 w-1 -- 12 "(iQ Eureka. 

- 06 24 ·&~ 18.::: 0.) _=:;9 "77 A1·oy:i. 
Aroya 38 48 oS·40.6 103 1(1 55 ·494 .=:34 51 -::7 "('4 S5 i:.1.~ .?·":> ·76 i Eureka. 

.:!91 ,,s .:::1 ·59 III ;:.-:• ~8 "1)~ 

I 
Kit C1rson • 

Hugi) .39 ('4 .~I ".579 10 .. ; 30 48 ·S63 .=:77 4.5 13 ·03 97 5~: 1(•"15 t)\•c:::rkmd. 

316 25 O.J "O,\ If• .)4 ·._.5 I Aroya. ~~; i Adobe 38 4rJ 39·31 2 10:~ .) .. ~ It~ ":?52 184 >.5 JO"/.) 4 •~I ~I ·ll ·04 Hugo. 

::>~ti 4.3 36 ".J::.1 1.:;r. 51 ~5 ·4.=. I ;\J"•:O.\'.'.:I. 

Sq11nn: lllulfs ,iS 51 ofi·S26 IOJ 49 -u·s-==i 007 
,., .:..+ ·67 4; s·:i .+:''IS HU!£0. ""' 

.)0'3 59 •)! ·48 J ~9 (•) I ~I •(,4 Adobt:. 

Crami.:rs Gukh 38 35 34 •(.1)8 103 .55 54·~(,I) 197 16 ~r ·_::.,7 I/ .::::.:. I~ '.J~; Squ:ire llluffs. 

253 .5.5 (1~: "16 74 ,,, II~ ·v:, Ado\11:: . 
Holt -~9 (12 1~1 ·481 rn,; 5S 17 ·0.16 ::.'63 59 15 ".?8 :34 1(1 .:-. .. ~ ·92 Hugo. 

3~9 oS .. ;1·~ J4•j I,) 54 ·55 Square Bluffs. 
JJig Springs ... ~~: .15 •)4 "~")l'.i(l IO.I 15 09 ·5~18 253 i)U .. ~·;).; i.~ 16 J[ 'IJ Squart: Bluffs. 

301 05 ::.:. ., .. s [~~ 17 ~·5 ·01 Cra111ers Gukh. 
Holco\111 Hills 39 (a(I ((l "jO.? rn4 IS 59'7•)3 J6.:! 05 .:::7 ·5:) 8' 1~; 09 "80 

I 
lfolt. 

• ?.4~ 41 5_::; "81 168 44 :-o ·..:.-3 Rig: Springs . 
El Paso I~nst Base. 38 57 2o·Si7 104 -.:::7 .Jl ·~35 16") 58 .ii·2~ J.JO 56 .:p '2.) 

I 
Dh·~de. 

047 48 35 ·t.tj 6j 54 04 "!Q H1)kol1n Hills. 
Divide 39 04 13 •$.=:: I•).\ 30 ·H·.:los 094 r:.S 41 "•).; rq 16 (i4 ·9: Holcol111 Hills, 

._':,2j 2S 0~1 ·09 147 37 .,o ·.;== Big Sprin_gs . 
Plateau -< !._,•) ·892 1(1.J ._, .. , 17 ·155 12.•".J 2/· '"'· "44.5 319 17 4i \X1:":"; Pikes Peak. .")"·' 

__ , 

~13 19 21 ·:.::.:::.:::- .33 -~·) :-.··,·911) Big Springs. 
El Faso West Base ~$ 53 41 ·7r_.1 104 35 19·176 212 48 I 2 ··~1<;i .. P .'ii (·~. ·~14 Dh·idt·. 

~$.::: 4; 15·1),_; 10.:- 4<: u .. ' . -==~~ El Paso East Bas~. 



UNITED STATES _COAST AND GEODETIC SURVEY. 

G. RESULTING GEOGRAPHIC POSITIONS, ETC:-Continued. 

Station. Latitude. Longitude. Azi1nnth. Back Azimuth. To slatiou. 

LIJ/orad1.l-Conti11ued. ,. ' 0 0 0 ' 
Corral Bluffs J.38 50 10·187 104 ._,:) 34-"~:! 181 4J 57·.14 [ 43 06"88 F.l Paso West Base. 

.2.2? 5: 15·44 49 57 I.:?"15 El Paso East B!tse . 
Pikes Peak :.;S 50 .:-.i. ·s21 JoJ5 o: 37 ·173 040 47 58 ':!.77 fl oS "° ·So7 Divide. 

277 55 II 'j.:'6 98 04 ss ·ss2 Big Springs. 
Bisc•n "!_,9 q 17 ·078 105 ;:.~ _:,O"Oj.'? ~S2 00 54 ·549 10.J ;:.8 13':.:?94 Divide. 

318 JO 52 ·454 I .. 2.S 30 00·947 Pikes Peak. 
:\Iount Ouray 38 05 20·74~. 106 !3 27 ·1i:-4 2q. 39 02 ·4ro 35 06 43 ·-103 Bi.:;on. 

045 .20 .57 '667 66 1)5 II'Ci,,Jl Pikes Peak. 
l\Iount Elbert 39 07 1).:0\180 106 .:?6 41 ·058 26o 24 56 ·171 81 00 51 ·r.;6 Bison. 

345 58 4•:i·5j.S 1"5 r_.6 .57 ·S45 

I 
Mount Ouray. 

Treasury .Mouptain 2-9 "° 5•J'~3-l ro7 05 :..i ":;6<) :::5S 19 07 ·309 
_, 

43 :fJ ·4.r4 J.\lount Elbert. ,., 
,310 32 34 ·915 131 05 23 ·6.)8 I l\Iount Ouray. 

Unc•:impahgre 33 04 li "(l(•(l llJi 2i 41 ·f..o-t. 196 43 ''4 ·098 16 56 3S ·s38 I 
"freasury Mountain. 

0-19 ~N 56·658 70 ._;.) 54 ·2')5 l\Jount Ouray. 
~ravaputs 3~1 .):! 2:! ·57$ 109 00 r~ ··~·~o 2~S 55 13 "J.13 110 07 !.9·219 

I 
Treasury !\fc111ntai11. 

9 .5.3 09·781 189 44 46 ·390 Mount 'Vaas. 
fJ/,z/1. I 

l\iount \Vaas 38 32 Z,)'100 IOQ 1· ·' 3~: '11)7 253 .'.?.5 1S·35S 74 -15 1:)·.:-S5 i Treasury l\-Iountain. 
oSS (•I ::7 ·::"".50 109 07 rJS·151 I Uncom.r1ahgrr:. 

Patmos Head 39 3.-_. I)/ "::!3{. 110 1:~ ~i ·f.51:. :!('i ::7 H ·066 ss· 1; 46 ·947 Ta,·aputs. 

318 1.1. 47·09 13S 55 55 •$37 l\iount \Vaas. 
l\'f1)\1Il t Ellen s'.\ 07 15·815 110 4.$ 50·421 195 3•5 04 ·4fo 15 .5-1 .is ·130 Patn1os Head. 

::51 01 _, I /.,,l 7:! 1)(1 30 ·r:.54 l\I1:i11nt \Vaas. 
'\rasatch 39 .:"6 53 "(•j:! I !I ::j II "61:! 245 58 16"21(• &; ·I' 09 ·;74 Patmos Heacl. 

333 (•I i.-:i·S9-t, l.5J ::5 o; ·1S6 l\II•)Ullt Ellen. 
1\'lr'.Junt Ntbo 39 4$ 37 •;331 I 11 45 ~.6·571 ·os.i 55 40·634 105 51 13°.j.l.:? Pattnos Heacl. 

~,4•) 4' 17 ·:::t'9• 16o 54 1:! ":?i9 Wasatch. 
Ogden Peak . 11 II 50·4S3 [[I 52 52 •6.j4 356 l~I 44 ·049 17f. 04 74 ·51.=:; Moui1t Ne ho . 

37 3h 35 '319 :.::17 C•i 23 ·:::7!_, Di::si:-ret. 
\Vadi.loup 40 54 24 'i 23 ll [ 53 IO 'r}3S IO.:? .).) 19·3._l,4 ;S, 00 23 ·4.-.. .:: Antelope. 

J:-30 40 56 ·584 0 43 (•O:: ·041 Ogden Peak. 
Salt Lake Southc-a!:t Bast· 41 .-.~ li ".:?85 11:: 01 IJ4 ·i:~14 6,< 05 ;6·,(.7 042 57 39·ji3S Antelope. 

TJ.5 44 39·223 315 40 59·1~1 Salt Lake N. W. Base. 
Salt Lake Northwes.t Base 4.' cifi 37 ·160 112' 06 ._",') ·041 04J 3; 46·176 6:: 46 50 '1)::7 (Jgden Peak. 

I 
:::~ rJ(. (•9'i4r5 :!o:..=; (•..:? (I:! ·$,l,,; Antdop..::. 

Antelope .J:) .5i 4_; 'l(•j' I 1:: 10 55·12f. .:i26 37 2.6 "Ul9 46 5•) 46 ·;oo Ogdr:n Peak. 

I, 3r 59 l.,,l,".59(1 211 43 IL) '.'.!05 Dt."serE:'t. 

Tushar 

I 
38 :?~ (l(J"(•5:! 112 04 4.?"f.:":.Y). 199 41 i.:. ·sos 21) 05 . .p "11.? l\f1)1t1lt Nebo. 

.:>.:?6 S..:? 40·655 47 :!SI 41 ·F,06 \Vasatch. 
Promontory 41 17 5:·4~ 111 :.?) o:::-·s.:-+ 2S3 14 (•3 ·067 103 45 19·656 Ogden Peak. 

3,l,5 I 7 .:-_; ·:12 155 25 ::5 'SI~ Anteli:•pe. 
Desert:t I 4'" :!j .34 "•)..j.i 112 37 .).:! 'I.I)! 3q q q "7'6 1.3..L 47 :::0·152 !\lount Neho. 

I "" 57 ..j.~ ·533 ::!37 07 4:: ·3~~· Ihepah . 

·1 

~' 
Ihepnh 39 .J~I 41 ·2~~) 11_; .:.~ "···'·4.; 06<1 55 05 ·588 91 1; .5•)"05:: !\f···unt Nebo. 

319 4,; 0.5 "669 qo .~0 i:") ·74S T11shar 
.JV1..1 vad,1. 

Pioche 37 59 tJ1!1.·695 rq 03 c•4 ·536 168 :6 3i ·41)4 34.S 16 5:. ·~.9.:- Wheeler Peak. 
..:?~•) 5S 58•5::;0 ;1 59 ~-697 Tnshar. 

Pilot Peak .j[ 01 16 ·035 114 04 35 ·826 296 :?9 40 "3.54 117 06 35 ·6.;3 Deseret. 

~=4 [\ o:=,·h·5 li4 Ii 11 ·676 rhepah. 
~ 

\Vheekr Pt::ak 38 59 (1s·G71 II4 1::-; .JI ·535 199 49 35 ·.:-93 .::•) (•.j. 36 ·1~s Ibepah. 

:!o~O I,) J.2"3i7 [[I 04 4.::·~;2 Tuslrnr. 

White Pin~ ;,8 19 C"-;l"57I I 15 3 ... , O..j. ·4(11 ::3..i 03 I3 ·165 54 47 44 'iii·~ Whe<cler Peak. 

~s.:. .:f.r:"· so ·743 106 4(• 35 ·:;19 Piocl1e. 

Dia1uonc1 Peak .)9 35 05 765 11.5 49 cy. ·554 .:-96 39 Oj ·.:.6.5 I Ii 36 Ij •695 \Vher:.: ler Peak. 

3~~ 5•) ~;S ·-1-79 169 02 35 ":!67 White Pine. 



TRANSCONTINEN'r AL TR_IANGULATION-PART VII-POSITIONS. 865 

G. RESULTING GEOGRAPHIC POSITIONS. ETC.-Completed. 

Station. Latitml<:. Longitude. Azi1n11th. Back azimuth. 'ro ~tation. 

1''C.'1.l(ltfcz.-Co11ti nned. 
C• ' ., 0 0 ' 

l\.:lounl Callahan 39 4:? 33 ·&j> 116 Si 01)':!10 277 43 :;9·104 9~ 27 1~·("'61 Dlan1011d Pt:ak.. 

19 45 1•;ro:;1 199 JO 02 "41J Toiynbe Do111t=. 

Toiyabt: Dome 3S 49 Si ·717 117 ,, o::-i·.:!.p 2.17 18 (11)"056 58 10 IO '0-17 Dian1ond Peak. 
~~s ;)2 43 'C:.4-i IlO 1)l 59"(•."q '\Vhite Pint:. 

T~one :Mountain 3$ (11 :!i 'Gi2 II7 :!9 37 ·303 118 30 4i ·691 29i 42 ,_;.i ·007 I\Iount Grant. 

I87 47 :?4:492 7 .52 4'> ·901 ~l\:iiyabe Dome. 

Carson Sink 39 34 59·17l 118 14 04·648 262 00 ;;t ·317 83 'J9 4t "9'}5 'Mnunt Callahan. 

3li I6 0..\ • .. ~12 r37 -19 .u ·3or Toiyahe Dome. 

,;\·fn1111t Gra11t _is.'-! J;l"J98 11S 4i 26"I9') w2 S9 .-:.6· .. ~% 23 "'' ,:.:S·141 CarS1:.11 ~ink. 

256 :!J 01) ·su 7i "° s~ ·512 Toiyabe Dome. 

:\l1:iunt Como 39 OT 17·044 119 28 2 .. 1. ·190 239 20 08·0:-.;i· 60 Oi I~ ".:020 Carson Sink. 

309 5i 47 ·.;80 IJ•) .::!,\ ::I) ·~:::5 l\Ionnt Grant. 

P.1h-~:11h ~9 47 4Q"._l.97 1t9 28. "4 ·214 359 5-9 ,._ .. ) ·736 179 59 01 ·4·_,r:; l\Ionnt Como. 

6.2 36 u6 ·453 .:04.:' O.:' 01 •f56I l\Iouut J.,o]a. 

Cnlifo,.nia. 

Mount Conness Ji ss 01 ·.r:;,s 119.19 13·~(1(. l.p 39 29·¢5 3'" 14 12"~·$ l{onnd Top. 
"<'. 214 

_,_ 
OI ·;56 34 .5~ 03 ·::~:9 l\Iount Grant. 

Round "f"ot> 38 39 49 ·.~rs J:?I) OiJ •)(' "i09 :?:?8 .53 10·154 4'? 13 (1(1 "2.5.5 1\-Ionnt Ccimeo. 

:!i5 q 16·02r) 9:. 59 !.J ·;91 l\"louut Grant. 

Mount I.,oln 39 2.5 .59 "Oj7 l:?O OI .51 "1.:06 300 25 34 "i~) I.:'(• 59 ~.; ·49S J\fount Como. 

~.'9 ,,~ C\;"003 I!\9 .51 .ix ·s;s /Round Top. 
)•lr>cho ';.j 2S .~?J.·7r;fo I2I .3.3 18",+t:?. ttS ;\.t ~·6.t9 298 .,, 1~·~,14 1 l\t.ouut Tan1alpais. 

144 57 4.?·'556 304 44 34 ·4n Mount Diahlo. 

Yolo So11thenst nnse 3$ 31 41 ":?.54 1.::!T 4i 5~ ·oS5 SS 49 I6 ·447 .?3.5 JS 39 "9S;1 Vac~=t. 

114.or 
"' ·873 

oq3 4i :22 ·14s l\-touticdlo. 
i."'olo Northwt-st Base ~'$ 40 4.~ ·s77 I 21 ·" :?S ·rr r 3.f3 05 Io·fo7 r6~~ Oj >i '6.jS Yol1."1 Southeast Hase. 

S6 .f7 32 ·345 :#! 35 r_.t. "..p5 Monticello. 

)tount Dbhlo 37 ,, '4 -~Sol 1~1 S4 ~7 ·9sS 217 34 54 "I04 .1S .F ~8 ·193 l\Io1111t I .. ola. 
2pif.t Ji>"99D 6,; II .13" .. US Round Top. 

\::.ten ~i; :!2 ~.::: ·:>-;~7 122 o;, 01 ·56:i 344 42 03 ·229 164 48 :?2"CigQ Mount Diablo. 

12+ .?5 51 ·469 304 05 ~0·881 Mount Hel<:na. 

'..\lonticello .;.~ 39 49 "7~S 12:: II 21 ·xso 343 53 :7 ·~~5S I6J ;:t/ 24 ·217 Vaca. 

9I 04 30·3::6 270 47 5.3 ·4S3 "!\tount Helena. 
Mount ~rnwnlp{ti~ 37 55 26 ·fo5 "" 35 44 ·s.3-1 'i7 .i6 ,,~·9'54 35i 45 ._;4 ·~4S Mount Helena. 

2i.J 1.) ::2 ·127 9.f 40 ·.~I ·461) Monnt Diablo. 

Mount Helena ~'s .ii.1 10·1&:> 1~2 37 57·365 2~5 56 Z\)"jJ4 67 ::!3 (.!1)·09.:. Mount I.ola. 
324 VI :;i ·516 144 28 :,?[ ·564 I l\Iouut Diahlo. 

Sno,;v l\·fonutairr "'est 39 02 .17·556 12: ·JS .:?::.;. ·132 ;l,~-1 r./) o.i "i3 I/:! lO 4:-'.:! ·55 l\fr1unt I-Iden~. 
18 03 (.Q·;o t•.lj 4~ 29" 1$. I R<>•~ M<olmtain. 

:\fu1ml Snnht:cll"in :\9 ;.o ;,7 ·8oo;l J 23 05 43 ·017 297 SI sd"s$ 118 04 .p ·47 S11(1W !\fountain 'Vr;-:o;.t. 

34 0.2 43 ·07 213 46 .)O".'.':r Cold Spring. 
l{OSS l\{01111tnin :,8 :;v 1~·701 103 07 uS"7H '46 y; It "868 66 54 24 "2{2 Mount Helena. 

3.?4 27 05 ·046 144 46 .;o ·49I 1\-fount ·rr1:Lia1pais 

Pt1xto11 39 ·:i.'3 (•~ ·322 123 1S 42 "i64 55 05 .:'5 ".::!:? .?J.5 I/ >;·SS Colcl :o:;pring . 

ISS =-~ 58·00 . '35 .:'O .54 "51 Two R('Ck . 

Two Rock 39 " 4' ·053 123 .?(l 42·451 ll) OJ .J6"1&J 189 59 5l' -~~I ·Cold Spring. 

84 34 4Pli 264 "4 -21 "03 I G1·.;:at Ca~par. 

C-ci\d ~p,-ing "!:i9 1)1 ::.0·503 123 :..1 19·984 2.)8 56 4~·43 5·~ ,,, 4~~ ·70 ~now 1\-lountain "'est. 
296 36 5I ·14 P7 IO I~) ·9,~ Mount Helena. 

Fishel" 39 03 58 ·856 123 ._;5 11 ·270 051 5S 04 ·18 
j2 °'" .:!j "6.? Paxton. 

3u '5 3':l".):! 131 18 i"J.5"01 Cold ~pring. 

Great Caspar 39 .20 ,:!9.·639 J.:?_'., 43 11 TjS 249 <,7 35 ·51 jO .21 23 ·.~t5 !\Iou?1t Sa11hedri11. 

3.34 II 52·94 154 19 2>""6 C•>ld Spring. 

18732-No. 4--ss 
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H. ARC MEASUREMENTS. 

I. RELATION OF THE ARC OF THE PARALT.EL (OF 1871-1898) TO OTHER 

AMERICAN ARCS. 

Our account of the arc of the thirty-ninth parallel would still remain incomplete 
without some reference to its bearing upon other arcs measured or being measured in 
the United States, since by itself it is incapable of furnishing any results of the earth's 
figure and magnitude. To that encl combinations with measures of like import are 
demanded, and which will set into clearer light some of the la·rger operations of the 
Survey. 

In the first place, it should be remarked that last year has also seen. the completion 
of the field work pertaining to the measurement of an oblique arc along our Atlantic 
co:iast and binding it to the Gulf eoast. It stretches from Maine to Louisiana and, like 
the arc of the parallel, is incidental to the regular work of the Survey. 'In poi11t of age, 
however, it reaches back to the time of the first Superintendent. The northeastern 
terminus is at Calais, Maine, opposite the Canadian h9undary, in latitude 45° n' 09"·4 
and in longitude 67° r6' 5]''·9 west of Greenwich, and its southwestern terminus is at 
New Orleans, Louisiana, in btitude 29° 57' 25"·,, and in longitude 90° 04' 24"·4 
(station of 1858). The length of the geodetic line connecting these positions is 2 6 r .i ·2t 
"kilometres, or r 6:?3·2 statute miles.* The triangulation is supported by 6 base lines 
and the astronomic part consists of about 7I latitudes, 56 azimuths, and 17 telegraphic 
longitude cletermillatious. It is intended to take up the final computation of this arC' 
without delay and the publication of its results may therefore he expected at no 
distant elate. 

Two smaller arcs of the meridian were measured some years ago. A preliminary 
account of these will be foimd in Coast Survey Report for 1868, Appendix No. 9, and 
iii Coast Survey Report for rS77, Appendix No. 6. The first is known as the Nan
tucket arc, which has an extension of 3 ° 22' 39" ·2, or 37 5 · .i2 kilometres (or 233 · 15 statute 
miles·). and contains 7 astronomic latitudes; the second is known as the Pamlico
Chesapeake arc, which extends over 4 .:> 3 I' Jo"· r, or 502 · 34 kilometres (or JI 2·14 statute 
miles) and is supported by LJ. a~tronomic latiti..1des. Each of these arcs, therefore, is 
longer than the Peruvian arc and astronomically better sustained, and both· are capable 
of farther extension northward. The results given in the reports of rS68 and rS77 are 
now in need of revision before they can be finally utilized. 

It is well known that the Survey is now actively engaged in prosecuting the 
measurement of what is designated "the central arc of the meridian," which nms 
along the meridian of 98° west of Greenwich and intersects the central arc of the parallel 
just west of the Salina Base Line. Its full extent within the limits of the United 
States between the Mexican boundary at the Rio Grande, 'rexas, and the northern 

*The line may be: plotted on any p1·ojectio)11 hy n1eans of the geog-raphic po~itions of its termiuals and the f1...-.1low_ 
ing positions (If two interJUc:diatc points in it, ,·iz: 

r "' = 3s
0 r "' = 40° 

\ -'=8.J oS'·, and l A=76 59'·6 

The azimnnis of the geodetic Jine are "22 .. ,;:· :::1' 31 11 at New Orleans and 57° 301 4411 at Calais. 
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boundary at the British Possessions is 23° 06'; i. e. from Brownsville in latitude 25° 54' 
to latitude 49° oo'. It is, however, capable of considerable extension, as it maybe made 
to abut on the Pacific coast east of Acapulco, Mexico, in latitude 16° north, on the one 
hand, and on the other may be carried over the Lake Winnipeg region indefinitely 
nortlnvard into British Northwest Territory. The measurement of this arc ·was proposed 
in March, 1SS1, to Superintendent Patterson, who then approved of the meridian of 98°, 
but no action was taken until 1897; since that time the reconnaissance from the Rio 
Grande to latitude 39° has been made, while to the northward of· that latitude the 
triangulation is completed well into the middle latitude of Nebraska. It will be 
noticed that the central arc of the parallel and that of the central meridian are com
plementary to each other and will furnish data of the curvature east and west and 
north and south for the determination of an oscillatory spheroid in this region. 

The United States is also in possession of two other arcs, one of the meridian; the 
other of the parallel, which were measured by the United. States Engineer Corps work-

. ing under the special organization of the Survey of the Great Lakes. A foll account 
has been published by Lieut. Col. C. B. Comstock under the title ''Professional Papers, 
Corps of Engineers, United States Army, J.~ o. 24. Primary Triangulation United States 
Lake Survey," vVashington, 1882. Neither of these arcs could be utilized in combina
tii.lll with other like measures by reason of an unknown correction attaching to the unit 
of length as used by the Lake Survey at the time of publication; and the subsequent 
suspension of that Sur\'ey left no occasion to remove the deficiency. Since that date the 
Coast and Geodetic Survey has been charged with measures of this character, which is 
also manifest by the "llnited States joining the convention of October. 1886. as a member 
of the International Geodetic Association. The above measures may be regarded as an 
inheritance to be preserved and supplied with any needful data and extended in order 
to c.:arry out the original idea which led to their conception. 

The unit of length of the United States Lake Survey was the so-called Rep·· 
sold metre or R,8, 6 , for which standard General Comstock published, under date of 
February, 28, 1885, the result from comparisons made at the International Bureau of 
\Veights and Measures, at Breteuil. The le~1gth of this metre has been discussed and 
its final relation to the Prototype Metre determined by the Coast and Geodetic Survey, as 
given in the report for 1889, Appendix No. 6, and is referred to in Part I of this paper in 
connection with the Olney Base Line. The result was R,8 ,0 = 1 metre Committee+ 
98 ·21t ± 0·71.1. at o° C. and for any other temperature, I° Centigrade, the difference-

R,8, 6 - c.11:1.=+ s4·2811- 1·1 92 5 u- II
0 "66), 

±0·49 ± 42 5 

and the coefficient of expansion a of R,876 = 10·606tt. The C. .lll. was fo~md to be 
± 25 

sensibly equal to the Prototype Metre; hence we get for the length of R,876 at the 
temperature 57°·92 F. (_or at 14°·40 C.) the value 1 metre+ 250·9 microns, which 

± ·s . 
result was used for the conversion of the linear measures of the Lake Survey tal)les of 
pages 823 and 826 of the Professional Papers. \Ve content ourselves here with transcrib-
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ing- tl~e astronomic results without any change; si1ch for instance as a correction for 
variation of pole. The corrected tabular results are as follows: 

·' ARC OF THJ~ MERIDIAN BETWEEN PARKERSBURG, ILLINOIS, AND ST. IGNACE, ONTARIO. 

Sta~ions. 

Parkersburg-

\V .;,><t Base, Olney 

Fairnt1)n11t 

\Vi llo,,·,;pri ngs 

~\'Ii 111Het'ota Junction 

Fort Howanl 

Fo1>l Riv.;,r 

Huron Mountains 

Vulcan 

St. Ignace 

Observed 
latitudes. 

o I ,, 
38 34 53 ·20 

38 51 41 ·23 

40 01 36 'jO 

41 43 38·63 
43 28 31 ·82 

44 30 30 ·2s 
45 4r 05 ".34 

46 52 53·07 
47 :?6 44·58 
48 47 28·65 

Interval~ fri='m Pa1·k("r!-'
b11rg t•) the 

several parallels. 

Jlldr,·s. 
o·o 

3r 052·9 

160 490·2 

349 311 ·4 

543 449 'l 
658 3~~ ·2 

7S9 271 ·9 

9:?1 n9·3 
984 ::i7.~ ·o 

l 134 127 ·S 

3. ARC OF THE PARALLEL OF 42° BETWEEN \VTLLOWSPRINGS, ILLINOIS, AND MANNS

VILLE, NEW YORK. 

Station~. 

\'·;·1 ·0\\"springs 

Cerlar Point 

Tonawan•la 

l.\fa1111sville 

Obsen·e1l longitudes 
refE:rri:::d 'i.•) 

Detroit, l\-Iichig:an. 

0 II 

+ 4 4S 03 ·15 
( o oo (lO ·oo ) 

+ 17 01 ·S4 

(- 4 3r 01·3r) 

4 09 42 ·44 

(- s 57 45·59) 

- 6 59 36 ·S6 

(-II 47 40·01) 

!nteT\·ats from 'Vil
low~prings to the 

s;,·eral 111eridia11s. 

11fdres. 

374 218 ·4 

977 49r ·o 

The St. Ignace-Parkersburg meridian as it stood in 1SS.:? obviously represents only 
{JJ/t-lia(/ of what its ultimate length was to be. Its extension southward to the Gulf, 
where it joins the oblique arc, is thus plainly demanded. The \Villowsprings-Manns
ville arc fared better since that date, the Coast and Geodetic Survey having added at 

· bc1th ends triangulations of its own, which may now be utilized to a considerably lnrg-er 
extent, namely, from Cape Cod, Massachusetts, to Dubuque, Iowa. The only field 
W•)rk still needed is the telegraphic longitude determinations at these terminal places. 

For brevity's sake we shall call the meridional arc ·'the Lake Superior arc," and 
that of the parallel ··the Lake Erie arc.'' Scrutinizing the mea!?nres of the Lake 

Superior arc, we !!et for the whole of it the averag-_ e value of 1° or ~,J4- 127'8 metres 
~- - 10·209 85 

= r I 1 08 I ·7 metres, and for the partial arc, omitting the first and last stations. 

9 'i~ S·'O'I 
~-·--_-_ metres= III II.:?'t) metres. For the respective mean latitude on the 

S·5S4 26 
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!Clarke· ·.. flll l•Y"O ": flII 09 . .J.'4 .. ·1 B 1 spheroid we have -1 ::>. metres and -1 "' . metres.~- From· these figures 
. esse .III 093 9 .III 0·~3 5 
we infer that, as far as the whole arc is concerned, the measures favor the smaller of the 
two spheroids, but when the ~erminal stations are lopped off. the remaining sub-arc leaus 
toward the larger one, so that there appears little choice between the two representative 
spheroids. It b, different with the Lake .Erie arc. Here the measures all demand a 
larger spheroid even than that of Clarke's. 

The meridional arc nie.asnred by Mason and Dixon between the Delaware Bay and 
the Chesapeake Bay in r 764 is now obsolete. It crosses the transcontinental triangula
tion close to the station Hart_ly. Its middle latitude is 39° 12

1 and its length is but 
I

0 ~s'·75. For particulars see Phil. Trans. R. S. for 1768. 

I. PRELIMINARY PARTIAL COMBINATION OF AMERICAN ARCS. 

B~' combining the central arc of the parallel with the Lake Superior arc of the 
meridian, we can obtain at least an approximate value for an osculating spheroid 
ai1swering to the compact part of the United States. It suffices here to use terminal 
stations only, and for reasons already stated to substitute a mean value for the first and 
second stations of the arc of parallel and a mean for the last and its preceding station of 
the Lake Superior arc. 

For an arc of meridian, let A = length of arc as directly measnred, cp and rp' its 
astronomically observed terminal latitudes, abo, as usual, a the equatorial radius and b 
the polar sc~miaxis of the spheroid: also L' = (a - b) . b, then w~ havet- · 

' 1 - 11 f I '+ ' • s1"11" qJ' + cp l (. m' m) ~1·11 111 ( I ., .:":! - l• l - l ..,t . 2 _\ . ...- - ...- . " . . . . . . . . . . . . . . 

For an arc of parallel, let C = length of arc as· directly measured, D the astronomic 
difference of longitude (in seconds) of its terminal stations in latitude q1,: then we have 

C= bcos q1, (r +e·+esin" cp,) Dsin 111 
••••••••••••••••• (2) 

From equations (1) and (2) the values of band t: can be deduced. 
For the combination of two meridional arcs, we have the following simple expres

~ions: Let o, •T, = the measured. lengths of the arcs, rp
1 

<fJ
0 
tl~eir astronomic amplitudes. 

and cp
0 

1/'
0 

their mean latitudes; also put-

"= (a - b) /(a+ b), thent-

1l = 2 . ( (}. cp I ·i .', ( iJ' I <j1. °) - I 

3 cos 2 <p, - cos ;:! t/•., 

o (f) CC1S 2 m - o m COS 2 11• and a ( 1 - 11 J = -• ,. ' - .,..0 • ..,,, - · r ,, 
·. 'P, cp, (cos 2 cp

0 
- cos 2 1/•

0
) ' 

whence a and b follow. 

*Clarke: 11/0 = 1 TT I.p·i:·~O - 566·078 cos:? op+ 1"~(12 C•)S 4 tp - O"Oi.J:! 4 cos 6q> + ... : . 
Bessel: Al"= 111 '°''·619 - 55S«>5u cos o op + n68 cos 4 <1> - 0··;02 o cos 6 op + .... . 

t Airy's Figure of the "'arth, Cyclopredia Metropolitana (abont 1830); also Phil. Trans. 1826. 
t Brit. Ordn. Survey, London, 1'355, Section X, p. 5')1. 



UNI'l'ED STATES COAST AND GEODETIC SURVEY. 

For the case of the Lake Superior arc in combination with the United States Central 
arc of the parallel, W!i: have the following data: A = 1 059 500 - 15 526::::;: r· 043 974 
metres, <p = 38° 43' 17"·22, <p' = 48° 07' 06"·62 and C= 4 182 227 metres, D = 
r73 807''·83 and <p, = 39°. \Vhence we deduce a= 6 377 912 and b = 6 356 309 
metres. 

For the case of the United States Central arc of the parallel and the Peruvian arc, 
we have· the data CD 'P, as above and for the South American arc* A = 344 736 S 
metres, <p = - 3° 04' 32"·0 and <p' = + o0 

02' .;1".4. \Vhence we get a= 6 378 027 
a11d b = 6 356 819 metres. 

The results from the combination of the Nantucket and the Pamlico-Chesapeake 
arcs of meridian with the Peruvian arc are given in the Coast Survey report for 1877, 
p. 94, t viz: a= 6 378 054 and b = 6 357 17 5 metres. In this combination the sub
divisions of the arcs in the United States were made use of. 

For .the case of the Lake Erie and· the Peruvian arcs. we have the data: 
C= 977 491 metres, D = 42 460"·0, <p,= .p 0

, and those for the southern arc as before; 
whence we find a= 6 379 822 and b = 6 357 716 metres. 

For the case of the Lake Superior and the Peruvian arcs, with data as given above, 
we deduce: a= 6 377 577 and b = 6 356 777 metres. 

In the following table the above results, besides some other useful data, are collected 
for ready comparison : 

D>mj>araliz•,· table <?f prdi111i11t11y ;•a/w.·s from A111t'ri<a11. 111,·asun·s for !lie· earlli's cqua/,wial 1adi11s 
(a) and its p,1/ar St'miaxis ( b) <f'i//1 Ilic ~·a/11,·s p,.,-/ai11i11g lo rcprt'sozlaliz•e splzcroids as ded11i<Yt 
/~1· l7ark,· and Ecssd. 

No. of 
a-b 

Arcs nnd their cmnhinations. Amplitudes. astro- " (> ,-,-/1 No. nomic In n1dres. In metres. 
stations. 

<1 

Bessel's St)heroid of 1&11 :! = 50° J:/ ·4 38 1p's 6 >ii 397 6 356 079 ~I . ._?,18 ?!"!:f~-;:l 
Clarke's ~pheroid •Jf 1866 ~ = i6 35 ·o 40 q>'S 6 _q8 ::-00 6 356 58.j JI 6 .. .., ' ~iil'"7ii 

Amt:rkan Ct:ntral arc of parallel C39°) } { 48° 1(! ·S cos.p oS .\'s} 6 6 .\56 -~09 tneridian 3 377 '}I.l :21 603 'J!i!:! Lake Superior ;.1rc of ' 9 23 'b 10 ip'5 

An1t:1"ican Central arc r)f parallel (39°>1 148 16 ·scos.p ~s .\'~' 378 (•2i 6 356 819 
ntt:ridian f 4 l :! .p'~ I 

6 JI .wS sub-:-,. 
Perudnn arc of ·' 07 ·1 

Lake Erie arc of parallel C 420 )l fl! 47 "7 COSq> 4 .\'s I 
6 3i9 8.?2 6 .357 716 Ii:i6 •-*7a Peru,·ian arc of n1eridian I 5 l 3 07 '[ 2 tp'~ J --

i.aki.:: Supi::ri1Jr arc of n1erir.liani r ? ::-3 ·s JO cp's l. 
6 6 356 ~i'J!-:., I 

6 l 2 q:,'5 J 
.;ii Sii 577 JI 000 

Peruvian arc of 1neridian 3 07 "[ 

The Nantucket and Patnlic:o-Chesapeake arcs l r:::. = 11° 01'·~ i+I4 q,':; ·1 

6 37B 0:.-1 (. 357 175 ~ 879 ,.A7 .. of 111ericlian . J 
l 2 1p·.J Pen1,·ian arc of 111eridian 3 07 'I 

Reviewing the tabular values. a most striking fact is found in the apparent close 
accord between the several results, thus testifying to the value of the measures; 
next we notice that the 5 arcs situated within the limits of the United States, when 
combined with the Peruvian arc, or among themselves. all demand a representative 
spheroid of somewhat larger dimensions than that of Bessel. This conclusion was 
already arrived at in 1877.t but was then based upon quite slender evidence as 

*Coast Survey Report for 1877, Appendix No. 6. The Peru,·ian arc was 111easured between the years 17:;5 and 1743; 
its atnplitude is _,_o Oi'"I. 'fhe Pcru\"iau arc is referred to by 1nembers of the Coast and Geodetic Sun•ey jn the annual 
reports for 1Sn 1.P· 951, for 1B89 1.P· 199 and foll .. and again p. 494 and foll. I and for 189$ (Appendix No. 4}. 

t The Nantucket arc of m~ridian was measured between the years 1845 and rS66; the Pamlico-Chesapeake arc of 
meridian was measured between the years 1844 and 1876. 

i Coa~t Survc:y Report for 1~n, p. 94, 
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compared with that since accumulated. In consequence of more recent data, the 
Clarke spheroid was adopted in February, 1880, upon which to develop the triangu
lations and geodetic positions of the Survey. Our first combination <.No. 3 of the 
tablt:), which is composed of the two principal, yet unlike, measures, the one by the 
Coast and Geodetic Survey, the other by the Lake Survey, reproduces to a remarkable 
degree the spheroid of Clarke. It is also plain that there is not the s~ightest reason for 
supposing that the earth's curvature, as shown by the American measures, is essentially 
different from that assigned by all other measures of the surface comprised between the 
same latitudes. 

Abundant additional means for improving the existing_ deductions concerning the 
earth's :figure are. now on hand, and it is perhaps not too much to expect that the 
International Geodetic Association may find it desirable in the near future to attempt a 
new combination of all available arc measures, especially since the two large arcs of the 
parallel, that between Ireland and Poland and that of the United States of America, 
can not fail to have a paramount influence in a new general discussion. 

In conclusion the author desires to express his appreciation of the efficient· aid 
given in the arduous work connected with the computations, and to testify particularly 
to the skill and perseverance displayed by the three principal computers, Mr. M. H. 
Doolittle, Mr. E. H. Courtenay, and Mr. D. L. Hazard, of the .Computing Division. 

He has also to acknowledge the efficient help given in a part of the computations 
by Assistant J. F. Hayford. The names of the observers have already been stated in 
connection with their work. 

0 


