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'J'REASUR_Y DEPARTMENT, 

0F1"ICE OF THE SECRETARY, 

1.fl'ashing/011, ju(11 I6, I90I. 
Sm: It affords me pleasure to approve the publication of the discussion of the 

Eastern Oblique Arc of the United States, herewith presented to the public. 
It appears that the value of this arc to geodesy is very great, but that the results 

are only incidental to the immediate purposes for which the triangulation ·was made. 
·The results. however, could not have been obtained 'if the general plan of the Coast 
Survey 1iacl been less systematic or comprehensive. Thus, in applied science, as well as 
i11 many other things, the far-sighted wisdom of our earlier statesmen, who gave direc-
tion to our beloved country's policies, has borne fruit. · 

Respectfully, 
L. J. GAGE. SecrdaJ)'. 

Mr. 0. H. T1TTMANN, 

Superinkndent Coast and Geodetic SurVt:)', 1Vashinglc>n, D. C. 
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LETTER OF SUBMITTAL. 

TREASURY DEPARTMENT, 

OFFICE OF THE COAST AND GEODETIC SURVEY, 

rvashiugton. D. c.. July I6, I90I. 

SIR: I have the honor to submit to you for publication the m~nuscript of Special 
Publication No. 7, giving the results of the completed measurements of the Eastern 
Oblique Arc of the United States. 

This is the second of the publications intended to give the results of the principal 
arc measurements made by this Service, and like the first,. which relates to the Trans
continental Arc of the Thirty-ninth Parallel, it was prepared by Assistant Charles A. 
Schott, whose knowledge, mature experience, and ability fitted him especially for the task. 

The Eastern Oblique Arc, though treated separately, intersects the Transcontinental 
Arc, and the two triangulations have several lines in· common. The former extends 
from the Bay of Fundy to the Gulf of Mexico, and parallels the Appalachian mountain 
system, while the latter crosses the axes of the great mountain systems of this country, 
and extends from the Atlantic to the Pacific Ocean. 

1 Invaluable as the Transcontinental Arc is as a contribution to geodesy and the 
geography of our country, it does not in itself contain the data for determining the figure 
of the earth. 

The Oblique Arc, however, contains within itself all that is necessary for determining 
the dimensions of a spheroid which corresponds most nearly with the existing geoid 
within the area covered by triangulation. It is unique in that it is the first one which 
utilizes on a grand scale a measurement oblique to the meridian. The peculiar power 
of an oblique arc for determining the compression of the earth was pointed out by Tobias 
Mayer (1723-1762), but the first practical application of such an arc to geodesy was 
made by Bessel. This was before the introduction of telegraphic longitudes had made 
it possible to utilize such an arc to its fullest extent. 

The results of previous discussions of parts of this arc led to the abandonment by 
this Survey. in 1880, of Bessel's spheroid of reference and the adoption of Clarke's (of 
r 866), and the final discussion of the complete arc here presented sustains the grounds 
on which the change from one spheroid to the other was made. 

Taken in connection with the Transcontinental Arc of the Thirty-ninth Parallel, 
this discussion has enabled the Survey to decide upon the retention_ of the Clarke's 
spheroid and to adopt geographic coordinates for the whole' extent of this country 
based on a uniform system. Further information as to these standard coordinates for 
geographic purposes, which differ slightly from those here published in connection 
with the Eastern Oblique Arc treated ind~pendently of other triangulations, will be 
published in clue time. 

· Very respectfully, 
0. H. TrTTMANN, Supcrintmdent. 

The SECRETARY OF THE TREASURY. 
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THE EASTERN OBLIQUE ARC OF THE UNITED STATES, FROM MAINE TO 
LOUISIANA. 1833-18Q8. 

INTRODUCTION. 

The general course of this inclined arc is indicated in the title, and is shown on a 
projection with elliptical outline* facing Part IV of this publication. The triangulation 
upon which it is based begins at Calais, Maine, on the St. Croix River, opposite the 
Canadian boundary, in latitude 45° II' 09"·4, and in longitude 67° 16' 57"·9 west of 
Greenwich, and, following the trend of the Appalachian chain of mountains, reaches 
the Gulf coast at Dauphin Island, near Mobile Bay, and terminates at New Orleans, 
Louisiana, in latitude :?9° si' 24"·4, and in longitude 90° 04' :?4"·4 west of Greenwich. 

The geodetic line covers 23° 30' 57", and its total length is. 2 612·3 kilometers, or 
I 623·2 statute miles, with an azimuth of :n° 30'·7 at Calais and of 223° 2z'·5 at New 
Orleans, as counted from south around by west. Its extremes differ 15° 13' 45"·0 in 
latitude and 22° 47' 26"·5 in longitude, and_ in its course it traverses sixteen States. t 

Near the middle of the arc the triangulation crosses the thirty-ninth parallel, and 
for some dista1.1ce in Maryland and Virginia the same triangulation is used in discussing 
the obl~que arc as was employed in the discussion of the arc of the thirty-ninth 
parallel, au important feature, as will appear in the following pages. 

Looking at the gradual development of this arc, extending over two-thirds of a 
century, it can be seen that in its historical aspect it is readily divisible into several 
well-defined groups, and as a whole it will appear that its existence must be ascribed to 
necessity rather than to any preconceived idea of measuring such an oblique arc. 

Previous to the invention of the telegraphic method of determining differences of 
longitude, first employed in October, 1846, by the U. S. Coast Survey, in determini11g 
the.difference of longitude between Washington and Philadelphia, and up to a somewhat 
later epoch, when the great accuracv of the method had been fully demonstrated, oblique 
arcs as well as arcs of the parallel· W

0

ere held in small esteem .by geodesists, for the reason 
that the earlier methods did not determine differences of longitudt: with a degree of 
accuracy comparable with that obtained in observations for latitude. Consequently 
their attention was almost exclusively confined in practice to the measure of meridional 
arcs from which to deduce the earth's magnitude. Compared with an arc of the 
parallel, an arc inclined to the meridian is less favorably conditioned for discussing the 
figure of the earth ou account of the greater effect of any uncertainty in the measure of 

*A Lambert equh-alent zenithal projection extended o'·er a planisphere, tSee Map A (iu pocketj. 
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azimuths, and greater accuracy is demanded in the_ latter case than is required when 
the arcs follow a meridian or parallel. 

Oblique arcs should no longer be regarded with any special disfavor, and while 
they entail very much more labor, comparatively, when they are .utilized in det_ermin
ing the figure of the earth, they are well adapted, when· of sufficient extent, for the 
deteri.nination of an osculating spheroid for the region covered by them. _The existence 
of the arc discussed in this publication is the result of the necessity for a main triangula
tion binding together the detached surveys. of the harbors on the Atlantic coast and 
forming a base upon which all subordinate triangulation along the coast could be brought 
into accord. · 

The immediate object of the main triangulation was thus to secure uniformity and 
systematic treatment for both the astronomic and geodetic ·measures in the preparation 
of the geographic position of the trigonometric stations. This was a leading idea from 
the beginning of the Survey under its first Superintendent, and when ftilly developed 
resulted in the work under discussion. 

There .could be no doubt of the necessity of firmly binding together in this way the 
small tertiary triangulation and traverse measures along the coast which wind, unbroken, 
following the indentations of the coast, from the Canadian boundary to Cape Florida 
and thence into the Gulf of Mexico, following the coast to the Mexican boundary. 

The measurement of the oblique arc was thus identical with the progress of the 
ordinary operations of the Survey in this portion of the country. 

The first period, covering. the years 1833 to 1844, witnessed the execution of the 
work from central Lot'1g Island, New Yor~. to the head-waters of Chesapeake Bay, 
uniting on the way the smveys at New York, New York, and Philadelphia, Pennsyl
vania, and this work was nearly all completed under Superintendent Hassler. 

During the second period Superintendent Bache, pursuing the same general plan, 
had the work carried from Rhode Island to the Canadian boundary, at Calais, Maine, on 
the St. Croix River, and th.is work was completed in 1859. 

In 1865 the branch primary triangulation across the State of Comiecticut, connect
ing the main scheme with some older work in this region, was completed. This period 
closed in 1871', when the Potomac River was n:ached and crossed . 

. In the third period, covering the years 1873-1877, the work was extended to the 
Atlanta base, in Georgia. 

The fourth period begins in 1885 and extends to 1898, and during this time the 
work was extended to Mobile, Alabama. 

The triangulation between Mobile and New Orleans, Louisiana, was done between 
1846 and 187+ . 

\.Vhile the field work, as completed, appare11tly covers a very long period, the first 
measures dating back to the year 1833 and the last measures being made in 1898, as has 
been stated, this interval contained many years when no work was clone upon this arc. 
The slow rate of progress was thus only apparent. as it depended upon and was subor
dinate to the ordinary requirements of the Survey on this part of the coast, and of the 
general operations of which it was only an incidental feature. 

Part I deals mainly with the base lines and Part II with the intervening triangu
lation. 

The astronomic determinations of latitude, longitude, and azimuths are numerous 
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and well distributed over the whole arc. There are available. for the coinputation and 
comparison of geodetic and astronomic positions, results at 7 I latitude stations, at 17 
longitude, and at 55 azimuth stations. . The latitudes depend almost exclusively on 
observations with zenith telescopes, and the iongitudes on telegraphic transmission of 
time. The azimuths depend upon a variety of methods, using the pole star most 
frequently. Abstracts of the indivi~lual and final results of the astronomic measures 
are presented in Part III of this publication. The distrihution of the astronomic 
stations over the region covered by the arc is shown 011 Map B (in pocket), and the 
two maps A and B have the same scale as the similar maps accompanying U. S. Coast 
and Geodetic Survey Special Publication No. 4, containing the discussion of the trans
continental arc of the parallel in latitude "39° N. 

Part IV contains the comparison of the geodetic and astronomic ineasures and the 
determination of an osculating spheroid for the region covered by the arc. 

Preliminary publication of the greater portion of this arc has already been made in 
the following reports of the Survey: Report for 1865, Appendix No. 21, pp. 187-203, 
'• Re~mlts of the primary "triangulation of the coast of New England from the north
eastern boundary to the vicinity of New York;" Report for 1866, Appendix No. S, 

pp. 49-54, "Report on the geodetic connection of the primary base lines in New York 
and Maryland, their degree of accordance and accuracy of the primary triangulation 
intervening, with the resulting angles and distances as finally adjusted," and Report for 
1878. Appendix No. s. pp. 92-120, "On the adjustment of the primary triangulation 
between the Kent Island and the Atlanta base lines.'' These reports contain also 
more or less complete accounts of the six base lines located in the arc. 

Other references will be given in their proper place. The present publication is 
complete in itself, and while no important facts or statements are omitted, much simpli
fication has been effected by ref~rring to the publication above mentioned, covering .the 
transcontinental arc of the parallel, the same general treatment and method of reduction 
of the triangulation hadng been employed in reducing that arc as is used in the 
following discussion of the oblique arc. 
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THE BASE LINES AND BASE NETS. 

A. GENERAL REMARKS. 

The unit of length is the same as that used from the beginning of the Survey until 
1889, viz, an _iron bar, I meter long, standardized at Paris .in 1799 and brought to this 
country by Mr. F. R. Hassler in 1805. Its use was discontinued after the receipt of the 
new prototype platinum meters in November, 1889. This meter, known on the Survey 
as the Committee Meter, is an end measure and is represented by an iron bar with square 
end surfaces, now slightly defaced by corrosion and perhaps by use. It will suffice to 
refer the reader to the full account given of this meter in Part I of the '· Transconti
nental Triangulation and the American Arc of the Parallel'' across the United States in 
the vicinity of latitude 39°, published by the Coast and Geodetic Survey in 1900. In 
that publication, after some historical notes, the results of the numerous comparisons, 
direct" and indirect, by different observers, by different methods and at different times, 
are completely set forth, and the final conclusion is reached that this bar at o° C. repre
sents so nearly the•length of the prototype meter that no reliable value of the difference 
can be stated. The \Veighted mean of all comparisons gave the result r 111+0·211±0'6J1, 
and in all computations depending upon this standard it has been taken as equal in 
length to the prototype meter with a probable error of about three-quartt:rs 0f a micron. 

There are six base lines irregularly distributed along the arc, and they are described 
in the order of location, beginning in the extreme north~ast and ending on the Gulf 
coast. For each Jim: all needful information is given in connection thnewith, such as 
position, physical features, elevation above sea level, apparatus used for the measure, 
name of observer, computation of length and final result, with its probable error. 

A sketch of each base net is presented, and it is followed by the abstracts of horizon
tal directions, observed and adjusted, for each station forming part of the net. These 
abstracts contain the following information: County and ·state, date of measure, instru
ment used ai1d observer's name, and also, in the first column, the number of each direc
tion. These numbers, _when in parentheses, indicate the corresponding corrections as 
given by the net adjustment. In the great majority of cases direction theodolites wert:· 
employed, and for these Bessel's method* of reduction at the station was used. When 
rcpcali1tg theodolites were used the station adjustment followed the ordinary method t of 
combination with the introduction of relative weights. Below the abstracts of directions 
resulting from station adjustment there is given the probable error of a single observa-

.. ------- - --·--·-----·-----
*See 'i". W. \Vright's "1'reatise on the Adjustn1ent of Observations,'' Ne~v.York, 1884, pp. 315-3.?2. 
t Ibid., p. 139 and foll.; also p. ,17 and foll. · 
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tion of a direction (mean of the direct and reversed series) deduced from c ·= o·455 -;~· , 
· ' 11-S- I 

where 11 = number of observations, s = 1~umber of series, d = number of directions, and 
,J = differences of observed and adjusted values. 

The figure adjustment of the triangulation generally proceeds on th~ supposition of 
equal weights to all directions used in the adjustme1jt, except, as in the case of the Epping 
base net adjustment, where special weights are introduced.* To carry weight equations 
from the station adjustment into the figure adjustment is not practiced or favored in the 
Survey on account of the increased complexity and the doubtful advantage of the pro
ceeding. The errors brought to light by geometrical conditions, and which };ave been 
called triangle-combination errors, are of a different character from those developed 
by a comparison of the measures made at a station, where defects of centering at. 
observing and observed stations, effects.of large local deflections of the vertical at a sta
tion, persistent lateral refraction along a line, etc., do not show; that is to say, weights 
pertaining to one operati011 are not those proper for the next operation. Further par
ticulars of figure adjustment with statement of formulre may be found in "The Trans
continental Triangulation,'' Part I. 

Fo. the computation of the sides of the triangles Legendre's theorem was used, 
and since none of the lines of the oblique arc are very long the spherical excess was 
computed by the simple formula 

ab sin C -------.--,, 
2p111 P,, Sill I 

where C = the plane angle included by the. sides a a~1d b and the subscripts to p refer 
to the radius of curvature in the meridian and in the prime vertical. Appendix No. 9, 
Coast and Geodetic Survey Report for 1894. page291, contains a table to facilitate the 
computation of the spherical excess, the argument being the latitude of the center of the 
triangle. The computation of the geodetic positions along the oblique arc is made 
according to the formulre and tables in the same appendix, the differences in latitude, 
longitude, and azimuth for two points of known distance and azimuth being given by 

where 

r-.J<p=s cos a. B+s2 sin2 a. C+<.ocp)" D-h s~ sin2 a. E 

1 
,J A=s sin a sec ql . • ./. 

-.Ja=~A sin 7·6 (cp+cp') sec 76 \.:lcp)+ (.::1A) 3 F 

ql = cp+ .:1 <p 
,\'=,\ +.:1;1. 
«'=I~ +.Jtl•+ 180° 

and-o<p=s cos a. B+s~ sin2 a. C-hs~ sin~ a. E 
also h=s cos a. B .. 

The factors . ./., B, C. D, E, and Fare tabulated and refer to Clarke's spheroid of 1866. 
Their logarithmic values are given for every minute of angle between latitudes of 18° 
and 72°. 

A description of each station used in the base nets is given. The description of the 
other stations of the triangulation can be obtained upon applicatfon to the Coast and 
Geodetic Survey, Washington, District of Columbia. 

*When special weights are introduced for the 8everal directions at a station, they are deduced from the rough 
· 0·45s:;; a• · 

expression of the square of the probable error given b) ,·,•= s'[x>:] where [xx] represents the diagonal coefficient cf 

the direction in the nonnal equation. 



EPPING BASE. VIEW OF LINE AS GRADED FOR MEASUREMENT. 



EPPING BASE. PLACING APPARATUS OVER A MARK. 
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B. THE BASE LINES OF THE EASTERN OBLIQUE ARC. THEIR MEAS
UREMENT, RESULTING LENGTH, PROBABLE ERROR, 

AND ADJUSTMENT OF BASE NETS. 

I. THE EPPING BASE LINE AND BASE NET, }IIAINE, 1857. 

Location, 111carnn·111t•11!, and rt'sztlting /ozglh qi tht• Eppiny bcisc lint', Jlfahu, I857 .. 

The site of this base is on Epping Plains, near Cherryfield, Washington County, 
Maine. A reconnaissance of the locality was made in 1853, and the measurement of 
the base followed in July and August, 1857, under the immediate direction of Superin
tendent A. D. Bache. The Annual Report for 1865, Appendix No. 21, pages 189-191, 
contains a full account ·of the measure and of the result. It will therefore suffice to 
present here only the·salient points of the operation. 

The measure was made with the Bache-Wiirdemann contact-level compensating 
apparatus, and is the sixth primary line where this apparatus was employed, the Dau
phin Island base, Alabama, being the first, an account of which is given further on (q. v.). 
The apparatus is fully described with illustrations in Coast Survey Report for 1854, 
Appendix No. 35, and reprinted in Coast Survey Report for 1873.· Appendix No. 12. 
The essential part of the apparatus consists of two 6-meter bars, one of brass and one of 
iron, ptacecl parallel to each other, one being above the other and firmly connected at 
one encl. At the opposite or free end is the lever of compensation, so proportioned in its 
arms with respect to the actual and differential expansion and contraction with changes 
of temperature that the encl of the apparatus remains at a constant distance from the 
opp~site end. The spirit-level contact piece terminates in an agate, ground to a knife 
edge, whereas the agate at the opposite presents a slightly convex surface. The appa
ratus was standardized by means of a standard 6-meter iron bar, the length of which 
was determined at different times in terms of the Committee Meter. 

The length of this base is about 8"72 kilometers (or 5·42 statute miles), its middle 
point is in latitude 44 ° 40' ·s and in longitude 67'" 53'· 1, with a mean azimuth of 106° 
54'. Much labor had to be spent preparing the ground for the measure by leveling it, 
removing bowlders, and overcoming other obstacles, the handling of the apparatus 
demanding a wide and fairly smooth roadway. The average height of the tubes above 
the mean tide level of the.Atlantic was 76·45 meters. The 6-meter base bars or tubes 
were compared with the standard 6-meter bar just before and immediately, after the base 
measure. Taking the length of the latter and its coefficient of expansion as determined in 
1860 and published by Assistant J.E. Hilgard in Coast Survey Report for 1862, Appendix 
No. :?6, viz, 5 ·999 941 meters, and o·ooo or 1 54 for the centigrade scale, the following 

±2 ± 4 
results for the length of the tubes were obtained: Three sets of 23 comparisons, made 
with Saxton's reflecting comparator* on July 16th and 17th, gave tube No. I shorter than 
the standard (at 18° ·3C.) l 300· 4divisions of the comparator and tube No. 2 shorter l 088 ·7 

±2"0 ± 2·2 

*The instrument is known as Saxton's pyro111eter, and it·is described in detail, with illustrations, in the Report l)f 
·the Superintendent of Weights and Measures for 1856, and the Report of the same bureau for 1862 contains, on page 249, 
a geueral description of it. Ont turn of the sci-ew equal~ 357"11 scale dh·ision~ and one scale division equals 1 ·36 tnicrons. 
The head is divided into 100 di\•isions. 
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divisions: again, after the base measure, on August 6th and 7th, from 4 sets of 27 com
parisons, tube No. r shorter than the standard (at 21°·0C."> 1 4rr·s divisions and from 

± 3·3 
4 sd8 of 23 comparisons tube No. 2 shorter I· 195·3 divisions. Having regard to the 

±2'9 
weights, the above comparisons give the· values for length of tubes, 

for No. r 0 , 5·999 459 o meters,* 
± 49 

for No. 2. 5 · 999 7 50 6 meters. 
± 49 

Although the comparisons of the tubes with the standard bar were made with rising and 
falling temperatures, there remained an uncertainty respecting the indication of the 
thermometers in air giving the temperature of the metallic bar even within ,1·i 0 . Furtiier, 
some allowance had to be made for any defect in the mechanical compensation, for pos
sible error in making contacts and transfers to the ground, and for other sm'all uncertain
ties in connection with the base measure, and this was arbitrarily fixed as± 9·7 µ. The 

probable error of the length of a tube during the measure was taken as J ( 4 ·9) ~ + ( 9 · 7 ) ~ 
= ± rn·9 tt. hence that for the whole length = r 453 >·. ro·9 Jl = 0·0158"', which 
equals ~n\·n part of the length. In this case, as in that of the other bases of this arc, 
except the Atlanta base. the si11glc measure fails to provide proper means for a nfore 
reliable value of .the probable error of the length. We have for the length of the Epping 
base: 

I 452 tubes of 1Uean length, 
One 01ld tube, No. 1, 

s 711"'·4262 

+5'9994 
-2·So40 
+1·,p50 
-0·1044 

Correction for inclination of tubes, 
Defiect of last tube at East Base, 
Reduction to half-tide level of ocean, 

Resulting length of base::, ,<; 715""9422 ± 0"'·0158 
And its logarithm, 3 ·940314,~4 ± n·oooooo79 

The l:.ppi11!/ base 11d and n·su/ts c?/ its a.djustmc11t. 

As shown on the following sketch, this net of triangles is included within the 
primary quadrilateral Humpback, Mount Desert, Howard, and Cooper. and involves 6 
geodetic· points. 'rhe figure is a very strong one and demands that 35 geometric con
ditions be satisfied. The rl;;!duction of this base net is compll.cated on account of the 
employment of both direction and repeating theodolites, five of the stations having been 
occupied with the latter instruments. 

An account of the adjustment of this base net is con .ainecl in Coast Survey Report for 
1864. Appendix No. q, and may be referred to for particulars.; the results are here. 
transcribed, except that the notation has bee;;:n changed for one more convenient. In 
connection with the station abstracts there is added a column c;ontaining the approxi-

*Comparing these ,·alues with the corresponding Yalues of 1847 (Dauphin Island base) and of 187,-73 (Atlanta 
base), it will be seen that the lengths are not im·ariable, hut it should be noted that one of the agates of tub" 1 was acci
dentally broken in 1855, and after the new agate was substituted the tube was found to be 0·430 millimeter shorter than 
before. 
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mate value of the probable error of a resulting direction, depending on the formula 
0·455 ~.J· . . . . .. 

E • = ( d" ff' . m case of cltrectlon observations. In case of repetitions the prob-
' s mg. coe t) 

able error will depend upon the comparison of a resulting angle with each of its 
20 measures (each of 3 repetitions direct and 3 repetitions reversecl"), from which an 
average and approximate value·of the probable error of a si11gk measure of .an angle 
and of a direction has been P.erived, as well as the probable error of a rcsulti11g direc-
tion. \Ve have approximately 
from the 20 measures of each 
ai1gle the probable error of a 
single observation of an angle 

C• [<• •'•h 
L'L = o·.~45 / (. ·) .,. ence ·vn n-1'. 
the probable error _of a single 
observation (3 D. and 3 R.) of a 

direction c, = c L /Ji; also ap
proximately for a resulting 

direction E
1 

= t"J bo. The last 
column of the abstracts con
tains the final adjusted direc
tions, the first direction having 
again been made zero by sub
tracting the correction to the 
initial direction from each of 
the corrections to the other 
directions, as given in the 
preceding column. t 

In the adjustment of the 
base net special weights were 
assigned to the directions, as 
explained at length in Coast 
Survey Report for 1864. If · 

10 0 

0 

Kilomet.crs 
](l 

Statute Miles 
10 

20 

15 

No.4. 

30 

20 25 

we deduce the probable error of a direction from the closing errors in the· smn of the 
angles of the 46 triangles, we find from the stun of the squares of these errors the mean 

closing error of a triangle= Js:·:9 =· ± 1"·09, hen~e. the probable error of a direc

tion= 0·674 X 1·09/J6 = ±0"·30. 
On the other hand, the· average value of the probable error of observation of the 

116 directions in the net is about ± 0"·24, whence the triangle combination error 

E< = J(o·30) 0
- (0·24)• = ±0"·17 (nearly), and the square of this was added as a 

C{lllsfau( to each of the previously deduced squares of the observing errors. We then 

have f
2 = E

1

2 + £:
0
° and the weight to any direction p = EI". The values of p thus have 

*The half bracket indicates sum of similar quantities. disregarding their signs. 
t ~rhe 111ea11 of the 4 \0alue~ of ,·1 derived front a single 1neasure f D. and R.) with the 75cm theodolite is ± 1 11 ·04 

and ~lte mean of the . .r; l'aJues of e, derived from a sjngle n1easure (..~. ancl 3A1.) with the 25cm repeating theodolite is 
± l""16, or one 111easure with the ~rst _instnnnent is ahout equal in accuracy to th re~ '""ith the latter. 
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smaller range than they ·would have had without the addition of the constant; still 
the maximum weight is to the minimum weight as 5·4 to 1. The effect of the intro
duction of weights is small in cases like the present, a base net of great complexity 
and fair measures. 

There was no special necessity for a reduction of the horizontat measures to sea 
level on account of the elevation of the signals sighted. The following table gives the 
approximate heights of the ground at. the stations: 

Meters. Feet. 
Epping East Base, 77·6 255 
Epping West Base, 72·9 239 
Burke, 129·5 ·PS 
·ruuk. 35o·s I I50 
Pigeon, 9s·9 -~IS 

Humpback, 451 I 48o 
Mount Desert, 464·9 I S25 
Howard, 82·0 269 
Cooper, 224 ns 

The largest .reduction for latitude 45° and a= 45° (nearly that of the line Epping 
East Base to Mount Desert) would amount to only 0"·025, a correction so small that it 
may be neglected. 

Abs/rads <?/ rcs11lli11g liori=o11tal directions obser<1ed a11d adjusted al slalio11sfur111i11g Ille base 11d, 

Eppi11r1 East Base, Washington County, Maine. September r7 to September 29, 18s9. 2s<"' repeat
ing theodolite No. 4.~. C. 0. Bc::;.1telle," observer. · Telescope 14 meters above ground. 

No. of Resulting direc- Approxi- Corrections Final 
from base seconds di rec- Objects obsen·ed. lions from station mate prob- net adjust- in trian~ tions. adjustment. able er:rors. 

111ent. gulation. 

0 " 
,, II II 

I Mount Desert 0 00 oo·oo -L-1"\ • ., ... 
v~ w·oou _._ ..... -1 

2 Burke 13 34 42 ·40 0·28 -0·5s6 41 ·844 

3 Tunk 39 21 25·46 0·27 +r ·035 26 '495 

4 Epping West Base 65 II 55·30 0·3r -0·476 54·824 

s Humpback 92 52 56 ·3r 0·28 -o·r57 56 ·153 

6 

1 

Howard 235 22 32 ·4G 0·28 -0·5S:: 31 ·878 

7 Pigeon 329 07 59.·So 0·29 -0·878 58·922 

Probable error of a single observation ( 3 JJ. and 3 R. ) of a direction, e, = ±011 ·94. Number of 
angles adjusted, 14. 

Epping If.est Bast', \Vashington County, Maine. October TI to October r6, 1859. 25'"' repeating 
theodolite No. 43. C. 0. Boutelle, observer. Telescope I4 me1ers above ground. 

8 Epping East Base 

9 Pigeon 

IO Burke 

II Tunk 

0 I.I 

o oo oo ·oo 

64 55 oS ·30 

89 O,~ II. 75 

II 

±O"I9 
0 ·20 

0·25 

,, 
o·ooo 00 "(JOO 

+0·951 09·251 
--0 ·422 II ·328 

138 04 57 ·oS 0 ·23 -o· 122 56 ·958 

12 Humpback 217 36 38 ·06 o ·24 +o ·551 38 ·6r I 
Probable error of a single observation ( 3 D. and 3 R.) of a direction, e, = ±o'1 ·96. Number of 

angles adjusted, 6. 
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.-lbslmds <?f r.·s11lli11g 1i,1ri:::o11ta! directions ,1bs,·n•ed aud adjus/,·d <1! statio11s for111i11g Ifie bast' 11d, 
1856-1850-continued. 

Burl«·, 'Washington County, Maine, September 30 to Oct<>ber IO, r859. 25<"' repeating theodolite 
No. 43. C. 0. f\outelle, obsen·er. 

No. of Resulting dirt:c- Approxi- Corrections Final 
fr0111 1-...ase seconds di rec- Ohje!'ls ohser\'ed. tions from station mate pro11- net adjust- in trian-lions. adjusttneut. a hie errors. 

111ent. gulation. 
0 ·" ,, 

"' 
,, 

13 Humpback 0 00 00\)(1 ±0·32 O'QOO 00'000 

I4 Epping West Base 35 50 55·63 0·36 +0·529 56·159 

IS Cooper 62 44 .~670 S"33 +1·178 3r879 
16 Epping East Base 75 IO 31·48 0'" "'·' +0·609 32·089 

17 Howard 105 30 16·64 0"'" ~ ... , -o.89r 15·749 

IS Pigeon 176 58 .;1·30 o·.~4 -0·397 50·903 

19 Mount Desert 236 09 1yi:q 0·34 -0.442 13 ·398 

20 Tunk 315 37 52·99 0·34 +0·326 53·316 

Probable error of a single observation (3D. and 3R.) of a direction, e, = ± o''.94. Number of angles 
adj ustecl, -14. 

'1.imk, Hancock County, Maine_ October 27 to October 3 I, 1859. 25°'" repeating theodolite No. 43. 
C. 0. Boutelle, ob!'erver. 

II " I.I // 

21 Humpback 0 00 00'00 ±0·4S 0'000 00'000 

22 Eppi11g West Bast- 67 44 56·53 0·48 -0·836 55·694 

23 Epping East Base 8· ·' 49 30·54 0·46 +0·070 30·610 

24 Burke IIS 30 08·38 0·46 -0·875 07'505 

25 Pigeon 144 27 29·16 0·46 +0·154 29·314 

26 Mount Desert 201 !I 04·45 o·47 -0·224 04·226 

Saunders 275 58 53·0'3 O'SI 

Probable error of a single observation ( 3D. and 3 R.) of a direction, t', = ± I ' 1 '3i· Number of angles 
mljm;tc:.-d, 12. 

P1;{feo11, Washington County, Maine. October 19 to :?5, 
C. 0. Boutelle, obser~·er. 

1859. 25cw repeating theodolite No. 43. 

// II // '·' 
27 Mount Desert 0 00 oo·ou ±0'2i O'<XlO OO'(JCXI 

Saunders 45 00 42·99 0·29 

28 Tunk 74 49 02·86 0·27 -0·326 02·534 

29 Burke 90 12 3S·q 0·25 +0·477 38·617 

30 Humpback 92 09 19·50 0·26 -0·033 19·467 

31 Epping ·west Base 104 56 40·61 0·26 +r482 42·092 

32 Epping East Base 123 57 37'17 0·27 +0·303 Ji"473 

33 Howard 176 41 3r69 0·25 +0·5-~6 ,:;:i·226 

Probable error of a single observation (3D.and3R.) of a direction,<',=± I11.II. Number of angles 
adjusted', 14. 
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• -./hslrads ,,f re·s11.//il~i;· /1orfro11/al directions obs<·1:;1fd and a1(i11sted al slalions .1;w111i11g /lie base 11d, 
IS56-IS59-continuecl. 

Humpback, Hancock County, Maine. July 19 to September 6, 1858. 
. .\. D. Bache and G. \V. Dean, observers. 

No. of Resulting dirt:c-
di rec- Ohjc::c.ts obsen·ed. tions fronl station 
lions. a.fljustment. 

,, 
34 Cooper 0 00 oo·oon 

Azimuth Mark 39 :;7 40·2_, 

35 Howard 39 45 46.385 

36 Ep;.,ing East Base 59 43 10·401 

·37 Epping West Base 69 38 48·051 

38 Pigeon Ki 09 57'099 

.'9 Burke 85 q 25·280 

40 Tunk 102 22 II ·498 

41 Mount Desert lf4 33. 50·877 

Ragged Mountain 154 28 20·545 
Saunders 165 12 47'118 
Mount Harris 1So 36 29·988 

I . 

75'.'" direction theodolite No. I . 

Approxi- Corrections Final 
tnatc: proh- frotn hase ~econds 

able error~. nt:t adjust.- in trian-
111ent. gulation. ,, II ,, 

±0·150 00'000 

0'16,, 40·403 
0·126 +0·605 46·990 
O'I36 +0·135 10·536 
C)' 15 [ +0·084 48·135 
0·125 -0·223 56·!':)76 

0·142 -0·086 25'I95 
0·143 +0·093 l 1 ·591 

0·090 +0·779 51 ·656 

O"I32 

0·13I 

0·169 

Number of positions of circle, V. Prohahle error of a single observation of a direction,,·,=± 0"·91. 

Jfo1111t DeseT!, Hancock County, l\faine. August q to October q, I856. ..,--:111 
,;:i •Jirection theodolite 

No. r. A. D. Bache and G. \V. Dean, observers. 
·o ,, 

" 
,, II 

hie au Haut 0 00 oo·ooo ±O'J41 

Ragged Mountain 33 39 ~I ·332 0·108 

:Mount Harris 70 54 51 ·931 11·121 

Saunders 93 48 58·382 0·103 

A;dnmth Mark 12:.'.? 49 25·136 0·098 

./144 20 ()l.)'!52 0·078 o·ooo · 00'000 
,p Humpback 1 0 CX"I 00'000 

'funk JI53 I9. 24·878 0·107 +0·206 24·932 
43 1 24 ·726 s 59 

_f I7i 09 49·736 o·q8 - 0·399 49·I85 
44 Burke l 49·584 :?6 49 

{175 20 34·430 O"IIS +0·068 34·346 
45 Cooper 

34·278 . 31 00 

_1176 36 :?6'634 O"I32 -0·062 26·420 
46 Epping East Base l I6 26·482 32 

Howanl 
_1199 47 46·624 (I" I32 +0·756 47'22::1 

47 1 . 55 ~7 46·472 

J201 46 49·121 o· I JO +0·390 49·358 
48 Pigeon l :?6 48·969 Si 

Number of positions of circle, V. Prob<~ble error of a single observation of a direction,•'•=± 011·S6. 
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Absll:ads t?l rcs11!ti11g /11.>rizo11ta! dir<'dio11s ,1{>s,·1-z1,·d 1!11d 111(i11skd 11! slalio11s J(>r111i11g /Ii,· bas<' 11d, 
IS56-IS59-continued. 

Ho<c1ard, \Vashington County, i\iaine. July 15 to August S, r859. i5'rn direction theodolite No. I. 

A. D. Bache and G. W. Dean, observers. 

No. of ~~~~1}~~~1 s~~iti~~~ ·. Approxi- C1Jrrectious l"inal 
froin base seconds llirec- Objects obser\'ed. mateproh- net adjust- in trian-tions. adjusttnent. able errors. 1nent. gulation. 

0 " 
,, ,, /.I 

49 Pigeon 0 00 (0)'000 ±0·140 o·ooo 00·000 

,50 Mount Desert 19 25"94..J. •)"ljj -0·112 25·832 

51 Burke 22 02 34·1·:?6 0·213 -0·968 33' 158 

52 Epping East Base 33 30 ..J.O'l..J.J 0·191 +0·20..J. ..J.0'.'45 

53 Humpback 51 03 ..i.1·505 0·173 +r231 ..J.:?"73? 

54 Cooper 10$ or 2r996 0'11..J. -+-0·022 2S·or8 

Azimuth i\fark 123 51 19·227 0·110 r9·290 

Trescott Rock i73 43 51 ·973 0·191 

Grand l\:Ianan 189 28 ..i.5·8..i.3 0·161 

Number of positions of circl~, V. Probable error of a single observation of a direction,<,=± 1''·19. 

G1,ipcr, Washington LOunty, Maine. August 30 to September 16, 1859, 75..:m direction theodolite 
No. 1. A. D. Bache and G. \V. Dean, observers. 

0 ,, II /I ,, 
Chamcook 0 00 oo·ooo ±O'II7 

Prince Regents Redoubt 38 36 ..J,9°082 0 197 

Grand Manan 54 40 14·493 0·238 

Trescott Rock 68 43 5r687 0·16r 

{108 56 09·385 0·133 o·ooo OO"(JfJ(I 

55 Howarrl 
0 00 00"1)()() 

f 157 47 00°j89 0·188 +0·6..i.1 52"0..J.5 
56 Mount Desert 

l ..J,8 50 51·..i.04 

f 160 JI ..J.0"754 o· 149 +0·578 31·9..i.8 
57 Burke 

I . 51 15 31·369 

1192 12 ..i.3·014 0·259 -0·587 33·042 
58 Humpback 

I 83 16 33·629 

Azimuth i\:Iark (29..J. 13 oS·86..J, 0·127 59'577 
\185 16 59"..J.19 

Numher of positions of circle, V. Probahle error of a single observation ofa direction, c, =± 1"·19. 

EPPJNG BASE NET ADJUSTMENT. 

Ob&·n•11tio11 eq11alio11s. 

0=+2· 1j807+0·40132(5 )-0"37895(4 )+0·6109..J,(32 )-1·53850(31l+o·81302(3E 

-2·016o7( 37)+1 ·20305(36 )-0·02237( 7) +0·92756(30) 

II 0=+0·283+(8)-( 12)+(37)-(36)-!-(5)-(..J.) 

III o=-0·698+(32}-(3nl+(38)-(36)+( 5)-( 7) 

IV o=--o·So7+(31)-(30)+(38)-(37)+(12)-(9) 

v o=-6. 1258S+o·Soo64( 31 )+5·39998( 2..J. l+ ro·47161 (39)-11·226o..J.(38 )-6·20062( 30 l 

+0·75..J...J.3(37)-o·16782( 12)-0·30212( 10)+0·46994(9) 

4192-No. 7-02--3 
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Ob&·rr:•a/io11 •v11a/io11.1-continued. 

VI I o=+r292+(ro)-(9)+(31.}-(29)+(18)--(q) 

VII 0=+0·76S-I-( 18)--( 13 l+( 39)-(38)+( 30)-( 29). 

VIII i 0=+0·0S4s3+0·25700( 16)-cJ·54841 ( q)+o·29ql\ 1.))+0·75443(39)-1·95748(37) 
• I -\-r 20305(36) +0·40132(·5 )-!-o· 16676( 2 )--0·56:->o~( 4) 

IX I 0=-0788-j-( 16)- ( l,,_)+(39)-(36)+(5)--(2) 

X 0=-!"34263+0·18284( II )-0·65278( !0)+0·46994( 9.J+o·8oo64(31)-1·56540(29) 

+0·76476( 2S)-l-0·43254( 25)-0·6o454(24J+o· 17200( 22) 
XI o=-2·555-t( 20)-( rS)-t(29j-( 2SJ+(25 )-( 24) 

XII ••=-r726+(25·)-( 22)-tl 11)-(9)-t(31)-{2S) 

XIII O=--(J"6Sn1+0·315u(32 )-1 ·07988(.::=9)+0·76476(28)-j-0·43254(_25 )-073688( 24) 

-1-o-_,0434( 23 H-0·43596(., )-0·65063( 2 )-f-0·21467( 7 l 
XIV j o=-0·929+( 16)-(20)+(24)-(23)+(3)--(2). 

XV I o=- 1·5S338+0·7,w62(23 )-0·81676( 22 )+0·08614( 21)+0·32768(40) -1·53073(,,7) 

I 
+ 1 ·20305(36 J+o·4or,,2(5)-0·836o6( 4 )-f-0·43474( 3) 

XVI 0=+0·153+(40)-(37)+( 12)-(u)-tl 22)-( 21) 

XVII 0=+0·22432+0·65422{ 44 )-1·9S5o8{43 )+1 ·33o86{42 )-j-0·97432(41) - I ·65j4S(40) 

+0·6S316(J9) ~ 0·21525( 13 )-0·25436(20)+0·03911( 19) 

XVIII o=-o·9<'i-i-{ 13)-( 19)+(44)-(42)+(41 )-(39) 

XIX o=--1·117+(41 )-(.ioH(·21)-(26)-t(43)-(.p) 

XX O=-T ·S,,218+2·20947( 46 )-2·62575(44 )+0·41628(4:? )-J-0·37484( 41)-0·81586(39) 

+0·44ro2(.)6) +0·0,,977( 5)-0·911s2( 2 H-0·8717s( 1) 

:S:XI 0=+1·271-H 2)-(1)+(46)-(44)+(19)--( 16) 

X:S:II o=-0·44146+0·67443(30 l-073156( 28) +0·0571,,( 27)+0·18656(48)-1 ·51742(43) 

-1-1 ·3,wS6(42)+0·97432(41 )-1 ·61457(40) +0·64025(38) 

XXIIT O= --I ·358-f-(_30 )-( 27) -t (48 )-( •P )+ (41)-{3l'i) 

XX.IV O= -l 0·92970+0·44w2( 39)-1·02088(36) +0·57986(35 l+o.66575 (53)-1·70358( 52) 

+1·0.u83(51)+0·35990( 17)-0·415621161+0.05572( 13 l 
XXV O=fo·303-/-(2)-(6)+(52)-(51)+( 17)-( 16) 

XX.VI o=-o· 134-t (36)-(35 J+( 53)-( 52 )+( 6 )--( 5) 

X:S:VII o=-1·36912+0·66575(53 )-1·00027(52) +0·33452(50)-J-0·49153(47 )-0·82493(46) 

+0·33340( 42)+0· 14829(41 )--0·72815(36)+0·57986(35) 
XX.VIII O=.:.__qr6-t( I )-(6)+(52)-(50)+(47)-{46) 

XXI:S: 0=+0·51527+0·35890( 41 )-0·57388(38)+0·2q98u5 l+o·17m4( 53)+8·94070( 49) 

-·9·1 !084(50 )-l-5·94358(48)·-6·07800(47)+0·13442(42) 

:s:x:s: o=-0·056-t(33 )-(27)-H48)-l47 J-t(50)--(49) 

XXXI o=-1·75954+0.33673(58 )-5 ·33719(57 J+ 5·00046(56) +2·88157( 45 )-3 ·29785( 44. 

+0·41628( 42 )+0·37484(41)-0·39237(39)+0·01753(34) 

XXXII o=+ 1'216 t( 19)-( 15 )-t(57 )-(56)+(45)-(44) 

xxxm 0=+0·3so+(41 )-(34)+(5S)-(56J+(45)-(42J 

XX.XIV 0=+0·82217 +4·8-~ r53( 57 )-5 ·00046(56) +o· 16893( 55 )+0·01479(54 )-0·57145(51 

+0·55666(50) +0·38566( 47 H-2·49591 ( 44 )-2 '88157(45) 
XXXV 0=- I ·463+( 47)-(45)-t( 56 )-(55 )-j- ( 54 )-( 5U) 

[The log differences for r" are given in unit~ of the fifth place of decimals.] . 
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The reciprocals of the weights introduced for the several directions are as follows: 

Dir':-. i:p r1ir':-o 1lp Di r's I//' Dir·~ I//' lJir's Ii/' Dir':-; 1/p 

o· 102 II o·oS4 :21 o· 259 (max. ) 31 0·098 41 0·038 51 0·076 
0·108 12 0·087 22 0·256 32 u· 102 42 0·036 (min.) 5·2 o·o67 

·' 0·105 13 0·132 ,,. ... , 0·237 33 0.094 43 0·042 s.• •Yo6o 

4 0·128 T4 o· 157 24 0·241 34 0·053 44 0·052 54 0·043 

5 o·ros 15 0·138 :25 (I" 2,"\9 35 o·oi6 45 0·04,; 5:; 0·048 
6 o·.110 16 0·139 26 0·250 36 o·u49 46 0·048 56 0·066 

i o· II2 17 0·142 27 0·105 37 0·053 47 0·048 Si 0·052 
s o·o65 iS o·q8 28 0·104 38 0·046 48 0·042 5S 0·097 

9 0·070 19 0·144 29 0·094 39 0·050 49 0·050 

JO 0·093 :20 1yq6 31J <:>"098 40 0·05-1 51J o·o62 

The correlate and n6rmal equations may be found in Coast Survey Report for 1864, 

pp. IJ.::?-136.* the resulting corrections to the several directions are as follmvs: 

·" I! II II ,, II 

( l) = +0·213 (11)=-0"J4:! (21)=+0·281 (31) = + 1·125 (41) = + 0·583 \ 5 I ) = - I ·056 
(2) -0·343 ( T2) -\- o·33r ( 22) -0·555 
(3) + 1·248 (13) -0·117 (23) + 0·351 
(4) -~··263 ( 14) +0·412 (24) ·-0·594 
(sl + 0·056 ( 15) +1·061 (25). +0·435 
(6) -0·369 ( r6) -!- 0·492 (26) -j-0·057 
(7) -0·665 ( 17) -1·008 (27) -0·357 
(S) -0"2.:?0 ( 18) -0·514 (28) -0·683 
(9) -J-0"7.>l (19) -0·559 (29) -l- o· 120 

(IO) -0·642 (20) -t-0·209 (30) -0·390 

For check t we have :S(f <'<') = + 17 r3r 
and - [<c 

The probable error of 

/
1-1 ·4 . 

o"6i4 "\ ~ = ± 1".49 . 
.).) 

CJ = -t- 171·44. 

a direction of 

(32) -0·054 (42) -- o· T43 (52) + 0·115 
(33) + 0·179 (43) + 0·06,; (53) + 1"143 
(34) -0·196 (44) -0·542 (54) -0·066 

(35) + 0·409 (45) -- 0.075 (55) -0·226 

(36~ --n.061 (46) -0·205 (56) + 0·415 
(37) -0·112 (47) -l- 0·613 (57) -j-0·352 
(3S) - 0.419 (48) + 0.24i (5S) -o.81.) 
(39) -0·282 (49) - o·ci.'39 
(40) - 0·103. (50) -- 0·2or 

;-Z''L' unit weight is therefore 0·674 [P J = 
( 

The reciprocal of the average weight of a direction, or I IP equab o· roo, hence the 

probable error of an observed direction equals_ 1 ·49 JJ = ± 0"·47 and that of an 

angle ± o".67. 

Rcs11/li11.i;· .111.i;-le·s a11d sid,·s <?f ti!,· Eppi11,g bas.· 11<.."/, ,')f,1i11e·. t 

~t:.ttic111~. 01.iser,·t"d a nglt":-o. Corrt"c..:- ~!?her- svher- J.,og.dis- Dh~tance h1 N11. tion. ICA.] 1cal tances. 1netc.:r~. angle!->. excess. 

" j. Burke 39 19 .>S ·850 

I 
+o ·oSc:i 35·930 0·079 

I 
3 ·940 314 34 s 715 ·942 

89 o· I I ·750 -o ·422 [[ ·328 o·oSo 4. 138 34., 64 IJ 751 ·~96 \ Epp'.ng \~'est Base ·' I . Eppmg l<.a!<t Rase 51 37 12 ·900 +o ·o8o 12·9So CJ"079 4 "OJ2 670 78 IO 781 "291 

J 
'funk 16 04 34·010 -j-o ·906 ,q ·916 0·068 3 ·940 .F 4 .>4 s 715 ·942 

2 Epping West Base 138 cq 57 ·1180 -o·r22 56·958 0·067 4 ·322 j78 So 21 027·072 

I Epping Ea~t Base 25 50 29·840 I -I "51 I 28·329 0·068 I 4 ·137 ,;28 24 13 719 ·rS3 

* \Vith changed notation. the present one bdng murc.: cmn·enient for printing a-; well as for writing. 
tit is nr)t q11ik exact, for the rc.:asun that after the gt:-neral figure adjustn1e11t had been n1ade tht third decimals of 

the corredi011~ t1.:i the dirt:-ctio11s were not assure<l and hail to he further treated: see Report for 1S6.t. p. r3;. On page 
136 of that rC:\lr)T"t 1x1t·1·elate xxxi. fnr 24,9.\."; rea1\ 3.,i..943. 

t Published h1 Ci.;a!-'t Snrn:y Re-port fnr 1&ls, pp. 19j-19~-,. 



THE EASTERN OBLIQUE ARC. 

R.·s11lth1g .mg/cs a11d sul.·s oft/1,.· Eppi11,i;· base 11d, 11fai11<·-continueo. 

Nr.). Statiou:;. 

. I ·' l 
Tunk 

Epping West Base 

Burke 

l
. Tunk 

· 4 Epping East Base 

Burke 

J 
Pigeon 

5 l Epping West Base 
Epping East Base 

l 
Pigeon 

6 Burke 

Epping East Base 

l 
Pigeon 

7 Tunk 

Epping East Base 

I Pigeon 

8 Burke 

· l Epping West Base 

f Pigeon 

9 Tunk l Epping West Base 

f 
Pigeon 

10 l Tunk 
Burke 

" l 
,, I 

Humpback 

Epping East Base 

Epping West Base 

Humpback 

Epping East Base 

Burke 

l 
Humpback 

13 . Epping East Base 
Tunk 

14 l Humpback 

Epping East Base 

Pigeon 

Ob~ervtd angle-;. 

0 /.' 

50 45 

49 01 

So .13 

II ·850 I 
45·330 

O:! ·64eo 

34 40 37 ·S40 

:!5 46 43 ·o6o 

119 .P 38 ·490 

19 OJ 56 ·560 

64 55 0S·300 

96 03 55·500 

33 44 59·030 

IOI 48 I9"820 

44 26 .t2·600 

34 ·310 I 
60 37 58·620 

49 oS 

70 13 25 •66o 

14 44 02 -~70 I 
qr 07 55 "b70 I 

24 oS 03.450 

Cl~rrec
tiuu. 

Spher-
1cal 

angles. 
syd~r· 
exces~. 

-0 ·039 I I ·81 I 0 "0<)4 

-1-o ·300 45 ·630 o ·094 

-i-o ·203 02 ·843 o ·095 

-0 ·945 36 ·895 0 . 106 

+1 ·59; 44 ·651 o ·1o6, 

+o · 283 38 ·773 o · 107 

--I ·180 55 ",'i8a 0 "I78 

+0·95r 09·251 o·I78 

+0·402 55 ·902 0·177 

-0·174 58·856 0·197 

-1·005 18·815 O"I97 

~-0·322 42·922 0·198 

+o ·629 3·~ ·939 o ·405 

+o ·084 58 '/04 o ·405 

+r ·913 27 ·573 o ·4o6 

+1 ·006 03 ·476 

-0 ·925 54 "745 

-I ·373 02 ·on 

0·099 

() "I•)!J i 
0·099 

30 07 37 ·750 +1 ·Sag 39 ·559 

76 42 32. ·630 I +o ·990 33 ·620 

73 09 48 "jSo -I "073 47 707 

0·295 

0 ·296 

0·295 

15 23 35 ·280 I +o ·So3 36 ·oS3 

25 57 20 780 +I "029 2 I ·So9 

o· IOI 

O"I02 

138 39 01 ·690 · +o 723 02 ·413 0 "I02 

9 55 .U ·650 -o ·051 37" 599 o ·rns 

27 41 oI ·010 +o ·320 01 ·330 o ·w6 

1.p 23 21 ·940 I -o·ss1 21 ·3s9 0·1o6 

25 31 14 ·879 -0 ·220 q ·659 (J ·352 

79 18 13 ·910 

75 10 31 ·4So 

42 39 or ·097 

53 31 30·850 

83 49 30·540 

24 26 46 ·698 

I23 44 56 '5!0 

.~I 48 17 ·670 

+0·400 I4"3IO 0·352 

+o·6og J2·0S9 0·353 

-0 ·042 01 ·055 0 ·441 

-I "192 29·658 0·441 

+o ·070 ~o ·6w o ·441 

-0 ·358 46 ·340 0 ·525 

+072I 57·231 0·525 

+0·335 18·005 0·526 

J"'og. di~
tances. 

4 ·032 670 78 

4 ·021 662 ~3 

4 ·137 328 :14 

4 "I38 343 64 

4 ·021 662 3.~ 

4 ._,,22 7i8 So 

3 ·940 ·" 14 34 
4 ·384 J24 57 

4 ·424 896 92 

4 "I38 343 6.i 
4 ·384 324 56 

4 ·238 847 6r 

4 ·322 ns So 

4 ·,384 324 57 

4 ·.p7 66o 18 

4 ·032 670 78 

4 ·424 896 9r 

4 ·238 847 61 

4 ·137 328 24 

4 ·424 896 91 

4 "4I7 660 I8 

4 '021 662 33 

4 ·238 84i 6r 

4 ·417 66o 18 

3 ·940 314 34 

4 ·370 86o 02 

4 ·.iS9 ,329 •12 

4 ·138 343 64 

4 ·496 419 39 

4 ·4:-)9 329 43 

4 ·322 778 So 

4 ·397 174 17 

4 ·489 329 43 

4 ·384 324 57 

4 ·6.'li 346 90 

4 ·489 329 42 

Distances 111 
meters. 

IO i81 "291 

w5I1·443 

13719·183 

13 751 ·296 

JO 511 ·443 

21 027 ·072 

8 715:942 

24 228 ·39I 

26 600 ·936 

13 751 ·296 

24 228 ·390 

17 33I ·957 

21 02i ·072 

24 228 ·391 

26 161 ·352 

IO 781 "291 

26 6oo ·936 

17 3JI ·957 

IJ 7I9 ·183 

26 6oo ·936 

26 161 ·352 

IO Sii ·443 

r7 331 ·957 

26 I6I ·352 

8 7IS ·942 

2J 488 756 

30 855 ":!75 

13 751 ·296 
JI 363 "I29 

30 855 ·276 

21 027 ·072 

24 955 ·954 

30 855 ·276 

24 228 ·39r 

48 679 ·590 

30 855 ·275 



BASE LINES AND BASE NETS. 37 
Res11/!i11g a11g!t·s a11cf sides <?f flit' Eppi11g base nd, llfai11,·-continued. 

No. Stations. 

Humpback 

Epping West Base 

Burke 

I Hun.1pback 
16 .l Eppmg West Base 

Tunk 

( 

Hmnnback 

17 E_pping West Base 

Pigeon 

. J Humpback 

18 l Burke 
Tunk 

Humpback 

Pigeon 

Burke 

Humpback 

Pigeon 

'funk 

21 
Jl ~~:~~t Desert 

Epping East Base 

I Mount Desert 

22 'funk 

l Epping East Base 

l\'Iount Desert 

Epping East Base 

Pigeon 

J 
Mount Desert 

24 l. Humpback 
Epping East Base 

J 
Mount Desert 

25 "Tunk 

l Burke 

Mount Desert 

Burke 

Pigeon 

Ob~en·ed angle~. 

0 ,, 

15 35 37 ·229 

128 33 26 "3!0 

35 50 55·630 

Correc
tion. 

sy~r- sr~~r-
angles. exces.o;;. 

-o ·169 37 ·o6o o ·167 

+o ·973 27 ·283 o ·168 

-1-0·529 56·159 0·167 

32 43 23·447 -ro·009 23 ·456 0·268 

79 3 I 40 ·980 +o ·674 41 •654 0 °268 

67 .44 56 ·530 -0 ·836 55 ·694 0 ·268 

I4 31 09 ·048 -0 ·308 oS 7..J.O 0 ·242 

152 41 29760 -0·399 29·-~61 0·242 

12 47 21·110 +1·515 22·625 0°2..J.l 

i7 07 46 ·218 I 
44 22 07 ·oro 

118 30 oS ·3&. 

I 04 28 "181 

I 56 41 •36o 

176 58 51 ·300 

IS 12 q ·399 

17. 20 16"640 

144 27 29·16o 

5 26 36 ·S98 

16o 58 42·3fo 

13 34 42·4uo 

23 17 or 756 

II7 21 33 "9IO 

39 21 25·46o 

25 IO 22 •487 

30 52 00 ·200 

123 57 37·170 

.~2 16 26 ·482 

54 50 40·476 

92 52 56 "3!0 

17 50 24 ·S5S 

82 40 56·070 

79 28 39 ·150 

30 36 59·385 

59 10 22·540 

90 12 38 ·140 

+0·178 

-() ·326 

-0·875 

46 ·3¢ 0 ·195 

06 ·6tq 0 ·195 

07 ·505 0·195 

+0 ·138 28 --~19 0 ·024 

-1) ·509 40 ·851 0 ·024 ' 

-0 ·397 50 ·903 0 "0.:?5 

+o ·316 q 715 o ·321 

+o ·293 16 ·933 o ·320 

+0·154 29·314 0·321 

+o ·337 37 ·235 o ·129 

-I "05I 41 ·309 0 ·129 

-0·557 41 ·s.u 0·129 

-o ·268 01 ·488 0 ·532 

-0·294 33 ·616 0·533 

+1 ·034 26 ·494 0 "5.)3 

+o ·451 22 ·938 •) ·496 

+o ·S78 OI ·078 O ·496 

~-0·303 37 ·473 0·497 

-0 ·062 26 ·420 

+0·643 4r·1r9 

-0 ·157 56 ·15_~ 

I ·23 I I 
l ·2,3 [ 

I '230 

-o ·6o5 24 ·253 0 ·297 

~-0·651 56 ·721 0·297 

-1-0·768 39·918 0·298 

+o 788 60·173 o ·428 

-o ·045 22 "..J.95 0 ·428 

+o ·476 38 ·616 o ·428 

J,og. dis
tance~. 

4 ·032 670 78 

4 ·496 419 39 

4 ·370 860 03 

Distauce in 
mettrs. 

lU 7::;i ·291 

31 36J. 129 

::!3 488 "757 

4·13732824 13719·182 

4 ·3q7 174 17 24 955 ·954 

4 ·370 860 03 23 488 757 

4 ·424 896 91 ::!6 600 ·936 

4 "687 346 91 48 679 ·590 

4 ·370 86o 04 23 4SS ·757 

4 ·021 662 .u 
4 ·397 li4 JS 

4 ·496 419 40 

4 ·238 847 61 

4 ·496 419 39 

4 ·687 346 91 

4 ·4i7 66o JS 

4 ·397 174 18 

4 ·6S7 346 91 

4 ·138 343 64 

4 "6j.4 354 00 

4 ·531 S78 92 

4 ·322 778 So 

4 •674 354 00 

4 ·528 065 :;6 

4 ·:;S..i. 324 57 

4 ·465 731 76 

4 ·67 4 35:i 00 

4·4S9 329 43 

4 ·674 _-,,54 00 

4 761 ::!6S 03 

4 ·021 662 33 

4 ·531 878 93 

4 ·528 065 36 

4 ·238 847 61 

4·46;; 731 76 

4 ·531 878 92 

IO 51 I ·44~ 

24 955 ·954 

17 ,;3 I ·957 

31 363 ·129 

48 679 ·590 

26 161 ·,;52 

::!4·955 ·954 

48 679 '5C)C• 

I,~ 751 ·296 

47 244 798 

34 031 ·330 

47,244 798 

3~'> 7 33 ·So7 

24 228 ·391 

29 n3 ·46:-; 

47 2H 79S 

30 855 ·276 

47 244 "79H 

57 i 12 ·25._; 

iO 511 '44.; 

34 03 r ·3.._,•) 

33 7.~3 ·807 

17 ,u1 ·957 

29 223 ·468 

3-i, 0~[ ·330 



THE EASTERN OBLIQUE ARC. 

R,·sultil(I{ a1(i;ks and sid,·s 1?ltl1t' Eppil(lf base 11<'1, il/ai11,·-contim1ed. 

No. Stations. 

Mount Dtsert 

Humpback 

Burke 

Mount Desert 

Tunk 

Pigeon 

I 
Mount Desert 

29 Humpback 

Tunk 

Mount Desert 

Humpback 

Pigeon 

Hf1warol 

Burke 

Epping East Base 

Howard 

Pigeon 

Epping East Base 

J 
Howard 

33 Epping East Base 

l Humpback 

Howard 

Mount Desert 

Epping East Base 

Howard 

Pigeon 

Burke 

Howard 

Burke 

Humpback 

l 
Howard 

37 Mount Desert 

Burke 

l 
Howard 

38 Pigeo"n 

Humpback 

0 ,, 

26 49 49."584 
29 I9 25·597 

12,"\ 50 46 ·16o 

48 27 24 ··243 

. 56 43 35 ·2yo 

;4 49 02·S6o 

Corrt:c
tion. 

sf~a~r- s'i~:r-
angles. excess. 

-0 ·399 49 ·185 0 749 
-ro·S64 26·461 0·750 

+0·442 46·6o2 0·749 

-to ·rs3 24 ·426 o ·624 

-0·378 34·912 0·624 

-0 ·327 02 ·533 0 ·623 

8 59 :q ·726 -to ·206 24 ·932 o ·257 

12 II 39 "379 -to "686 40 "005 0 ·257 

158 48 55 ·550 -to ·225 55 "775 o ·258 

57 26 48·969 

30 23 53·778 

92 09 19·500 

Tl 28 06 ·005 

138 
45:160 I 

12 09·940 
0 

33 30 

52 43 

I 
40·141 1 

54 ·520 I 
I 

93 45 27 ·340 

+o ·389 49 ·358 I "202 

+I "002 54 780 I "202 

-o ·033 r9 ·467 1 ··201 

+1 ·171 07·186 0·271 

-r·500 43·66o 0·271 

-to "026 09 ·966 0 "':!.70 I 

I 
+o ·204 40 ·345 o "7141 
-to·233 54"753 0·714 I 

-0·297 27·043 0·713 

17 •'·' 01 ·364 + l "028 02 •392 O. 555 

142 29 36 ·150 -0 ·424 35 726 0 ·554 
19 57 

.~2 TI 

124 37 

;q ·016 i -0 ·470 

q ·1971 +o ·316 

19 ·990 I -to ·818 
27 ·540 -to ·582 

22 02 .H ·1261-0 ·968 
86 28 53 ·550 -to ·059 

7r 28 34 "66o +o ·494 

29 01 07·379 

105 30 16 ·640 

45 28 38·895 

23 ·546 o ·555 I 
q ·513 I ·q8 I 
20 ·Sos , · 14s 
28·122 1·1471 

33 ·158 0 ·640 

5.'> ·009 0 ·641 
,"\S . I S4 (I ·640 

15749 1·178 

38 "205 I ·177 

20 43. 08 ·182 -0 •856. Oj ·326 I ·006 

28 3 7 56 ·s8s + 1 · 155 58 ·043 l "006 

130 _,,s 57 ·200 -to ·449 57 ·649 l ·rX>6 

51 03 41 ·505 -t I "2,>I 42 ·736 I "794 

84 32 12 ·190 -/-0 ".569 12 759 I 793 
44 24 IO ·7 q I -G •ti28 09 ·SS6 I "794 I 

T,og dis
tances. 

4 ·496 419 39 
4 ·531 878 92 

4 ·761 268 03 

4 ·417 66o 18 

.j ·465 731 76 

.j ·528 o65 36 

Distance in 
111eters. 

31 363 ·129 

34 031 ·330 

57 712 ·253 

26 161 ·352 

29 22,:; ·468 

3.> 733 ·8o7 

4 ·397 174 18 24 955 ·954 

4 ·528 065 36 33 733 ·&~7 

4 ·761 268 03 57 i I 2 "253 

4 "687 346 91 

4 ·465 731 76 

4 ·761 268 03 

4 ·138 343 64 

4 ·543 r17 55 
4 •663 658 76_ 

4 ·384 .P4 56 

4 ·543 J 17 54 

4 ·64r 374 53 

· 4 ·4S9 329 43 

4 ·794 490 45 

4. 543 I17 54 

4 ·674 354 00 

4·543 117 54 
4 ·863 228 98 

4 ·i38 847 61 

4 ·663 658 75 

4 ·641 374 53 

4 ·496 419 39 

4 ·794 490 46 

4 •663 658 76 

4·s.>1 s;s 92 

4 •663 658 76 

4 ·863 228 98 

4 "687 ,"\46 91 

4 ·794 490 44 

4 ·641 374 53 

48 679 ·590 

29 223 ·468 

57712·253 

13 751 ·296 

34 923 ·483 

46 095 ·524 

24 228 ·390 

34 923 ·482 

43 789 ·958 

30 855 ·276 

62 300 ·345 

34 923 ·482 

47 244 798 

34 923 ·482 

72 984 "221 

17 331 ·957 

46·095 ·523 

43 789 ·958 

31 363 ·129 

62 300 ·346 

46 095 ·524 

34 0~1 ·330 

46 095 ·524 
72 984 ·221 

48 679 ·590 

62 JOO. 345 

43 789 ·958 



BASE LINES AND BASE NE1'S. 39 
N •. ·s11/ti11g a11g/,:s and si,ks <?,. tl1t'. Eppil~i:;· bas,· 11t·f, :lfai11t·-continued. 

l:orrec- Sp her- Spher- T.og. dis- Distances in 
No. Statious. Oh~en·i:"d angles. tion. ical 1cal ta net"s. meters. angles. t:XC'C::S5. 

II 

I 
Howard 19 25 '9-1-1 -c) "11:2 25·832 0 '•Xl2 -I '-165 i3l j6 29 223 ·-168 

39 Pigeon 176 -IT 31 ·6cp -i-o ·535 ... ,2 ·225 f) ·06._, ·~ ·863 ~.:?8 98 72 98-1 '2;?1 

l\'lount Deser l 59 02 '-197 -•) ·36j O:? 'T.)O 1)'06::? -1·6-1137453 -B i:'l9 ·9s8 

J 
Howm·•l -19 -1-1 15 ·561 +1 ·344 16 '9'JS 2 ·1;G3 -1761 .?68 o ... , 57 712 ·253 

-I" Mount Dt:sert 55 27 -16 ·-172 -j-O 'j56 -17 ·228 2·933 -1794 490 45 62 300 ·,q5 

l Humpback i-1 -I~ o-1 ·-192 +o'Ji-1 cq ·666 ~ ·9,33 4 ·S63 228 9S 72 984 '221 

J 
(0(1per 31 (Jl) 62·26o -l ·165 6r ·095 l ',1,89 4 ·-196 419 39 31 363 ·129 

41 Burke 62 -1-1 _,,6 700 I -j-1 ·17S 37 ·878 r .,,s9 ·472089320 52 588 793 

I Humpback :';5 14 25·2&i -0·085 25 ·195 l ',1,91'J -1 770 508 oS 58 953 ·295 

I Cooper - 2-1 39·965 -0·063 39 '9"J2 (I '!94 4 ·531 878 92 34 031 ·330 

42 Mount Desert -I 10 44·694 +0·467 45·161 I) ·195 I -1 77•) 5oS oS 58 953 ·295 

I Rurke 173 24 37 ·140 -: ·...:-::?o .35 ·520 0·194 I -1 ·967 7-14 25 92 S,p ·949 I 

I Coopt:r 51 rs 3 l ·369 -i-o ·578 31 ·947 T ·559 4 •66;, 658 76 46 095 ·524 

43 Howanl 85 58 53 ·870 + 0 ·990 5-1 ·860 r ·56o 4 770 508 o.S 58 953 ·295 

l Hurke -12 45 39·940 -2 ·069 37 ·871 I '559 4 ·603 402 I4 40 123 ·So.S 

I Cooper 34 25 -12·225 -I ·228 -10·997 2 ·333 4 761 268 03 57712·253 

44 

l 
Mount Desert 31 0') 34·278 +o·u6<) 34·347 2 '33.'i 4 ·720 893 21 52 583 '79.J. 

Humpback IT4 33 50 ·877 +0·779 51 ·656 2·334 4 ·967 74-1 25 92 841 ·949 

I Coopt:r ~.) 16 33 ·629 -0·587 33·042 J 772 4 ·794 490 46 62 300 '3.J.6 

45 

l 
Howanl 56 57 46·491 I --1 ·209 -15 ·282 I 771 4 ·720 893 21 52 588 ·794 

Humpback 39 45 -16 ._,,85 -+0·6o5 -16 ·990 I 'j7l 4 ·6oJ 402 q 40 123 ·sos 

46 ( 

Cooper -is ,50 ,51 ·404 +0·641 ·52 ·0-15 2 ·371 4 •863 228 98 72 984 ·221 

HO\\'ard Jo6 41 62 ·052 I +0·134 62 ·186 2 ·371 4··967 744 25 92 841 ·949 
l\'lount Dest:rl ::q 27 :2 ·194 I +o·6SS 12·882 2·371 -1 ·6o3 402 I4 40 123 ·sos 

Dcscripti,111s <?l stations. 

Eppi11~1 East Basc.-'l'he station is in Washington County, Maine, at an angle in 
the road from Epping village to Columbia, and directly upon the edge of the escarp
ment of the Epping Plai1~s. 

The s1tbsltljc1ec· mark is the intersection of cross lines on ~ copper bolt in granite 
block 2 feet long, set 3·5 feet below the surface of the ground. · A platform of concrete 
about 5 feet square and 1 foot thick was prepared above this, with an opening in the 
center, through which the subsurface mark could be seen. This formed the foundation 
for the sw.1i1cc mark, a large granite block, 3 feet square, carefully dressed, and, when ' 
in place. projecting about 6 inches above the surface of the ground, with a ·copper bolt 
and cross lines in its· center. Upon this was placed a monument of marble .)' 28 feet 
high and I '64 feet square, resting upon three feet, each about 3 inches in diameter and 

· 1 inch high. The inscriptions on the sides are as follows: north face, ''U. S. Coast 
Survey;" south "1857;' 1 east, "Base No. 9:" west, "A. D. Bache, Supt." The apex 
is 4 inches above its sides, and on its four faces are the letters, N, E, S, & W, respectively. 
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A perpendicular to the base at the center of the monument passes throug-h the interseL:
tions of cross lines in copper bolts in tops of two granite reference monuments, 3 · 5 feet 
long and r foot !:>quare, set at. distance of 36 and 7 2 meters north of station. 

\Vhen the station was visited in r884. these reference momu11ents were found 
undisturbed. also a third, not descrihecl, with ~ hole drilled in top. ro.S meters north of 
the station. The marble monument was then found overturned and broken, but the 
granite smface mark remained undisturbed, except that tl1e head of the copper bolt had 
been hammered so that the cross lines were no longer visible. 

Eppb~(t lr~'sl Basc.-'I'his station is about ~ miles west of Schoodiac Hill, and has 
110 subs1n/(1,;· mark. 

The su1_1(u~· mark is the intersection of cross ·lines on a copper bolt in a monument 
3 feet square, made from the solid ledge by cutting away the rock to ;t depth of 6 or 8 
inches around it. 

Similar marks r foot square were made north and south of the center in a line per
pendicular to the base, with copper bolts and cross lines placed in position. 

Over the surface mark was placed the monument of marble of same dimensions as 
that described for Epping East Base~ · 

\Vhen visited in r884 the marble monument was found overthrown and broken, 
while the copper bolt had been hammered so that no cross lines were visible. · The mark 
south of the center was in perfect condition. The one to the north had been destroyed 
by vandals, but the remains of the hole in which the copper bolt had been placed could 
be distinguished. The distance from the station to these marks is about 10 meters. 

Burkc.-This station is on the southernmost one of a range of rocky hills about 3 
miles west of Cherryfield village and about :w rods north of the line between Mount 
Steuben and Cherryfield. It is mar/.·,.d hy hole in a granite ledge at the north end of a 
small hollow on the summit of the hill, and it is about 3 feet below highest part of ledge, 
which is too narrow for a signal. 

Tunk.-'I'his station is on a mountain of the same name, the most commanding 
mountain (except Mount Desert) east of the Penobscot River. It is about 1 mile north 
of the stage road from Ellic•Jtt to Cherryfielcl and about 3 miles west of the nearest house 
in Cherryfield. It is marked by a hole drilled in a granitf: ledge about 150 feet south
west of the highest part of the summit and about 4 feet below it. 

P1gtw1.-This station is on the highest· part of a hill close to the ocean on the 
\\'estern side of the outlet of Narragtmgus River. It commands the coast from French
mans Bay to Head Harbor Island, and is 9 miles from Cherryfield. It is markl'd by a 
hole drilled in a flat rock. In range to Mount Desert, 53·25 feet distant; to Saunders, 
56·25 feet distant; to Humpback, 35'33 .feet distant. and to Mitten Mountain, 36'83 
feet distant, there are holes and piles of stone. 

Humpb11ck.-This station is on the mountain of the same name. near the western 
line of Brewster Township. The highest point of the mountain is about 400 feet north
east of the station and is 4 or 5 feet above it. It is marked by a hole drilled in the rock. 
Range marks, consisting of holes drilled in the rock and heaps of stones, were made 
toward Harris, Saunders, and Mount Desert, distant 14, 17 · . .p, and r 3 · 50 feet, respectively. 

I/fount Dl'scrl.-This station is marked by_ a copper bolt in a ledge which is in the 
center of a sn'!all depression in the large bare rock and 22 ,!4 inches easterly from the 
southeast corner of a crevice. 
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Single range marks, consisting of a hole in the rock, were made toward Peaked, Blue, 
and Ragged mountains, distant from center 53·q, 17·52, and 21"83 feet, respectively. 
Toward Saunders and Harris there were two such marks, distant, in the first instance, 
35·92 and 142·50 fed. while in the latter, 19·92 and 136·60 feet from the center of the 
station. 

H,>;nr.rd.-This station is 011 a steep, precipitous hill, about 6 miles below Machias
port and near Bucks Harbor. It is marked by a drill hole in a rock. Range marks 
were established toward Mount Desert, Humpback, and Cooper, distant 33·67. 66·25, 
and 2 l ·30 feet, respectively. When visited in 1884, the station was recovered. 

Coopcr.-This station is on the northern end of the summit of Western Ridge, about 
one-fourth mile west of the road running through the village of Cooper and about 
three-eighths of a mile ·north\vest of Cooper Church. It is marked by a drill hole in a 
broad, flat granite ledge. Range marks·. consisting of drill holes in the rock, were made 
toward Mount Desert and Humpback, distant 22·so and 19·6,5 feet, respectively .. 

2. ·nm l\'lASSACHUSE'rTs BASE LINE, MASSACHUSETTS, 1844. 

Location, 111casurcmcnl. and resu/li11g knglh t!f llu· 11/assadrnst'lts base li11c, /l/assachusdls, 

£814. 

This base was the third and last one measured with the Hassler base apparatus and 
followed within a few months the measure of the Kent Island base. Its site is on the 
Boston and Providence Railroad, in Bristol County, Massachusetts, and about 12 kilo
meters ( 7 }6 statute miles) to the northward and eastward of Providence, Rhode Island. 
An account of thi.s base is given in the Coast Survey Report for"1S65, Appendix No. 21, 
page 189, and little need be 'said hl'.=re respecting the ·apparatus, a description.of which 
can be found in the account of the measurement of the Fire Island and Kent Island bases. 
Its middle point is in latitude 41° 5S'·9 and in longitude 71° 15'·3, the mean azimuth is 
27° 49'·2, and its length 17 .~ .. j kilometers (or nearly 10?;1 statute miles). There are but 
two bases in the United States (both in California J which exceed this length. 

The line was measured by Assistant Edmund Blunt during September, October, and 
November, 184+ As in the case of the two bases previously measured by the Survey, 
but one measure was made. The length adopted for the compound 8-meter bar rests 
upon the comparis0ns of 1844-45, with the resulting length of 7 ·999 8716 meters at o'' C. 

± 55 
(see account of the Kent Island base). TJ1e mean temperature of the bar during the 
measurement was qc·92 C. (or 58°'85 F. J: the average elevation of the apparatus 
above the half-tide level at Boston Harbor was 4+"'·83. The record at this base is defi
cient in details. 

The resulting length of the base is as follows: 

2 165 boxes 
Correction for excess of temperature 
Correction for inclination 
Fractional part of a box at Northeast Rase 
Correction for !0° difference of temperature for above 
Adi.litioual length measurer! by scale 
Reduction to half-tide level 

Resulting length of base 

17 319m·7221 

+ ,p3_83 
- 0·5629 

+ 3·9999 
- 0·0003 

-1- 0·1012 

--0'1220 
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To form an estimate of the accuracy of this measure, we find, from the probable error 
assigned to the base bars, that of the base to be± 0"'·0119. With reference to tempera
ture, 702 boxes were laid with rising and 579 with falling temperature, and for the rest 
of the boxes i:he temperature was stationary. The assumed pr6bable error from this con
dition ·and probable lag, and from graduation error is ±0111 ·0332, and the probablt: error 
from instability of the microscopes is taken as ± 0"'·0059. Combining these three 
independent values, we get for the probable error of the base ± 0"'·0358, which equals 
".f"iia\n:nr of its length. We have, therefore. the final result for the length of the 
Massachusetts base 17 326·3763 meters, and its logarithm 4· 238 70774. 

± ·035~ ± 90. 

The tWmcdion of lht· ,Vassachusclls bast' a· 1ilh the main triangulation. 

The Massachusetts base is connected with the main triangulation in an unusual 
way_..:.that is, with a base net so simple as to render a special adjustment of it mmecessary. 
The conditional equations, therefore, which subsist between the three northern base 
lines were extended to reach directly to the Mas:.aclmsetts base without any interven-

tion of a special base net adjustment. 
___________________ No. 5· 'l'he ciiagram shows the direct con-

J::Jlu.e Jli~·. ., nection of the base with the:: triangula-

/

/ tion of the New England Stalt:s, the 
~ quadrilateral Beacon Pole, Copecut, 

// ''-.....: ~ Manomet, and Blue Hill being an 
Massr:.chusetts Nort Base . ""-. I integral part thereof. One advantage 

-~---./ ,l""'-_ which the base possesses over the 
L.. ""'- other two is its great length. 

'~ '-... The foliowing table gives the ap-
'<"' .. ~Vi~1 

achusc
1 
tts South Ba

7
se "'ano . ~,,. proximate elevation abo,·e the Atlantic 

'· ''·, Great.Jl.{eadow of the stations !ldjacent to the bas:":"t. 
\ !\leters. r '. -~" l / Massachusetts South Base..... 33 wS 

/ Massachusetts North Base..... iO 231 
,., Copccut Beacon Pole. . . . . . . . . . . . . . . . . . 167 548 
Staruce Miles Great Meadow . . . . . . . . . . . . . . . ~0·5 :?64 

10 0 io 20 Copecut ...................... w;·s 353 
Kilon1eters :Manomet . . . . . . . . . . . . . . . . . . . . 1 20 394 

10 0 10 20 30 ~o Blue Hill .................... 194 635 

1'he descriptions of these old stations are very mf:ager. The following information is 
all that could be gathered: 

J/assadmsdtsSoutlz Base, J8j./ .-1'he station is located on the Boston and Providence 
Railroad, in Bristol County. Massachusetts. For a ground mark a stone of the follow
ing dimensions was buried: Length, 4 feet 7 ~-f inches; base, I 2 inches square; top, 6 inches 
square. A copper bolt, on which there is a cross mark ( +), driven in t)ie stone defines 
the starting point of the measure. The stone is 8 feet from the eastern rail of the Boston 
and Providence Railroad, there being but one track laid. '· Another stone is placed 
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on the we:-;t side of the road in the line toward Beaconpole Hill, 6 inches being above 
gronnd, and distant 33 feet from the termination of the ba:-;e.'' * 

ilfassad111sdls N,wt11 Base, I8.,t.,t.-The station is marked by a brick tower, :-;tated by 
G. Bradford to be ++feet in ·height, when reoccupied October 18, 1884. The center of 
the station is indicated by a brass bolt in the center of a stone, thus +. It is central 
with the tower. The cap stone (of 1844) had a mean diameter of 0·32 meter. 

B1:aconpole, I S,t.,t".-This station is located about :? miles northeasterly from the village 
of Cumberland Hill. The station was visited and reoccupied in September, 1884, by 
Assistant G. Bradford, who remarks: '' Found here, guided by E. H. Pickering, an 
old resident, a copper (brass?) bolt set in lead and filling a hole drilled in a ledge of 
rock some 30 ft:et in diameter, which occupies the summit of the elevation." A tripod 
signal was built over the station in 1884. There is also a description of 1896 by H. B. 
Wood, of the '·Survey of the Commonwealth of Massachusetts.'' 

Lop~·mt, I 8.,t.,t. -Station on Copecut Hill between Fall River and New Bedford. Assist
ant G. Bradford found here in November. 1884, a copper bolt in a rock, presumably 
the center of the station. A large iJile of stones was found about the bolt, covering it. 
The place is surrounded with bushes and small trees, and is difficult to find without a 
guide. The road to it through the woods is extremely rough. A tripod signal ·was 
built here in 1884. 

Gn·at 11/c.idow, I8j5 .-This is one of the Borden Survey stadons; abo{1t 3 miles north 
of west of Rehoboth village, 7 miles from Taunton, and I:! from Providence, Rhode 
Island. Assistant G. Bradford, in September, 1884, found here a hole in the rock, 
where, an old resident says, the signal once stood. The trees have grown up, and are 
now to the northward and westward somi:= 40 to 50 feet high. The following descrip
tion is by Assistant C. H. Van Orden, in 1889: "The hill is well known and is called 
Great Meadow Hill by the people about North Rehoboth. It is best approached from the 
south side. It is a large flat hill, with a grmvth of timber on the east and west sides. 
Directly uorth of the station is an open lot or meadow, noticeable from a distance.'' 

· 1Jfa11omd, I8.,15.__:_Near Plymouth, Massachusetts. Assistant C. 0. Boutelle states, in 
his record of the "latitude observations of July, 1867: "The triangulation station at 
Manomet has been more pen.nanently marked by drilling three holes, forming an equi
lateral triangle around the copper bolt, and each hole is distant 6 inches from it.. The 
two holes south of the bolt are east and west from each other and the third hole is north 
from the bolt. Each hole is five·eighths of an inch in diameter and 2 inches deep." In 
September, 1877, Assistant G. A. Fairfield writes: "Visited this station ancl found it 
undisturbed: had no difficulty in finding the rock with copper bolt and three drill holes.·' 

Blue Hill. I8.,t5.-Near Dedham, Massachusetts. ·The Coast Survey station is 
distant from the Borden· survey station of Blue Hill S · 33 7 meters, and the azimuth of 
the Borden station is 11° 16', as deduced from computation of December, rSS+ The 
Borden station was located in the middle of a square inclosure of ::itones. In November, 
1886, Assistant C. H. Van Orden visited the station and found the Coast Survey copper 
bolt (outside the old Borden inclosure) in good order. Borden's "Blue Hill" is u11dcr 
the stone tpwer of the ·'Blue Hill Observatory.'' 

The private meteorological observatory at this place was established by Mr. A. L. 
Rotch in 1885. It is a two-story circular tower, I:! feet in diameter inside and 25 feet 
high. built of the broken stone found on the hill. Extending southward from this 

*From original r'='cord of the hase Jneasurt:ment. 
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tower is a one-story, hip-roof house, built of stone, with a wooden shed attach~d. (See 
hdiotype in Annals of the Astronomical Observatory of Harvard Collt!ge. Volume XX, 
Cambridge, 1896). There is also a description of 1896 by H.B. Wood of the "Survey 
of the Commonwealth of Massachusetts.'' A sketch shows the Coast Survey station 
with reference to the tower. 

3. THE FrnE· ISLAND BASE LINE AND BASE NET, NEW \'ORK. 18~'4· 

Lomti1w, 111t·asurt111c11!, a.nd resulting lcngtli •?f ilze Fin· Island BaSt' Lint', J\!t'W } i>rk, I83/. 

The site of this base is on the southern shore of Long Island, New York, on the 
narrow Fire Island beach between the Great South Bay and the Atlantic Ocean, and 
distant nearly So kilometers. or 50 statute miles, to the east from New York City. It 
was the first and only primary base measured by Superintendent F. R. Hassler, and the 
measurement was made with an apparatus of his own design. He has left a full descrip
tion, with illustrations. iu detail, of this apparatus in the Transactions of the American 
Philosophical Society, Philadelphia, Pennsylvania, new series, 1825, Volume II, pages 
273-286. The essential parts of the apparattis are enumerated in No. 12 of his cata
logue of instruments, which probably dates back to the year 1816. These parts appear 
to have been made by Troughton, of London, in 1813. Two other primary base lines 
were measured with tht: same apparatus, viz, the Kent Island and the Massachusetts bases. 

The beach over which the measure extended is sandy, interspersed with lmv hum
mocks and ridges, and subject to changes from storms, which caused the west end of the 
base to be finally lost, i10twithstandi11g a strong timber protection surrounded the hillock. 
The eastern terminal point was furtlier removed from the beach, which caused a bend 
in the line close to the momuuent, and necessitated the measure of an angle at the bend. 
The insecurity of this exposed base and the da1~ger of its loss caused the transfer of 
its length, a few years later, to be made to a primary line located on the central hills 
of Long Island. The base net, therefore, in this case consists simply of a quadrilateral. 

The length of the base is about q kilometers (or SM statute miles). The central 
point is in latitude 40° 3S'·9. and in longitude 73° 08'·1. The mean of the forward and 
backward azimuths is 7 2° 56' ·s. For convenience of reference, a brief de~ription, of 
the Hassler base apparatus is repeated here from his description, and further remarks 
on thi

0

s subject will be found in connection with the Kent Island base. It makes use 
of one measuring bar and of optical contact. The bat: is 8 meters in length and is 
composed of four :."?-meter iron bars placed in contact lengthwise. These pieces are of 
square section* and are firmly held together by means of collars clamped over the bar 
ends and bringing them together by means of &crew bolts. The whole or compound bar 
is supported on r 5 rollers. resting on a wooden beam, itself adjustable upon another 
similar support. The whole is placed in the bottom of a wooden trough. There are 
eight thermometers, two placed on the upper surface of each of· the single bars to 
ascertain their temperature. A sector for measuring the inclination is attached to one 
end of the supporting beam, and all required mechanical appliances for the adjustment 
and alignment of the bar, as well as for the manipulation of the micrometer micro
scopes, are provided. The trough itself rests upon five trestles. The two 1i1icroscopes 
are likewise mounted upon trestles. For alignment of the b~se the trough or box 
carries at one. end a small telescope and at the opposite encl a short vertical pin to 

* "fhe satne a~ that of the Committet.- l\leter. 



FERDINAND RUDOLPH H ASSLER (1770- 1843). 



BASE I.INES AND BASE NETS. 45 

define the axis of the apparatus and the· direction of the line of measure. · The micro
scopes admit of adjustment for verticality of axis. Their objectives are composed of 
two half lenses of different foci, one for pointing on spider threads stretched across 
small central half-circular notches cut vertically into the end faces of the· protruding 
measuring bar, the other focus serving for a verification of the steadiness of the optical 
axis, the pointing being- made upon cross lines ruled on an ivory plate resting on the 
:;upport below the microscope. 

For the standardizatioti of the measuring bar repeated comparisons were made at 
different ti-mes by different observers and by different means. The Hassler double end
meters, known as bars A, B, C, and D, were first compared in February and March, 1817, 

with the Committee Meter and a standardized iron ii bout meter by Lenoir. In the same 
year Hassler determined their coefficient of expansion and found it <Yooo 006 963 for 
Fahrenheit's scale or o·ooo 012 534 for the Centigrade scale, a value somewhat large yet 
probably applying to these particular bars, but this could not be verified, the bars hm;ing 
long since been lost. In May, 1834, and March, 1835, in connection with the Fire Island 
base, comparisons were made involving the Troughton brass scale and. the Committee 

· Meter. The last comparisons date from 1844-45, and \Vere made with a Bessel level-contact 
comparator, using the Lenoir iron meter. The results were, for the combined length 
at o°C: 

From comparisons of 1817 ::::S = 7111 ·999 9506 
From comparisons of 1834-35 S·ooo 0414* 

±" 242 

From comparisons of 1844-45 i"999 Si16 
± 55 

·when the comparisons in 1835 in connection with the Fire Island base had been 
made an examination of bars A and B showed them to be rusty. After cleaning them 
they were again com
pared, and the new 1835 
value 2 = 7'" ·999 9764 re
sulted. The last obser
vations indicate a decided 
apparent shortening, 
which has not been ac
counted for satisfactorily 
except it be due to the 
manner in which the 
8-meter bar was built up. 
Upon the whole, - it has 
been thought best to adopt 
the Hassler value of 
1834-35 for the reduc
tion of the Fire Island 
base as representing the 
conditions then existing. 

No. 6. 

But one measure of the base was made, owing probably to the labor and time 
required to measure such a long line. ·The measure was made during the months of 
.August~ September, and October, r83+ The above diagram shows the condition at 

*The Yalne found in c01111ectio11 'vith the Fire Jslanrl h:--tse. 
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the eastern encl. The distances 2 to 3, 3 to 4, and 4 to 5 were measured with the base 
apparatus, and the angular horizontal directions of the fine and heavy lines at the 
points I, 2, 3, 4, and 5 were obtained by means of a theodolite.. Calling West Base 
No. 6, the points 6, 5, 4, and 3 were placed in line. For reduction of the measured 
length of the base to sea level, the average height of the bar above the half-tide level 
of the Atlantic was taken as 2·75 meters. The mean temperature of the bar durjng 
measurement was 26° 0 60 C. tor 79°·90 F. ). The resulting length from \Vest Base to 
East Encl \-Vas as follows: 

r 725 boxes 
Correction for excess of temperature over o°C 
Correction for inclination 
Reduction to half-tide level of ocean 

13 fio_)m·o714 
·+ -1·6031 
- 0·2055 
- 0·0060 

Resulting length 13 804"'·-1630 

Similarly we have the short measures at the eastern encl .. 
Line measured 2 to 3 5 tu .j 

Number of boxes q 17 

Corresponding length I 12'"·0006 136"'·0007 

Correction for expansion 

Correction for inclination 

Defect of last box at eastern end 

+0·0216 

-·0·0650 

+o·Sw3 

+0·0276 
-p·o268 

3 to .j 

7 
56"1·0003 

+0·0119 

Resulting length II2'""7775 136"'·0015 57"'· q64 

In the adjustmeMt of the linear and angular measures, it has been assumed that the 
former require 110 correction: the figure adjustment of I, 2. 3, + and 5 involves two 
angle, two side, and two distance or length equations,* and the resulting length for line 
5 to 1 was 294·752 meters. If \Vest Base be designated as 6. then by the known dis
tances 6 to 5 and I to 5 and the known angles, the angle at 6 between It:ast Encl and 
East Base is found equal to 36' 41"·3. whence the final length \Vest Base to East Base 
becomes q. 05:-:;·9709 meters and its logarithm 4·147 953 53. 

To ascertain the probable error of this result, we estimate that of the line 6 to 5 as 
± o"'·ooo 024.:! for each box, hence for the whole distance± 0"'·0417. Respecting the tem
perature of the bar, 455 boxes being placed with rising temperature, 553 with stationary 
temperature, and 7 17 with falling temperature. and assuming a possible error in temper
ature of 2°, the probable error of the base might be ± 0"'·029 .. The dft:d uf the gradu
ation error is estimated at ± 0'"·023 or ± 0'"·0370 for combined effect. 1~he probable 
error arising from instability of microscopes was assumed to be± 0 111 ·000 I 27 and the 
total effect ± 0"'·0053. These are the principal sources of error an~l when combined 
produce± 0"'·057 for the line 6 to 5. To obtain the probable error for the line between 
the monuments ± 0111 ·013 was added, hence the probable error of the base as estimated is 

,I (0·057)° + (0·013 )0 = ± 0"'·0585. 

This equals --
1
-- llart of the whole length, the corresponding value in the loga-

240 270 ~ . 
.JI/II 

rithm of the length ± - 1- = o·ooo 001 807. Consequently, the final result for the 

. . . q. 058 ·9709 . . 4·147 953 53 
length of the Fire Island base is ± 8 meters, and its logarithm ± 

1 
., 

1 ·05 5 . "' 

*All measures in\·oh·ed in this adjustment wert: found satisfactory. 
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T/11· Fire Island base nd and results of its adjustment. 

In this net we include the quadrilateral which transfers the measured base to the 
so-called mountain base, and the two other qlladrilaterals, one within the other, which 
start from this derived base. The line Wooster to Sandford will be the connecting link 
with the northeastern triangulation, and the line \.Vest No. 7. 

Hills to Bald Hill will form the link for the south
western branch. 

The elevations of the stations above the sea level 
are very moderate and the horizontal directions needed·. 
but very small corrections, the maximum being less. 
than o" ·02, but no account of this was taken when 
less than 0"·003. The approximate heights of the 
trigonometric statio!ls are as follows: 

'i.\·[eters Fi::t::t. 

\Vest Hills 11 i 383 
Rulanrl 104 341 
Tashua >· 1$5·3 l.ioS 
Bald Hill 196 643 
\Voostt:r 305 I 000 

Sandford 27~~ $95 

The ends of the base are between 2 and 3 meters 
above the sea. In this figure we have a combination 
of very old work with later work. The measures of 
horizontal angles by Superintendent Hassler elate from 
I833 and were made. with a 6d"' theodolite, first em
ployed at station \Veasel in 1817. Subsequently he 
.used the 75<"' theodolite, first employed at station West 
Hills in 1836 .. This last instrument was in continu
om(use till November, 1873, when it met with an acci
dent at station Sawnee, Georgia. It was struck by 
a tQrnaclo and, notwithstanding its weight of 300 
pounds, ... vas liurled from its stand and irreparably 
damaged. 

KilometeTs 

:IO 0 .10 20 30 
Statute lollies 

5 0 5 10 l5 20 

In consequence of the work added between 1862 and 1865, and the reoccupation of 
three of the old stations, a new adjustment of the base net became necessary. \Veights had 
to be introduced in consequence of the unequal values of the resulting directions due to 
the relatively small number of series in the older work. It was clone by the same method 
as already explained in connection with the adjustment of the Epping base net. From 

the closing of I 7 triangles we have the mean error of a triangle /~:! · 15 = ± o" ·:':q and of. v 17 . ' 0·84 0·49 
an angle /J == ± 0"·49 and the probable error of a direction 0·674 .~: -/., = ± 0"·2,,. 

"\ "\ -
The approximate aven~ge probable error of a direction from station adjustment result
ing from 36 directions is c

0
= ± o"· 19. hence the square of the triangle combination 

* D-=-rh-ei.l ft"o111 spirit le\·ets. 
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error c~0 equals (0·23) 2 --(0·19) 0 ore,=± 0"·13. that is, the combination error is but 
slightly less than the observing error e.,. If e0

0 
is added to each value of e"

0 
we get 

the weight of each direction p = l/(/,+e",J. · Amc)ug the values of e
0 

there was one 

exceptionally large, and, omitting it, we find t'0 = ± 0
11

• 18, hence e', =../(0·233)2 -(0·183)2 

= ± o· q4 and p = l/ [(_o· 144)"+ <' .. "], and in order to make the average sum of the recip
rocals of the weights nearly unity, the values of l IP were multiplied by r 3. The range 
in these relative weights is still large, the ratio of the greatest to the least being as 16 
to I. but it would have been as 144 to I had not the equalizing device been introduced. 
Comparing the old with the present results they are found to be nearly the same. For 
the side \7\1ooster to Sandford we have old log. distance (Coast Survey Report for 
lS65, pages 201-202) 4"669 171 1 and by the present" adjustment 4"669 171 o, which 
log. difference corresponds to a linear difference of but 2 centimeters. For the side Bald 
Hill to West Hills we have old log. distance (Coast Survey Report for lS66, page 52) 
4·64S 135 3, and by the present adjustment 4·64S 135 6, corresponding to a linear 
difference of 4 centimeters. 

A preliminary pqblication of results of the triangulation about this base and vicinity 
was made in 1851 in the Coast Survey Report of that date, pages 222 and following. A 
second publication will be found in the Coast Survey Report for 1865, pages 201-::!02. 
These results are now superseded. 

Abstracts of hori=o11ta/ dirc·dio11s 111 statio11s forming· tire Firt! Island East· 1Vd. 1S.u-1S65. 

Fir<' Isla11d East Base, Suffolk County, New York. October 1 to October 8, 1S37. F. R. Hassler, 
observer. 75' 111 direction theodolite No. 1. c;ircle used in VI positions. 

No. of 
dirl.·ctions. 

4 

5 
6 

Fire Island West Base 

West Hills 

Ruland* 

R~sulting direc
livus frvui slalil)u 

adjustment. 

0 II 

o oo oo ·ooo 

44 48 25 ·129 

112 ,2 52 ".103 

+ 0·022 

Atlproxhnate 
pJ"Ul.mblt:" 

error. 

II 

±0°32 

0·27 
Q'">"> 

Correction 
fn>w IJt:"l 

adjust111e11t. 

II 

+o·.p6 

- i ·086 

+ 0·330 

Finni 
seconds. 

I/ 

00·426 

24·043 

52 ·755 

Fin· Island /f.i•st Base, Suffolk County, New York. October 16 to October :14, 1837. F. R. Hassler, 
observer. 75<111 direction theodolite No. 1. Circle used in VI positions. 

0 II II " " West Hills 0 00 oo·ooo ±0·30 + 0·397 00 ·397 
2 Ruland* 73 39 46·131 0·19 -0·386 45·832 

+ o ·0S7 

3 Fire Island East Base 113 49 51 ·571 0·29 +0·158 51 729 

*The con·ectiou for eccentrkity, as indicated, refers to Ruland of 1865 since the station occupied in 1865 does not 
perfectly agr"e with the old station of 1837. 



BASE LINES AND BASE NETS. 49 

Abstracts<~( /1ori=m1tal dircdio11s 11! sla!io11sformil1.r; 111£ Firt' fsla11d base 11d, 1833-1865-continued. 

R11/a11d, Suffolk County, New York. August 19 to September 16, 1837. F. R. Hassler, observer. 
75-·m direction theodolite No. 1. Circle used in VI positions. June II to July 27, 1865. G. W. 
Dean, observer. Same instrument. Circle used in V positions. 

0 " 
,, 

~f 
Fire Island East Base 0 00 oo·ooo ±o·r4 
Fire Island West Base 27 17 02·651 

+o·o65 

~1 West Hills 78 54 02·221 
+o·n4 

We~t Hills 0 00 oo·ooo ±0·09 
\Vooster 6r 26 28·009 0·08 

.,., +0·047 

"' Taslrna* 73 59 43·262 0·07 

~I +0·047 
Sandford* IOI 19 14·917 0·09 

+0·047 

. ..Jdoptt'd results at Rieland: 

Ap-. Correc-
Res111ting di- pro~1- Rec\uc- Seconds lion Final No. of Object observed. rections from tnate tion to reduced from sec-directions. f.tation ad- prob- sea to sea net ad-

justtnent. able Je,·el. le,·el. just- onds.' 
error. 1nent. 

0 II ,, II II II I/ 

7 Fire Islanrl East Base 0 00 oo·ooo ±o·q -o ·020 59·9So 
8 Fire I,;land West Base 27 17 02 716 0·22 -0·3w 02·406 

9 West Hills 78 54 02·335 0·35 +0·266 02 ·6o1 
JO Bald Hill t r32 08 56 ·73j 0·27 -0·012 56·721 +o.·r3r 56 ·852 
ll \Vooster 140 20 30·39r o·oS --0 ·018 30·373 +o·o.i.o ,;o ·413 
12 Taslnm 152 53 45·644 0·07 -o·oos 45·636 -o. 134 45 ·502 
13 Sancl(ord 180 13 r7 ·299 0·09 +0·004 17·303 +0'192 17·495 

fVest Hills, Suffolk County, New York. October 18 to December 1, 1836. F. R. Hassler, observer. 
75""' direction theodolite No. r. Circle used in VI positions. July 18 to August 15, 1865. G. W. 
Dean, observer. Same instrument. Circle used in V positions. 

0 II II 

~I 
RulanJ 0 00 oo·ooo ±0·31 
Fire Island' East Rase 33 21 31 ·070 0·33 

q1 -0·136 
Fire Island West Base 54 43 16·203 ·o ·38 

-() ·136 

Wooster 0 00 oo·ooo ±0·06 
Azimuth Mark 7 26 21 ·398 o ·cJ6 

+0·370 
Tashua 2I 35 06·485 0·05 

.;, 

"' -o ·009 
'.J:i 

Sandford 33 58 36·554 o·oS 
-0·023 

Ruland 89 14 44·819 0·07 
-0·078 

*The correction +0"·04; 1·efers to the direction of heliotrope to station of 1836; the other corrections refer the old 
n1t:asures to Ruland station of 1865, since the stations of 1~37 and 1865 clo not quite coincide. No notice is taken of those 
obst:'rvations of 1837 which are superseded by new obsen·ations of 1865. 

tMean \"aim:~ as d<=ri"ed differentially from West Hills and Tashua. 

4192-No. 7-02--4 
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.-lbslmcts of l1ori::o111a1 diredio11s al slat ions _l(w111111g· Ilic Fil"<' Island base 11d, 1S_u-1S65-continuei:l. 

No notice is taken of those measures of 1836, which are superseded by new measures of 1865. The 
corrections for' eccentricity are indicated; instead of increasing the direction to Ruland by 0"·136 this 
amount is subtracted from the measures of the base enrls. 

Resulting dircdio11s al West Hills: 
Ap-_ Corrt~c-

..1!~:i~~~~11Tr~!~1 proxt- Reduc- Second• ti on Final No. of Object ohsen·ed. tnate tion to reduced fro111 sec-directions. station ad- proh- sea to sea net ad-
justment. ah le lewl. le,·el. just- onds. 

error. n1ent. 

0 ,, ,, I! ,, II ,, 
15 '\Vooster 0 00 00"000 ±0'06 -0·003 59 "99i +0·169 00 ·166 

Azimu ~h Mark 7 26 21 76·" o·o6 

16 Tashua 21 35 06·476 0-05 +0·006 o6·482 -0-099 o6·383 

17· Sandfonl 33 58 36·53r o·oS +o·oq 36·545 -o·o89 36·456 
18 Rulanrl 89 I4 44·741 0·32 +o ·226 44·967 

. r9 Fire Island East Base 122 36 15"675 0·33 ..... -0·400 r5·275 

20 Fire Island West Base 143 58 00·808 0·38 +0·406 01 ·214 

Harrow" 269 r7 04·256 o ·r6 

Round Hill-~ 331 59 49 '2II 0-33 

I4 Bald Hill'-' 359 :?I OI ·916 0·25 -0·003 or ·9r3 -0·123 01 '790 

Tas/111a, Fairfielrl County, Connecticut. August 25 to September 16, 1833. F. R. Hassler, observer. 
75"" direction theodolite No. 1. Circle trsed in III positions. Septe111ber 2 to October 21, rS63. 
G. \V. Denn, observer. Same instrument. Circle used in V positions. 

33 

29 

Ruland 

West Hillst 

Raid Hillt 

'\Vooster 

Good Hill 

Sandford 

Mount Carmel 

0 ,, .ll II II ,, 
" 

o oo oo ·ooo ±o ·oS + 0 ·082 00 ·082 

+o ~085 42 ·630 38 20 42 ·522 0 ·09 

+n·n23 

96 34 59·438 

138 32 49·0¢ 

200 r2 56 ·834 

249 56 26·327 

259 24 22·837 

0·44 +0·006 59'444 +0·078 59·522 

0·06 -0·015 49-081 ~0·241 48·840 

o·oS 

o·o6 +0·017 

0 "I2 
26·344 

\·· - --· 
26·451 

Sandford, New Haven County, Connecticut. September 9 to November 4, 1862. G. W. ,Dean, 
observer. 75cm direction, theodolite No. r. Circle used in V positions_ 

21 

22 

23 

24 

Ruland 
West. Hills t 

Tashua 

'\Vooster 

Azimuth Mark 

Ivy 

Mount Tom 

Box 

Mount Carmel 

0 II 

0 00 00 "000 

23. 24 4i '547 
+o·ooS 

4:? 36 58·413 

69 03 33·113 

85 20 30 ·246 

147 34 .47·646 

190 09 54·581 
2:?1 37 22 ·062 

298 46 oS·532 

" " " 
±O"JI 

0 "I 2 

0 "I 2 -\-0 "OJI 58 "424 

0 ·24 -\-0 ·009 33 "122 

0·15 

0 ·15 

0"12 

0"10 

0·44 

*The results are tnean \•alues derh-ed differentially front Tashrra: and Ruland. 
t Correction for ee<..'entricity indicated. 

l.' 

--0 ·264 59 ·736 

+o ·482 '42 ·037 

-0-330 5~·094 

-\-0 -356 • 32 ·478 

t l\lean \"alue deduced from differences with West Hills and Rulaud in r833 and 1863. 
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Abslra;fs of llori:::o11tal diredh>J/S al slalhws /i>rmi11g the Fin· !sf.and b.1St' nd; 183_;•-1865-continued. 

lf'oosler, Fairfield County, Connecticut. July l4 to •October 10, 1864. G. W. Dean, observer. 
75cm direction theodolite No. I. Circle used in V positions. 

Resulting di· 
Ap- Correc-

pro xi- Reduc- Seconds tiou Final No.of Object observed. rectiotls frotn mate tion to reduced from sec. directions. station ad- proh- ·sea to sea net ad· oudi;. justn1e11(. able level. le,·el. Just 
error. ment. 

0 ,, '·' " II II " 
Ivy 0 00 oo·ooo ±0·07 

25 Sandford 53 47 59·208 0·07 ·+0·009 59·217 -0·009 59·148 

26 Tashua 95 57 47 ·652 o·oS -0·009 47·643 +0·285 47·928 

27 Ruland 124 5r 45 ·938 o·oS +0·005 45 ·943 
28 West Hills* 154 IO 38·493 0·07 -0·147 38·378 

+ 0·032 

Bald Hill. Fairfield County, Connecticut. July 23 to August 18, 1833. F. R. Hassler, observer. 
6ocm direction theodolite No. 2. Circle used in VI positions. 

0 II 
.,, 

II ,, II " 
34 Tashua 0 00 00 "tXlO ±0'22 +o·oo6 00·006 -0·103 59·903 

35 Ruland 62 40 I2 •8o2 o·6o 

+ o·os6t 

36 West Hills 99 31 40·835 0·27 

Harrow I21 42 18 ·009 0 '(9 

Round Hill r58 36 54 ·002 0·40 

FIRE ISLAND BASE NE'!'. 

Ol>so7'alio11 L·qualions. 

I 0=+0·945- (I} t (3)-· (4)+ (5)-( 19)+(20) 

II o=-o·t5S- P)+ (3)- l4l+ (6\- (7l+ (8) 
0=+0·027- (l)+ (2}- (8)+ (9)-(18)+(20) 

IV 0=+0·462-( 15) +( 17)-( 22 )+( 24)....:.( 25) +t 28) 

Ill 

v 0=-0'¢'3- (9)·t(13)-(17)t(18)-(2I)+(22) 

0=+0·3:!1- (9J+( !I)-( 15)+( I8)-(27)+(28) VI 

VII 

VIII 

IX 

x 

0=-0·236-( 121+113 )-(21)+( 23 )-(29 )+(30) 

0=+0·072-~ I6)+( lS.l- ( 9)-l-( 12)·-i.)Ol+<Jt) 

'0=+1·026-( IS)+( 16)-(26)-l-(·28)-(31 l-H33l 
0=+0·093-( q)+( 16)-(311+(32)-(34)+(36) 

XI 0=+1·432-(14)-t-(18)- (9)+(10)-(35)+(]6) 

+1 ·433 I4 ·29t 

-0·213 40·622 

XII o=-9·5+2·99(4)-n2(5)-o·S7( 6)+4·08( 7)--574( 8)+1·66( 9)+1·49( rS l-5'38( r9)+3·89(20) 

xm o=+,p+ 1·56(9)-1·14(111-0·42( 13)+4·87( :zr l-6·92( 22 )+2·95(24)-0·38(25.)-375(27) 

+4'!,,(28) 

XIV .0=+3·0+0·6o(9)-4•68( 12)+4·<:f:\( 13)+8·71( 16)-9·58(17 J+2·29( 21 l·-6·05(22)-t-.).'76(23) 

+0·87( 18) 

XV o=-o·S+o·6o( 9)-9·46(II )+8·86( 12)+ 5·32( 15)-6·r9( 16 l+o·S7( 181+2·51 ( 26 )-3·82( 27) 

I 
+r31(28) · 

XVI o=+ 1·4+1 ·57(9)-7'13( IO l+s·56( 12)-5·15( r4)-5· 15( I6)+o·oo( rS)-0·24(30 )-1 ·30(31) 

+ 1'54(,Pl 
---·---·--------- --·--·-··--··· 

*Correction for ecceutt"icity indicated. t Co1·rectio11 to rder the .;i!d to the new station of 1S!>s. 
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o=+o·94s 
o=-0·15S 

0=+0·0.::7 

0=+0·462 
0=-0·988 

0=+0·321 
0=-0·2.;6 

o=+o·oj.? 
0=+1·026 

0=+0·093 
0=+1·432 

o=-9·5 
0=+4·2 
•)=+3·0 
O=-o·B 

0=+1·4 

I !"2 
2 0·9 

3 1"6 

4 I"4 
5 r4 
6 0·7 

7 0·5 
8 0·9 

9 r·9 

c, c. C3 C4 

9·4 +.>·o +n 
6'0 -1·s 

S·6 

2"8 

,, 

C,=-0·4899 
C,=+0·5886 
Ci=+o ·1590 
c.=+0·2016 

THE EASTERN OBLIQUE .ARC. 

Rffipn>cals rf,llit~ weigllls or m/11cs <?ft 

Cs 

-3'5 
-0·9 

5'.2 

IO 1 ·2 19 l "7 
II 0·4 '20 :?"I 

12 0·3 21 0·4 
13 0·4 22 o·5 
I4 I" I 2: 0·5 
15 0·3 . 24 l "O 

16 o·· _, 25 0·3 
17 0·4 26 0·4 
1S 1·6 27 0·4 

1Vor111al eq11alio11s. 

C6 C7 Cs Cg C10 Cu c., 

+10·161 
-I.?"001 

-3·5 -3·5 -3·5 +14·105 
+o·6 +o·6 

+3'5 +o·S +3"5 +s·5 - 0·770 

4'9 +n +o·6 +3"5 - o·no 
Y3 -0·7 

4\:i -0·7 -(•"i +~·s - c.·770 
:.!"O +0·7 

6•7 +•·3 
11·9 - .0·770 

147'"'85 

Re·s11/li11g 1•al11es c?f corrdaf<·s. 

C5=-!-1 ·1956 
Co=--o ·1550 
C7=--o ·3553 
Cs=-·o ·5471 

C 9=-o·&Jq 
c".=+0·1145 
C;,=-0·2924 
C.,=+o ·1348 

C13 

+•·¢4 
+6·863 
-8·540 
-0·681 
-2·116 

-2·¢1 

+1·239 

-2·964 

+4·9:.0 
53·630 

Ri·s11lti11g c,wn•dions to ,il>scT<•ed cfin.,-fio11s. 

,, II II 

(I )=+0·397 (!0)=+0·131 ( 19)=--0 ·400 (2S)=-0·148 
(2) -0·387 (II) +0·040 (20) +0·406 (29) +0·107 
(3) +0·158 (I:?) -:--0'134 (21) -0·264 (30) +0·082 
(4) +0·426 (13) +0·192 (22) +0·482 (31) +0·085 
(5) -J ·086 ( q) -(l'J23 ·(23) -0·329 (32) +0·078 
(6) -j-0•330 (15) +0'169 (24) +0·355 (3.~) -0·240 
(7) -0 ·019 ( 16) -o·099 (25) -0·069 (34) -0'!03 
(S) -0·310 ( 17) -o·oS9 (26) +o ·284 (35) +1 '433 
(9) +0·266 (18) +0·226 (27) +0·005 (36) -0·214 

Check: -[wC)=4·133 and [pvv)=4·135. 

28 0·3 
29 0·3 

.30 0·4 
31 cq 
32 2·8 
,,,, 0·3 

34 0·9 

35 4·9 
36 l "2 

C14 C15 

- 0·252 - 0·252 

- o·So7 - l'WJ 

+ 1·775 + (1'252 

+ o·.:052 - 3·207 

+ 4·000 - 2·658 
- 3"165 + 4·;67 

+ 2·613 - .fof...;. 

+ Y6I .. ~ - 1·857 

+ o·.::52 + 0·252 

+ ~~·966 + 3"966 
+l6·4$7 +13·445 
1()2"001 -26·719 

90'10l""' 

C,3=+o ·0750 
C,4=-o ·oSo7 
C,5=-o ·0361 
C,6 = -o ·0563 

C16 

+ 2·983 

- 2"9'"':; 
- 2 '983 
- 1·764 

·- 0·194 

- 1'025' 

- .1'378 

-1r.::o.i 

+ 4·951 

+ 4·653 
-19·473 
+26·132 

119·437 

Probable error of 
an observed 1iirec-
tion. 

=0·674J4 ·134 
16 

" 
=±0·34 
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Res11/lil~tf .wglt's and si.f,·s of flit? Fire Isl.ind bast? 11d. 

No. Stations. Obsen·ed angle~. 

0 II 

Carree
. tion. 

II 

sy~~r- sy~~r-
a ngles. e:s:C"ess. 

,, II 

Log.dis
tances. 

Distances in 
meters. 

- 7+ 8 Ruland 27 17 02716 · -0·290 •J2·426. 0·218 4·147 953 .5 14_058·971 

- 4+ 6 

-;- 2+ 3 

Fire Island East Base IJ2 32 52 ·425 -o ·og6 s2 ·,329 o ·217 4 ·452 I 73 4 28 325 ·23 

Firdslaml West Base 40 w 05 ·.~53 +o '544 05 ·897 o ·217 .4 ·296 291 1 · 19 782 ·95 

West Hills 21 ;?I 45 '133 
Fire Island East Base 44 48 25 ·129 

Fire Island \Vest Base ll3 49 5I ·571 

-18+20 

- 8+ 9 

West Hills 

Ruland 
54 4.3 16 ·067 

51 36 59 ·619 

- r+ 2 Fire Island West Base 73 39 46 ·218 

West Hills 33 21 30·934 

Ruland 78 54 02 ·335 

Fire Island East Base 67 44 27 · 296 

-30-J-31 

- 9+12 

-16+18 

-27+28 

- 9+11 
-15-+18 

'fashua 

Rulmul 

West Hill;; 

Wooster 

Ruland 

West Hills 

-26+27 Wooster 

-30+33 Tashua 
-II+12 Ruland 

-26+28 \Vooster 

-31+33 Tashua 

-15+16 West Hills 

-21+22 

- 9+ 13 
-17+18 

-22+23 

-16+17 

-29+31 

Sandfonl 

Ru la ml 

West Hills 

Sandford 

West Hills 

Tash mt 

.~8 20 42 ·545 

73 .'i9 4.3 ·301 

67 39 38 ·259 

29 IS 52 ·587 
61 26 28 ·038 

89 14 44 744 

28 53 58 ·295 

138 32 49·oS1 

I2 33 15 ·263 

58 1 2 .~o ·8s2 

IOO 12 o6 ·536 

21 35 o6·4S5 

23 24 41 ·555 

IOI 19 14 ·968 

5.'i 16 08 ·196 

19 12 I6·869 

I2 23 30 ·063 

148 24 I6 ·201 

+o '8o6 45 '939 0 '296 4 '147 953 5 14 058 ·97 I 

-I ·512 23·617 0'296 4'434 5.J.3 0 27 198·38 

-o ·239 SI ·332 o ·296 4 ·547 828 6 .~5 304 ·3s 
+0·180 :6:·247 0·026 

+o ·576 6o ·195 o ·625 

-0·783 45·435 0·626 

-0·626 30·30.~ 0'547 

+o ·286 02 ·621 o ·547 

+I •416 28 '/ !2 0 ·547 

+o ·oo,, 42 ·548 

-0 ·400 42 ·901 

+o ·325 38 ·584 

1 '.344 

I ·345 

I ·344 

-0 '152 52 '435 1 ·633 
-0 '226 27 '812 I ·683 

+o ·057 44 ·Sor 1 ·683 

4·452 173 4 28 325 ·23 

4 ·434 54.3 (• 27 198 ·38 

4·522 .397 2 3.3 296·39 

4·296 291 I 19 782·95 

4'547 828 5 35 304·37 

4'522 397 I 33 296·39 

4·522 397 1 33 296·39 

4·712 56r 3 51 589·50 

4 ·695 847 6 49 641 ·8r 

4·522 397 I 33 296·39 

4·776 212 I ~9 732 '69 
4 ·832 520 7 68 ocH ·85 

-o ·280 58·015 o ·621 4 ·695 847 6 49 641 ·s1 

-o ·,;23 48 ·758 o ·620 4 ·832 520 i 68 oor ·8s 

-0·174 15·089 0·621 4·348 836 2 22 327·30 

-0·432 56·450 0·959 

-o ·.~26 n6 ·210 o ·959 

-0·268 06·217 0·959 

,_0·746 42·301 I '902 

-0 ·074 l.J '894 I '903 

+0·316 08·512 r·902 

-0·812 16·057 0·736 

+o ·010 30 ·073 o 737 

-·0'022 16·079 0·736 

4·712 561 3° 51 589·50 

4·776 2[2 0 59 732·68 

4·348 836 2 22 327·30 

4 '522 397 I 33 296·39 

4·914 715 9 82 170·49 

4·838 030 8 68 87o·rr 

4·712 561 3 51 589·50 

4·527 058 6 33 655·70 

4·914 716 0 82 170·50 

-21+23 Sandfor.l 

-12+13 Ruland 

-29+30 'fashua 

42 36 5S ·424 - o ·066 58 ·358 1 ·317 4 ·695 847 6 49 · 641 ·s1 

27 19 3 I '667 +o ·,p6 31 '993 I ·318 4 ·527 058 6 33 655 '70 

IIO 03 33 ·656 -0 ·024 33 '632 I c318 4 ·838 030 8 68 870 'I I 

-22+24 

-15+17 

-25+28 

Sanclford 

West Hills 

·wooster 

45 38 .'ii ·567 

33 58 ,)6 ·548 

100 22 39 ·.~oS 

--o ·126 51 ·441 2 ·320 4 776 2r2 o 59 732 ·6S 

-o ·257 36 ·291 2 ·320 4 ·669 171 n 46 684 ',F 

·-0 ·079 39 ·229 2 ·321 4 ·914 716 0 82 ·170 ·50 
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Resulting a1~!:-i,·s and sid,·s ,~f Ilic Fin· Isla11d.bas,· 11d-continued. 

Observed angles. Correc- Sp her- Sj>her- Log.dis- Distances in No. Stations. 1cal 1cal tion. angles. excess. ta1~ces. 1neters. 

'' II ,, ,, 
-21 +241 Sandford .69 03 33 ·122 +o ·621 33·743 2 ·540 I 4 ·832 520 7 68 001 ·85 

-II+13 Ruland 39 52 46·930 -t-o ·152 47·082 2 ·540 l 4 ·669 ljO 9 46 684·30 

-25-t-27 I Wooster 7r 03 46 °T:!l +o ·074 46 "795 2 ·540 4 ·838 030 9 68 870 ·15 

-23-t-24 Sandford 26 26 34·698 ·+0·686 35·384 0·592 4·348 836 2 22 327·30 

-i- 29--33 Ta"slma l I I ,. _ _, 37 ·263 +0·348 37 ·6n 0·592 4·669 171 I 46 684 "3::! 

-25+26 \Vooster 42 '19 48·426 +0·355 48·781 ') ·592 4·527 058 8 33 655 "71 

-34+35 ·Hald Hill 62 -10 12·852 +1 ·536 I4 ·388 0·826 4 ·695 8-17 6 -19 641 ·81 

-30+32 Tashua g6 34 59"44-1 -0·004 59·440 0·826 4·74-1 375 8 55 510 ·58 

--IO-J·-12 Rulancl 20 -1-1 48·915 
I 

-0·265 "48 ·650 0·826 4 ·296 541 I 19 794·34 

-.>5-!-36 Balcl Hill 36 51 27·977 -1 ·646 26 ·331 l ·253 4 ·522 397 T 33 296·38 

- 9+10 Ruland 53 14 54·386 --0 ·135 5-1 ·25r l ·253 4·6-18 135 7 44 477 ·02 

-q+rs West Hills 89 53 42 ·828_ +0·349 -13 ·177 1 ·253 4 "744 375 9 55 510 ·60 

-3-1+36 Ralrl Hill 9.9 31 40·829 -O"IIO 40·719 0·735 4·712 561 3 51 589·50 

-31-1-.32 I Taslma 58 14 16 ·8991 -u·uu7 16·892 o "735 I 4 ·648 135 6 44 4ii ·01 

-q-!-16 I \Vest Hills 22 I4 04 ·569 I +0·024 04 "59.> 0 "/3-1 I 4 ·296 5-II "' 19 79-1 "35 

D,·s.-r1"ptio11s c?f bast' 11d slalitws. 

Fin: ls/a11d TVi·st B_ase, Long Island, New York. The base was located in a most 
insecure position, close to the beach of the narrow strip of land known as Fire Island, 
and with its western terminus not far from the Fire Island Light-House. The locality 
is subject to total changes of aspect, due to drifting sands and inundations and erosion.s 
from high tides. This being well known, Superintendent Hassler connected it directly 
with the line Ruland-\Vest Hills, which he called his "Mountain base." This connec
tion was made by means of a quadrilateral of vvhich all angles were measured. 

It appears that the station was originally marked by a reel sandstone post, with 
cross lines upon its upper surface. 

It has been 1~eported that the station is destroyed. 
Fin· ls/a.11d East Base, Long Island, New York. This end of the base of 1834 was 

subjected to the same physical conditions of.exposure which rendered the opposite end 
insecure. It \Vas oi-iginally marked with a stone post. . 

Nothing is known as to the date when the station succumbed to the destructive 
influences surrounding it. 

Ruland, Suffolk County, New York. This station was located by Superintendent 
Hassler in 1833, on Rulands hill, in Smithtow1i, Long Island, about halfway between 
the northern and southern turnpike at Patchogue. It is on the highest hill in the 
neighborhood. The point is on the summit (about 20 feet in diameter), the ground 
slo1.iii1g down all around the station. It was marked by a stoneware crock, with its top 
16 inches below the surface. Oyster shells are scattered about foe place to assist in 
finding it. In 1837 the station was found in good condition. 

The place was visited by Assistant C. 0. Boutelle in r86o, who re-marked the 
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station for greater security. Four stone posts were placed to the north, south, east. and 
west of the center stone post. On the upper surface of the center stone post the inter
section of two lines marks the position of the center point of the Hassler crock of 1833 . 

. Around ·each post concrete was placed to secure it firmly in position. Upon the 
center stone was placed a stout stub of locust wood into the top of which, level with 
the ground, a copper tack was driven, marking the center point. A fuller description 
is given in the record of 1865, when the station was reoccupied. 

Wi·st Hills, Suffolk County, New York. This station was established by Superin
tendent Hassler in 1836. It is marked by a red sandstone post, 4 feet high and 1 

foot square, sunk iu the ground, with stones well packed around it; the intersection of 
diagoual cross lines upon the top marks the station point. A crock, which had before 
served as station mark, was placed upon the post and a nail in a wooden peg dri,·en cen
trally through it marks the station. Upon the side of the post facing Harrow were cut 
the initials U. S. C. S. 

The station was reoccupied in 1865, and again described. 
The place is 4 miles from Huntington aud i miles from Farmingdale railroad sta

tion. The point is on the summit of a hill. An examination had been made in 1860, 
when the stont: post appeared not to have been disturbed, but the crock was broken and 
the stub decayed. 

To mark the point more securely, posts arranged about the center post, north, south, 
east, and west of the station, were sunk to a level with the surface of the ground. A 
stout wooden stub, with a nail driven into it, was placed over the center of the old post 
to mark the station. Some further remarks are given in the 1865 description. 

Tas/ma, Fairfield County, Connecticut. This station is located in Trnmbull town
ship, Fairfield County. Connecticut. It was established and occupied by Superintendent 
Hassler in 1833. The station was reoccupied in 1863 by the party of Superintendent 
Bache, by whom the following description is given: . 

" The station point is marked by a copper bolt inserted in the top ofa granite post 
sunk 2 feet below the surface of the ground. Four similar posts, 8 inches square and 
2}6 feet in lt:ngth, were adjusted 6 feet distant to the north, east, south, ai1d west of 
the center point. The tops of the posts are marked by two lines intersecting at right 
angles and the letters U. S. C. S. Four directions to signals visible from the station 
are marked by copper tacks driven into hickory stubs at distances 1i1 feet 3 inches 
toward Ruland, 1.11 feet i iuch~s toward \Vest Hills, iJ feet q inches toward \Vooster, 
and 70 feet 3 inches toward tower in \Varren.'' 

Sa111(/ord, New Haven County, Connecticut, 1862. This geodetic point is located 
on the highest and most western summit of Sandford Mountain, 5 feet from a pile 
of stones which marks the boundry line between New Haven and Bethany townships. 
The point is marked by the center of a half-inch drill hole in the top of a granite post 
which is 2 .% feet in length and r foot square at the upper surface. Two cross lines 
and the letters U.S. C. S. are cuton its top, which is 1}6 feet below the general surface 
of the ground. For greater security four granite posts, each 2 h feet long and 6 inc: hes 
square at the top, were sunk into the ground at points about 6 feet to the north, east, 
south, and west of the station. The tops of these posts were flush with the ground. 
To this description Assistant G. W. Dean adds the following: '· 'l'he top of the stone post 
marking the station was sunk_ 20 inches below the plane of the four surrounding stones. 
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A copper bolt was driven into _the central stone and the center accurately marked by 
intersecting lines. A cedar stub was placed immediately over the center of the granite 
post, the top of which was flush with the ground and firmly secured with earth. The 
station point was further marked by a composition nail driven into the top of the cedar 
stub." 

Bald Hill, Fairfield County, Connecticut. This station was established in 1833 by 
Superintendent Hassler and occupied by him in that year. 

The hill is situated in \Vilton Township, about 4 miles south of Ridgefield. The 
station was visited by Assistant Farley in 1868, who found fragments of an earthenware 
crock (of the pattern of the Hassler crocks. or cones, as he called them), and marks cut 
on three rocks, but he was not able to identify the marks owing to the (_apparent) loss of 
the original description of the station by Superintendent Hassler and by Assistant Blunt 
in r 866. \Vhat made the search at the place more difficult was the fact that rock blasting 
had been going on there for some time .. A second visit in 1869 elicited no certain 
information from want of applicatiou uf proper means. The place was next examined 
by Assistant G. Bradford in 1882 and 1884. when, by means nf the determination of a 
temporary si_gnal. the location nf the crock <cone) placed by Assistant Blunt in 1866 
was readily discovered. It is as:mmed that this crock occupies the position of the 
Hassler .crock. because Assistant Blunt is said to have put it in the place of the fragments 
of the olckr .:,ne. The static.n appears to ha,·e beeu recc>vered. · 

lf.i><•s!t'r, Fairfield County, Connecticut. This station wa;.. establishell in 1864 by 
the party of Superinteudent Bache. It is located in Ridgefield Township. about 4 miles 
southwest of Danbury, on \Vooster Mountain, known to the residents in the vicinity as 
Pinc Hill. 

The statjon point 1s marked by a copper bolt, and is located on the highest point 
of gneiss which crops out near the summit of the motmtain. The top of the ledge is 
quite limited, its length east and west being about 25 feet . 

..j.. THE KENT ISl.ANLI BASE LINE, BASE NET AND EXTENSION, MARYI.AND, 1844. 

/ __ l1.-afiM1, J11t'as1trt!Jll01f, and ,-,·s11/tin.i:· lc11gfli •f flit' f·(e11t lsliind bast' li?u, Jlla>)'la11d, 181-.;. 

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 is nearly oppo
site Annapolis Harbor. Originally it "vas intended as a check 011 the main triangulation 
which extended from the Fire Island base southward and westward, but its position near 
the latitude of 39° rendered it desirable to incorporate it in the eastern part of the 
transcou ti nen ta! t ria ngula ti on. 

Au account of the measure and length of this base' is contained in the Coast Survey 
Report for the year 1866, supplement to Appendix No. s·. page qo, and again iu 
Special Publication No. 4. ••The Transcontinental Triangulation.'· 

The middle point of the base is in latitude 3S 0 56'·1. and in longitude 76° :21'·2, the 
mean azimuth is q 0 35'·4, and the length s·7 kilometers (or 5·4 statute miles). The 
surface of this part of the island is slightly t111dulatii1g, and the line crosses cultivated 
fields, with some portions covered by swamps and woods. The elevation is very little 
above the surface of the bay. The shore is subject ro erosion, in consequence of which 
the terminal monuments, each consisting of an upright stolle surface mark with a copper 
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bolt in a piece of slate below the surface. the whole being protected by rubble masonry, 
have disappeared. 

The base was measured by Assistant J. Fergus01i. in May and June, 1844, by 
means of the same apparatus as was used for the measure of the Fire Island base ten 
years before. It is known as the Hassler base apparatus,* and consists of four rectangu
lar iron bars each 2 ineters long, put together endwise and aligned in a wooden trough. 

The protruding ends of this S-meter bar have semicircular notches 
which was stretched a spider thread; over this was monnted, 

across 
on au 

independent stand~ an adjustable micrometer micros.:ope, by means of which the measure 
was held while the bar was brought forward into a new position. All needed adjust
ments for the apparatus were provided for and the temperature of the bar was read from 
thermometers attached to the top of the 2-meter bars placed in the bottom of the trough, 
which is s11pposecl to have been covered wi_th canvas. At the end of a day's work or 
at other times when necessary, the end of the last ha1· laid was transferred to the ground, 
generally by a pluinmet. Only one measure was made. and the total time consumed 
was a little over one month. 

The four ::i-meter bars made by Trough ton, of London, about 1813 were standardized 
in 1817 by Hassler, by using the.Committee Meter, in 1834-35 by using the Troughton 
bmss scale, and finally, in 1844-45, by Superintendent Bache, J. Saxton, and vV. 
Wiirdemaun, by using a Bessel comparator, with the following results: 

In 1817 
1 8,34-35 
1835 
r844-45 

:S=7"'·999 95o6 nt o° C. 
8 ·ooo 0414 

t7 ·999 9764 
7'999 87 r6 

± SS 

This last value, after verification in July, 185.:j., was finaity adopted for the· two bases 
measured with this apparatus in 18.:j.4. The coefficient of expansion of the bar which 
was determined in 1817 by Hassier at Newark. viz, o·ooo OI.:? 534 foi: the centigrade 
scale, was adopted and, though somewhat large, may nevertheless be true for these 
particular bars, now lost. The mean temperature of the bar during measurement of the 
base was 25 ° · 1 S C. (or 77 ° · .)3 F; ·i. The deduced length of the base is as follows: 

1 086 boxt:s 
Exct:ss of last hox <Wer t:nr:l mark at South Base, as measured by Rar D and scalt: 
Correction fo1· .exce,,:s (25°·44 C.) of temperature of bars o\·er o~ C. and graduation error of 

thermometers ( -o0 
• 255 C. ) 

Correction for inclination of boxes 
Rt:<luctio11 tn half-tirlt: level of bay for surface elevation am! height of boxes 5'"·0 

Rt:sulting lt:11gth of hast: 

86S7'"':S6o6 
-2 ·osoS 

-!-:? '7424 
-1 ··xx.i7 
-0·0069 

The probable error of this value can only be estimated, since the base was meas
ured but 'once. Supposing the combined length of the four 2-meter bars subject to 
± 2011, the effect on the base will be ± o""o.:?::?; an assumed error of ± -r/;; part in the 
-----------

*Ff)\" a description, with illustratkms, of the apparatus. ::«::e the ~rrausactious of the A1nerican Philosv1:.ihi.cal Society, 
Philadelphia, Pennsylvania, for the year 1825. pp. 27.'.-:!86. See also the preceding- ncconnt of the Fii-e Island base 
tnea!'ourement. 

t Re!'oult of \.'"Otnparisons 111ade nftc::r cleaning twi:, •Jf the.:: .:..--meter har:-:. which Wt:"re found rusty when t:-xaminc::d. 
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coefficient of expansion would produce ± 0 11'"055; again, the effect for imperfect tempera
ture correction, for inequality in number of boxes laid with rising and with falling 
temperatures, may be taken as ±0"'·034; other minor uncertainties may Jje omitted. 
Combining the several values for probable error gives ±o"'·o6S, equal to Hhu of the 
length nearl;'. This may be taken to represent the .n1easuring error, and to i11clude the 
probable error due to our practical unit of length, the Committee Meter, taken as ± 3{.p. 

Resulting length of Kent Island base, S 6S7·5446 meters and its logarithm, 

"3·938 897 05 
± .3 40 

±"0680 

;.-,·11t Island base· 11d and n·s1dts 1.~f a,(i11s/111,·11t. 

The following abstracts of observed ancl adjusted directions at the nine stations form
ing the base 11et proper, as well as the conditional equations and results of its adjustment 
with resulting length of triangle sides, were copied from Part I, Special Publication No. 4, 
'·The Transcontinental Triangqlation, '' and from Part III of the same publication the 
results of two triangles* to the northward of the net and of 35 triangles to the westward 
and southward of the base. t The triangles of this last extension are shown on the follow
ing sketch: 

I 

.1.llorriott 

IO 

0 

OsbornesRuin ---'?'"----------- -----
- - - • Turkey Po{1i.f,"°P 

,,. ... ... ~ ,. ,• 
I , 

/ 
/ 

// 

I 
I , 

1 / 
I , 

\ ,,,,'"' 
I , 

I ,'' 

· Pooles IBla.nd 

i 
_/Swan Point ~ .. 

~ 

l 

.Kilometers 
0 10 20 30 

Statute Miles 
10 15 20 25 

* Shr:.iwn on tht::: nbo\"e sketch by dotted 1i11es. 
t For adjnstJuent of this 'vork set: Special Publication No . .i. "'!'he 'fra11sconti11t:11tal Triangulation.'' 
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The heights of the stations above the half-tide level of the ocean are small and 
approximately as follows: 

Meters. 
Kent Island North Base 5 
Kent Island South Base 5 
Taylor 29 
:Marriott 76 
Linstid 48 
\Vebb 72 
Swan 8 
Pooles Island 4 
Finlay 150 
Osbornes Ruin 90 
Turkey Point 25 

The approximate heights of stations along the Blue Ridge extension are as follows: 

Meters. 
Hill 84 
Soper 143 
Stahler 174 
Peach Grove 159 
Sugar· Loaf .390 
Maryland Heights 444 
Bull Run 419 
Mount Marshall I 028 

Fork I 174 
Clark 334" 
Humpback I I IO 

Spear 492 
Tobacco Row 895 

No corrections to the observed horizontal directions on account of altitude were 
appliect. as they are too small in comparison with the angular corre~tions required by the 
net adjustment to be considered. In latitude 39° the correction to a direction for height 
of station sighted beconies o"·ooo 066 sin 2 a.h, hence the maximum correction wot1ld 
still be less than o"·os, whereas the net adjustment in this region in several in~tances 
calls for angular corrections exceeding 1 ". 

The results of the triangle side computations betweell" the Kent Island and the 
Atlanta base lines, published in Coast and Geodetic Survey Report for 1878, pages 94-112, 
are now superseded. A portion of this work was readjusted in reducing the transconti
nental triangulation and the results are reproduced in this publication. 
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rJ(ls/mds of rr:sulli11g llorizo11tal dircdio11s, obstT<'<'d a11d ai(iu.sled, al Ille slalio11s ji.wming f/1e:base 
11d, 1SJ.1-IS9i· 

A."t•1lf Island Soulli Bast·, Queen Anne County, Maryland. May 30 to June 4, I84j. 30<"' repeating 
theodolite No. I I. E. Blpnt, observer. (Observations in 1844 by J. Ferguson superseded by 
above.) 

Number of 
directions. Object obser\'<:d. 

Resulting direc-
tions front sta-

tion adjust111ent. 

Corrections from 
base net adjust-

tnent. 
Final 

seconds. 

2 

:; I 

Marriott 

Tavlor 

Kent Island North Base 

0 

0 

58 

III 

00 

53 

41 

" " oo·oo +0·03 

46·24 -to·o6 

I8 '2.5 -0·09 

Probable error of a single i:•bservation of a direction ( 6 D. and 6 R. ), <', = ±r:I' ·69. 

" 
00·03 

46·30 

IS ·r6 

Kt~/// Island NN·/11 Ease·, Queen Anne County, Maryland. May 21 to 28, 1847. 30<"' repeating 
theodolite No. I I. E. Blunt, observer. (Observations in 1844-'45 by J. Ferguson superseded by 
above.) 

0 " " II 

4 Kent Islanrl South Base o· 00 oo·oo -to'I9 00·19 

5 Marriott 50 05 05 ·36 -0·47 04·89 
6 Taylor SS 35 36"9I -O"I2 36 '79 

i Linstid I21 02 04·33 +0·16 04 ".J.9 
8 Swan Point I81 09 45 ·47 +0·24 45·71 

Probable error of a single ubser\·ation uf a direction ( 6 /.J. a1111 6 R.), ,·, = ± 0 11 "68 . 

• S-w1111 Point, Kent County, Maryland. October I6 to 21, 1848. 30''" repeating theodolite No. IT. 
E. Blunt, observer. (Observations in 1845 by J. Ferguson superseded by above.) 

0 II " II 

I 
Kent Island North Base . o oo oo ·oo .-o ·23 59· 77 

Linstid 56 oS Si ·92 +o ·52 58 '.J.4 

Poole.slslancl I69 I6 25·51 -0·29 25·22 

34 

Probable error of a single observation of a dirc:ction ( 6 D. and 6 R. ), ,., = ±r" ·35. 

Ta_i•tor. Anne Arundel Coimty, Maryland. June ~ to i6, 1847. 3o'm repeating theodolite No. II. 
E. Blunt, observer. (Observations in 1844 by J. Ferguson superseded by above.) 

0 II II II 

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

II Kent Island South Base 3S 36 52 ".3i -0·23 5?.'14 

12 Marriott II9 ,)2 44·32 +0·53 44·85 

9 Linstid 247 12 54·29 -0·66 53·63 

Probable error of a single observation of a direction ( 6 D. and 6 R.), e, = ± 0 11 ·66. 

Poo!t·s Island, Harford County; Marylancl: May 17 to 27, 1848. 30°'" repeating theodolite No. Ir. 
E. Blunt. observer. (Observations in I845 by J. Ferguson superseded by above.) 

,, II II II 

31 Swan Point 0 00 oo·oo +0·30 00·30 

32 Linstid 36 22 15 ·13 +0·17 15·30 

33 Finlay TT6 06 54·92 -0·47 5.J. ·45 

Osbornes Ruin l]O 34· o6·56 

Turkey Point 225 05 01 ·56 

Probable error of a single observation of a direction ( 6 D. and 6 R.), e·, = ± 0 11 ·69. 
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AbstJuds of rcs11lli11g hori:::o11lal dircdio11s, obSt·17•cd a11d 11dj11slt'd, at lht· slalio11s J(>r111i11g tlu· bast• 
11d, 1S11-1S97-continued. 

lf·"t•bb, Anne Arundel County, Maryland. July 10 to August 14, 1848. 60"11 direction theodolite No. 2. 
A. D. Bache, observer. October 21 to December 2, 1850. 75"u <lirection theodolite No. I. A. D. 
Bache, observer. September 18 to 25, 1868. 75<1

" direction theodolite No. 1. C. 0. Boutelle, 
observer. 

Number of 
directions. 

Linstid 

Marriott 

Hill 

Soper 

Object ohsen·ed. 

Stabler 

Azimuth Mark 

25 Finlay 

Resulting direc-
lions from sta-

tion adjust111ent. 

0 II 

0 00 00'00 

76 16 06 ·19 

129 26 58 ·53 

178 32 04·72 

186 55 II ·56 

275 40 01 ·37 

289 44 43·01 

Corrections fro1u Final base net adjust- seconds. ment. 

II II 

-0'02 59·98 
+0·25 06·44 

o ·oo* 58·53 
o·oo* 04 '72 

-0·02* I I '54 

-0·23 42·78 
Probable error of a single observation of a direction (D. and R. ), c, = ± 0 11·94. 

Numher of positions of circle in 1848, XXXIII; in 1850 and 1868, V. 

11larriott, Anne Arundel County, Maryland. November 18 to December 91 1846. 3o<m repeating 
theodolite No. II. E. Blunt, observer. May 18 to June 18, 1849. 6o<"' direction theodolite 
No. 2. A. D. Bache, observer. 

0 II ,, ,, 
Hill 0 00 00'00 -0 ·29* 59·71 
Soper 32 o6 10·36 +0·38* IO '74 

13 Webh 70 oS 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 16·So -0'10 16·70 

17 Kent Island South Bast! 166 06 54 '12 +0·19 54·31 
Probable error of a single observation of a direction ( 6 D. and 6 R.) in 1846, c, =± 0 11 ·67 and of 

a direction (D. and R.) in 1849, c, =± 1 11 ·10. Number of position.s of circle, XI. 

Li11slid, Anne Arundel County, Maryland. May 24 to June 26, 1848. 6o'"' direction theodolite 
No. 2. A. D. Bache, observer. January S to 31, 1897. 30""' repeating theodolite No; 16. 
F. \V. Perkins and \V. B. Fairfield, obsen·ers. Telescope elevated above ground 27·89 meters. 
(Observations in 1844-45 by J. Ferguson supersedecl by above.) 

18< Finlay 

19 Pooles Islam~ 
Clough 

20 Swan Point 

Hope 

21 Kent Island ~forth Base 

22 Taylor 

23 Marriott 

24 Webb 

0 ,, 

0 00 00'00 

46 42 57·73 

69 13 07 '73 

77 13 16 ·97 

102 07 2,3 'IO 

140 56 37 ·60 

175. 43 02·43 
209 40 I I '28 

275 58 53·59 

II ,, 
+0·70 00·70 

-0·18 57·55 

-0·52 16·45 

-0·26 37·34 

+0·75 03·18 

-0·50 IO 78 

+0·02 53·61 
Probable error of a single observation of a direction (D. and R.) in 1848, t', = ±111 ·12 and of 

a direction (6 D. and 6 R.) in 1897. t', = ±011·73. 
Ni1mber of positions of circle, XVII. 

*Front adjustment of Kent Island extension. 



62 THE EASTERN OBLIQUE ARC. 

Abstmds of rcs11/li11.s; lzorizo11tal dircctio11s, obser1'cd a11d adjuslcd, al llu ~lalio11s for111i11g Ille base 
11et, IS.,t.,t-IS9';-continued. 

Fi11/ay, Baltimore County, Maryland. August 29 to September II, 1844. 6o"" direction theodolite 
No. 2. J. Ferguson, obsen·er. October 15 to December 2i, 1896. .30"'" repeating theodolite 
No. 16. G .. A. Fairfield, observer. Telescope above ?"round ·r ·5 meters. 

Nutnberof 
directious. Ohject obsen·ed. 

Osbornes Ruin 

Still Pond 

Pooies Islam! 

Resulting clirec
tion~ frc:im sta

tion adjustment. 

0 II 

o oo oo·oo 

30 48 '" ·95 
4S 03 34 ·rs 

Clough 55 23 20 ·93 

Corrections fron1 
base net adjust

n1ent. 

II 

Final 
secondi;;.. 

II 

34·6,3 

29 Linstid 101 36 or ·26 -o 72 oo ·54 

30 Webb 127 19 37 ·46 +o ·25 37 ·71 

Probable error of a single observation of a direction ( D. and R. l in 1844, 1:, =± 111 ·52 and of a · 
direction ( 6 D. and 6 R.) in 1896, c, =± 0"·65. Number of positions of circle in 1844, VI. 

BASE NET ADJlTSTl\IENT; MARRIOTT TO FINI.A\." . 

. Obso<•atio11 <"1Jl1<1lio•1s. 

I [ o=-t-I"05-(2)+(3J--(4)+(6)-( 10)+( I!) 

II o=-0·62-(5)+(6)--{ rol+( 12)-( 15)+{ r6) 

III 0=+0·49-p)+(3)-(4)+(5)-{I6l+(r;) 

IV o=-2"3I-(6 l+( 7)-(9)+( ro)-(21) ~-( 22) 

V o=+ 2·97-t-(9)-\ 12)-( 14.l+( I5)-(22)-f-( 2,~) 

VI o=-1 ·37-( I3)+( 14)-( 23)+(24)-(26)+( 27) 

VII o=-rS7+ (IS)-( 24)-( 25 )+( 26 )-( 29 )-!-( 30) 

VIII 0=+273-( I8)+( 19)-(28)+( 29)-(32)+(33) 

IX 0=+1"26--(I9)+( 20)-( 31 J+(32 )-(35)+(36) 

X o=-1·07-(7)+.(S)-( :zo)+(2r )-(34)+(35) 

XI o=-39+ITI(4)-I7"6(5)fo·5(6J+26·4( 10)-29·8( II )+3·4( 12J+24·9( 15)-63·9( I6l+ 39·0( I7) 

XII 0=+3r+26·4( 5)-59·5(6)+33·I(7)+63·4( q)-Ir5·6( 15)+52·2( r6)+30·.~(2I )-61·6( 22) 

+31"3(23) 
XIII o=-28-l-;-3(5) ·- I9"4( 7) l In(8 l ·l 2/"5( 13) -52·3( T4 )-j-1~·8( r6) -1-7"6( 25)-I:?"i( 26 l 

+5" I ( 27) -1-15·5( 2S )-59·2( 29J+4n(30)+2S•6(3I )--32•4(32)_+3 •8(33)+14·2(34)-5•2(35) 

-9·0(36) 



BASE LINES AND BASE NETS. 

The correlate and normal equations, when established and solved, gave the follow
ing values of corrections to the angular directions: 

II ,, II II 

( I ) = + 0 "03 I 0 (IO)= +0·359 9 (19)= -0·184 9 (28)= +0·475 8 
(2) 
(3) 
(4) 
(5) 
(6) 

l7l 
(Sl 
(9) 

+ 0·059 7 (II) -- 0 ·232 2 ( 20) -0·51S o (29) 
-0·090 7 (12) + 0·529 I ( 21) -0·2S4 5 (30) 
+0·1S9 7 ( IJ) - 0 ·239 4 (22) + 0 "747 4 (31) 
--· 0·471 6 ( 14) -+- 0 ·341 l (2.'I) -·o ·499 6 .(.)2) 
-0·116 7 (15) -0·195 4 (24) +o·or66 (33) 
+ 0·164 2 (_16) -0·101 2 ( 25) -0·230 I (34) 
+ 0 ·237 3 ( 17) +0·194 s ( 26) - 0 ·021 3 (35) 
-0·656 8 ( 18) + 0 703 0 ( 27) + 0 ·251 4 (36)" 

Checks: Sum of + corrections 55 ·35 and :5 pz•1• = .+ 4 ·867 
Stim of - corrections 55 ·32 - :5 zc•C = + 4 ·872 

- 0 "724 7 
+ ci ·249 0 
+0·295 7 
+ 0·173 0 
-0·468 7 
- 0 ·227 6 
+0·516 I 

-0·288 5 

Mean error of an ~bserved direction 111 1 =. /[p;:i;•] = ± o" ·61 where /1 = number of conditions. V n 

Mean error of an angie /11 L = 111, ,Fi = ± o" ·87 and probable error of the 1.ame ± o" ·59. 

EXTENSION OF THE KENT ISLAND BASE NET "TO THE ,NORTHWARD. 

Abstracts <?f n·s11/li11g /i(l11zo11/al direclio11s, obst'r'i't'd a11d <l<(i11sltyf al slalio11s lo Ilic 11ortli <?l llze 11d. 

Osborncs R11ill, Harford County, Maryland. September 23 to October 2, 1844. 6o'"' direction theod
olite No. 2. J. Ferguson, observer. August 17 to September :.o, 1896. 3cf-111 repeating theod
olite No. 16. G. A. F!!irfielcl, observer. Telescope 14·17 mett:rs above ground in 1896. 

Result~ of local Correction Final Object obsen·ed. adjust n1e n t. from figure seconc:l.s. adjustment. 

0 " " 
,, 

·rurkey Point 0 00 oo·oo +o·u 00'11 

Pooles Island 81 27 17·53 --0·06 17"47 
Finlay 158 56 33·29 -0·09 33·20 

Principio 324 49 48·33 

Probable error of a single observation of a direction ( D. a1id R.) in 1S44, e, =± 1''·33 and of a 
direction ( 6 D. and 6 R.) in 1896, <'r = ± 0"·35. Number of positions of circle in 1844, VI. 

Turkey Poi11I, Cecil County, Maryland. May 31 to June 17, 1845. 6o''" direction theodolite No. 2. 
J. Ferguson, observer. September 30 to· October 19, 1896. 35°'" direction theodolite No. 10. 

J. Nelson, observer. Telescope 2·08 .meters above ground in 1896. 
0 " " " 

Pooles Island 0 00 oo·oo +0·65 00·65 

Osbornes Ruin 44 or 48·72 --0·44 4S·2S 

Principia 131 I4 41 ·24 

Probable error of a single observation of a direction (D. and R. l. in 1845, e, =± 111 "49 and of 
a direction -in 1896, <', = ± 0"·62. 

Number of positions of circle in 1845 1 VI; and in 1896, XII. 



THE EASTE~N OBLI_QUE ARC. 

Abstracts qf rt?.mltil~t; korizo11tal directio11s obst?17Jed 1111d adjusted al stalio11sformi11g Ike exle11sio11 of 
· l/1t? Kent Isliwd base 11cl to tl1e·westward a1id southward. 

Hill, Prince George County, Maryland. June· 18 to July 15,_ 1846. 6o<m direction theodolite Na. 2~ 
. A. D. Bache, observer. August 8 to October 4, 1850. 75"" d)rection theodolite No. 1. A. D. 

Bache and A. A. Humphreys, observers. October 9 to November 12, 1868. 75'"' direction 
theodolite, No. 1. C. O. Bout"elle, observer. Telescope 16·76 meters above ground in 1868. 

Peach Grove 

Causten 

Sugar Loaf 

Stabler 

Soper 

Azimuth Mark 

Webb 

Marriott 

Objects observed. Results of loca I 
adju•tmeut. 

0 ,, 

o oo· oo·oo 

5 54 28·96 

37 48 42·47 

65 16 57·50 

69 14 40··71 
125 o8 . 23 ·97 

125 oS 24·1.2 

181 48 56 ·12 

Correction from 
figure adjust· 

ment. 

II 

-0·30 

+0·10 

+0·20 

-0·31 

. +0·12 

+0·20 

Fiual 
seconds. 

II 

5970 

42·57 

57 ·70 

40·40 

24 ·24 

56·32 

Probable error of a single observation of a direction ( D. and R. ),".·,= ±0'1 ·90. Nmnber of positions 
of circle in 1846 and 1850, V: in 1868, VII. 

Soper, Montgomery County, Maryland. June 19 t.o July 23, 1850. iS"" "direction theodolite No. 1. 

.A. D. Bache, observer. 

0 II " II 

Webb 0 00 oo"·oo -o·oS 59·92 

Marriott 39 41 3i ·oS -0·17 . 36·91 

Hill 75 or 10·92 +0·24 11 ·16 

Aziinuth Mark 89 30 15 ·oo 

Causten 122 09 Si ·30 

Stabler 23,3 17 09·98 

Probable error of 11 single observation of u direction tD. and N. ), t',= ±011 ·91. Number of positions 

of circle, V .. 

Stabler, Montgomery County, Maryland. July 17 to September 3, 1869. 75'"' direction theodolite 
No. l. · C. 0. Boutelle, observer. Instrument 16·76 meters above ground. 

Hill 

Peach Grove 

Bull Run 

Maryland Heights 

Sugar J.Qaf 

Webb 

Soper 

0 II 

o oo oo·oo 

63 40 03 ·06 

87 II 16 ·57 

131 27 54 ·59 

134 09 :42·34 

297 19 3i •68 

. 342 '·' . 41 ·17 

II 

-0·24 
_:_0·37 

+0·04 

+0·06 

+o·4S 
+0·01 

o·oo 

II 

59 76 
02 ·69 

16 ·61 

54·65 
42·82 

3i ·69· 

- 41 ·17 

Probable error of a single observation of a direction ( D. and R. ), e,= ± 111·o8. Number of positions 
of circle, VII. 
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BASE LINES AND BASE NETS . 

• -lbs/rads <?f rcs11lti11g- l10rizo11/al dir<Ytio11s obst'l7'Cd ·md adjuskd at slatio11sfor111i11g //1,· t'Xlmsi<lll 1.>f 
ll1c A·o1t Island base 11d to tilt' wcsh:c•ard a11d so11/l1ward-co11ti11ued. 

Peach Gn>:'t'. Fairfax County, Virginia. October 11 to November S, 1869, and July 28 to August 15, 
1870. 75<•u direction theodolite No. 1. C. O. Boutelle, observer. Telescope 13'7.2 meters above 
ground. 

!\fount Marshall 

Bull Run 

Marylaml Heights 

Sugar Loaf 

Stabler 

Causten, 

Hill 

Objects obsen·ed. Results of local 
adjustmeut. 

0 I/ 

0 00 oo·oo 

4 36 29'66 

58 32 34·06 

79 59 52 '76 

143 47 23·85 

187 26 02 '78 

194 50 24·85 

Correction fro111 Final figure· adjust- seconds. ment. 

" I/ 

.-0·36 59·64 
+0·18 29·~q 

-0·50 33 ·56 

+0·06 52·82 

+0·35 24 '20 

25 '12 

Probable error of a single observation of a direction ( D. and R.). <'1 = ± 111 ·02. Number of positions 
of circle, VII. . 

Sugar l.O<!f, Frerlerick County, Maryland. August 18 to November 19, 1879. 50""' rli:-ection theodolite 
No. 113. C. 0. Boutelle, F. D .. Granger, and J. B. Boutelle, observers. 

0 ,, 
" .ll 

Refer,-11\:e Mark 0 00 oo·oo 

Bull Run 45 27 15'79 +0·72 16·51 

Mount l'ifarshall 65 36 50·72 --0 'II 50·61 

:.\'laryland Heights 120 27 54·38 +0·10 54·48 

Stahler 306 43 36·06 -0·46 35·6o 
Hill 325 05 39 ·~s 
Peach Grove 352 26 27·18 -0·26 26·92 

Probable error of a si11gleobservatio11 of a direction ( D. and R. ), e'1 = ± o" ·6o. Number of positions 
of circle, XI. · 

Jlfo1111t lllcirs/1al/1 Rappahannock County, Virginia. July 18 to September 7, 1874. 35<w direction 
· theodolite No. 10. A. T. l\:Iosman, observer. 

0 /I " 
,, 

Fork 0 00 00'00 

Maryland Heights 1S4 15 49·56 -0·26 49·30 
Sugar Loaf 202 41 37·50 +0·36 37:86 
Bull Run 225 17 06·78 +0·19 06·97 

Peach Grove 229 31 29·99 -0·28 29·71 
Clark 311 50 33·98 
Peters 336 20 36·44 

Probable error of a single observation of a direction (D. and R. ), t',= ± 111 ·29. Number of positioni:; 
of circle, XI. 

.p92-No. 7-02--5 
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Abs/mets t?f rt's1i/ti11g '1ori:::o11l11/ dinxtio11s obser<'<'d a11d adjusted at st11tio11sfor111i11g //i,· exle11sio11 of 
Ille Ko1t./s/1111d·b11s,·11et /,1 llzl' iwstward and so11t/m1ard-co1itinuerl. 

Biel/ Ru11, Fauquier County. Virginia. September 22·to November 28, r871. 75'"' direction theodolite 
No. I. C. 0. Boutelle, observ·er. 

' Objects obsened. Resu Its of local 
acljustm<:nt. 

0 ,, 
Azimuth Mark 0 00 oo·oo 
Clark 07 09·3s 

·Fork 33 03 17 'SI 
Mount Marshall S3 39 os·s3 
Maryland Heights IS7 20 07 ·rs 

Sugar Loaf ·r90 S4 06·98 

Stabler 22s 12 OJ '9S 
Peach Grove 242 29 s7·Ss 

Correction fro111 
figure adju~t

ment. 

" 

+o·n 

+0·49 
-0·68 

+o·os 

0'00 

Final 
seconds. 

,, 

os·64 

07·64 

06·30 

04·03 

s1 ·8s 

Probable error of a single observation of a direction ( D .and R_ ), ,., = ± 1i1 ·09. Number of positions 
of circle, VII. · 

llfaiJ'land "i-ie~g·/zts, Washington County, Maryland. September r6 to October 28, 1870. 7S"" direc
tion theodolite No. r: C. O." Boutelle, observer . 

. ~~ ,, 
" " 

Sugar J~oaf 0 00 00'00 -0·1S s9:82 
Azimuth Mark 0 S7 03·66 

Stablt:r 3 33 S3'32 -0·24 S3 ·os 
Peach Grove 30 31 I4'S3 +o·::q IS ·37 

Bull Run 71 2s 27 ·26 . -o·so 25 76 

""iouut Marshall 106 43 12·67 +o·os 12 '7S 

Probable error of a single observation of a direction (D .. and R .. ),e, = ±011 ·93. Number of positions 
of cii-cle; VII. 

Clark, Orange County, Virg\nia. July 24 to September s. 1871. 7Sc"' direction theodolite ~o. I. 

C. 0. Boutelle, observer. 
0 

Spear 0 00 

Peters II 21 

Humpback 24 09 
Azimuth Mark SS 29 

Fork 78 26 

Mount Marshall 122 2s 

Bull Run 163 19 

/I 

oo·oo 

47·00 

37'37 
20·¢ 

10·17 

OS 'I2 

47'S7 

II 

--0'12 

-I '3S 

+0·97 
+0·02 

+0·48 

II 

36·02 

II '14 

os '14 

48·os 

Probable error of a single observation of a direction (D. and R. ), ,·, = ± 1·03. Number of positions 
of circle, Vil. 



BASE LINES AND BASE NETS . 

• ·lbs/rads •?ln·.mlli11g /1ori:::o11la! din:dio11s obser;:•t·d a11d adjusted al slalio11sformi11.i; Ifie cx1<·11sio11 <'f 
!ht' A"e11I Islimd bas.: 11d to the ~i11·sf~(1anf a11d St>111/1ward-continued. 

Fod~, Madison County. Virginia. October 12 to December 24, 1874. 35<1
" direction theodolite No. IO. 

A. T. Mosman, ?bserver. July 18 to August 6, 1879. 5o<"' direction theodolite No. 114. Sam.:: 
observer. 

Re.i11ts of local Correction from Final Ohjt:-ct~ olJsen•ed. adj ustm~n t. fig111·e acljn,;t-
second~. 

111e11t. 

.II 

Peaked 0 00 (10"00 

Sia te Springs 20 16 00·96 +0·98 01 ·94 

l\'luunt Marsnall 136 25 13 ·62 +0·39 14 ·or 

Bull Run .161 06 37·64 -1 ·or 36 •63 

Clark 224 r6 58·68 -·o·S6 57·82 

Peters 270 56 24 ·51 

Spear 30,'\ 52 39·51 -0·10 39·41 

Hmnphack 322 58 40·96 -0·20 40 76 

Elliott Knoh 353 ._, ... , 1 r ·so +o·So 12·30 

Probable .,rror of a single observation of a direction ( D. am! /1'. J, ,-, = ± 1''·24. Number of posi
tions of circle, XI in 1S74 and in 1879. 

Humpback, Nelson County, Virginia. June S to 29, 18;5. 35""" tlirection theodolite No. IO'. A. T. 
Mosman, obsen·er. May r r to June 6, 1878. 5u'"' direction theorlolite No. 114. Same ob,;er,·i::r. 
August 18 to 28, 1879. 50'1

" direction theoclolite No. 1 q. A. T. Mosman and W. R. Fairfield, 
observers. 

Jannan 

Clark 

Pett:rs 

Spear 

J.,ong Mountain 

0 

24 

JI 

126 

154 

00 

30 

40 

q 

41 

" 
,, 

l' 

uo·o:i 

~0·46 +1 ·37 

(If "24 

.'.?5 "(I.:? +0·44 

57·w 

Tobacco Row 06 ·Sr 173 06 Oi"68 -0·87 

2•n .) 26 24·65 +o "Ii 

265 35 0[ ·13 -I :03 

300 o!:; 5.~ ·99 -O"Si 

357 28 ... ,2 "J8 +0 ·33 

a direction ( D. aml R. ), ,., = ± 111 ·4_;. 

Willis 

Long Mountain 

Flat Top 

Tobacco Row 

Humpback 

Fork 

II 

(I 00 00 "QO 

113 I4 26 ·50 

150 15 15 ·49 

160 17 43·42 

233 59 02 ·50 

266 07 14 'I I 

Peters 283 15 22 ·59 

II 

+0·22 

-0·44 

+0·05 

Clark 288 05 31 ·91 +0·17 

Probable error of a single observation of a direction ( D. and R. ), e, = ::!: 111 ·37. 
po!>itions of circle, XI. 

ll 

43·64 

02·06 

14 ·16 

32 ·os 

Number of 
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• -lbstrads <?f n:s11lti11,i; /1orizo11t11! directions obscrz•ed a 11d 11djusted 111 !lit' stalio11~~ ji;1:mi11g Ille exle•1sio11 
q_f Ille .Kent Isl1111d base 11d lo l/1e westward a11d so11-tl1w11rd-continued. 

Tobacco Row, Amherst County, Virginia. September J4 to 23, 1875. · 35"" direction theodolite No. ro. 
A. T! Mosman, observer. September 6 to 9, 1879. 50<"' direction theodolite No. 1J4. Same 

-observer. 

Results of local Correction· fro111 Final Objects observed. adj11st1nent. figure adjust- seconds. 111ent. 

·' 0 I . u II 1"1· 

Flat Top 0 00 oo·oo 

Bald Knob 54 31_ 49·35 -0·65 48 70 
Humpback 140 52 :23·3"8 +o·S6 24·24 

Spear 200 19 2S·So -0·21 28·59 
Long Mountain 272 56 37 ·39 
Smith 318 30 40 ·14 
Ca has 345 42 24·62 

Probable error of a single observation of a direction (D. and R. ), <'1= ± 111·43. Number of positions 
of circle in 1875, XI. 

Res11/ti11g r111glcs a11d sides of tl1t• Ke·11! lsla11d base' ·lld. 

Obsen·ecl angles. Correc-- Sp her- Sp her- Log.dis- Distances in No. Stations. tion. 1cal ical . tauces meters. angles. excess. 

0 /I // // ,, 
\ Toylo< 3S 36 52 ·37. -0·59 51 78 o·oS 3·938 897 I s 687·545 

Kent Island North Base SS 35· 36·91 --0·31 36·6o o·oS 4 ·143 529 I. 13 916 ·~7 
Kent Island South ~ase 52 47 32·01 -0·15 31 •86 o·oS 4·044 816 9 Il 087·07 

\ Mmrlott 
21 56 43"·96 +0·09 44·05 q·15 4·044 816 9 II o..Q,7 ·07 

2 ·Tavlor 119 32 44·32 +0·17 44·49 0 ·15 4·411 765 6 · 25 sos ·67 

KentJslaml North Base 38 30 31 ·55 +0·36 31 ·91 0 ·15 4·266 498 4 1S 471 ·34 

\ M"<iott 40 10 21 ·28 +0·39 21 ·67 0·21 4 ·143· 529 I 13 916 ·47 
3 Taylor So 55 51 ·95 +0·76 52 ·71 0·22 4·328 444 0 21 303 ·16 

Kent I!ilanrl South Base 58 53 46·24 +0·03 46 ·27 0·22 4·266 498 5 "18 471 "34. 

4 \ 

Marriott 18 13 37·32 +0·29 37·61 0 ·14 3·938 897 I s 687 ·545 
KentJsland North Base 50 05 05·36 -0·66 0470 0 ·15 4·328 444 I 21 303 ·16 

Kent Island South Base II I 41 18°25 -0·12 IS ·13 0 ·15 4 "4II .765 8 25. SoS·6S 

5 \ 

Linstid 34 46 24·83 +1 ·or 25·84 0·09 4·044 816 9 II 087·07 

Kent Island North Base 32 26 27·42 +0·28 27 70 0·09 4·018 i98 2 IO 427 ·93 
Taylor 112 47 05 "]l +r -02. 06 "73 0·09 4 ·253 398 I 17 922 ·48 l Lin'1kl 33 57 08·S5 -1 ·25 q7 ·Go 0·13 4·266 498 5 18 471 ·34 

6 Taylor 127 40 09·97 -r ·18 08 79 0 :13 4·417 956 2 ·. 26 179 ·19 

Marriott 18 22 44·54 -0·54 44·00 0 ·13 4·018 198 2 JO 427·93 

7 1 
Linsthl 68 43 33·68 -0·24 .33 ·44 0·37 I 4 ·411- 765 7 25·So8·67 

Kentlsland North Base 70 56 58"•97 +0·64 59·61 0·37 4·417 956 2 26 179 ·19 -
Marriott .. 40 19 28·50 -0·44 28·o6 0·37 . 4 ·253 3g8 2 17 922·4S 



BASF. LINES AND BASE NETS. 

Rt·s11/ti11g a11gl.·s a11d sides of Ille· A't'11/ Island bast' 11d-co11ti11uec1. 

No. Stations. 

I Webb 

8 

1 
Linst.icl 
Marnott 

r Finlay 
9 .

1 
Lmsttd 

Webb 

! 
Pooles Island 

10 Linstid 

Finlay 

Obsen•ed angles. 

0 / II 

76 16 06·19 

66 18 42 ·31 

37 25 II '13 

25 4_; 36·20 

84 or o6·4r 

70 15 16·99 

79 44 39 ·79 

46 42 57 '73 

53 32 27 ·r1 

! 
Swan Point 56 o8 57 ·92 

rr Kent Island North Base 60 07 41 ·14 

Li nstid · 63 43 20 ·63 

Swan Point 

Linsticl 

Pooles Island 

Osbornes Rui11 

Pooles Islawl 

Finlay 

r Turkey Point 

q l Pooles Islanrl 
Osbornes Rui11 

I 13 Oj 27 '59 

30 30 r9 ·24 

36 22 15 ·r3 

77 29 15 '76 

54 27 12 "Ir 

48 OJ 34·63 

44 01 48 72 

54 JO 55 '00 

Sr 27 17·53 

Correc
tion. 

H 

Spher
ical 

angles. 

+o ·27 . o6 ·46 

+o ·52 42 ·83 

+0·58 II '71 

8fc~r-
excess. 

0·33 

0 '33· 

0·34 

+0·97 37·17 O":l9 

+o ·69 07 ·10 o ·49 

+o ·21 17 ·20 o ·49 

-o ·64 39 'IS o ·64 

~o ·89 56 ·84 o ·63 

-I '20 25 ·9r 0 '63 

+0·74 5S ·66 0·25 

+o '07 41 '21 0 '25 

+o ·;z6 20 ·89 o ·26 

-o·Sr 

-0·33 
-0·12 

-0·04 

-r '20 

-o·r7 

26·78 

18 ·91 

15 ·or 

15 72 

ro ·91 

34 ·46 

0·23 

0·23 

I) '24 

0·37 

0·36 

0·36 

-r ·09 47 ·63 0·39 

-f- r 'I 9 56 'I 9 0 'J9 

-0·17 17 ·36 0·40 

Log.dis
tances. 

4 ·417 956 2 

4·392 324 7 
4 '214 2C'4 0 

4·214 204 0 

4 ·:;74 261 9 

4·550 3r6 3 

4·550 3r6 3 

4·419 418 s 
4 ·462 716 4 

4 ·253 .ws 2 

4 ·272 151 I 

4·286 689 I 

4 ·46-2 716 4 

4·204 626 3 

4 '272 l.'il 2 

4·419 418 8 

4·340 289 4 

4·301 337 0 

4 ·_;01 3_;7 0 

4 ·370 IOI 8 

4'454 483 8 

IVcstcr11 and Sil/ltl1cr11 cxtc11sio11 ,~f A"n1t Island bas« 11d. 

,, ! Hill 

Webb 

Marriott 

r 
Soper 

16 l Webh 
Marriott 

( 

Soper 

17 Webb 

Hill 

I 
Soper 

rS Marriott 

Hill 

Stabler 

Webb 

Soper 

56 40 32 '()() 

53 ro 52 ·09 

jO 08 .~6 '93 

39 41 37 ·os 
102 r5 58 ·28 

3S 02 26·57 

75 or ro ·92 

49 05 06 ·19 

55 53 43·41 

35 19 33·84 

32 06 lO ·36 

u2.34 15·41 

44 54 03 ·49 

8 23 o6•84 

126 42 

+o·o8 

o·oo 

+0·29 

-·fJ "(19 

0 '(1(1 

3i ·22 

36•99 

58 ·28 

26 ·19 

0·47 

0·49 

0·48 

0·49 

+o '32. I I '24 0 '43 

o·oo 06·19 0·42 

+o ·43 43 ·s4 o ·.p 

+o ·41 34 ·25 o ·40 

+c,.67 II 'C'3 0 ·40 

+0·51 15·92 0·40 

-0·01 

-0·02 

03 ·4S 

06 ·s2 
49·94 

o·os 
o·os 
0'08 

4·392 324 7 

4·37,; 719 9 

4 ·443 721 r 

4·392 324 7 

4 '577 012 I 

4·376 775 6 

4 ·443 72r I 

4'337 076 I 

4 ·376 775 8 

4 ·37_, 719 9 

4·337 076 2 

4 ·577 012 2 

4·376 775 7 
3·691 882 4 

4·432 017 4 

69 

Distances i 11 
n1eters. 

26 179 ·19 

24 67S ·&i 
16 375·86 

16 375 ·86 

37 5r9·92 

35 507 ·r9 

35 507 ·19 

26 267·50 

17 922·48 

rs 713·33 

19 _;50 ·36 

29 021 ·27 

16 018·66 

lS 713 ·_q 

26 267·50 

21 S92·20 

20 014 ·q 

20 014 ·q 

23 447·78 

28 476·32 

:q 678 '84 

23 643·94 

:J7 779 '2 9 

24 678·84 

37 758·27 

23 SIU •89 

27 779 ·29 

21 730 ·82 

23 810 ·90 

23 643·94 

2! 730·82 

37 758•28 

23 810 ·90 

4 919·o6 

27 040·67 
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lf-'etcr11 1111d so11!11tTll cxltwsio11 l!f .li.t.·11/ Is/,md b<lf<' 11d-continued. 

No. Stations. 

I 
Stabler 

20 Webb 

Hill 

J 
Stablei 

21 l Soper 
Hill 

J Peach Grove 

22 

1 
Stabler 

Hill 

Sugar Loaf 

Stabler 

Hill 

Sugar Loaf 

Stabler 

Pt'ach Grove 

Sugar Loaf 

Hill 

Peach Grove 

J 
Maryland Heights 

26 l Sugar Loaf 
Stabler 

J 
Maryland Heights 

27 l Sugar_ Loaf 
Peach Grove 

Maryland Heights 

Stabler 

Peach Grove 

J Bull Run 

29 l Maryland Heights 
Sugar Loaf 

·o J ., l 
Hull Run 

Maryland Heights 

Stabler 

J 
Bull Run 

31 l Maryland Heights 
Peach Grove 

I 
Bull Run 

32 Sugar Loaf 

Stabler 

Observed angles. 

0 II 

62 40 22 ·32 

S7 28 13 ·03 
S9 SI 26·62 

. 1.7 46 18 ·83 
lS8 lS 

3 S7 43 ·21 

s1 03 01 ·oo 
63 40 03·06 

6s 16 57·so 

IS 2:2. 

134 09 42·34 
27 28 rs ·03 

4S 42 Sl ·12 
70 29 39 ·28 
63 47 31 ·u9 

27 20 

37 48 42·47 
114 50 32 ·09 

3 33 S3 ·32 
173 44 18 ·32 

2 41 47·7s 

30 3r 14 ·53 
128 01 27 ·20 

21 27 18 "70 

26 S7 21 ·21 

67 47 s~ ·s3 
85 14 49 "79 

33 33 s9 ·s3 
71 2s 27 "26 

7S 00 3S·s9 

67 sr s6 ·so 

67 SI 33·94 
44 16 38·02 

8s 09 so ·70 
40 S4 12·73 
S3 s6 04·40 

34 17 s6 ·97 

98 43 39 "73 
46 s8 2S ·77 

Correc
tion. 

II 

-0·26 
-0·02 
-0·08 

syc~r- sl~~rr-
angtes. excess. 

II 

22·o6 

r3·01 

26·s4 

II 

o·s3 
O"S4 
o·s4 

-0·24s rs·sSs 0·034 
sS·820 0·033 

-o·s14 42·696 0·034 

-0·08 

-0·13 
+0·50 

+0·73 
+0·10 

+0·20 

+o·Ss 

+0·40 
+0·22 

00·92 

02·93 
s8·oo 

03·65 

43·07 
IS ·13 

51 ·32 
40 ·13 

31 ·39 

47·66 
42 ·87 
32 ·31 

0·62 
0·61 
0·62 

0·95 
0·94 
0·95 

0·95 
0·95 
0·94 

-0 ·os9 S3 ·261 0 ·104 
+o ·s62 18 ·882 o ·104 

+o ·419 48·169 o · rn4 

+1 ·02 IS ·ss 0 "79 
+o ·36 27 ·sf? o ·79 
+o·s6 19·26 079 

+1 ·os 

+0·43 
+u·86 

-I "16 

-0·31 
-0·62 

-0·40 
-0·26 

+0·02 

-0·49 
-l ·33 
-o·6S 

+0·76 
+1 ·18 

+0·44 

22 ·29 

SI ·96 
5u·6s 

sS·67 
26·9s 

37·97 

s6·40 

33·68 
38·04 

so ·21 
II "40 

03 "72 

S7 "73 
40·91 
26·21 

J ·20 

I ":20 

I "19 

I ·77 
I ·78 
I ·78 

I "62 
l ·61 
l "62 

l,og. dis
tances. 

4 ·443 721 I 
4·420 998 3 
4·432 017 4 

4·337 076 l 

4·420 998 3 
3·691 882 5 

4 ·,po 998 3 

4 ·482 6o9 8 

4·488 4S6 8 

4·420 998 3 
4·778 :281 4 
4·586 513 6 

4·488 4S6 8 

4·607 957 7 
4·s86 S!3 6 

4 ·482 6og s 
4·6o7 9S7 8 

4 ·778 281 4 

4·s86 s13 6 

4·830 573 0 
4·46s 432 7 

4·6o7 957 7 
4 ·798 6JJ 0 

4 ·465 4,~2 7 

4·488 456 8 
4 ·798 6II l 

4·830 573 u 

4·465 432 7. 

4·699 S51 7 
4·707 753 2 

4·830" 573 0 

4·83n 553 s 

4 707 753 2 

4 ·798 61 I 0 

4·616 253 0 

4·707 7S3 3 

4·586 s13 6 
4·830 SS3 5 
4·699 551 6 

Distances in 
nu:ters. 

27 779 ·29 
26 363 "21 

27 040·67 

21 730·82 
26 363·21 

4 919·06 

26 363·21 

30 381 "S4 

30 793·34 

26 363·21 

6o 017·99 

38 S93"45 

30 793 ·34 
40 546·91 

38 5Y3 ·.,i5 

30 381 ·54 
40 546·92 
6o 017·99 

38 593 ·45 
67 6g7·s6 

29 203·35 

40 546·91 
62 894·26 

29·203 ·35 

30 793·34 
62 894·28 
67 6y7 ·56 

29 203 ·35 
so 067·01 
SI 0·21 ·49 

67 697·56 
67 694·52 
51 021 ·49 

62 894·26 
41 328·82 
SI 021 ·51 

38 S93 ·45 
67 694·52 
50 o67 ·oo 
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1f.
0

<'skr11 and .<1111flien1 <'Xk11sio11 <?l A"e11t lsla11d bas.· 11d~contimi.ed. 

No. Stations. 

I Bull Run 

33 l Sugar I,oaf 
Peach Grove 

\ 

Rull Run 

34 Stabler 

Peach Grove 

" I 
,, I 

Mount Marshall 

Maryland Heights 

Sugar I.oaf 

Mount Marshall 

Maryland Ht"ights 

Rull Run 

Mount Marshall 

l\farylanrl Heights 

Peach Grove 

Mount Marshall 

Sugar Loaf 

Rull Run 

39 
\ 

Mount ·Marshall 

Sugar toaf 

Peach Grove 

40 \ 

Mount Marshall 

Rull Run 

Peach Grove 

\ 

Clark 

41 Mount Marshall 

Bull Run 

Fork 

Mount Marshall 

Rull Run 

Fork 

Mount Marshall 

Clark 

Fork 

Bull Run 

Clark 

Humpback 

Fork 

Clark 

Observt"d a11gli:!'s. 

0 " 
SI 35 5o·S7 
53 00 48·61 

75 23 23 'JO 

17 17 53 ·90 

23 ,F 13 ·51 
139 JO 54 ·19 

18 25 47 ·94 
106 43 12 ·67 
54 51 03 •66 

4I OJ 17 '22 

,,S 17 45·41 
103 41 OJ ·62 

45 15 40 ·4-~ 
76 lI sS ·q 

58 32 34 ·06 

22 35 29 ·28 

20 09 34·93 
I37 IS OJ '45 

26 49 s2 ·49 
73 IO 23 'S4 

79 S9 s2 ·76 

4 14 23 ·21 
171 09 07·68 

4 36 29 ·66 

40 54 42·4s 
86 33 27·01 
s2 31 56 ·29 

24 41 24·02 

134 42 53·03 
20 35 48 ·13 

87 51 45 ·06 
48 09 26 '02 

43 s8 S4"9S 

63 IO 21 '04 
31 s6 08 ·16 

84 S3 37·40 

27 01 48·28 

98 41 42·28 
54 16 32·80 

Correc
tion. 

sy~~1r- sy~~y-
a nglei;,. excess. 

II 

·-O"J2 

-o·oS 

+0·41 
+0·1S 

+o ·62 
+0·26 
+0·21 

+0·4s 
+o·s7 
+0·38 

-O'OJ 

_'._0·76 

-O'lS 

-0·17 
-0·83 
-078 

-:-0·15 
+0·41 

II 

51 'SS 
49·59 
22·98 

s3 ·82 

13 ·92 

54·37 

4S ·s6 

12 ·9-~ 
03·87 

17·67 

45·98 
02 ·oo 

40·42 

57 ·38 
33·91 

29 "II 

34 'IO 
00·67 

51 •86 

23·69 

53·17 

,, 
l ·37 
l ·37 
I ·38 

0 70 
0·70 

0 71 

· 1 79 
l ·78 

I 79 

1 ·8s 

l ·ss 
l ·89 

l "29 
I '29 
I '30 

2·91 
2·91 
2·90 

-0·468 22·742 0·242 
1-0"lll 07·791 0'24I 
+o ·532 30 ·192 o ·242 

+.o ·46 42 ·91 
-0 '2S 26 76 
+o ·24 56 ·s3 

-l "40 
-0·19 
-o·s2 

-1 ·25 

+0·05 
-0·94 

+0·1s 

+o 76 
-0·48 

+1 ·04 
+0·67 
+2 ·32 

22·62 

52 ·84 
47·61 

43·81 
26·07 

54 "OI 

21 ·19 
o8·92 

36·92 

49 ·32 
42 ·9s 
35 "J2 

2·07 
2·o6 

2·07 

l '02 

l '03 
l '02 

l '29 
I '30 
l ·30· 

2·34 
2·34 
:! ·35 

2·46 
2·47 
2·46 

I.og. dis
tances.· 

Distances in 
n1eters. 

4·6o7 957 7 . 40 546·91 
4·616 2s3 0 41 328·82 

4 ·699 SSl 7 50 067 '01 

4 ·488 456 s 30 i93 ·34 
4·616 2S3 l 41 328·83 

4·830 S53 6 67 694·53 

4 ·465 432 7 
4·946 793 I 

4·878 122 3 

4 '707 753 2 

4 ·652 400 .4 

4 ·878 122 2 

4 798 6u o 

4·934 439 0 
4·878 122 3 

4·699 SSI 7 
4·6s2 400 s 

4·946 793 I 

4·6o7 957 7 
4'934 439 I 
4·946 793 l 

4·616 253 0 

4 ·<j-~4 439 0 
4 ·6s2 400 4 

4·652 400 4 

4·835 447 1 
4·735 S83 3 

4 ·6s·2 400 4 
4 ·8S3 177 2 

4 ·577 810 2 

4 '735 883 3 
4·608 327 0 

4 'S77 SIO 3 

4·835 447 l 

4·6o8 326 9 
4·883 177 2 

4·6o8 326 9 

4 '94S 819 l 

4·860 307 4 

29 203 ·35 

88 469·41 

75 530·.;.9 

SI 021 ·49 

44 91s·93 
7S s30·47 

62 894·2ti 
Ss 988·24 

7S 530·49 

50 o67·01 

44 91s ·94 
88 469·41 

40 s46·91 
Ss 988·2s 
SS 469·41 

41 328·82 
85 988 ·24 

44 91s .. 93 

44 915 ·93 
68 461 ·61 

54 435 "63 

44 915 ·93 

76 414.75 
37 827·72 

54 435·63 
40 s81 ·40 

37 827·73 

68 461 ·61 

40 s81 ·39 
76 414 ·7s 

40 sS1 ·39 
SS 271 ·2::i 

72 494·89 
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. Tf't?Sfen1 and so11tlter11 tTlensio11 of /. . ."en! lsla11d base net-continuerl. 

Stations. Corr.:c- Spiter- Spiter- Log.dis. Distances in No. Ohsen·ed angles. ical teal ti on. angles. excess. tances. ineters. 

II ll II II 

("P'"' 32 oS II "61 +0·49 12 ·ro 2 ·13 4·S6o 307 4 72 494·89 
46 Humpback I2S 45 52·84 +0·11 52·95 2 ·q 5 ·026 395 5 106 266 ·29 

Fork 19 06 01 ·45 ....:.o ·10 01 ·35 2 ·13 4·649 283 4 44 594 "71 

J Spear 54 06 29·41 +0·61 30·02 3·26 4·945 819 l 88 271 ·22 

47 [ Humpback IOI 44 04·56 -0·93 03·63 3·27 5·028 099 9 106 684 ·15 
Clark 24 09 37·37 -I ":?3 36·14 J""26 4 ·649 283 4 44 594 "7 1 

48 I Spear 21 58 17 ·So +o ·12 17·92 3·59 4 "6o8 326 9 40 581 ·39 
Fork 79 35 40·83 +077 41 •6o 3·59 5 ·028 TOO 0 106 6S4·17 
Clark 78 26 IO ·17 .+1 ·os I I "25 3·59 5·026 395 5 106 266 ·29 

J Tobacco Row 59 27 05 ·42 -1 ·os 04·34 I "Ji 4 ·649 283 4 44 594·71 
49 l Humpback 46 51 42·66 -I ·31 41 ·35 I ··- 4 ·577 -~26 2 37 785 ·59 _,, 

Spear 73 41 19·00 -0·66 18·42 I ·37 4·696 339 5 49 698·07 

Ddcrmi11atio111?l the probable o-rorof !h1· lc11glh 1?{ lht· sides Osb,1r11cs Rui11 ft1 Turi..'(!' P11i11t, 
and Tubam• Roze• lo Sju11". 

In connection with the Kent Island base net the probable error of the side Linstid 
to Finlay was rigorously computed, and was found to be ± o· 33 meters; which equals 
Tor-f'Guu part of the length of the side. There are three triangles between this side and 
the side Osbornes Ruin to Tnrkey Point; but. instead of computing the additional prob
able error arising from their measure separately, it will suffice, when· estimating the 
probable error of the chain of triangles between the Fire Island and Kent Island bases 
to include these three triangles as part of the chain; otherwise, the probable error of the 
line may be taken as about Tuu1TiITTi part of the length. 

For the extension soutlnvarci" the probable error of the side \Vebb to Marriott was 
rigorously computed and found to equal ±o·.:i.:i meters, which is about TT2"!"2"uIT part of 
the length. For that part of the triangulation lying between Webb to Marriott and 
Fork to Clark the probable error was found to be TU:lutnr part of the length, and the 
same fraction may be used for the extension thence to the line Tobacco Row to Spear. 

Descriptions of the base-net stations are given in the account of the Transconti
nental Triangulation, etc., Special Publicatiot1 No. 4, Washington, 1900. 

5. THE ATLANTA BASE AND BASE NET, GEORGIA, 1872-73. 

Location, 1J1<"as1trt'mml, and rcsu/li11g lc11gth <?/the Atla11ta base line, z872-73. 

The Atlanta base is located on Peach Tree Ridge, Georgia, about 24 kilometers 
(or 15 statute miles l northeast of the ,city of Atlanta. · It is the seventh and last base 
measured with the Bache-\~riirdemann apparatus, and is the only one measured with it 
more than once. It is 9 ~,3 kilometers (or 5"81 statute miles) in length and was meas
ured three times. There is a very full description of the operations in Coast Survey 
Report for 1873, Appendix No. u, pages 123-131, and the description of the apparatus 
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is given in Coast" Survey Report for 18,54, Appendix No. 35, and in _Coast Survey Report 
for 1873, Appendix No. 12. Further remarks will be found in the account of the 
Dauphin Island and the Epping bases in this publication. It will also appear from 
the seven values collected on page r31 of the Report for 1873 that the a\··erage accuracy 
reached with this apparatus is about ~001000 part of the length measured. In view of 
the complete publication already made, it will suffice to give the present account in an 
abbreviated form. 

The middle point of the base is in latitude 33° 54'·4 and longitude 84° 16'·5, with a 
mean azimuth 52° 08'·2. The measurements were made by Assistaut C. 0. Boutelle. 
The first and second measures were made in opposite directions in November and 
December, 1872, and in January, 1873, and the third was made in July and _August, 
1873. The three measures were accomplished in 17, 13, and q working clays, respec
tively. In connection with these several measures the tubes* were frequently eompared 
for length with the standard bar, which was immersed in ·glycerin during the July and 
September comparisons. 

The summit of the ridge is narrow and crooked, but the slope of the measurement 
was confined within the maximum i11clination the tubes would bear, namely, 5°. A 
gulch near the southwest end was crossed ·on trestlework consisting of two separate 
structures. The approximate elevation above sea level is 320 meters. The termiiials 
are marked by granite monuments and the subdivisions of the line by small granite posts. 

The length of the 6-meter standard bar is 5"'·999 941 at o 0 <:;.,and itscoefficient of 
±2 

expansion o·ooo o 11 54. The numerous comparisons made for standardization of the 
±4 

tubes and for testing their compensation showed that the latter was still dose: that is, 
about 2 r parts of 22 remained compensated between the range of temperature o 0 to 22° C .. 
but between the temperatures from 22° to 38° C. the tubes compensated only about ro 
parts in I I. The comparisons were made with tht Saxton reflecting comparator No. I. 

for which we have for the period November, 1872, to January, 1873, one division at 
4}~° C. equal 1·384 micronsand at 19° C. 1"378 microns. values answering for the case 

± -~ ± 3 
of the first and second base measures In connection with the third measure, observa-
tions in July and September, 1873, gavel div.=1·376 JI. \Ve have also 1 turn of the 
screw at the temperatures 4°, 19°, and 2S° C. equal to 350·9. 352·3, and 353·06 scale 

±·rs 
divisions, respectively. 

As the result from the above comparisons we have the following values for the length 
of the tubes, in which the. uncertainty from the length of the standard is included:· 

f
'.ful!e 13 = 5"'·999 999 '; + o·o~<J 003 3i ( / - 1 r 0

·2 C.) 
+ 144 

For first ancl !'econrl measures: ·l -
Tuhe 2 = 5 ·999 647 S + o·ooo 004 84 (/ - 11°·2 C.) 

±193 

J
.Tube I 3 = 6111 ·000 084 6 + o·ooo 009 54 (I - 27° ·6 C.) 

+II 2 
and fer third measure -

· lTube 2 = 5 ·999 730 3 + o·ooo ooS 01 (I- :z; 0 ·~ C.) 
±II 6 

*Before 111aki11g the cmnparisons tube No. 1 was supplied with a nc:::-w agate. The Borda scale or difierentiai 
thermometer as applied to the tubes is shown on plate No. 18 in the Coa,;t Sur\"ey Report for 1873. 
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The minimum temperature at which the tubes were used was - 7° ·7 C., and many 
were laid with temperatures below the freezing point; the maximum temperature at 
which the tubes were used was .op 0 ·7 C., and many were laid with temperatures above 
38_° C. The three thermometers attached to each tube "''ere read and the mean values 
were corrected for graduation errors. The maximum inclina.tion of a tube laid was 4 ° · 7, 
and there were a great many with inclinations of 4 °: The ruggedness of the ground 
caused the sum of the inclination corrections for the whole base to mount up to 10"'·2212 
in the first and to lom·o375 in the last measure. Fractional parts of a tube at the base 
monuments and intermediate marks were measured with the brass Lenoir meter of the 
Survey, which is of standard length at 13°·6.C. 

The following table shows the temperature of the tubes during the measures of the 
several parts of the base, their lengths as measured, corrected for inclination, but not 
reduced to sea level, and exhibits the difference of the individual measures from the 
mean of the three measures: 

Temperatures. Resul1.i11g length. 
Subdivisions 

1 
of base. First S<:c•md Third l'irst I Second. Third :!\-'lean. 

------l·'-"_"a_s_u_re. mea~ure. measure. 111easure. measure. measure. 

:o;\v ti..11 

I to II 

II !•> :It 

:II to IV 

IV to V 
\" trJNH 

\Vhole hast:: 

c. c. c. 

15·13 

S"IO 

.;·&i 
II 'o6 

11·31 

5 ·57 

.. I 
.>-1."J.J I 6.1~ ·974 9 I 1 6,~'i ·968 0 I 635 "966 4 I I t0,1o ·9(9 8 

:;.;·9.i 11ti.i:=·.~136I1 o.i.:!·.;1i ,; I 16.:i2·.,12s 11 6.p·,;1 4 .i 1 

32 ·56 i ;::34 ·_y53 311 ~3..j ·.;S." 0 I i 23 .• '39i ~:) I 23-f ·3-:::7 i I 
3.? 'l'.5 l 348 ·S86 2 ! I .~s ·;:.;.~ 6 I .'-ls ·s:S.!::i I I 34~ ·s.~ 0 

J l "'.)6 I 785 '7"9 0 I 785 '/04 8 I 7~5 "i05 0 I 785 '/o6 3 
30 ·74 I 691 ·69.'.? 0 I 60:11 ·692 5 I 691 =t=.~1 5 I 691 ·r;ss 7 

-----------------1-----1----·I 
10·58 6 -~., 3> '59 9 .>3~ ·959 0 9 33'~ ·951 " .,. 3.~8 ·.,..p s .,. 3,;S ·950 9 

I 

Discrepa11cies. 

First Second Third 
measni-e. lllt:'asun:. measure. 

mm . mm. mm. 
-5·1 +1·s +~·4 

+o·~ ;-.?"~ +1·9 

+4'4 -0·3 -4·1 
-:?"2 +."4 ·-I "l 

->'7 +1·5 +1·1 

-3·3 -3·8 +-·· 

I 
' -

The frequent changes of sign in the above discrepancies may he taken as a favor
able indication that the lengths of the tubes were correctly determined. Jn order to 
obtain the data required to reduce each part of the base to sea level, two lines of spirit 
levels were carried over it, double zenith distances of Stone Mountain were measured 
for difference of height at Southwest Base, Middle Base, and Northeast Base, and 
reciprocal observations were made at Stone Mountain. A line of spirit levels was 
carried from Stone Mountain, in rS73-74, to Augusta, Georgia: between _this place and 
Port Royal the railroad levels were utilized, and the elevations refer to Atlantic half 
tide at Beaufort, South Carolina. 'fhe resulting height of Stone Mountain is 5 I 3"'·95, 
and allowing r"'·52 for the elevation of the tubes above the ground, the average eleva
tion of the tubes above the half-tide level becomes 321"'·5, and the reduction of the base 

to sea level_ 1!._! = - 0"'·4710. \:\'hence we get for the length of the base the values 
p 

9 33S"''48So l . 
480:? 

1
. mean 9 338·479 9 meters. 

4715 

Combining the 111rn11 of the two winter measures with ~he value· of the summer 
measure, we get 9 338·477 8. meters. We have also the distance Southwest Base to 
Middle Base 4 51:?"'·447, and fronJ Middle Base to Northwest Base 4 826·032 meters. 
The horizontal angles measured at these three base stations and at Stone Mountain 
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afford a check on the measure. Starting- with the first or shorter distance and usiug 
the adjusted angular measures, the length of the base thus trigonometrically deduced 
comes out 9 3.:;8"'·502, or 22"''". in excess of the direct linear measure. 

For the probable error of the measure of the base we have the following data: 
Probable error from uncertainty in length of tubes in l 556 tubes, l 556 :,-: q:o JI = 
±0111 ·021·78. For mere measuring error we have, after forming the values~ o:. ~ 6

0
°, 

2:,' 0 3 •• etc., where the o's are taken from the preceding table of differences from the 
mean of three measures, assumed of equal weight, the probable error of the base from 

('"'>'o·+~o·+">'o•+ - v these m~asures = ± 0·674 -=:..____,. •- - 3 • • • ),-::. where 11 = 3, ·hence the 
. . 11(11-1) ; ' 

restllt = ± 0111 ·003 85, which includes errors arising from defective compensation, errors 
of contact, of transfer to groi.md or to monuments, of aligpment and inclination, etc. 

Supposing an uncertainty in h of r meter, the reduction to sea level changes 
± 1

111111 '46. 
Combining the values we get the probable error of the base 

J(21·78Y+ u·85)0 + (~·46)"= ±22"'111
·2, 

which equals ·:fin\n:riJ part of the length. 
. The resulting length ofthe base is 9 338·477 8 meters, and its logarithm 3·970 276 09 

± 22 2 . ±I 03 

Adjustment of tilt' • ..Jtla11ta base nd. 

The base is C(11111ectecl with the principal triangulation by a rather complex system 
of triangles, which made the placing of the boundary of the net to some extent an 
arbitrary act, except in so far as the labor involved set a limit to it. The net as it had 
been selected and adjusted in 1876 is here retained as satisfactory. The only change 
that could be made would be the introduction of the small corrections to the horizontal 
directions for height of object observed upon, which it was not customary to introduce 
at that time. 

The heights of the 10 statious involved are as follows: 

• ..Jppn1.ri11111tt' llt'1:fJlitS of stations aboZ't' Iii<' • ..Jtlantir Ocean. 

Meters. Feet. 

Atlanta Southwt!st Rase 318·5 I 045 
· Atlanta Northeast Base 326 I 070 

Atlanta Middle Base 325 I 068 
Stone Mountain* 514 I 686 
Academy 346 r 136 
Kenesaw 551 I 809 
Sweat Motmtain 516 I 694 
Saw nee 6oo I 967 
Pine Log 713 ::? 340 
Grassy I 003 3 290 

*Elevation frotu spirit levels, ~13m·95. 
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This reduction of the directions to sea level, a maximum in the case of !ine Pine 
Log to Grassy, is less than 0"'07, and in general it is less than one-half of this amount. 
It is therefore fully. covered by the observing error of the directions which on the aver-

age amounts t~ 14 ·4 or o"· 19; besides, a number of directions require corr~tions in the 
77 

figure adjustment of more than 1". 

As shown in the diagram, the net coi11prises 10 stations which were occupied between 
1872 and 1874; two observers were engaged in the work and three different instruments 

No. ii. were employed. one being a 
,----------·------:==----------- repeating theodolite. The ad-

w 

1·1 J
-

tion, 0·674 9-- = ±0"·48. 
180 

l 
~ 

1 

justment of the observations 
of directions at a station was 
made by Bessel's method, and 
the results are presented in 
the abstracts, where, for con
venience. the resulting cor
rections clue to the figure or 
net adjustment have been add
ed. The latter computation 
involved 29 conditions which 
had to be satisfied. Here 
weights to the directions were 
introduced, depending upon 
the same principle as ex
plained in the case of the ad
justment of the Epping bas~ 
net. In accordance with the 
method of application of 
weights to the directions in a 
net adjustment. we derive the 
mean error of a triangle from 
the sum of the squares of 
the closing errors of the 30 
triangles involved and find 

/91·1 -y 
30 

= ± 1" · 74; hence also 

the probable error of a direc-

Further ·we have the average value of the probable 

error of a direction derived from the measures and given . in column 4 of the ab
stracts of directions= ±o" · 19, whence the square of the triangle combination error 
Ec'=to"·48)°-(0"·1gl 0 =0"·20 nearly. This value was added as a constant to each 
previously deduced square of the observing error; hence E°=E,"+E," and the weight of 

each directiou,p = f.. The reciprocals of these values after division by· 0·22 for the · 

sake of convenience are tabulated further on. 
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.-Jbstmds <?fllorizo11tal dircr,lio11-s al statio11sfor111ing ///,, .-ltla11ta base 11d, IS73-I87-1. 

.,rlt!a11ta 11/iddk Bast',* De Kalb County, Georgia. 
75'"' direction theodolite No. 1. 

January H to 30, 1873. C. 0. Boutelle, observer . 
Circle used in VII positions. 

Number of Resulting direc- Approximate Correction Final 
directions. t)bjecls ohserved. tions front station probable from figure seconds. adjnstmcnt. error. adjustment. 

0 ,, 
" 

,, " 
:? Atlanta Northeast Base 0 00 oo·ooo ±0"12 -·0 ·078 59·922 

3 Stone Mountain So I4 2~\ ·381 o·q +o ·193 23 ·574 

Atlanta Southwest Base l&l 00 oo ·03j ()"J.2 -o ·us 59 ·922 

Mean correction o·ooo 

Probable error of a single observation of a direction (D. and R. ), ,·, = ±011 ·75. 

Atlanta Soutlnwst Bast·, De Kalb Connty, Georgia. February IO to 22, 1873. C. 0. Boutelle, observer. 
Instrument as before. Circle used in VII positiqns. 

0 ,, 
" 

,, 
5 Kenesaw 0 00 oo·ooo ±0·15 +0·026 

6 Sweat Mountain 34 24 39 ·322 o·q -0·130 

4 Atlanta Middle Base and North-

east Base ll8 38 IO ·842 0 ·12 -O"II4 

7 Stone Mountain 184 22 33·046 0 "!I +o ·219 

Atlanta, City Hall spire 271 16 3r ·46 

Atlanta, Capitol flagstaff 273 I4 57 ·oS 

Mean correction o·ooo 

Probable error of a single observation of a direction ( D. and R.), e, = ±o"·6S. 

Atlanta 1Vortl1cast Bast', Gwinnett County, Georgia. February ·27 to March 21, I87J. 
instrument as before. Circle used in VII positions. 

0 ,, ,, II 

12 Stone Momitain 0 00 oo·ooo ±0·15 +o·oS2 

8 Atlanta lVIicldle Base and South-

west Base 82 49 Ol ·328 0 ·13 +o ·371 

9 Kenesaw 1:!9 23 28 ·3u 0 ·q +o ·904 

IO Sweat Mountain 156 57 34 ·651 0·15 +0·070 

II Sawnee 222 15 52 ·840 0·17 -o ·6o1 

13 Academy 293 13 58 ·560 0 '16 -0·826 

Mean correction o ·ooo 

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

" 00·026 

39 ·192 

IO ·728 

33·265 
...... 

Observ~r and 

" 
00·082 

01 ·699 

29 ·215 

34·721 

52·239 

57·734 

*'I'his ~tation was occupied ~ccentrically om·0423 off the line connecting Northt:-ast Base and Southwest Hase aud 
the abo,•e directions are reduced to the line. 
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• -lbs/rads of l10rizo11!1il dire-dions al slalio11sfi>rmi11.r; tilt' . .J.tla11ta base 11d, 1Si3-1Si.,t-co11ti11ued. 

Ke11t·sa<<"', Cohb County, Georgia. June 25 to July r8, r87_;.' F. P. Webber, observer. Instrument as 
before. Circle usecl in VII positions. 

Numherof 
dirt.-ctions. 

16 

17 

15 
q 

18 

19 

Objects oh~en·e<l. 

Sweat Mountain 

Sawnee 

Atlanta Northeast Base 

Atlanta Southwest Base 

Stone Mountain 

Carnes 

Lavender 

Pine Log 

Resulting di rec-
tions front t!'tation 

adjusttnent. 

0 " 
0 00 00'000 

4 36 07·630 

50 n3 37·342 

64 50 59·613 

66 36 I l '903 

224 20 15 ·036 

252 07 00·675 

303 37 . 2I ·586 

Approx.itnak C•1rt·t:ction 
prohahle from figure 

t::rror. adjustn'ieut. 
,, ,, 

±0·20 +0·049 
0·20 +0·110 

0·28 +0·226 

(I ·27 +o ·291=1 

(I ·24 -l 0056 

0 "'6 
0·54 

0·41 +0·543 

Mean correction +o ·027 

Probable error of a single ·observation of a direction ( !>. and R.), '" = ± l" ·Sr. 

f'inal 
seconds. 

,, 
00·049 

07 '740 

37·568 

59"·903 

10·847 

15·063 

00·702 

22 ·129 

Su1,·at J1[01111!11i11, Cobb County, Georgia. September 10 to October 3, 1Sj3. F. P. \Vebber, observer' 
Instrument as before. Circle used in VU positions. 

22 

27 
21 

20 

II~:.:::: 
Grassy 

Sawnee 

Academy 

I 
Atlanta Northeast Base 

Stone !\fountain 

I Atlanta Southwest Rase 

o oo oo·ooo 

32 34 43 ·053 

100 54 55 ·S25 

145 16 24·035 

186 .p 56 ·639 

236 54 39 ·iq6 

257 37 42 ·923 

266 39 06·616 

279 15 38 ·289 

,, 
±0"11 

0 ··26 

0'21 

o ·rs 

0·21 

0"2j 

0·25 

0·19 

0·18 

,, 
+0·016 

-0 ·273 

+0·529 

+o ·669 

-r ·1~-,t 

-o ·835 

+0·916 

-0 ·183 

Mean correction -o ·036 

Probable error of a single ohsen·ation of a rlirection ( D. ancl R. ), ,., = ± 1" ·25. 

:C. ... h>nc 11f,>1111!11i11, lJe Kalb County, Georgia. December II to December 20, 1873. c. 
observer. 50'"' direction theodolite No. 3. Circle used in XI positions. 

II ,, 
Spire near flagstaff 0 00 oo·noo ±0·23 

38 Kenesaw 40 54 49'5i8 o ·26 -0·375 

36 Atlanta Southwest Base 43 32 I I ·8.~6 0 ·19 -0 '2;l5 

35 Atlanta Micldle Base* 58 02 13·204 0 ·17 -·0·314 

39 Sweat Mountain . 60 57 46·579 0·24 +0·915 

~"i Atlanta Northeast Base 74 58 4S·469 O'IO -0·649 

40 Sawnee 103 57 45 ·4w o·q +0·627 

41 Academy 145 43 17 ·505 o··zo -\-0 'lI9 

Alcova 207 54 55·333 0'21 

Mea1i correction +o ·011 

Probable error of a single observation of a direction ( /.J. and N.), ,., = ±111 • 14. 

* R<:sult reducec\ to Middle llase h1 Hue, reduction= -o'1·orp.. 

0. 

" 
00·016 

55 ·.:;52 

24·564 

57 ·30S 

38·715 

42 '•)S~ 

07 -.~_;2 

3S ·ro6 

Boutelle, 

" 

49'20.) 

II ·591 

12 ·890 

47 ·494 
47 ·~20 

46·037 

17·624 
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.Abstracts <~lllorizo11!<1/ diredhws at slatio11sfor111il~1:- tile • ../tla11la bt1st· 11d. 1S73-1S71-co11ti11ue1i. 

S..tWllC<", Forsyth County, Georgia. October 7 to Novetnber 12, 1873. c. 0. Boutelle, observer. 
75""' direction theodolite No. 1. November 26 to December 4, 1873. Same observer. 5o<m direc-
tion theodolite No. 3. Circle 11sed in VII and IV positions, respectively. 

Number of Resulting direc- Approxinutte Corrf'ction Finttl 
direction!". Objr'"cl!', ohsen•ed. tions front station probable:: fr1Jn1 figu.n: seconds. adjustment. trror. ndjust1nent. 

0 ,, !! I! 

Azimuth Mark 0 00 oo·ooo ±0·09 

Alco\·a 5 59 50·203 0·24 

34 Academy 13 35 4:';·306 0·26 +0·847 49·153 

31 Stone l\lountain 38 56 35 77.3 0 ·23 +r ·31I .H·o:-q 

i.S Atlanta Northeast Base 52 13 32·259 0 ·~1 -0 ·274 31 ·985 

29 Kenesaw 93 53 42 ·795 (• ·25 -0·856 41 ·939 

30 Sweat Mountain 96 00 32 ·oS6 C) ·22 -0·396 _; r ·690 · 

33 Pine Log 14:? 50 58·425 I) ·17 -,-0 ·353 58·072 

32 Grassy 191 04 26 "J 54 0":?2 -0·244 25 "91CJ 
Blood 240 44 00·564 () ·24 

Yo11ah 263 JI ,;8 ·044 O'JI 

Skitt 273 57 55 ·373 0 ·.;2 

Currahee 286 09 07':?28 0·2~ 

Mea11 correction +o ·005 

Ninet\·-two series were measured with theodolite No. 1, and 40 with theodolite Nu. ;. 
ProbaiJle error of a single observation of a.direction (D. and k. ), ,., = ±r"·.;4. • 

Grassy, Pickens County, Georgia. July 13 to 31, 1874. c. 0. Boutelle, observer. 5o<m direction 
theodolite No. 3. Circle used in XI positions. 

0 I II /I /I " 
44 Sawnee 0 •X• OJ "a.JO 0·07 +0-228 00 ·22:1 

43 Sweat Mountain 43 29 35·631 0·16 +0·299 35·930 

42 Kenesaw 51 39 33·335 0·23 -I ·408 JI '927 

45 Pine Log 86 41 37·031 0 ·13 +o ·75z, 37·784 

Johns 31 59 17·050 0·26 

Cohutta 183 15 38·960 0"18 

Blood 261 37 28·061 0 ·15 

Skitt 297 :i3 10·6:20 0·16 

Mean correction -0 ·032 

Probable error of a single observation of a direction (D. and R.), e, = ±o" ·91. 
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Abstmds <?f l1<>ri:::o11ta! diratio11s at stalit>11sformi11g !lie .-ltla11ta base· 11d, 1873-1874-continued. 

Pi.11e Log, Bartow County. Georgia. July 29 to September r7, 1874. F. P. Webber, observer. 
3o<1

• repeating theodolite No. 32. 

Number of Resulting direc- Approximate Correction Final 
directions. Objects obsen·ed. tions from station probnble from figure seconds. adjustment. ~rrur. adjm;t111ent. 

0 II II ,, II 

Carnes 0 00 oo·ooo ±O"JO 

Inrlian 22 30 38·s97 0·13 

Coosa 36 17 34·so7 0·12 

Lavender 46 28 3s·508 o·o:s 

Gulf 70 19 .so·28o 0 ·12 

Johns 84 39 43·143 0·12 

Cohutta qr 29 12·849 0·14 

49 Grassy 193 JO 40·009 0 ·13 -0 ·600 39·409 

4S Sawnee 23~ IS 3ti ·12s 0 "JI +0·59'."3 36 723 

47 Sweat Mountain 28s 37 II "88o 0·12 -o·s41 11 ·339 

46 Kenesaw 308 19 38·s86 0·10 +o ·s42 39·128 

Lost Mountain 323 54 s2·071 o ·rs 

Pine Mountain .~47 59 11 ·443 0 ·q 

Mean correction o·ooo 

Observal.iuns made in sets of 3 D: and 3 R. measures. 
Probable error of a single observation of a rlirection (6 repetitions).,., =±1 11 ·23 . 

. -J,·ade111y, Gwinnett County, Georgia. December 4· to 10, r874. C. 0. Boutelle, observer. 
50·"11 direction theodolite No. 3. Circle used in XI positions. 

53 

so 

sr 

S2 

I 
I Stone Mountain 

I 

Atlanta Northeast Base 

Sweat Mountain 

0 II 

o oo oo ·ooo 

42 29 26 ·166 

6s 30 02 •687 

II2 53 •\2 "731 

II 

±0"10 

o·q 

0·16 

0 ·22 

" 
-0716 

+1 ·837 

·-0 ·001 

--1 ·167 J Sawnee 

Mean correction -o ·027 

Probable error of a single observation of a direction ( D. and R. ), ,·, =±011 ·95. 

ATLANTA RASE NE'f ADJUS'f:\IENT. 

Obs,·1-;_1afio11 equalitWS. 

I ' o=+o ·037- (2)+ (I) 

II o=-0·22s- (_2)+ (Jl-(3Sl+(37)-p2)-t- (8) 

III U=-0·219- (4)+ (7)-(36J+(37)--(12i+ (8) 

IV o=-o "4II- (6l+ (7)-(36J+(39)-(24J+(20) 

v O=-o ·.367- (6l+ (4)- (SJ+( ro)-(2I J+(20) 

VI o=+r ·410-(14J+(1S)-(3SJ+(J6)- (7i+ (S) 

VII 0=+0·733-(15)+(1S)-(38)+(37)-(12)+ (9) 

VIII o=-0·2S4- (5)+ (6)-(2o)+i:l2)-(16)t(14) 

IX 0=+2 "49i-( ro).j-( 13)-(50J+(s1 )-( 27)+ (21) 

x o=-4 ·228-(37 )-1--f 41 )-(53i+(sol-P3 l+ (12) 

II 

S9 ·284 

28 ·003 

02·626 

41 ·s64 



BASE LINES AND BASE NETS. 

Observativ11 ,·q11t1lio11s-co11tinue<l. 

XI o=-f-:2 ·33r-(38)+(40)-(3r)+( 29)-( r7)-f-(IS) 

XII 0=+1 ·971- (9)+(u)-(28J+(29)--(17)+(r5) 

XIII o=-1-4 ·351-( u)+( 13 )-(50)+(52)-(34)+(28) 

XIV 0=+2 ·296-( ro)+( II i-(28)-1- (30 )-(23)-t-( 2I) 

XV o=-t•:i · 154-(4S J+( 47 )-( 26)+( 23 )-(30)+(33) 

XVI o=-I ·S3r-(33J+(32)-(44)+(45)-(49J+(.48) 

XVII . o=-r ·.31,~--'(26)+(25)-(43)+(45)-(49)-1-(47) 
XVIII o=-o ·301--(22)-l-p6)-(47)-j-(46)-( 19)-1-( 16) 

Sr 

XIX o=+o ·152-0 ·095(4)-f-o ·095(7 )-o ·026(8)+0 ·026(I2)-1 ·505(35)+0 ·8q(36)+0 ·691(37 )· 

XX 0=+3 ·124-0 ·1 r6(4)+0 ·021( 6 l-1-o ·095( 7 l+o ·531(20 l+o ·795( 21 )-1 ·326(24 l-1-o ·,q4(36} 

-to ·499(37)-0 ·S43(39) 

XXI o=-l-9 ·942-0 ·226( 8 l+o ·199( 9)-/-0 ·027( 12 )-7 ·676( q)-j-o '79~;( 15 )-1-6·878(18) 

-4 ·941(36)-/-0 ·344(37)-l-4 ·596(3S) 

XX.II (•=+o ·436-!-o ·140(8)-0 ·199(9)-l-o ·060( 10)-l-o ·699( 14 )-o 79S( 15)-l-o ·099( 16) 

-o ·565(20)+0 ·53r(21) +o ·034( 22) 

XXIII I 0=+2 ·004+1 ·883(21)-1·326(24)-0 ·557(27) +o ·917(37)-n ·843(39)--0 ·074(4r) 

+o 726( 50)-0 ·496( 51 )-o ·230(53) 

XXIV o=-o ·915--0 ·916( 15 )-1-o ·20;( 17)+0 ·;09( 18)-r ·128( 28 )-1-rJ ·237( 29)-j-o ·892(31) 

-(.I ·692(37)-1-0 ',)1I(38 )-\-0 ·3&i(40) 

XXV 0=+2 ·359-l-o ·628( 28)-0 ·892(31 l+o ·264(34)+0 ·306(37 )-o ·380(40)-!-o ·074(41) 

-o ·305(50)-!-o ·075(52)-l-o ·230(53) 

XX.VI o=-2 ·792+0· 403( 9)--0 ·500( IO )-1-o ·097( II )-J-o ·176( IS )+2 ·439(I6 )-2·616(17) 

+o ·220( 28 l-s ·705( 29)-l-s ·485(30) 

XX VII o=+o ·463-f o ·223( 23)-0 ·238( 25 )-1-o ·016( 26 )-o ·222(43 )-1-o ·210(44)-!-o ·012(45) 

+o ·194(47 )-o ·404(48)-!-o ·210(49) 

XX VIII 0=+1 ·619-2 ·7557( 16)-!-2·6157(17 H-o ·1400( 19)-1-5 7048(29)-5 ·9022(30)+0 ·1974(33) 

-i-o ·5032(46)-0 '69i r( 47 H-o ·1939(48) 

XXIX 0=-1-s ·491-2 ·6157( r6 l-l-2 ·6157( I ;)-o ·42r2( 22 l-1-o '.f2I2( 25_)+5 ·7048(29)-5 •6861 ( ,)0) 

-o ·0187(32)+1 ·8885(42)-2 ·1104(43 )-1-o ·2219( 44) 

I ,, p 
(1)=1 ·o(+C,) 

(2)=r ·o(-C,-C,) 

(3)=1 ·o(+c.) 

Equalhllls <>f ,~wrdativr!s. 

(4)=1 ·o(-C3 -i-C5 -o ·095 C,9-o ·rr6 C..,) 

(S)=r ·o(·l-Co--Cs) 

(6J=r ·o(-C,--C5-i-Cs+o·o21 C.0 ) 

( 7)=1 ·o( -!-C3-!-C,-C6+o ·095 C,9-l-o ·095 Coo) 

( s I= I ·o( +c.+C3-C5-0 ·026 C,9-o.·226 c.,+o ·qo c .. ) 

( 9)=1 'O( -t-C7-C,.-J-o ·199 C.,-o ·199 C.,-!-o ·403 Co6) 

( IO)=I 'O( -1-Cs-Co-Cr,-!-O 'o6o C.,-o '500 Coo) 

(11)=r ·o(-t-C,.-C,3-!-C,4+0·097 C,6) 

4192-No. 7-02--6 
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Eq11atio11s of .~wrdatives -continued. 

p 
( 12)="1 ·o(-C,-C3-C7+C,o-i-o ·026 C,9+o ·027 C2,) 

( 13) = r ·o( +c0 -Cw-t-C,,) 

( q)=T "2\--C6-t-Ca-7 ·6i6 Co,+o ·699 Coo) 

( 15 )=I ·3(-Cd-C .. -t-o ·798 Co,-o 798 C,,-o ·916 c •• -t-o ·176 C,6) 

(16)=1 ·1 (-Cs--\--C,~-o ·099 Co2-t-2 ·4394 C..,-2 ·7557 C,s-2 ·6157 C29 ) 

( 17)=1 ·1(-C .. -C.,+o ·207 Co4 -2 ·6157 C..,-t-2 ·6157 C.a+2·6157 C,9 ) 

( 18)=1 ·2( +c6+c1+c .. +6 ·878 c.,+o ·709 c.d 

( 19)=1 ·7(-C,s+o ·1400 Cd 

(20)=1 ·o(-i-Cd-C5 -Cs+o·531 Cw-0·565 C,,)-

(21)=1 ·2(-C5-i-C9-i-C,d~o·795 C20+0·531 C,.+1 ·883 C,3 ) 

(22)=1 ·o(+Cs-C,~:+0·034 C,,-0-.1-212 C,9 ) 

( 231=1 ·1( -C14 +Ci5+u ·2230 L27 j 

( 24) =T "O( -C.-1 ·326 Coo-I ·326 C03 ) 

( 25) = l ·o( +c,1-0 ·2385 c.1+0 ·4212 C.9) 

(26)=1 ·1(-C,5-C,7-i-C,s+o·o155 C,7 ) 

(27)=1 ·2(-Ci-0·557 Cd 

( ~s) =I ·r (-c .. +c.,--c .. -1 ·128 c •• +o ·628 C.s+o "2:?0 c.6) 

( 29) =I ·2(---!-Cu +"t..:10-!-o ·237 Co4-5 704S Coti-!-5 7ntS C.,+s '7048 C29) 

(3o)=r ·1(_-i-C,.-C,5-i-s ·4851 Coo·-5 ·9022 C.s-5 ·6861 C.9 ) 

(31 )=1 ·1(-C.,+o ·892 Co4-o ·892 C,5 ) 

(32)=1 ·1(+C,o-0·0187 C2,,) 

(33)=1 ·o(--tC,5-C,6-i-o "'9i4 C.s) 

(34)=1 ·2(-C,,+0·264 C,5 ) 

( 35) = l "O(_ -c.- I ·505 C,9) 

(36)=1 ·1(-c,-c.+co+o ·814 C,9+0 ·344 C..,-4 ·941 C.,) 

I 37 )=! ·o(+c.+c,+C,-C,o+o "691 C,9-i-o ·499 C20+0 ·344 C,,+o ·917 C,3-o '692 C,4-i-o ·306 C.5 ) 

(38)=1 ·2(-Co-C,-C.,+4 ·596 C.,+o ·3u C,,) 

'(39)=1 ·2< +c,- -o ·843 c.._,--o ·843 c.,) 

( 40 l = r ·o( +c .. +o ·3So c.,-o ·3So c.5) 

(41)=1 ·1(+C,o--0·074 C,3+0·074 C,5) 

(42)=1 ·1(+1 ·ss8s c.,,) 
(43) =I ·o( _:_C,7-0 ·2219 c.,-2 ·uo4 C29} 

(44)=1 ·0(-C,6+0 ·2097 C,7+o ·2219 C20 ) 

(45)=1 ·o(+c,6+c,1+0·0122 C,7) 

(46)=1 ·o(+C,s+o·5032 C.s) 

(47) = 1 ·o( +c,5+C,1-C1s+o ·1939 C.7-o ·6971 C.s) 

(48)=1 ·o(-C,5-i-C10.-o ·4039 C.7+o ·1y39 C.a) 

(49) =I ·o(-C,6-C,,+o ·2100 C,7) 

{ 50) = r ·o( -C9+C,.-C,3+o ·726 C,3-o ·305 C,5 ) 

·(51)=r ·o( +c9+o ·496 C,3 ) 

{52)=1 ·r(+c,,+0·075 c.5l 

(53) =1 ·o(-C,o-o ·230 C,3+o ·230 C,5 ) 
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Nor111,1/ cqualio11s. 

0 c, 
z 

Co Ci C4 Cs C6 c, Cs C9 C11) Cu c .. C13 C14 C15 C16 C17 C1s C19 

I 0=+0·037 +• +1 
-0".?25 +6 +.• -I +• -2 +>"14.4 
-0·~19 +6·1 +1·1 -2 -2·1 +" -2 -o·o664 
-0·411 +6·3 +2 -.?"I -2 -0·&104 

~ -0·;¢7 +6·2 _., . ., -2·2 ~a·c..69 

6 +1 ·4rn +6·; +1·4 -2".? +2"4 +o·Soo4 
7 !\-0"733 +6·7 -2 +1·4 -2·3 +0·665 
s -0·2s.i +6·,, -.?"1 

9 +2 ·497 +6·4 -2 +2 +•·2 
10 -4 ·22S +6·1 -2 -0·665 
II +2·331 +6·S +2"3 
12 +1 ·971 +6.7 -2·1 +2"1 

13 +4 ·351 +6•4 -2·1 
14 +2"2'}6 +6·5 -2·2 
15 +0·154 +6·3 -2 +2"1 -2"( 

16 -1 ·831 +6·1 +2 
17 -1 ·313 +6·1 -2·1 
IS -0·301 +6·9 
19 +0·152 +3"49076 
20 +~ "1>4 
>I +9'942 
22 +o ·436 
23 +2"004 
24 -0·915 
25 +2 ·359 
26 -2 ·792 
27 +0·463 
2S +1·619 
29 0=+5·491 

d c .... c .. 
;<; 

Coo Co3 C24 C25 Co6 C27 - C.s C29· 

2 +0·499 + 0·091 +c··140 +0·917 -0·692 +0·~06 

3 +0·3316 + 5·5261 +0·140 +0·917 -0·692 +0·306 

4 +0·541 + 5·4351 -0·565 +0·3144 
5 -0·56o + 0·226 -I 'J822 -2 ·2596 -- 0·500 

6 +0·2834 + 6·514s o·S.;88 +0·4n6 
7 +u·4w + ~ ·~17 +c··S384 +r.1"':}17 +ow64 +0·300 + 0·1742 
s -0·510 .. 9·2112 +1 \'289 - 2 "6~29 + 3·03127 + 2 •45607 
9 +0·954 +0·5772 +1 ·.,00 +0·3.,5 + 0 ·500 

10 -0·499 0·317 -0·0424 +0·692 -075¢ 
II + 2 "73-"i -o ·0669 +o ·tio12 - 3 "9684 + 3·¢"49 + 3 •96849 
12 + 0"83-'>4 -0·8,;84 +0·1067 -0·690.~ - 4 ·2876 + 3·96849 . + 3 ·¢3.19 
13 -0·726 -1 ·24o8 +0·7615 + 0 "'45 
14 +0·954 +0·5n2 +• "2596 +1 ·24o8 -0·6908 + 6 ·3885 -o ·2453 - 6·49240 - 6 ·25471 
15 - 6•0335 +0·82605 + 5·79&~2 + 6 ·25471 
16. -0·8114 - 0·0035 - 0·24247 
17 -0·03755 - 0·6971 + 2·5316 
18 +0·0749 + 2 ·(.~29 -0·176..-;:' - 2·00877 - 2 ·456o7 
19 +o ·67287 - 4 ·17989 -0·00364 +0·6,1365 -0·47817 +0·2u4.; 
20 +.1 ·u5354 I ·6981.12 +0·20056 +4 •$6502 -0·34531 +0·15269 ,, 

+180·7137~ -7 ·:,3772 +0·31545 +6·3;872 +0·10526 + 0'26278 
22 +2·1464_5 +I "199-~5 +0·95026 0 ·02717 0·30010 - 0·299r7 
23 +8·91109 -0·63456 +0·00025 
,4 +4 ·s2271 -2 ·01o60 .:! ·7007::!. + 2'.?I~ + 2·21804 

>s +1 ·78886 + 0·1s19~ 
26 +86"73579 -89·58581 -87 •90629 
~7 +0·45004 -- 0 ':!I348 + 0·41437 
28 +94 ·10164 +91 ·42521 
29 +95·45205 



C, =-o "Il5 09 

c. =+o ·193 1S 

C3 =-0 "Oil 44 

C4 =+o "J IO 00 

c, =-o ·37S sr 
C,; =-o ·337 23 

C7 =+o ·050 86 

Ca=--0·362 70 

C9 =+o ·4rr 93 

Cro=+o ·255 i4 

THE EASTERN OBLIQUE ARC. 

Resulting· Correla ks. 

c .. =+o ·oS3 7S 

c .• =-0·350 90 

c,,.=--o ·9s2 35 

c .• =-r·.,05 71 

Crs= -0 ·851 29 

C,o=-o ·234 29 

C, 7=+o ·978 52 

C,s=-0·131 58 

C,9=+o ·oSo or 

Coo=-! ·726 7-l 

and resulting corrections to observed directions: 

I/ " II 

( ! i =-u ·u51 ( 11j=-o ·0010 (2!)=-0 ·::;34::; 

(2) -0 ·0781 (12) +o ·9S25 (22) +o ·0159 

(3) +o ·1932 (13) -o·S262 (23) +0·6689 

(4) -o·n44 ( I4) +o ·2901 (24) +o ·9164 

(5) +0·0255 ( 15) +0·2258 (25) +o ·52::;6 

(6) -0 ·130.i (r6) +o ·0491 .(26) -0·2729 

(7) +0·2194 ( 17) +o·r102 (27) -1 ·13u 

(S) +0·3708 (rS) -I "0555 (28) -o ·2745 

(9) +0·9042 (19) +0·5427 (29) -o ·8561 

{Io) +0·0695 (20) -0·1S26 (30) -0·3963 

,, ,, 
(41)=+o·rrS6 (48)=+0 ·5984 

(42) -1 ·40S4 (49) -0 ·5995 

(43) +0·2994 (50) +1 ·S370 

(44) +0·2284 (51) -o "o6o6 

(45) +0·7526 (52) -1 ·1669 

(46) +0·5424 (53) -o 7156 

(47) -0 ·5413 

We have the probable error of a direction of unit 

c •. =-o ·137 98 
c •• =-1 ·132 SS 

c.1=+0 ·952 70 

c •• =+o ·383 71 

c.s=·-1 ·046 58 

c.6=+o "755 58 

c.7=+o ·6S9 15 

c.s=+1 ·339 40 

C09=-o ·677 99 

II 

(31)=+1 ·.,rr2 

(32) -0·2437 

(33) -0·3526 

(34) +o·S473 

( .~5) -0 ·3136 

(36) -0 ·2452 

(37) -0 ·6491 

(38) -0·3747 

(39) +0·9150 

(40) +0·6273 

weight J[pz1z•] 0·674 __ . = 
c 

0·674 J:q ·4 or ± o"·fr2 nearly, and since the average reciprocal of the weights is 
:29 

1 ·07. the probable error of an observed direction is nearly ± 0"·65. 



RASE LINES AND RASE NETS. 

Res11!ti11,i;- 111~(/.:S amt sides q/ 1/1,, At/1111/11 bas.: 11d. 

No. Statio11:-0. 

I 
Stone Mountain 

. Atlanta Southwest Base 

Atlanta Northeast Base 

Ohsen·ed angles. 

,, 
31 26 36 "633 

65 44 22 ·204 

82 49 01 ·328 

I. Stone Mountain 

2 l Atlanta Southwest Base 
Atlanta Middle Base 

I4 30 or ·368 

65 44 22 ·204 

99 45 36·656 

Stone Mountain 

Atlanta Middle Base 

Atlanta Northeast Base 

16 56 35 ·265 

&> 14 23 ·381 

82 49 or ·328 

l 
Sweat Mountain 21 37 SS ·366 

4 Atlanta Northeast Base 74 08 33 ·323 

AtlantaSouthwestBase 84 13 3r·520 

Sweat :Mountain 12 36 31 :673 

Stone Mountain 17 25 :H 'i43 

AtlantaSouthwestBase 149 57 53·724 

Sweat Mountain 9 01 23·693 

Atlanta Northeast Base 156 57 34 "65 r 
Stone Mountain 

Academy 

Stone Mountain 

Atlanta Northeast Base 

l 
Academy 

8 Atlanta Northeast Base 

Sweat Mountain 

Academy 

Stone Mountain 

Sweat Mountain 

14 01 Ol '890 

42 29 26'166 

70 44 29·036 

66 46 or ·440 

23 00 36 ·521 

16 23 ·9091 
20 43 03 ·077 

65 30 02 •687 ! 
84 45 30 ·926 

29 44 26'7i0 

Kenesaw 14 47 22 '27f 

AtlantaNortheastRase 46 34 26·983 

Atlanta Southwest Base rr8 38 IO ·842 

Kenesaw. 16 32 34·561 
Atlanta Northeast Base 129 23 28 ·31 1 

Stone Mountain . 34 03 58 ·891 

l 
Kenc""'l.w 

12 Atlanta Southwest Rase 

Stone Mountain 

45 12'290 

175 37 26·954 

2 37 22·258 

Correc
tion. 

II 

sr~r· sy;.'lr· 
angle::~. excest00. 

/I II 

-0·404 36·229 1)"1:?8 

+o ·334 22 ·538 o ·128 

+0·289 01·617 0·128 

-o ·o68 or ·300 o ·o62 

+o · 334 22 ·538 o ·o62 

-0·3o8 36·348 o·o62 

-0·335 34·930 0·066 

+o ·271 23 ·652 o ·o66 

-f-o ·289 OJ ·617 O ·067 

+0·652 56·018 o·r92 

-0·301 33 ·022 0·192 

+o·or6 31 ·536 0·192 

-I '099 JO '574 0 ·184 

+r ·160 3~ ·903 0·184 

+0:350 54 '074 0 ·183 

~-I ·752 25 '445 0·136 

-o ·013 34 ·638 0 ·137 

- I ·564 00 ·326 0'136 

+2·552 28·718 0·290 

+o ·768 29 ·804 o ·2g6 

+0·908 02 ·348 0·290 

- I ·897 34 ·624 0 ·337 

-0·896 23 ·013 0·336 

4-0·296 03 ·373 0·337 

30 · 130 0 ·763 

28 ·81i o ·763 

+o ·064 n ·335 o · 185 

+0·534 27·517 0·1S5 

-o · 140 ro ·702 o · r84 

- I '281 33 ·280 0 '343 

+o ·822 29 . I 33 0 ·344 

-0 ·274 58 "6i7 0 ·343 

-1 ·346 

-o·r94 

+0·130 

ro·944 0·030 

26·760 0·031 

22 ·3SS o ·031 

Log. dis
tances.· 

3·970 276 J 

4·212 738 2 

4 ·249 470 6 

3·654 412 0 

4 ·2r5 648 2 

4·249 470 5 

3 •683 590 2 

4·2r2 738 2 

4 ·215 648 3 

85 

Distances i11 
1neter~. 

9 338·478 
16 320·68 

17 761 ·1.~ 

4 512·446 

I6 430 "4'~ 

17 76r ·13 

4 826·032 

r6 320·68 

16 430·41 

3·970 276 I 9 338·478 

4·386 815 i 24 367·76 

4·401 456 3 25 203·24 

4 ·249 470 6_ 

4·386 815 i 

4 ·6o9 872 2 

4 '2J2 738 2 

4 ·609 872 2 

4·401 456 3 

4 ~212 738 :2 

4·35S r17 9 

4·346 400 3 

4·4or 456 _, 

4·649 026 8 

4·358 117 9 

4 ·609 872 2 

4·649 026 8 

4··346 400 3 

3·970 276 l 

4·424 374 8 

4·506 615 3 

4 '2!2 738 2 

4 ·6·i6 394 5 
4 ·506 615 3 

4·249 470 6 

4·646 :;94 s 
4·424 374 s 

r7 761 ·r3 

24 367 76 

40 726·04 

16 320 ·68 

40 12~·04 
25 203·24 

r6 320·68 

22 Sog ·61 

22 202·42 

25 203·24 

44 568·38 
22 80<)•61 

40 726·04 

44 568·38 
22 202·42 

9 338·48 

26 568·98 

32 roS ·rs 

r6 320·68 

44 299·o6 

32 roS ·rs 

17 761 ·13 

44 299·o6 

26 56S·gS 
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Res1elti11g a11gl.:s and sid.:s qf Ilic Atlanta bas.: 11d -continuecl. 

No. Statio1u;, t)bsen·ecl nngle:-:. 

,, 

l 
Kenesaw 64 50 59 ·613 

1 ; Sweat Mountain So 44 2 l ·71 l 

Atlanta Southwest Base 34 24 39 ·322 

l 
Kenesaw 

l 4 Sweat Mountain 

Atlanta Northeast Base 

l 
Kenesaw 

15 Sweat Mounta~n 

Stone Mountain 

Sawnee 

Academy 

Stone Mountain 

Sa\\'nee 

50 03 37 ·342 
102 22 17 ·077 

27 34 ofi ·340 

66 36 11 ·903 

93 20 53·384 
·. 20 02 57 ·oor 

25 20 47 ·467 

112 53 42 731 

41 45 32 ·095 

. 1.; 16 56 ·486 

Stant: Mountain 28 58 56 ·941 
.. I 

Atlanta Northeast Base 13i 44 Oi ·160 I 

\ 

Sawnet: 38 37 43 ·953 

18 Academy 70 24 16 ·565 

Atlanta Northeast Base 70 58 os 720 

l 
Sawuee 

19 Atlanta North~ast Base 

Sweat l\Iountam 

\ 

Sawnee 

20 Academy 

Sweat i\~ountain 

l 
Sawnee 

2l Stone Mounta~n 

Sweat Mountam 

l 
Sawnee · 

22 Stone Mountain 

I~enesa\v 

Sawnee 

Atlanta Northeast Base 

Kenesaw 

l 
Sawnee 

24 Kenesaw 

Sweat Mountain 

43 46 59·827 
. 65 18 18 ·189 

iO 54 46·284 

82 24 43·;8o 

47 23 40·044 

50 II 43 "207 

57 03 56·313 

42 59 58·831 

79 56 09·977 

54 57 07 "0:?2 

63 02 55 ·832 

62 00 04·273 

41 40 10·536 

92 52 24·529 

45 27 29 712 I 
2 06 49·291 

4 36 07 ·630 

173 17 03·361 

Correc
tion. 

,, 
s!~~·zr- sr~~r-
a.ngles. ex:ces~. 

" 
,, 

J,,og. di!i;
tances. 

Distances in 
meter~. 

+o ·241 59 ·854 o ·310 ; 4 ·386 815 7 24 367 76 

+o ·199 21 ·910 o ·310 4 ·424 374 8 26 568 ·98 

-0·156 39·166 0·310 4·182 214 9 15 213·00 

+0·177 37·519 0·317 

+0·851 17·928 0·318 

-0·835 05·505 0·317 

-I "105 10 ·798 0 "524 

-0·901 52·483 0.524 

+ I "290 58 "291 0 "524 

-r-0·464 47·931 0·599 

-o ·452 42 ·279 0 ·598 

-o ·509 31 ·586 0 ·599 

-I ·586 54"900 

+1 ·:q6 58°217" 

+o ·683 oy ·843 

0·320 I 
o -~20 I 
. " 

r) ·321J ! 
. I 

- I "122 42 ·831 <) ·629 

-3·004 13·561 0·629 

--0·225 05·495 0·629 

-q "122 59 705 

-0 ·670 · 17 ·519 

-I ·504 44 "780 

- r ·244 42 ·536 

- I "ro6 38 ·938 

0·668 

0·668 I 
0·668 

0·961 

0·96o 

-I ·Soo 41 ·407 0 "900 

-1 ·707 54 "006 I "125 

-0·288 58·543 1"125 

+o ·248 IO "225 I "I 24 ! 
I 

-2·167 04 ·855 l "599 

+1 "002 56 ·834 I ·598 

-1 "166 03 "!07 I "599 

-0·582 09·954 0·935 

- I "505 23 "024 0 ·936 

+0·116 29·828 0·935 

+o ·46o 49 "751 o ·050 

+o·o6r 07·691 0·050 

-0·653 02·708 0·050 

4·401 456 3 

4·5o6 615 2 

4 ·182 214 9 

4·6o9 8i2 2 

4·646 394 5 
4 ·182 214 9 

4·346 400 3 

4 ·679 227 4 

4·538 334 2 

4·212 738 2 

4 ·536 834 8 

4·679 22i 4 

4·358 117 9 

4·536 834 s 
4·538 334 2 

4 ·401 456 3 

4·519 739 5 

4·536 834 s 
4·649 026 8 

4·519 739 5 

4 ·538 334 3 

4·609 872 2 

4·519 739 5 

4 ·679 227 4 

4·646 394 5 

4·683 359 5 

4·679 227 4 

4 ·506 615 3 

4·683 359 5 

4·536 834 s 
4 ·18.:! 214 9 

4·519 739 5 

4 ·683 359 5 

25 203 ·24 

32 108 ·15 

rs 213 ·oo 

40 726·04 

42 2y9·o6 

15 213 ·oo 

22 202·42 

47 777 ·93 

34 540·94 

16 320·68 

34 421 ·go 

47 7i7 ·93 

22 809·61 

34 .pr ·90 

34 540·94 

25 203 ·24 

33 093·26 

34 421 ·go 

44 568·38 

·33 093 ·26 

34 540·95 

40 726·04 

33 093-"26 

47 777 ·93 

44 299·o6 

48 234·69 

47 777 ·93 

32 1oS ·15 

48 2.)4 ·69 

34 421 ·go 

15 213 ·oo 

33 093·26 

48 234·69 



BASE LINES AND BASE NETS. 

R,·s11lti11g 1111gks and sides,~/ Ilic • .J.lla11ta bas,, 11d-continued. 

No. Station. 

f 
Pine Log 

25 l Sweat !'dountain 

Kene5aw 

,, l 
27 { 

"" l .... ") 

" ! 
~1 
"I l ·' 

,, ( 

33 l 

Pine Log 

Sawnee 

Kenesaw 

Pine I.og 

Sawnee 

Sweat ~Iountain 

Grassy 

Sawnee 

Sweat Mountain 

Grassy 

Sweat Mountain 

Pine Log 

Grassy 

Saw nee 

Pine Log-

Kene,;aw 

Grassy 

Sawno:=e 

Kenesaw 

Pine Log 

Grassy 

Kenesaw 

Grassy 

Sweat Mountain 

Ohsen·t:rl a.11gles. 

,, 
22 .p 26 "700 ' 

JOO 54 55 ·S25 

56 22 38 ·4q 

jO cq 02 . 46 I 

48 Si 15 ·630 

60 58 46·044 

47 21 35 "755 

-16 50 26·339 

85 48 oo ·Sq 

43 29 35·631 

95 03 s-1·068 

41 26 32 ·00-1 

4."i 12 01 ·-100 

-14 21 28 ·210 

92 26 31 ·87 r 

86 41 37·031 

48 13 27 "7:?9 

45 04 56 ·rr6 

31 09 
51 39 33·335 

97 IO 43 ·.~59 

29 48 

TT5 oS 58 ·577 

35 02 03 •6g6 

26 33 

8 09 57 704 
145 I 6 :q ·035 

Correc
tio11. 

,, 
sy~~~·- sl~~r-
angles. c:xcess. 

·'' 
-f-1·0S4 27·790 0·415 

-0·289 55·536 0·416 

-0 ·494 ."7 ·920 '-' ·415 

-o ·056 02 ·405 l ·3Sz, 

-f-o ·503 16·133 1 ·3S3 

-0 ·433 45 ·61 l I ·3:S3 

-r·qo 34·615 0·918 

+o ·044 26 ·38.> o ·918 

-\-o ·9-12 or 756 o ·918 

+o ·op 35 702 o ·889 

+0·153 54·221 0·889 

+o ·qo 32 "7H o ·889 

-ro·453 or ·853 0·931 

+o ·802 29 ·012 o ·931 

+o ·058 3r ·929 o ·932 

+0·524 37·555 0·903 

+o ·109 27 ·838 o ·902 

-f- I ·198 57 ·314 o ·902 

48 "202 I "290 

-1·637 31·698 1·290 

+0·612 43·971 r·29r 

57·408 0·995 

-f-1 ·q2 59·719 0·994 

-\-2 ·16r 05 ·857 o ·995 

40 ·51 l 0 ·352 

-1 70S 55 ·996 o ·352 

-f-0:513 24 ·548 0 ·351 

Dt·scriptions o/ stations. 

Log.di,._ 
tances. 

-~ ·182 21.J. 9 

-1·587 666 4 

4 ·516 084 l 

4·6::;3 359 5 

4 ·5'f'q 666 5 

4 ·651 920 I 

-1 ·519 739 s 
4·516 084 

4 ·651 920 l 

4·519 739 5 

4·68o :?84 I 

-1 ·502 751 9 

4·516 o84 I 

4·525 240 9 

4·6So 284 l 

4·651 920 I 

4·525 240 9 

4·502 751 9 

4·502 751 9 

4·683 359 5 

4·7S5 444 9 

4 ·525 ::qo 9 

4·7S5 -144 9 

4·587 666 5 

4·680 284 I 

4 ·182 :214 9 

4 ·785 444 9 

Distance::s in 
n1eters. 

15 :?13 'oo 

38 696·03 

32 815·89 

48 234·69 

38 696·0-1 

44 866·28 

... '~~ 093 ·26 
32 815 ·89 

44 866·28 

33 093 ·26 

47 89-1 ·_;3 

3 I 823 "79 

32 815:89 

33 515 ·13 

47 894·33 

44 866·2S 

33 515 ·13 

31 823 "79 

31 823 "79 

.48 234 ·69 

61 016 ·17 

33 515 ·13 
6r 016 ·17 

3S 696·04 

47 894·33 

15 213 ·oo 

61 016·17 

Atl.uzla Southwest Basc.-This station is in De Kalb County, Georgia, about 12 

miles northeast of Atlanta, near and to the east of the track of the Southern Railway. 
It is situated on the northwestern slope of a small hill, 20 meters from and 8 feet below 
the summit. It is roo meters south of Humphrey's house. 

'!'his end of the base has both a surface and an underground mark. The lower 
mark is a hole drilled m a copper bolt m the top of a granite post 2 feet long and 6 
inches square. The top of this post is 3}~ feet below that of a large granite monument 
covering it, the upper mark being in this uppermomunent. Theupperblock is 3·3 feet 
square at base and 3 feet square at top and ::?"5 feet high: it rests on a brick platform, 
laid in cement, 5 feet square and I foot high, with hole r foot square in center, through 
which the top of lower monument may be seen. A drill hole at the intersection of two 
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cross lines, in a copper bolt driven into the center of the top of the upper block, marks 
the station .. Over the upper monument is placed a granite shaft bearing the usual 
inscriptions on its faces. The station is further defined as the center of a ~quare whose 
side is 24'"·75, each angular point of the square being a drill hole at the intersection of 
cross lines in a.copper bolt dri\·en into the top of a stoJ1e post 3 feet long and 6 inches 
square at top. The center of each rderence mark is r S. meters from t,1e station, and 
diagonal grooves are cut in top of each, with an arrowhead p9inting to the station . 

.. ..Jt/anta Northeast Base.-This station is at a road crossing on the Southern Rail
way, near Norcross, Gwinnett County, Georgia. It is on the west side of the road and 
the west side of°the railroad, on the place of J. H. Maloney. The station is marked 
exactly ·as desc;ribed at Atlanta Southwest Base. 

Atla11ta Jlfiddlt: Basc.-The station is in De Kalb County, Geo.rgia, upon a small knoll 
in edge of woods 65 feet northwest of the Southern Railway and about a.· quarter of 
a mile northeast of the railroad station at Doraville. The underground mark is the 
center of the month of a short-necked bottle. 'fhe surface mark is a drill hole at the 
inter8ection of. cross lines in the head of a copper bolt driven into a granite post, I 

foot square and 3 feet long, with diagonal grooves cut in the top, one in line with 
the base and the other perpendicular to it. The copper bolt with the cross lines and 
drill hole is placed at the intersection of the grooves. Around this central monument 
are buried four referenc~ marks, two in line with the base and two in a· line perpendicular 
to it. Each of the granite posts is 7 inches square and 3 feet long, ·and has in its top 
a diagonal groove with an arrowhead pointing to the station, froin which the center 
of each reference mark is 5 feet distant. 

Stoue Jlfountaiu.-This station is in De Kalb County, Georgia, on the well-known 
mountain of that name, about 15 miles N. 76° E. from Atlanta, and about 1 mile from 
the post-office, Stone Mountain, on the Georgia Railroad, De Kalb County, Georgia. 

The station is marked by a copper bolt in the solid granite of the mountain. 
Around the bolt the. rock is cut down to a level in a circle of 3% feet radius, the bolt 
being the center. In the periphery of this circle are six equidistant holes 3.Y~ feet apart 
am! 2 inches .deep. 

Academ)'.-This station is on the h~ghest point of Academy Hill, in Lawrencevi.lle, 
the county seat of Gwinnett County, Georgia. 

The underground mark is the mouth of a bottle 3 feet below the surface. o,·er 
this is a granite post 30 inches long and 7 inches square, with the lett~rs U. S. C. S. 
cut in top. Around the· central monument are· placed four reference r!.1arks about 
30° W. of S., 30° N. of W., 30° E. of N., mid 30° S. of E. The center of the SW. 
reference mark is 4 feet 6 inches from the cent~r of the station, and the center of the 
other marks is 5 feet distant from statioti. In the top of each reference mark ·is a 
diagonal .groove with an arrowhead pointing toward the station·. 

Ke11esarv. -This station is 011 the highest part of Kenesaw Motintain, about J m~les 
northwest of Marietta, Cobb County, Georgia. . The station is reached b~1 following 
the Marietta and CartersviHe road for about 2 .% miles. ·from the Kenesa\v House, in 
Marieha, and then following the road \vhich turns to the left, near a covered well, and 
finally along the spur of the mountain to the summit. The underground mark is a 
cross in the head of a copper bolt driven int(i a hole drilled in the solid rock 2 feet r N 
inches below the surface. Above this is .Planted a granite post 5 inches square, with 
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the top projecting 2 inches above the ground. The intersection of two cross lines in 
the top of the post marks the station. The letters U. S. C. S. were also cut in top of 
post. The station has three reference marks-A, B, and C-these being the intersec
tions of cross lines cut in the heads of copper bolts driven into holes drilled in the rock. 
The distances of these points from the station are 6·65 feet. 11·35 feet, and l 1·19 feet, 
respectively. The angles subtended at the station by lines from A to B, B to C, and 
C to A are 170" 59', 47° 06', and q.r 0 55', respectively. 

Sweat Afountaiu.-This station is in Cobb County, Georgia, the nearest post-office 
being "Woodstock, almost 4 miles distant in a direct line on the Atlanta, Knoxville 
and Northern Railroad. The station is on top of the mountain, about r % miles from 
Mr. Dial's house, and is reached by following the Marietta and Cun1ming road to a 
point 9~·:i'. miles from Marietta, near Mr. Garrison's, and then taking the road along the 
southeast ridge of the mountain. · 

The station is marked by a copper bolt driven in a hole drilled in the rock very near 
the edge, and has three reference marks, A, B, and C. which are copper bolts driven in 
drill holes in the most solid rocks available. These points are 6'2 feet, 7 '67 feet, and 
12·3 feet, respectively, from the station. Taking the line to Ken<::saw, S. 48°33' W·., as 
the initial or zero direction, and measuring angles counter-clock-wise, the directions ofo 
A, B, and Care 3° 19' 30", 83° 44' 30", and 231° 12' 30", respect_ively. 

Sawllcc.-This station is on the most prominent or central peak of Sawnee Moun
tain, in Cumming Township, Forsyth County, Georgia, about :2 miles NB. of Cupuning 
and r 2 miles from Bnford, on the Southern Railway. 

The station was marked temporarily by a copper tack driven in a stub, with similar 
stubs for reference marks. The permanent marks are supposed to be the usual central 
marks with four reference marks. 

Piut: Log-.-This station is on Pine Log Mountain, Cheroke~ County, Georgia, about 
7 miles north of Wolf Pen. The station is reached by going east from Cartersville, 
to \Volf Pen; thence 9 miles to Moore's Iron Furnace; thence 3 miles to Mr. Lewis' 
house; thence to the station 011 top of the mountaiu. 

The underground mark is the neck of a jug 2 feet 6 inches beneath the surface. 
The surface mark is the intersection of cross lines on the top of a granite post 5 inches 
square, planted above the jug, the top of post projecting above the ground. The letters 
U. S. C. S. were cut in the angles of the cross lines. Aroui.1d the station are four granite 
reference marks similar· to the central monument, to the north, east, south, and west, 
each distant 6 feet from the station. In the top of each is cut an arrowhead pointing to 
the station. 

Gms.i:v.-~his station is on top of Grassy Mountain, 3,290 feet high, in Pickens 
County, Georgia, about 6 miles in a direct line east of Jasper, the county seat, on the 
Atlanta, Knoxville and Northern Railroad. The station marks are !;upposed to be the 
usual central monument, and four reference marks to the. north, east, south, and west, 
each 5 feet distant from the statiou. 
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6. THE DAUPHIN ISLAND BA~5E LINE AND RASE NET, ALABAMA, I847. 

Lot.nlion, lllt'asun·mcnt, and res1tlli11g lcngt/1 1?( the D1iuplii11 bland b1ise line. Alabama, 
I817. 

\Vhen reconnoitering for a primary base line on the coast of Alabama and Missis
sippi in 1845, Assistant F. H. Gerdes selected a site on Da.uphin Island, and a preliminary 
measurement was made with a chain in 1845-46. The measurement was made during 
May and June, 1847, by A. D. Bache, Superintendent of the Coast Survey. A full 
account of this measurement, and the only one published, will be found in Coast and 
Geodetic Survey Report for 1889, Appendix No. 17, pages 479-491, which permits of 
giving less space to it here than would otherwise be demanded. 

This is thejirst base line measured with the Bache-Wiirdemann contact-level com
pensating apparatus, six meters in length, designed in 1845, and constructed at the 
Survey Office in 1845-46. A description of this apparatus, with illustrations of its detail 
construction, is contained in Coast Survey Report for 1854, Appendix No. 35, pages w3-
108, by E. B. Hunt, Lieutenant, U. S. A., and Assistant, C9ast Survey. This article 
was reprinted in Coast Survey Report for 1873, Appendix· No·. 12, pages 132-136, with 
a supplement describing improvements. The last base line measured with the apparatus 
was the Allaula base in i873. It was compared in ISjj. but its employment in the field 
closed with its use in 187 ,;. It was superseded by an apparatus less complex, less cumber
some, and more easily transported, usiug a contact slide, and either with or without the 
principle of compensation. · 

The average elevation of the island is but little more than l meter above the mean 
level of the Gulf. The line passes over sa.nd, generally bare, but in part it is covered 
with low grass or rushes. To prepare the ground for t11e measure n number of sand 
ridges had to be levelec). ·and a few gullies, cut by the sea, had to be crossed. The length 
of the base is 10·66 kilometers (or 6"62 statute miles). Its terminal points were marked 
with stone monuments and (so called) milestones were set along the line. In August, 
1852, a hurricane swept over the island, catising the sea to wash over the line and disturb 
seve1~al of the intermediate marks and the momuuent at \Vest Base. Certain verification 
marks having been recovered, part of the line was remeasured in 1855 by Assistants 
F. H. Gerdes and J. E. Hilgard, and the line was further secured in 1857 by the inser
tion of screw piles as marks. The marks were recovered in r 898 by Assistant 
W. B. Fairfield. The middle point is in latitude 30°14'·7 and in longitude 88°u'·6, 
with mean azimuth 84°13'. 

The length and compensation of the Bache-\Viirdemann apparatus depends_ entirely 
011 the length and the coefficient of expansion of the 6-meter iron standard bar, prepared 
in 1847 and known as No. r. It was standardized by means of numerous comparisons 
made between the years 1847 and 1°882. The elaborate comparisons and determinations 
of 1860, made by Assistant J. E. Hilgard at the Smithsonia1i Institution, are described 
in Coast Survey Report for· 1862, Appendix No. 26, pages 248-255. :·The coefficient of 
expansion was found to be o·ooo o 1 l .'i4 for the centigrade scale ( or o·ooo 006 4 l for the 

±4 ±2 
Fahrenheit scale). The weighted (assumed) mean of the most trustworthy observations, 
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namely, those of 1860, 1877, and 1882 (_the last by the writer), gave the final value: 
Length of· the 6-meter (h bout) standard (No. 1) at o° C. = 5 ·999 949 meters*, whereas 

±3 
the 1860 determination gave 5 ·999 941 meters, the difference being only 8 µ in 6 meters. 

±:? 
It was thought well to adhere to the 1860 value as the one in good accord with the coeffi-
cient of expansion then found. It was found that the compensating bars or ''tubes'' 
of the apparatus did not retain an invariable length at different times, ·probably owing to 
the great length of the apparatus and wear on the compensating lever, so that for each 
base their length had to be specially determined. At Dauphip. Island tubes I and 2 

were intercom pared in May and June, before ·and after the base measure, and tube 2 was 
likewise conipared with the standard bar. The results were, tube 1 longer than tube 2, 

o"'·ooo 021 6: on May 11 and 12 tube 2, at about 23°·6 C., with probably rising temper-
±1 4 

ttire, was found equal to 6""000 057 3, and on June IO, at about 25° ·o C., with probably 
±II 0 

falling temperature, tube 1 was equal to 6'"'000 064 o. Equating these measures with 
±II 0 

consideration of their weights, we get: 

Length of tube r, 6""000 071 o 
±II 0 

Length of tube 2, 610 ·000 050 3 
±II 0 

The adjustment of the compensation apparatt1s for changes of temperature was 
made in 1846 by Superintendent A. D. Bache, with the result that the lengths of the 
tubes were found practically invariable during the range of natural temperatures as well 
as at different rates of change of temperature. 

The probable error assigned to the deduced length of the tubes may be taken to 
include all uncertainty arising from the direct comparisons with the standard, and that 
of the standard itself, .but excluding uncertainty due to any imperfect compensation 
during the measure. The temperature of the tubes was taken from three thermometers 
attached to each tube, which gave an average of 30° ·o C. during the field operations, while 
that of standardization was :?4°·3 C.; the probable error of the length of each tube was 
accordingly increased to ± o""ooo oq 6. The maximum inclination of a tube during 
measurement but slightly .exceeded 1 °: the excess of length of 1777th tube over the west 
end of the base was measured with a brass meter scale, having regard for its tem
perature. 

*For further particulars see the account of the length of the El Paso base in Colorado. 18791 in Sp~ciat Pnlili
cation No. 4, "1'he Transcontinental Triangulation.'' 
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\Ve have for the length of the base: 
l 776 tubes of mean length 
1 additional tube No. r 
Exces5 of last tube at west base 
Correction to reduce to mean value of a double measure of 97 tub.es 
Correction for inclination of tubes 
Reduction to half-tide level of Gulf 

Resulting length of base 

JO 656m·ro7 6 
+6·000 I 

-0·171 3 
+o·ooo l 

-0·095 8 
-0·003 l 

IO 661"'·837 6 

We have also the following resulting distances from the east end of the base to the 
several so-called milestones: 

To first milestone 
To second milestone 
To third milestone 
To fourth milestone 
To fifth milestone 
To west end of tube 1532 
To sixth milestone 
To west end of tube 1658 
To sixth and a half milestone 

l 6081"·015 6 
3 216·032 5 
4 824·048 2 

6 432·063 9 
8 040·079 s 
9 192·008 l 
9 648·095 6 
9 94S·oo5 S 

IO 452·103 7 

The hurricane of August, r852, having. displaced milestones V, VI, and VI%. as 
well as the mo11t1ment at \Vest Base, that portion of the old line between the verification 
marks at the east end of tubes No. 1533 and No. 1659 was remeasured in May, 1855, 
by means of the 4-meter contact-slide apparatus,* with iron rods, Nos. 1 and 2. Their 
lengths at o°C. were: No. 1, 3111 ·999 937 7, and No. 2, 3"'·999 909 S . 

. The length remeasured is as follows: 
188 rods of mean length, at 30° ·67 C. 
I rod No. 1, at 34°·4 C. 
Excess of last rod O\"er line 
Rednction to sea level 
Resulting length 

752"'·251 8 
4.001 5 

-0·26o 0 
-o·ooo 2 

755"'"993 I Original length of 1847, 755m·9977 

A screw pile was inserted in the line at a distance 9 942m·798 4 from the ea?t encl of 
the base. 

The probable error ·of the assigned length of the base arising from the uncertainty 
in the length of tubes is± 0""025· 94; that due to contact and transfer errors during the 
measurement (which occupied seventeen working days) is estimated at ± 0"11"·01.J 1 776 
or ± o'"·ooo 42 and ± o'"'" ·os2..J6s or ± 0"'·900 68, respectively:t Combining these prob
able errors, we find the square_ root of the sum of the squares = ± 0""026 o, which 
equals :rrn\:;;:; 0 (nearly) of the length and corresponds to a logarithmic difference in the 
length of o·ooo 001 06. -··Hence the final value for the length of the Dauphin Island 
base, in terms of the prototype meter= IO 661"'·837 6, and its logarithm =4 ·027 832 06. 

± "026 0 ±I 06 

*For descri.ptir,11 of this snh:-i.idiar"y apparatus. ~et: Coast S\u"·ey Report tor 1856. Al:.ipendi.x No 60 
t An account of the experiments for contact and transfer enors, Coast and Geodetic i:.m·,·ey Report for 18.~. p. 485. 
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The Dauphin Island bast' nd and J"t'sults i?l ifs adjustment. 

This net, as shown in the figure, represents measures executed at two periods 
widely differing in elate. The older work of 1846, 1847, 1848, in charge of Assistant 
F. H. Gerdes, which includes the base measure, is exhibited in the diagram by lines of 
dashes, while the later work of 1897-98, in charge of Assistant \V. B. Fairfield, is 
shown by. full lines. It was at first the intention to adjust the whole of the measures 
at the stations connected 
with the base, but when the 
computation starting from 
the Atlanta Base was carried 
through the adjusted trian
gulation and had reached the 
Dauphin Island Base, there 
was found an almost perfect 
accord between its length as 
derived from the Atlanta Base 
and as measured directly. 
Nofurtheradjustment, there
fore, was demanded on this 
account, but for the triangu
lation to the westward toward 
New Orleans-that is, for the 
old triangulation-the three 
stations, Cat Island, ·Cedar 
Point, and Point aux Pins, 
required to be brought into 
perfect relationship with the 
base and with the position of 
Fort Morgan. '!'here is no 
line from Dauphin Island 
East Base to Fort Morgan in 
the old work, and besides, 
the direction from \Vest Base 
to Fort Morgan is not in har
mony with the later measure. 

In the fourth column of 

Spring Hill 

i 

Dauphin Isl.and West Base 

Kilometers 

10 5 0 IO 

Statute "Miles 

No.q. 

Fort .Morgan 

20 30 

the following abstracts of 5 o 5 10 15 20 

directions the twelve correc-
tions to directions numbered 53 to 64 are those which resulted from the adjustnient of the 
fifth section of the triangulation southwest of the Atlanta Base, comprised bHween the 
lines Creagh to Pollard on the north and Fort Morgan to Dauphin Island \Vest Base on 
the south. The corrections to directions numbered l to r6 are those pertaining to and 
resulting from the present adjustment of the old measures. '!'he ground at the stations 
is but a few meters above the level of the Gulf. 

For the details of the adjustment of the triangulation to the northward of· tht 
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Dauphin Island Base and of Fort Morgan. see the record and results of the fifth and last 
section of the triangulation in Alabama (1895-1898). 

The small diagram shows the adjusted figure, or the old 
~---------N_o_._'5~· base net upon which the snrvey to the westward depends. 

An independent start is made directly from the base. 
Respecting the position of Fort Morgan, the single tri
angle Dauphin Island West Base, Cedar Point, Fort 
Morgan, from the 1847-48 measures. has been added 
to the other triangles. The measures at Fort Morgan 
in 1847, by Assistant R. H. Fauntleroy. were made in 
connection with ·his observations for azimuth, and the 
azimuth station was occupied for the measure of the hori
zontal angles. 

Abstracts c?f horizontal angles and dircc/i(J11S at stations of !hr Dauphi11 bla11d bmY nd. 

Dc1upl1iu /sla11d E11sl Base', Mobile County, Alabama. February, 1846. F. H. Gerdes, observer. 
Theodolite No. 6. Circle used in IV positions. January and June, 1848. F. H. Gerdes, observer. 
45 cm direction theodolite No 4. Circle used in V positions. 

Number of Ri=-l'tu Its fro111 Corre::ctions Final 
d;rections. Objects ohsen•t-(1. ~talion adjnst. frotu net nc\ju~t-

~econd~. meni. tnent. 

0 // 

5 Dauphin Island \Vest Base 0 00 oo·oo +0·05 00·05 

6 Cat Island 52 04 29·67 -0·28 2q·39 

i Cedar Point 103 52 29·53 +0·23 29 76 

D,111pl1i11 lslc111d E11st Bas,., reoccupied August l to 30; 1897, and March 6 to 9, 1898. \V. B. Fairfield, 
observer. 30°"' repeating theodolites Nos. 16 and 3~. 

Number of 
directions. 

5" 
., 

59 
6o 

6r 

I 
Dauphin Island West Bas.e 

St. Elmo 

I 
Daphne 

Fort Morgan 

Aiso, 

Dauphin Island \Vest Base 

Point aux Pins, 1898 

Middle Bay Light-House 

Fort Morgan T~ig-ht-House 

J Sand Islan.d Ligl1t-House 

Results from 
"tation adj11st-

111ent. 

II 

o oo oo·oo 

So 51 20 71 

125 25 47 ·09 

r97 27 j6 ·91 

o oo oo·qo 

46 19 52·90 

125 5.~ 38 ·37 

197 58 04·81 

224 55 51 ·14 

Corrections front 
adinstment of 
fifth section. 

II 

+0·23 
-0·08 

+0·56 

-0"71 

+0·23 

Final 
seconds. 

II 

00·23 

20·63 

47·65 
36·20 

00·23 
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A bstracls of horizontal c:.ngks and directions at stations <?f the Dauphin ls/mid 
f>,rsc J1el-continuecl. · 

Da11plii11 /sla11d lf'esl Base', Mobile County, Alabama. November, 
45"" direction theodolite No. 4. Circle used in V positions. 
observer. Instrument as before. Circle used in III positions. 

1847. l~. H. Gerdes, observer. 
January, 1848. F. H. Gerd,;,s, 

Ntnuher of 
direction~. 

Objects obsen·ecl. 

Petit Bois 

Grand Bat~ure 

Point aux Pins 

2 Cat Islanrl 

3 C,;,dar Point 

4 Dauphin Island East Base 

Fort Morgan* 

/Ja11plii11 Isla11d /Vest Base, reoccupied September 1 to 

Re~ults from Corrections 
station adjust- fro111 net adjust· 

ment. tnenf. 
,, ,, 

0 00 oo·oo 

45 15 13 ·59 
81 33 33 ·s2 +o·q 

128 34 20·89 +0·24 

151 37 o6 72 -0·49 

190 01 23·58 +0·10 

198 58 49 "75 

6. 1897, and February 23 to 27, 18c)8. 
Fairfield, observer. .)O""' repeating theodolite No. ,;2. 

Number of 
direction~. 

Object~ obser,·ed. 

Casotte 

Point aux Pins , 1898 

St. Elmo 

Dauphin Island East Base 

Baylor's \Vest Base, 1892 

Fort Morgan Quarantine flagstaff 

Fort iVlorgan 

Sanrl Island Light-House 

Horn Island Light-House 

Results from Corrections fron1 
station adjust- a~i:l~~~~'~;~,~r 111E:11t. 

0 ,, ,, 
0 00 oo·oo 

46 29 59·46 

73 18 25·29 +0·17 

151 58 46·46 -074 

156 02 3071 

158 33 57·96 
160 56 0879 +0·56 

174 34 48·52 

333 31 03·21 

Final 
seconrls. 

33·66 

21 ·13 

o6·23 

23·68 

W. B. 

Final 
seconds. 

fl 

25·46 

45 7 2 

09·35 
..... 

Fort Jlfoi:ga11, Baldwin County, Alabama. March, 1846, and May, 1846. F. H. Gerdes, observer. 
Theodolite No. 6. Circle useil in III positions. Dect:mber, 1847, J.E. Hilgaril, observer. 4S""' 
direction theodolite No. 4. Circle used in V positions. 

Number of Results fro1n Corri::-cti•)l15 Final 
clirections. Object,; obsen•ed. station adjust· from net adjust- seconds. 111e11t. 1nent. 

,, ,, 'II 

I Azimuth Mark 0 00 oo·oo 

53 Dauphin Islanrl West Base 65 00 30·90 +0·45 31 ·35 
. Cedar Point IIS 44 45·50 

*The measures of the angle between East Base an.; Fort Morgan in 1848 and I89i differ 3"·8.j; probably the object 
ohsen~ed npo11 was not well centeredoverthestation. The direction is uot interlaced with Other directions at the station: 
and no use has heen made of it in the present adjustment. 
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. -lbstracts <?/horizontal a11gks a11d directions at statio11s '?/ tltt' Dauphin lsla11d 
base nd-continued. 

Furl 11forga11, reoccupied June q to 20, 1897, and January 20 to 23, 1898. W. B. Fairfield, observer. 
3o"01 repeating theodolite No. 16 used in 1897, and 30"" repeating theodolite No. 32 in 1898. 

Nutnber of Results from Correction~ from Final 
directions. Objects observed. station adjust- adjustment of seconds. n1ent. fifth section. 

0 II II II 

S3 Dauphin Island West Base 0 00 oo·oo -1-0 ·4s 00·4s 

S4 Dauphin Island East Base s 30 12 ·6s +0·23 12·ss 

Baylor's West Base, 1892 IO 02 s6·90 

Point aux Pins, 1898 27 -~8 10·50 

SS St. Elmo S5 SI 43·92 -0·23 43·69 

s6 Spring Hill 73 s6 39·86 -o·s8 39"::?8 
Middle Bay Light-House 89 3S 36·84 

S7 Daphne 102 os 04 ·s2 +o·q 04·66 

Sand Island Light-House 296 S5 2s·96 

G·dar .Point, Mobile County, Alabama. April 23 to 28, 1848. F. H. Gercles, observer. 30"" theodolite. 
Circle used in III positions. 

Resu I Ls from Corrections Number of 
directions. Objects obsen•ed. stntion ~dj11st- Final from net ndjust- ::ec•:md::. 

8 

9 
IO 

Fort Morg-an 

Dauphin Island East Base 

Dauphin Island West Base 

Point aux Pins 

0 

0 

44 
81 

133 

ment. ment. 
II II 

00 oo·oo 

JO 49·67 -0·07 

S4 02·s7 +0·17 

36 22·92 -0·10 

Gil fsla11d, Mobile County, Alabama. April IS to 16, 1846. F. H. Gerdes, observer. 
No. 6. May 19, 1847. J. E .. Hilgard, observer. l\Iay, 1848. 

I4 

IS 
16 

Dauphin Island East Base 

Dauphin Island West Base 

Point aux Pins 

0 

66 

163 

F. H. Gerdes, observer. 
II II 

00 oo·oo +o·ro 

28 ::?8 ·62 -0·19 

so os·99 +0·10 

II 

49·60 

02 "i4 
2:.:! ·S2 

Theo11olite 

II 

00·10 

28·43 

06·09 

Point au.r J>i11s, l\'Iobile County, Alabatna. l\'Iay 23 to June J, 1848. F. H. Gerdes, observer. 30..:m 

theodolite. Circle used in III positions. 
0 II 

II Cellar Point 0 00 oo·oo 

12 Cat Island 22 36 33·4s 

13 Dauphin Island West Base s8 q 08·33 

Petit Bois 105 SI :21 ·sr 

Grand Batture 147 os -l7 ·69 

DAUPHIN ISLAND BASE NET ADJUST;o.IENT. 

Obso·;1atio11 i·q11atio11s. 

I o=-r ·00-(3)--t-(4)- (Sl+ (7)- (8)+ (9) 

II o=+r·2s-(1)-i-(3)- (9)+(10)-(11)+(13) 

III o=+o ·76-(2)-t(4)- (Sl+ (6)-(14)+(1S) 

IV o=-o ·6s-(r )+(2)-(12)+! 13)-( isl+( 16) 

II 

+0·32 

-0·29 

-0·03 

" 
00·32 

33 ·16 

08·30 

V o=-o ·4 +r ·63( r3)-2 ·93( 1.2 l+r ·30( r 1 l+r ·66( 101-4 ·38(9)+2·72(8)-o·s2(7)-i-n6 (5) 

-I ·64(6)+0"27(16)-i-O ·65( IS )-0 ·92( 14) 
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The solution of the normal equations gives the values of the correlatives: 

C,=+0·2645 
C,=-0·2234 
C3=-0·1617 
C,=+0·0783 
C5=+0·0726 

and the corrections to the directions are: 

II II 

(1)=+0·145 (9)=+0·170 
(2) +0·240 (10) -0"!03 
(3) --0 ·488 (II) +0·318 
(4) +o"J03 ( 12) -0·291 
(5) +0·054 (13) -0·027 
(6) -0·281 (14) +0·095 
(7) +0·227 (TS) -0·193 
(S) -0 ·067 ( 16) +0·098 

The mean error of a direction, /o ·73=±011 ·38 and the probable error=±o11 ·26. v 5 . 

Rcslf.ltin.t: 1111g/e·s and sid.-s of Ike Da11pl1in Isla11d bast:" net. 

Correc- Spheri- Spheri- Log. di$-No. Stations. Observed angles. ical ical ti on. angles. exces:;. tances. 

0 II II II ,, I C•fa' Point 37 43 12 ·90 +0·24 13 ·14 0·09 I 4·027 832 I 

Dauphin I'd. East Base J03 52 29·53 +0·17 2970 0 "JO 4·228 357 0 
Dauphin I'd. West Base 38 24 16·86 +0·59 17·45 0 ·10 4·034 458 5 I Point"" Pin• 58 l4 o8·33 --0 ·35 .07 ·98 0·21 4 ";:!28 357 0 

2 Cedar Point 51 42 20·35 -0·27 20·08 0·21 4 ·1.93 6o5 I 

Dauphin I'd. West Base 70 03 33·20 -0·63 32·57 0·21 4·271 975 5 I Cat !•land 66 28 28·62 -0·29 28·33 o·oS 4·027 832 I 

3 Dauphin I'd. East Base 52 04 29·67 -0·33 29·34 0·07 3·962 492 9 
Dauphin I'rl. West Base 6r 27 02 ·69 -0·14 02·55 0·07 4·009 213 8 I Poi"t anx Phw 35 37 34"88 -j-0·26 35 ·q 0·09 I 3·¢2 492 9 

4 Cat Island 97 21 37·37 +0·29 37·66 0·09 4 ·193 605 .2 
Dauphin I'd. West Base 47 00 47·37 __ +o·m 47·47 0·09 4·061 419 I 

, I Fort Morgan ( 1847) 50 44 14·6 +0·1 14 "7 0·2 4·228 357 0 
Dauphin I'd. West Base 47 21 4J"O +0·2 43·2 0·2 4·206 143 7 
Cedar Poiiit. 81 54 02·6 +0·2 02·8 0·3 4·335 120 3 

1Je-scriptio11s <?f Statio11s. 

97 

Distances in 
111eters. 

JO 661 ·83S 

16 918·31 

JO 825 ·76 

16 9rS·31 

15 617·27 

18 705 77 

IO 661 ·84 

9 172·61 

IO 214 "42 

9 172·61 

15 617·27 

II 519 "II 

16 918·31 

16 074 73 
21 633 ·17 

Dauphin bla11d East Base.-This station is on Dauphin Island, at the entrance of 
Mobile B'.'ly about 7 miles from the west end of the island a~d 3}'~ miles from the east 
end, near the western edge of the pine woods which cover the eastern encl of the island. 

The station was recovered and reoccupied in 1897 and .marked as follows: 
In a bed of cement 5 Y:J feet square, ~xtending 6 feet below the surface, are two 

4192-No. 7-02--7 
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pieces of drain tile 2 feet long and 4 inches in diameter, each placed with its axis 
vertical, one above the other, the lower extending 7 inches below the bottom of the 
i.:ement. A pine pole 6 feet long and 2 inches in diameter is· driven down through the 
pipes until its top is 16 inches below the top of the upper tile. Above this pole in the 
upper pipe are placed vertically, one above the other, two copper bolts, each 8 inches 
long and 3 1:{ inches in diameter, a cross on each bolt marking the station, the upper 
n1ark being 3 feet below the surface. The bolts are held in place by cement, with 
which the remaining space of the pipes is filled. Above the top of the upper pipe a 
cavity l foot square and 6 inches deep is left in the cement. Ov~r this cavity, still 
embedded in cement. the four original granite blocks of the base of the monument of 
1847 are built, as originally, in two courses, the top of the upper course projecting 2 

inches above the surface. A copper bolt in the top of one of the blocks of the upper 
course is directly over the cross on the bolt in the pipe and marks the station. The 
original granite shaft is placed on this foundation and cemented down over the copper 
bolt, its apex again marking the station. On the north, east, south, and west faces of 
the shaft are inscribed, respectively, "A. D. Bache, Suptclt.," "U.S. Coast Survey," 
" 1847," "Base No. 5." The station is witnessed by two marks in the same vertical 
line, one on the surface and one underground, in prolongation of the base line, 144 · 1025 
meters east of the extremity and just in the edge of the pine woods. The underground 
mark is a cross in an iron bolt in the top of a tile pipe 2 feet long embedded verticaily 
in a mass of cement 2 feet in diameter, the top of the pipe being 3 feet below the surface. 
Above this pipe is placed a granite block l foot square and 2 J·; feet long. the top of 
block being flush with the surface and containing a copper bolt as the surface mark. 

Daupl1i11 Is/1111d n·-;·st Basc.-This :;tatiou is ou the western end of Dauphin Island. 
In 1847 the station was within one-half mile of the extremity of the island, while in 
lSQ7 the island extended 3~-; miles west of it. In September, 1897, the distance was 
reciuced by a storm which washed a\~·ay I mile of the western end of the island. The 
station is marked as described at Dauphin Island East Base, except that the cemeut 
at this station is 6 feet square and 5 feet deep and only one piece of tile pipe was put in. 

Ft.>rl 1l!.11ga11.-The station is near the center of the northwest bastion (No. 2) of 
Fort Morgan. at the entrance ~o Mobile Bay. The station of 1846 was recovered and 
reoccupied in 1892 and again in 1897-98. 

The earthenware vessel used originally was left in its place. filled with cement, and 
a nail was placed in its center to mark the station, the top of the nail heing 2 }6 feet 
below the surface. Above this was placed vertically a section of tile drain pipe inclosecl in 
a nail keg, both filled with cement. In the pipe are two spike nails, one above the other. 
making additional marks. The head of the upper nail is just beneath the brick floor. 

Cat Jsla11d.-This station is on Cat Island, in Mississippi Sound, north of Dauphin 
Island. The station of 1845 was marked by a buried earthenware cone. In 1855 a new 
station was established near the old one. 

Cedar Poi11!.-This station is on Mon Louis Island, on the western side of Mobile 
Bay. The station is situated on the eastern extremity of the island, on. a· narrow strip 
of beach, among marshes. In 1846 an earthenware cone was buried as the station mark, 
and copper nails were driven in blazed trees with the following directions and distances: 
One northwest, 9 feet 4 inches; one northeast, rS feet; one southwest, 32 feet 6 inches, 
as reference marks. 
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Point aux Pins.-On the point of land of the same name which extends southward 
into Mississippi Sound, just west of Bayou Batture. In iS46 the station was marked by 
an earthenware cone buried 3 feet under the surface. In 1848 four poles 4 feet long 
and 6 inches in diameter were inserted around the undisturbed cone, the station being 
the point of intersection of two perpendicular lines determined by four copper nails driven 
in the tops of these poles. 

St. E/mo.-The·station is in Mobile County, Alabama, about 2 miles east of St. 
Elmo, on the Louisville and Nashville Railroad, and about one-half mile south of Otis's 
mm. The station is in the northwest corner of N. E. }{ of S. E .. I.{ of S. E. J{ of 
S. E. 3-{ of N. \V .. ~{,sec. 19, T. 6 S., R. 2 W., and is distant from the northwest corner 
of section 19, 3426 feet, and bears from said corner 313° 43' true. 

The underground mark is the intersection of cross lines on top surface of limestone 
post, 6 inches square and 18 inches long, buried vertically. with top 3 feet below surface 
of ground. The letters U. S. C. G. S. are cut in the angles of the cross lines. Six. 
inc;hes above this is another limestone post, 6 inches square and 28 inches long, its top 

. level with the surface of the ground and marked as the lower stone. 
Daplmc.-This station is in Baldwin County, Alabama, about one-half mile northeast 

of the court-house at Daphne. The station is in the southwest corner of the S, W .. I.+ 
of S. W. }{ of N; E. }{ of N. E. ~{ of N. E .. ~:!. sec. 19, T. 5 S., R. 2 E. Distance 
from the northeast corner of section 19 to station is 882 feet, and the station bears 
S. 44 ° 17' \V. (true) from the northeast corner of section l 9. 

A 1 -gallc•t.1 stone jug was buried, bottom up, and a small hole in the center of the 
bottom, 3 "feet below the surface, is the underground mark. A limestone post 6 inches 
square and 30 inches long was placed in a vertical position 6 inches above the jug, the 
surface mark being the intersection of cross lines on its top surface, which is flush with 
the ground. The letters U. S. C. G. S. are cut in the usual manner in the angles of 
the cross lines. 

Spring Hill.__.:.The station is about 7 miles northwest of Mobile, on the highest part 
of Spring Hill, on the land of Judge H. Austell, about 40 feet north of the fence line 
of main road and about 200 yards west of road going to \Vhistler, and also about zoo 
yards west of station Spring Hill on electric road. 

The station is marked as Daphne, except that the jng is buried mouth up, the 
center of mouth being the underground mark. The following true bearings a11d dis
tances- were measured: Oak tree, No. l, N. 62° 33' ro'' E., 103 feet; oak stump, No. 
2, N. 18° 17' 20" W., 39 feet 9 inches; oak stump, No. 3, S. 95° 46' 25" W .. 44 feet 
7 inches; fence -line, S. 29° 47' E., 39 feet l l inches. 
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C. SYNOPSIS OF THE :\IEASURE:\IENTS AND RESULTS OF.THE BASE LINES OF THE OBLIQUE ARC. 

No. Na111e of liue. State. Date of measure. Chief of party 
and obsen·er. A ppa rat us used. 

Epping Base :Me. 1357, July and Aug. A. D. Bache Bache-':Vii rdemanu 

2 Massachusetts Base Mass. 1844, Sept. to Nov. E. Blunt Hassler 

:; Fire Island Base N.Y. 1834, Aug. to Oct. F. R. Hassler Hassler 

4 Kent Island Base :Mel. ·1844, May and June J. Ferguson Hassler 

5 Atlanta Base Ga. 
{'"''·Nov. ond °""· 

f c.O.Bo~1telle 1872, Dec. and 1873, Jan. Bache-\Viirdeman n 

. 1873, July and Aug. 

6 Dauphiu Island Base Ala. 1847, May ahd June A. D. Bache Bache-,Viirclemann 

?\o. Name of line. 
Resulting length Logarithm of Approxnnate 

in nte! ers and preceding num- probable error in 
probable error . bers. terms of length. 

Epping Base 8 715·9422 3·940 314 34 1 
Hlfui.i"i.i" 

± 158 ± 79 
2 Massachusetts Base 17 326 ·3763 4·238 707 74 n-louo 

± 358 ± 90 

3 Fire Island Rase 14 058·9709 4 ·147 953 53 1 
!!40000 

± 585 ± I 81 

4 Kent J slanrl Base 8 687·5446 .'I ·938 897 05 1 
1lH!1.f1.fiJ 

± 68o ± 3 40 
.'i Atlanta Base 9 33S·477S 3·970 276 09 1 

4"!!1ii"ili.i" 
± 222 ± J 03 

6 Dauphin Jslanrl Base 10 66r ·8376 4·027 832 o6 1 :nuouo 
± 26o ::!::: I 06 
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THE MAIN TRIANGULATION BETWEEN THE BASE 
LINES OR NETS. 

A. GENERAL TREATMENT OF THE REDUCTION OF THE MAIN TRI
ANGULATION BETWEEN CALAIS, MAINE, AND NEW ORLEANS, 
LOUISIANA. 

Since the early and partial publications of preliminary results of the various parts 
of this triangulation, as referred to in Part I, changes have taken place, not only in the 
field work by additional stations or measures, but also in the office work of· compu
tation in respect to the general treatment, and due to the experience gained in the 
meantime. Nevertheless, it was desirable to retain as much as possible of the older 
reductions, such as the computations of the base lines, the local adjustments ot the 
horizontal directions, and the adjustment of the base nets. That part of the oblique 
arc which is in common \\•ith the arc of the parallel of <p = 39° is retained unchanged. 

\Vhen dealing with the treatment of the portion of the oblique arc traversing the 
New England States, it became necessary to introduce the station Mount \Vashington, 
New Hampshire, into the scheme, and to consider the most advantageous manner by 
which the three base lines (or their nets), the Epping, the Massachusetts, and the Fire 
Island bas~s. could be brought into perfect accord. This was to be clone with due 
regard to the labor involved in the establishment and solution of a large number of 
equations. At the same time attention had to be given to the circumstance of the 
intersection of the oblique arc with a triangulation, now nearly completed, which can be 
used for the discussion of an arc of the parallel, in latitude 42 }·6 °. from Cape Cod to the 
State of Iowa, executed partly by the U. S. Lake Survey and partly -by the U. S. 
Coast and Geodetic Survey for this and other purposes. Further, attention had to be 
given to non-interference with the full development of the large ·triangulation in the 
Stal:es of New Hampshire and Vermont, which has Killington, Vermont, as a central 
station. After clue consideration it was decided to retain unchanged the adjustment of 
the Epping base net as made in Jun:e, 1864, and to adjust the triangulatfon between 
the three bases, so as to preserve the length of the side Humpback to Mount Desert 
(of the Epping base net), the Massachusetts base, and the side Wooster to Sandford 
(of the Fire Island base net.). This scheme involves the simultaneous solution of 57 
equations, two of which are length equations, each containing a large number of terms. 
The resi.1lts from the old bttt less perfect scheme differ very little, and within the 
uncertainties of the measures, from those now obtained, and also indicate the excellent 
accord of the relations of the newly added station to the surrounding stations. The 
small extension of the Epping base net from the side Cooper to Howard to the boundary 
on the St. Croix Rivt:r was afterwards treated by itself. 

The stretch of triangulation between the base nets of the Fire Island base and the 
Kent Island base starts from the line Bald Hill to West Hills, and ends on the line 
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Osbornes Ruin to Turkey Point. and tlie latter 'line, .being a part of the adjusted triangu
lation of the arc of the parallel in <p= 39°, is presei-ved as given in Special Publication 
No. 4, ''The Transcontinental Triangulation.'' 

The adjustment involved the solution of 35 equations, of which the conditional or 
observation equation for accord of length of sides contains 89 terms. The triangulation 
lying between the line Osbornes Ruin to Turkey Point, Maryland, and the line Tobacco 
Row to Spear, Virginia, is retained unchanged as given in Special Publication No. 4. 

Upon reaching latitude 36° the triangulation splits into two branches, one. the 
western and later one, passing through Tennessee, the other and older one through 
North Carolina. They unite again in northern Georgia. The angular measures on 
the western branch were made with an inferior instrument. A study of the local adjust
ments of this triangulation and of the approximate computations which were available 
indicated that the angle measures did not possess quite the same accuracy as those of 
·the eastern branch and could lend no additional value to the triangulation to the south
ward. Moreover, there are no astronomic observations of any kind connected with this 
triangulation. For these reasons the western or Tennessee branch was not used as a 
part of the arc, and the computation between the Kent Island and Atlanta bases was 
carried throi1gh the eastern branch. 

Proceeding southwestward from the line Tobacco Row to Spear to the Atlanta 
base, the adjustment was made in three parts. 

The complex strong figure bet\.veen the lines Tobacco Row to Spear and Buffalo to 
Moore was first adjusted and involved the solution of 24 equations. The influence of the 
Atlanta base was then extended by the adjustment of the section of the triangulation 
from the line Sawnee to Grassy to the line Benn. to King, involving the solution of 41 
equations, and finally the remaining portion, forming a central figure about· the station 
Poore, vvas adjusted. involving the solution of J 3 equations, including a length equatio1i 
introduced for the purpose of bringing the lengths derived from the two bases into accord. 

The reasons for dispersing the small outstanding discrepancy in this particular figure 
are given in the portion of this publication which treats of its .adjustment. 

· The fortunate circumstance that the Atlanta and the Danphi~1 Island bases, when 
connected through the. chain of intervening triangles or more cotJJplex figures, proved to 
be in almost exact accord, as was shown by the several adjusted pieces of triangulation 
gradually joined together as the field work progressed, made it possible to retain all of 
these five partial adjustments. This carried the results to the Dauphin Island base net 
at the line Spring Hill to Daphne. 

It was thought highly desirable to exte;nd the oblique arc a!:! far as the city of New 
Orleans, where it meets with and _terminates at a well-determined astronomic station. 
It was kuowu that the small coast triangulation along the Gulf from Mobile Bay west
ward was inferior in accura'cy to first-class work. Nevertheless a rediscussion and 
new adjustment showed that it could be used to extend the arc to New Orleans. The 
\\;hole of this triangulation is old, and the inferiority of the work is cine to the· difficulties 
encountered on account of the climatic conditions along the Gulf coast, and particularly 
to the effects of severe hurricanes passing across this region. which rendered it difficult 
to preserve th~ stations from one season to another. It ~vas also mo~t important to 
include the station at New Orleans in the discussion of the local deflections of the plumb 
line at stations approaching and in close proximit~· to the Gulf of Mexico. 
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B. THE TRIANGULATION. 

I. NORTHEASTERN TERMINUS TO EPPING BASE NET. 

The extension of the triangulation from the primary line Cooper to Howard, of the 
Epping base net, to and across the Canadian boundary at the St. Croix River is shown 
on the following diagram. The geometric figure is a strong one and demanded for its 

No. 16. 

Kilometers 
5 0 10 20 30 ft,O 

Statute Miles 
5 0 5 10 15 20 25 

adjustment that 13 conditional equations be satisfied. Equal unit weights were given 
to the directions, excepting the initial line Cooper to Howard, to which a double weight 
was assigned. . 

The angles measured with the repeating circle were generally made up of 20 sets, 
each of three repetitions direct and three repetitions reversed for every angle; these 
results, when combinations existed among 'the measured angles, were adjusted at each 



106 THE EASTERN OBLIQUE ARC: 

station. The probable error of an observation of an angle (3 D. and 3 R.) is given by 

<"_1 = 0·67. 4· ,/[i• i•] and that of a direction bye = <:1 /Ji. 
- n-1 ' -

The approximate elevations of the stations above the half-tide level of the Atlantic 
are as follows: 

Meter<. Feet. 

Chamcook 197 647 
Trescott Rock 94 310 
Prince Regents Re<loubt 60 197 
Grand Manan 128 420 
Calais, observatory 46 150 
Howard 82 269 
CQoper 225 j3S 

No reductions to the horizontal directions for heights \\;ere required . 

.-ibstrads <?_( res11!ti11g- /1<>ri=o11tal diledio11s obs,·1-.•t•d and adjusted at stafi,111s <?( !lie tria11g11!aliilll 
,-xft'11di11.1.r lo tltt! Ca11adi<l11 bo1111da1:1·, 1859 Ii• 1861. 

Howard, Washington County. Maine. July and August, 1859. i5"" direction theodolite No. 1. 

A. D. Bache and G. 'l:V. Dean, observers. From abstract given in Part I of this publication we 
have: 

Cor-r-ections Corrections 
No. of Resulting directions irorn pre- Kesulting from pres- Final 

dire(:tioni;;. 
Objects ohsen·ed. from station adjust- ceding fig-- di r~ctions. ent figure seconds. ment. un: ndjust- adjustluent. 

Illl'llt. 

0 ,, II II II 

Pigeon 0 00 oo ·ooo -0·089 oo·ooo oo·ooo 

Cooper 108 01 27·996 --0 ·066 28·018 ~s ·01s 
2 Trescott Rock 173 43 51 ·973 -0·026 52 ·036 -0 ·398 51 ·638 

3 I Grand i\fanan 189 28 45·843 -0·026 45 ·cp> +0·267 46 ·173 

!\:lean correction -0 ·026 

G>opcr, Washington Cou11ty,.l\!Iai11e. August and September, 1859. 75"" direction theodolite No. 1. 

A. D. Bache and G. 'l:V. Dean, observers. 25"" repeating theodolite No. 74. October 23, 1867. 
C. H. Boyd, observer. 

6 

7 
8 

9 
IO 

4 

5 

Chamcook 

Prince Regents Redoubt 

Grand Manan 

Trescott Rock 

Howard 

Mount Desert 

Rye (_Boyd)* 

Saint David ( Bo:»d )* 

0 II 

o oo oo·ooo 

38 36 

54 40 

68 43 

108 56 

157 47 

309 r7 

329 OJ 

49·082 

14 ·493 
51 •687 

09·385 

00·789 
27·s36 

51 ·167 

II 

-o·o68 

-o ·o6S 

-0·068 

-0·068 

-0·226 

+0·415 
-0·068 

-o·o68 

Mean correction -o ·06~ 

I/ II 

oo ·ooo -~-o ·004 

49 ·082 

14 ·493 
51 •687 

09 ·227 

OI '272 

27·536 

51 ·167 

-0 ·951 

+0·646 

-0 ·058 

-0·802 

+1 ·117 

Probable error of an observation (3 D. and 3 R.) of a direction, e, = ± 111 ·o. 

* N111nb1:r of sets of repetition obsc:rvatious, 2. 

" 
oo·ooo 

48 ·127 

15 ·135 

51 ·625 
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.-lbslmds c>/ resullh~t; hoJ"i:::o11tal dir,.,-/ions c>bserr•t'd a11d adjusted at stalio11s qf 111<' lria11gulalic>11 
c·.i:te11di11g to tl1e Ci.111adia11 b(1/t11da1:1'. IS59 tu IS61-co11tinued. 

Ll1<1111c0<1k, New Brunswick. October 22 to October 28, 1859. 75'"' direction theodolite No. I. G.W. 
Dean, observer. 25<"' repeating theodolite No. 74. C. H. Boyd, observer, 1867. 

No. of Results fron1 station Correct ions Final 
directions. Objects observed. adjustrnent. from present ad- seconds. justment . 

., . II II II 

16 Graml Manan 0 00 oo·ooo +o ·491 oo·ooo 

±O'I39 

17 Prince Regents Redoubt II 23 35·285 -0·150 34·644 
±o ·135 

IS Trescott Rock 28 17 2z ·6gr -0·16o 2I '040 
±o·qr 

19 Cooper SS 44 so ·139 -o 723 48 ·925 

±o ·173 
20 Rye {Boyd)* IIS 16 24·874 +_0:344 24 '727 

21 Calais, observatory (Boyd)* 138 46 22·644 +0·319 22:472 
22 Sainl Davicl (Boyd)'" 165 22 52·991 -o '120 52·380 

Probable error of an observation ( 3 D. and 3 /.!.) of a direction, t', = ± 111 ·.;. Probable error of 
a single obsen·ation of a direction, e, = ± 1 11 ·oS. 

7h·sn•ll Nock, W'ashington County, Maine. November I to 7, r86I. 3o<m repeating theodolite 
No. 30. C. H. Boyd, observer. 

0 II II II 

II Howard 0 00 OO'OOo +0·178 oo·ooo 
I 2 Cooper 74 05 21 ·565 -0·107 21 ·2So 

13 Chamcook 124 54 05 ·165 -0 ·173 o4 ·sq 
14 Prince Regents Redoubt 145 27 05 ·-158 +0·356 05·637 

15 Grand Manan 215 IO ·26 ·975 -0·253 26 '54-1 

Number of sets of angles, 5; probable error of an observation ( 3 D. and 3 N.) of a direction, 
e, =±I 11 '1, 

Pri11c.: Rq;-c11ts Rr'doubt, Washington County, Maine. October -1 to 21, 1861. 30'"' repeating theod
olite No. 30. C. H. Boyd, observer. 

0 II II II 

"" -,) Grand Manan 0 00 00'000 -0·371 oo·ooo 

24 Trescott Rock 6o 06 1:i ·074 -0·214 12 '23 l 

::?5 Cooper 138 37 ' 25·265 +0·519 26 ·155 

26 Chamcook 202 39 25 ·281 +0·067 25·719 

Number of sets of observations, 7; probable error of an observation (3 D. ann 3 R.) cif a direction, 
c, = ± 111 ·1. 

* .Nuu1ber of st:t:; uf n:tJetitiou observations, 3. 
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• -ll>stmds <?f rt"s11-lti11g llo;·izo111tTI dircdio11s obser1.'ed and ad/uslcd at statio11s of tlir: tria11gielatio11-
,Tlt'11di11g to Ille Ca11adi,111 bo1111d111:1', r859 lo r86r-continuecl. 

St. Ihwid, New Brunswick. ::5eptember 30 to October 2, 1867. 25"'" repeating theodolite No. 74. 
C. H. Bovrl, observer. 

No. of Results from station Corrections Final 
directions. Objects obser\·ecl. adjustment. from present 11rl- !;econds. jushuent. 

0 " " " 
27 Cham cook 0 00 oo·ooo --o ·153 oo·ooo 

28 Calais, obsen·atory 67 II 50 ·342 -0·319· 50·176 

29 Cooper 72 23 49 ·293 +o·goS 50·353 

30 I Rye 87 05 40·032 -0·436 39 ·749 
Number of sets of obsen·ations, _,; probable error of an observation (3 D. and 3 R.) of a direction, 

t'1=±r1'·z. 

Rye. Washington County, Maine. October 24-25, 1867. 25'"' repeating theodolite No. 74·. C. H. 
Boyd, observer. 

0 ,, 
" /I 

3 1 I St. David · 9 oo oo ·ooo -o 720 oo ·ooo 
32 Chamcook 42 47 52 ·302 +o ·531 5.' ·553 

33 Cooper !.J..5 33 44 ·6o4 +o ·190 4..5 ·514 
Number of sets of obser.vations. 2: probable error of an r.h;;er·\"::itiun (3 D. and 3 R.) of ::i direction·, 

e,=±1"·4. 

Calais, ubserv::itory, Washington County, Maine. October 17-18, 1S67. 25""' repeating theodolite 
No. 74. C. H. Boyd, observer. 

0 " 
34 

35 I 
St. David 

Chamcook 

o oo oo ·ooo 

86 Tl 40 "903 

FIGURE ADJUSTMENT. 

Obsc1«'<lliu11 <q11ath111s. 

I 0=+0·625- (r)+ (2)- (9)+(!0)-;(II}+(12) 

II o=-2 ·09C1- ( 7l+ (9)-( 12) ·!-( 14)-(24)+(25) 

III 0=+0·691- (6)+ (9)-(12)+(13\-(18)+(19) 

IV 0=+1 ·981- (6)+ (7)-(25)+(26)-(17)-f-(19) 

v I O=-f ·531- (4)+ (6)-(19)+(20)--(32)+(;)3) 

VI o=--1 ·485·- !4l+ (5)-(29l+(30)--(3rl+(33) 

VII o=--o ·5o6-(20)+(22)-( 27)+lJo)--{31 )+(32) 

VIII o=+ 1 ·241-( 21J+(24 )-(27)+( 28)--(34 J+( 35) 

" 
+0·319 

-0·3r9 

II 

oo·ooo 

40 ·265 

IX 0=+2 ·1S-o ·095( r )+r ·439( 2)-I ·344(3)--0 ·249( lo)+r ·544(9)-I ·295(8)-0 ·597(II) 

--0·454(12)+1 ·051(15) 

X J o=-o 70·-1·213(9J+r ·295(8)-0 ·082(6) +o ·454( 12) -o ·339( 15)-0 ·us (13) -o ·rr9 ( 19) 

+o ·625( r8 )-o ·5o6( 16 l 

XI 0=-+-4 ·.31-1 ·176(8)+1 ·439(7)-0·26,\(6)-0·445(25) -t- I ·503(23)- I ·058( 26)-0·047(19) 

-2"!03(16)+2 ·150( 17) 

XII I 0=+1 ·3S-0·254(r5)+o·S16{14)-0·562(13)-0"176(24)-t-1 ·234(23)-1 ·058(26)-0·693(18) 

·-2·103(16 )-t-2·7g6(_17) 

XIII o=-2 ·6o-o ·172(6)-0 ·415(4)-t-o ·587(5)-0 ·422 ( 19) +o ·598( 20) -o ·r76(22) +o ·802 (29) 

--o·or1(27)-0·791(30) 
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It was not deemed necessary to set down the correlate equations, as they are readily 
formed. The directions {.I) and (10) each have th~ weight 2. 

O= 

O= 

O= 

o= 

O= 

O= 

O= 

O= 

O= 

O= 

O= 

O= 

O= 

1Vor111al eq11alio11s. 

C, c. c 3 c. Cs c. C1 Cs 

+0·625 + 5. -2-2 

-2 ·090 +6+2 -2 

+0·691 +6 +2 -2 
+1 ·981 +6 -2 

-I ·531 

-1 ·485 

-0·506 

+1 ·241 

+2"18 

-070 

+4"31 

+1 ·38 
-2·6o 

Resulting correlates: 

+6 +2 -2 

+6 +2 

+6 +2 

+6 

C,= -o ·044 62 
C.= +o ·175 49 
C3= -o ·o61 44 
C4= -o ·152 83 
C5= -o ·074 77 
C6= +o ·264 38 
C7 = +o ·456 oo 

C9 C,o c .. 
-0·039 +1 ·(,f,7 

+1 ·99S -I '667 - I •884 

+1 ·99S -2 ·444 + 0 ·216 

-o·o.'i7 - I '108 

+o·o.'>7 - 0·216 

+9·6407 -4 ·1123 + 1 ·5229 

+4 ·1502 - 0 ·4316 

+16 ·1466 

Cs= --o ·318 64 
c 9= -0 ·222 77 
C,o= -o ·109 49 
C.,= -o ·.428 84· 
C,.= +o ·221 47 
C,3= +1 ·462 42 

and the resulting corrections to directions: 

II II II II 

c .• C,3 

+ 0·992 

+ 0 ·131 -0·250 

- 3 ·854 -0·250 

+1 ·263 

-0·591 

-I ·554 

-0·165 
- 0·2670 

+ 0·7817 +0·0643 

+13 ·4o81 +o·o651 

+16·4398 

+2 ·3820· 

II 

(1)*=+0·0329 ( 8) = +o ·6510 ( 15) = -o ·2534 (22)= -o '1200 (29)= +0·9084 
(2) -0·3652 ( 9) -0·0525 (16) +o ·4913 (23) -0·3712 (30) -0·4364 
(3) +0·2994 ( 10)* +q·oo54 (17) -0·1498 (24) -0 ·2145 (31 l -0 7204 
(4) -0 7965 (II) +0·1776 (18) -0 ·1605 (25) +o ·5191 (32) +0·5308 
(5) +1 ·1228 (12) -o ·1072 (19) -0·7233 (26) +0·0666 (33) -f-0 ·1896 
(6) +0·0097 ( 13) -o ·1733 (20) +0·3437 (27) -0 ·1535 (34) +o ·3186 
(7) -0·9453 ( 14) +0·3562 (21) +0·3186 (28) -0 ·3186 (35) -0·3186 

' 

J;>robable error of an observed direction, o :674 -J7 '36 = ±o" ·51 
13 

•Directions (1) and (10) were gi\•en double weight in the adjustment. 
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Rc·s11lti11g a11gles a11d sides of t/1e tria11g11!11fio11 bdwc~11 Ille Eppi11g base· 11d a11d tile 11ortlieastcr11 
t.:r111i1111s of Ilic arr. · 

Stations. Ohserved angle;;. Correc- SJ;lher- SJ;lher· I,og. dis- Distances in No. tion. 1cal 1cal tances. n1eters. angles. exces!;. 

,J 0 II ,, 
" " I """°" Rock 

74 os 2I "S6S -0·285 21 ·280 0·832 4·6o3 402 I 40 123 ·sr 
Howard 6s 42 24·018 -0--398 23 ·620 0·833 4·s80 099 7 38 027·67 
Cooper 40 12 r7·s40 +o·os8 r7·s98 0·833 4·430 277 0 26 932 ·s2 I Grnnd M~n 44 16 sz ·4s1 l "S6S 4·603 402 I 40 123 ·sr 

2 Howard 81 27 17·888 +o ·267 18 · rs5 I ·564 4 754 s89 2 s6 831 ·51 
Cooper S4 rs S4 734 -0·646 s4·oSS I "56S 4·668 845 2 46 649·31 l Grnnd M•m 19 25 32·87s 0·288 4·430 277 0 26 932·52 

3 Howard rs 44 53·870 +0·664 54·534 0 ·288 4·342 006 7 2I 978·94 
Trescott Rock 144 49 33 ·02s +0·431 33·456 0·289 4·668 845 2 46 649·31 l Gmnd M•n•n 24 SI 19 ·sn 0·444 4"S?o 099 7 38 027·67 

4 Trescott Rock J4l 05 05 ·410 -0·146 05 ·264 0·443 4 754 sS9 l 56 831 ·so 
Cooper 14 o,~ 37 ·194 -0·704 36 ·490 0·444 4 ",'42 006 7 21 978·94 

f Prince Regents Re-
doubt · 60 06 12·074 -1-o -rs; · I2"2Jf 0 ·.~.39 4 ·,,42 006 i 2i 918 "9-1-

S l Grand Manan 50 10 2i ·S&> 0·339 4 ·289 .)8-t. :? 19 470 '8:? 
Trescott Rock 69 43 21 ·517 -o ·6ro 20·907 0 ·3.i-0 -1- ·3;fi 239 n 23 7SI ·4~) l PrlnreR<gen,,Re-

6 
doubt 78 31 13 ·191 +0·734 13·925 0·593 4·580 099 7 38 027·67 

Trescott Rock 71 21 43·893 +0·463 44·356 o·593 4·s6s 481 2 36 ;68·95 
Cooper 30 cq 02 ·605 +o ·893 03·498 0·593 4·289 384 2 19 47o·s~ 

7 ! p:::b~'"'"'••<- '~" 37 25·265 +0·890 26 ·155 0·488 4 "754 589 2 s6 831 ·51 
Grand Manan 25 19 08·304 0·489 4 ·565 481 2 36 768·9s 
Cooper · 16 03 25 ·411 +1 ·596 27·007 0·489 4 ·376 239 2 23 781 ·50 I Chamcook 38 44 5c.-1,,9 -J ·215 48 ·9·24 I ·_p7 4 754 589 2 56 831 ·51 

S Grand Manan 36 34 59·925 I ·328 4·529 929 0 33 87S·8s 
Cooper 54 4u 14 "493 +0·641 15 ·134 I ·325 4·666 298 I 46 3i6·51 

( Ch•m=k 28 17 21 ·691 -0·652 21 ·039 0 "757 4.342 oo6 7 21 9i8·94 
9 . Grand Manau 61 26 19·501 0 "757 4·609 948 2 40 73.3 ·17 

Trescott Rock 90 16 21 ·sw -o ·080 21 "730 0 756 4·666 29S 0 46 376·50 I Chamoook 
6o 27 28 ·,w8 -0·563 27·88s I "0!5 4·5:-.;o 099 7 3S 027 ·67 

IO Trescott Rock 50 48 43·6co -o·o66 43·534 I "0!5 4·529 929 l 3.~ 87s ·ss 
Cooper 68 43 SI •687 -o·o62 51 ·625 I "OJ4 4·609 94S 2 40 733·17 

I 
Chamcook I I ,,. 35 ·285 --0·642 34 ·6.i-3 0 ·182 4 "3i6 239 I 23 781 ·49 

__ , 
Granc.l Manan JI 15 51 ·622 0·182 4·371 3i2 7 23 516 ·50 

II 

l Pri nee Regents Re-

doubt. 157 20 34·719 -0·438 34·281 0 "182 4·666 298 0 46 376·50 
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Rt•s1eltillg a11gks a11d sidt·s f!.f t/1,, trim~g-ulatio11 bdwee11 Ilic· Epph~~:- b,ist? net a11d tl1e 11ortl1t?astern 
krmi1111s qf tl1t? arc--continued. 

Stations. Obser,·ed angles. Correc~ 
Spher- Sl.'h~r- Log. dis- Distances iu No. 1cal 1cal tion. angles. excess. tauces. 111eters. 

0 II II II ! Cham~ok 16 53 46·406 -0·011 46·395 0·235 4·289 384 2 19 470·82 
Prince Regents Re-

12 
doubt 142 3_,, 13·207 +o ·28r l3 ·488 0. 236 4·009 948 2 40 733 ·17 

Trescott Rock 20 33 00 ·293 +0·530 00·823 0·235 4·371 372 7 23 516·50 

Chamcook 77 21 14·854 --0·574 I4 ·2So 0·657 4·565 481 2 36 768·95 ! hin~ Regent. Ro· 
. 

q 
64 • doubt 01 6o ·016 -0·452 59·564 0·657 4·529 929 l 33 878·88 

Cooper 38 36 49·082 -0 ·955 48 ·127 0·657 4·371 372 8 23 516·51 

'4 l Rye 102 45 52 ·302 -0·342 51 ·960 0·344 4·529 929 l 33 S78·s8 
Chamcook 26 31 34 "735 +1 ·o67 35 ·So2 o·,;44 4 ·190 727 0 15 514 "II 

Cooper 50 .p 32 ·464 +0·806 33·2jO 0·344 4·429 504 7 26 884·67 

,, l St. Davie\ 72 23 49 "29.'> +1 ·061 50·354 0·510 4·529 929 l 33 s7s·88 
Chamcook 76 38 02 ·852 +0·6o3 03 ·455 0·509 4·538 830 5 34 5So ·44 

58 
II 

Cooper 30 08·833 -I ·113 07 "j20 o ·5w 4·262 199 9 18 289·42 

•61 
St. David 87 05 40·032 -o ·2s ... ~ 3~ 749 0·319 4·429 504 7 26 884·67 

Chamcook 50 06 28·117 -0·463 27 ·654 0·319 4 ._,15 000 5 20 653·82 

Rye 42 47 52 ·302 +1 ·2,52 53 ·554 0·319 4 ·26:z 200 0 18 289·42 l St. D>'i<l 14 41 50 "739 -1 ·345 49 ·~94 0 ·153 4 ·190 727 (I l55q·rr 

17 Cooper 19 44 23·631 +1 ·920 25 ·551 0·153 4·315 000 4 20 653·82 

Rye 145 33 44 ·~cq +0·910 45 ·514 0·1.;3 4·538 830 5 34 5So ·44 

18 J 
Calais Observatory 86 11 40·903 -0·637 40 ·266 o·n7 4 ·262 200 0 18 289·42 

St. Dm·id 67 ll 50·342 -0·165 50 ·177 0·117 4·227 816 4 16 S9z·26 

l Chamcook 26 36 30·347 -0·439 29 ·90.'\ 0. 117 3 ·914 328 3 s 209 ·72 

2. EPPING BASE NET TO MASSACHUSETTS BASE AND TO FIRE ISLAND BASE NET, 

MAINE, NEW HAMPSHIRE, MASSACHUSETTS, RHODE ISLAND, AND CONNECTICUT, 

I 84-1--1882. 

The main triangulation which connt!cts and is based upon the three northern base 
lines is among the most elaborate pieces of field work ever executed by the Survey. It 
was steadily continued and completed by Superintendent Bache and his party in twenty_ 
years. Only one station (Mount Washington) was afterwards included in the scheme. 
There are also several subordinate stations, not referred to here, which, in addition to 
what is furnished by the principal stations, effects the junction with the subordinate, 
secondary, and tertiary work covering the greater part of the coast line of Massachusetts, 
New Hampshire, al'd Maine. 

With the exception of the angles at the Massachusetts base, all angular directions 
were measured by means of the great (so called) 75<m theodolite, and· the 4r;tation 
results were deduced by application of Bessel's least square method of reduction. The 
accuracy reached is quite commensurate with the amount of labor spent,. both in the 
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fidcl and in the office. This may be seen in the closing errors of the 52 triangles as 
well as in the numerical constants of the 57 conditional equations. The first adjustment 
of this triangulation, made in 1866 under the writer's direction, avoided the heavy work 
of solving simultaneously this large number of equations by dividing the whole work 
~nto three parts, but in this discussion it was decided to treat the adjustment rigorously. 
as a whole. The new results, however, differ but slightly from the older ones. The 
directions in the new adjustment are corrected for effect of altitude of the stations 
sighted, and the observations made at and upon Mount Washington are now incorporated 
into the general scheme. · 

• ..Jpproximale /1e·~1Jl1/s qf stations 11/io;:•e Ille a;•emge ft';:.o,·f •?i tile· .-ltla11tic (l,..,·,111. 
i\lt'lt::r:o;. Ft"d. Meters. Feel. 

Humplx1ck 45r I 480 Manomet · 120 394 
Mount Deser~ 465 I 525 Blue Hill 194 635 
Mount Harris 381 I 251 Rea con pole 167 548 
Ragged Mountain 397 I 301 Mo11a1lnock 966 3 168 
Sabattus 244 800 \Vachusett 616 .:! 022 

Mount Hine 976 3 202 Mount Tom 372 I 2~0 

Mount Pleasant 615 2 018 Bakl"Hill (To11and County) 393 I 290 

Mnnnt \Vashington J 920 6 300 Box Hill 259 850 
Mount Independence 153 501 Ivy 498 I 634 
Gunst<:.ck 732 2 402 Sandford 273 895 
Agamenticus 222 728 \Vooster 305 I (l(lo) 

Unkonoonuc 41f I 348 Copecut rnS 353 
Thompson 8· _, 271 Great Meadow Sr "265 

Observation equation LVI is the length equation between the Epping base (referred 
to the line Humpback to Mount Desert) and the Massachusetts base, showing a discrep
ancy of but 57 units in the seventh place of decimals in the logarithms, and the corre
sponding equation No. LVII is the length equation between the Mass~chusetts base and 
the Fire Island base (referred to the line Sandford to "Wooster) and shows a discrepancy 
of but 26 units. Weights to the 131 directions are introduced on the same principle as 
was done in 1866, which takes care of the circumstance that the relative weights, when 
the directions are combined to form triangles, are very <lifferent from and only partly 
resemble the weights deduced from the station adjustment aloi1e. Experience has 
shown that the former are at least of equal if not greater importance than the latter. 

The maximum closing error in the smn of the angles 1:1f any one triangle is but 2" ·o 
and the average closing error of a tri~ngle, found by squaring tl\e 52 errors, is.given 

by !++·47 =±0"·~2: hence the probable errc;>rof a direction is 0·674°·,~~·=±o"· 2 c;c;. v 52 . . '116 --
! 

On the other hand· the approximate proha1>le error of a direction derived from the: 
3·oc;6 

statw11 adjustment alone* is found from the average square 
13 

~-,"viz. I',= Jo·o233 = 
±0"·153; 
(0'204)". 

hence the square of the combination error or e/ = (o' 255 )°- (_o· 153)"= 
To each of the values of l~:. therefore, was added (0·204)° or 0·040 in orde:· 

*See resulting pr•>hahl" ~nors of the d1recti<1n presented further on with the abstractsof the h<1riz»ntal measure~. 

4192-No. 7-02--8 
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I to get E- = -, but in order to make the average value of the 131 cases equal to unity p 
this was nmltiplied by rs ·75: hence the final reciprocals of weights used in. the adjust
ment further on . 

• -Jbstracts c?f l1orizo11!11l diredio11s as obsen•t•d a11d adjustc:d at !11t·.pri11cipa! statio11s bdrc•ff11 tlie Epping 
base 11d, ///,: 1Jlassad111sdls b1ist', a111i Ille Fil"t· lsl1111d base 11d, • IS//-ISS2. 

Humpbad.:, Hancock County, Maine. July r9 to September 6, 1858. 75<111 direction theodolite No. r. 
A. D. Bache and G. \V. Dean, observers. 

Number 
of direc

tions. 

3 

Objects obsen·ed. 

Cooper 
Azimuth Jlfark 
Mount Desert 
Ragged Mountain 

I Saunders 
l\olou11t Harris 

I 

~~~i~~:~·rr~:;l -A~r~-~e'ti-
station ad- probable 
just111ent. errors. 

0 

0 00 oo·ooo :::!::0'15 

39 .17 40·230 0·16 

114 33 5o·s77 0·09 

154 28 20·545 0·13 

165 12 4i. 118 0·13 

ISo .16 29·9-~S 0·17 

Correc
tions 

front net 
adjnst-
111ent. 

-0·196 
-0·013 

+0·5S3 
-0·023 

-o·o.:= .. ' 
-0·023 

Mean correction -0·023 

Circle used -in V positions. 

Correct
ed direc

tions. 

00 '0(1(1 

40 ·403 

51 "656 
~O'jl8 

47 ·291 
30·161 

Reduc- Result
tions to i ng st-c

sea le,·el. onds. 

oo ·oo 

+a·oo5 51 "66 
+0·021 20·74 

+0·010 30·17 

Correc
tions 
from 
figure 

adj11st-
111eut. 

+o·<.6 

-0·41 

Final 
seconds. 

'21 "IO 

29·73 

,v,nmt Desort, Hancock County, Maine. August q to October 14, r856. 75 '""direction theodolite 
No. I. A. D. Bache and G. \V. Dean, observers. 

Isle au Haut 0 (•0 oo·ooo ±0'14 -o·oo6 oo·ooo oo·oo 

Ragged Mountain 33 39 21 ·332 0'11 -o·oo6 21 ·332 +0·009 21 ·34 -0·05 21 .,9 

l\.fount Harris 70 54 51 ·931 0'12 -o·oo6 51 ·931 -0·017 51 ·91 +0·10 5:?'0[ 

Saunders . 93 48 SS ·~s2 O'IO -0·006 58";;82 

Azimuth Mark I.?.? 49 25·136 O'IO -o·oo6 .:!5 ·136 I Humpback '~4 2•1 00'15:? 0'10 -u·u3 uu'o15 +o·ouS UO"OJ 

l\It'an correction -0·006 

Circle used in V _positions. 

11101111/ Harris, Penobscot County, Maine. July 25 to October 17, 1855. 75 cm direction theodolite 
No. I. A. D. Bache and G. W. Dean, observers. 

Resultinf, di rec- Approxi- Corrections 
Number of tions ron1 Reductiot1s Resulting from Final 
directions, Objects ohsen·ed. station adjust- mate prob- to sea \e\"el. seconds. figure ad- seconds. 

111ent. a hie errors. justme11t. 

Thomas Hill, Ban- 0 I /I I/ ,, ,, II ,, 
gor 0 00 oo·ooo ±O"II oo·oo 

Azimuth Mark 16 32 "750 0 ·12 
Peaked Mountain 9 50 32 ·207 0 ·i3 

5 :Humpback 13 14 12·055 0·09 +0·013 12'07 -0·01 12"o6 
Saunders 29 29 47·495 0·09 

6 Mount Desert 53 46 37 ·312 0·09 -0·020 37·29 +0·07 37·36 
Isle an Haut 85 58 2I •672 0·11 

7 Ragged Mountain us 55 14·559 O "II o·ooo r4·56 +0·06 14·62 

8 Sabattus 170 57 33·572 0 '12 +o·or3 33·58 -C'OI 33·57 

9 Mount Blue 213 17 48·992 0 ·13 -0·009 48·98 -o·u 48·87 
Circle used in V positions. 
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THE MAIN TRIANGULATION. 

Abstracts of /i9rizo11tal diredio11s as obserz•ed and adjusfr?d al flit' prillcipal sl1ilio11s bdwee11 llze Eppi11g 
base 11d, tlze lliassaclwsdls base, a11d ll1e Fi rt: fsla11d base nd, JS4.,t-JSS2-continued. 

Ragge·d llI01111tai11, Waldo County, Maine. August 9 to November 2r, r854. 75 '"' direction theodolite 
No. I. A. D. Bache and G. \V. Dean, observers. 

Ret~~~~nr~!~ec- A pproxi- R d t" Corrections 
Nu111berof Objects observed. tnate proh- e uc ions Resulting from Final 
directions. station adjust- able errors. to sea le\"el. seconds. figure ad- seconds. 

1nent. justment. 

0 ,, II II " " " 
Cape Small 0 00 oo·ooo ±0"13 oo·oo 

IO Mount Pleasant 32 n 39·339 0 ·19 +0·010 39·35 +0·39 39·74 
II Sabattus 35 05 22 ·r95 0·17 +0·003 22 "20 ·-0·27 21 ·93 
I2 Mount Blue 72 r3 02·447 0 "12 -0·049 02·40 +o"II 02 ·51 

r3 Mount Harris r30 54 59 ·344 0 "II O"OL"lO 59·34 -0·20 59 ·14 
Azimuth Mark 13I 32 49·928 0·16 

Saunders 17I 43 10·933 0"12 

14 Humpback 179 05 58.378 0·18 +0·025 58·40 o·oo 58·40 

15 Mount Desert 208 3r 00·500 O "II +o"OII 00·51 +0·04 00·55 
Isle au Haut 24r 08 17·507 0·19 

Circle used in V positions. 

llI01ml Blue, Franklin County, Maine. August 29 to November 5, 1853. 75 cm direction theodolite 
No. I. A. D. Bache and G. \V. Dean, observers. 

0 " II " II· ,, 
" 

Peaked Mountain 0 00 oo·ooo ±0'14 oo·oo 

Saunders 7 35 33·784 0·17 

16 Mount Harris 8 46 42 •896 0·18 -0·003 42 ·89 -0·24 42·65 

17 Ragged Mountain 35 42_ 23 7oS 0·16 -0·019 23·69 +.o ·15 23·84 
Cape Small 74 II 02·283 0·20 

18 Sabattus 76 57 34·640 0 ·15 -o·oos 34 ·63 +0·15 34·7s 

19 Mount Independence 94 02 02·938 0·30 o·ooo 02 ·94 -0·20 02·74 
20 Mount Pleasant 121 17 49 712 0 ·15 +0·027 49·74 +0·03 49 '77 
Circle used in IV positions. 

Saba/fa<, Androscoggin County, Maine. June r8 to August 16, 1853. 75 cm direction theodolite No. I. 
A. D. Bache, C. 0. Boutelle, J. E. Hilgard, and G. W. Dean, observers. 

0 " II II II " II 

23 Mount Blue 0 00 oo·ooo ±O'II -0·032 59·97 -0·21 59·76 
Azimuth Mark 17 56. 05 ·204 0·17 

24 Mount Harris 69 29 07·402 0·18 +o ·021 07·42 +0·16 07·58 

25 Ragged Mountain IOI 37 20·637 0·17 +0·005 20·64 +0·24 20·88 
Cape Small 172 59 00 ·194 0·14 

21 Mount Independence 222 21 04 ·r58 0 ·13 +0·007 04 ·16 -·0·07 04·09 
22 Mount Pleasant 275 46 51 ·399 o·q +0·014 51 ·41 .-0·02 51 ·39 
N. B. The observation of the Llirection to Mount Washington is too weak to be admissible. 
Circle used in IV positions, 
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• -lbstmds <"!f l1<>ri:::o11ta/ directions ,1.; ,1bscrwd and ac(jl/.slt'd al the· pri11dp11! stations between flit• Epping 
base net, the 1lfassadmsdls base, and the Fire Island bast' 11d, IS.,1.,1-ISS2--continued. 

1l101111t Pleasant, Oxford County, Maine. July 2 to August 16, 1851. 75 °111 direction theodolite No. 1. 

A. D. Bache, \V. P. Trowbridge, and G. \V. Dean, observers. 

Nuniherof 
directions. · 

30 
31 

34 

Ohjects observed. 

Mount Blue* 
Sabattu>' 
Ragged Mountain 
Cape Small 

Resulting clirec
. tions.fro111 

station adjust
ment. 

0 00 

SI 
54 
83 

39 
OI 

II 

00'000 

Mount Independence mo 
Ossipee 146 

12 

17 

14 

35 '737 
37·055 
4S·o45 
24·539 
47·657 Agamenticus 

Gunstock 192 
Mount Washington 279 

06 52·3S2 
rS 34 ·Sro 

Circle used in V positions. 

I.I 

±O'IO 

0 '12 
o·q 
0 'II 

0·09 
0·08 

0·14 
0·09 
0·24 

II 

+0·043 
+o ·006 
+0·007 

-o·ooS 

-0·003 
+0·040 
.....:0·102 

" 
00·04 
46·94 
35'74 

47·65 
52 ·,p 

34 '71 

Correcti1111s 
front 

figure ad
justment. 

" 
-O'II 

+0·13 
-0'20 

-0·49 

+077 
-0·23 

Final 
second~. 

59·93 
47·07 
35·54 

47·55 

4S·42 
52 ·19 
35 ·09 

11I,11mt b1dcpo1dc11cc, Cumberland County, Maine. September 2 to October 19, 1849. 75 °"' directi1Ju 
theodolite No. 1. A. D. Bache and G. \V. Dean, obsen•ers. 

39 

40 

Mount Blue 
Azimuth Mark 
Sabattus 
Cape Small 
Agamenticus 

Oss!pee_ 

. 0 ·' II 

0 00 00'000 

0 44 36·450 
25 16 42 ·166 
87 ,,,, 'o -~ ·04S 

207 51 q ·43S 
241 49 46·990 

.II .. 

±0·14 
lj ·16 
0 ·15 
0·16 
0 ·17 
0·20 

II II 

-0·002 oo·oo 

to 'OIO 42 ·18 

-to·ow 14'45 

31 Gunstock 253 42 01 ·296 o ·20 +o ·023 01 ·32 
38 l\Iount Pleasant 307 28 23 '886 o · 13 -o ·033 23 ·S5 

N. B.-Ullsen·ation of direction to Mount 'Washington too rough for use. 
Circle used in VI positions. 

II 

+0·02 

-0·30 

-o·6o 

+0·29 

,, 

42·20 

14 ·15 

00·72 

11/01111! 11'asfli11gtm1, t .Coos County, New Hampshire. Station mark of 1851 and 1S6o. 3oci11 direction 
theodolite No. u8. July 31 to September 13, 1882. J. A. lYicNicol, observer ( R. D. Cutts, chief 
of party). 

33 
34 
35 

Reff.1-el!ce i\:Iark 
i\·Ionn t Blue 
Mount Pleasant 
Gunstock 
Killington 
Moui1t Mansfield. 

Circle used in VII positions. 

0 " 
o oo oo ·oo 

46 3r 41 ·34 
115 27 23·90 
174 08 45·65 
.?29 44 57·67 
274 18 ·19 ·oS 

* Azhnnth niark west of Mount Blue 2"·19 ± o"·n. 

" 
±0'07 

0 'JI 

0 ·13 
0 ·14 
0 ·17 
0 ·14 

II 

+0·02 

-0·03 

0'00 

II 

41 ·.~6 

23 ·87 
45·65 

II 

-0·13 
-0·16 

+0·30 

II 

41 ·23 

23 ·71 

45·95 

t'fhis station was established in September, 18.!9. by ·r. McDonnell at the highest part of the mountain. It was 
marked by a copper bolt inserted in· a bowlder by G. A. Fairfield in 1851, and re-marked in 1~~53 by B. I'. West. The pole 
placed Over the tnark \Vas observed upon fron1 ).-fount "111dependence in 1~:-1-9, fro111 Ossipt-e in 1851, and fro111 Sabattus in 
1S53, hut only roughly. The obsen·ations from :\·Yount Plea~ant in 1851 and frotn Gunstock in 186o, however, were quite 
s;.atisfactory. In 18j7 C. H. Sinclair ,·isitt!'d the station .and lindc:r the direction of Assi:-;tnnt R. D. Cutts connected 
geodetically the several t:ccentric station marks since 1Si3 and agait'l, in 18."3i::, and 1881. those used by Prof. E. T. Quimby 
in hi>; sm-\·ey of the State of New Hampshire. The'e last ohservntions have no hearing 011 the oblique arc, the only 
direction in common heiug that to Sabattus. Between July 31 and September 13, 188!, Assistant Cutts and Aid J. A. 
McNicol obsen•ed horizontal angles at the station in connectfon with the sun•ey of New Hampshire, hut included the 
three directions to Monnt Blne, Gunstock. and Mount Pleasant. The 30"m theodolite was then employed. 
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THE 1\lAIN TRIANGULATION. 117 

Abstracts of hon"zo11tal din·dio11s as obse·1-ved a11d adjusted al the pri11c1pal stati<J11s bctwc.:11 the Epping 
base 11d, 111<' llli.1ssad111sdts bas • ., 1111d Ilic Fin· Is!a11d base 11d, 1S.,t.,t-1SSz-continued. 

Aga111c11tic11s, York County, i\iaine. August 30 to October 10, 1847. 75"" direction theodolite No. 1 

A. D. Bache, obsen·er. 

Nu111berof 
directions. 

49 

50 

51 
52 

53 

Objects obst:rved. 
Rt:~i~:1i~1fr~:,;c:c- · 
station adjn~t-

1ne11t. 

0 II 

Isle of Shoals 
Thompson 
Holt 
Unkonoonuc 
Patuccawa 
Gunstock 

o oo oo·ooo 
16 
41 28 

83 56 
SS 19 

134 44 
Mount Pleasant 187 02 

Ossipee 188 12 
Mountlndependence 220 23 
Azimuth Ma~k 307 52 

21 ·852 

23 ·555 
12 ·364 
56 ·311 
18 ·168 

53·621 
25 ·g&> 

Circle user! in V positions. 

Corrc:ctions Approxi
n1ate proh
:i ble errors. 

Reduc'.ions Resulting · from Final 
to sea le,·el. seconds. figure ad- seconds. 

just111ent. 

!I " 
±0·15 

o ·14 o ·ooo 
0·17 
0·17 +0·015 
0 ·16 
0 ·13 -o ·037 
o. 14 -o·oos 
0·14 
0·14 +0·007 
0 ·17 

II 

oo·oo 
22·03 

12 ·33 
56·30 

II 

+0·39 

-0·32 

+0.02 
-0·16 

+0·01 

,, 

22·.p 

21 ·55 

53 ·64 

G11-11slot"k,* Belknap County, New Hampshire, July II to August 15, 1860. 75 "" direction theodolite 
No. 1. G. \V. Dean, observer. 

41 
42 

43 

44 
45 

Azimuth Mark 
Mount Washington 
Mount Pleasant 

0 II 

o oo oo·ooo 
44 o6 20 ·238 
78 13 23 ·269 

Mount l mlepemlence l 1 2 33 03·490 
29 34·6oo 
02 47·320 

55 I4 ·997 

Ossipee 121 

Agamenticus 161 
Thompson 192 
Patuccawa 
Unkonoonuc 
\Va ch usett 
Monadnock 

202 52 41 ·124 
237 14 12·358 
240 56 IO "060 
26o 13 18 ·732 

Circle used in V positions. 

,, 
±0·14 

0 "II 

o ·rr 
0 "11 

0·12 

0 "!2 

o. 12 
0 "JI 

o·oS 
o·og 
0·07 

" 
+o·oq 

+0·034 
+0·005 

-0·011 
-0·004 

+0·013 
+0·023 
+0·054 

,, 
oo·oo 
20·25 
23·30 
03·50 

47 ·31 

14 ·99 

12 "Ji 
10·oS 

18·79 

,, 

-0·40 
-0·04 

+o·So 

-o·os 
-0·20 

+0·10 
--0·40 

+o·r5 

,, 

19·85 
23 "26 
cq ·30 

47·23 

14 "79 

12"4i 
09·68 
18·94 

U11J,;01100//.11c,t Hillsboro County, New Hampshire. August 29 to October 6, 1848. 75"" direction 
theodolite No. 1. A. D. Bache, observer. August 25 to 291 186o. G. \V. Dean, observer. Same 
instrument. 

59 

54. 

55 

56 
57 
58 

Gunstock 
Patuccawa 
Agameuticus 
Thompson 
Holt aml Azimuth 

Mark 
Blue Hill 
Waclmsett 
l\'Ionadnock 

0 II 

o oo oo ·ooo 
47 43 13·998 
5.) 00 5.) "613 

103 24 13 ·952 

II7 12 51 "745 
138 49 II ·993 
187 30 54·272 
235 53 53·272 

II 

±0·07 
0 "12 

0 ·1:. 

0·09 

O "II 

0 ·15 
0·07 

o·og 

II 

+0·023 

+o·oos 
-0·004 

-o·oog 
+0·027 
+o ·032 

II 

00"02 

53.62 
13.95 

II'l)S 

54 ·30 

53·30 

II 

+0·01 

+o.·n 
+0·02 

-0·35 
+0·16 
-0·03 

II 

00·03 

5.) ·73 
13"9i 

II ·63 

54·46 
53 ·27 

Probable error of a single observation ( D. and R.) of a direction, e, = ± o" ·75. Circle used in 
V positions, in 1848 and in 1860 . 

. *Thi! station was occupied by Prof. E.T. Quimby in 1S;S, hut only in connection with the sur,·eyof New Hampshire: it 
was reoccupied in September. 1897, by Assistant A. T. Mosman, in. connection with western work in Vermont. 

t The station was occupied by Prof. E.T. Quimby in July, 1870, in connection with the sur\"ey of New Hampshire. 
He used 25cm theodolite No. 31. He sighted l\lonadnock and Patuccawa, but for these observations we ha'"e no use here. 



II8 T;HE EASTERN OBLIQUE ARC. 

Abs/mets <'.f hori::o11tal din-di<111s .7S obscn:ut .md cld/lislcd ell the pri11dp11! sl<llio11s bdween the EpjiJ1g 
base 11d, 1111? 1lf11ss11d111sdts base, am! flit• Fil"<' Isla11d bast? net, 1S4.,1-1SS2-continned. 

Tlio111pso11, Essex County, Massachusetts. October 15 to Novembe~ 24, 1846, and July 27 to August 
23, 1847. 75 cu• rlirection theodolite No. I. A. D. Bache, observer. 

Number of 
directions. 

73 

74 

75 

77 

Objects observed. 

Manomet 

Blue Hill 

\Vachusett 

Holt 

Unko110011uc 

Patuccawa 

Gtmstock 

Azimuth ):lark, west 

Azimuth Mark, east 

Rets1."ol1t1isngrod1inrec- Appro-1" fT ~ - Reductions Resulting 
station adjust- ~~!!"e~:g~ to sea level. seconds. 

n1e11t. 

0 II 

o oo oo·ooo 

44 15 19 ·752 

go 52 38 ·782 

104 48 53 ·491 

129 22 49·757 

154 45 22·283 

161 29 50·943 

I )';6 35 38 •458 

190 40 47'449 

I/ 

±0·18 
O"Il 

0·12 

0·13 

0 ·14 

0 "12 

II 

-0·002 

+o·oII 

+o·ow 

-0·021 

0 ·15 -o ·035 

0 ·19 

0·29 

49·74 

Agamenticus 191 13 4.~ ·021 0 ·12 +0·001 

O"II 

43·02 
Isle of Shoals 201 26 34 ·383 

Circle used in III positions in 1846. 

Corrections 
fro111 

figure ad
justment. 

II 

+0·10 

+0·14 
o·oo 

+o·u 

-0·23 

-0·14 

Final 
s~conds. 

II 

00·10 

49·85 

50·68 

42·88 

rvaclmsell, 'Vorcester County' Massachusetts. September 13 to October 16, 186o. 75 ClU direction 
tlieo1lolite I""o. r. .-\. D. Rache ani'J. G. \V. Dean, observers. 

65 
66 

67 
GS 

;2 

Azimuth Mark 

Bald Hill 

Mount Tom 

Mouadnock 

Gunotock 

Unko1100111ic 

Patuccawa 

Holt 

Thompson 

Blue Hill 

1 Bcaconpolc 

Circle used in V positions. 

0 II II II 

0 00 00 '000 ±0 'JO 

18 32 53 ·177 

6o 52 05·024 

150 38 43 ·050 

194 20 24·085 
l'JS 09 22 "750 

212 49 54·036 

249 13 40 ·236 

255 42 43 ·548 

289 46 57 ·469 

320 47 46 ·873 

o ·20 · +o ·017 

0·34 +0·016 

0·13 -0 ·042 

O "I4 +o "02.j 

0·13 +0·018 

0 ·12 

0 ·15 

0·17 +0·001 

0·13 -0·009 
0·12 -0·009 

" oo·oo 

53 ·r9 
05·04 

43·01 

24 "II 

22 '77 

43·55 

57·46 
46·S6 

Blue Hill, Norfolk County, Massachusetts. 
theodolite No. 1. 

September 14 to October 19, 1845. 

79 Manomet 

So Copecut 

81 Great Meadow 

82 Beaconpole 

83 Wachusett 

84 Unkonoonuc 

Holt 

Azimuth Mark 

85 Thompson 
Circle used in VI positions. 

A. D. Bache, observer. 
o I II II 

0 00 00 '000 ±0 'II 

49 17 23 ·167 0 ·14 
67 01 II ·778 0 "II 

103 II 18 ·6o6 0 "14 

17q 05 20 ·382 0 "I2 

209 46 13·547 o·r3 

234 48, o6 '131 0 'IO 

2~6 05 03·497 0·09 
269 23·· 57 '425 0 'IO 

" 
-0·007 

-0·001 

+0·002 

+0·010 

-0·028 

-o ·018 

+0·005 

II 

59·99 
23 ·17 

II ·78 
18·62 

20·35 

13 ·53 

57·43 

II 

+0·07 
-r ·r7 

+0·23 

+0·13 
-0·07 

--0 ·05 

-0·02 

+0·15 

II 

53·26 

OJ ·87 

43·24 

43·50 
. 57 ·44 

47·01 

75 cm direction 

II 

+0·14 

+0·03 
-0·01 

-0·52 

+0·20 

+0·23 

-0·07 

II 

00·13 

23·20 

II '77 

18 ·10 

20·55 

I3 '76 



THE MAIN TRIANGULATION. 

Abstracts of l1orizo11tal din·d1">11s as observe•d a111f ad/usled al the pri11cipal stations bd<£1ce11 the Epping 
bas.- 11d, the 11Iassad111sdls base, mid Ilic Fin• Island bast' 11ct, 1S.,t4-1SS2-continued. 

(ireat 11Ieadow, Bristol County, :M:assachuset~s. May 7 to 27, 1845. 75 cm direction theodolite No. 1. 

Number of 
directions. 

104 
IOI 

102 

A. D. Bache, observer. 

Objects observed. 
Re~{~11~~1fr~1~~ec-
station adjust

ment. 

Approxi- R d 1. 
mate prob- e uc 1011s Resulting 
able errors. to i.;ea level. seco1hls. 

,, 
" " 

Copecut o oo oo ·ooo ±o ·14 -o ·006. 

Beaconpole I6o 29 59 ·351 o ·15 -o ·oog 

Massachusetts North 

Base :!19 I9 14 ·351 o "I9 o ·ooo 
Blue Hill 229 39 39 ·oSo o ·14 +o ·005 

" 
59·99 

59·34 

14·35 

3Q·o8 
Circle used in III positions. 

Corrections 
from 

fignr<: ad
just111e11t. 

-0·2S. 

+0·28 

-0·24 

+0·20 

Finni 
seconds.· 

" 
59"7I 
59·62 

J4 "II 

39 ·28 

Copecut, Bristol County, Massachusetts. Septeti1ber 7 to October 8, 1844. 75 cu• direction theodolite 
No. I. A. D. Bache, observer. 

92 

93 

Blue Hill ·and Azi-

muth Mark 

Manomet 

Indian 

Beaconpole 

Great :Meadow 

Circle used in III positions. 

0 II II " 
o oo oo ·ooo ±o ·13 -o ·002 

64 oS 37 ·S51 o "I6 +o "oo6 

140 03 44 ·563 
318 01 oS ·556 

328 04 06·825 

o ·rs 
0·13 -0·010 

0·15 -0·005 

" 
oo·oo 

37·86 

08·55 
06·82 

II 

-'O"I9 

+o·oI 

-O"I7 

+0·39 

II 

(l8 ·38 

07·21 

l1Ia11omet, Plymouth County, Massachusetts. A11gust 25 to September II, 1845. 75 cm direction 
theodolite No. I. A. D. Bache, observer. 

Provincetown 

Indian 

86 Copecut 

87 Beacon1ole 

88 Blue Hill 

89 Thompson 

Circle used in VI positions. 

0 II II ,, 
o oo oo ·ooo ±o ·n 

I20 I3 21 ·474 

I;:? 29 05 "212 

209 03 27·009 

239 03 09·898 

284 II 54 7 45 

O"IO 

0·17 +0·006 

o·r6 -0.002 

0·10 -o·ou 

0 ·13 -o ·001 

II 

oo·oo 

54 ·74 

II 

+o·ro 

-o·os 
-0·06 

" 

05·29 

09·81 

54"68 

11/assadmselts South Base, Bristol County, Massachusetts. September 9 to 17, 1845. 25 "" repeating 
theodolite No. II. E. Blunt, observer. 

105 
1o6 

Beacon pole 

'Massachusetts North 

Base 

0 II " 
o ()() oo ·ooo ±o ·45 -o ·oro 

81 00 16·66 0·45 +0·004 

II 

59·99 

16"66 

11/assadmselts 1Vorllz Base, Bristol County, Massachusetts. September 19 to 29, x845. 
theodolite No. 1 r. E. Blunt, observer. 

0 II II " " 
107 Great :Meadow 0 00 oo·ooo ±0·35 o·ooo oo·oo 

108 Massachusetts South 

Base 25 16 31 ·173 0·35 +0·002 31 ·18 

109 Beacon pole 70 09 29·8I2 0·35 +o·oo6 29·82 

II II 

-0·20 59·79 

+0·20 

25 cm repeating 

II " +0·26 00·26 

-0·09 31 ·og 
-0·17 29·65 



120 THE EASTERN OBUQUE ARC. 

Abstracts qf '1orizo11tal directions as obser'iJed a11d adjus!t'd al t/1<· principal slalio11s behN't'11 Ifie Eppii~tr 
bast.' 11d, llio· Jlfassadmsdls bast\ and Ilic Fire lsla11d base 11ct, 1S.1-1-1SS2-co11ti11ued. 

Eea,.,;;1pole, Provid1::11ct: County, Rhode Isiand. October r9 to November 23, 1844. 75 ""' direction 
theodolite No. 1. A. D. Bache, observer. 

Rei-;nlting dirt:c- Approxi d . Corrections 
Nmnher of Objects obsen·ed. tions from 1nate prob- Re '•cttons Resulting from Final 
directions. station adjust- nbleerrors. to sea level. s~conds. figure ad- seconds.. 

n1ent. j1i~tment. 

0 ,, II " ll ,, 
94 Wachusett 0 00 00'000 ±0'11 -0·034 59·97 -0·26 59 '71 

Azimuth l\'Iark 35 I:? 22·656 0·16 

95 Blue Hill 82 05 13 ·351 0'I1 +0·012 13 ·36 +0·40 13 76 
96 Massachusetts North 

Rase 105 44 12'597 0·15 +0·002 12·6o +0·17 12·77 

9i l\fanomet 128 54 18 ·252 0 ·16 -o·oor r8·25 -0·28 17·97 
98 Great Meadow r56 45 30·025 0·09 -o ·005 30·02 -o·r5 29.87 

99 Massachu~etts South 
Base 159 50 57 ·84,, 0'11 -0 ·002 57 ·84 -0·03 57·81 

IOO Copecut r66 I2 31 431 0'10 -:O '006 31 ·42 +0·13 31 ·55 
Circle used in III positions. 

ll/011ad11od:. * Cheshin: County, New Hampshire. July 21 to August 15, rS6r. 75.:iu direction theorl-
olite No. 1. G. \\I, Dea11. obsen·er. 

0 II II ,, 
" II " 

60 Gunstock 0 00 00'000 ±0'10 +0·042 00·04 -0·14 59 ·90 
61 Un konoon uc 32 54 52·457 0·19 +o ·014 52·47 o·oo 52 ·47 
62 \V:ichusett l 17 01 19 "l27 0 'IO -0·026 19·40 -0·12 r9·18 
6· ·' Dahl Hill '45 06 44 724 0·09 +o ·004 44 "73 +0·35 45'08 
64 Mount Tom 173 46 o6 '97-1 0'11 +0·019 o6·99 -o·oS 06·91 

Probable error of a single observation (D. and R.) of a direction, e\= ± o".67. Circle used in V 
positions. 

ii/01111-i 10111,t ·'1'9ilami County, Connecticut. July 11 to August 16, 1862. 75 c~u direction theocloli te 
No. r. G. \V. Dean and R. E. Halter, ohservers. 

0 " " " " 
,, /I 

115 Monadnock 0 00 00'000 ±0'10 +0·052 oci·o5 +0·12 00 ·17 
Azimuth Mark 4 45 13·052 0·08 

116 \Vachusett 33 28 40·690 0·09 +o ·027 40. 72 +0·30 41 '02 

117. Raid Hill 95 52 53·979 o·oS -0·023 5.3 ·96 o·oo 53·¢ 
us Rox Hill 129 18 r5·047 0·09 -0·009 15·04 -0·13 14·91 

119 Sandford r63 34 58·584 0 '12 +o ·009 58·59 -0·33 58 ·26 

Circle used in V positions. 0 

!Jald Hill, Tolland County, Connecticut. September 12 to 25, 1861, and May 22 to June 7, 1864. 
75 cm direction theodolite No. r. G. \\I, Denn, obsen·er. 

0 ,, ,, 
" " " " 

110 Box Hill 0 00 00'000 ±o·oS +o·or5 00'02 +0·21 00·23 

II l Ivy 34 47 46 ·78o 0'12 +0·007 46·79 +0·28 47·07 
Il2 Mount Tom So 50 44·995 o ·ro -0'022 44'97 -0·05 44·92 

Il3 Monadnock 136 18 39740 0·14 +o ·009 39 '75 -0·61 39 ·r4 

114 Wachusett 156 07 28·560 0 '12 +0·028 28·59 +o·u 28 '70 

Circle used in V positions in 1861 and 1864. 

*This •tatiou was occupied by Prof. E. T. Quimby in Jmle, 1872. in connection with the sun·ey of New Hampshire. 
In September, 1878, the party of Assi•tant K. D. Cutts reoccu1>ied the station, but neither of these ohsen·ers made any 
additions to the measures of the oblique arc. 

tThis station w<isoccnpied in Jun., and July, 1$77, by Assistant R. D. Cntts in connection with the snn·eyof Vermont. 



THE MAIN TRIANGULATION. 121 

Abstracts q.f horizo11t11/ dirt'clio11s as observed 1111d adj11sit'd at Ille pri11cip11! slatio11s be/w,·e11 /he Epping 
base 11d, Ilic 1lfassad111sdls base, a11d tilt' Fire lsla11d base net, .1S+1-1SS.l-continued. 

Bo.1'· Hill, Tolland County, Connecticut. October 9 to 28 1 186r. 75cw direction theodolite No. 1. 

Number of 
directions. 

120 

121 

122 

123 

Objects observed. 

Sandford 

Ivy 

Mount Tom 

Bald Hill 

Circle used in V positions. 

G. \V. Dean, observer. 

Result.in~ 1\hec:
tio11s trom 

station adjust· 
meut. 

0 " 
0 00 00'000 

49 .~5 .\9 ·881 

114 15 55 751 

179 59 54·o87 

Approxi- Reductions Resulting 
mate p,:oh- to sea Je,·el. seconds. a bit: ert ors. 

II ,, II 

±0·13 +o·oc7 00'02 

0 'II -0·007 39 ·87 
0 '11 -0·013 55·74 
0'10 +o·o:q 54 'II 

Corrections 
from Final 

figure ad- seconds. 
just1nent. 

II II 

+0·10 00'12 
· -o·oS 39 ·78 
+0·28 56·02 

-0·28 53·83 

Iv_v, Litchfield County, Connecticut. June 29 to August 12, 1863. 75 cm direction theodolite No. 1. 

G. \V. Dean, observer. 
0 II II II " II II 

124 Bald Hill 0 00 00'000 ±0·08 +0·007 00'01 -0·04 59·97 
125 Box Hill I4 48 02·So5 0·09 -0·004 02·8o -o·r3 02·67 

126 Sandford 71 OC) 55·842 0·09 -0·013 55·83 -0·12 55 ·71 

127 Wooster us 50 47 ·463 0 '12 +o·ol2 47·48 +0·33 47·81 
Circle used in V positions. 

Sa11dford, New Haven County, Connecticut. 
dolite No. 1. 

September 9 to November 4, 1862. 75 cm direction theo_ 

Number 
of direc

tions. 

r2S 

129 
130 

Objects obser\•ed. 

Ruland 
West Hills* 

Tashua 
Wooster 
A>.imuth ~[ark 
1,·y 
Mount Tom 
Ho>' Hill 

Circle used in V positions. 

G. W. Dean, obsen·er. 

Resulting Approx- . C~rrec- Cf!\"rec-
directions ffnni ininte ~educ· Cor~t:ct. t1011l'Oo . Res~1lt· hons Final 
station ncljust- probabh: t1on t~ ecl.chrec- fro•!• netmg:direc- from fig- seconds. 

neut. error. i;,ea le' et. t1ons. adJ_ust· t1ons. . ure ad. 1 n1t:11t. 311stment. 

0 , 
0 00 00'000 ::f:O 'II -o . .164 59 '74 

23,. 24 41 'S47 
+0·008 

0'12 +0·4S2 42 'O.J 

42 36 58·413 0'12 +0·01.l 58·424 -0·330 58•09 

69 ,13 33·113 0·24 +0·009 33 "I.:!2 +o·.i:;6 33·48 
85 20 30. 246 0·15 

147 .14 4i •646 IJ"l.5 -0·024 47·62 +0·25 47 'ii7 
190 09 54 ·581 0'12 +0·012 54 ·59 +0·11 5r;o 
221 ~n ,, '002 0·10 +o·or6 .?J"OS +0·02 22 ·10 

1Vooster, Fairfield ~ounty, Conuecticut. July 14 to October IO, 1864. 75 cm direction theodolite No. 
- G. W. Dean, observer. 

0 

131 Ivy 0 (l(l 00'000 :r.0·07 +0·020 00'02 -0·29 S9'73 
Sandford 53 47 S9 ·208 0·07 +0·009 59 ·217 -0·009 59·15 
Taslma 95 57 4; ·652 o·oS -0·009 47·643 +0·285 4i •93 
Ruland 124 51 45 '938 o·os +0·005 45·94 
West Hills* .154 ro 38 ·493 0·07 -0·147 3S·3S 

+0·032 

Circle used in V positions. 

* ·r1te correc\ion to direction of \Vest Hit ls is for eccentricity. 



r22 THE EASTERN OBLIQUE ARC. 

Ol>scrvniion eq11t1/ions. 

I\ o=-0·45- (1)+ (3)- (14J+ (15) 

II 0=+0·46- (2)+ (4)- (5)-t- (6) 

III o=-0·3S-. (1)+ (2)- (6J+ (7)- (13)+ (15) 

IV 0=+0·09- (7)+ (9)- (12)+ (r3)- (16)+ (17) 

v o=-o ·os- (7)+ (8)- ( n l+ ( 13 )- (24)+ ( 25) 

VI o=-0·66- (Sl+ (9)- (16)+ (18)- (23)+ (24) 

VII 0=+0·49- (roJ+ (12)- (17)+ (20)-- (26J+ (28) 

VIII 0=+0·07-· (18)-\- (20)- (22)+ (23)- (26J+ (27) 

IX 0=+0·85- (21)+ (22)- (::!j)+ (29)- (38)-j- (40) 

XI o=+o·og- (19)+ (20)- (26)+ (29)- (38)+ (39) 

XI o=-1 ·42- (31)+ (32)- (34)+ (35)- (41)+ (42) 

XII I 0=;=+1 ·20- (36)+ (37)- (43)+ (44)- (SI)+ (53) 

XIII o=-2 ·02- (29)+ (30)- (36l+ (38)- (52)+ (53) 

XIV o=-\-1 ·22- (30)-\- (31)_:_ (42)+ (44)- (51)-\- (52) 

xv 0=+0·39-- (44)+ (45)- (49)-j- (51)-- (77l+ (78) 

XVI 0=+1 ·05-- (49)-\- (50)- (54).+ (55)-- (76)+ (78) 

XVII 0=+0·03- (45)+ (46)+ (55)- (59)-- (76)+ (77) 

XVIII o=-o "2j- (55l+ (Si)- (69)+ (70)-- (75)+ (76) 

XIX 0=+0·61- (45)+ (47)- (68)+ (70)- (75)+ (77) 

xx I o=-0·23- (46)+ (48)- (5SJ+ (59)- (6ol+ (61) 

XXI I 0=+0·61- (Sil+ (58)- (61)+ (62)- (67)+ (69) 

xxn 0=+0·69-- (ssl+ (56)- (74J+. (76)- (S4l+ (Ss) 

XXIII 0=+0·37- (70)+ (71)- (74H- (75)- (83J+ (85) 

XXIV o=-1 ·55- (71)~- (72)- (82)+ (83)- (94)+ .(95) 

XXV o=-0·25- (73)+ (74)-\- (79)- (S5)- (SS)+ (S9) 

XXVI I o=-0·62- (86)+ (87)- (90)-\- (93)- (97J+(roo) 

XXVII 0=+0·84- (So)+ (S2)- (90)+ (92)- (95)+(100) 

xxvm 0=+0·07- (79)-1- (So)- (S6)+ (8S)-, (92)+ (93). 

XXIX o=+r :10- (So)+ (Sr)- (91)-j- (92)--(103)-j-(104) 

XXX o=-I ·41- (90) + .(91)- (9SJ+(100)+(101 )-(104) 

XXXI 0=+1 ·28- (¢J+ (9S)-(ro1)+(ro2)-(ro7)+(109) 

XXXII o=-o ·11-- ( 96 )+ ( 99)-( 105 l+( ro6)-(108)+( 109) 

XXXIII o=-1·62- (62)+ (64)- (66)+ (67)-(II5)+(116) 

XXXIV 0=+1 ·10- (63)+ (64)-(II2J+(u3)-( IIS}+(II7.) 

XXXV o=-j-1 ·37- (65)+ (66)-(II2)+(114)-(II6)+(117) 

XXXVI o=+o ·¢-(1 ro)+( II2)-( ll7J+(IIS)-( 122)+(123) 

XXXVII o=+o ·22-(uoJ+( u1)-p21)+( 123)-(124) +(125) 

XXXVIII o=+o ·11-(n8)+( n9)-(120)+ (122)-(129)+(130) 

XXXIX o=+o ·41-( 120) +( 121)-(125)-j-(126}-( 12S) +( 130) 

XI~ o=-o ·99-( 126) + (127)+( 12S)-( 131) 

XLI o=-3 "8-2 ·77(1)+3 ·39(2) +4 ·29(3)-3 ·35(4)-1 ·43(13)+1 ·S9(14)-o ·46(15) 

XLII o=-1 ·7+0·21(11 l+1 ·2S( 12 )-1 ·49(13)-3 ·30(16)+4 ·14(17)-0 ·84(1S)-o ·79(23) 

+4 ·14(24)-3 ·35(25) 



XL III 

XLIV 

XLV 

XLVI 

XL VII 

·XL VIII 

XLIX 

THE MAIN TRIANGULATION. 

Obst'rvatio11 eq11atto11s-conti11ued. 

O=-l ·82...1...4 ·586( 10)-4 •864( II )-t-o ·278( 12)+0·240(17)-0·455(18) +o ·215(20) 

+0·168(26)-3·918(27)+3·750(28) 

o=-o ·8-4 ·70(18)+6 ·85 (19)-2 ·15(20)-1 ·68(26)+3 ·53(27)-1 ·85(29)-0 ·46(38) 

+4·46(39)-4"00(40) 

0=+1 ·7-4 ·o8(19)-t-4 ·oS(20)-l-3 ·59(26)-3 ·59(32)-4 ·40(3.~J+5 ·68(34)-1 ·28(35) 

-1 ·54(37)+3 ·15(38)-I ·61(39)-3 "10(41) -t-6 ·18(42 )--3 ·08(43) 

o=-6 ·2-2 ·03(29)-\-1 ·96(30)+0 ·07(31)-3 ·oS(42)+4 ·94(43)-1 ·86(44)-0 ·16(51) 

-t-3·20(52)-3•04(53) 

o=+o ·8-2 ·87(44) +3 ·39(45)-0 ·52(46)+3 ·32(54)-1 ·73(55)-1 ·59(59)-1 ·13(76) 

+3·6g(77)-2•56(78) 

0=-1 ·23-0 ·216(45)+3 ·472(46)-3 ·256(47)-3 ·156(68) +3 ·290(69)-0 ·134(70) 

-0·265(75)-t-0·6oo(76)-0·335(77) 

o=-1 7-2·16(45)+7·12(46)-4 ·96(4S)+_3··25(6o)+j ·47(6r )-o ·22(62)-r ·93(67) 

+3 ·27(69)-1 ·34(70)-2 ·65(75)-t-6 ·00(76)-3 ·35(77) • 

L 0=+2 ·4-2 ·98(55)-t-4 ·83(56)-1 ·85 (57)-1-0 ·o6(69)-l-3 ·11 ( 70)-3 ·17( 71 )-1·81<74) 

+1 ·99(75)--0·18(76) 

' 

LI o=-o "7-3. II (70)-t-6 ·61(71)-3 ·50(72)-2 ·16( 73) +4 ·15 (74) -1 "99( 75)-3 ·65(87) 

+5·74(88)-2·09(89)-0·29(94)+2·27(95)-1 ·98(97) 

Lil o=-2 ·o+o ·49(79) +1 ·54(So)-2 ·03(82)-2 ·84(86)+6 ·49(87)-3 ·65(88)-2 ·95(90) 

+2 ·34(92)+0 ·61(93) 
LIII o=-o ·61-0 ·659(So)-!-o ·947(81 )-o ·288(82)-1 ·188(90) +1 ·526(91 )-o ·338(92) 

-0·058(95)+1 ·323(98)-1 ·265(100) 
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LIV o=-t-1 ·4-2 ·56(62)-t-3 ·94(63)-1 ·38(64)-0 ·55( II2)-t-5 ·84( u3)-5·29(114)-3 ·18( n5) 

+4 ·28(116)-1 "I0(117) 

LV 

LVI 

LVII 

o=-1 ·0-2·69(110)+3 ·03(1~1)-o ·34( 112)-3·19(117) -t-6·28(118)-3·09(119) 

+1·97(124)-9 ·37(125)-l-r ·40(126)-\-0·6o(128)-3 ·44U29) +2·84(130) 

o=+5 7 -2·77(1) +2 ·77(2)+0 ·94(4) +2 ·46(5)-2 ·46(6)7""2 ·31 (8) 

+2 ·31 (9)+0 ·21 (11 )-\-o ·25( 13)-0·46(15) +o ·84( 16)-2·99(18) 

+2 ·15(20)-1 ·56(21)-t-1 ·56(22)+3 ·35(24)-3 ·35(25)+1 ·68(26) 

-I ·68(27)-t-0·07(29)-0•07(31)-2•04(36)-t2·04(37)+0·46(38) 

-0·46(40)+3·08(42)-3•08(43)-0·52(44)+0·52(46)-0•86(49) 

+o ·86(50)+0 ·16(51)-0 ·16(53)-1 ·59(54)-1 ·85(56)+1 ·85(57) 

+1 ·59(59)-o·o6(69)-3·44(71)+3·50(72)-0·18(74)+1 ·31(76) 

-1 ·13(78)-2·88(81)-t-2·88(82)-t-1 ·24(84)-1·24(85)1-0·29(94) 

-o ·29(95)_-1 ·52( 96)-t-1 ·52(99)-0·48(101)+1 ·28(102)-0 ·So(ro3) 

+0·33(105)-0·33(106)-!-0·76(107)-0·76(109) 

0=-\-2 ·6+1 ·85(56)··-3 72(57)-1-1 ·87(58)-1-0 ·22(61)-1 •6o(62)-l-1 ·38(64) 

-2 ·31 (65H-2 ·31 (66)-1-3 ·50(71)-3 ·so( 72)-t2 •88(81 )--2 •88(82) 

-2 ·54(83)+2 ·54(84)-0 ·29(94)-1-0 ·29( 95)-1-_r ·52 (96)....:.1·52(99) 

+o ·48( 101)-1 ·28(102)+0·So(103)-0·33(105)-\-0·33(106)-0·76(107) 

+o 76( 109)-0·34(110)+0 ·Sg( 112)-0 ·55(r 14)-1-3 ·18( n5)-~ ·18( n6) 

-3 ·og( n8)·._ 3 ·og( u9)-1 ·79( 120)-\-1 ·79(121 )-1-o ·95( 122)-0 ·95( i23) 

+1 ·40(125)-3·32(126)-t-1 ·92( 127)-t-3·44(129)-3·44(130)-t-1 ·54( 131) 
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c..orrdatc •'q11alio11s, 

( 1) =o ·S( -C, -C3-2 ·77C,,-2 77Cs•) 

(2)=0 ·9(-c.+c3+3 ·39C,,+2 ·nc56) 

(3) =O "9( +c, +4 ·29C,,) 

(4)=r ·1 (+C,-3 ·35C,,+o ·94Cs6) 

(5)=o ·8(-C.+2 ·46C56) 

(6)=o ·S( +c.--C3-2 ·46C56) 

(7)=0·8( +C3-C4-C5) 

(S)=o "9( +C5-C6-2 ·31C56) 

(9)=0 ·9(+c,+c,,.1-2 ·31C5.l 
( ro)=l "2(-C;+4 ·586C,3) 

(If) =I "l( -C5+o ·2 rC4,-4 ·864C,3+o ·2rC56l 

( 12) =o ·9( -c,+ c1+ 1 ·2sc,.+o ·27SC,3) 

(13)=0 ·S(-C3 +C,+C5-r ·43C,,--1 ·49C,.+o ·25C5.) 

( 14) =I "I(-C,+r_"89C,,) 

( 15 J =o ·S( +c.+c3-o ·46C,,-o ·46C56) 

(16)=1 ·1(-C,--C6-3 ·30C,.+o ·S4C5.) 

(17)=1 "o( +C4-·C7+4 ·qC,o+o ·240C_,3 ) 

( 18) =I ·o( +c6-Cs·-O ·S4C,.-o ·455C,3-4. 70C,.-2 ·99C56) 
( 19) =2 ·o( -C,o+6 ·S5C.,-4 ·oSC45 ) 

( 20) =r ·o( +c1+ca+c .. +o ·215C,3-2 ·15C.,+4 ·oSc,5+2 ·15C5.) 

(21)=0·9(-C9-·I ·56C56) 

(22)=0·9(-Cs+C9+1 ·56C5.) 

( 23) =o ·s(-CG+Cs--O" 79C,. l 
(24)=1 ·1(-Cs+c6+4 ·qc,.+3 ·35C56) 

( 25) =I "l( +Cs-3 ·35C,.-3 ·35C56) 

(.z6)=o ·S(-C7-Cs-C,o+o ·r6SC43-r ·68C,.+3 ·59C,5+ r ·6SC5•) 

( 27) =O "9( +C.\:-C9-3 ·9rsc .. +3 ·53C.,-1 ·6SC5.;) 

(28)=0 ·9( +c1+3 ·750C43 ) 

(29) =O ·S(+C9+C.o-C,3-I ·s5C.,-2 ·03C,6+0 ·07C5.;) 

(30) =o ·9( +C,3-C14+ I ·96C,6) 

(31 )=o ·8(--Cn+c,,+o ·.07C,.;-o ·07C56) 

(32)=1 "S( +C11-3 ·59C,s) 

(33) =o·S( -4 ·40C,5 ) 

(34)=0·9(_ -C11+s·68C,5 ) 

(35)=0·9( +c,,--1"28C,5 ) 

(36)=1 "I(-C,.-C,3-2·04C5•) 

(37) = r·.~( +c,.-1 ·54C,5 +2·04C5•) 

(38) =0·9( -C9-C,.+C,3-o· 46C,4+3·15C45 +0·46C56) 

(39)=0·9( +c,o +4"46C,,-r·6rC45) 

(40) =r·o( +C9--4·00C,.-0·46CS6) 



THE MAIN TRIANGULATION, 

Correlate .·q11ations-continued. 

(41) =0·8(-C,.-3·10C,5) 

(42) =o·S( +Cu-C,,+6·1SC,5- 3·0SC,6+3 ·oSC56) 

(43) =O'S( -C,.-3 ·osc,~+4·94C,6-3·0SC56) 

(44) =0·9( +c .. +c,,-C,5-I ·S6C,6-2·S7C,7-0'52C56) 

(45) =0·9( +c.5-C17-;--C,9+3·39C,7-0·216C,s--2·16C,9) 

(46) =0·7( +C.7-C,,,--0·52C,7+3·472C,s+r12C,9+0·52C56) 

· (47)=o·s(+C,9-3·256C,sl 

(48)=0·7( +C..,-4·96C,9) 

(49) =0·9( -C,5-C,6-o·S6C56) 

(50) = r · 1 ( +c•6to·S6C56 l 
(51) =0·9(-C,.-c,,+c.5-0" l6C,6+0·16Csd 

(52) =0·9( -C,3+ C,,+ 3 ·20C,6) 

(53) =0·9( +c,.+C,3-3 ·04C,6-0·16C56) 

(54)=0·9(-C,6+3·32C,1-1 ·59C56) 

(55) =o·S( +c,6+C,7-C,s-C •• -1 ·73C47 -2·9SC50 ) 

(56) = r ·o( +c •• +4·S3C50-1 ·S5Cs6+1·S5C57) 

(57) =9·7 ( -J-C,a-C .. -r ·S5C5o+ 1 ·S5C5G-3 ·72C57 ) 

(58)=o·S(-C20+c.,+1 ·S7C57) 

(59) =0·7 (-C,1+C.o-1 ·59C,1-l-1 ·59C56) 

(60) =o·S(--Coo-3 ·25C,9) 

( 61 l =o·s( +c.o-c.,-1-3 ·47C49+0·22C5.7) 

(62)=0·8( -f-C.,-C33-0·22C49-2·56C5,-1 ·6oC57 ) 

(63)=o·S(-C3,+3 ·94Cs,) 

( 64) =o·S( +C33-f-C3,- 1·3SC54 -I-1 ·3SC57) 

(65)= 1 ·3(-C3s-2·31Cs1) 

(66)=2·5 (-C33+C15+2·31C57 ) 

( 67 )=0·9( -C21 +~3- I ·93C49) 

(68)=0·9(-C,9-3· 156C.al 

(6g) =0·9( -c.a+c.,+ 3 ·290C,s-l-3 ·27C,9+0·06C50-o·o6C56) 

(70) =1·· 1 ( +c,s+C,9·-C.,-o· 134C,s-1·34C,9+3·r1C5o-3·11C5,) 

( 71) =0·9( +c.3-C,,-3·17C50+6·61C5,-3·44CS6-l-3'50C57 ) 

(72)=0·9( +c.,-3·50Cs.+ y50C56-3·50C57) 
. (73)=1·1(-C,5-2'16C5.) 

( 74) =o·S( -C,,-C,3-f-C,5-1·S1C50+4·15C5,-o· 1SC56) 

( 75) =0·9( -C,s-C,9+C.3-0'265C4a-2·65C49-I- I ·99C50-1 ·99C5,) 

(76) =0·9( -C,6-C11+c."+c .. -1·13C,1+0·600C,s+6·00C,9-0'I8C50+1 ·3 lC56)" 

(77) = r ·o( -C,s+C,7-f-C,9-f-3 ·69C,7-0·335C,s-3 ·35C,9) 

(78) =0·9 ( +c.s+C,o-2·56C,7-I 'I3Cs6) 

(79)=0·8( +c.s-C2s+o·49Cs.) 

(So )=0·9 (-C.7+Coa-C29 + I ·54C5,-0·659C53 ) 

125 
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Correlate eq11atio11s--co11tinued. 

( 81) =o·S( +c.9+0·947C53-2 ·SSC5.+2·8SC57 ) 

(82)=0·9(-c..,+c.;-2'03C52-2'SSC53+2·8SC50-2'8SC57) 

(83)=0·9(-C.~+C04-2·54C57 ) 

(84)=0·9(-C .. +1·24Cs6+2·54Cs1) 

(S5)=o·S(+c •• +c.3-C.5-I''.!4Cs6l 
(S6)=n(-C.6-C.s-2·84C52 1 
(871 =ro( +c .. -3·6sCs.+6·4gC5.l 
(88)=0·8 (-C.5+C.s+s ·74C5,-3 ·65C5.) 

(8g)=o·9t +c.5-2·09C5.) 

(go) =0·9( -C.. -Co;-C3o-2 ·95C;.-1 · r8SC53) 

(91 )=I'O(-C.9+C:w+I ·526C53) 

(92)=0·9( +c01 -C.s+C09+2·34Cs,-0·33SC53) 

(93)=ro( +c...6_+c.a+o·6rC50 ). 

( 94) =o·S (-C,4-(n9C5~+0·29C56-0·29C,:57 ) 

( 95) =O'S( +c.4-C..,+2·27C51-0'o58C53-0'2gC56+0·29C57) 

( g6) =ro(-C~,-C3.-1 ·5~CS6+ i ·52C57) 

(97)=r·o(-C,..;-I'98C5,) 

(gS)=o·8(-~+C3,+r323C~3 ) 

(99)=0·8( +Cr-+1 ·52C50-1·52C57 1 
( roo)=o·S( +c..+c.,+c,,.-··1·265C53 ) 

( 101) = 1 ·o( +c30-C3, -o· 48Cs6+0·~8Cs7 ) 

( 102)=I'2( +C3,+r2SC56-1·2SC5;) 

( 103) =0·9( -C.,-o·SoCs6+o·SoC51 ) 

( 104) =0·9( +cog-Cy.,) 

( 105)=3·S(-C3.+0·33Cs6-0·33C51) 

(ro6)=3·S(+C30-o·:t3Cs<>+o·33Cs1) 
(107) =2·5(-~1+0·76C56-0·76Cs7 ) 
(1o8)=2·5(-C:io) 

( rog) =2'5( +c,,+c3.-0·76C06+0·76C57 ) 

( 110) =0·7( - ~-C37-2'69Css-0'34Cs1) 

(III) =0•9( +Cs1+3·03C55) 

(112)=o·S(-C34-C35+~-0·55Cs.-0·34C55+o·SgC57) 
( u3)=0·9t +c34+5·s4c,,1 
( n4) =0·9(+C35-5 ·29C54 -0·55Cs1) 

(I 15)=0·8( ·-C33-~4-J'ISC54+ 3 'r8C57) 

(116)=0'8( +C3,-C35 +4·2SC;.i-3'I8Cs7 ) 

( n7)=0'7l +c34+C~5-~6-I'IOCµ-3. I9Css) 
(IIS) =o·S( +c3'S-CgB+6·2SC55-3·ogC57) 

(n9)=0·9( +C32-3·ogess+3·ogC57 l 
(120)=0·9(-C3'J-C3?-I"79Cs1) 
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Corrdate eq11atio11s-completed. 

(121 )=o·S(-C37 +C39+r·79Cs1) 
( 122) =o·S( -C36+C3s+o·95Cs7 ) 

( 123) =o·S( -t-C36-tC37 -0·95C51) 

( 124) =0·7 ( -C37 -t7"97Cssl 
( 125) =o·S( +c~7-C39-9·37C5s+ 1 ·40C57) 

(126) =o·S( +C39-C.o+r ·40C5s-3·3~Cs1) 
(127)=0·9( +C4o+ l"92C57 ) 

( 128) = ro( -C~9+c •• +o·6oC55 ) 

( 129)=0·9( -C;S-3°44Css+3 ·44Cs1) 
( 130)=0·8( +c38+C39 -t-2·84C55-3 ·44Cs7) 

(131 )=0·7(-C40+1·54Cs1) 
.. Normal eq11atio11s. 

-:I o=-0·45 

c, c. C3 C4 Cs Co C7 Cs Co 

+3"6 +1·6 

0=+0·46 +3"6 -17 

3 o=-0·3S +4°9 -1°6 -1·6 

0=+0·09 +5'5 +1·6 +2"o -1·9, 

5 o=-o·os ..... ..... +s·S -.J"O 

6 o=-0°66 +s·S -1·8 

0=+0·49 +s·s +1 ~ 

8 0=+0·07 +5"4 -1·$ 

9 c=+o·S5 +s·4 
10 0=+0·09 ..... ····· . .... ..... 
II o=-1 ·42 

121 O=-t-1"2<> 
13 o=-2·02 

14 0=+1 ·22 

"C10 

+x·S 
+1·8 

+1 "7 
+6·4 

Normal t'q11ations-continued. 

C15 Cr6 C11 C1s C19 Coo c., c •• C23 Co4 C25 Co6 

15 0=+0·39 +s·s +rs -1·9 -1·9 
16 0=+1·05 +5"5 +r7 -1"7 -1·7 

17 0=+0·03 +5·o -1"7 +r9 -1"4 -·17 
18 o=-0·27 +5"3 +•·o -1·6 +1"7 -2·0 

19 0=+0·61 +5"6 -2·0 

20 0=-0·23 ..... ..... . ... +4"5 -1·6 

21 0=+0·61 +4"9 
22 0=+0·69 +5·• +1·6 -1"6 

23 0=+0·37 +5"4 -rs -'1"6 

24 0=-1 ·55 +5"• 
25 o=-0·25 ..... ..... ..... ..... . .... ..... +5"2 
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Cn c,. c,, C14 C1s 

-17 
-17 

+57 -1·6 

+s·9 +2"<). +1·8 -1·s 
+5·s -1·s 

+s., -1·s 

C.7 C.s Cog C30 C3r C32 C33 

-1"7 

-r7 
-1·6 

26 0=-0·62 +s·s +r1 +2"1 +1"7 
27 0=+0·84 
28 0=+0·07 

29 0=+1·10 

30 O=-I "41 

31 O=+I •38 

32 o~-a·n 

+s·2 -rs +1·s +1·7 
+s·5 -rs 

+5"4 -·r9 
+s·4 -rs 
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Nor111.1l eq11alio11s-contin11ed. 

I 
C33 C34 C35 C36 C37 C3s C39 C40 

--------
+6·6 +1·6 -3·3 

+4 ·s + 1 ·5 -1 ·5 
+1·0 -1 ·5 

+4'6 +1 ·5 -1·6 

+4'7 -1·6 
+5·•. +I·7 

+5 ·I -1·s 

.......... +3'4 
+s1 ·123 +1 ·705 

33 o=-1 ·62 
34 0=+1 ·10 

35 0=+1 ·37 
·36 o=+o·g6 

37 0=+0·22 

,,s 0=+0·11 

39 o=+o·.p 

40 o=-0·99 
4I o=-3•8 
.p o=-1 ·7 

43 I O=-I -s. 
44 o=-o·s 

. +64'821 + 0·573 + 3'95 

45 I 0=+1 ·1 
46 0=-6·2 

4 

5 
6 

7 
s 
9 

IO 

II 

12 

I3 
14 

IS 
I6 

I7 
1$ 

I<j 
20 
2I 

22 

J\Tonnal eq11atio11s-:--compieted. 

c,, C40 C43 c,, 

+3·630 
-6·736 

+6·043 +I ·192 

-I 'I44 +5·426 -0·010 

-I '144 -9·662 .+5 ·350 .......... 

+7 ·976 -0·455 - 4 ·700 
-2 ·988 -2 ·037 - o·So6 +I ·20s 
+0·2aS -2·990 + 7·071 +I ·20s 

+3 ·526 - s·243 -2 ·s35 -I "624 
+o·oSI -11 ·558 +s "o84 -1 ·624 

-4 ·225 -2·520 
+0·462 -S·2IS -2·583 

+ I 'o66 +•·835 -.:!'228 

-4 ·944 +2'106 -2·583 

.JVormal <'q1taliu11s-completed. 

C44 C45 C,6 C47 c,s C49 C50 Cs1 

+I ·530 -0·36o +0·141 +I •4o6 

-5·659 -0·540 -s ·400 -2 ·222 

+1 ·021 +I ·750 -I "S» -2 ·222 

+0·367 -2':\30 +s·.i68 +2"503 -1 ·630 

+0·639 +o·IS6 --o ·495 +I ·630 -1 ·630 

..... -0·749 -2·430 -3·080 

+2·¢1 +1 "j'.'.?-~ +I :349 
+o·-367 +0·540 +s ·400 +s·soo -3 ·320 

-0·091 -0·911 -3·0~5 +4"259 
+>·853 -7·05I 

.... ······ ....... ....... -1 ·44s -0777 
-I'6j(1 

-1·816 

+4 '59' 

.. ....... ....... ······· ....... ....... 

+78 ·136 - II "<X) + I '36 

C52 

········ 

+ I ·S2j 

+ -~ ·312 

+1~ ·S79 
+ I ·548 

- 0'29-5 

+ O'i20 

+ 2 ·655 

+170 '86 - 77 "Z6 + 3 '004 

Cso 

C53 C54 

....... 
-2 •048 

+0·213 

+0·057 

+0·133 
-0·289 
-0·48o 

+0·525 
+1·058 

+ I85 ·75 -27 ·400 

+54 ·542 

C56 

+0·369 

+0·955 
-1·9.:?S 

.+2·5,s 

+0·749 
-I ·349 

-2·635 

-3·944 
+3. 190 
+o·S4S 

+•·8,4 

-q84 
-0'48o 

. -0·264 

. ~1 '672 

+1 ·848 

-5 ·395 
·+_6·109 

+I "35~ 
-9·480 

+.l ·929 
TO'So6 

+o·SSo 

+3 ·502 
+0·418 

+2"520 
+6·6o4 

+2"45'~ 

-3'132 

C57 

-2·604 

-1 ·320 

+•·644" 

-:0·436 
+s·436 

. -5·530 

-2 ·8~4 

+1 ·584_ 
+0·48o 
+o ·264 
+1·672 



3J 
34 
35 
36 

37 
38 

39 
40 
41 
42 

43 
44 
45 
46 

47 
48 

49 
50 
51 
52 

53 

54 
55 

s6 
57 

o=+o·s 
O= -1 ·23 

o= -1 "7 
0=+2·4 

o=-0·7 
0=-2'0 

o=-0·61 

0=+1 ·4 
O=-l"O 

0=+5·7 
o=+2"6 

- ""i6S 
+36°18; 

c .=+0·1207 
c .=-0·1272 
c 3=-0 ·o699 
c 4=-0·3218 
C 5=+0·1829 
c 6=+0·3318 
c 1=-0·2663 
C s=+o·1052 
c 9=+0 ·1698 
C,o=+o ·2558 
C,.=+o ·3849 
C,.=-o ·2855 
C,3=+o ·6821 
C,4 = +o ·oS49 
C,5=--o ·1424 

/I 

(l )=--0 ·054 
(2)=+0·103 
(3)=+0·360 
(4)=-0·441 
(5)=-0·014 
(6)=+0·070 
(7)=+0·055 
(8)=-o ·011 
(9)=-o·u4 

(rnl=+o·387 

THE MAIN TRIANGULATION, 

1Vor111al equalio11s-completed. 

Cso Csx 

- 27·64 + 4•307 
+ 32·60 - 0·853 + 0·93 

+139·92 -10·125 + 9·33 
+ 58 ·728 - 39 ·07 

+135·18 -40·449 -0·1o6 

+so ·s20 + »os6 
+7 "s6S 

Resulting values of correlates. 

C,6=-o ·2409 
. C,1=+0 ·181 I 
C,s=+o ·4276 
C,9=-o ·3196 
Coo=+o ·1918 
c.,=+o ·1744 
C .. =-0·3624 
C.3=+o ·1242 
C:4=+o ·3096 
c.s=-0 ·0829 
c.6=+o ·2957 
c.,=-o ·1935 
c.a·= -0 ·2701 
C09=-o ·1904 

C3o=+o ·1223 
C3,=-o ·1.w5 
C3.=+o ·0363 
C3,=+0·4168 
C34=-o ·5315 
C35= -o ·0191 
c,6= -0 ·6o61 

C37=+o ·2410 
CJS=-o ·2491 
Cs9=+0 ·1599 
C4o=+o ·3927 
C4, = +o ·0652 
C4,=+o ·0481 
C43=+o ·0123 

Rc·s11/li11g a>rrectio11s to directions. 
II 

(34)=-o ·155 
(35)=+0 ·303 
(36)=-0 ·304 
(37)=--0 ·6o3 
(38)=+0·~94 

(39) = +o ·356 
(40)=+0 ·017 
(41)=-0·401 
(42)=·-0 ·044 
(43)=+o ·Sor 

// 

(67) =+o ·228 
(68)=+0·126 
(69)=-0·074 
(70)=-0 ·049 
(71) =-0 ·018 
(72) =+o ·152 
(73)=+0 ·ro4 
(74)=+0·136 
(75}=-0 ·002 
(76)=+0·110 

4192-No. 7-02--9 

129 

C55 

+ 6·912 - s·479 
+ 3·214 1·¢1 - 2·152 
- s·515 - 1·¢1 ......... + 10·115 
+ 0 ·330 + s •$68 3 ·042 

+ 0·450 

2 °437 + I "776 
+ 10 ·288 3 ·485 

0·520 ......... + 3 •3o6 
+ 11·009 

+ ..s·s14 
+ •5"849 
+ 3 ·3So 

+ 33 ·633 

- 18·595 
- 4·<¢ 
+ 1 ·79_1 
+ 9 ·4Sg + 0·892 

I 0 472 + 3 ·767 
- 32 ·6So + 32 •440 
- 5·261 + 5·261 

- 2·914 + 2·914 
+98 ·900 + 2 ·61 - 14 ·998 

- 56•399 
+171 ·07 - 52"148 

+174 ·110 

C44 = -j-o ·0449 
C4s=+o ·0375 
C,6=-f-o ·1315 
C47=-o ·0635 
C4s=+o ·0569 
C49=-o ·0056 
Cso=-0 ·0143 
C5,=-o ·0053 
C5.= -o ·0325 
C5,=+o ·0530 
C54=-o ·0247 
C55 =+o ·0236 
C56=-o ·0590 
C57=-o ·0136 

// 

(100)=+0·126 
(IOI) =+o "28.j 
(rn2)=-o ·237 
(103)=+0·204 
(104)=-0·281 
(105)=-0·195 
(106) =+o ·195 
(rn7) =+o ·262 
(108)=-0 ·091 
(109)=-o ·172 



130 

(II )=-0 ·270 
(I2J=+o·1o8 
(13)=-0·199 
(14)=+0"·003 
(15)=+0·038 
(16)=-0·240 
(17)=+0·147 
( 18 l=+o ·146 
(19)=-o ·202 
(20)=+0·027 
(21 )=-0 ·070 
(22)=-0·025 
(23)=-0·212 
(24) =+o ·165 
( 25) =+o ·241 
(26)=-0 ·1o6 
(27) =+o ·130 
(28)=-0·198 
(29)=-0·4$.S 
(30) =+o 769 
(31)=-0·229 
(3·2)=+0·375 
(33)=-0·132 

THE EASTERN OBUQUE AkC. 

Resulting a>rnxlions lo diro·,·li<ms....Lcontinued. 

(44)=-0·081 
(45)=-0 ·198 
(46)=+0 "!04 
(47)=-0·404 
(48)=+0·154 
(49)=+0·391 
(50)=-0·321 
(51)=+0·025 
(52) =-0 ·159 
(53) =+o ·006 
(54)=+0·112 
(55)=+0·022 
(56)=-0·347 
(57)=+0·155 
(58) =-0 ·034 
(59)=+0·012 
(6o)=--0·139 
(61) =-0 ·004 
(62)=-0·125 
(63)=+0·347 
(64)=-o ·oSo 
(65)=+0 ·066 
(66)=-I ·168 

II 

( 77)=-0 ·231 
( 78) =-0 ·139 
(79)=+0·137 
(So)=+o·o26 
(81)=-0·008 
(82)=-0·525 
(83 l=+o ·198 
(84)=+0·229 
(85)=-0 ·066 
(86)=+0·073 
(87)=+0 ·104 
(88)=-o ·079 
(89l=-0·065 
(90) =-0 ·172 
(91)=+0 ·394 
(92)=-0·187 
(93)=+0 ·006 
(94)=-0 ·257 
( 95) = +o ·401 
(96)=+0·172 
(97)=-0 ·285 
(98)=·-0·153 
(99)=-0·026 

Probable er~or of a resulting direction =0·674 / 3 "6 = ±0"·26. 

"' 57 

I.I 

(IIO) =+o "214 
(1II)=+o·281 
(II2)=-0 ·050 
( II 3 ) = - 0 "6o8 
(114)=+0·107 
(IIS)=-l-0"120 
(II6)=+0·299 
( 117) =+o ·005 
(uS)=-0·133 
(II9)=-0·328 
(120)=+0·102 
(121)=-0·084 
(122)=+0·275 
(123) = -0 ·282 
(124)=-0·037 
( 125) =-0 ·127 
(126)=-o ·124 
( 127)=+0 ·330 
(128)=+0·247 
(129) =+o ·109 
(130) =+o ·020 
(131) =-0 ·290 

Resulting m1gks and sides of tlie lri1u~g·11/atio11 bd«'ffn tl1e Epping base 11d and Ille lllassacl111sdts 
base: also belwe·e11 tliis base and f/1,; Fir,; lsla11d bast: 11d. 

Obsen·ed angles. Corrt:c- Sp her- SJ> her- Log.dis- Distances No. Stations. tion. teal teal tances. in meter~. angles. excess. 

0 II II II ,, 
\ Ragg<d Mmmt"" 29 25 02 "II +0·04 02·15 3·44 4 761 268 0 57 712·253 

1 Humpback 39 54 29·oS +0·36 29·44 3·44 4 ·877 2So 4 75 384·22 
Mount Desert IIO 40 38·68 +0·05 3873 3·44 5 ·041 137 6 109 935·4 

\ Mount lhrri• 40 32 25·22 +o·oS 25·30 :~ ·79 4·761 268 0 57 712·253 
2 Humpback 66 02 3S·5r -0·44 38·07 3·80 4·909. 249 6 Sr r 42 72 

Mount Desert 73 25 08·11 -0·10 38·01 3·79 4·929 927 0 85 099·50 

[ Mount Hnrri• 65 08 37·27 -0·02 37·25 3 ·13 4·877 2So. 4 75 384·21 
3 Mount Dese1t 37 15 30·57 +0·16 30 73 3 ·13 4 701 544 4 50 297 ·27 

Ragged Mountain 77 36 01 ·17 +0·24 01 ·4r 3 ·13 4·909 249 6 81 142·72 

4 I Mount Harris 105 41 02·49 +0·07 02 ·56 3·49 5·041 137 6 !09 935·4 
Humpback 26 o8 09·43 -o·So oS·63 3·48 4 ·701 544 4 50 297·27 
Raggerl Mountain 48 10 s9·o6 +0·20 59·26 3 ·48 4·9:i9 927 0 85 099 ·50 l "="t Btuo 

:i6 55 4o·So +0·39 41 ·r9 4·02 4 701 544 4 50 297·27 

5 Mount Harris 94 22 .w·42 --o ·17 34·25 4·03 5·044 3r8 I· IIO 743 ·5 
Ragged Mountain .ss 41 56·94 -0·31 56:63 4·02 4·977 267 r 94 900 ·20 



THE MAIN TRIANGULATION. r31 

Res11/li11g a11gles a11d sides of /lie· lria11g11!alio11 between /lie Epping base• net a11d !lie llli.1ssadmsdts 
base; also bdzc1t't'11 tliis base and tlu: Fin· Is/a11d base net-continued. 

No. Stations. 

! 
Sabattus 

6 Mount Harris 

Ragged Mountain 

! 
Sabattus 

7 Mount Blue 
Mount Harris 

! 
Sabattus 

8 Mount Blue 

Ragged Mountain 

! 
Mount Pleasant 

9 Mount Blue 

Ragged Mountain 

I 
Mount Pleasant 

IO Mount Blue 

Sabattus 

I 
Mount Pleasant 

I I Sabattus 

Ragged Mountain 

! 
Mount Independence 

12 . Mount Pleasant 

Sabattus 

I 
Mount Independence 

13 Mount Blue 

Sabattus 

l 
Mount Independence 

14 Mount Pleasant 

Mount Blue 

., I Mount Washington 

Mount Rlue 

Mount Pleasant 

l 
Gu nstock 

16 ·Mount Pleasant 

Mount Independence 

17 ! 
Mount Washington 

Mount Pleasant 

Gunstock 

Obsen·ed angles. 

0 ,, 
32 08 I3 ·22 
52 02 I9"02 

95 49 37 ·q 

69 29 07·45 
68 IO 51 "74 
42 20 I5 ·40 

IOI 37 20·67 

41 I5 IO "94 
37 07 40 ·20 

54 39 35 '70 
85 35 26 ·05 

39 45 23 ·05 

51 26 46·90 
44 20 I5 "II 

84 13 oS·56 

3 12 4S·So 

174 ·09 30·77 
2 37 42·85 

77 48 18 ·33 
48 46 or "IO 

53 25 47·25 

25 16 42 ·rs 
I7 04 28 ·31 

137 38 55·81 

52 31 36 "I5 
IOO 12 48 "00 

27 IS 46 ·So 

68 55 42 "5I 
30 23 
So 41 25 ·33 

34 19 40·20 

I9 54 04·38 
53 46 22·53 

58 41 21 ·78 

87 II 42 "29 

34 07 03·05 

Correc
tion. 

II 

+0·08 
-0·07 
+0·07 

+0·38 
+0·38 
-O"IO 

+0·45 
o·oo 

+0·38 

-0·09 
-0·12 
-0·28 

+0·24 
-0·12 

-0·19 

SJ?her-
1cal 

angles. 
,, 

13 ·30 
18·95 
37 ·21 

07·83 
52 "I2 

15 ·30 

21 ·12 

10·94 
40·58 

35 ·61 

25 ·93 
22 '77 

47 ·q 

14"99 
08·37 

sv~~r-
c:xcess. 

II 

3 ·15 

3 "I5 
3 ·16 

5·09 
5•08 

s ·08 

4·22 
4 ·21 

4·21 

8 'II 

8.'IO 

8 'IO 

-~·327 48·473 0·391 
-o ·265 30· 505 0 ·392 
-0·654 42·196 0·391 

-0 '28 18 '05 I '94 
-0 '62 00 '48 l '94 

-f-0'05 47'30 l '95 

-0 ·34 41 ·84 I ·83 
-0 '35 27 ·96 l ·82 

--0·14 55·67 1"82 

-f-0 "o6 36 "2 I 3 •62 
-0·38 47·62 3·62 
-f-o ·23 47 ·03 3 ·62 

-0·02 

+0·84 
-f-o ·26 

+o ·go 

+0·46 
-f-o ·60 
+0·36 

42·49 
02·89 
24 ·85 

41 '04 
04 •64 
23·43 

22·24 

42·89 
03 '4I 

3·41 
3·41 
3 ·41 

3·03 
3·04 
3·04 

2·S5 
2·84 

2·85 

Log.dis
tances. 

4·70I 544 4 
4·872 442 9 

4·973 438 4 

4·977 267 I 

4·973 438 4 
4 ·S34 048 9 

5·044 318 l 

4 -.'172 443 0 
4·834 048 8 

5·044 3I8 I 

5·131 49.~ 6 
4·938 618 6 

4·834 048 9 
4 ·785 231 0 
4·938 618 6 

Distances 
in 111eters. 

50 297·27 

74 549 ·19 
94 o67·25 

94 900·20 
94 o67·25 
68 24I ·56 

IIO 743 '5 
74 549 '20 
68 241 ·55 

!IO 743 '5 
135 361 ·o 
86 819 76 

68 241 ·56 
60 986 '!2 
86 819·76 

4·872 443 0 74 549·20 
5·131 493 6 I35 361 ·o 
4·785 231 0 6o ~'16"I2 

4·785 231 0 60 986"I2 

4·671 377 7 46 922·13 
4·699 925 8 50 IIO'I6 

4·834 048 9 68 24I ·56 

4·671 377 7 46 922·13 
5·032 o67 2 107 663·2 

4·938 618 6 86 819·76 
5·032 o67 2 I07 663·2 
4·699 925 8 50 110·16 

4·938 618 6 
4·672 640 4 
4·962 918 5 

4 ·699 925 8· 
4·948 470 6 
4·855 408 I 

4 ·855 408 I 

4·923 248 I 

4 ·672 640 4 

86 819·76 

46 950·53 
9r Sr6·03 

50 IIO 'I6 

88 Sn ·79 
71 681·66 

71 68r ·66 

83 Soo 79 
46 950·53 



132 THE EASTERN OBLIQUE ARC. 

Resulting m1g/,·s a11d sides of tile tricu~~1tlatio11 bdwet·11 111,- Eppi11g base 11et and the JJiassacli11sclls 
base; also bt!l;C1t'e11 tllis base and tile Fire Island base 11d-continued. 

No. Stations. 

I 
Agamenticus 

18 Gunstock 

Mount Independence 

I 
Agamenticus 

19 Mount Pleasant 

Mount Independence 

J 
Agamenticus 

20 Gunstock 

l Mount Pleasant 

I 
Unkonoonuc 

21 Gunstock 

Agamenticus 

I 
Thompson 

22 Gunstoc k 

Agamen ticus 

I 
Thompson 

23 Unkonoo~mc 

Agamcntlcus 

I 
Unkonoonuc 

24 Gunstock 

Thompson 

Monadnock 

Gunstock 

Unkonoonuc 

I 
Wachusett 

26 Gunstock 

Thompson 

I 
\Vachusett 

27 Unkonoonuc 

Thompson 

\Vachusett 

Gunstock 

Unkonoonuc 

l\'Ionadnock 

Gunstock 

Wachusett 

Observed angles. 

0 11' 

85 39 41 ·30 

48 29 43·81 

45 50 46 ·S7 

33 20 57 ·33 
47 01 59·61 

99 37 09 ·40 

52 18 43 '97 

82 49 24·or 

44 52 04 "77 

53 00 53 •6o 

76 II 25 ·o6 

50 47 50·46 

29 43 52 'll 

31 52 27·68 

n8 23 50 ·30 

61 50 53·28 

50 33 20 ·33 

67 35 59 ·84 

103 34 13 ·93 

44 18 57 ·38 

32 07 OI '17 

32 54 52 ·43 

22 59 06 ·42 

124 o6 o6 ·72 

6r 22 19 ·44 

48 00 55 ·og 

70 .37 12 ·12 

57 33 20·78 

83 56 40·35 

38 30 IO '95 

3 48 58·66 

3 41 57 "71 
172 29 05·72 

n7 or 19 ·36 

19 17 08 ·71 

43 41 41 'IO 

Correc
tion. 

si:,~r- sr.,~r-
augles. excess. 

II II II 

-0 ·02 41 ·28 3 ·59 

-o ·88 42 ·93 3 ·59 

-0 ·30 46 ·57 3 ·60 

+0·16 

+1 '26 

+o·6o 

-0·18 

-0·04 

-I 0 00 

+o·ro 

+0·19 

+0·35 

+o·og 

-0·12 

-0·36 

-:o ·25 
-o·og 

-071 

+0·01 

+0·30 

-0·34 

+o ·13 

+0·05 

+0·05 

57 '49 
00·87 

10'00 

43'79 
23·97 

03 77 

53·70 

25·25 

50·81 

52 ·20 

27·56 

49·94 

53·03 
20·24 

59 ·13 

13·94 

57 •68 

00·83 

52·56 

o6·47 

06·77 

-o ·17 r9 ·27 

-o ·21. 54 ·s8 
-o ·23 II ·S9 

+o ·03 20 ·Sr 

+o ·13 40 ·48 
+o "II· 11 °o6 

2 78 

2·79 

2 79 

3·84 

3·85 

3·84 

3·25 

3·25 

3·26 

3·23 

3 ·23 

3·24 

4 ·13 

4 ·13 

4 ·14 

4 ·15 

4 ·15 

4 ·15 

I ·93 

I ·93 

1·94 

S·68 

8•68 

$•68 

4 '12 

4 ·11 

4 '12 

-0·202 58·458 0·412 

-0·510 57·200 0·412 

-0·142 04·578 0·412 

+o ·or 19 ·37 3 ·21 

+0·56 09·27 3·22 

-o ·10 41 ·oo 3 ·21 

Log. dis
tances. 

Distances 
in n1eters. 

4·948 470 6 SS 811 ·79 

4·S24 135 I 66 701 ·43 

4·So5 515 8 63 902·20 

4·6g9 925 s 
4·824 135 I 

4 ·953 627 I 

4·S55 408 I 

4 ·953 627 0 

4·So5 515 s 

4·So5 515 8 

4·890 346 8 

4 792 336 4 

so 110 ·16 

66 701 ·43 

89 872 ·56 

71 681 •66 

89 872·54 

63 902 ·20 

63 902 '20 

77 686·72 

6r 992 'II 

4·So5 515 s 63 902·20 

4·S32 776 9 68 041 ·97 

5·054 430 8 113 352·4 

4·S90 346 S 

4·832 776 9 

4 ·910 955 0 

5·054 430 s 
4 ·910 955 I 

4·792 336 5 

4 '792 336 4 
4·648 835 I 

4·975 287 4 

77 6S6·72 

68 041 ·97 

81 461 ·99 

I 13 352 '4 
81. 462 ·oo 

61 992 ·13 

61 992 'II 

44 548·71 

94 468·59 

5·054 430 s 1r3 352·4 

4·982 231 4 95 991 '20 

5 ·085 731 5 121 823. •6 

4 '9IO 955 0 

4·982 231 3 

4 ·778 830 2 

4·792 336 4 

4 778 830 3 

81 461 ·99 

95 991 ·18 

6o 093·s8 

61 992 ·11 

6o 093·89 

5·085 731 4 121 823·6 

5·085 731 4 

4·654 798 I 

4·975 287 5 

121 823·6 

45 164·59 

94 468'6o 



THE MAIN TRIANGULATION. 133 

Rt?s1dling a11gles a11d sides qf /.lie lria.11gulatio11 betwee11 the Epping base 11et 1111d Ille llfassacl111selts 
bas/ also bdwee11 tlzis bast' cind Ille Fire Is!cmd hase 11et-continued. 

No. Stations. 

I 
\Vachu.~ett 

30 Mouaduock 

Unkonoonuc 

\ 

Blue Hill 

31 Unkonoonuc 

Thompson 

\ 

Blue Hill 

32 Wachusett 

Thompson 

r \\' ach usett 

33 l Un konoon uc 
Blue Hill 

I 
Reaconpole 

34 Wachusett 

Blue Hill 

\ 

l\Ianomet 

35 Bl m: Hill 
Thompson 

\ 

Ma no met 

36 Beaconpole 

Blue Hill 

I 
Copecut 

37 Beaconpole 

Mauomet 

I 
Copecut 

38 Reaconpole 

Blue Hill 

I 
Copecut 

39 Blue Hill 
Manomet 

I 
Great Meadow 

40 Beaconpole 

Blue Hill 

I 
Great Meadow 

41 Blue Hill 

Copecut 

Obsen~ed angles. 

0 II 

47 30 39 ·76 

84 06 26 ·93 

48 22 59 ·oo 

59 37 43·90 
35 14 58 ·03 

85 07 29 ·98 

99 18 37·oS 

34 04 13"91 

46 37 r9 ·03 

91 37 34·69 

48 41 42·32 

39 40 53 ·18 

82 05 13 ·39 

31 00 49 ·40 

66 54 OI "73 

45 oS 44·85 

90 36 02 ·56 

44 15 r976 

29 59 42 ·88 

46 49 04 ·89 

1!)3 II . 18 ·63 

106 07 29·31 

37 18 13 ·17 

36 34 21 "79 

41 58 51 ·45 
84 07 18 ·06 

53 53 55 ·45 

64 08 37·86 

49 17 23 ·18 

66 34 04·67 

69 09 39·74 
74 40 16 •61) 

36 IO ·o6 •84 

130 20 20 :91 

17 43 48·61 

31 55 53 ·18 

Correc
tion. 

II 

-0·30 

-0·12 

-o ·19 

-0·29 

-0·37 

-0·26 

+0·03 

-0·14 

+0·06 

+0·50 

+0·03 

+0·66 

+0·17 

-j-072 

+0·02 

+0·20 

+0·03 

-0·18 

-0·69 

-0·66 

sy~~~r- sy~~r-
angtes. excess. 

/I 

39·46 
26·81 

58·81 

43·61 

57·66 

29·95 

36·82 

13·94 
18·89 

34 ·75 
.p·S2 

53·21 

14 ·05 

49 ·57 
02 ·45 

44·87 
02 76 

19"79 

42 ·70 

04 ·20 

17"97 

II 

I "70 
I •6g 

I •6g 

3·74 

3·74 

3·74 

3·22 

3 ·u 
3·22 

3·60 

3·59 

3·59 

2"02 

2 ·02 

2 ·47 

2·48 

2 ·47 

-j-O "18 29 "49 I •63 

+o ·41 · 13 ·58 · i ·63 

to ·03 21 ·82 1··63 

-O"OI 

-0·28 

-0·55 

+0·19 
·-O"II 

-0·15 

-o·oS 

-0·55 

-0·52 

-0·49 

-0·03 

-o·58 

51 ·44 
17 78 

54·90 

38 ·05 

23·07 

04"$2 

39·66 

16 "II 

06·32 

20·42 

48·58 

52 ·6o 

I ·37 
I •38 

I ·37 

1 ·8s 
1 ·88 
I ·SS 

0·54 

0·53 

0·53 

Log. di~
tances. 

4·648 835 I 

4·778 830 2 

4·654 798 I 

4 ·910 955 0 

4 "_736 332 8 

4·973 491 2 

4 ·982 231 4 

4·736 332 6 

4·849 420 I 

4"973 49I 2 

4 "849 420 2 

4·778 830 4 

4·849 420 I 

4·565 581 4 

4·817 279 5 

4·736 332 7 

4·885 726 8 

4 "729 513 I 

4·565 581 4 

4·729 513 0 

4·855 073 l 

4·855 073 I 

4·655 000 4 

4·647 629 9 

4 ·565 ·581 4 

4 ·737 944 0 
4·647 630 0 

4·729 513 l 

4·655 000 3 

4·737 944 I 

4 ·565 581 4 

4·579 231 4 

4-·365 932 I 

4 "737 944 I 

4·339 491 3 

4·579 231 4 

Distances 
in tneters. 

44 548·71 

60 093·88 

45 I64·59 

81 461 ·99 

54 492·01 

94 078"68 

95 991. 20 

54 491 ·99 

70 700 'II 

94 078"68 

70 700·13 

6o 093·90 

70 700·11 

36 77; ·43 

65 656 "77 

54 492·00 

76 864·67 

53 643·00 

36 777·43 

53 642·99 

71 626·39 

71 626·39 

45 185 ."64 

44 425·26 

36 i7i ·43 

54 694·54 

44 .425 ·27 

53 643·00 

45 185 "63 

54 694·55 

36 777 ·43 

37 951 ·71 

23 223 "74 

54 6g4•55 
21 852·01 

37 9517 1 



THE HASTERN OBLIQUE ARC. 

R,;.mlli11g angles and siti.'s qf Iii<' lria11gielativ11 bdwff11 Ilic Eppi11g base 11d and /lie lllassacl111sdts 
brtse; also belw,;,;11 this base and tile Fin: Island base 11ct-completed. 

No. Stations. 

J 
Great Meadow 

42 l Copecut 
Beacon pole 

l 
Massachusetts North 

Base 
43 Great Meadow 

Beacon pole 

r 

Massachusetts South 

Base 

44 l Beaconpole 
Massachusetts North 

Base 

I 
Mount Tom 

45 Mouadnock 

W-"chnsett 

Bald Hill · 

lVIonadnock 

\Vachusett 

f Mount Tom 

47 l Monadnock 
. Bald Hill 

I 
Bald Hill 

4S Mount Tom 

Wachusett 

I 
Box Hill 

49 Mount Tom 
Bald Hill 

I 
Ivy 

50 Bald Hill 
·Box Hill 

I 
Sandford 

51 Mount Tom 

Box Hill 

I 
Sandford 

52 Ivy 

Box Hill 

I 
Wooster 

53 Ivy • 
Sandford 

Obsen·e.J angles. 

0 " r6o 29 59·35 
IO 02 58·27 
9 27 or ".j.U 

70 o9 29 ·s2 
58 49 r5"0r 
5r or 17·42 

Sr oo 16"67 
54 06 45 ·24 

33 2S 40·67 
56 44 47·59 
89 46 37 ·97 

19 4S 48·84 
28 05 25·33 

132 05 49·82 

95 52 53 ·91 
28 39 22"26 
55 27 54·78 

75 16 4.~ ·62 
62 24 13·24 
42 r9 JI ·s5 

65 43 58·37 
33 25 2r ·08 
So 50 44 ·95 

14 48 02·79 
34 47 46·77 

r30 24 I4 ·24 

3r 27 27·49 
34 16 43·55 

ll4 15 55 ·72 

74 02 34·46 
56 21 53 ·03 
49 35 39·85 

53 47 59 ·r3 
47 40 51 ·65 
78 31 r4 ·r4 

Correc
tions. 

II 

Spher
ical 

angles. 

II 

Spho:r-
1ca1 

excess. 

II 

+o ·565 59 :9r5 o ·144 
+o ·566 58 ·836 o · 143 
+0·279 01 ·679 o·r43 

-0·43 29·39 0·33 
-0·52 14·49 0·32 
-0 ·33 17 ·09 0 ·32 

+o ·39 17 ·o6 o ·22 
-0·20 45·04 0"22 

-o·os 58·56 0·22 

+o ·rs 40 ·85 2 ·62 
+0·04 47·63 2·6r 
+1 ·40 ;39 ·37 2 ·62 

+071 
+0·47 
+0·16 

-O"II 

-0·43 
-0·56 

+0·15 
-0·29 
-l "23 

-0·56 
-o·q 

-0·26 

-0·09 

+0·07 
-0·20 

49·55 
25·So" 

49·gS 

53·So 
21 ·83 
54·22 

43 ·77 

12"95 
10·62 

57·Sr 
20·94 
44·69 

3·29 
3·28 
3·28 

2·44 
2·45 
2·45 

l "15 
l ·r5 
l ·14 

I ·r9 
l "19 
l "20 

-0 ·09 27 ·40 2 ·22 
-0 ·19 43 ·36 2 ·22 
+o ·17 55 ·89 2 ·2r 

-o ·23 34 ·23 
o·oo 53·03 

-o ·rs 39·67 

2·31 
2·31 
2 ·31 

1.og.dis
tauces. 

Distances 
in meters. 

4·647 630 0 44 425·27 
4·365 932 I 23 223·74 
4·339 491 3 21 852·01 

4·~65 932 I 23 223·74 
4·324 757 7 21 123"10 
4·283 145 5 19 193·12 

4·324 757 7 ·2r 123·ro 
4·23S 707 7 17 326·376 

4·178 727 3 r5 091 ·32 

4·654 798 I 45 164·59 
4 ·835 503 l 68 470·44 
4·913 r65 6 Sr 877·70 

4·654 798 I 45 164"59 
4·797 545 0 62 740·07 
4·995 067 2 98 870·61 

4 ·995 067 2 98 870·61 
4·678 lSo 7 47 662·93 
4·9r3 165 6 81 877·70 

4·835 503 I 68 470·44 
4·797 545 0 62 740·07 
4·678 lSo 7 47 662·93 

4·678 1So 7 47 662·93 
4·459 356 2 28 797·58 
4·7r2 792 2 51 616·93 

4·459 356 2 28 797·58 
4·&>.S 420 3 64 331 ·oo 

4·933.714 3 85 844·86 

4·712 792 2 5r 616·93 
4·745 910 0 55 707·03 
4'955 070 I 90 171 •67 

4·808 420 3 64 331 ·oo 

4 ·745 910 0 55 707 :03 
4·707 r38 I 50 949·29 

-0·29 

+0·45 
+0·25 

59·42 
52 "IO 

14·39 

r ·97 4·707 138 I 50 949'29 
r ·97 4 '669 171 0 46 684 '31 
r ·97 ' 4 •79r 513 4 61 874 "74 
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THE :MAIN TRIANGULATION. 

3. TRIANGULATION CONNECTING THE FIRE ISLAND BASE 

NET WITH THE KENT ISLAND BASE NET EXTENDED, 

CONNECTICUT, NEW YORK, NEW JERSEY. PENNSYL

VANIA, DELAWARE, AND MARYLAND. 1833-1845 

AND 1865. 

The angular measures of this section of the oblique 
arc elate from the year 1833, and were completed in. 1845. 
The triangulation up to litu inclusive is essentially the 
work of Superintendent F. R. Hassler. In its composition 
"fr reflects the custom in those early days of including but 
a few composite figures, such as quadrilaterals or central 
figures, the chain being made up mainly of triangles. 
The number of observations taken would now be consid
ered as scanty, yet with the superior instruments Mr. 
Hassler had procured, his results reached a fair degree of. 
accuracy. The number of .series, each including a direct 
and a reversed set, varied from 11 to 35, with an average 
of 24. At the six stations which remained to be occupied 
after his death in November 1843, the observations of his 

. principal assistant show an extreme range in number of 
series between ~o and . i3· The horizontal drcle of the 
theodolite was used at each station in ·several positions, 
most frequently in six or three, that is, by shifting the 
zero division of the graduation either 60° or 120° for each 
new position. It was Mr. Hassler's practice to observe 
only at such times as were considered by him favorable 
or conducive to good results. In 1850-5 l, in the local or 
s·tation adjustments, the measures \Vere treated as directions 
according to Bessel's method, and an adjustment of the 
triangulation was made in sections. The results were 
published in the Coast Survey Report for 1851, page 2:?:?, 

and following. Later on, in 1866-67, after the reoccupa
tion of certain stations qf the Fire Island base net, ai1d 
after some revision of the triangulation about the Kent 
Island base, a new and ~nore systematic adjustment was 
made, and relative weights to the directions were intro
duced. These later resttlts were published in the Coast 
Survey Report for l 866, pages 52-53. A discrepancy of 50 
units in the seventh place of decimals of the logarithm of 
the length was developed by the triangulation, aucl was 
distributed in this adjttstment by a length equation. A 
comparison of these results with the present values of the 
length of the starting line Bald Hill to West Hills, showed 
a difference in the logarithm of 4 units in the seventh place, 
whereas the new adjustment in the vicin~ty of Kent Island 
base showed no discrepancy on the line Osbomes Ruin to 
Turkey Point. This fully justified the retention of the 
adjustment of 1866-67, with but a slight change due to the 
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THE EAS1'ERN OBLIQUE A_RC. 

gradual dispersion of this small logarithmic discrepancy of 4 units in the seventh place 
of decimals. The small changes indicated in the angles of the first and second triangles, 
which do not exceed 0"·21, and in the last or thirtieth triangle of less than half a second, 
are due to this method of producing an accord. 

The correction to the horizontal angles for height of stations observed upon is less 
than 0"·02, and generally this need not be considered. 

The approximate heights of the stations are as follows: 

Meter•. Feel. Meters. Feet. 

Round Hill 177 582 Willowgrove 132 433 
Harrow* II6 379 Pine Hill t 61 ·4 202 
Buttermilk 217 712 Yard 150 493 
,Weasel* 178 58_~ I,ippincott 43 142 
·Beacon Hill t 113 "7 373 Bethel 125 4!0 
Springfield * 159 523 Burden. less than 500 
Mount Rose 127 "7 419 Meetinghouse Hill, less than 500 
Disborot 84·2 276 Buck, less than 500 
Stony Hill t 71 •6 235 Princi pio, less than 500 
Newtow1i 99 326 Turkey Point 25 82 
Mount Holly 55'3 181 I Osbornes Ruin go 295 

The fact that the spherical excess of the triangles was computed with reference to 
the Besselian spheroid is immaterial, as the values from the Clarke spheroid would be 
the same within the limits of the size of the triangles. The details of this adjustment 
have not been published, and it is desirable to present here certain leading quantities, 
but it is essential to bear in mind that the 1 $66-67 adjustment started from the sides of 
the triangle Tashua, Ruland, West Hills, as given, and terminated with the side Finlay 
to Pooles Isfand. It is therefore slightly longer than the section which is now under 
consideration. The small corrections to the lines Bald Hill to \Vest Hills and Osbornes 
Ruin to Turk,ey Point, clue to the readjustment, are not introduced here, but the effect 
is indicated by the fractional seconds placed in parenthesis and already alluded to above. 
The mean error of a triangle, derived from the smn of the squares of the closing errors, 

/73·9,., 
equals VT= ± 1"·50, and that of an angle± o"·S6, and the probable error of a 

3 . 
direction equals 0·6741)~ = ± 0"·4r. The probable error of a directicin, E,, as found 

approximately from the individual measures at each station, is ±0"·25; hence the square 
of the triangle-combination error=£:/= (0·41)° - c.0·25 )"= 0·107, which quantity was 

added to each£:.,"; hence~= E/ +c,~. The ratio of the grt!att!st to the least value ofj; is 

as 0'63 to 0·12. 

* Deter111in~d in 1~17. t Res.ult of spirit le\•eling. 



THE MAIN TRIANGULATION. 1 37 
.-lhslmds of 11orizo11!al dirt'clio11s al flt,; pri11cipaf stalio11s bd1c1ff11 the· Fir,. Is/1111d 1111d th.- .Ae1d Isla11d 

bas,: nds, Ci.11111e·clic11t. Ne"«' lork, Ne'''' Jt•rsev, R?1111syh,a11i,i, Ddawart!, a11d 1lla1:i-la11d, ESJ°3-1S+5 
and ES65. 

Bald Hill, Fairfield County, Connecticut. July 23 to August rS, 1S33. 6o<"' direction theodolite 
No. 2. F. R. Hassler, obsen·er. 

Nun1ber 
of direc

tions. 

8 

9 
IO 

Objects observed. 

Tashua' 
Ruland* 

W<:st Hills 
Harrow 
Round Hill 

0 

•) 

62 

99 
121 
I,~ 

Circle used in VI position!'. 

00 1)0 ·ciao 

40 17 ·So2 
+0·056 

31 40 '835 

42 1S ·&.19 

36 54 '002 

±0"22 

0·60 

0·2; 

0·19 

0·40 

+o·oo6 

Cot"rec
tions 

from net 
adj11st-
1ne11t. 

-0·103 

+1 '43.\ 

-0'.:!I.~ 

l\Iea11 correcti~n 0'37.:! 

Resulting 
seconds. 

(59 ·9031 
( 14 ·291) 

(40·622) 

Correc
tions 

from ad
justment 
of 1866. 

+o ·434 

-0·954 
-(•"o8j 

Final 
secouds. 

OO'v) 

41 '2i 

lj •f.5 

.53 ·91 

/Vest Hills, Suffolk County, New York. October rS to December r. 1836. t 75 <m direction theodolite 
No. r. F. R. Hassler, obser\'er. July rS to August 15, 1865. ;5 <111 direction theodolite No. r. 
G. vV. Dean, observer. 

" \Vooste1· 0 00 oo·ooo ±O'o6 -(<"003 +0·169 (00°166) OO"lj 

Azimuth Mark 26 21 ·j6S o·o6 (21 ·;81) 

Tasltuat 21 35 o6 ·4;~ 0·05 +o·co6 ·-0·099 (o6•.;8.1) 

Sandford 33 58 36 ·5_11 o·oS +0·014 -0·089 (36 •456) 
Ruland! 89 14 44 ·741 0·32 +(•"2'26 (44·¢7) 
Fire Island J<:ast Base t I.22 36 15 ·6;5 0·33 -0·400 (15·275) 
Fire Island West Baset 143 5S oo·Sos 0·38 +0·4o6 (01 ·214) 

3 Harrowt .?69 17 04 ·256 0'16 +o ·055 04 '3' 
4· Round Hill t 331 59 49 ·211 0·33 +o ·314 49 ·52 

Bald Hill f 359 21 01 ·916 0·25 -0·003 -o. 123 -0·109 01 ·S1 

l\•lea11 correction o ·013 

Ro1111d Hill, Fairfield County, Connecticut. July 5 to r8, 1~33. 60"" direction theodolite No. 2. 

F. R. Hassler, obsen·er.*-

Number of Results from sta- Approxi- Corrections 
dirt:ctions. Objects obsen·ed. tion adj\1st111ent .. 1na tc: pro ha- from adjn•t-

ble c-rrors. 111ent of 1866. 

0 ,, ,, II 

II Bald Hill (.) 00 00 "()()(l ±0·25 +o ·275 

12 West Hills 93 33 ,:;8 594 0·30 -I 0 264 

13 Harrow I2I 52 34·930 0·26 +0·965 

14 Buttermilk II 220 22 52·250 0·3S -o·rSr 

-3 ·560 

*The COTrection refers tO Ru\and station 0£ 1865. 
t Hassler, obser\'er. 

t T\venty-six series were ot..en·ed in 1836. 
~ Fourteen series were obsen•ed. 

~The reduction indicated i• on obser,·e~•s authority. 

Final 
seconds. 

,, 
00·27 

37·33 

35·S9 

48·51 



THE EASTERN _OBLIQUE ARC . 

• ..Jl>slracls •?f h(lriz,wtaf di1edions al /hi' pri11dpal stati(lns l>d·;n·,·11 the Fire Island a11d th« .k.ent Isf,111d 
l>aSt~ 11ds, Co1111ediotl, Ne<(! J"ork. 1VcwJ<"rS(l', Pe1111syh-ania, Dda<c'art?, and /1Im:1'land, 1S_u-1S.15 
and .1865-continuerl. 

Han~.><<"', Qt1een's County, New York. November ID to December 12, 1837. 75 ' 01 direction theodo 
lite No. T. F. R. Hassler, observer. Twenty-four series were taken. 

Numbt:-ruf H.esult.°' from sta- Approxi- Corrections Final 
directions. Objects (Jhl"erve<l. lion adjustment. nrnte proba- from adjust- seconds. ble errors. ment of 1866. 

0 II " II II 

1S Beacon Hill 0 00 oo·ooo ±0·3r +a ·o6o oo·o6 
19 Springfield 32 08 00·764 0·37 +0·438 01 "20 
:?() \Veasel * 54 02 55·302 0·24 -0·058 54·21 

-I '032 

21 Buttermilk IIO 38 12 ·742 0·17 -0·133 12 "6t 
22 Round Hill 128 21 16 ·9,:;6 0 ·16 -0·071 16 ·set 
~· 
__ , 

Balrl Hill .149 34 06 "715 0.34 -0·230 06·4S 

24 West Hills 217 19 34·439 0·41 +o ·213 34·65 

B11ttowil!.-. \Vestchester County, New York. June l l to 29, 1833. 6o<ru direction theodolite No. 2. 
F. R. Hassler, observer. Eleven series were taken. 

0 II I/ II " 
15 Round Hill 0 00 oo·ooo ±0'22 +0·098 00·10 

16 Harrow 6• ·' .t6 44·026 0"22 -t-0·184 44·21 

17 Weasel 137 17 19 ·193 0'23 -0·291 18·90 

lVeasd, Passaic County, New Jersey. September 19 to October 23, 1838. 75 '"' direction theodolite 
No. I. F. R. Hassler, observer. Nineteen series were taken. 

0 " " I/ II 

Buttermi1k 0 00 oo·ooo ±0"22 +0·235 00·23 

Harrow 49 54 10775 0·24 +0·100 rn·S7 
Beacon Hill 133 03 II ·643 0·20 -o ·312 II 033 

Spri11gfield, Union County, New Jersey. November 6 to 24, 1838. 75<'" direction theodolite "No. 1. 
F. R. Hassler, observer. Twenty series were taken. 

0 " II " II 

33 I H•rr~ 0 00 00'000 ±0·22 -0·348 59·65 

34 Beacon Hill 84 13 25 ·129 0 ·18 +0·324 25·45 

35 Mount Rose 142 .p 14·7So 0·21. -0·013 14'77 

Bt'acon Hill, Monmouth County, New Jersey. July S to 24, 1839. Theodolite No. l. F. R. Hassler, 
observer. Nineteen series were taken. 

0 " II " II 

28 Disboro 0 00 00'000 ±0·21 +0·016 00'02 

29 Mount Rose 35 o6 41 ·283 0·24 -0·091 41 ·19 

30 Springfield 108 40 25 ·771 0'21 -0·267 25·50 

31 Weasel t 129 30 52·007 0'20 +0·266 52·27 

32 Harrow 172 19 04·232 0 ·17 +0·056 04 ·29 

*"fJJe crJrrection is for ecce?1tricity. t Angle between \\'easel and Azimuth Mark, ;:.0 J..'o' 36""9S±o'1·40. 
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Abstrads of lwri::,wlal diralhllls at the prindpal slalio11s bdwn:11 Ilic Fir<' Isla11d cmd the· k<•11t Island 

base 11ds, Co1111edfr11t. iVew York, 1.Vew feTSQ', R·1111s_11h:.Ja11ia, Ddazt'<lrt', a11d t1lm:vtaml, 1S33-1S+5 
and 1Sii5-co11tinued. 

Disboro, Mercer County, New Jersey. August II to 28, 1839. 75 <1u direction theodolite No. l. 
F. R. Hassler, observer. Eighteen series were taken. 

Number of Results from sta- Approxi- Corrections Final 
directions. Objects obser,·ed. ·lion adj11stme11t. mate proba- tron1 adjust- seconds. ble errors. ment of 1866. 

0 ,, II " " 
36 Stony Hill 0 00 oo·ooo ±0·22 .--0 ·097 59·90 

37 Mount Rose 83 -13 3S·69S o ·r6 +o "II9 38·82 

38 Springfield r52 -17 13 ·225 0·17 -0·113 13 "II 

39 Beacon Hill rg6 56 3-1·r68 0 ":21 +0·085 3-1 ·25 

11/011111 Rose, Mercer County, New Jersey. September 29 to October 17, 1839 .. 75 cm direction theodolite 
No. r. F. R. Hassler, observer. Twenty-one series were taken. 

~ " " II " 
-10 Springfield 0 00 oo·ooo ±0·20 +0·016 00·02 

41 Beacon Hill 47 58 30 ·192 0·20 -0·042 30·15. 

42 Disboro 79 38 55·096 0·25 -o·oSr 55 ·or 

43 Stony Hill Il5 IS 05 ·r81 o ·rs +o·oSS 05·27 

44 Mount Holly* 146 53 25 ·591 0 ·19 +0·033 25·62 

45 Newtown l9I 24 23 ·roo 0 ·23 -0·033 23·07 

SI011_11 Hill, Burlinglon County, New Jersey. September 5 to 24, 18.~9. 7 5 cm direction theodolite 
No. r. F. R. Hassler, observer. Thirteen series were taken. 

0 II ll II II 

46 Mount Holly 0 (1() oo·ooo ±0·23 -0·496 59 ·50 

47 Newtown 63 09 51 ·295 0 ··21 +0·3jo SI "66 

48 Mount Rose !02 35 57·937 0 "II -0·018 57·92 

49 Disboro r63 16 09 ·So1 0·20 +o·us 09·92 

lllo1111t Holly, Burli11gto11 County, New Jersey. November II to December 21, 1840. 75 <ru direction 
theodolite No. l. F. R. Hassler, observer. Thirty-five series were taken. 

0 II II II II 

54 Pine Hill 0 00 oo·ooo ±0·20 -o ·4u 59"S9 
55· Yard 48 SI 18"622 0·22 +o·-140 19·06 

56 Willowgrove 82 09 48 ·442 0 ·13 +0·244 48·69 

57 Newtown 120 oS 32708 0·22 -0 •669 32 ·04 

58_ Mount Rose 150 00 21 '433 0·25 -0 ·218 21 ·21 

S9 Stony Hill 195 46 03·416 0·2s +o "665 04·08 

Ne~£1/ow11, Bucks County, Pennsylvania. October 23 to November 13, 1839. 75'"' direction theodolite 
No. I. F. R. Hassler-, observer. Twenty-three series were taken. 

0 ,, /I II II 

50 Mount Rose 0 00 oo·ooo ±0"20 +0·046 00·05 

SI Stony Hill 62 24 37·993 o "IS -0 ·433. 37"S6 
52 Mount Holly IOS 37 I4 ·249 0·20 +0·718 14·97 

53 Willowgrove lSO 30 56·392 0·27 -0·375 56·02 

*Angle between Azimuth Mark and Mount Holly, 111°48' 5311"25±011·07. 
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Abstracls of /1ori=onlal directic>11s at the principal slatio11s belween l/1e Fire Island a11d the Kent Island 
bast? 11els, (01111t"Ctimt, New J "ork, iVt"w Jersey, Pe1111sJ1h 11mia, Ddawart', and llfi11J1lm1d, I833-I8-1-5 
and IS65-continued. · 

1Vilh>wgro:•t', Montgomery County, Pennsylvania. 
her 3, 1840. 75 '"' direction theodolite No. I. 

taken. 

November IS to December 5, I839, and Novem
F. R. "Hassler, observer. Thirty-five series were 

Number of Results from ~ta- Approxi- Corrections Final 
directions. Objects obsen•ed. lion adjustment. mate proba- from adjust- seconds. ble errors. ·meut of 1866. 

0 " " " 
,, 

6o I N'"<owo 0 00 OO"QOO ±0"20 +0·279 00·28 

6r Mount Holly 67 07 37·536 0 ·15 -0·207 37 ·33 
62 Pine Hill II3 13 31 •865 0 "22 -0 ·045 31 ·82 

Pill<" Hill. Gloucester County, New Jersey. October 2 to December 20, 1842. 75 cm direction theodolite 
No. 1. "F. R. Hassler, observer. Thirty-fiye series were taken. 

0 /I " /I " 
6· ·' I~ippincott 0 00 oo·ooo ±0"2I -0·304 59 "70 

64 Bethel 24 14 38 796 0 ·17 -0·445 38·35 

65 Yard 47 06 I4 ·531 0 ·16 +0·329 14·86 

66 Willowgrove 92 50 20·541 0 "21 -0·026 20 ·51 

67 Mount Holly* 144 34 38·914 0 ·18 +o ·450 39 ·17 
-0·190 

1ill"d, Delaware Countv, Pennsyh-ania. September 26 to December l, 1841, and August IS to Sep
. tember 12, 1842. 75 " 11 direction theodolite No. 1. F. R. Hassler, observer. Thirty-two series 
were taken. 

0 " ll ,, I/ 

68 Mount Holly 0 00 oo·ooo ±0·16 -0·461 59 ·54 

69 Pine Hill 33 40. 18·813 0 ·13 -0 ·257 18·56 

70 Lippincott t Sr 05 15·178 o·r5 +0·52I 15"70 

71 Bethel 125 47 25·325 0·26 +0·262 25 ·59 

Bell1d, Delaware County, Pennsylvania. December 2 to 13, 1843. 75 "11 direction theodolite No. I. 
J. Ferguson, observer. Sixteen series were taken. May 4 to 8, 1847. 30<111 repeating theodolite 
No. 1 r. E. Blunt, observer. Thirteen sets of 6 repetitions each. 

0 " " fl " 
72 Yard 0 00 oo ·ooo· ±0·18 -0·223 59 78 

73 Pine Hill 65 01 53 ·189 0·23 +0·442 17·88 

- 35 "i50 

74 Lippincott 100 16 130·880 0·26 -0·020 49·43 
- 81 ·430 

74 Lippi·ncott 0 00 oo·ooo -0 ·020 59·98 

75 Burden 32 48 39·502 -o ·r35 86·69 

+ 47 ·320 
N. R.-The coTrecH011s are for eccentricity. 

*Direction corrected fQr eccentridty. 
t Angle between Azimuth l\lark and Lippincott, I6jtJ oo' 04' 1 ·32±:0""2.J. 



THE MAIN TRIANGULATION . 

.-lbs/mets of lwrizonlal diredio11s at !lit' principal slalio11s bdwee11 /li,· Fire Island .md flit· Kt'11t Island 
base 11ds, Co1111edic11t, 1Vezo York, JVcwf<TStJ', Pc11nsylva11ia, Ddawarc, a11d J1It11J•la11d, 1S33-1S+5 
a11d 1S65-continued. 

Lippincott, Gloucester County, New Jersey. August r5 to September 5, 1843. 75 "'"direction theodo-
lite No. r. F. R. Hassler, observer. Thirty-three series were taken. 

Number of Re~ults fr0111 sta- Approxi- Corrections l'inal 
direction~. 

Objects observed. tion adjustment. mate proba- from adjust- seconds. ble errors. meut of 1866. 

0 II II II II 

76 Burden 0 00 oo·ooo ±0·33 +0·472 00·47 

77 Meetinghouse Hill 73 07 29 ·710 0·29 -0 ·296 29·41 

78 Bethel II7 05 58 ·189 0·16 +0·093 58·28 

79 Yard 152 06 6o ·223 0'22 -0·629 59 ·59 

So Pine Hill 237 35 48 ·S35 0·26 +0·490 49·32 

B11rdc11,'h Salem County, New Jersey. September 29 to November 3, 1843. 75 cm direction theodolite 
No. I. F. R. Hassler, observer. Twenty-six series were taken. August 22, 1845. 3ocm repeating 
theodolite No. 1 I. E. Blunt, observer. Four sets. 

0 . II ll II II 

81 Buck 0 00 oo·ooo ±0'19 -o·q6 59·85 

82 Met:finghouse Hill 33 22 27 ·846 0 ·16 +o ·331 28·18 

83 Bethel 72 46 31 ·970 0 .•• ,>;J +0·039 32·01 

84 Lippincott 102 51 oS 769 0 . ..,.., -0·256 08·51 

1lkt'li11glio11st' Hill, Newcastle County, Delaware. September 16 to 26, 1845. 6o cm direction theodo-
lite No. 2 (regraduated). J. Fergu~on, observer. Seventeen series were taken. 

0 II II II II 

85 Lippincott 0 00 oo·ooo ±0·27 +o ·202 00':20 

86 Burden 37 23 53 ·256 0·30 -0·501 52 ·75 

87 Buck 97 IS 50··141 0·18 +o ·132 50·27 

SS Principio 154 14 56·363 .0·44 +0·142 56·50 

Buck;j· Newc'istlt: County, Delaware. July 29 to Augt1st 13, 1845. 6o<m direction theodolite No. 2. 

J. Ferguson, observer. Seventy-one series were taken. 
0 I/ II II II 

89 Tm key Point 0 00 00 '000 ±0"18 +0·131 00 ·13 

go Principio 37 01 12·453 0·16 -0 '211 12'24 

91 Meetinghouse Hill rrS I4 25·359 o·q -0·101 25 ·26 

92 Burden 205 00 00·673 0':20 +0·2.11 oo·ss 
Deakyne 248 oS II ·297 0 ':21 

Pri11cipio, Cecil County,.Maryland. August 17 to September 5, 1845. 6o"0 direction theodolite No. :2. 
J. Ferguson, observer. Twenty-six series were taken. 

0 I/ II II II 

93 Meetinghouse :s;m 0 00 00'000 ±0·25 -o ·159 59·84 

94 Buck 41 47 4r ·531 0·20 +0·225 4r 'i6 

95 Turkey Point 119 25 09·985 0 ·16 +o·oS9 10·07 

96 Osbomes Ruin 177 02 07 ·641 0·16 -o ·169 07·47 

•Last station occupied by S11peri11te11de11t Hassler. He d;ed No.,ember 20, 1843. 
t Also designated Buck 2 in some records. 



THE EASTERN OBLIQUE ARC .. 

• -lbstracts of lwri:::o11tal dirrxtio11s at tile principal statio11s bctwem tlie Fire· lsla11d and l./1c Kent lsla11d 
base· 11ds, Co1111eclfr11t, 1\T1.'Ul J "ork, i\Te"<i' Jersey, Pa111sylz'<Wl<l-, Ddaware, and ll/a1:1'1<l11d, 1::.:13-18.;.5 
and 1S65-co11ti11ued. · · 

Turk<]' Point, Cecil County, Maryland. May 31 to June 17, 1845. 6o<w direction theodolite No. 2. 

Number of 
directions. 

97 
98 

99 
100 

J. Ferguson, observer. Seventy-three series were taken. 

Objects ohserw:d. 

Pooles Island 

Osbornes Ruin 

Principio 

Buck 

Results from sta-
tion adjustmt-nt. 

0 II 

0 00 oo·ooo 

44 or 48 "723 

131 q 41 ·244 

196 36 QI 
0806 

A_pprox-
1111ate 

µrohahle 
error. 

" 
±0·17 

o ·rs 
o ·rs 
o·y; 

Cot·rec-
tion front 

adjust-
n1ent. Resulting 
~pedal seconds. 

Pnblica-
tiou No. 
4, Jgor::i. 

II !I 

+0·65 (00·65) 

-0·44 (48·28) 

Correction 
from ad- Final 

jusunent of ~econds. 
1866. 

II II 

-0·009 59·99 
+0·158 48.88 

-0·084 41 ·16 

-o·us or ·69 

Osbi>mcs R11i11, Harford County, Marylanrl. September 23 to October 2, 1844. 6o'"' directioi1 theod
olite No. 2. J. Ferguson, observer. Ten series were taken. 

0 II II II " II II 

IOI Principio 0 00 oo·ooo ±0·27 +0·1:26 00·13 

I02 Turkey Point 35 10 I I 
0 669 0·39 +o·rr l rr 78) -0·268 II ·40 

103 Pooles Island Ir6 37 29·195 0·55 -o·.o6 (29 ·13) -0·461 28 "73 

I04 Finlay 194 06 43 ·571 0·42 +0·414 43·98 

f'44 ·955 -o·og (44 ·87) 

Of the old adjustment of 1866-67, retained here after leaving off a few triangles at 
both ends, we shall only present the observation equations and the resulting corrections, 
together with the triangles. The following designations in the old adjustment still 
need explanation;· they are, (r), Ruland to Bald Hill; (2), Tashua to same; (6), Bald 
Hill to Tashua, and ( 7), Bald Hill to Rulancl:-at the southern encl; ( 10.3> Osbornes 
Ruin to Pooles "Island; (104), same to Finlay; (97), Turkey Point to Pooles Island; 
( 105), ( 106), ( 107). Pooles Island to Finlay, Osbornes Ruin, and Turkey Point, 
respectively. 

I o=-I"525-(6)+(7)-(I)+(2) 

II o=-tl"433-(7l + (8)-(5)+(1) 

III 0=+2·483- (II J+ (12)-(4)+(5)- (8)-\-( IO) 

IV o=-1"397-( uJ+(I3)-(22J+ (23)-(9J+( 10) 

V o=-2·77r-(22l+(24)-(3J+(4)-(12J+( 13) 

VI 0=+0·996-( 15) +( 16)-( 21) + (22)-( 13l+(14) 

VII 0=+0·686-(25)+(_26)-(20)+(21)-( 16)+(·17) 

VIII 0=+0·741-(31) +(32)-( IS)+(20)- (26)+ (27) 

IX o=-1·372-(33)+(34)-(30) +(32i:-( IS)+( 19) 

· X 0=+0·57r-(40J+(4r)-(29)+(30)-(34)+(35) 

XI 0=+0·179- (37) +(:_>.9)-( 28)-t(29)-(41 )+(42) 

XII o=-0·522-(48)+(49)-(36)+(37)-(42) +(43) 

"""xiii ·1·~,,;;-I ·3o6_.:(sSJ+(59) -(46) +(4S)-'(43 J+(44) 

*See result or the measures of 1/Y,16 Coast and Geodetic Survey Special Publication, No. 4, p. 3;4. 
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XIV 0=-1·057-(50)-J-(52)-(57) -J-(58)-(44)-i-(45) 

xv o=-n5r-(57)-I- (59)-(46)-1-(47) ·- (51 )-1-(52) 

XVI 0=+2·493-(6o)+(6r)--(56) +(57)-(52)-J- (53) 

XVII o=-1·294-(66)-1- (67)-(54) -l-(56)-(61 )-1-(62) 

XVIII o=-1 ·176-(68)-I- ( 69)-( 65)-!- ( 67)-( 54) + ( 55) 

XIX o=-1·959-(72)-1-(73)-(64)-1-(65 )-(69)+(71_) 

xx 0=--2·570-(79)+(80)-(63) -t-( 65) -(69)-t-( 70) 

XXI 0=+0·7So-(72J+(74)-(78)+(79)-(70)+(71) 

XXII o=-t-0·789:-(83) -l-(84)--(76)-1-( 78)-(74)-1-( 75) 

XXIII I 0=+2·059-(85)-J-(86)-(82)-i-(84)-(76)-1-(77) 
XXIV o=--1·422-·( 91 l-t-(92)- (81)--\--( 82) -(86 )-1-(87) 

xxv I 0=-0·503-(93)-t-(94)-(90)-l-(91 )-(87)--l-(SS) 
XXVI o=-t-0·511-(99)-1-( 100)_:_(89)-t-(90)-(94)-t-(95) 

XX VII I 0=+0·895-po1 l+( ro2 )-( 98)-1- ( 99)-(95 )+( 96) 

XX VIII I 0=+0·072-( ro6)-I-( ro7)-(97)-t-(9S)-(102)-t-( 103) 

XXXIX I o=-2·098-(1o8)-l-(ro6)-(ro3H-(104) · 

· XXX 0=+0·31250+0·14415(6) -0·03534(8)-0·55583( r) +0·51506(5)-0·10881 (7) 

.XXXI 1

1 

o=-0·19647-0·51563(4)-t 0·40701(5) -t-0·53867(22)+0·00378( 24)-0·2So3~ (9)+0·15426( ro) 

+o·r26o7(8)+0·10862(3 )-0·54245( 23) 

xxx1·1 I o=-0·03765-0·29742 (38) +0·216S5(39H-o·r5r29(40)+0·03846(42 l-0·06212 (29) 

+o· 13328(30 )-0·07rr6( 28) +0·0So57(37)-o· 1S975( 41) 

XXXIII 0=+0·29283--0·36-253(47) +0·256o1 (48) +0·31275(57) +0·05396(59 )-(1·21414( 44) 

+o· 16225(45) +0·05189 (43) +o·ro652( 46 )-0·36671 ( 58) 

XXXIV I o=+o· 15673-0·40626 (70)+0·21275(71)-J-0·27191(63 l+o·19563( 65) -0·29782( 73) 

·I +0·33601 ( 74)-0·03819(72 i+o·19351 (69)-0·46754(64) 

XXXV 0=+0·50123+0·13036(2)+0·1oS62(4)-o·10862 (3)-0·03534(6) -0·09074(8J+o·126o8( 10) 

. +0·01310( 12)-0·01310( 11)+0·03148( 13)-0·03148 (14 )-0·00378(24) +0·00378( 22) 

-0·33522( 18)+0·33522( 19)-f-0·10370( 15)-o· 16603( 16l+o·o6233(17)-0·20258( 26) 

+0·17729(25) +0·02529 (27)-0·22735(32) +0·22735( 31) +0·29946( 29 )-0·29946( 28) 

+0·02130 (33)-o·15051 (34) +o· 12921 (35)-o·18975(4! l +o· 18975(40) -0·21414(44) 

+0·21414( 45 )+0·09031 (39)-0·06716(37)-0·02315(36) +0·07124(48)-0·11830(49) 

+0·04706(46) +0·20502( 58) -0·2050:?( 59)-o·18397(54) +o· 18397( 55 )-0·05887(50) 

+0·00204(52 )+0·05683(53 )-0·29146 (6r )+0·08883 (6o) +o· 20263( 62 )-o~r66o5( 67) 

+0· 166o5(66)+0·46753(64)-0·46753(63) +0·31004( 68)-0·3oS25( 69)-0-00779( 71) 

-0·09809( 73 H-0·098o9(72)-0·3264r (74) +0·32641 (75 l+o·r2401 (So) ~o· 12401 ( 78) 

-0·06387( 76) +0·06387( 77 l +o·.~6356( 83)-0·36356( 84) +0·31962( 82 )-0·31962 (Sr) 

+0·27541(85).-0·27541 (85)-0·13681(87)+0·1368r(88)-0·0119:?( 92)+o·or192( 91) 

+0·27921( 90)-0·27921 (89) +0·23553( 93)-0· 2.'1553( 94) -0·13354( 95 l+o·r3354( 96 l 

-0·0¢60( 100) +0·09660(99)+0·2178o(98)-0·21780(97) +0·29881( 101)-0·29881( 102) 

-0·04673( 103)+0·04673 (ro4)-0·15010 (107) +0·15010( 106l+o·1S9r9(108) 
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It will not be necessary to transcribe here the correlate and normal equations. since 
the resulting triangles given further on prove the correctness of the solution. · The 
individual corrections to the directions, together with their assigned weights, are as 
follows: 

C:orrec- Reciprocal of Correc- Reciprocal of Correc- Reciprocal of 
ti on [ Correction. tif)11 . h [ Correction. ti on . [ Correctio11. symbol. weight, p syinbol. we1g t, p symbol. we1ght. 1 

/I II II 

(r) 0·18o +0·048 (38) o ·r36 
-O'll3 I (74) 0·175 -0·020 

(2) 0·3or -0·41,3 (39), 0 ·151 +o·oSs (75) 0·129 -o ·r35 
(3) 0 ·133 +0·055 (40) 0 ·147 +0·016 (76) 0'2l6 +0·472 
(4) () 

0 2!6 +o ·314 (41) 0·147 -o·o.p (77) 0 ·191 -0·296 
(Sl 0·170 -0·109 (42) o·r69 -0·081 (78) o ·r33 +0·093 
(6) 0·155 +0·039 (43) 0 ·139 +o·oSS (79) 0 ·155 -0·629 
(7) 0·467 +2 ·024 (44) 0·143 +0·033 (So) o ·rSo +0·490 
(8) o·r8o +0·434 (45) 0 ·160 -0·033 (81) 0 ·143 -0·146 
(9) 0 ·143 -0·954 (46) O '16o -0 ·496 (82) 0 ·133 +0·331 

( 10) 0 ·267 -o ·oS7 (47) 0 ·151 +0·370 (83) 0·216 +0·039 
(II) 0·169 +o ·275 (48) o ·u9 -o·orS (84) 0·155 -0·256 
(r2) 0·197 -I ·264 (49) 0·147 +o·u8 (85) 0 ·180 +0·202 
(_13) 0 ·175 +0·965 (50) 0·147 +o ·046 (~"6) 0 ·197 -o ·51n 
(q) 0 '25l --0·181 I (51) 0 ·139 -0·433 u>1l 0·139 +0·132 
(rs) 0 ·155 +0··098 (52) 0·147 +o·p8 (88) 0 ·301 +0·142 
( 16) 0·155 +0·184 (53) 0 ·180 -0·375 (89) 0·139 +o·r31 
(r7) 0·16o -0·291 (54) o·q7 -0 •411 (90) 0·133 -0·211 
(18) 0·203 +o·o6o is5i 

' 
o ·rss +0··440 (91) 0·127 -0·101 

(r9) 0·244 +0·438 (56) 0·124 +0·244 (92). 0 ·147 +o ·211 
(20) 0 ·165 -u·o58 (57) 0·155 -0·669 (93) 0 ·167 -0·159 
( 21) 0·136 

=::~~~I 
(58) 0 ·169 -0·218 (94) 0·147 +0·225 

{22) 0·:33 (59) 0·1s5 +0·665 (95) 0·136 +0·089 
(23) 0·229 -0·2;0 (60) 0·147 +0·279 (g6) 0 ·136 -0·169 
(24) 0·275 +o ·2~31 (61) 0·129 -0·2071 (97) o :r36 -0·009 
(25) 0 ·155 +0·235 (62) 0 ·155 

=:::~I 
(98) . 0 ·139 +o ·158 

(26) 0;165 +0·100 I (63) o ·15r (99) 0 ·139 -0·084 
(27) 0 ·147 -o ·3r2 (64) 0·136 -0·445 ( HJO) 0·25r -o ·rrS 
{"28) o ·r5r +_0·0161 (65) 0·136 +0·329 I (_IOI) 0·1So +0·126 
(29) o·r65 -0·091 (66) 0 ·151 -0·026 (102) 0·259 -0 ·268 
(30) 0 ·151 --0 ·2~7 (67) 0·139 +0·450 I (103) 0·409 -o ·46r 
(3 r) 0 ·147 +0·266 (6S) 0 ·133 -0·46r I (104) 0 ·283 +o ·.ir4 
(32) 0 ·136 +0·056 (69) 0·124 -0·257 ( 105) 
(33) 0 ·155 -0 ·348 (jO) 0 ·129 +o ·52r ( !06) o ·r24 +o·r24 
(34) 0 ·139 +0·324 (71) 0·175 +0·262 (107) 0·147 +0·077 
(35) 0 ·151 -0·013 (72) 0 ·139 -0 ·223 (IO.~) 0·625 -I'IOO 

(36) 0 ·155 -0·097 (73) 0·16o +0·442 (109) 
(37) 0 ·133 +o·u9 1 I 

~167 " Probable error of a resulting direction o ·674 -- = ±o '4i· 
35 
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Re·sttlli11g angle's and sides <~(lite triang11/alio11 betweot llte• Fire Ist.wd base 1td a11d tlte ex1t·1tde·d 
11et of lite• R'e•1tl Isl<l11d base. 

Correc- Sp her- Spher- Log. dis- Distances in No. Stations. Obsen·ed angles. 1cal teal tion. angles. excess. tances. :meters. 

0 II ,, /I II 

J Round Hill 93 33 38·59 --1 ·54 37·05 0°66 4·648 135 6 44 477·01 

1 Bald Hill 59 05 13 ·17 --o ·52 12·65 0"66 4·5S2 434 T 38 232·62 

l West Hills 

( ·38) 

27 21 I2 70 -0·42 12·28 0·66 4 ·311 236 3 20 475 ·58 
l ·58) 

r Harrow 67 45 27·72 +0·45 28 ·17 0°68 4·648 135 6 44 477"0I 
Bald Hill 22 IO 37 ·77 -1 ·39 36·38 0·68 4 ·258 590 2 18 138·03 2· ( ·58) l West Hills 90 o• 57·65 --o ·16 57·49 0·68 4·681 716 2 48 052 ·52 _, 

( ·54) 

I Harrow 88 58 17·50 +0·2s. 17 78 0 ·52 4 ·5S2 4.;4 I 38 :232 °62 

3 l Rounil Hill 28 18 56·34 +2·23 58·57 0·52 4·258 590 2 18 138·03 

West Hills 62 42 44 ·95 +0·26 45 ·21 0·52 4·531 267 4 33 983·45 ! Ha=w 
• 21 12 49·78 -0·16 49·62 0·50 4 ·31 I 236 3 20 475·58 

4 Round Hill 12I 52 34 ·93 +0·69 35·62 0·50 4·681 716 2 48 052·52 

Bald Hill 36 54 35·39 +0·87 36·26 0·50 4·531 267 4 33 983 ·45 

r Buttermilk 63 46 44·03 +0·09 44 ·12 o·33 4·53I 267 4 33 983 ·45 

5 l Round Hill 9!::1 30 13·76 -I "I5 12 ·61 o·. • 4·573 628 3 37 465·22 .J.J 

Harrow 17 43 04·19 +0·06 u4·25 0·32 4·061 77I :2 II 528'46 

(W'""'l 49 54 IO 78 -o·q 10·64 I ·24 4 ·573 628 3 37 465 ·22 
6 Buttermilk 73 30 35·17 -0·48 34·69 I '24 I 4 ·671 752 6 46 962 ·65 

Harrow 56 35 I8"47 -0·07 18·40 1·25 4 ·611 542 6 40 882 ·98 

t B~'"" Hill 42 48 12"22 -0·21 I2 °01 2'20 4·671 752 6 46 962·65 

7 Weasel 83 09 00·87 -0·4I 00·46 2 ·21 4·836 466 7 68 622·52 

Harrow 54 02 54·27 -0·12 54 ·15 2·21 4 ·747 798 8 55 949 ·84 ! Spdngfi<ld 84 13 25 ·13 +0·67 25·&> I 09I 4·836 466 7 68 622 ·52 

8 Harrow 32 08 0076 +0·38 01 ·q l '91 4·564 498 l 36 685·81 

Beacon Hill 63 38 38·46 +0·32 3878 I ·90 4 791 009 9 61 So3·04 

I i\'Iount Rose 47 58 30 ·19 -0·06 30 ·13 1 ·25 4·564 498 l 36 685·81 

9 l Springfield 58 27 49·65 -0·34 49·31 ·I "25 4·624 192 9 42 091 ·36 
Beacon Hill 73 33 44·49 --O"I8 44 ·31 I '25 4·675 473 3 47 366 "72 

I Disboro 44 09 20·94 +0·20 2I ·q 0 ·71 4·564 498 I 36 685°8I 

JO l Springfield 27 IO 15 ·49. 0 ·70 4·381 086 l 24 048·39 
Beacon Hill 108 40 25·n -0·28 25·49 071 4 ·698 022 4 49 891 ·02 

( Di<boro 11.~ 12 55"4i -0·03 55·44 0·50 4·624 192 8 42 09r ·35 
i I l\:Iount Rose 31 40 24·90 -0.·03 24·8; 0·49 4 ·381 o86 I' 24 048·39 

· Beacon Hill 35 06 41 ·28 -o·rr 41 ·17 0·49 4·420 656 6 26 342·48 

4192-No. 7-02--10 
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Rt·sulti11g ,111gks <llid sid,·s of th,· lritmg11/atio11 bd~£'et'll the Fire· .ls/a11d basl? 11d mid. th,, e.i-le11ded 
nt'f of t/1t' .IO:e11/ lsla11d has,·-continued. 

!'ii"o. Statio11s. 

f 
Disboro 

12 

1 
Mount Rose 

Spri ngfie Id 

Stony Hill 

Mount Rose 

Disboro 

I 
Mount Holly 

q Mount Rose 

Stony Hill 

r Newtown 
1s Stony Hill 

l Mou;1t Holly 

I Newtown 

16 l Mount Rose 
Mount Holly 

f 
Newtown 

I 7 l Mount Rose 
Stony Hill 

f 
"\Villowgro\•e 

18 Newtown l Mount Holly 

J 
Pine Hill 

19 Willowgrove 

l Mount Holly 

r 
Yard 

20 .

1 
Mount Holly_ 

. Pine Hill 

\ 

Lippincott 

21 Yard 

Pine Hill 

1 
Bethel 

22 Pine Hill 

Lippincott 

I 
Bethel 

23· Yard 

Lippincott 

Observed a ugl<:s. 

0 II 

69 03 34·53 
79 .38 55 "TO 

3r 17 

6o 40 II ·86 
35 36 10·08 
83 43 ,,8 ·70 

4S 4S 41 ·98 
31 38 20·41 

I02 35 57·94 

41 12 _,6 ·26 

63 09 5r ·29 
75 ,U 30 7I 

I05 37 I4 "2S 
44 30 57 ·sr 
29 SI 4S ·72 

64 24 .)7 ·99 
76 09 17"92 
39 26 06 ·64 

67 07 37 ·54 
74 53 42 ·14 
37 ~s 44·27 

ST 44 TS ·18 

46 os 54 ".3.) 
82 09 48·44 

33 40 
48 51 
97 28 

18·81 
18·62 

:q. ·19 

85 28 48 ·6r 

47 24 56·37 
47 o6 14 ·53 

3S rs 32·01 
. 24 14 3S ·So 

I20 29 so·6s 

100 16 49·45 

44 42 IO "15 
35 .QI 02 "03 

Correca 
ti1)11, 

" 

"°J.lher. Spher-
1cal teal 

nng\e"F,, excess. 

II II 

-O . 23 34 ·31J l ·04 

-o ·10 55 ·oo I ·04 

-t-0·14 
+0·17 
-!-o ·22 

33·82 I ·04 

12 ·oo o ".)9 

IO "25 0 "39 
38·92 0·39 

-+-o·8S 42·86 0·54 
--o ·os 20 ·36 0 "5S 
-t-0·4S 58·42 o·ss 

-t-1 ·rs 37 ·41 o ·54 
+0·87 52·16 0·53 
+r ·33 32 ·04 o ·54 

+·0·67 14·92 o·s1 
-0·07 57·44 0·51 
-!-o ·45 49 ·17 9 ·51 

-0·4S 37·51 0·52 
-0·12 17·80 0·52 
-·-0 ·39 o6 ·25 0 ·52 

--o ·49 37 ·05 0 ·48 
--1 "TO 41 ·04 0 ·48 

--o ·91 4.' ·36 o ·49 

+-o ·4S 18 "66 o 75 

-t-o ·16 54 ·49 o 75 

-j--o "66 49 "IO 0 "75 

-t-0·20 

-t-o ·8.; 
-t-0·12 

19·01 0·93 
19·47 0·94 
24 ·31 0·93 

+ r ·12 49 73 o ·69 
-t-o ·78 57 ·15 0·70 
-j--o ·67 I 5 "20 0 ·69 

-o ·46 31 ·55 () ·43 

-o ·10 38 70 0 '43 

-t-o ·39 sr ·04 0 ·43 

--\-0'20 49·65 0·28 
-o ·26 09 ·39 0 ·29 
-o ·72 01 ·31 0 ·28 

I,og. Dis
tauceg. 

Distances in 
n1eter:-i. 

4·675 473 2 47 366·71 
4·698 022 4 49 891 '02 
4·420 656 6 26 342·48 

4 ·420 656 6 

4 ·245 277 5 
4 ·477 626 0 

26 342 ·48 

17 590·47 
30 034·89 

4·477 626 0 30 034·89 
4·342 240 8 2! 990·79 
4·611 856 8 40 912·58 

4·342 240 8 21 990·79 
4'473 984 7 29 784 "I2 
4·509 6s7 7 32 333 ·87 

4·61r 856 8 40 912·58 

4 ·473 984 7 29 784 '12 
4 "3.'.!5 374 2 21 153 'II 

4 ·477 625 9 30 034 ·SS 

4 ·509 657 7 32 -~3.3 ·87 
4·325 374 2 21 153·11 

4·473 984 7 29 784·12 
4·494 2So 7. 31 209·o6 

4 ·29S 685 S r9 892 ·33 

4 ·494 280 7 

4·456 957 7 
4 ·595 2Jl1 7 

4·456 957 7 
4·589 931 :i 
4 709 403 7 

31 209 •o6 

28 638·99 

39 375 ·92 

28 638·99 
38 898·37 
sr 2r5·76 

4·589 931 4 38 ~g8·37 
4·458 328 4 28 729·52 
4·456 145 5 28 585·48 

4·458 328 4 28 729·52 
4·3ro 393 7 20 435·90 

4·632 282 7 42 882·76 

4·456 145 5 28 585·48 
4•310 393 7 20 435·90 
4·221 948 9 16 6]0"5I 
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Res111ti11g a11gks a11d sid,;s <?f tlze tria11g11latio11 bd11J,;,;11 Ilic Fire lsl1111d bast'. 11d a11d Ille ,,_1cto1d,·d 

11ct ,1.f /lie· A"enl Is/a11d base•-continued. 

Cotrt:c- SJ,>her- Sp her- l.og. dis- Distanct~ in No. Stations. Ohser\•t::'d angle~. teal teal tion. angles. excess. tances. 1neter:-i.. 

0 ,, II ,, 
(Bethel 65 Ol 17'44 +0-67 rS-u () ·55 I 4-589 93r 4 38 898 -.~7 

24 Yarcl 92 07 06·51 +0·52 07 -03 () ·55 4·632 282 6 .p 882 ·75 
Pine. Hill 22 51 35·74 +o ·77 36·51 0·55 4-221 948 9 r6 670·51 

( Bu"1e" 30 04 36·So -0·30 36·50 () ·34 4 "3TO 393 6 :!O 435 -89 
25 Bethel 32 49 26·82 -0·11 26 "71 0·34 4·344 465 5 22 103 "i .. :. 

Lippincott 1i7 05 58 ·19 - 0·38 57·81 0·34 4 ·559 9I4 6 36 300·67 

( Moetingh- Hill 37 2" 53·26 -070 52·56 o ·6r 4·344 465 5 22 10 .. :. "73 _, 
26 J,ippincott 73 07 29·7r -0·77 28·94 0·61 4·541 9I4 0 34 826·83 

Burden 69 28 40·92 -0-59 40·33 0·61 4·532 554 6 34 (>.';4 ·32 

( Buok . 86 45 35·31 +0·31 35 ·62 0·49 4·54r 91-~ 9 34 826·::;2 
27 Meetinghouse Hill 59 51 56-89 +0-63 57 "5 2 0·49 4·479 550 7 30 168·29 

Burel en 33 22 27 -S5 +0·48 28·33 0·49 4·283 056 5 r9 189 ·18 ! Principia 41 47 4r ·53 +0·38 4r ·91 0·38 4·283 056 5 '9 189 ·rs 
28 Meetinghouse Hill 56 59 06·22 +0·01 06·23 o-39 4·382 796 0 24 143 ·27 

Ruck Sr 13 12"91 +o"II 13 "(12 0·39 4 ·454 159 6 28 455 ·06 

( ''uckey PoM 65 21 20·56 ~0·03 20-53 0·32 4·3S2 796 o 24 I43 ·27 
29 Principia 77 37 28-45 -0·14 28·31 0·32 4-.p4 o63 I 25 945·56 

· Ruck 37 or r2"45 -0·34 12 ·12 Q"'"') 4 ·203 937 I rs 993 ·26 _,_ 

[ O;bom" Roin 35 10 I I ·67 -0·40 II ·27 0·31 4 ·203 937 I 15 99.~. 26 
( 11 ·78) 

30 Princi pico 57 36 57·66 -0·26 57·40 I) ·32 4 ·370 ror 8 23 447 78 
Turkey Point 87 12 52·52 -0·24 52 ·28 0·32 4 ·443 000.9 27 733·26 

(52 ·96) 



148 THE EASTERN OBLIQUE ARC. 

~----------N-'0_·~23· 4. FIRST SEC'l'ION OF THE TRIANGULATION, SOUTH 

JO 0 20 30 

St.at.lite Mi.11>.s 
10 0 10 20 ------

OF THE TRANSCONTINENTAL TRIANGULATION, 

IN VIRGINIA AND NORTH CAROLINA, 1875-

1879. 

In connection with the account of the Kent 
Island base net and its extension to the westward 
there are given the abstracts of the horizontal direc
tions as well as the adjusted angles and triangle 
sides between the triangulation stations which 
connect that base with the sides of the triangle 
Humpback, Tobacco Row, Spear. It is from this 
triangle that the triangulation of the oblique arc 
departs from that of the arc of the parallel and the 
first section, proceeding to the southward and west
ward, terminates at the line Buffa.lo to Moore. 
Between Humpback and Moore the triangulation is 
so strengthened by the numerous tie lines that it 
is not supposed that any measurable error could 
accumulate within this section; its ·whole adj nst
ment was therefore made to depend for initial 
direction and length on the above fixed triangle. 
In this section there are 24 conditions ~o be sat
isfied and 42 directi011s to be corrected. 

The approximate elevations of the stations are 
as follows: 

Meters. Feet. 

Humpback I 110 ·4 3 643 

Spear· 49r ·7 l 613 

Tobacco Row 894·8 2 936 

Long Mountain 436·8 l 433 

Flat Top I 218 ·7 3 9<)8 

Cahas I 088·4 3 571 

Smith l\fountain 622 ·7 2 043 

Moore 784·0 2 572 

Buffalo I 210·4 3 971 

Corrections to horizontal directions for height of 
station observed upon were applied. Squaring the 

closing erro;s of the triangles we getJ 
6~·:4 = ± 1" · 5 2 

as the mean error of a triangle, al~o mean error of 
I ·52 

an angle vj' = ±o" ·ss and the probable error of 

a direction =±0"·42. 
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,-/bslmds of liorizo11!al dircdio11s al slatio11s co111posi11,f{ Ille first scdio11 o.f !ht' tni111g11!atio11 &>11/11 •if 
. . tlit! tnwscu11li11t!llla! tria11g11!atio11, IS75 It• IS79. 

Humpback, Nelson County, Virginia. June 8 to 29, 1875. A. T. Mosman, observer. 35'"' direction 
theodolite No. IO. May II to June 6, 1878. A. T. Mosman, observer. 5o<w direction theodolite 
No. n4. August 18 to 28, 1879. A. T. Mosman and ,V. B. Fai;field. obsen·ers. 5o<m direction 
theodolite No. 114. 

Corrections Corrections 
No.of 
dirt:c
tio"ns. 

Objects observed. 
Results of local fr~m figure Resulting Reductions Resultiug. from ad- Final 

adjustment. ~~,{~~;~~11~:l~ seconds. tosea le,·el. seconds. 3ust~~~rof seconds. 
nental arc. section. 

0 ,, 

Jnrn1an o oo oo ·oo 
Spear 126 14 25 ·02 +o ·44 25 ·46 

Long Mountain 154 41 5;·10 +0·01 (57·11) 

Tobacco Row 173 o6 07 ·6g -o ·s; o6 ·s1 

Probable error of a single observation of a direction ( D. and R. ), e,=±r"·2S. 
po!?_itions. 

Circle used in XI 

Spear, Buckingham County, Virginia. July 30 to August 29, 1875. A. T. Mosman, observer. 35<m 
direction theodolite No. 10. 

" Willis 0 00 oo·oo 

Long Mountain 113 14 :?6 ·50 +0·03 (26·53) +0·25 26·;s 

3 Stnith l\Iountain 119 19 24 ·25 +0·04 (24 •29) -o·oS 24 ·~1 

4 Flat To1> 150 15 15·49 +0·03 (15 ·52) -0·33 15 ·19 
Tobacco Row Ifo 17 43•42 . +0·22 43 ·o.i 
Humpback 233 59 02·50 -."0'44 03 •,)t) 

Toliaa:o Row, Amherst County, Virginia. September 14 to 23, 1875. A. T. Mosman, observer. 35<m 
.-lirection theodolite No. IO. September '6: to 9, 1879. A. T. Mosman, obsen·er. 5o<"' direction 
theodolite No. 114. 

0 

s Flat Top 0 00 00'00 +o·o6 (oo"o6) 

Humpback 140 __ 52 2.1 ·38 +o·S6 24 ·24 

svear 200 19 2S·So -0·22 .s ·ss 
Willis 208 43 2S·o6 

5 Long Mountain 272 56 3; ·39 ·-o ·02 (.1; ·37) 

Lyncl:ihurg 276 15 52 ·23 
6 Smith Mountain 318 30 40·14 +0·04 (40'18) 

Calias 345 52 24 '6" +0·07 (24 '69\ 
Probable error of a single observation of a direction (D. and R.), t',=±1"·4-~. 

+0·93 

-0·07 

. +o·o; 
-o·S7 

00·99 

37 ·30 

Long 1Jfo1mtai11, Campbell County, Virginia. October 16 to December 9, 1875. A. T. Mosman, 
obsen·er. 35<m direction theodolite No. 10: 

Number of Results from local Reductions Resulting Corrections Final Objects obsen·ed. from figure directions. adjustment. to sea le\"el. seconds. adjustment. seconds. 

0 ,, II II " ,, 
12 ' Tobacco Row 0 00 oo·oo --0·03 59·97 ,-0·24 59 ·73 
13 Humpback 29 31 39·55 +0·03 39·58 +0·84 40·42 

I4 Spear 6o 19 37·53 +0·03 37 ·56 -0·50 37·06 
Willis 86 30 44·38 

9 Smith Mountai11 251 12 44·36 +0·04 44 ·40 +0·47 44·87 
IO Cairns 273 58 20 77 +0·04 20·83 -0·47 20·36 
II Flat Top 309 05 12 ·49 -0·05 12·44 -0·10 12 ·34 

Azimuth Mark, Lynchburg 

C.H. 356 02 42 ·35 
Probable error of a si11gle observation of a direction tD. and R. ), e,=±1"·36. Circle used in 

XXIII positions. 
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• -Jbstmcls c"!f lwriz"11lal di1wiio11s at slatio11s co111posi11g Ille first se'dio11 <?f lilc' lria11,t;l/.latio11 sol/.!11 ef 
///,· tm11s.-011!i11e11tal tria11g11/atio11, ISiS lo IS79-continued. 

r7al Top, Peaks of Otter, Re<lford County, Virginia. June 20 to September 2 1876. A. T. Mosman, 
observer. 35cm direction theodolite No. IO. 

I 
Resulting Corrections Nunther of Objects obsen.·ecl. Results from local Reductions Final 

O.irectinn~. adjustment. to sea le,·el. seconds fr<?m figure seconds. · adJustment. 

0 II II II II II 

is Tobacco Row 0 00 oo·oo -to ·04 00·04 -0·28 59 ·76 
16 Spear IO Ii 00·26 +0·01 00 ·27 -0·13 oo·q 

Lynchburg 26 12 24 ·16 

17 Long Mountain 42 01 SI 79 -0·02 51 ·77 -0·11 51 •66" 

18 Smith Mountain J08 18 02 ·38 o·oo 02 ·38 -o·o8 02·30 

19 Moore 138 23 14 ·12 +0·05 14 ·17 +0·09 14 ·26 

20 Calms 156 09 54·25 +0·08 ·54·33 +0·40 54 73 
2T Buffalo 157 S3 45·03 +o·os 4S ·rr +0·12 45·23 
Probable error of a single observation of a direction (D. and R. ), c',=±111·36. Circle used in 

XXIJI positions. 

Calzas, Franklin County, Virginia. June 25 to July 13, 1877- A. T. Mosman, observer. 5o<m direc-
tion theodolite No. II4, 

0 II II II II II 

32 Smith Mountain 0 00 oo·oo -0·02 59·98 -o·o6 59 "')2 

33 Moore 90 56 57·57 -t 0 ·03 57 ·60 --o ·S4 56 76 

34 Buffalo 123 26 54·08 +0·08 54 ·16 -0·15 54·01 

29 I Flat Top 300 OJ 07·25 +0·09 07·34 +0·36 07 70 

.)0 Tobacco Row 309 43 37·90 +0·06 37·96 -0·38 37 ·58 

3r Long Mountain 330 46 17·45 +0·01 17·46 +r ·07 18·53 
Probable error of a single observation of a direction (/).and R. ), t!,=±011 ·7r. Circle used in XI 

positions. 

Smitk 1llo1111!11hz, Pittsylvania County, Virginia. August 6 to September 6, 1877. A. T. Mosman, 
observer. 50'"' direction theodolite No. 114. 

0 /I II II II II 

:q Calias 0 00 oo·oo -0·04 59·96 -o ·19 59·77 

25 Flat Top 72 O<) 19·84 o·oo . 19 ·s4 +0·18 20·02 

26 Tobacco Row 102 22 00·94 +0·05 00·99 +0·06 01 ·05 

27 Spear 123 12 35·99 +0·03 36·02 -0·18 35·84 

28 Long Mountain 128 00 47·72 +0·03 47·75 -0·48 47·27 
22 Moore 297 18 17 ·97 +0·05 18·02 +0·47 18·49 

Rull Mountain 312 53 58·97 
.,. 
-~ Buffalo 327 37 19 ·51 +0·05 19 ·56 +0·13 19·69 
Probable error of a single observation of a direction (D. and R.), e,=±011 ·68. Circle used in 

XI positions. 
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Abstracts <?l /1ori::o11/al dire'clio11s at slalil'llS <"<lll1posi11g tl1<·jii-st sfflio11 <if Ilic lria11gulatio11 soul Ii <?l 
//u• lra11s(U11fi11c11tal tria11.15ulatio11, 1Si5 It> 1S79-co11tinuec1.' 

1lloon', Stokes County, North Carolina. November 7 to December 26, 1876. A. T. Mosman, observer. 
35 '"' direction theodolite No. IO. April 21 to May 31, 1S77. Same observer and instrument . . 

Corrections Nun1bt-rof Results from local Rt:d11ctio11s Resultiug Final 
direction~. 

Objects observed. adjustment. to sea level. seconds. .from figure 
second~. adjustn1ent. 

0 II II II II II 

Pilot Mountain 0 00 oo·oo 

39 Buffalo 89 04 !0"07 -0·05. 10·02 -0·23 09·79 
Azimuth Mark IIO 31 Ol "90 

40 Calms 127 05 24·85 +0·04 24·89 +1 ·48 26·37 

41 Flat Top 1,,8 23 02·84 +0·07 02·91 -0·58 02·33 

42 Smith Mountain 153 26 57·69 +0·04 57·73 -·0·68 57·05 
Young 314 44 12·49 
Poore 354 21 09·66 

Probable error of a single ohservation of a direction (D. and R.), e·1=±1"·58. Circle used in 
XXIII positions in 1S76 and in XXIV positions in 1877. 

Buffalo, Floyrl County. Virginia. September 25 to October r6, 1876. 
35 cm direction theodolite No. 10. 

A. T. Mosman, observer. 

35 
36 

37 

Rull ~fountain 

Moore 

Pilot Mountain 

Young 

Poore 

Flat Top 

Calias 

I Smith Mountain 

O II II 

0 00 

41 36 
62 51 

70 37 

99 35 
290 26" 

292 07 

316 18 

oo·oo 

48·92 

49·S9 

50·34 
20·42 

00 73 

56·59 
26·85 

-0·04 

+0·09 

+0·08 

+0·02 

" II II 

4S·8s 

00·82 --0·44 

56 "67 -0·04 

26·87 ·H> ·38 
Probable error of a single observation of a direction ( JJ. and R. ), !'1=±111 ·58. Circle used in 

XXIII positions. 

Obso7mtio11 equations. 

o=+n2+( r)-(2)-( 13)+(14) 

II o=-0·54-(rl+(5)-(12)+(13) 

III o=-qo-(4_)+(8)-(15)+(16) 

IV o=-1·03-(5)+(8) .,--(II )+(12)-( 15)+( 17) 

v 0=+0·09-(3)+(6)-(26)+ (27) 

VI o=+r6o-(2) +(.3)-(9)+(!4)-(27)+(28) 

VII o=-0·95-·( 6) + (8)-( 15l+(18)-( 25 )+(26) 

VIII o=-1·74-(7!+(8)-( 15)+(20)-(29)+ (30) 

·IX o=-0·88-(5J+(7)-(rnl+(12)-(30) +(31) 

x 0=+0·37-(6!+(7)-(24)+(26)-(30) +(32) 

XI o=-1·07-( 18)+(21 )-(23)+(25)-(35)+(37.) 

XII o=-0·63-(20)+(2r) +(29)-(-.34)-(35)+(36) 

XIII 0=+0·23-(18)+(19)-(22) +(25)-(41)+(42) 
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Oburm ti on equa tio11s-continuecl. 

XIV 0=+3·60-{22)+(24)-(32) +(33)-(40)+ (42) 

xv 0=+1·07- (22)+(23)-(37)-t (38)-(39) +(42) 

XVI o=-6·7+6·33( r)-1"96(2)-2·51(12)+3·71(13)-I"20(14) 

XVII o=+c:.•30-0·196(2)+1 ·189(4)-0·171 (I I) +0·291( 12) -0·120( 14)-0·927 (IS J+n6o( r6) 

~-0·233( 17) 

XVIII o=-2·0-r96(5)+2·o6(6)-0·10(8)-2·33( 15)+3·26( 17)-0·93( 18) -1·43( 25)-t4·38(26) 

-2·95(28) 

XIX 0=+0·11-1·7&:>( 2) +1·976(3) +0·272(5)-0·206(6)-0·438( 26)+2·505( 27)-2·o67( 28) 

XX 0=+2·51-o·orn(5)+0·836( 7 )-0·826(8)-0·299( ro)+o·470( 11)-0·171( 12)-0·877(29 l 
+1 ·231 (30)-0·354(31) 

XXI o= +n-3 ·70( 9) +s·o2(ro)-1·32(11)-0·93(17 l +2·83( 18)-1·90(20)-1·22(29!+3 ·77(31) 

-2·55(32) 

XXII o=-t 1·46-0·190(18)-J-0·656( 19)-0·466( 20)-o·w9(22)+0· 177( 24)-o·o6S( 25)-0·629(40) 

+ro54(41)-0·425(42) 

XXIll o=-4·6o--o· 190( 18)+7"158( 20 )--6·968( 21)-0·332(23)+0·400( 24) -0·068( 25 )-]"099(35) 

+rs6S(36J-0·469(37l . 

XXIV o=-16·2-1·09(22)-l-3 ·32( 23)-2·23 (24)-5·43 (36)+4·69(37)+0·74(38)-2·69(39) 

+6·94(40)-4·25(.p) 

N. B.-The correlate equatio11s bei11g of a simple character, are not giYeu here. 

1Vorma/ ,·q"alio11s. 

No.I c, Co C3 c, Cs C6 C; Cs C9 Cr._., Cn c .. C13 c •• 

: i 0=+1 "[J +4 - +2 
o=-0·51 +4 -·.? -2 

3 O=-r·40 +4 +1 +2 +2 
o=-1 ·03 +6 +2 +• +1 

5 0=+0·09 +4 -2 -2 -2 

~I 
0=+1 "60 +6 
o=-0·9~ +6 +2 +• -2 -2 

0=-1 '74 +6 -2 -J -2 

9/ O=-o·~ +6 +2 
10 i 0=+0·37 +6 -2 

II O= - I 'Oj +6 +• +• 
12 0=-0·6.\ +6 
13 0=+0·23 +6 +• 

14 0=+3 ·oo +6 

15 i 0=+1 ·07 

-2 



No. 

2 

31 
4 
5 
6 

7 
s 
9 

10 
II 

12 

13 
14 
15 
16 

1; 
18 

19 

o=- 6°7 
o=+ 0·30 
O=- 2'0 

O=+ O'll 

C16 

+ 3•38 
- 0·11 

- 2·51 

+ 076 

- .?'SI 
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Normal e·q11atio11s-completed. 

C17 C18 C19 

+o·o;6 + 1 ·;So 
-0·291 - I •96 + 0·272 
+o·~ + 2'.?J 

+1·156 + 7·45 - 0·272 

- 2·32 + 0·;61 
+0·076 - 2·95 - 0·816 

+0·927 + 5·05 - 0·232 

+0·927 + 2 '23 
+0·291 + 1·¢ - 0'272 

+ 2·32 - O'JJ:? 

- 0·50 

- 0·50 

-0·202 

+J'&!o + 1·400 + 0·349 

+54 '95 + 3 '22' 
+17·929 

c.,, 

+0·161 
-u·S26 
-1·457 

-0·826 

+0·446 
-0·611 

-0·395 

-0·877 

+0·429 
-0·1 .. ~o 

+o'IO.? 

-0·003 

c .. 

+ 0·39 

+ 3 ·70 

..f- 2·83 

-- 0·68 

- l ·25 

- 2·55 

- 2·8.1 

+ o'6S 

- 2·83 

+ 2·55 

+ 0·442 

- 5 ·664 

153 

-0'122 0'12.? 

-0·466 + 7·15S 

-0·177 - 0·400 + :! ':?.~ 

+0·122 + 0·116 + I '37 
+0·466 + 0·541 5•43 
-0·592 + 0'12.:! - 3·1'5 

+0·490 + 0·400 - I~ ·33 
-0·316 + 0·137 - I 'IO 

+0'274 + 0'>74 

20 o=+ :!'51 +4'131 - 2·386 
21 
22 

o=+ 1·1 

o=+ 1·4'5 
O=- 4 ·6o 
0=-16·2 

C,=+0·190 

C.=+0·547 

C3=+0·093 
C4=--0·183 

C5=-0·587 

C6=-0·554 

C7=+0·231 

Cs=+o ·288 

(I}=+o·46o 
(2) +0·251 
(3) -0·079 
(4) -0·326 
(5) -0·075 
(6) +0·068 
(7) -0·869 
(8) +0·926 
(9) +0·468 

(10) -0·471 
(II) -o ·097 

Rcs11/ti11g corrdates. 

c 9=+0767 
C,o=-0·844 

c .. =+o ·134 

c,.=+0·146 

C,3=+o ·276 

c,.=-o ·842 

C,5=+0·051 

c.6=+o ·129 

+;s ·32 +0·348 -- 14 ·138 

+•·418 - 3 ·224 

+•07•99 

C,7=-0·196 

Crs=+o 'OI45 
C,9 = .:__o ·0569 

c.0=~0·003 

C.,=+o ·0231 

c •• =-0·285 

C:.3=+0 ·0233 

C,4 =+o ·0665 

- :?'&J 
- 45 ·29 
+142'67 

Resulting corrcdio11s to i>l:>scrr•t·d diredio11s. 

{I2)=-0·241 (23)=+0·130 (34) =-0 ·146 
(13) +0·836 (24) -0·187 (35) -0·445 
(14) -0·495 (25) +0·176 (36) -0·039 

. ( 15) -0·281 (26) +.o·o62 (37) -t-0".'184 
(16) -0·134 (27) -o ·176 (38) +0·100 
(17) -0·112 (28) -0·479 (39) -0·230 
(18) -0·077 (29) +0·359 (40\ +1 ·483 
( 19) +o·o89 (30) -0·377 (41) -0·576 
(20) +0·398 (31) +1 ·068 (42) -0·677 
(21) +0·118 (32) -0·061 
(22) +0·474 (33) ·-o ·842 

~ ·ss · 
Probable error of an observed direction 0·674 'L.:_=±0"·41. 

24 
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Res11lti11g 1mgks a11d sidt·s of the first St'dioll of the triang11/atio11 soutlm,est <?f llzt' A.i:nl Island base· 
11d and exle11siu11. 

Stations. 

Jl ~:1:~p~:c~1tain 
l?pear 

I 
Tobacco Row 

2 Humpback 

Long l\:Iountain 

Long Mountain 

Tobacco Row 

Spear 

I 
Flat Top 

4 Tobacco Row 

Spear 

I 
Flat Top 

5 Spear · 

Long Mountain 

I 
Flat Top 

6 Tobacco Row 

Long Mountain 

l 
Smith Mountain 

7 Tobacco Row 

Spear 

I 
Smith Mountain 

8 Spear 

Long Mountain 

Smith Mountain 

Flat Top 

Tobacco Row 

I 
Smith Mountain 

10 Tobacco Row 

Long Mountain 

J 
Smith Mountain 

II l Flat Top 
Spear 

Smith Mountain 

Flat Top 

Long Mountain 

Observed angles. 

0 

Correc
tion. 

SJ?her- SJ?her-
1cal 1cal 

angles. excess. 

II II 

30 47 57 ·98 1 
-I ·33 56 •65 I ·35 

I ·35 

I ·34 

28 27 31 ·65 

120 44 -~5 ·53 

132 04 13 ·1,~ 

18 24 09 ·70 

29 31 39·61 

6o 19 37 ·59 

72 37 0S·79 

47 03 17 "II 

JO 17 00 ·23 

159 40 31 ·48 
10 02 2S ·12 

31 44 51 ·so 

37 00 48·99 
III J4 25·12 

42 01 51 73 

87 03 22·69 

50 54 47 ·53 

20 50 35·03 
11.'3 /! 11·6o 

40 58 !9·35 

4 48 IT 73 

6 04 57 76 

69 o6 53 ·16 

30 12 41 ·15 

108 18 02·34 

41 29 19 ·SS 

25 38 46 ·76 

45 .14 02 ·81 

108 47 15·57 

51 03 16 ·18 

98 01 02 "II 

30 55 51 ·23 

55 51 27·91 
66 16 iO ·61 

57 52 28 ·04 

+o ·46 32 ·11 

-0 ·25 35 ·28 

---o ·os 1 3 ·05 1 ·oo 

-0·46 09·24 0·99 

+1 ·os 40 ·69 o ·99 

-0·25 37·34 0·97 

-0·07 o.~·72 0·98 

-0 ·25 16 •86 0 ·97 

+o ·15 oo ·38 o ·41 

-to ·92 32 ·40 o ·41 

-t-0·33 2S·45 0·41 

+o "02 51 '52 I •56 

-0 ·57 48 ·42 I ·56 

-0 ·39 24 '73 I ·55 

+o ·17 51 ·go o ·99 

+1 ·oo 23 ·69 1 ·oo 

-0 ·q ,,7 ·39 0 ·99 

-0 ·24 34 '79 I ·96 

+0·07 II ·67 I '97 

+o ·08 19 ·43 1 ·¢ 

-0 ·30 I I ·43 0 ·35 

-o ·33 Si ·43 o ·35 

-0 ·97 52 ·19 0 ·35 

-O"IJ 41 ·04 I ·44 

+o 0 20 02 ·54 I ·44 

+o "86 20 '74 I "44 

-0 ·55 46 "21 I ·34 

+o ·14 02 ·95 i ·34 

-0 '71 14 '86 I ·34 

-o ·35 15 ·83 ~ ·oo 

+o ·06 02 ·17 2 ·99 

·-o ·24 so ·99 3 ·oo 

--0 •66 

+0·03 

-0·56 

27·25 

10·64 

27·48 

I '79 

l '79 

I '79 

Log.dis
tances. 

4·649 283 4 

4·618 077 4 

4·874 224 9 

4 ·874 224 9 

4·502 886 6 

4 ·696 339 6 

4 ·577 326 2 

4·618 077 4 

4·502 886 7 

4 '577 326 2 

4·866 398 9 

4 ·567 o83 6 

4·618 077 4 

4·676 543 I 

4·866 398 9 

4·502 886 7 

4·676 543 2 

·I ·567 083 6 

4·577 326 2 

4'971 303 I 

4·842 815 4 

4·618 077 4 
4 720 334 2 

4·971 303 0 

4 ·567 083 6 

4·842 815 2 

4 •686 522 s 

4·502 886 7 

4·720 334 4 

4·842 815 4 

4·!';66 398 9 

4'971 303 I 

4·686 522 9 

4·676 543 2 

4·720 334 3 
4·686 523 0 

Distances in 
n1et-ers. 

44 594 '71 
41 502·So 

74 855·71 

74 855·71 

31 833·66 

49 69S·o8 

37 785·59 
41 502 ·so 

31 833 .. 67 

37 785·59 

73 518·88 

36 904·86 

41 502 ·So 
47 483·54 

73 518·88 

31 833·67 

47 483·55 
36 904·86 

37 785·59 

93 6o5 ·87 

69 633·05 

41 502·80 

52 521 ·14 

93 6o5·85 

36 904 •86 

69 633·02 

48 587 ·30 

31 833·67 

52 521 ·17 

69 633·05 

73 518·88 

93 Gos ·s1 
48 587·31 

47 483·55 
52 521 ·16 

48 587·33 



THE MAIN TRIANGULATION, 155 
Resze!li11g a11glt?s a11d sid,·s <?i Iii,· first st?clion of Ike tria11g1tlatio11 so1dhu.1t·st <?f tl1e· ,!(e11t Island base 

11d a11d ex/msio11-conti11ued. 

No. Stations. 

J 
Cahas 

I3 Flat Top 

l Tobacco Row 

I 
Cahas 

14 TobaccoRow 

Long Mountain 

! 
Cahas 

15 Flat Top 
· Long Mountain 

Calias 

Flat Top 

Smith Mountain 

I Cahas 
17 ) Long Mountain 

l Smith Mountain 

! 
Calias 

18 Tobacco Row 

Smith Mountain 

l 
Buffalo 

19 Flat Top 

Smith Mountain 

l 
Buffalo 

20 Flat Top 

Cahas 

r Buffalo 
21 . Flat Top 

l Smith Mountain 

Moore 

22 Flat Top 

Smith Mountain 

l
. Moore 

23 Calms 

Flat Top 

r 
Moore 

24 Cahas 

\ Smith Mounta~11 

Ohsep,·ed angles. 

0 II 

9 42 30·62" 

156 09 .54·29 
q. 07 35·37 

21 02 .~9·50 

72 55 47·32 
S6 01 39 ·q 

30 45 10 '12 
114 08 02 ·56 
35 o6 51 ·61 

59 58 52·64 
47 51 SI ·95 
72 09 r9 ·SS 

29 13 42 ·52 

22 45 36·43 
12S 00 47 'i9 

. 50 16 22 '02 

27 21 44·51 
102 22 or ·03 

25 52 26·05 

49 35 42 '73 
ICJ4 ,";2 00 '2S 

1 4r ss ·ss 
l 43 50 7S 

176 34 13 ·rs 

24 JO 30 '20 
123 26 54 ·1S 

-~2 22 40 ·40 

15 03 54 ·s2 

30 05 II '79 
134 51 OJ •82 

JI 17 38 '02 

150 55 50 ·26 
17 46 40 ·r6 

26 21 32•84 

90 56 57·62 
62 41 41 '94 

Correc
tion. 

II 

Spher- Spher-
1ca \ lea\ 

angle:;. excess. 
,, I/ 

-0·73 29·89 0·67 
-t-0·68 54·97 0·68 
+1·79 37·16 0·67 

-t-1 ·44 40 ·94 2 ·2S 
--0·79 46·53 2·28 

+o ·23 39 ·37 ~ ·~s 

-t-o '71 10 ·83 I •96 

-t-o 'SI 03 '07 I ·96 
-t-o ·37 51 ·98 I ·96 

-0 ·42 52 '22 

+o ·48 52 ·43 
+o ·36 20 ·24 

-l '13 4I '39 I ·46 
. -o ·94 35 ·49 I ·46 
-0·30 47'49 I ·45 

-t-0·32 22·34 2·40 
-0·94 43·57 2·40 
+o ·25 01 ·2S 2 ·39 

+0·83 26·8S 3·38 

+o :19 42 ·92 3 ·3S 
+0·05 00·33 3·37 

+o ·41 56 ·26 o ·15 
-o ·2$ so ·so o ·rs 
-t-o ·50 13 ·GS o ·14 

+o ·42 30 ·62 1 ·6o 

-0 ·oS S·l ·10 I •6o 

-0 '32 40 ·oS I '60 

-0 ·10 54 '72 2 '73 
-t-o ·17 11 ·96 2 '73 
-0 ·30 01 ·52 2 ·74 

-2 ·o6 35 ·96 l ·83 
-I '20 49 '06 I ·83 

-t-0·31 40·47 r ·83 

·-2 ·16 30 •68 2 ·93 

-0·78 56·84 2·94 
-0·66 41·28 2·93 

Log.r\iS· 
tances. 

4·567 o83 6 
4·946 643 2 
4·727 663 4 

4 ·502 886 7 

4 ·92S 119 5 

4 ·946 643 2 

4·676 543 2 
4 ·928 119 6 

4·727 663 6 

4·686 522 9 
4·6r9 220 5 

4·727 663 5 

4·720 334 3 
4·619 220 5 

4 ·928 u9 6 

4·842 8r5 4 
4·619 220 6 

4·946 643 3 

Distances in 
211eters. 

36 904•86 
SS 438·88 

53 415·02 

'3r 833 ·67 
84 746·06 
SS 438·88 

47 4S3·5~ 
84 746·08 

53 415·05 

48 587·31 
41 612·18 

53 415·04 

. 52 52r ·r6 

41 6r2 ·rs 

84 746·08 

69 633·05 
41 612 ·19 
SS 438·90 

4·686 522 9 48 587·31 
4·928 312 3 S4 7S3·69 
5·032 535 0 10; 779·2 

4'i27 663 5 53 415 ·04 
4·735 698 3 54 412·45 
5·032 534 9 107 779·2 

4 ·619. 220 5 
4·928 312 3 

4 '735 698 6 

41 612 ·rs 

84 78.)'69 
54 412·49 

4·686 522 9 48 587·31 
4·971 8o3 6 93 713·81 
5·1~2 329 4 132 534·6 

4·727 663 5 53 415'<:!4 
5·122 329 5 132 534·6 
4·920 554 4 83 282·62 

4·619 220 5 

4 ·97r So3 6 

4·920 554 3 

41 612 ·18 

93 713·S1 
S3 282·60 
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Resulling angles and sides of tlze first section of l/ze lriangulatio11 so111/1wesl <if !lie Aimt Island b1ise 
nd and exte11sio11-continued. 

Stations. Obse"·ed angles. Carree- Spher- Sp her- Log.di,._ Distanc.::s iu No. tion. 1cal 1cal tances. meters. angles. excess. 

0 " 
,, ,, II 

J Moore 49 IS 52 ·89 -0·35 52 ·54 4·04 5 ·032 535 0 107 779 ·2 

25 l Buffalo III IO 48·06 +0·55 48·61 4·04 5·r22 329 3 132 534·6 
Flat Top r9 30 30·94 +0·03 30·97 4·04 4·676 356 4 47 463 ·13 

roore _,s or q ·s7 +r 71 16·58 2·o6 4 "735 698 6 54 412·49 
26 Buffalo !09 2:::; 52·21 +o·q 52 ·35 2 ·ol) 4·920 554 3 83 282·6o 

Calias 32 29 56 •56 +o·6g 57 ·25 2·o6 4·676 356 4 47 463 ·13 ! Moore 64 22 47 "71 -0·45 47·26 3·40 4·928 312 3 84 783·69 
27 Buffalo 85 18 22·01 -0·2s 21 "73 3·39 4 ·97r & 13 6 93 7r3·S1 

Smith Mountain 30 19 01 ·54 -0·34 01 ·20 3·40 4·676 356 4 47 463·13 

5. SECOND OR NORTH CAROLINA SECTION OF THE TRIANGULATION SOlTTH OF THE 

TRANSCONTINENTAL TRIANGULATION, IN VIRGINIA AND NORTH CAROLINA, r876-
I895. 

______________________ N_.0_·_,24· This section extends over an 

Kilomet.ers 

area covered by several large tri
angles which have the centrally 
located station Poore as one of 
their points in common. In r 878 
when the main triangulation be
tween the lines Buffalo to Moore 
and Grassy to Sawnee was ad
justed, this central figure about 
Poore had no existence. In con
sequence of the introduction of 
this figure some modification in 
the treatment of the work be
tween the Kent Island and At
lanta bases became necessary. 
The adjustment of 1878 involved 
considerable labor, as it included 
the formation and solution of 41 
normal equations. It wa.;; de
sirable to retain this adjustment 
and interpose the central figure 
about Poore for the purpose of 
disposing of whatever error was 
developed between the bases by 

JO 
0 10 

•
0 30 

.., sost:'tut; M~es 90 
IOO DO c:o lllO JMJ 

00 the interveni"ng triangulation. 
i.....=m_---'o:___•:..:co_-=20=--.......:ao;:;...__..,~-..:.50_.......:ec...o_--'10 __ .oo __ oo~ The probable error of the meas

ure of the Kent Island base, 
which is the least accurate of the six bases along the arc, is 34 units in the seventh 
place of decimals of its logarithm, whereas that of the Atlanta base is but ro units; 
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hence the influence of the latter over the triangulation between stations Sawnee and 
Benn, which constitutes the third section, was retained. In the present central figure 
the condition was introduced preserving the fixed relation between the two sides marked 
in the diagram by heavy lines. 

The approximate elevations of the stations are as follows: 

:.\l<:ters. Feet. Meters. Feet. 

Poore 817 2 68o j King 516 I 693 

Young 333 i 093 I Rogers . I 746 5 i29 
Benn SS6 2 907 Roan High Bluff I 9I3 6 275 

~ 56"8 From the eleven triangles we derive the mean closing error of a triangle -- = 
II 

± 2"·27, the mean error of an angle ::f = ± 1"·31 and the probable error of a direc

?""7 tion 0·674 - -_ = ± 011 ·6~. 
,/5 ' 

In the preceding diagram, the two heavy lines are fixed in length, and the disper
sion of the discrepancy between the bases, of 24 units in the seventh place of decimals 
in the l<?garithm, is accomplished by the adjustment. Attention is called to the fact 
that in a figure adjustment, when forcing an accord between the fixed lengths of two ter
minal sides, as is the case here, the conditional equation may be established either with 
plane angles or with spherical angles, provided in the latter case the terminal sides an;! 
corrected for difference between arc and sine. 'fhis is readily done by means of the table 
given in Coast and Geodetic Survey Report for 1894, Appendix No. 9, page 289, below 
the heading ''Table of corrections to longitude for difference in arc and sine.'' 

. In establishing the length equation for any unadjusted fi~ure the apparent dis
crepancy to be dispersed in order to produce accord between two lines whose length is 
fixed will vary with the angle:;: selected. The true discrepancy to be dispersed can, 
nevertheless, be obtained from the length equation, provided the length equation be 
taken last in the solution of the normal equations, thus eliminating all the other unknown 
quantities; and the discrepancy so derived is the same as would be obtained if the length 
equation were formed after the entire figure had been adjusted in all other respects. . 

In the present section the length discrepancy with the uncorrected spherical angles 
was 78 units; but the true discrepancy outstanding after the other adjustments are made 
is but 24 units. This is less than the probable error of the measurement of the Kent 
Island base. The logarithm of the length of line Buffalo to Moore is 4 ·676 356 4, and 
that of the line Benn to King, 4·705 136 6. 
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.ribs/rads o/ l1orizo11tal directions al stations co111posh1g l/1e st•co11d or North Caroti11a section o/ l11c· 
iria11gulatio11, 1876-1895. 

Buffalo, Floyd County, Virginia. September 25 to October 16, 1876. 35 cm direction theodolite No. IO. 

A. T. Mosman, observer. September 27 to October 1, 1895. 45 cm direction theodolite No. 4. 
A.H. Buchanan, observer. 

Number of 
directions. 

3 
4 

5 

Objects ohsen·ed. 

Bull Mountain 

Moore 

Pilot Mountain 

Result of local 
adjustment. 

0 II 

0 00 00'00 

Reduc
tions to 
sea le\•el. 

II 

41 36 48·92 -0·04 

62 51 49·89 

Corrections 
Resulting . from ad
seconds. Justment of 

first sec
tion. 

" II 

Young 70 37 50 ·.w +o ·or 50 ·35 

Pooret 99 35 20 ·42 +o ·05 20 ·47 

Rogers*t 144 29 r3 76 +o ·04 13 ·So 

Corrtctions 
.Result- .. from ad- Final 
u~~1d:~ ~~~~:~d'~!e~~ seconds. 

" 

tion. 

II 

-0·19 

+074 

,, 

20·28 

14"54 
Flat Top 290 26 oo ·73 +o ·09 oo ·82 -o ·44 ( oo ·38) 

Cahas 292 07 56 ·59 +o ·08 56 ·67 -o ·04 ( 56 ·63) 

SmithMountain 316 rS 26·85 +0·02 26·87 +0·38 (27·25) 

Probable error of a single observation of a direction (D. and R.), (Buchanan, observer), 
e,=± 111·25. Circle used in XI positions. 

11/oore', Stokes County, North Carolina. November 7 to December 26, 1876, and April 2r to May 31, 
18n. 35 ""'direction theodolite No. 10. A. T. Mosman, observer. 

0 II II ,, /I /I II ,, 
1 Pilot Mountain 0 00 00'00 

Buffalo S9 04 ro·o7 -0·05 10'02 -0·23 (09 79) 
Azimuth Mark IIO 31 01 ·90 01 ·90 
Calms 127 05 24·85 +9'04 24·89 +1 •48 (26 ·37) 

Flat Top 138 23 02 ·S4 +0·07 02·91 -0·58 (02 ·~3) 
Smith Mountain 153 26 57·69 +0·04 57·73 -0·68 (57 ·05) 
Young 314 44 12'49 ·+0·02 12 ·51 -0·18 12 '.'3 

2 Poore 354 21 09·66 +0·05 09·71 +0·12 09·83 

*Reduction to cc::nter -2"·10, applied. t Buchanan. obsen•er. 
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Abs/rads of /1orizo111<1! diredio11s at slatio11s composi11g t11e sffo11d or Nortlz Caroli11a section f:!.f tlze 

· lria11g11lalio11, IS76-IS95-continued. 

Poore, Wilkes County, North Carolina September 15 to October II, 1877. so'"' direction theodo
lite No. 3. C. 0. Boutelle, observer. August 30 to September 17, 189s. 4S cm direction theodolite 
No. 4. A. H. Buchanan, observer. Circle used in XI positions in both years. 

Number of 
directions. 

6 

7 

8 

9 
JO 

II 

12 

Objects oh.<en·ed. 

Mark 

Buffalo 1877, 189s 

Moore 1877 

Mark 1895 

Young 1877 

Anderson 1877 

:King 1877 

J:Jenn 1877, 1895 
Mount Mitchell 1877 

Roan High Bluff 1895 

Rogers 1895 

Resu It of loca I 
adjustment. 

0 II 

Approxi- Rednc- • I . 
111ate tions to ~e. u ting 

P;~~~~e sea le\•el. • eco11ds. 

II ,, II 

o oo oo ·oo ±o ·07 

32 47 
60 os 

60 S5 
123 21 

170 22 

18s 

IS ·s2 

54·43 
18·32 

18·64 

26·64 

217 22 12 ·19 

249 45 o8·s6 

270 23 04·91 

329 46 41 ·23 

o ·r2 +o ·08 IS ·60 

0 "II +o "O.j. S4 ·47 

o ·16 -o ·02 18 ·62 

0·28 

o ·13 +o ·or 51 ·64 

o ·12 +o ·06 12 ·2s 

0·54 
-0·02 04 ·89 

-0·10 41 ·13 

Corrections 
from ad
justment 
of second 
section. 

II 

--0·39 
+0·02 

-o·rs 
-o·rS 

Final 
seconds. 

II 

IS ·21 

54·49 

18 ·So 

SI ·49 
12·07 

05 ·25 

41 ·29 

Probable error of a single observation of a direction ( D. and R.) in 1877, 1•1 =±011·78: in 1895, 
e, = ± 111 ·28_; combined ± o'1 ·9g. 

Yol/.11g, Rowan County, North Carolina. September 22 to November II, 1876. 50.'m direction 
theodolite No. 3. C. O. Boutelle, observer. Circle used in XI positions. 

16 

Azimuth Mark 

Buffalo 

0 II II 

o oo oo ·oo ±o ·a.'3 

0 01 09 ·36 

Mocksville Church 16 37 17 ·07 o ·17 

II II II 

17 Moore 16 40 18 ·19 o ·14 +o ·04 18 ·23 +o ·52 

13 King 218 37 38 ·28 o ·r6 +o ·04 38 ·32 -I ·40 

Anderson 237 26 03 ·64 o ·12 

14 Benn 251 II 54 ·95 o ·16 +o ·02 54··97 +o ·37 
IS Poore 299 32 29·32 0·15 -o·o6 29·26 -o·r2 

Probable error of a single observation of a direction (D. and R.), e, = ±011 ·83. 

II 

oo·oo 
IO "02 

55·34 
29·14 
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• -/bstmcls c>f liorizo11t11I dircdio11s 11/ stations composing tile seco11d or 1Vorlh C11roli1111 scdio11 of Ille 
· tricmgulaticm, 1876-1895-continued. 

Ee1111, Burke and Cleveland Counties, North Carolina. July 25 to August 22, 1877. 5o<m 'lirection 
theodolite No. 3. C. 0. Boutelle, observer. Circle used in XI positions. 

Number of 
directions. Objects observed. 

Reference Mark 

Poore 

Young 

Anderson 

King 

Thicketty 

Wofford 

Paris 

Hogback 

Mount Mitchell 

Results of sta
tion adjustment. 

0 I.I 

Apµroxi- R d C f tnate . e nc- Resulting orrec ions 
probable lions .to secomls. from figure 

errors. sea le'\: el. ad,iustinent. 

II 

o oo oo ·oo ±o ·os 

<JO 24 53·48 
l2S 03 37·66 

139 52 09 ·17 

191 28 17·42 

241 16 29·13 

250 34 52 ·92 

274 57 27·38 
282 51 27·03 

342 18 31 76 

0 '21 . 

0 ·15 

0·28 

o ·r6 

0·35 
0·19 
0'20 

0'22 

0·43 

Probable t:rror of a single observation of a direction (D. and R. ), e,=±111·08. 

July 13 to August 14, 1895. 45<•n direction theodolite No. 4. A. H. Ruchanan, obs_erver. 
used in XI positions. 

0 " " II 

Mark 1895 0 00 00'00 

Roan High Bluff 21 02 06·70 -0·13 06·57 
Poore 98 00 40·56 +0·06 40·62 

Probable error of a single observation of a direction (D. and R. ). e,=±1 11·30. 
Co11solidalt·d l"t's11/ls at Ec1111. 

0 II II II II 

Mark 1877 0 00 oo·oo 

18 Roan High Bluff 13 26 19·62 -0·13 19·49 -1 ·25 

19 Poore <JO 24 53·48 +0·06 53·54 +0·18 

20 Young 128 03 37·66 +0·01 37·67 -0·81 

Anderson 139 52 og ·17 
King<~ 191 28 17·42 -0·04 17 ·38 

+0·23 
Thicketty 241 16 29 ·13 
Wofford 250 34 52 ·92 
Paris 274 57 27·38 
Hogback 282 51 27·03 
Mount Mitchell 342 rs 31 '75 

*The line King to Benn being fixed by the ::;outhern st-ction. 

Final 
second~. 

Circle 

II 

18·24 

53·72 
36·86 
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Abstracts of /1orizo11tal diredio11s al slatio11s co111posi11g tlic scco11d or 1\Tortli Cam!ina sc:clio11 of tlie 
lria11g-1efalio11, 1Si6-1S95-co11tin ued. 

Kh~if· Gaston County, North Carolina. 
5o<m direction theodoljte No. 3. 

November 26 to December 30, 1876, and June 17 to 25, 1877. 
C. 0. Boutelle, observer. Circle used in XI position. 

Nmnherof 
directions. 

21 

Objects observed. 

Azimuth Mark 

Benn* 

Poore 

Anderson 

Young 

Wofford 

Paris . 

Thick<!tty 

Hogback 

Mount Mitchell 

Results of sta
tion adjustment. 

0 ,, 
0 00 oo·oo 

I 34 43·66 

48 36 08·31 

66 51 oS·So 

85 35 53 ·17 

28<1- 16 19 '()() 

293 54 20 ·ro 

296 or .01·90· 

307 36 45·89 

345 51 56·4 

Approxi- Reduc- . 
mate lions to Resultmg 

p~~~~~~.e sea level. seconds. 

II 

±O"o6 
0'20 

0·16 

0 ·24 

0 ·15 
0 "12 

0 ·16 

0 ·26 

0 ·16 

II II 

-o·o6 43 '6o 

+0·02 

+0·02 08·33 

+0·02 53 ·19 

Probable error of a single observation of a direction (D. and R. ), e,=±011 ·69. 

Corrections F" al 
from figure '" 
adjustment. seconds. 

,, II 

-0·30 08·03 

+2·05 55·24 

Roa 11 High Bluff, Mitchell County, North Carolina. October 11 to 24, 1894. 45 cm direction theodo
lite No. 4. A. H. Buchanan, observer. Circle nsed in XI positions. 

0 II II II " II 

Mark 0 ()() 00 '()() 

24 Poore 34 17 14'14 -0·01 14 ·13 -0·39 13 '74 

25 Benn 84 17 56·57 -o·o6 56 ·51 +1 ·27 57 ·78 
Mount Mitchell 137 47 39·29 
Rig Rutt 2o6 45 13·So 

Chimney 246 oS 13 ·94 
Big Knob 274 20 49·02 
Holston 303 26 14·54 

23 Rogers 341 40 13 ·92 +o ·12 14 ·04 -o ·SS 13 '16 

Probable error of a single observation of a direction (D. and /\'.), e,=±111·33. 

Rogers, Grayson County, Virginia. July 27 to September 22, 1894. 45 cm direction theodolite No. 4. 
A. H. Buchanan, observer. Circle used in XI positions. 

0 II II II II II 

White Top 0 00 00'00 

Big Knob 24 09 36·83 

26 Buffalo 194 12 37·64 +0·03 37.-67 -·0·72 36·95 

27 Poore 266 18 26·84 -0·05 26·79 -0·1S 26·61 

2s Roan High Bluff 334 18 03·89 +0·13 04·02 +0·90 04·92 
Big Ri1tt 349 29 2S·o1 

Holston 358 23 29·97 
Probable error of a single observation of a direction (D. and R. ), c,=±1"·32. 

*"!'he line King to B<:nn being fixed by the southern section. 

4192-No. 7-02--11 



THE EASTERN OBLIQUE ARC. 

Obsc·rvatio11 cq11atio11s. 

I O=-O"IO- (2)+ (4)- (6)+ (7) 

II . 0=+0·57- (1)+ (3)-(16)+(17) 

III O=-I"IO- (1)+ (2)- (7)+ (8)-(15)+(17) 

IV 0=+0·51- (9)+(ro)-(19J+(2I) 

v 0=-4·65-(13)+(14)-(20)+(22) 

VI o=-3·31- (8l+ (9)-(13)-t-(~5)-(21)+(22) 

VII o=-0·9·2- \4J+ (SJ+ (6)-( 12)-(26)+( 27) 

VIII o=-1·36-( 11)+(12)-(23) +(24)-(27) +(28) 

IX o=-3"64-( rn)+( 11)-( 18)+( 19)-(24)+ (25) 

X o=-0·5+379(3)-1·32(4)-4·08 (6)+5·15 (7)-1·07 (8);__0·48(15)+7·04(16)-6·56(17) 

XI o=-s·9+0·15(SJ+3·38(9) -3·53(rn)-3·29(13>+s·16(14)-1 ·87( is)+1·96 (21)-0·22(22) 

XII a=;+ q-3·80(3 )+5·91(4)-2·11 (5)-1·S7(14 )+3·07(15)-1"20(16)-0·49(18)-l-3·22 (19) 

-2·73( 20 )-1 ·61 ( 23) +3 ·38( 24 )-1 ·77( 25)-0•68( 26) +1·53(27)-0·85( 28) 

XIII o=+rS--2·55( 1) +2"55 (2)+1·32(4)+4·08( 6)-4•08( 7)-3·38(9)+3·38(10)-0··34( 13) 

+0·82( 15)-0•48( 17)-0·41 ( 19)+2·80(21 ),.-2·80(22) 

1Vor111al <'q11atio11s. 

C1 Co C3 C4 Cs C6 C1 Cs C9 C10 c,, Cr~ 

I o=-0·10 +4 -2 -2 + 7·91 + 5·91 

+0·57 +4 +> - 9·s1 - 2·6o 

3 -I'JO +6 -2 - 12·30 + .?"02 - 3·07 

4 +0·52 +4 -2 - 4 •95 - ::Z,'"? . --
s -4·64 +4 +.? + 8"23 + o·S6 

6 -3·31 +6 + 0·59 + 2·47 + 3·07 
-0·92 +6 -2 - 2·76 - 5·81 

8 -1 ·36 +6 -2 + 2 "61 

9 -3·6.j +6 + 3·53 - 1 ·44 
IO -0·5 +153 ·25 + 074 - 32·12 

II -5·9 +68·74 - 15 "39 
12 +1·4 +106 ·92 

13 +1·s 
Res11lti11g corrdales. 

C,=+0719 c6 =+0·909 C,,=-o ·094 o 
C.=-o ·653 C1 =+0·726 C'"=-o ·009 16 
C3=+1 ·og6 Ci =+0·890 C,3=-0 "IOI 5 
c.=+1 ·oSo C9 =+1 ·252 
C5=+0·838 C,o=-o ·003 86 

Resulti11g corrections to obsen.•e·d directio11s. 

II " " II 

(1)=-.,-0·185 (8)=+o· 177 (15)=-0·121 (2:!) =+2 ·052 
(2) +o·n8 (9) -0·146 (16) +0·637 (23) -0·875 
(3) -0·633 (IO) -0·183 (17) +0·517 (24) -0·393 
(4) -0·190 (II) +0·362 (18) -1 ·248 (25) +1 ·268 
(5) +0·745 (12) +0·164 ( 19) +0·184 (26) -0·720 
(6) -0·391 (13) -I ·403 (20) -0·813 (27) -0·178 
(7) +0·017 (14) +0·370 (21) -0·297 (28) +0·898 

Probable error of an observed direction, 0·674 J14 · 6~= ±0"·72. 
13 

c,~ 

- 9·39 
+ 2·07 
+ ;·88 

+ 9W 
- 2·46 

- 7·82 
+ 2·76 

- 3·79 
-36•64 
-17"67 
+ 9•00 

+87•75 
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Res11lti11g 1111gles 1111d sidt's qf Ille s1~<"011d or JVortll Carolina scctio11 qf tl1e lri1111g11/alio11. 

Correc- Sp her- Sp her- Log. dis- Distances in No. Stations. Observed angles. Hon. ical teal lances. meters. anitles. excess. 

0 II II " II 

' l Poore 27 18 38·87 +0·41 39·28 3 ·51 4·676 356 4 47 463 ·r3 
Buffalo 57 58 31 ·49 -0·19 31 ·30 3 ·51 4·943 028 7 87 705·87 
Moore 94 42 6o•o8 -0·12 59·96 3 ·52 5·013 257 0 103 099·6 

2 l Young 16 39 08:85 -0·12 08·73 2 ·31 4·676 356 4 47 463 ·13 
Buffalo 29 OJ OJ ·37 

I. 
-0·63 00 ·74 2 ·31 4·904 942 5 So 341 ·98 

Moore 134 19 57·28 +0·18 57 ·46 2·31 .5 ·073 639 3 II8 478 ·4 
I l Poo" 

go 34 03·02 +0·57 03 ·59 5·01 5 ·073 639 3 IIS 478 ·4 
3 Buffalo 28 57 30 ·12 +0·44 30·56 5·01 4·758 644 5 57 364·67 

Young 60 28 40 ·12 +u76 40·88 5·01 5·013 257 0 103 099 ·6 

1 Poore 63 15 24 ·15 +0·16 24 ·31 3·81 4·904 942 5 &:i 341 ·98 
4 Moore 39 36 57 ·20 +0·30 57 ·50 3·81 4 758 644 6 57 364·69 

Young 77 07 48·97 +0·64 49·61 3·So 4·943 028 8 87 705 ·89 I Rog•" 72 05 49·12 +0·54 49·66 5·94 5 ·013 257 0 103 099 •6 
5 Buffalo 44 53 53·33 +0·93 54·26 5 ·95 4·883 517 2 76 474·60 

Poore 63 00 34 ·47 -0·55 33·92 5·95 4·984 727 I g6 544·40 

· l 
Roan High Bluff 52 37 oo·09 +0·4S 00 ·57 4·97 4·883 517 2 76 474 "6o 
Rogers 67 59 37·23 +1 ·08 38·31 4·98 4·950 523 6 89 232·62 
Poore 59 23 36·24 -0·20 36·04 4·97 4·918 217 4 82 835 ·67 

, l Renn 76 58 34·05 +r ·43 35 ·48 4·23 4·950 523 6 8g 232·62 
Roan High Bluff 50 00 42 ·38 +1 •66 44·04 4·24 4·846 167 I i0 172 ·52 
Poore 53 00 52·64 +0·55 53 ·19 4·24 4·864 26g t 73 159·22 I ";,,. 36 59 44·86 +2"35 47 ·21 4·04 4·758 644 5 57 364 ·67 

8 Poore 62 05 33·02 -0·32 3270 4·04 4·925 530 7 84 2-12 ·39 
Young So 54 50·94 +r ·28 52 ·22 4·05 4 ·973 74.• 9 94 133 '44 l Benn 37 38 44 ·13 -I "00 43 ·13 3 ·40 4 758 644 5 57 364·67 

9 Poore' 94 00 53·63 -0·36 53·27 3·40 4·971 708 3 93 693·26 
Young 48 20 34 ·29 -0·49 33·8o 3 ·40 4 ·846 167 0 70 172 ·51 

IO J 
Benn 101 03 24·07 -0·18 23·89 2·95 4·973 743 9 94 133 ·44 
Poore 31 55 20·61 -0·04 20·57 2·g6 4·705 136 5 50 715 ·01 

l King 47 01 24 "71 -0·30 24·41 2 ·96 4·846 167 I 70 172 ·52 

J 
Benn 63 24 39·94 +0·82 40·76 3·6o 4 ·925 530 7 84 242 ·39 

II Young 32 34 16 ·65 +1 "77 18 ·42 3 "6o 4 ·705 136 7 50 715 ·03 
l King 84 01 09·57 +2"05 I I "62 3·6o 4·971 708 5 93 693 ·30 
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__ _.;.. ______ N_0·_2_s. 6. THIRD OR SOUTH CAROLINA SECTION OF THE TRI-

Kilometers 
i~~o 20 ao 

Statut.e Miles 
10 0 10 20 

ANGULATION SOUTH OF THE TRANSCONTINENTAI. 

TRIANGULATION, 1873-IS77. 

This section completes the connection of the Kent Island 
and Atlanta bases, as already indicated in the preceding sec
tion. The results of the adjustment made in October, 1878, 
are retained, omitting only the two quadrilaterals lying be
tween the stations Buffalo and King. which were included in 
the second section. The conditional eciuations, as well as the 
normal equations, are presented in full. leaving out the eight 
triangles between the two stations named above, as they are 
superseded by the present arrangement. The old, and less 
convenient, notation of the corrections to the angles has been 
changed, aucl the order of the presentation of the triangles has 
been reversed so as to proceed from the northeast toward the 
southwest. The third place of decimals in the seconds of the 
angles was dropped as unnecessary, particularly since no 
corrections for height of stations observed upon were made, 
the maximum value of this correction behg below o"· r. 

The stations involved and their approximate heights are 
as follows: 

Meter•. feet. 

Hogback 984 ·4 3 230 

Wofforrl 267·6 S7S 

Pinnacle I 04i'4 3 436 
Paris 626 ·r 2 054 
Mauldin 404 ·s I 328 

Rabun I 43i'7 4 717 

Currahee 530 '2 T 740 

Bloo<l r 360·4 4 463 

Skitt 632 '7 2 076 

Relative weights to the directions were introduced in 
the same way as had been employed in the adjustment of 
the Atlanta base net. Referring to the explanation there 
given, the value of the mean closing error of a triangle (derived 
from 7 3 cases in the triangulation connecting stations Buf-

falo, Virginia. and .Kenesaw, Georgia) is (n5·5=±1"·9-+* v i3 

l 1 . I bl f d" . . 6 1 
·94 " am t1epro)a eerroro a irect10111so·.74-/==±o ·54; 

' 6 
also the average probable error of an observed direction (see 
abstracts) E

1
=±0"·1s. hence E:=(o'5.+l"-(0'1S'>0 =0·255, 

which was added as a constant to the square of each observ~ 
ing error. \Ve have £ 0 =~."+E,0 and the weight P=1/E°; in 
or~ler to make the average \\;eight nearly unity, the reciprocal 
wa~ divided by o':?8. The reciprocal rdative weights are 

I 
tabulated farther on; the minimum value of f.

0 orp is o· s and 

the maximum I· 3. 

*From tlJe v; triangles directlv 111 \"oh·ed hen: we ha\'f: J:.~~4 = ± 1'''3()a11c\ the \nean t:\·,·or of a threction ht:co1n~s ±0"·;$. ,... . ,,, . 



THE MAIN TRIANGULATION. 

rlbstrads i~f '1orizo11tal dirtYfions at stations comprising Ilic lllird or Sou/Ii Caroliu,i scclim1 of 111<' 
lria11gulalio11, IS73-IS77. 

J.."il~i;; Gaston County, North Carolina. November 26 to December 30, 1876, and June 17-25, 1877. 
5o'n1 direction theodolite No. 3. C. 0. Boutelle, observer. Circle used in XI positions. 

Number of 
directions. 

61 

62 

Objects observec\. 

Azimuth l\:Iark 

Benn 

Poore 

Anderson 

Young 

Woffonl 

Paris 

Thicketty 

Hoghack 

l\:Iount Mitchell 

Results of local nd
just111ent. 

0 II 

o oo oo·ooo 

34 43·656 

48 36 0S·3u 

66 51 08·So4 

85 35 53 ·167 

284 16 1S·996 

293 54 20 ·09s 
296 OJ 01 '905 

307 36 45 ·893 

345 51 56 ·4 

Approximate Correcti.ons 
pro ha ble ,;,~~~~' irdl~f;<l 

error. section. 

I/ 

±o·o6 

0 ·20 

0 ·16 

0·24 

0 ·15 

0·12 

0 ·16 

0·26 

0·16 

/I 

-1-o ·oq 

+0·444 
-I ·724 

+0·413 

Probable error of a single observation of a direction ( D. and R.. ), t',=±o" ·69. 
.. 

Final 
seconds. 

II 

19'440 

18'374 

Bom, Burke and Cleveland Counties, North Carolina. July 25 to August 22, lS77. 50"" direction 
theodolite No. 3. C. 0. Boutelle, observer. ·Circle used in XI positions. 

65 

66 

67 
68 

Reference l\:Iark 

Poore 

Young 

Anderson 

King 

Thicketty 

Wofford 

Paris 

Hogback 

l\:Iount Mitchell 

0 II 

o oo oo·o0o 

90 24 53'479 
128 03 37·657 

139 52 09 ·167 

191 28 17 ·424 

241 16 29 ·132 

250 34 52 ·916 

274 57 27 ·376 

282 51 27·027 

342 18 31 "755 

II 

±0·08 

0 '21 

0 ·15 

0·28 

0 ·16 

0·35 
0·19 
0·20 

0'22 

0·43 

II 

+0·6o4 

+o 705 
-0·568 

Probable error uf a single observation of a direction (D. and R.. ), e,=±I11 ·oS. 

II 

53 ·520 
28·081 

26 ·459 

H,~i;:ba,-k, Greenville County, South Carolina. August 16 to September I, 1876. 5o'm direction theodo. 
lite No. 3. C. 0. Boutelle, observer. Circle used in XI positions. 

58 

59 
6o 

55 

56 

57 

Paris 

1\-fau\din 

Pinnacle 

Mount Mitchell 

Benn 

King 

ThickE:tty 

Wofford 

0 " . 
o oo oo·ooo 

rs 44 50·325 

46 26 55·104 

158 32 15·94 

2o8 54 59 ·171 

243 34 02 ·348 

253 55 03·471 
282 16 22 ·o6~ 

II 

±0·07 
o·rr 

o· 17 

0·44 
0·12 

0·18 

0·14 

0·17 

,, 
-o ·178 

-0·038 

+1 ·278 

-0·287 

-0·339 

-0·416 

Probable error of a single observation of a direction (D. and R.), c',=±o" ·8r. 

/I 

59·822 

50·287 

56·382 

58·884 

02 ·009 

21 '648 
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.Abstracts 1?/ /1orizo11tal diredio11s al slatio11s comprising tlie. l/1ird or So11t/1 Caroli11a sedio11 <!l llie 
tria11gulatio11, 1SiJ-1S77-continued. 

Wofford, Spartanburg County, South Carolina. July 6 to August 7, r876. So""' direction theodolite 
No. 3. C. 0. Boutelle, observer. Circle used in XI positions. 

Number of 
directions. Object• obsen·ed. Results of local ad· 

just1nent. 

. Correcti1J11s 
Approxunate from adjust- Final 

probable ment of third •ecouds. 

54 
so 

sr 

s2 

I Thicketty 

! King 

Pari,; 

Pinnacle 

Hogback 

0 

0 

22 

226 

23s 
264 

300 

,, 
00 oo·ooo 

2s 0S·507 

·OS sS·8s3 

09 59 ·r37 

27 49·o62 

04 

error. section. 

" 
,, 

±0"09 
o·q +0·5So 

0·16 +o ·63s 
IJ ·16 -0 ·6s6 

0·26 +0·862 

09·0S7 

s9·4SS 

s8·4S1 

49 ·9;q 

Phmade, Pickens County, South Carolina .. August 25 to September S, rS7s. so"'" direction theodo
lite No. 3. C. 0. Boutelle, observer. Circle used in XI positions. 

" " /l 

38 Paris 0 00 oo·ooo ±0"((1 +o ·2sS 00 ·25~ 

39 Mauldin 48 46 48 ·017 0 "lj +0·032 4$·049 

40 Currahee 117 37 44·s1S 0.:12 +0·269 44 787 

41 Rabun IS3 07 06·908 o·q +o·8s6 07 764 

36 Hogback 321 02 43·547 0 ·21 -o·SS7 42 •660 

37 Wofford 347 34 20·804 0 ·17 -0·637 20 ·167 

Probable error of a single observation of a direction ( D. and Ii:.), t',= ±01'·92. 

Paris, Greenville County, South Carolina. September 16 to November 20, 187s. 50-:111 direction 
theodolite No. 3. C. 0. Boutelle, obsen·er. Circle used in XI positions. 

0 ,, II ·'·' II 

4S Pinnacle 0 00 oo·ooo ±ci·o6 -0·079 S9 ·921 

46 Hogback 94 3S 47·974 0 ·19 +0·020 47 ·r:Jg4 

Propst ro9 4S 43·080 0 "lj 

47 Benn Il5 36 49·945 o·09 +1 ·183 51 ·128 

Thicketty 142 59 IS ·298 0·17 

4S King f44 27 28 ·012 0·21 --o · 15s 27·857 

49 Wofford lSS ,30 21 ·824 0'21 -\-0 ·304 22·128 

Azimuth Mark 229 12 08·277 (). 17 

42 Mauldin 3o8 16 oo·933 0 ·.14 -0 "755 00·17S 

43 Currahee 314 06 42·296 0·1S -0·947 41 ·349 

44 Rabun 343 20 09 ·423 0·16 +0·320 09 "743 
P~obable error of a sil1gle observation of a direction ( D. a no.I R. ), <',= ±0"·9,» 



THE MAIN TRIANGULATION. 

Abstmds qf '1ori=o11tal directions .it st.itio11s coi11prisi11g tl1e tllird or So111/1 Carolimi seclio11 of !lie 
tria11g11/atio11, IS73"'" IS77-contilmed. 

1Jfimldi11, Pickens County, South Carolina. December 8 to q, r875, 5o<"' direction theodolite No .3. 
C. 0. Boutelle, observer. Circle used in XI positions. 

Approximate Corrections 
Number of ObjPcts obsen·ecl. Results of local ad- from adjust- Final 
directions. justn1ent. probable ilient of third seconds. error. section. 

0 ,, II ,, II 

3,; Pinnacle 0 00 00'000 ±0'07 +0·022 00'022 

34 Hogback 61 33 51 ·967 0·18 -0·598 51 ·369 

35 Paris 79 29 r2·823 I) ·16 +1 '2f5 14·038 

31 Currahee 267 13 16·950 (). 12 +o ·u2 17 ·o62 

32 Rabun 307 25 59·062 0'11 -0·678 58·384 
Probable error of a single observation of a direction ( D. and R. ), ,-,= ±011 ·77. 

Rab1111, Rabun County, Georgia. July 27 to August 5, 1875. 50"" direction theodolite No. 3. 
C. O. Boutelle, observer. Circle used in XI positioi1s. 

0 ,, .I.I ,, II 

Walhalla 0 00 00'000 ±0°08 

28 Currahee 51 48 33 ·214 0'20 -0 ·351 32:863 

29 Skitt So 53 21 ·496 0·17 +1 ·023 22·519 
Yonah 89 51 56. 194 0 ·2.~ 

30 Blood IIO 31 24 ·370 0 ·.~I --0·354 24 'Ot6 

25 Pinnacle 304 59 5$ ·119 0·15 -0·987 57 ·132 
26 Paris 315 13 01 ·555 0 'I 2 -0·220 or ·335 

27 Mauldin 328 05 38 ·177 0 ·14 +0·830 39·007 
Probable error of a single observation of a direction ( D. and R. ), t',= ± 011 ·85. 

C11rra/1ee, Habersham County, Georgia. September 17 to November 21, 18_74. 5o<m direction theod-
olite No. 3. C. 0. Boutelle, observer. Circle used in XI positions. 

0 ,, II 
,, ,, 

Azimuth Mark 0 00 oo·ooo ±0 ·07 
22 Pinnacle 9 31 57 ·621 0 'II -0·042 57·579 

23 Paris 26 01 00 ·177 o·q +o ·085 00·262 

24 Mauldin 27 54 22·374 (J 'I4 +0·369 22 743 
18 Sawn.;,e 209 40 29·255 o·q -0·552 28 '703 

19 Skitt 229 04 o6 ·507 0 ·16 -0·432 06·075 

Yonah 254 59 47 ·70;; 0 ·25 

20 Bloo(i 258 I4 09·621 0 ·15 +0·661 JO ·282 

21 Rabun ,;31 49 so ·248 0 ·17 -cl ·090 50 ·158 

Probable error of a single observation of a direction (D. and R.), e,= ± o"·So. 
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Abstracts of liori=o11tal din·dh111s at statio11s c,1111prisi11g Ill.· third or South Caroli11a seclio11 of tile 
lria11g11latio11, IS73-IS77.....:.continued. 

Blood, Union County, Georgia. June 30 to July 15, 1875. 5o<m direction theodolite No. 3. C. O. 
Boutelle, observer. Circle used in XI positions. 

Approximate Corrections 
Number of Objects observed. Results of local ad- from adjust- Final 
directions. justment. probable ment of third seconds. error. section. 

0 II II II " 
Yonah 0 00 oo·ooo ±o·oS 

rs Skitt 23 53 I2 "3I 2 o ·r7 -0·403 II "909 

I6 Sawnee 81 25 II "7I8 0 ·19 +0·383 12 "IOI 

I7 Gra~sy n3 23 o6 ·2So 0·22 +0·4So o6 760 

Cohutta 167 15 34·393 0 "!9 

13 Rabun 307 42 I5 ·079 o·q -0 ·221 I4 ·858 

I4 Currahee 355 23 50 761 0 "IS -O"I95 50·566 

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

Skzlt, White County, Georgia. August q to 25, 1874. 50"" direction theodolite No. 3. c. 0. 
Boutelle, observer. Ci~cle used in XI positions. 

0 II II II II 

Yonah 0 00 oo·ooo. ±0"09 

II Rabun .. 
.J.J 56 23·94r o ·r6 -0·105 23·836 

12 Currahee 82 05 53·452 0 "IS +0·510 53·962 

8 Sawnee 2.~o 3r 07·207 0 "I7 -0·009 07 ·198 

9 Grassy 264 50 54·o66 0·14 -c.·304 53 ·76'2 

IO Blood 319 45 17·372 0 ·15 -0·092 17·2So 

Probable error of a single observation of a direction (/.J. and R. ), e,= ± 011·84. 

SaiC'11<Y, Forsyth County, Georgia. October 7 to November 12, 1873, and November 26 to December 
4, 18;3. 75<m direction theodolite No. r and 5ocm direction theodolite No. 3. C. 0. Boutelle, 
observer. 

Number of 
directions. 

I 

2 

3 
4 

Objects observed. 

Azimuth Mark 

Alcova 

Grassy* 

Blood 

Yonah 

Skitt 

Currahee 

Results of station 
adjustment. 

0 II 

Approxi
mate 

probable 
error, 

/I 

Correc
tions 

from base 
net ad

justment. 
/I 

o oo oo ·ooo ±o ·09 -to ·005 

5 59 50·203 

191 04 26 ·154 

240 44 00·564 

263 II 38 ·044 

273 57 55·373 
286 09 07·228 

0·24 

0·22 

0·24 

0·31 

0·32 

0·22 

+0·005 

-0·244 

+0·005 

+0·005 

+0·005 

+0·005 

Resulting 
direc
tions. 

II 

00·005 

50·208 

25 ·910 

00 ·569 

38·049 

55·378 

07·233 

Corrections 
from adjust- Final 
ment of 3d seconds. 

section. 

II 

-0·109 

+o·Soo 

-o ·124 

-0·455 

/I 

55·254 
06 ·778. 

Grassy, Pickens County, Georgia. July 13 to 31, 1874. 5o'1" direction theodolite No. 3. C. O. 

7 

5 
6 

Sawnee* 

Johns 

Cohutta 

Blood 

Skitt 

Boutelle, observer. 
0 II /I II 

o oo oo 'OlJO ±o "07. +o ·228 

131 59 17·050 

183 15 38·g60 

26r 37 28·o61 

297 13 IO "620 

0·26 

0·18 -0·032 

0·15 -0·032 

0·16 -0·032 

II 

00·228 

38·928 

28·029 

IO ·588 

,, II 

-o ·097 00 ·131 

-I ·338 26·69r 

+r ·532 12 ·r20 

*This direct~on. '""hich is now considered ns fixed, and hence not liable to a further correction, was fonuerly "treated 
as subject to correction. 



THE l\:IAIN TRIANGULATION. 

Obser..alio11 t·q11atio11s. 

I I 0=+1·938-(6)+(7)-{1)+(3)-(8)+(9) 

II I o=-2·247-(5)+(7)-(1)+(2)-(r6)+(r_7) 

III 1 o=-3'964-(5)+ (6)-(9l+ (ro)- (15)+ (r7) 

IV I 0=-0·5-~5-(2)-1-(4)-(18)+(20)-(14)+(16) 
VI 0=+0·731-(3)+(4)-(r8)+(r9)-(12)+(8) 

VI·! 0=+0·727-(20.l-H 21)-(28_)+(30)-( l3)+(I4) 

VII 0=+1·572-·( ro)+( II )-(29)+(30)-( 13) +( 15) 

VIII o=-1·270-(25)+(28)-(21)+(22)- (40)+ (41) 

IX o=+r5r2--( 27 H-(28)--(21) +( 24) -(31) + (32) 

x 0=-0·559-·(.~9)+(40)- (22)+(24)-(31 l+(33) 

XI 0=-1·3rr--(26) +('18)-(21 J+(23 )- (43 J+(44) 

XII o=-1·195-(23) +(:q)-(31)+(35)-(.p) +l43) 

XIII o=-1 ·616-(36 )+ ( 39) -( 33 )+(34)-(59 l+ (~) 
XIV I 0=-2·727-(34)+(35)-(42)+(46)-(58)-f-(59) 

xv I 0=+0·013-(37) +<38)_:(45)+(49)-(50)+(51) 

XVI o=-3"-163-(57) + (6o)--(36)--l-(37)-(5r)-t-(52) 

XVII o= -0·750-(57)+ (58)-(46)+(49)-(50)+(52) 

XVIII o=-t-2·755-(47_)+(49)-(50) -f-(5J )-(66)+(67°) 

XIX 0=+3·506-· (55)-t-(57)-(52)+(53)-(66)+(68) 

XX o=-:2· 124-(56) + (58 )-(46 )+ (48 )- (62 l+( 63) 

XXI 0=+0·390-(56)+(57)-(52) +(54)-(61) +(63) 

XXII I 0=--1·867-(65)+(66)-(53)+(54)-(61)+ (64) 

XXIII I o=+o·So5-(71)+(65)-(64)+(69)-(8r)+(S2) 

XXIV I 0=+2·397-(So)-f-(82)-(71)+(72)-(74) +(75) 

XXV o=-3·260-(80) +(81)-(69) +(70)-(73) +< 75) 

XXVI o=-1·041-(79)+(80)-(75)+(77)-(83 )+(84) 

XXVII 0=+0·802-(86)+(88)-(78)+(79)-(84)-t-(85) 

XXVIIJ 0=+0·905-(86)+(87)-(76)+(77)-(83)+(85) 

XXIX • o=-o·or-0·153( 1)_ -0·026(3)-t-o· l79(2)-o",3ci$(8)+0·456( 9)-0·148(ro)+o·337( r6) 

-0·335( 17)-0·002( 15) 

169 

XXX 0=+0·50+ 1'295(3) --0·32r(2)-0·974(4)-o·r34( 16)+0·521(15)--0·387(14)-0·598( 18) 

+0·975( 19)-0·_377(20) 

XXXI o=-1·53-0·336 (r5)+0·3S7(14)-0·051 ( 13 )-0·425 (19)+0·377( 20)+0·048( 21) 

+0·749(29)-0·370( 3~ )-0·379( 28) 

XXXII 0=+0·65+0·142( 21)-0·634(22)+0·492(24)+0·024(28)-0·945(27) +0·921(26) 

-o·oS2(40).+0·266(39)-0·1S4(38)+0·300(44)-0·166(45)-0·134(42) 

XXXIII o=+n2-0·634( 22 )-5·749 (24) -f-6·383( 23) -0·082 (40 J+o·266(39)-:-0·184( 38) 

'-t-2·057(43 )-0·166(45 )-I ·891 (42) 

XXXIV 0=+0·46+0·675( 25) +ci·493( 27)-r · 168(26) +a· 162(32)-0·201 (33 )+0·039 (35) 

-0·703(44 !+0·537(45H-o·166(.p) 

N. B.-The 6 equations, XXIII to XXVIII, refer to the 2 quadrilaterals in the old work, of which 
no further use is made here: The numbered corrections are as follows: at Ki11g, Poore ( 69 ), Young 
(70); at Be11n, Poore (71), Young (72); at Vi:n111g, King (73), Benn (74), Poore (75), Buffalo (76), 
Moore (77); at Poore, Buffalo (78), Moore ( 79), Young (So), King (Sr), Benn (82); at llloore, Young 
(83), Poore (84), Buffalo (85); and at Buffalo, Moore (86), Young (87), and Poore (SS). 
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Obserz•alio11 e·qualio11s-co11tinued. 

XXXV o=-0·93+0·184(39)-0·445(38)+0·261(36) +0·039(33 l -0·612(35)-0·651 (34) 

+0·200(6o )-0·747(59) +0·547(58) 

XXXVI 0=+2·6o-0·694(38)-0·261 (36 )+0·955(37)-0·200( 60 )+0·246(58)-0·046( 57) 

+1 ·319(51)-1·053(50)-0·266(52) 

XXXVII o=-2·34-0·445(46)-o·103(49 J+o·548(47)-0·266(50 )+0·325(52 )-0·059(53) 

+r518(67 )-r ;84( 68)-0·334 (66} 

XXXVIII 0=+2· 17-0·074(46 )-o· rn3( 49) +0·177(48)-0·266(50) +0·325(52 )-0·059(53) 

, .-j-0-339( 68 )-0·334( 66) -0·005( 65) +0·863( 62 )- f"Ol7 (63J+o·154( 64) 

XXXIX o=+ 3 ·05-0· w3(46 )-0·738(49) +0·841 (48 )-0·046( 58) +0·309(.57 )-0·263 (56) 

-j-I"240(62 )--0·488(63 )-0·752(61) 

I 

z 
3 
4 
5 
6 

7 
s 
9 

IO 

II 

12 

13 
14 

15 
16 

17 
18 

19 
20 
21 

22 

23 
24 

25 
26 

27 
28 

XL o=-0·78--0·174(64 )-j-0·196( 6g)-0·022(70)-0·353(82)+0·338(8r l +0·015(80) 

+0·516( 74 )-0·329( 73)-0•187 (75) 

XLI I 0=+0·20-o·ro7(So)-0·4o8(78)+0·515( 79)-0·048(75) +0·704( 76J-0·656(nl 

I -0·132(88) +0·379(87)-0·247(86) 

Tilt: last two equations refer tn the quadrilaterals already disposed of. 

Non11t1l ,-q11111io11s. 

c, c, C3 C4 Cs Co C; Cs C9 C10 Cu Ci:- l.:'13 Cu C15 Crr;; 

1 ·0=+1"938 +5·.1 +1 -2 -2·3 

0=-.2'247 +5"2 +2"1 -2·1 

I 0=-3·¢4 +6·1 -2 

I 0=-0·535 +6·2 +2'1 -2 

I 
O= +0•731 .... +6·4 . ... . ... .... .... .... .... 
o=+o 7J7 +6"J +2"l -2 -2 -2 

0=+1·572 +6·2 
O=-I '270 +6·o +2 -2 +2 
0=+1·5u +5"9 +2 +• +2 

0=-0·559 .... .... .... .... ····' . ... .... .... ... +5·9 +• -1·9 . ... 
O= ···I ".lll +6·o -J 

0=-1'195 +6 +2 
0=-1°616 +6 -2 +•·1 
0=-2·727 +s·9 

Normal cq1111tio11s-continued. 

C,5 Cul l.:1• C1s C,9 Coo c., Coo C::3 Co4 Cos C:z6 

0=+0·013 +5·9 -2 +•·1 +.?"I 

0=-3·463 +6·2 +2"1 2·1 ··.:?"I 

O=-O"i50 +6·1 +2"1 -2·1 +1·.,. -·1·1 

o=+J"755 +6·1 +2 -
0=+3 ·506 +6·2 +2·1 -2 
0=-2"1.?.:l +6·o +2 

0=+0·390 +6·1 +> 
0=--1 °867 +6·1 -2·1 

o=+•J"So5 +6":! +•·1 -2 

0=+2·397 +6·1 +• -2 
o=-3 ·260 +6 -2 
O=-I "04I +6 
o=+o·So2 

0=+0·905 

C17 Coo 

-1·9 -1·g 

'C-:.:-1 C.s 

-2 +• 
+6·2 +2".J 

+6·4 
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1Vor111al eq11alio11s-complded. 

C09 C30 C3r C32 C33 C3~ C35 C36 C31 C3S C39 

+o·So6; +1 •6.S3~ 
-0·4321 -0·2191 

3 -0·9705 -0·52ro +0·336o 
+0·1401 -o ".?443 -0·0100 

5 -0·2742 -1 ·1819 -0·4250 
6 -0·0100 +0·0440 +0·1180 

+0·146o +0·5210 -1 ·4780 
8 -0·4270 -0·6700 -0"·5520 ·-0 •6750 

9 -0·42jo +1 ·3190 -5 ·7490 -0·347> 
10 +o ·77So -5·4630 -0·18oQ -0·1489 

11 -0·4270 -0·7390 +4 •326o +c ·4650 

12 +o·626o -8·1840 -O'lJ.jO +0·6120 

13 +0·2600 +o ·"'660 +0·1809 +o ·15;8 +0·0871 

14 +0·1340 +1·8910 -O'l2j0 +0·0237 -0·2214 -0·4450 -o ·0740 -o·o616 

Nor111al eq11atio11s-completed. 

C32 C33 C34 C35 C3.; C37 C38 C30 C40 C.u 
·-------

15 -0·0162 -0·0162 -0·4833 -0·4005 +07924 +0·1527 +0·1527 ···0"8118 
16 -o·oSil -0·5235 +o".1575 +0·3575 -o ·3090 
Ii +0·4923 +r ·0278 +o ·9552 +0·5842 -1 ·0592 
18 +1 ·0530 +1 ·6043 +0·4277 -0·8118 

19 +0·2466 -I ·3849 +o ""904 +0·3090 
20 +o ·4923 +o·.?214 +0·4450 -I 06113 -0·4783 
21 +0·2466 -0·3575 -1 ·3745 +0·836o 
22 -0·2750 --0·1oo6 +0·7520 -0·1914 
23 -0·1744 -0·3036 
24 -[ ·0710 +0·0590 

25 +0·2470 +0·0590 
26 +0·2020 -r ·.,,300 
27 +1 ·0627 
28 -0·6335 

Nmwal .:q11atio11s--completed. 

29 Io= -o ·o; +o "6oq6 -o · 1532 +o ·0007 
30 o= +o ·so ........ +5 ·2265 -o ·8813 ....... . 

31 0=-1 ·53 

32 0=+0·65 

33 0=+2·12 

34 0=+0·46 

35 o=-0·98 

36 0=+2 "60 

37 o=-2 ',\4 

38 0=+2·17 

39 0=+3·05 

40 O=-O'j8 

41 o=+O":!O 

········ 

........ 

+1 ·4592 -0·0023 
+2"646; -2·0404 -1 ·sssc +0·1226 +0·1qo 

+82·1355 -0·3941 +o·i226 +0·1149 
+ 2 ·9057 +o ·0168 

+1 ·9540 +0·2841 ................ -0·0226 - ..... . 

+4 ·4434 +o ·1850 +o ·1850 -o ·0244 

+4"85SS -0·0949 +0·1295 
+2 '.?8,52 +I ·8214 - 0'02':l,5 

+3 ·8955 
........ +0·7207 +0·0074 
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Rt·s11lti11g <1a/m:s of corrdates. 

C ,=-1 '330 62 C,.=+o ·248 30 C21=-o ·142 55 C3,=+1 ·224 74 

c .= +1 ·137 00 C,.=-o ·488 74 c •• =+o "723 09 C3,=-o ·214 82 

c 3=+0 ·200 89 C, 3=+1·131 56 C.3=+o ·957 84 C33=--o ·102 086 

c .=-+ 0 ·6g4 67 c .• =+r ·433 16 c •• =-1 ·151 53 C3,=-o ·193 85 
C 5=-o ·516 27 C,5= +o ·036 14 C,5= +1 ·412 85 C3s=+o ·454 91 
C 6= +o ·263 83 C,6=-o ·057 86 . c.6=-+o ·424 81 C36=-o ·568 89 
c 1=-0 ·105 40 C,1=+0 ·223 61 C,7= +o ·139 So C37=+o ·946 19 
C s=-j-O ·855 96 C,e=-0795 56 c.s= -0 ·302 7 C3s=+o ·934 IO 

c 9=-0 ·722 30 C,9=+o ·286 98 C.9=+2 ·692 01 C39=--'-I ·362 70 

C,0=+1 ·099 17 c •. ,=_+o ·840 26 C30=+o ·614- 15 C4o=-o ·598 29 

c,,=-o ·016 gr 

Redpromls of W<'~![lzts amt res11lti11g corredio11s It> obso;1cd diredio11s. 

l I 

" 
,, - '"' - Z' 

p p p p 
II II II II 

(I) 0·5 -0 ·1091 (23) I "O -f-o ·0854 (45) 0·9 -0 ·0789 (67) l 'l +0·7048 
(2) I "I +0·7998 (24) I ·o. +0·3693 (46) I "O +0·0195 (68) I "I -0·5683 

(3) I ·3 -0 ·1235 (25) I "O -0·9868 (47) 0·9 +r ·1827 (69) T "O -0 ·5722 
(4) I "I -0·4552 (26) I "O -o ·2197 (48) I "I -0 ·1545 (70) I "O +r ·426o 
(5) I "O -I ·3379 (27) I "O +0·8298 (49) 0·9 +o ·3038 (71) I "I +o ·2130 
(6) I "O +1 ·5315 (28) I "O -o ·3512 (50) I "O +o ·6347 (72) ·1 ·o -I ·1515 
(7) 0·5 -o·og68 (29) l 'O +r ·0227 (51) I "O -o "6564 (73) I "O -I ·2160 
(8) I "O -o·ooSS (30) l "2 -0·3537 (52) I "I +o ·862I (74) I "O +0·8429 

(9l I "O -0·3040 (31) I 'O +o ·rug (53) I "O -I ·3426 (75) I "O -0·05o8 
(10) l "O -~·0921 (32) 0·9 -0·6783 (54) I "O +o ·5So5 (76) 1 "O +0·2908 
(II) I "O -0·1054 (33) 0·9 +0·0219 (55) l "O -0·2870 (77) I "O +o ·1331 
( 12) I "O +0·5103 (34) I "O -0·5978 (56) I "O -0·3393 (78) 1 "O -0·1329 
( 13) I "O -0·2209 (35) I "O +1 ·2153 (57) I "O -o ·4162 (79) I 'O -0·2938 
(q) I "O -0·1946 (36) I "I -0·8871 (58) 0·9 -0 ·178o (So) I "O +0·1564 
(15) I "O -0·4032 (37) I "O -0 ·6373 (59) l "O -0·0382 (81) I "O +0·2528 
(16) l "O +0·3826 (38) 0·9 +o ·2581 (6o) I "O +r ·2785 (82) I "O +0·0175 
( 17) l "I +0·4797 (39) I 'O +0·0318 (61) I "O +0·4442 (83) I I "O -0 ·1220 

( 18) I "O -0 ·5517 (40) I "O +0·2692 (62) I "O -I ·7239 (84) . I "O +0·2850 
(19) I "O -0:4320 (41) I 'O +0·856o (6,>,) l 'O +o ·4127 (85) I "I -0·3089 
(20) I 'O +0·6610 (42) I 'O -0 "7548 (64) I "O +o ·0145 (86_i I "I +o ·1893 
( 21) I "O -0·0898 (43) I "O -0·9470 (65) I "O +o ·2301 • (87) I '2 -0 ·3711 

(22) 1 I "O -0·0423 (44) I "O +o ·3201 (66) I 'O +0·6o36 (SS) I "O +o ·1421 
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Rcs11/li11g angles and sid,·s <?ftl1e tliird or Sout/i C11ro!i11a st!dio11 of Ilic tri1111g11!11tio11. 

No. 

I 
Wofford 

I Benn 

King 

l 
Hogback 

~ Benn 

King 

I 
Paris 

:, B~1111 
.Kmg 

I 
Wolford 

4 1:~gbac1k 
Kmg 

J 
Hogback 

5 Benn 

l Wofford 

I
. Paris 

6 King 

Wofford 

f 
Paris 

7 ·Hogback l Benn 

I 
Paris 

8 i-Iogback 

King 

J 
Paris 

9 Benn 
l Wofford 

I 
Paris 

IO Hogback 

\Vofford 

I 
Pinnacle 

II Ho~hack 

Parts 

Stations. 

I Pinnacle 

1:2 l Hogback · 
Wofford 

0 

Obser.•ed 
angles. 

II 

4,~ 35 05 ·92 

59 o6 .:.s ·49 
77 18 24 "66 

34 39 o,:. ·18 

91 23 09·6o 

53 57 57·76 

28 50 38·07 

83 29 09·95 

67 40 23 ·56 

II7 57 19 ·44 

38 42 19 72 

23 20 26·90 

73 21 22 ·s9 
32 r6 34 ·11 

74 22 r,:. ·53 

I4 02 53·81 

9 37 6I "IO 

156 19 09·65 

21 or or ·97 

151 05 00·83 

7 53 59 ·65 

49 sr 40·04 

116 25 57 ·65 

13 42 25 ·So 

42 5,:. 31 ·88 

24 22 34 ·46 

Il2 44 03 74 

63 54 33·85 

77. 43 37 ·94 
38 21 50·21 

38 57. 16 ·45 

46 26 55 ·ro. 

94 35 47 ·97 

26 31 37·26 

124 IO 33 "04 

29 17 49·92· 

Correc- 8f~~~r
lion. angles. 

II " 

1'tc~1r-
excess. 

,, 
+1 ·92 07 '84 2 ·64 
+0·38 35·87 2·65 

-0 '43 24 ·23 2 ·65 

-0 '05 03 'I 3 3 'IO 

-0 ·So 08 So 3 ·09 

-0·40 57 ·36 3·10 

-1·34 36•73 4·15 

-to ·47 IO ·42 4 '15 

-j-r '74 25 ·30 4 ·15 

-0·28 19·16 1 ·89 

-0 ·oS 19 "64 I ·89 

-0 '03 26 ·87 I ·89 

-0 ·13 22 76 2 ·34 

-1·17 32·94 2·34 

-2 "21 II ·32 2 '34 

-t-0·46 54·27 0·93 

-2 ·r7 58 ·93 o ·94 

-0 ·05 09 "6o 0 ·93 

+1·16 o,~·13 0·82 

+0·11 00·94 0·81 

-I '27 58 ·38 0 ·82 

-;-0 '18 39 "86 I ·87 

-t-0·16 57·81 l ·87 

+2 '14 27 "94 I ·87 

-0·88 31·00 2·44 

+o ·ro 34 ·56 2 ·44 

-r·98 01·76 2·44 

+o·z8 34·13 0·92 

-t-o ·24 38 ·18 o ·92 

+0·23 50:44 0·91 

+1·15 17·6o 0·74 

+1 ·46 56·56 0·75 

-0·10 4$·07 074 

-t-0·25 37·51 

+170 3474 
+1 ·52 51 ·44 

l '23 

I ·2· I ". 
1"23 

4 705 r36 6 

4 ·800 2w 3 

4 ·1355 901 2 

4 ·705 136 6 

4·950 231 9 

4 ·s58 124 o 

Distances 
fu 1nE:-ters. 

50 715 '02 

63 126·29 

71 763 "JO 

50 715·02 

Sg 172 70 

72 131 ·33 

4·705 136 6 50 715·02 

5·018 914 I 104 451 '4 

4·987 882 5 97 248·41 

4·950 231 9 

4 ·Sao 2IO 3 

4·6o2 019 6 

89 172·70 

63 I26 '29 

39 996·28 

4 •855 901 2 71 763 'IO 

4 ·6o2 or9 6 39 996 ·28 

4 ·858 124 I 72 13! '35 

4 ·Sao 2\0 3 

4·638 655 I 

5 '0!8 914 I 

4·858 124 0 

4 ·987 882 4 

4·441 543 7 

63 126 ·29 

43 516·62 

104 451 '4 

72 r31 "33 

97 248·39 

27 640·36 

4·950 231 8 89 172·67 

5·018 914 0 104 451 '4 

4·441 543 7 27 640·36 

4 ·855 901 2 

4•638 655 l 

4·9$7 882 5 

4 ·6o2 019- 5 
4 ·638 655 0 

4·441 543 7 

4·441 543 9 

4·503 290 4 

4·641 697 6 

4·6o2 019 6 
4·869 757 3 

4·641 697 5 

71 763 "IO 

43 516 62 

97 248 ·41 

39 996·27 

43 516 ·61 

27 640 ·36 

27 640 ·37 

31 863·27 
43 822·55 

39 996·28 

74 089 ·61 

43 822 ·53 
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Resulting a11gles and sides of Ike third tW .Sout/1 ('11roli11a S<Ytio11 qf t/1e tria11gul11tio11-co11ti11ued. 

No. Statio11s. 

[ 

Pinnacle 

13 Wofford 

Paris 

J 
Mauldin 

14 l Hogback 
Paris 

Mauldin 

Pinnacle 

:Hogback 

Mauldin 

Pinnacle 

Paris 

l 
Rabun 

17 Pinnacle 

Paris 

l 
Rabun 

18 Paris 

Maule\ in 

l 
Rabun 

19 Pinnacle 

Mauldin 

l 
Currahee 

20 Pinnacle 

Paris 

l 
Currahee 

2 r Pinnacle 

Mauldin 

l 
Currahee 

22 Paris 

Mauldin 

l 
Currahee 

23 Rabun 

Pinnacle 

l 
Currahee 

. ..i Rabun 

Paris 

0 

Obser\'t:d 
a11gles. 

II 

12 25 39·20 
9 03 6o ·28 

158 30 21 ·82 

17 55 20"86 

J5 44 50·32 
146 19 47 ·04 

61· .B 51 ·97 

87 44 04 ·47 
30 42 04 "78 

79 29 12·82 
48 46 48 ·02 

51 43 59·07 

IO 13 03 ·44 

153 07 o6·91 
16 39 50·58 

12 52 36'62 

35 04 08·49 
132 03 13·76 

23 05 40 'o6 

104 20 18·89 

52 34 00·94 

I6 29 0.'.! "56 

117 37 44 ·52 
45 53 17 ·70 

18 22 24"·75 

68 50 56·50 

92 46 43·05 

J 53 22·20 

5 50 41 ·36 
172 rs 55·87 

37 42 07 ·37 
1o6 48 35 "JO 

35 29 22 ·39 

54 11 09 ·93 
96 35 31 '66 
29 13 27 ·13 

Correct- Spher- St>her-
tion. 1ca I 1ca I 

angles. excess. 

II " II 

+o ·go 40 'JO 0 '43 
--! ·29 58 '99 0 ·43 
+o ·38 22 ·20 o ·43 

+1 ·81 22 ·67 o ·3J 

+o ·14 50 ·46 o ·32 
,_0·78 47·82 0·32 

-0 '62 51 ·35 0 '94 

+0·92 05·39 0·94 
+1 ·31 06 ·09 0 '95 

~-! ·19. J4'01 0·52 

-0·23 47'79 0·52 
-to·6S 59·75 0·51 

+0·76 04·20 0·63 
+o ·60 07 ·51 o ·63 
-o ·40 50 ·rs o ·63 

+1 ·os 37 ·67 0·96 
+1 ·oS 09 ·56 o ·96 

+1 ·90 15 •66 0 ·97 

+1 ·82 4 1 ·s..-; 1 ·as 
+6 ·82 19 ·71 J ·07 
-to ·70 01 ·64 I ·oS 

+o "J3 02 ·69 l ·93 
+o ·or -l4 ·53 1 ·93 
+o ·87 18 ·57 J ·93 

-to "41 25"16 I ·62 
+o "::?4 56 ·74 I "62 
-0 ·09 .p ·96 J ·62 

+0·29 22·49 0·21 
-O"J9 41 ·17 0"2f 

+1 "IO 56 "97 0 "21 

-t-0·05 07·42 2·04 

+0·63 35·73 2·0~ 

-to ·59 22 ·98 2 ·04 

-\-0 ·17 IO "JO 3 "34 

-0 ·13 31 ·53 3 ·35 
+1 ·27 28·40 3'34 

I.og. 
distances. 

4·63S 655 I 

4·503 290 4 

4·869 757 3 

4 ·4,p 543 5 
4·386 g65 5 
4·697 196 I 

4 ·6,p 697 4 

4·697 196 3 
4 ·405 586 3 

4 ·503 290 3 
4·386 965 6 
4·405 586 3 

Distances in 
n1eters. 

43 516 °62 
31 863·27 
74 089·61 

27 6..io ·35 

:14 376 "J7 
49 796·18 

43 822·52 

49 796·21 

25 44..i·os 

:;1 863 '26 

24 376 ·18 

25 4-l4 ·05 

4·503 290 7 31 863·29 
4·91--.g 644 5 SI 216·55 
4·711 876 7 51 508·24 

4·386 g65 -l 24 376·17 
4·798 278 l 62 846·os 
4·909 644 2 ~l 216·49 

4 ·..ios 586 s 25 444 ·o6 

4·798 278 2 62 846·09 
4·711 876 7 51 508·24 

4·503 290 0 :;1 863 ·24 

4·997 790 0 99 492·42 
4·go6 481 9 So 627·26 

-l "405 586 I 

4·876 702 I 

4 '906 ..i81 9 

4 ·,;86 965 3 
4·876 702 I 

4 ·997 789 9 

25 444 ·04 
75 283 ·90 
So 627·26 

24 376 '16 

75 283·90 

99 492 ·40 

4·711 876 7 51 508·24 
4·go6 481 9 So 627·26 

4•689 285 I 48 897·33 

4"909 644 I 

4·997 789 9 
4·689 285 I 

81 216 ·47 

99 492 ·40 
48 897·33 
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Res11lti11g m~frles and sides of the third or South Carolilla section of tl1e lria11g11lalio11-conti1111ed. 

Stations. Observed Carree- Sp her- Sp her- I.og. Distances iu No. angles. tion. 1cal 1cal 1istances. meters. angles. excess. 

0 II II I/ II 

( Currah~ s6 04 32·13 +0·46 32 'S9 2'S9 4·798 277 9 62 846·04 
2s ·Rabun 83 42 SS ·04 -I 'I9 s3·8s 2'S9 4·876 702 0 1s 283 ·88 

M:a11ldi11 40 12 42 'I I -0·79 4I ·32 2·s8 4·689 28S I 48 897·33 

( Blood 47 4I 3S'68 +0·02 35·70 2·2s 4 °689 28S I 48 897·33 
26 Rabun - s8 42 SI 'I6 o·oo SI ·16 2·2s 4·752 074 5 56 503·38 

Cnrrahee . 73 35 40·63 -0·75 39 ·SS 2·24 4·8o2 267 7 63 426 'o6 I Skltt 48 09 29 'SI +0"·6:-. 30·13 I '29 4·689 285 I 48 897 ·,;3 
27 Rabun 29 04 48 ·28 +I ·38 49·66 I '29 4 'S03 8o1 0 31 900·76 

Currahee 102 45 43 '74 +0·34 44·08 I '29 4·8o6 272 9 64 OI3·69 I Blood 
76 IO s7·23 -o·IS s7·os I '70 4·So6 272 8 64 OI3 •68 

28 Rabun 29 38 02·87 --1 ·38 OI ·49 I '70 4·5I31465· 32 594·66 
Skitt 74 If o6'S7 -0·01 06·56 I '70 4·So2 267 6 63 426·04 I Skltt 

122 20 36·08 +0·61 36·69 0 '7S 4 '7S2 074 5 56 503 ·39 
29 Blood 28 29 21 'S5 -0'21 21 ·34 0·74 4 ·so., 8oI l 3I 900·76 

Curraltee 29 IO 03 'II +I ·og 04·20 0·74 4 'SI3 146 5 32 594·66 I """"~ 45 2s 06·66 -I '26 os·40 2·84 4·752 074 4 56 503 ·38 
30 Blood 86 01 20°096 +o·ss 2I 'S4 2·84 4·898 401 0 79 qo ·91 

Cnrrahee 48 33 40·37 +I '2I 41 ·s8 2 ·84 4 '774 311 9 59 47I ·92 I S•wn<e 
I2 II II "86 -0·34 II '52 0·71 4·503 Soo 9 31 900 '75 

.·n Skitt 148 25 I3'76 -o·s2 13 ·24 0 '71 4·898 401 0 79 140 ·91 
Currahee 19 23 37·25 +o'I2 37 ·37 0 '7I 4 '700 538 9 50 1So·95 I Sawn~ 33 13 54·81 -o ·92 • S3 ·89 l '39 4 ·513 146 5 32 594·66 

32 Blood 57 31 59'4I +0·78 6o·19 I 
038 4·700 539 0 50 I8o·96 

Skitt 89 I4 IO '16 -o·oS ro·os 1·39 4 '774 3II 9 59 47I ·92 

r~, 35 35 42·s6 +2°87 45'43 l '26 4·513 I46 5 32 594·66 
33 Blood 89 29 53·97 +o·8s S4 ·85 I '27 4·748 I6I 8 SS 9g6·62 

Skitt 54 54 23 ·31 +0·2I 23·s2 I '27 4·661 044 I 45 8I8·84 

r~, 62 46 49·64 -I ·63 48'0I I '34 4·700 538 9 50 l8o·95 
34 Skitt 34. 19 46·86 -0·30 46·56 l ·34· 4·502 75I 8 3I 823·78 

Sawnee 82 S3 29·47 -O'OJ 29·46 l '3S 4·748 I6I S SS 996·62 

J Grassy 98 22 32·20 +1 ·24 33·44 l '23 4 '774 3II 9 59 471 ·92 
,,5 Rlood 3I 57 54·56 +o·w s4·66 I '22 4 ·502 751 s 31 823 78 

....-t Sawnee 49 39 34·66 +0·91 35'S7 l '22 4·661 044 3 4S 8I8'86 
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Adj11sfm,;11f <?f l/1e position of lllo1mt 1llitd1dl in .No1·t/1 Caroli11ii, ISi6-I895. 

No.2j. 

Kilometers 
JD 0 10 20 30 .0 D060 70 BO 

JO 5 0 JO 

Roan Higli Blufl: A. H. B., 1894. 
Numher of 
directions. Objects obsen·ed. 

Poore 

Benn 

iviount Mitchell 

Rogers 

Poore, C. 0. B., 1877; A. H. B., 1895. 

2 

King 

Benn 

Mount Mitchell 

Roan 

Rogers 

Be1111, C. 0. B., 1877; A. H. B., 1895. 

3 

King· 

Wofford 

Hogback 

Mount Mitchell 

Roan 

Poore 

Statute Miles 
20 30 

Uirectiom; fro111 pre-
vious acljusttnents. 

0 II 

0 00 oo·oo 

50 00 44·04 
103 30 25·24 

307 2~ 59·43 

0 00 oo·oo 

31 55 20 ·57 
64 18 17 ·14 

84 56 13·76 
144 19 49·So 

0 00 oo·oo 

59 06 35·87 
91 23 08·81 

150 50 13 ·90 
181 58 00·63 
258 56 36 ·u 

Correc-
tions. 

" 

-4·94 

+0·37 

+5"55 
... ·. 

Final 
~ecouds. 

I.I 

20·30 

I7 ·51 



MOUNT MITCHELL. 
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Adjuslmt'lll qf /lie posilio11 of ilI01111t 11Iilchell in North Caroli11a, IS76-IS95-continued. 

Ki11g-, C. 0. B., 1876-77. 
Nu111berof Objects observed. Directions front pre-
directions. \•ious adjustments. 

0 II 

Wofford .o 00 oo·oo 

Hogback 23 20 26·87 

4 Mount Mitchell 61 35 36·94 
Benn 77 18 24·23 
Poore 124 19 48·64 

f.Vcifford, C. 0. B., 1876. 

King 0 00 oo·oo 

Hogback 242 02 40·84 

5 Mount Mitchell 277 39 32·86 
Benn 316 24 52 ·16 

Hogback, C. 0. B., 1876. 

Benn 0 00 oo·oo 
King 34 39 03 ·12 

Wofford 73 21 22·76 

6 Mount Mitchell 309 37 16·84 

N. B.-Observations from Paris in 1875 were too rough for use. 

Co11dilio11;ll r:q11alio11s. 

I. o=+ 4 ·3-0 ·92(1)+ 3. ·98(2)- I •86(3} 
2. o=-142 ·0-5 ·87(2)+u ·35(3)-16 ·2S(4) 
3. o=+ 70·0-5·02(3)+u·69(4)- 3·17(5} 
4. o=+ I ·1-4·03(4)+ 8·47(5)-- 4·17(6) 

Corrdalt'S. 
C, c. 

-0·92 

2 +3 ·9S- 5 ·87 

3 -I ·S6+u ·35- 5 "02 

4 -16 ·2s+u ·69-4 ·03 

5 - 3 ·17+S "47 
6 -4 ·17 

1Vormal eq11alio11s. 

o=+ 4 ·3+20 ·146 C,- 44 ·474 c.+ 9 ·337 C3 

o=-142 ·o +428 ·318 C.-247 ·290 C3+ 65 ·6oS C4 

o=+ 70 ·o + 171 ·905 C3- 73 ·961 C4 

o=+ 1 ·1 +105 ·371 C4 

4192-No. 7-02--12 

C,=+5 ·3648 
C.=+3 ·5738 
C1=+4 ·9863 
C4 =+1 ·2643 

II 

{I )=-4 "94 
(2}=+0 ·37 
(3l=+5 ·55 
(4)=-4 ·99 
(5)=-5 "IO 

(6l=-5 ·27 

Carree- "Final 
lions. seconds. 

II ,, 

-4·99 31 ·95 

-5·10 27·76 

-5·27 II ·57 
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Resulting 011r1l•'R 11.ml side., f1'f•l11 the •.Hl;i11sill1t'nl made to dct..·1·111i11e 11,,, 110Ritio11 •.~f 1llo1111t 11fitchdl. 

No. ::;ta lions. O hse n·ecl angles. Carree- Sp her- ·Spher- Log. dis- Distart~es 
ti on. ical 1cal ta nee~. in tnE:te1·s. angles. excess. 

0 II " ,, II 

rount M;t<holl 95 22 48·23 I ·89 4·864 269 r 73 159 '22 
r Roan 53 29 41 '20 -4 '94 36·26· I"89 4 771 ,PS o 59 o64 ·29 

Benu 31 07 46 "73 -5 ·55 41 ·18 I ·89 4·579 630 9 37 986·64 

rount Mi«holl 39 -~o 56·41 ,\ ·33 4·846 167 I 70 172 ·52 
2 Poore 32 22 56·57 +0·37 56·94 3 ·34 4 ·771 325 I 59 o64 ·30 

Benn 108 01? 22 ·2r -5·55 16·66 3·33 5·020 471 2 104 826·53 

rouut Mitcl>ell 52 57 48·39 7 ·53 4 ·973 743 9 94 133 ·44 
3 Poore 64 18 17 '14 +0·37 17 ·51 7·53 5·026 388 2 J06 264·50 

King 62 44 I I '70 +4'99 16·69 7·53 5 '020 471 2 104 826 ·53 

r···· Mit<h<ll 34 04 ro·So 5 ·oo 4 ·Soo 2rn 3 6· 126·29 _, 
4 King 61 35 _>,6·94 -4·99 31 ·95 5·00 4·974 551 7 94 308·69 

Wofford 82 :?O 27·14 +5 ·ro 32 ·24 4·99 5·026 388 3 1o6 264·52 

rount Mitcl"ll 20 39 07··47 1 ·s6 4·602 019 6 39 996 ·28 
5 Wofford 35 36 52·02 -5·rn 46·92 I 086 4·819 781 3 66 036·08 

Hogback 123 44 05·92. +5·27 l l ·19 I ·S6 4·974 551 7 94 3o8·69 

7. FIRST SECTION OF THE TRIANGULATION WEST OF THE ATLANTA BASE NET, 

GEORGIA AND ALABAMA, 1873-1875. 
No.2S. 

• Kilometers 
JD 0 ro oo ~ ~ ~ oo ro ~ ~ ~ 

Statute Miles 
JD 0 10 20 30 •o 60 

This triangulation is located in G~orgia and Alabama, and is of the same complex 
character as the Atlanta base net. It depends for the length of its sides upon the 
Atlanta base, and on the accompanying sketch is shown, by two heavy lines, the 
connection with the base net.* The section depends for· the length of its sides directly 

* l'Jte computation und ndjust111e11t 1nade in 1878 and retui'ne<t. here has no corrections applied to the directions for 
height of stations oh~erved. ·rhese are too snrnll in compari~n with the t)h!-'erving error to require ~pec1al con~h:leration· 
ln a newcon1putation it would have sufficed to lin1it the sef°c.llu./s of the angular direction~ to two places of deci1nals. 
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upon the Atlanta base. It is composed of 22 triangles. The angles were measured 
by Assistants F. P. 'Webber and C. 0. Boutelle, in the years 1873-74-75, and five 
different instruments were eii1ployed. Weights to the several directions .were intro
duced in the adjustment, depending in part on the approximate probable errors of 
the observations at a station and in part on the closing errors of the triangles. \Ve 
have the mean error of a triangle from the sum of the squares of the closing errors 

= /62 "586 = ±1"·69, and that of an angle=± 0"·97: also the probable error of a direc-V 22 

I 
0 69 

tion = 0·674--y- = ±0"·46. From the approximate probable errors of the observed 
· v6 

directions, as given in the abstracts of the respective stations, we have the average 
value E,=±o"·rs, hence the square of the triangle combination'error E/= (0"46)° 
-(0·18)° = o·rs, and adding this· to the square of E

1
, we have e= rlp=Ec"+E",', whence 

the relative weight p to each direction. We have also the ratio of the greatest to the 
least weight 2 • 53 to I. 

The approximate heights of the stations above the Atlantic are as follows: 
Meters. Feet. 

Carnes 396·9 I 302 

Lavender 515·2 I 690 
Johns 577"4 I 894 
Indian 603·-1 I 9&> 
Gulf 61.n 2 :!09 
Branrlon ,5JI"8 I 679 

Abstracts of l1ori::o11tal dirfflio11s at slatio11s composing Ille .first sedio11 ;(•est ,f tile ,-/lltmta base ·11et, 
1873-1875. 

/\mo·saw, Cobb County, Georgia. June 23 to July 18, 1873. 75'"' direction theodolite No. 1. F. P. 
\Vebber, observer. 

Nmnberof 
directions. Objects obsen·ed. 

Resulting directi•:ins 
fron1 pre,·ion~ ad
_justment of net. 

Correct;ons 
from adj_ust-
1ne11t of hrst 

Final 
seconds. 

7 
s 

Sweat Mountain 

Carnes 

Lavender 

Pine Log 

Phu Log, Bartow County, Georgia. 

2 Carnt:s 

3 Indian 

Coosa 

4 Lavender 

5 Gulf Point 

6 Johns 

Cohutta 

Grassy 

Sweat Mountain 

Kenesaw 

0 II 

0 00 00·049 

224 20 . 15 ·063 

252 07 00 "702 

303 37 22 ·129 

vt:ction. 

II 

-2 ·019 

+2 ·009 

II 

I,~ "044 

02·711 

July 29 to September 17, 1874. 30""' re pea ting theodolite No. 32. 
F. P. \Vebber, observ.,r. 

0 II I/ II 

0 00 oo·ooo -0 "7IO 59 ·290 
22 30 38·597 +1 ·030 39·627 

36 17 34·507 

46 28 35·508 +o ·225 35·733 

70 19 50·2So +0·~51 50 ·531 

S-1 39 43 "I-13 +o·-171 -13 ·6q 

141 29 12·849 

193 TO 39·409 
285 37 II "339 

308 19 39 ·128 

l\'Iean correction +o ·253 
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,,.lbslmds of liorizo11tal dirt'Clio11s al stalio11s composing l/1e first sedio11 w.·st of tl1e Atla11la base net, 
rSiJ-FS75-conti111ied. 

Swt"al 1l101111tai11. Cobb Cmmty, Georgia. 
. No. 1. 

Number of 
directions. Objects observed. 

Kenesaw 

Carnes 

Pine Log 

Grassy 

September IO to October 3, I873. 
F. P. Webber, observer. 

Resulting directions 
from pre,~ous ad-
justment of net. 

0 II 

0 00 00 ·016 

32 34 43 ·017 
IOO 54 55·552 

145 16 24·564 

75<m direction theodolite 

Con·ections 
from adjust- Final 
ment of first seconds. 

section. 

" " 
-0·203 42 ·Sq 

Grassy, Pickens County, Georgia. July I3 to 28, 1874. 5o'"11 direction theodolite No. 3. C. 0. 
Boutelle, observer. 

0 II ,, 
" Sawnee 0 00 00·228 

Sweat Mountain 43 29 35·930 
Kenesaw 51 39 3I ·927 
Pine Log 86 4I 37·784 

9 Johns 131 59 I7 "OOI -2 ·193 14"868 
Cohutta 183 I5 38·93 
BlOQ(l 261 37 28·o6 

Skitt 297 13 10·62 

Canies, Polk County, Georgia. November 17 to December 27, 1873. 3o<m repeating theodolite 
No. 32. F. P. Webber, observer. 

Number of Results from local Approximate Corrections Final 
directions. Objects observed. adjustment. probable from adjustment seconds. error. of first section. 

0 " " " " 
14 Kenesaw 0 00 oo·ooo ±0·10 -0·456 59 ·544 

Lost Mountain 7 04 48 ·139 0·14 
IO Inclian .. 183 44 53·383 0 ·12 -1 ·345 52·038 

Coosa 230 04 00·691 0 ·16 

II Lavender 232 44 T2 "747 0·12 +0·920 13·667 
12 Pine Log 310 57 24·950 0·10' --o '045 24·905 

Pine Mountain 317 59 30·451 0·14 

13 Sweat Mountain 348 q 27·327 0 "I2 +0·934 28·26I 

Mean correction -0·002 
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Abstmds of /1ori::o11lal diredio11s at stalio11s composing the fi1·st seclio11 zc•est qf t/1e rltla11fa base net, 
I 87 3-r875-contin ued. 

Laz•e11d • .,., F'loyd County, Georgia. October 12, 1874, to January 301 1875, and August 6 to 12, 1875. 
30""' repeating theodolite No. 32. F. P. \Vebber, observer. 

Numherof Objects obsen-ecl. Results from local Approximate Corrections Final 
directions. adjustment. probable from adjustment seconds. error. of first section. 

0 " " " " 
19 Pine Log 0 00 00'000 ±0·07 +0·324 00·324 

Pine Mountain 17 49 59 ·135 0·16 

20 Kenesaw 30 20 51 ·197 O'II -I ·058 50 ·139 
21 Carnes 55 18 18·473 O'IO -0·267 18·206 

Coosa, 1!!e.r!:. 63 25 38 '3I5 0·09 

I5 Indian III 29. 54 716 0·09 +0·234 54·950 
\Veisner 137 35 3~·33 0·32 

16 Brandon 189 35 3I •660 o·oS +o ·171 3I •831 

17 Gulf Point 244 IO 24·069 0·08 +0·673 24 742 
18 Johns 297 42 46·29I 0 'II -0·108 46 ·183 

Cohutta 316 04 49 ·376 0 'I2 

Mea11 correction -0·004 

johns, Walker County, Georgia. May 12 to June 21, 1875. 30""' direction theodolite No. 107. F.P. 
\Vebber, observer. Circle userl in XXI positions. 

0 II ,, ,, II 

26 Gulf Point 0 00 00'000 ±O'IO +0·394 00·394 
Pigeon I7 13 25·438 0 ·31 
High Point 44 15 12 782 0'20 
Cohutta 145 15 56·S 

22. Grassy 191 23 00 ·153 0'20 -·I '240 58·913 

23 Pine Log 2I7 34 29 '722 0·24 -t-o ·672 3o·394 
24 Indian 294 07 26 '733 0 ·16 +0·247 26·980 

25 rJavender 297 o6 13 ·557 0'20 -l '102 13·455 

Mean correction -o·oo6 

I11di1111, Cherokee County, Alabama. July 24 to August 2I, 1875. 3o•m direction theodolite No. 108. 
F. P. Webber, observer. Circle used in XVII positions. 

0 , " /I " II 

29 TJa vencler 0 00 oo·ooo ±0'06 -0·244 59 ·756 

30 Johns 3 14 05·050 0·17 -0·176 04·874 
Cohutta 15 28 22 ·9 
Coosa 16 44 04·052 0'22 

3I Pine Log 44 32 II ·956 0·15 +1 ·991 13·947 

32 Kenesaw 72 53 48·127 0'12 +0·729 48·856 

33 Carnes 74 49 05 'I44 0 ·15 -0·504 04·640 
Cheehahaw* 189 I6 07·563 
Aurora 259 21 48·653 0 '12 

27 Brandon 301 16 21 ·883 0 ·16 -0·397 21 ·486 

28 Gulf Point 335 22 153·053 0 ·15 -l ·418 51 ·635 

Mean correction -o ·003 

*Ohsen·ed December 3 to 19, 1885, by O. H. Titt111ann, with 5.;<111 direction theodolite No. 114. 
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• -lbsi1<1ds qf iiori=o11tal diln:tio11s at stalhl//s Ct>111posi11g· tlie first Sfflio11 zc•est <!f /lie .-ltla11ta base 11d, 
JSij-FS75-continued. 

G11(f Point, Walker County, Georgia. September I4 toOctober9, rS75. 30"111 direction theodolite No. 
roS. F. P. \Vebber, F. D. Granger, and J. H. Christian, observers. Circle used in XVII positions. 

Numherof Results fron1 local Approximate Correctio11s 

directions. Objects obsen·ed. adjnstntent. pro ha Lie from adjustment 
t:"rror. of Ii r:;t st:ction. 

II II II 

High Point 0 00 00"000 ±o·os 

Pigeon 28 39 II ·07r 0·32 

Cohutta 55 29 34 ·156 0 ·16 

34 Johns 75 49 36 751 0·25 -! ·391 

35 Pine Log 99 04 '4 ·149 o ·rs +0·959 

36 Lavender 139 2· ·' 30·004 0"'4 -o ·138 

37 Indian 162 05 54·020 0"20 +0·362 

38 Brandon 2!0 oS 59 'SII 0 ·17 +0·054 
Gunter 250 04 42 ·4oS 0 ·45 

Mean correction -o ·031 

Bra11do11, Dekalb County, Alabama. December 6 to ~6. 1875. ... ;ocm direction theodolite 
F. P. \Vebber, observer. 

0 II II 

Aurora 0 00 oo·ooo ±O'II 

Gunter 61 36 36 ·507 0·19 

39 Gulf Point 168 JO 14 ·156 0·36 

40 Lavender 222 49 54·438 0 ·30 

41 Indian 266 00 43"001 0·31 

Weisner 293 13 43·092 0'21 

l\lean correction 

Obs,·rmtio11 t-quatio11s. 

I o=-0·472- (1)+ (2)-(12)+(13) 

II o=-0·426- (7)+ (1)-(13)+('4) 

III 0=+3·167- (Sl+ (4)-(19)+{20) 

IV o=-3·443-(11)+(14)- (7)+ (8)-(20)+(21) 

v 0=+0·752- (6l+ (9)-(22)+(23) 

VI 0=+0·095-(18)+(19)- (4)+ (6)-(23)+(25) 

VII ·o=-0·544-(10)+(12)- (2)+ (3)-(31)+(33) 

VIII o=-2·505- (10)+(II)-(21) +(15 )-(29) + (33) 

IX o=-2"293- (5)+ (6)-(23)+(26)-(34)+(35) 

x I 0=-2·034-(28}+(31)- (3)+ (5)-(35)+(37) 

XI I o=-3·144-(28)+(30)-(24)+(26)-(34)+(37) 

XII: o=--0·120-(27)+(29)-(15)+(16)-(40)+(41) 

XIII : o=-q67-( 16)+(17)-(36)+(38)-(39)+ (40) 

XIV : 0=+0·827-(27)+(28)- (37!+(38)-(39)+(41) 

II 

-o·,:.~S 

+0·138 

+0·164 

-O 'Oil 

Final 
second~. 

II 

35 ·36o 
15 ·108 

29-866 

54 ·.~82 

59·565 

No. rnS . 

II 

13'818 

54·576 

43·165 

xv I 0=+1·3s2+o·s2S6(14)-:1'01q(13l+o·1s2S(12)-0.3295(1) +0·1664(2) 

XVI I 0=+8·023+6·6o14( 14)-6•6o14( 10)-0·0398 ( 7)+12·5171 (33 )-12·S777(32)+0·36o6( 31) 

I -0'6745(2)+0·5081(3) 
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XVII o=+S·66i+6·6oq( q)-6·6oq( ro)-0·59,~4(2r)-t-0·4524(20)-t-0·14ro( 15)-r2·8777 (32) 

-t-0·3997(8)-0·3997( 7 )-t-12·82o6(33 )-t-0·0571( 29) 

XVIII o~-t-r425--0·2S68( 2r )-f-0·1410(15)-f-o. 1458( 19) -t-0·3035(33) -t-0·0571 ( 29 )-0·36o6(3r) 

-t-0·3o~r ( 2 H-0·2000( 4)-0·508 r (3) 

XIX o=-0·7or-4·006r ( 25 )-f-4·0450( 24)-0·0389(23) -3 ·5115( 29)-f--~·7255(30) -o·'.?qo(31) 

+0·7414(4)-0·2677 (6)-0·4737(3) 

XX o=-1·290-4·l528( 25) -t-4·0450( 24)-l-o·1078(26)-.i ·_r850( 29 )-t-3 ·7255 (30 )-t-0·4595( 28) 

-0·6o79 (36) -t-o·ro47U4l-t-0·5032(37) 

XXI o=--0·736-t-o·.:?662( 18)-o·r556( r7)-0·1ro6(19)-:--o·ro47(36)-u·3S55 (34) +0·4902(35) 

-0·2677 (4) -0·5564( 6) +0·8241 ( 5) . 

XXII 0=+0·219--0·3316( 29) -t-0·4595( 28 )-o· u79( 27)-0·429j(36)-t-0·5032 (37)-0·0735(38) 

+0·3737(40) -o.·2244(41 )-o· '493(39) 

XXIII o=-I ·514-0·11o6( r8)-0·3596(20)-t-0·4702( 19)-0·0389( 25)-0·4281(22)-t-0·4670(23) 

-0·1674(8)-0·2084( 9) 

The reciprocals of the relative weights to the several directions introduced into the 
correlate equations are as follows: 

Di rec- Di rec- Di rec~ I Direc-
ti on. p tion. p tion. p tion. p 

I "13 12 0·::;7 23 r ·os 34 I 'II 

2 o·S8 I' _, 0·90 24. 0·95 35 0·97 

3 0·90 q 0·87 25 1 ·or 36 0·92 

4 0·86 15 o·S7 26 o·8S 37 l ·or 

5 o·S9 16 o·S6 27 0·94 38 0·96 
6 0·90 17 0·86 28 0·93 39 I ·40 

7 I '43 18 o·S9 29 0·85 40 I '24 

8 2 ·rs 19 0·85 30 0·96 41 I '26 

9 I ·q 20 o·ss 3r o ·93 
Jn 0·90 21 0·87 32 0·89 

II 0·89 22 r··or 33 o.·93 

The average value of 2- equals I. 
. f 

1Vor111a! cq11atio11s. 

No. c, c. c ·' C4 C; C6 C7 Cs C9 CJ., Cn c .. C1~ Cr4 

l 0=-0·472 +.,7~':) -2·0.~ -1·75 
-0·426 +4 -.,3 +2"30 

3 +3"167 +4 '74 -3·03 -1·71 

-3 ·443 +7-09 -I"j6 

5 +o 7~2 +4 ·13 -1 ·9S -1·9S ...... ...... ...... 
6 +0·095 +~·59 +1·9S 

7 -0·544 +s·41 +1 '83 --1 ·S3 

s -2·505 +s·31 -1 ·72 

9 - , ·293 I +s·s.; -1 ·86 +1 ·90 
JI) -2·034 ...... ...... ...... ...... ······ ...... +s·63 +1·94 -1 ·94 • I 

+s·S4 II -3·144 I -1·94 

12 -o·,~o I +6·02 -2·10 +2·~ 

13 -1·167 I +6·04 +>"36 

14 +0·~07 +6·50 

15 +1 ·382 ...... ...... ...... . ..... ...... ...... ...... ...... . ..... ······ 



184 THE EASTERN OBLIQUE ARC. 

Normal eq1111lio11s-co111pleted. 

No. C!S C•6 C•7 C•S c·~ C"" c .. c02 C•• 

-0·55054 -0·59356 +0·2;113 

+r ·25881 +5·8oo13 +6·31479 

3 -0·46125 +0·04507 +0·6376o +0·13621 -0·35621 

+0·72oSS +5 ·Soo13 +6·2597S -0·2w52 -0·04346 

5 +0·1~92 +0·50076 +0·69916 

6 -o·o.v3o7 -4 "88265 -4 "1943.\ -o·0014; -0·04555 

7 +0·01261 +18·29765 +17•86441 -0·11oS1 -0'2.?731 

s +17·58216 +1S·454S1 +0·6o590 +• "9'5477 +3"55724 +o. 2S1S6 

9 -0'19'~92 -0·02136 -0·33oSJ -0·50436 

JO -0·12193 +o ·12193 +0·22731 +0·0809" +o ·25796 +o·oS090 

II -0·26627 -o ·20073 +o '4::!i9J +o "c>"°90 

12 -0·07413 -0·07413 -2·95477 -3 ·55724 -0"90776 

13 +0·55927 -0·03750 +0·99717 

14 -o "(•>lo?> -0·10495 

15 +1 ·694oS +4 "66oo6 +4 •75883 +0"04SI2 

16 0=+8·023 +371 "19343 + .. \i3 ·99329 +2"9¢86 -o ·28839 

17 +s ·661 +37S ·66768 +3"78681 -0·170-1-2 -0·20311 -o ·01f>o9 -o ·2S70J 

18 +1 ·425 +0·66659 +0·4549 -0·20311 -0·05975 -0·01609 +0·05827 

19 -0·;01 +56·34184 + 5s ·16026 -0·03663 +•>"98975 +0·137j8 

20 -1 ·290 ........... ··········· +61 ·987$.j +0·01375 +I '8/~JO +0·16.;16 

21 -o·;.\6 +1 •447!0 +0·04139 -O'Oi041 

22 +0·2191 +1 °orJ3S3 

23 -I "514 , +·:--·S4453 

Res11/li11g cmrdales. 

C1 =-0·323r c 1=-0·2582 C,3=fo ·9330 C,9=+2 ·0506 
C,=-07134 C s=+2 ·1722 C,.=-0·8156 Coo=-2 ·0409 
C1 =+0·4736 c 9=+0·8873 C,5=-o ·639S c •. =+o ·9664 
C,=-i·I ·1388 Cro=+o ·3726 C16=-.? ·S112S C.,=to ·S2i8 
C5=-o ·8917 c .. =-o ·21 98 C,1=+2 "74i7 Coi=-i-4 ·951 I 
C6=-o·r68S C12 =+T "1322 C,8=-8 ·2162 

Rt'sulti11g ,-,1rrfflio11s to ,1/>s,·1-r1,·d direclio11s. 

II II II II 

r)=-0·2028 ( l 2) =-0 ·0452 ( 23) ==+o ·6722 (34)=-I "3909 
( 2) -0 "]IOI ( 13) +0·9336 (24) +0·2466 (35) +o ·9589 
( 3) +r ·0297 ( 14) -0·4563 (25) -0 ·1022 (36) -0·1375 
( 4) +o ·2247 (15) +0·2338 (26) to ·3937 (37) +0·3621 
( 5) +0·2512 (16) +0·1713 (27) -0·3973 (38\ +0·0541 
( 6) +0·4706 ( 17) +0·6i30 (28) -I ·4185 (39) -0·33So 
( 7) -·2 ·0189 (18) -o·roSo (29) -0 ·2438 (40) +0·1375 
( 8) +2 ·0094 ( 19) +o ·3237 (30) -0 ·1759 (41) +0·1643 
( 9) -2 ·1929 (20) --l ·0584 (31) + 1 ·9913 
(10) -1 "34-.iS (21) -0·2671 (32) +o ·7289 
(II) +0·9197 (22) -I "2404 (33) -0·5op 

Meanerrorofadirectionofunit weight /£P•'~= /3!?· 1 =±r"·rs. 'V 11 v 23 
The average weight being unity, we have the probable error of an observed direc-

tion = ± 0"·79. • 
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Resulting 1m.g-les a11d sides of 1/1<~ first sfftio11 west Qf 11,,, A!la11ta base 11el. 

Correc- Spher- Sp her. Log. clis- Distances in No. Stations. Oh~erved angles. tious. teal teal~ tances. meters. angles. excess. 
0 " .II " /I 

. \ Cam~ 49 02 35·050 -o ·41 r 34·639 I ·295 . 4 ·587 666 4 38 696·03 
l Pine Log 51 40 20 ·872. -0·710 20·162 1·295 4·6o4 183 7 40 196·08 

Kenesaw 79 17 07·066 +2 ·ors 09·084 I ·295 4·701 967 7 so 346 ·3r 

\ Dune• 37 17 02 ·377 +0·979 03·356 I ·348 4·516 084 0 32 815·88 
2 Pine Log 74 22 48·661 -0 710 47·95r 1·349 4 7r7 436 4 52 171 ·87 

Sweat Mountain 68 20 12·535 +0·203 12·738 l ·348 4 701 967 7 50 346·3r 

r=~ 
II 45 32 ·673 -I ·390 31 ·283 0·362 4 ·182 214 9 rs 213 ·oo 

3 Sweat Mountain 32 34 43·001 -0·203 42 798 0·362 4·604 183 7 40 196·oS 
Kenesaw 1.)5 39 44 '9'-"6 +2·019 47·005 0·362 4·717 436 4 52 171 ·87 

[ La .. •dtt 30 20 51 ·197 -I ·382 49·815 l "946 4·587 666 4 38 696·0.) 
4 Pine Log 98 oS 56·380 +0·225 56 ·6o5 I ·945 4 ·S79 770 2 75 817·63 

Kenesaw 51 30 21 ·427 -2·010 19 ·417 I ·946 4 777 750 8 59 944·70 

\ ..... ,, .. , 24 Si 27·276 +o 791 28·067 I "204 4·6o4 183 7 40 196·08 
5 Kenesaw 27 46 45·639 +4 ·028 49 "667 I "204 4·647 387 9 44 400·50 

Carnes 127 15 47'253 -I ·376 45·877 I '20.) 4·879 770 2 75 817 ·63 

r La,·en.;ler 55 18 18·473 -0·591 17'882 I ·S54 4·701 ¢7 7 50 346 .. 31 
6 l Pine Log 46 28 35·508 +0·935 36·443 I ·854 4·647 387 9 44 400·50 

Carnes 78 IJ 12°203 -0·965 II ·238 I ·855 4 ·777 750 8 59 944·70 

[ jolm• 26 II 29·569 +1 ·912 3r ·481 I "453 4 ·525 240 8 33 515 '12 
7 Grassy 45 17 39"277 -2 ·193 3;·o84 I '453 4 ·732 129 0 53 967·09 

Pine Log 108 30 56·266 -0·471 55·795 I "454 4·857 350 9 72 003·05 

( '°""""' 62 17 13 709 +o ·432 q ·qr l •695 4 732 129 0 53 967 ·09 
8 Johns 79 31 43·835 -0·773 43·002 l •694 4 ·777 750 s 59 9'l4 70 

Pine Log 38 II 07·635 +0·246 07·881 I •695 4 ·576 176 5 37 685 ·69 

r Indian 44 32 II ·956 +2 ·235 14 ·191 l ·641 4 ·777 750 8 59 944 70 
9 l Lavender III 29 54•716 -0·091 54·625 l ·640 4 ·900 488 9 79 522·29 

Pine Log 23 57 56 "9II -o·Sos 56 ·1o6 I ·641 4·540 524 3 34 715 ·57 

( Jndi•n 41 18 o6·go6 +2 ·167 09·073 3·215 4·732 129 0 53 967·09 
IO Johns 76 32 57 "OII -0·425 56·586 3 ·216 4·900 488 9 79 522 ·29 

Pine Log 62 09 04·546 -0·559 03·987 3 ·215 4·859 roS 3 72 295·or 

[ La"'"''" 173 47 o8·425 +0·342 oS 767 0'120 4 ·859 108 3 72 295·or 
11 Johns 2 58 46·824 -0·348 46·476 0 ·120 4·540 524 3 34 715 ·57 

Indian 3 I4 05·050 +o ·ofq 05 "II7 0 '120 4·576 176 5 37 685·69 

[ Indi•n 30 16 53 ·188 -2 ·495 50·693 1·299 4·701 967 7 50 346·3r 
12 Pine Log 22 JO 3S '597 +r 740 40 ·337 I ·299 4·582 375 3 38 227 ·45 

Carnes 127 12 31 •567 +r ·299 32·866 I ·298 4·900 488 9 79 522 ·29 
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Res11/li11g angles and sid,·s of Ille first section west of l/1e· .·.Jlla11/<1 bas,· 11d-continued. 

No. Stations. 

I 
Indian 

13 Lavender 
Carnes 

I 
Gulf Point 

14 Johns 
Pine Log 

! 
Gulf Point 

15 Pine Log 

Lavender 

I Gulf Point 

16 Johns 

l Lavender 

I 
Gulf Point 

17 Pine Log 

Indian 

I 
Gulf Point 

18 Lavender 

Indian 

I 
Gulf Point 

19 Johns 
Indian 

I 
Brandon 

20 Lavender 

Indian 

I 
Brand<Jn 

21 Gulf Point 

Lavender 

I 
Indian 

23 Pine Log 

Kenesaw 

· J Indian 
24 Lavender 

l Kenesaw 

l 
Carnes 

25 Indian 

Kenesaw 

0 // 

i.J. 49 05 ·q4 
56 11 36 ·243 

48 59 19"364 

23 14 37 ·398 
142 25 30 ·278 

14 19 52 •863 

40 19 15·855 
23 51 14 ·772 

115 49 35 ·93t 

63 33 53 ·253 
62 53 46·443 
53 32 22·222 

63 OI 39 ·871 
47 49 II "683 
69 ~ 18·903 

22 42 24 ·016 

132 40 29·353 
24 37 o6·947 

86 16 17 ·269 

65 52 33·267 
27 51 II "997 

43 IO 48 ·563 
78 05 36 ·944 
58 43 38 "Il7 

54 39 40 ·282 
70 45 29 ·507 
54 34 52·409 

97 so 28 ·~tis 
48 03 05·491 
34 o6 31 ·170 

28 21 36 ·171 

i4 JO 59 ·469 
77 27 

72 53 48·127 
Sr 09 03 ·519 

25 57 

176 15 06 ·617 

I 55 17 "017 

1 49 

Correc
tions. 

,, 
s;~~r- sr:a~r-

a ngl es. excess. 

II II 

-o ·261 04 ·s83 i ·086 

+o 0 501 36 "744 I ·085 
+2 °265 21 °629 I ·085 

+2 ·351 39."749 0 ·944 
-o ··278 30 ·ooo o ·944 

+o ·220 5-' ·o.~3 o ·944 

- I "096 J4 "759 l 71.) 
~-0·026 14·798 1 ·713 
-0·349 35·582 l ·713 

+ l . 254 54 ·507 0 ·963 
-t-0·496 46·939 0·962 
-o ·781 21 ·441 0 ·¢2 

-0 ·597 . 39 ·274 4 ·164 
-0·779 10·904 4·164 

1-0·500 24·516 0·810 

+0·440 29·793 o·Srr 
+1 ·175 08·122 o·8rn 

+r 754 19 "023 l •893 
+0·147 33·414 l ·892 
+1·243 13"240 I ·892 

+o "027 48 "590 I "248 
-o ·002 36 ·882 r ·248 

+o "155 38 "272 I ·248 

+o "475 40 757 I "122 
+o ·191 29 ·698 1 ·121 
+0·501 52·910 I "122 

+o ·502 29 ·34; r ·559 

-0 ·3oS 05 ·183 I ·56o 
-1·021 3o·q.9 1·56o 

--'I "262 34 "909 2 "509 
-t- I ·030 6<J ·499 2 ·509 

32 ·us 2 ·sos 
+o "973 49 "IOO 2 "204 
+1 ·292 04 ·8rr 2"·io3 

12·700 2·204 

+o ·888 07 ·sos o ·085 
-l ·232 15 ·785 0 •o85 

36'g65 0·085 

Log. di"
tances. 

Distances in 
111eters. 

4·647 387 9 44 400·50 
4·582 375 3 38 227·44 
4·540 524 3 34 715·57 

4·732 129 0 53 g67·09 
4"921 107 I 83 3~8·67 

4·529 538 0 .)3 848·38 

4·777 750 8 50 944·70 
4·573 619 2 37 464·44 
4·921 107 0 83 388·67 

4·576 176 5 37 685·69 
4·573 619 2 37 464·44 

4·529 537 9 33 848·38 

4·900 488 9 79 522·29 
4·820 337 I 66 120·64 
4·921 TOi o 83 38S·67 

4·540 524 3 34 715·57 
4·820 337 I 66 120'64 

4·573 619 2 37 464·44 

4·859 1oS 3 72 295·or 
4·820 337 I 66 120'64 

4·529 537 9 33 848·38 

4 ·540 524 3 34 715·57 
4·695 837 9 49 640·70 
4 ·637 099 2 43 36cJ ·99 

4 ·573 619 2 37 464"44 
4·637 099 2 43 36o·99 
4·573 188 9 37 427·33 

4·S20 33i r 66 r20·04 

4·695 837 9 49 640·70 
4·573 rSS 9 37 427·33 

4·587 666 4 38 696·03 
4·894 214 2 78 381 ·61 

4 ·900 488 9 79 522·29 

4·879 770 2 75 817 ·63 
4·894 214 2 78 38r ·61 

4·540 524 3 34 715·57 

4·894 214 2 78 381 ·61 

4·6o4 183 7 40 196 08 
4·582 375 3 38 227·45 
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8. THE SECOND SECTION OF THE TRIANGULATION WEST OF THE ATLANTA BASE 

NET, GEORGIA AND ALABAMA, 1875-1887. 

This section is of the same complex composition as the preceding section: it is 
shown on tqe following sketch; for distances and positions it depends upon the 
two sides marked by heavy lines. Eight observers ·took part in the work, which 
was executed between the years r 87 5 and l 887, but this includes an interval of eight 

No.29. 

Kilometers 
ID o ro w ~ w w ~ ro ~ oo ~ 

St.at.ute Miles 
10 0 10 20 30 •o 50 llO 

years during which the work was suspended. The figure comprises 8 new stations 
connected by 16 triangles and the adjustment involves 18 conditions to be satisfied. 
From the sum of the squares of the closing errors of the triangles we have the mean 

error · / i9·54 = ± 1 11 '36 and that of an angle ±0"·78, also the probable error of a 
" 16 

1'~6 
direction = 0·674 ;

6 
= ±0"·37. Unit weight was assigned to each direction. 

The approximate elevations of the stations are as follows·-
Meters. l'eet. l'leters. Feet. 

Gunter 436 I 430 Wilson 36o I 18o 

Aurora 428 I .104 Warnock 435 I 428 
Rowe 461 I 512 Cahaba 461 I 513 
Summit 36o I 181 Cheehahaw 734 :2 407 
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Abslracls of liorizo11tal diredio11s at statio11s composing llu: second seYlitm of flit' lria11gttlatio11 west of 
t/1t' Atla11/11bast'11et, IS75-I8S7. 

Gulf Poi11t, \Valker County, Georgia. September 14 to October 9, I87s. 3<>'"" clirection theoclolite 
No. roS. F. P. Webber, F. D. Granger, and J. H. Christian, observers. 

Corrections 
Number Resultin~ directions 'from adjust- Final of direc- Objects observed. from a justment ment of seconds. lions. of Ii rst section. second sec-

tiou. 
0 /I II II 

High Point 0 OQ. s9·969 s9·969 
Pigeon 28 39 II "040 
Cohutta SS 29 34·12s 

5 Gunter 2so 04 42 ·377 +o·os7 42·434 

Bmndo11, Dekalb County, Alabama. December 6 to I7, r87s. 30""' direction theodolite No. 1o8. 
F. P. Webber, observer. 

0 /I /I /I 

3 Aurora 0 00 s9·989 -0·337 s9·6s2 

4 Gunter 6r 36 36·496 +0·938 37 ·434 
Gulf Point I68 IO I3°818 
Indian 266 00 43 ·r6s 
\Veisner 293 13 43·081 

I11dia11, Cherokee County, Alabama. July 24 to August 18, I87s. 3o<ru direction theodolite No. roS. 
F. P. Webber, obsen•er. December 3 to I9, 188s. SO'"" direction theodolite No. 1 q. 0. H. 
Tittma1m, observer. 

0 ,, ,, II 

Lavender 0 00 S9 ·7s6 S97S6 
Cohutta, Grassy !,\fountain lS 28 22·9 
Coosa 16 44 04·os2 
f''h~t=-hQl1o::1·nr ·"- .&: .... - .,,..t:. .... ""'• •C-

-; ·~-;· 

2 Aurora 2S9 2t 48·6so --1 '844 46·So6 
Brandon 3or I6 21 ·486 
Gulf Point 33S 22 SI ·635 

G1111lt'r, Marshall County, Alabama. July 21 to August is, 1877. 3o<1
" direction theodolite No. 108. 

F. D. Granger, observer. 
0 ,, /I II 

18 Rowe 0 00 oo·oo +0·4s 00'4S 

I4 Guli Point I79 48 34·80 -1 "I2 33·68 
IS Brandon 2I3 19 I7 ·So +o ·6o 18·40 
16 Aurora 276 S2 OI "30 -0·17 01 ·13 

17 Summit 3II 07 24·82 +0·24 2s ·06 

Probable error of a single observation of a direction (D. and R. ), c, = ± 111 ·s8. Circle used in 
XVII positions. 
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Abstracts <?f /1orizo11tiil dir,;ctio11s at stations composing th,; seco11d s,;ction of t/z,; tria11g11lation west of 
tlze Atla11/a base 11et, I875-ISS7-continued. 

Aurora, Etowah County, Alabama. June 6 to 20, 1877. 3o<m direction theodolite No. 108. F. P. 
Webber, observer. April 14 to May 8_, 1886. 50"" direction theodolite No. r 14. O. H. Tittmann, 
ohserver. 

Corrections 
Nt1mber Rest1ltin8: directions from adjust- Final of direc- Objects obsen•ed. from a jt1stment ment of seconds. lions. of first section. second sec-

lion. 
0 II II II 

Azimuth Mark 0 00 oo·oo oo·oo 
6 Indian 33 25 53 76 -0·06 53 70 

\Veisner 38 53 43·30 

7 Cheehahaw 87 46 50·31 -0·28 50·03 

8 Cahaba 148 48 14·92 +0·20 15 ·12 

9 \Vornock 184 04 18 "77 +0·05 18·~2 

JO Summit 216" 19 35·52 ·+0·07 35 ·59 
II Rowe 257 36 IO "13 -0·05 JO"o8 

Moore 275 36 II ·38 

12 Gunter 294 28 55·38 -0·62 54 76 

13 Brandon 349 19 38 ·19 +0·68 38·87 

Probable error of a single observation of a direction (D. and R.) in 1877, e, = ± J" ·80. Circle 
used in XVII positions. 

Probable error of a single observation of -1. direction (D. and R.) in 1886, e,=±011 ·79. Circle used 
in VII positions. 

Rowe, Madison County, Alabama. September 3 to October 9, 1877. 30<'" direction theodolite N"o. w8. 
F. D. Granger and J. H. Christian, observers. 

0 II ,, ,, 
23 Wilson 0 00 oo·oo +0·63 00·63 

Trinity 33 55 19·77 
Capshaw 83 58 30·88 

19 Gunter 200 33 04·41 +o·n 04·52 

Moore 246 19 38·6o 

20 Aurora 260 32 25 "II -0·76 24·35 

21 Summit 290 47 00·66 +0·27 00·93 

22 Wornock 3u 16 48 ·rs -0·25 47·90 

Probable error of a single observation of a direction (D. and R. ), ,;, = ± r~' ·27. Circle used 
in XVII positions. 

S11111111it, Blount County, Alabama. October 20 to 27, 1877. 3ocm direction theodolite No. 108. F. D. 
Granger and J. H. Christian, observers. October 31 to November IO, 1878. Same instrument. 
C. 0. Boutelle and J. B. Boutelle, observers. 

0 

24 Aurora 0 00 

25 \Vornock 117 35 
26 Wilson 204 57 
27 Rowe 251 31 
28 j Gunter 

Moore 

292 24 

3o6 45 

Probable error of a single observation of a direction (D. and R.) 
18781 e,= ± 111 ·35. Circle used in XVII positions in both years. 

II II II 

oo·oo -0·39 59·61 

21 ·57 +o·S7 22·44 

48·65 -0·04 48·61 

oS·14 --0·03 oS·11 

39·81 -0·42 39·39 
30·51 

in 18771 e, = ± 1" ·21, and in 
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Abstracts of horizontal directions at stations composiny the seco11d section of the tria11gulatio11 west of 
t/1e Atlanta base net, I875-1887-co11ti11ued. 

Wilson, Morgan County, Alabama. June 28 to July 25, 1878. 5ocm direction theodolite No. 113. 
C. O. Boutelle and J. B. Boutelle, observers. 

Number 
of direc· 

t!ons. 
Objects observed. 

Somerville Court-House 

Smithers 

29 Rowe 
30 Summit 

31 Wornock 
Pen it 

Capshaw 

.Resultincf directions 
from a justment 
of first sectiou. 

0 II 

0 00 00'00 

6 20 o8·64 

47 IO 35 '95 
III 24 19 ·56 

150 23 34·89 

256 o6 15 ·28 

352 59 40·8o 

Corrections 
from adjust- Final ment of fieconds. second Rec· 

ti on. 
II II 

-0·35 35·6o 
-0·51 19·05 
+0·87 . 35 ·76 

Probable error Gf a single observation of a direction (D. and R. ), e, = ± 0 11 ·75. Circle userl in 
XI positions. 

Wornock, Blount County, Alabama. August 16 to 31, 1878. 5ocm direction theodolite No. n3. 
C. O. Boutelle and J. B. Boutelle, observers. January 20 to 25, 1887. 3o<ni repeating theodolite 
No. 16. 0. H. Tittmann and J. H. Turner, observers. 

0 II II II 

34 Summit 0 00 00'00 -0·98 59·02 

35 Aurora 30 09 21 '57 -0'20 21 '37 
36 Cahaba 109 43 58·02 +0·94 58·96 
32 Wilson 3o6 21 39 '14 -0·23 38·91 

33 Rowe 334 25 29 'II +0·48 29·59 

Probable error of a single observation of a direction ( /J. and R. ), e, = ± 0 11 ·59. Circle used in 
XI positions. 

Cheel1ahaw, Talladega and Clay counties, Alabama. January il to February 16, 1886. 5ocm direction 
theodolite No. 114. 0. H. Tittmann, J. H. Turner, and J. E. McGrath, observers. 

0 II II II 

Horn 0 00 00'00 

Alpine 27 39 56·44 

37 Cahaba 63 41 15'86 -0·19 15•67 

38 Aurora 104 45 29·69 -I •03• 28•66 

39 Indian 16o 19 03 '33 +1 '22 04 ·55 
Mean correction o·oo 

Probable error of a single observation of a direction (D. and R. ), e, ±011 ·91. Circle used in VII 
positions. 

Cal1aba, Saint Clair County, Alabama. March 8 to 31, 1886. 5ocm direction theodolite No. 114. 
0. H. Tittmanq and J. E. McGrt.~h. observers. 

0 II II " 
40 Wornock 0 00 00'00 -0·48 59·52 
41 Aurora 65 09 22·94 -o·Gg 22·25 
42 Cheehahaw 143 03 52·83 +1 ·16 53·99 

Alpine 171 o8 59·72 
Laurel 217 19 44 ·87 

Mean correction o ·oo 

Probable error of a single observation of a direction (D. and R. ), e,=±0"·99. Circle used in VII 
positions. 
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Obscri'<1lio11 equations. 

I o=-0·77+ (6)-(13)-1- (_~)- (2) 

II o=-0·84+(15)-(14)+ (5)- (4) 

III o=-I"81+(16)-{15J+ (4)- (3)-1-(13)-(12) 

IV 0=+0·25+(24)-(28)+( 17)-( 16)+( 12)- (rn) 

v 0=+0·82+(20) -( 19)+( 18)-( 16)+ (12)-( 11) 

VI 0=+0·02-l-(21)-(19) +(18)-(17)+(28)-(27) 

VII o=-0·23+(30) - (29)+ (23)- (21)+(_27)-( 26) 

VIII· 0=-1-0' 29+ (34)- (32 )+(31 )-(30 H ( 26 )-.( 25) 

IX o=--2·82+(31)-(29)-t-(23 )-( 22)-t-(33)-(32) 

x 0=-2·05+(35)-"(34)+(25)-(24)+(10)- (9) 

XI o=-0·64+(39)-(38!+ (7)- (6)-1- (2)- ( 1) 

XII o=-r50+(42)-(41)+ (8)- (7)+(38)-(37) 

XIII o=-0·7S+(4r)--(40)+(36)-(35)+ (9)- (8) 

XIV 0=+14·0+2·34( 2)+2·51(5)+ns (6)+r49( 12 l-.3·67( 13 )+3·18( 14)-4·23(" 15) +ro5( 16) 

XV o=+ 2·8-r96(rn) +2·40( 11)-0·44( 12)-3·09( 16)+4·93(17)-1·84( 18)+0·01( 19)+3·61( 20) 

-3·62(21) 

XVI 0=+1·7-4·84( 21) +5·64(22)-0·8o(23)-ro2(29)+3"62(30) -2·60(31 )-r·55(32J+4·40(33) 

-2·$5(34) 

XVII 0=+2·3-3·34(9)+5·74(!0)-2·40( II)-3·61 (20) +9"25( 21 )-5·64(22) -4·40(33 )+8·02(34) 

--3·62(35) 

XVIII o=+ 1r4-0·76( I )+3. 10(2)+ I ·00(3)-1·14(4)-ro5 (15)+1·30(16) -0·25( rS)-i·22 (19) 

+2·94(20)-1·72(22)-1 ·44(33)+1 ·83 (35) -0·39(36)-2·42(37) +3 '86(38)-1 ·44(39) 

...:...0·97(40) +1·42(41 )-0·45(42) 

No. 

3 

5 
6 

s 
9 

IO 

II 

12 

13 

14 
15 
16 

17 
.18 

o=- o'7i 
- o·&i 

+4 -2 

+4 -2 

1Vormal eq11atio11s. 

-2 + 3·51 
- 4 ·90 

- 1 ·81 +6 -2 -2 + 0'12 -- 2'65 

+ 0·44 + 9·54 
+ 0·44 + 2'01 

- 2'10 

+ 0 'O<) 

+ 0·21 
- 1·30 

+ 2"61 

+ 0·97 

+ 0'25 
+ o·s2 

+ 0'02-

- 0·23 

+ 0'"9 

- 2·82 

- 2'05 

- 0·64 

- I 'So 
- 0·78 
+q·o 
+ 2·8 

+ I •7 

+ 2 "3 
+17·4 

C,=+r ·079 
c.=+0·526 
C1=+1 ·076 
·c.=+0·593 
C5=+0·125 
C6=+0·177 

+6 +2 -2 -2 

+6 +2 
+6 -2 

+6 -2 +2 

+6: -2 

; +6 _, 

+6 -2 

+ 0·16 

- 5'74 
- 1·21 

-10·40 - 4•84 + 9·25 

+ 3·62 + 8"68 - 9'25 
- 7·52 + s·o2 

- >"07 + 1.24 + 0·2S 

+ 1'83 

- 1·44 

+ 4•41 

+6 + 0'28 + 0·17 

Res11lti11g correlates. 

C;·=+o·150 
Cs.=+0·107 
C9 =+0·36r 
c,.=+o·9So 
Cu=+o ·727 
Cio=+r ·011 

+61 ·32 - 3 ·qo +13 •o6 
...... +13.17 + 17·52 - 63•53 + ;·04 

+1o6·66 -11s·so -16·04 

+li7 ·05 - 1 '20 

C,1=+0·8o7 
C14=-0·187 
C,5=-o ·0357 
C,5=-0 ·153 
C,7=-o ·068 
C,s=-0·340 

+6o·oo 



II 

(1)=-0·469 
(2). -1·844 
(3) -0·337 
(4) +0·938 
(S) +o·os7 
(6) -o·os6 
(7) -0·284 
(8) +0·204 
(9) +o·os4 

(10) +o ·067 

THE EASTERN OBLIQUE ARC. 

Rt"'S1tlti11g <..l>rrt"dio11s lo obst'ra:d dirt'dions. 
II 

(11)=-o ·048 
(12) -o ·621 
(13) +o ·683 
(14) -I "121 
(Is) +o ·s98 
(16) -0·170 
(17) +o ·240 
(18) +o ·453 
(19) +0·113 
(20) -o "7S9 

II 

( 21) =+o ·267 
(22) -o ·25s 
(23) +o ·633 
(24) -0·387 
(2s) +o ·873 
(26) -0·043 
(27) -o ·027 
(28) -0·416 
(29) -'O "3SS 
(30) -o ·su 

II 

(31)=+0·866 
(32) -0 ·231 
(33) +o ·477 
(34) -o ·982 
(3s) -0 ·203 
(36) +0·940 
(37) -0 ·188 
(38) -I 0028 
(39) +1 ·2i7 
(40) -0 ·477 
(41) -0 •687 
(42) +1 ·164 

Probable error of an observed direction 0·674 /ri"6S=±o"'67. -v 18 

Res11/li11g 1111glc·s 1111d sidt?s <if flit' sao11d st?clio11 ,~( ll1e lrim1g11!11tio11 Wt'SI <if flit? .-1111111/11 base 11d. 

No. 

f 
Aurora 

.l Rrnnrlon 
Indian 

Stations. 

2 Gulf Point I 
Gunter 

Brandon 

[ Gunter 

3 ~ Brandon 
l Aurora 

I 
Summit 

4 Gunter 

Aurora 

I 
Rowe 

s Gunter 

. Aurora 

l 
Rowe 

6 Gunter 

Summit 

I 
Summit 

7 Rowe 
Aurora 

l 
Wilson 

8 Rowe 

Summit 

Observed a11gl~s. 

0 II 

44 o6 15 '57 
93 _c;9 16 ·S2 

41 54 32·84 

33 30 43·00 

39 5S 42·81 

1o6 33 37·32 

63 32 43 ·so 

61 36 36 ·sr 

54 so 42 ·81 

67 3S 20 ·19 

34 IS 23 ·s2 

78 09 19·86 

59 59 20 ·70 

83 07 sS·70 

36 .52 4.5 "2.5 

90 13 56 ·2s 

48 s2 3S ·18 

40 53 31 ·67 

rn8 28 51 ·86 

30 14 35 ~s5 
41 16 34 ·61 

64 13 43 ·61 

69 12 59 ·.w 
46 33 19·49 

Correc
tions. 

Spheri- Spheri-
cal cal 

angles. excess. ,, 
-074 
-n . ., 1 ._,. _ . ..,. 
+1 ·85 

+1 "72 
+0·06 

-0"94. 

-077 
+1 ·28 

+1 ·30 

+0·03 

+0·41 

-0·69 

-0·87 

+0·62 

-0".57 

+0·16 

+0·21 

-0·39 

,, 

16·48 

34·69 

44·72 

42·87 

36·38 

42 73 

37 "79 
44 "II 

20·22 

23 ·93 

19·17 

19·83 

59 ·32 
44·68 

s6·41 

35·39 
31 ·28 

-o ·36 · s1 ·so 

+1 ·03 36 ·58 

-o ·12 34 ·49 

II 

·2 ·oo 

2·co 

2 '()() 

I "32 

I ·32 

I ·33 

I "5S 

I 
0 S4 

I '54 

l "11 

l "JI 

I "IQ 

1 ·28 

I ·27 

I "28 

l ·02 

I 
003 

I "03 

0·85 

o·S6 

o·S6 

-o ·16 43 "4S 0 ·89 

+o ·37 S9 ·71 o ·89 

+o ·02 19 ·51 o ·89 

Log. dis
tances. 

4·677 999 5 

4·573 188 9 

4 ·638 579 6 

4·S12 764 o 

4 ·677 999 5 

4·670 389 7 

4 ·638 579 6 

4 ·670 389 7 

4"4S4 92S I 

4 ·695 149 2 

4·670 389 7 

4 "729 782 6 

4".511 149 9 

4·695 149 2 

4 ·572 IIS 2 

4"Sll 149 9 

4·729 782 6 

4"4S4 925 2 

4 ·572 IIS I 

Disla nces in 
meters. 

""T TC't •rf:.. 
, ...... J~ ._I'"" 

47 643 ·04 

37 427·34 

.43 509 ·05 

64 977 ·65 

47 643·04 

46 815·51 

43 509·05 

46 815·51 

28 505·27 

49 562·os 

46 815 ·~1 

53 676 ·31 

32 445 ·16 

49 562·os 

37 334·92 
32 44S ·16 

S3 676 ·31 

28 sos·27 

37 334·91 

4"S72 llS 2 37 334·92 

4"S88 392 3 38 760·76 

4·478 S73 3 30 100·47 
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Ncsulti11.i; a11.rrlcs and sidt~s t?f tlze s,yond stYtio11 of Ilic lria11gu!atio11 west of tl1t~ rltlanta 

base 11et-continued. 

~:tations. Ol>sen•ed angles. Carree- SJ;'her- Spher- Log. dis- Distances in No. lion. 1cal 1cal lances.· meters. angles. excess. 

" II II II II l Wocnook 25 34 30·89 -I '46 29·43 0·69 4 ·s72 lIS 2 37 334·92 
9 Rowe 20 29 47·49 -o·s2 46·97 0·69 4 ·481 r94 S 30 282 ·59 

Summit p• S5 46·57 -0·90 4s·67 0·69 4·794 398 s 62 287 ·r6 .. i ... "I l Wocnock S3 38 20·86 -07s 20·11 0·99 4 ·s88 392 3 38 76o·76 
ro Wilson 38 59 15·33 +1 ·38 16·71 0·99 4 ·48I 194 6 30 282 ·70 

Summit 87 22 27·0S -0·92 26 'I6 l '00 4·68I 9.':>I 5 48 o81 ·88 l Wiloon 103 !2 58·94 +r ·22 60'I6 l '20 4 794 398 5 62 287"I6 
II Rowe 48 43 II ·85 +0·89 I2 ·74 l '19 4·68I ?SI 5 48 081 ·88 

\Vor11ock 28 03 49·97 +071 so·68 I '19 4·478 573 3 30 100"47 

( Wocnook 55 43 52·46 ---'o·6S 51 ·78 2 ·r9 4·729 782 6 S3 676·31 
I:? Rowe 50 44 23·04 +0·50 23 ·54 2 'I9 4 701 4SS 3 so 290·77 

Aurora i3 31 51 ·36 -0·10 SI ·26 2·20 4·794 398 s 62 287 'I6 l Wo<nock 30 09 2I ·57 +0·7S 22·3s 0·65 4·454 92S l 2S sos ·27 
13 Summit 117 35 2I ·57 +1 ·26 22·S3 0·64 4 '701 488 I 50 290·75 

Aurora 32 rs 16·7s +o·or 16 ·76 o·6s 4·4Sr 194 4 30 282 ·69 

,, l Cheehahaw 55 33 33·64 +2 ·24 3s·ss 3·97 4·852 202 7 7I IS4 ·56 
Aurora 54 20 s6·55 -0·23 56·32 3·97 4 ·845 763 8 70 107 ·39 
In<lian 70 05 41 ·09 -1 ·37 39·72 3·98 4·909 145 l Sr I.?3 ·21 

" j 
Ca ha ha 77 54 29·89 +1 ·8s 31 ·74 3·27 4 ·909 I45 I Sr 123"21 
Aurora 6r 01 24·61 +0·49 25 'IO · 3·28 4:86o 804 4 72 577 ·90 
Cheehahaw 41 04 13·83 -0·84 r2·99 3·28 4·736 436 7 S4 5os·o5 

l °'''"'" 65 09 :!2 "94 -0·21 22·73 1·34 4·701 488 2 50 290·76 
16 Wornock 79 34 36·45 +r ·q 37·59 I '34 4·736 436 8 54 505·06 

Aurora 35 16 o.; ·S5 -0·15 03·70 l '34 4·505 134 I 31 998·83 

.:p92-No. 7-02--13 
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9. THE THIRD SECTION OF THE TRIANGULATION WEST OF THE ATLANTA BA!5E NET, 

ALABAMA, 1886-1890. 

This section forms a compact figure couuecting at each end on a single line both 
with the preceding and the following sections. It covers a portion of the valley of the 

No.30. Coosa River and comprises 6 
~~~~~~~~~~~~~~~~~~~~~~~ 

ALABAMA 

l 
,c 

I 
Kilometers 

10 0 10 20 30 ~o 60 
Statute Miles 

10 0 10 :io 30 

stations, whose approximate 
heights are as follows: 

Meter". l'eet. 
Alpine 473 l 551 
Laurel 4So l 576 
Horn 588 1. 930 
Kahatchee 396 I 300 
W.::ogufka 352 I 155 
Jamison 255 835 

The observers employed 
almost exclusively a repeating 
theodolite for the angular meas
ures of this section. In the ad
justn1ent unit weight was gh·en 
to aii directions. The mean 
closing error derived from the 
13 triangles of the figure equals 

f 23·~ = ± l"· 34 a~1d the mean -v 13 
error of an angle=± 0"·77' also 
the probable error of a diredion 

=0·674 7l =±o':·37. 

The observations of 1888 at 
stations Laurel and Horn by 
Assistant F. w. Perkins were 
made at night upon lights. 

Subsequent to this date all horizontal measures of the primary triangulation betwet::n 
these stations and tht: Gulf coast w.:re made at night by Assistants F. \V. Perkins an<l 
W. B. Fairfield. Advantage was thus taken of the greater transparency of the atmos
phere and of the better seeing during the night as compared with the day. On long 
or difficult lines two or three lights arranged vertically were shown at the same station. 
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.-lbs/rads <?f '1orizo11!1il dirt•dio11s at stalitl/IS co111posi11g tile third sedio11 qf Ille· tria11g11/atio11 w,;st c•f 

.-lt/1111/a bast' 11d, ISS6-IS9u. · 

Clled1ahaw, Talladega and Clay L(•tmties, Alabama. January rr to February, r6 r886. 50"" direction 

theodolite No. rq. 0. H. Tittmann, J. H. Turm:r and J.E." McGrath, obsen•ers. 

Results from adjust- Corrections 
Number of Objects obser<•ed. from adjust- Final 
directions. ment of second meut of third seconds. section. section. 

0 I! ,, II 

Horn 0 00 oo·oo +o·or 00"01 

2 Alpine 27 39 56·44 -0·04 56·40 
Cahaba 63 41 15 ·67 

Calltlba, St. Clair County, Alabama. March 8 to 3r, 1886. 50<"' direction theodolite No. 114. 0. H. 
Tittmann and J.E. McGrath, observer;;. 

0 /I // II 

Wornock 0 00 59 ·52 
Ched1ahaw 143 03 53 ·99 

3 Alpine 171 08 59·72 +o ·57 6o·29 

4 Laurel 217 19 44·87 -0·62 44 ·25 

Alpi11e, Talladega County, Alabama. February .ro to March 9, 1887. 3o<'" repeating theodolite 
No. 16. 0. H. Tittmann and J. H. Turner, obsen·ers .. 

Nu111her of Results from station Corrections Final 
directions. · Objects obsen·ed. adjustment. for third seconds. section. 

II II II 

7 Horn 0 00 oo·oo +0·47 00·47 

s Kahatchee. 79 r6 54 ·51 +0·55 55 ·06 

9 Laurel 131 56 48·89 -0·34 48·55 
Cahaba r86 00 40·66 -0·64 40·02 

Cheehahaw 30I 54 18·6o -(J ·04 r8·56 

Horn, Talladega and Clay Counties, Alabama. March 22 to April 5, 1887. 3on" repeating theodolite 
No. t6. 0. H. Tittmann and J. H. Turner, oly.;en•er,;. May 16 to 22, 1888. Instrument as before. 
0. H. Tittmann, J. H. Turner ancl F. \V. Perkins, observers. 

0 // II II 

13 Alpine 0 00 00'00 -0·59 59·41 

14 Cheehahaw 94 q 22·53 +0·03 22 ·56 

IO Weogufka 260 49 34·86 -0·27 34 ·59 
II Kahatchee 298 04 03·82 -0·02 03·80 

12 Laurel 327 42 18 'II +0·84 18·95 

Lau rd, Shelby County, Alabama. May JI to 28, r887. 30"" repeating theodolite No. r6. O.H. 
Tittmann a111l J. H. Turner, ohservers. April 27 to May 10, rSSS. Instrument ;is before. F.W. 
Perkins and \V. B. Fairfield, observers. 

0 // II II 

IS Cahaba 0 00 oo·oo +0·65 00·65 

r6 Alpine 79 45 28·59 +0·04 28·63 

17 Horn 95 JI 01 •66 -0·40 or ·26 

18 Kahatchee 124 56 26·94 -0·33 26·61 

19 Weogufka 147 58 16·93 -0·06 16·87 

Columbiana 172 so r5·95 

20 Jamison 178 ::?S 38·93 +o·ro 39·03 
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Abstracts of l1orizo11lal directio11s al stations composing the !11ird Sfftio11 o.f /lie triang11/alio11 west <!l 
· Atlanta base 11et, .tSS6-.tS90-continued. 

Kr.1!1ald1,·,•, Talladega County, Alabama. April 18 to 28, 1887. 30'"' repeating theodolite No. 16. 
O. H. Tittmann and J. H. 'fumer, observers. 

Number of Results from station Corrections Final 
dire~tions. Objects observed. adjustment. for third seconds. section. 

0 II ,, II 

25 Jamison 0 00 oo·oo o·oo oo·oo 

Columbiana 41 54 02·20 

21 Laurel 93 59 O<) ·51 +0·30 09 ·Sr 

22 Alpine 176 o8 20·52 -0·44 :m ·oS 

23 Horn 214 55 31 ·04 -0·04 31 ·oo 

24 Weogufka 320 17 33·35 +o·r8 33·53 

/Vcogufka, Coosa County, Alabama. May 28 to June 1 and December 5 to 1888 to January r7, 1889. 
30<111 repeating theodolite No. 16. F. 'V. Perkins and W. B. Fairfield, observers. Telescope 1m·9 
above the ground. 

o I " // 

28 :E::ahatchee o oo oo·oo -o·r8 

29 Horn 37 23 29 ·76 +o ·20 29 ·96 
Wetumpka 164 03 00·15 
Wilder 200 oo 45·c6 

26o 22 41 ·69 -o ·12 41 ~57 

336 43 24 ·S4 +o "II 24 "9.'i 

26 I Jamison 
27 , Laurel 

Mean correction o ·oo 

jamiso11, Chilton County, Alabama. February 1 to March 5, 1889, and May 7 to 14, 1890. 3o"w 
repeating theodolite No. 16. F. W. Perkins and W. B. Fairfield, observers. Telescope 2m·r 
above the ground. 

30 

31 

32 

I Laurel 
b.ahatchee 

Weogufka 

Wilder 

Perry 

0 00 

32 28 

73 oS 
151 38 

I/ 

oo·oo 

40·43 

57 "6o 

56·43 
231 IO 29 ·86 

II 

-0·19 

+0·10 

+0·09 

Mean correction o ·oo 

Obst•rvatio11 eq11atio11s. · 

r o=-n2+ (6)- (SH (3)- (2) 

II O=-I"o8+(14)-(13)+ (7)- (6)+ (2)- (1) 

III o=+:n1+(16)-(15)+ (4)- (3)+ (5)- (9) 
IV 0=+1·99+(22)-(21)+(18}-(16)+ (9)- (8) 

V u=+o·u+(23)-(22)+ (S}- (7)+(13)-(u) 

VI o=-1·5s+ (29)-(27)+ (19)-( 17)+(12)-(10) 

VII o=-0·85+(29)-(28)-j-(24)-(23)+(11)-(ro) 

VIII o=-rn3-t-(31 )-(30)-j-(20)-(IS)+ (21) -(25) 

IX 0=+0·25-j-(32)-( 31 )+ (25)-·(24)+(28)-(26) 

X o=-0·67+ (32 )-(30 )+ (20)-(19)+ (27 )-( 26) 

XI o=-2·7-4. 02( 1)+6 ·91 (2)+5·96(3)-2·02(4)-3·33(12)+y17(13)+0·16( 14)-0·38(15) 

+1·84(16)-7 ·46(17) 

" 
59·SI 

40·53 

57·69 
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Obst?rvation t?q11atio11s-continued. 

XII o=-0·4-1·13( l l) +3 ·33 (12)-2·20(13) -5·37( 16l+7'46l17)-2·09(18)-0·29( 21) +2·91 ( 22) 

-2·62(23) 

xm 0=+6·0-2·77( ro) +6·47( 11 )-3 ·70( 12)-373( 17) +s·6S( 18)-4·95 (19)-4·89(21l+r65( 28) 

--2·76(29) 

XIV o=-3·1-3·39( 18)+4·95( 19)-1·56(20)+0·36(26 l+4·89( 27)-5·25(28)-3 ·31(30)+5·76(31) 

-2·45(32) 

Normal eq11atio11s. 

No. 

I O=-I '22 +4 -2 -2 

-1·oS +6 -· +6 -2 3 
4 

5 
6 

+0·11 ........................ +6 ..... _ -2 ..................... . 

7 
8 

-1·55 
-0·85 

-1·03 

+6 +o -2 

+6 -2 

+6 -2 . +• 
9 +0·25 +6 +2 

Cn c .. 

- 0·95 

+ 7·92 + 2'20 

+ 0'24 - 5 ·37 
- 7·64 

+ 3'17 
+ 4·13 

+ 6"48 
- 6•6o 

4 ·13 

+ 1·49 
+ 1 So 

10 ·-0·67 . .. .. ............ ........................ ...••. .... .. .. . +6 ····· .................. . 
II 

12 

13 

-2·; 
-0·4 

+6·o 
14 -3·1 

R,·s1dti11g correltltes. 

+24r. 94 - I 15 "SJ 

+121 ·48 

+ 8°68 - 3'39 
6·47 

o.o~ + o·o6 

- I ·17 + 5 '25 
- S·6S + 10·90 

+ ;·65 - 13 '8J 
+·- 0·06 - l '[2 

+ 40·15 
- 65·6o + ;·09 
+267 ·03 -11S ·oo 

+140·17 

C,=-0·003 C.; =+o ·727 C,.=-0 'OII5 
Co=+o·o34 C1 =-0·495 C,o=+o ·o,;89 
C3=-o ·645 Cs=-0·678 C,3=+o ·0134 
C4 =-0·985 C9 =-0·677· C,4=+o ·0184 
Cs=-0·437 C1o=+o·So9 

Rcs11lti11g corn·dio11s to observed dircdio11s. 

II II II II 

(1)=+0·012 ( 9)=-0·340 ( 17) =--o ·399 ( 25) := +o ·001 
(2) -0·042 (10) -0·269 (18) -0·334 (26) -0 ·125 

(3) +0·573 (II) -0·015 (r9) -0·057 (27) +0·106 
(4) -0·622 (12) +0·845 (20) +0·102 (28) -0 ·176 
(5) -0·642 (13) -0·593 (21) +0·296 (29) +0·195 
(6) -0·037 (14) +0·032 (22) -0·435 (30) -0·192 

(7) +o ·47r ( 15) +0·649 (23) -0·044 (31) +0·105 
(S) +0·548 (16) +0·041 (24) +0·182 (32) +0·087 

Probable error of an observed direction 0'674 /4 ·os = ± 0
11 • 36. 

'\/ 14 
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Resulting angles and sid,·s <?f llze' tlzird se·dion Qf tile tricmg11latio11 zwst •?/ tlze .-ltlanta base nd. 

No. Stations. 

Jl ~:~:::a 
Cheehahaw 

f Horn 
2 J Alpine 

l Cheehahaw 

I 
Laurel 

3 Cahaba 

_Alpine 

.J. l ~:::el 
Alpine 

l 
Kahatchee 

S Laurel 

Alpine 

( 

Kahatchee 

6 Alpine 

Horn 

( 

Kahatchee 

i Laurel 

Horn 

( 

Weogufka 

S Laurel 

Horn 

l 
Weogufka 

9 Kahatchee 

Horn 

. ( Weogufka 
10 Laurel 

Kahatchee 

! 
Jamison 

II Laurel 

Kahatchee 

! 
Jamison 

I2 Kahatchee 

Weogufka 

! 
Jamison 

13 Laurel 

Weogufka 

Obsen·ed angles. 

0 II 

JJ5 53 37 "9.J. 

28 ''5 05 ·73 

36 OI I9 ·23 

9.J. q 22 ·53 

58 05 .j.I '.j.O 

27 39 s6 '.J..J. 

79 .J.S 28·s9 

.J.6 IO .J.S 'IS 

5.J. 03 sr 'i7 

32· r7 .J.I ·89 

IS .J.S 33 ·07 

I3r s6 -1-8·89 

82 09 II ·or 

4S IO S8 "3S 

52 39 S4 ·38 

38 .J.7 10 ·52 

79 I6 s-1- ·sr 

6r 55 56 ·rs 

120 56 21 ·53 

29 25 25 ·28 

29 38 I4 ·29 

60 .J.O 04·92 

52 27 IS"27 

66 s2 43·2s 

37 23 29 76 
IOS 22 02 ·31 

37 I4 28 ·96 

23 16 35 '16 

23 or 49·99 

133 41 36 ·r6 

32 28 40·43 

S3 ,)2 l I '99 

93 S9 09 ·sr 

40 40 17"17 

39 .J.2 26 ·6s 

99 37 18 ·31 

73 oS S7 '6o 

30 30 22·00 

76 20 43 ·1s 

Correc- Spherica I Spherical 
tion. angles. excess. 

/I 

+o'6I 

+o·s7 

+0·0-1-

+0·62 

+o·s1 
--0 ·os 

-0·61 

-I "20 

-0·30 

:-l ·44 

-0·4-1-

-0·81 

-0·73 

--0·37 

-0·89· 

+0·39 
t-o ·08 

-o·s8 

-0·34 

+0·07 

+o-86 

+0·09 

+0·3-1-

+r ·12 

+0·37 

+0·23 

+0·2s 

-0·28 

+0·28 

+o·II 

+0·30 

+0·44 

+0·29 

-0·02 

-O'I8 

-o·os 

+0·28 

+0·16 

+0·23 

II 

38·5s 

o6·30 

I9"27 

23 ·rs 

41 "9I 

s6·39 

27·98 

.J.3 ·9s 

SI. 47 

40 ".J.S 

32·63 

48·08 

10·28 

S7 ·98 

53·49 

IO "9I 

S4"S9 
s5·6o 

21 "I9 

25·3s 

15 ·1s 

05 ·or 
IS ·61 

44·37 

30 ·13 

02 ·s4 

29·21 

34·88 

50 ·27 

36·27 

40·73 

I2 ·43 

09·8o 

I7 "IS 

26:47 
IS '26 

s7·88 

22 "I6 

II 

I ·38 

l "37 

I "37 

I ·q 

I "I.~ 

I "13 

0·39 

0·39 

0·38 

0·59 

o·s8 

0·58 

0 '37 

0·36 

0·37 

o·s7 

o·s6 

o·s6 

I "66 

r "66 

I •67 

0;63 

0·62 

0·63 

0·47 

0·47 

0·48 

0·99 

0·99 
0·98 

0·63 

0·63 
0·62 

r ·q 

I '14 

I "14 

Log. 
distances. 

.J. ·86o So4 .J. 

4·579 566 6 

4·676 I96 3 

4"S79 566 6 

4·so9 62s s 

.J. ·247 56.j. 0 

4·676 196 3 

4 "5.J.1 4IO I 

4 ·591 .J.82 6 

.J. "S.J.I .J.IO 1 

.J. ·247 56.J. 0 

4·68s 086 s 

.J. "S41 4IO 1 

.J. ·396 361 0 

.J. "44S 918 0 

4·247 s64 0 

4'443 os6 7 
4·3g6 361 0 

4·68s 086 s 

4·443 os6 8 

4"44S 9r8 o 

4·6Ss 086 s 

4·643 871 6 

4·7oS 307 s 

4·443 os6 7 

4·643 871 6 

4·441 s62 6 

4·445 918 0 

4·441 s62 4 

4 708 307 s 

.J. "4.J.5 9r8 0 

4·621 350 2 

4 '71.J. 915 2 

4·441 s62 s 

4 ·432 9Il 3 

4·621 3SO 2 

4·708 307 s 

4 ·432 9II 3 

4 714 91s 2 

Distances in 
iueters. 

72 577 ·go 

37 981 ·02 

47 445·64 

37 9Sr ·02 

32 33r ·47 

17 683·33 

47 44s·64 

34 786·45 

39 037·ss 

34 7S6·4s 

r1 683·33 

48 426·88 

34 786·4s 

24 909·27 

27 920 'Ii 

17 683 ·33 

27 736·82 

24 909·27 

48 426·88 

27 736·83 

27 920 ·17 

48 426·88 

44 o.p ·46 

sr 086°66 

27 736 ·82 

44 042·46 

27 641 ·s6 

27 920 ·17 

27 6.j.r "SS 

Sl 086•66 

27 92o·I7 

41 8I6·74 

SI 869·88 

27 64I ·ss 

27 096·38 

4I 8I6 74 

SI o86 •66 

27 096·38 

SI 869·88 



THE MAIN TRIANGULATION. 

IO. TI:JE FOURTH SECTION CH' 

THE TRIANGULATION WEST 

OF THE ATLANTA BASE 

NET, ALABAi\IA, 1888-1895. 

The triangulation between 
the preceding terminal line 
and the soti.thern limiting line, 
Creagh to Pollard, follows the 
valleys of the Coosa and Ala
bama rivers. It is abundantly 
supplied with check lines. 
making 30 conditions in the 
adjustment. The linear de
velopment is 209 kilometers 
(or 130 statute miles). The 
whole of the scheme lies south 
of latitude 33° and the natural 
elevation of all the spurs avail
able for stations is less than 
2~0 meters (or 72-:!. feet): 
farther south the ground 
slopes gradually to the level 
of the Gulf. The approxi
mate elevations of tll.e stations 
are as follows: 

:\Jeters. Feet. 
Perry 206 677 
Wilder ::?16 710 
Wetumpka 172 565 
Parker 170 558 
Lownd~sboro 12r 3<]6 
i\:Iount Carmel 192 629 
Lovers Leap 169 556 
Bargenier 178 583 
County Line 173 568 
Ethridge 143 4;0 
Fata ma 165 540 
Midway 171 562 
Creagh 133 435 
Pollard 121 397 

The observations of the 
primary directions were made 
at night upon lights mounted 
over the respective stations. 

At Pollard station it was 
necessary to mount the theodo
lite on a wooden strttcture 

J;&o't, 
10 

10 0 

Kilometers 
20 *""3'o --Zo 

Statute Miles 
10 20 

199 
No.31. 

30 iioO 
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46·5311J.et\:!rs{or 15~~ fef:!t) above the ground, in order to raise it above the high woods 
obstructing the lines of sight. 

Squaring the closing errors of the triangles we get the mean error J 3;~ 8 
= ± r '.' ·os 

1·os 
and the mean error of an angle ¥3" = ± 0"·63, also the probable error of a direction, 

± 0"·30. 

Abstradsqf horizontal di1-ectio11s at slatio11s co111posi11g ll1efo11rlk sedio11 of ll1e trii111gu/alio11 ·w«sl <?/ 
· l/1e .4tla11ta base 11d, Alabm11a. I88S-IS95. 

jamiso11, Chilto11 County, Alabama. February I and March 5, i889, and May 7 to 14, iSgo. 30'"" 
repeating theodolite No. r6. F. W. Perkins and W. B. Fairfield, observers. Telescope 2 1•·r above 
the ground. 

Corrections 
Number of Objects obsen·ed. Results fro111 adjust- from adjust- Final 
directions. ment of thircl section. ment of seconds. 

fourth section. 

0 II " II 

Laurel 0 00 59 ·Sr 

Weogufka 73 08 57·6g 

3 Wilder i5r .)S 56"4.) -0·82 55·61 

4 Perry 2.~r IO 29·86 +0·05 29·9r 

Mean corn::ction -o· 15 

1Ve0,_![tifka, Coosa County, Alabama. May 28 to June 1, and Dece1t1ber 5, 1SSS, to January r7, 1889. 
;,o<01 repeating theodolite No. 16. F. \V, Perkins anrl W. B. Fairfield, observers. 

0 

Kahatchee 0 

Wetumpka 164 
2 Wilder 200 

Jamison 26o 

II ,, 
00 59·82 

03 oo ·rs +0·67 
00 45·o6 +o·q 
22 4r ·57 

Mean correction +o · q. 

00·82 

45 ·20 

Wilder, Autauga County, Alabama. June 13 to July 28, 1890. 30•'•1 repeating theodolite No. r6. 

Number of 
directious. 

5 

6 

7 
8 

9 
IO 

II 

F. \V. Perkins, observer. Telescope 20111 ·3 above the ground. 

Results from station 
Corrections 

from adjust-
adjustment. tnent of Objects obsen-ed. 

fourth section. 

0 " 
,, 

Wetiimpka 0 00 oo·oo -0·3~ 

Montgomery, Capitol 36 00 4,; ·94 
Lowndesboro 84 05 39 "74 -074 
Lovers Leap 99 4r 48·39 -0·03 

Parker 145 24 54·49 +0·16 
Perry 176 38 20 ·73 +o'I4 
Jamison 226 24 43·90 +0·84 
Weogufka 267 32 52·9x -0·05 

Final 
seconds. 

II 

39·00 
48·36 

54·65 
20·87 

44 "74 
52·86 
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Abs/rads qf l1orizo11"1l direclio11s al slalio11s co111posi11g tl1t• fourth. scdio11 of !he lria11g11/alio11 u•est oj 
Ille Alla11la bast? 11d, Alabama, ISSS-IS95-continued. 

Pt?nJ•, Chilton County, Alabama. July 30 to August 6, 1890. 3oci11 repeating theodolite No. 16. 
F. \V. Perkins, observer. Telescope 1 01 7 above the ground. 

Corrections 
Nmnberof Objects observed. Results from station from adjust- Final 
directions. adjust1!1ent. ment of Sf:'COlldS. 

fourth section. 

0 ,, 
" " 

I2 I I=""• 0 00 00'00 -0·09 s9·91 

13 Wilder 50 42 04·96 -0·06 04·90 

14 Parker 96 SI IS '2S +0·15 1s·40 

fVct11111pka, Elmore County, Alabama. March 6 to May 23, r892. 30"01 repeating theodolite No. 16. 
F. \V. Perkins, observer. Telescope 1"'·8 abo,·e the ground. 

0 II ,, " 
19 Mount Carmel 0 00 00'00 +0·30 00·30 

Montgomery, Capitol 15 36 22·25 

20 Lownrleshoro 39 09 II '09 +0·12 II '21 

21 Wil· 97 04 34'94 +0·35 :.:.s ·29 

22 Weogufka 148 39 47·96 -0·77 47·19 

Rlrkcr, Autauga County, Alabama. August 8 to 28, 1890. 3o<m re!_)eating · theodolite No. 16. 
F.W. Perkins, observer. 

0 II " II 

rs Perry 0 00 00'00 -0·18 s9·82 

16 Wilder 102 37 25·30 -o·r7 25 ·13 

17 Lowndesboro r72 09 44·08 +o·oS 44'I6 

18 Lovers Leap 203 32 39·76 +0·27 40·03 

Low11desboro, Lowndes County, Alabama. March 26 to April 2s, 1892. 3o<m repeating theodolite 
;No. 16. F. \V. Perkins, obsen·er. Telescope 2001 ·3 above the ground. 

0 II II " 
23 Par.ker 0 00 00'00 -O'IO 59·9o 

24 Wilder 49 oS 27·40 +0·93 28·33 

25 Wetumpka 87 07 28·24 -O'I3 28 'II 

Montgomery, Capitol IOI 49 48·4s 

26 Mount Carme I 171 58 00·86 -0·20 00·66 

27 Bargenier 214 18 04·20 -.0·24 03·96 

28 County Line 241 S3 s6 ']6 +0·03 56 79 

29 Lovers Leap 274 os S3'00 -0·29 52'7I 

JIIou11t G1rmd, Crenshaw County, Alabama. May 26 to June 1, 1892. 3ocm repeating theodolite 
No. 16. F. \V. Perkins, observer. 

0 II II II 

39 Bargenier 0 00 00'00 +0·39 ·00·39 

40 Lovers.Leap 28 34 48•68 -0·03 48·65 

41 Lowndesboro 56 34 12'39 +0·01 12'40 

Montgomery, Capitol ro4 47 10·94 

42 Wetumpka 112 34 33·92 -0·37 33·55 
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.4.bstmcts c>f /1ori:::o11tal din'clio11s at stations co111posillg tlze fourllz scdhl/I of !lie lria11g11/alio11 ZC'esl ol 
lite .-1!!<111!<1base11d, .-11.rbama, rSSS-rS95-continued. 

L,>aTS L.·ap, Lowndes County, Alabama. June 4 to 20, 1892. 
,V. B. Fairfield, observer. Telescope 7111 ·5 above the ground. 

30 cm direction theodolite. No. 135. 
Circle used in XV II positions. 

Corrections 
Nnmber of Objects obsen•ed. Results from station from adjust- Final 
directions. adjustment. 111ent of seconds. 

fourth section. 

0 " II " ,, _,_ Lowndesboro 0 00 00'00 +0·04 {)() ·04 

33 Mount Carmel 49 52 45·So +0·55 46·35 

34 Bargenier 75 30 10·39 -0·04 10·35 

35 County Line II5 27 55·55 +o·n 55·66 

36 Midway 142 57 02 ·18 +0·16 02 ·34 

37 Fatama r7r 54 2I '5! -0·34 21 ·r7 

38 Ethridge 185 50 02 ·19 -0·09 02 'IO 

30 Parker 297 17 OI '14 -0·31 00·83 

JI Wilder 330 38 43 ·38 -o·oS 4.' ·,;o 

Probable error of a single observation of a direction ( D. an<l R. ), e,=± 0 11 ·84. 

Etl1ridge, Dallas County, Alabama. June 6 to I 1, 1892. 3a"11 repeating theoclulite No. 16. F. \V. 
Perkins, ubsen·er. 

0 II II ,, 
53. Lovers Leap 0 00 00'00 +0·24 00·24 

54 County Line 51 57 27·06 -0·45 26·61 

55 Fatama IS~ 22 20·95 +0·21 21 ·16 

Barge11ier. Lowndes County, Alabama. March 18 to April 7, 1892. 3o<m direction theodolite 
No. 135. \V. B. Fairfield, observer. Circle used in XVII positions. 

0 II ,, ,, 
43 County Line 0 00 oo·oo +0·29 00·29 

44 Lovers Leap 53 59 14 ·24 +0·07 I4 ·31 

45 Lowndesboro 98 4r r6 ·61 +0·21 16·82 

Montgomery, Capitol 132 30 4o·r9 

46 Mount Carmel 179 47 04·09 -0·57 03·52 
Probable error of a sir~le observation of a direction ( D. and R.), ,., = ± 0"·72. 

Co1111(v Line, Lowndes County, Alabama. May 10 to 16, 1892. 3o'"' direction theodolite No. 135. 
\V. B. Fairfield, observer. Circle used in XVII positions. 

0 ,, ,, ,, 
52 Bargenier 0 00 oo·oo -0·44 59 ·56 

47 Midway 138 31 49·80 -0·27 49·53 
48 Fatama 177 24 or ·35 +0·19 0I '54 

49 Ethridge 216 16 28·96 +0·38 29·34 

50 Lovers Leap 273 56 58·28 -0·42 57·86 

51 Lowndesboro 306 17 06·94 +0·56 07 ·50 
Probable error of a·single observation of a direction (D. and R. ), t!, = ± 0"·87. 
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.-lbstmds of /1ori:::o11tal din-ctio11s at stations composing l/1cfo11rl/1 St'dio11 <?/!lie triangulation ti'cst ,~( 
!11t· .-llla11ta base 11d, Alabama, 1SSS-1S95-contii~t1ed. 

Fatama, Wilcox County, Alabama. October 2 to November 26, 1895. 3o<m direction theodolite 
No. 145. G. A. Fairfield, observer. Telescope 15"'"8 above the grouncl. Circle used in XII positions. 

Corrections 
Number of Objects observed. Results from =--talion from adjust- Final 
clirections. adjustment. ment of sections. 

JOurth section. 

0 " II II 

59 Midway 0 00 00'00 -0·04 59·96 
6o Pollard 67 24 18'64 +0·33 18·97 

6r Creagh 96 02 10·39 -O'I2 10·27. 

56 Ethridge 262 09 32 ·Sr -0·09 32 ·72 

57 Lovers Leap 274 SI JI '72 -O'II 31 ·6r 

sS County Line JOI 52 12 ·1s +0·03 12 ·18 

Probable error of a single observation of a direction (D. and R. ), t', = ± 011 ·s8. 

11/idway, Monroe County,· Alabama. September 19 to October 20, 189s. 3o<m repeating theodolite 
No. r6. F. W. Perkins, observer. Telescope 34m·s abov~ the ground. 

0 /I II II 

62 Pollard 0 00 00'00 -0·31 59·69 

63 Creagh 23 41 SI ·42 +0·21 51 ·63 
Lookout Hill 50. 50 15 ·S3 

64 Fatama 82 29 45·86 :.__O'II 45 '75 
65 Lovers Leap 148 24 or ·So +o·ro OJ ·go 

66 County Line 165 29 48·23 +o·n 48·34 

Cn•agli, Clarke County, Al~bama. August 9 to September 10, 1895. 3ocm direction theodolite No. 135. 
G. A. Fairfielrl, observer. Telescope 121•·4 above the ground. Circle used in XVI positions. 

0 II II II 

White (l 00 00'00 

70 Fatama 196 20 14 'SJ. -0·30 14 ·23 

71 Midway 221 30 12·95 +0·41 13 ·36 

72 Pollard 270 04 55·03 -O'II 54·92 
Red Hill 320 37 14·96 

Probable error of a single 9bservatio11 of a rlirection ( D. and R.), t',= ± 0 11·76. 

Pollard, Monroe County, Alabama. August 29 to September 13, 1895. 3o<m repeating theodolite No. 16. 
F. \V. PerK.ins, observer. Telescope 46111 ·5· above the ground. 

0 ,, II II 

Red Hill 0 00 00'00 

White 55 5~ 09·60 

67 Creagh 93 QI 16·79 -O'Ol 16·78 

68 Fata ma 170 38 48·06 +0·12 48 ·18 

69 Midway* 200 44 46·47 -O'II 46·36 

*The correction -c1'·09 was applied for eccentricity. 
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Observalio11 eq11atio11s .. 

I 0=+1·84- (2)+ (3)-(10)+ (II) , 

II 0=+1'92- ( 1)+ (2) + (5)-(11)-(2r)+ (22) 

III o=-1·6o~ (3)+ (4)- (9)-1-(10)-(12)+ (13) 

IV o=-0·19- (8)+ (9)-(13)+(14)-(15)+ (16) 

V 0=+1·24- (S)+ (6)--(20)+(21)-(24)+ (25) 

VI o=-2'19- (6)+ (8)-(16)+(17)-(23)+ (24) 

VII o=-0·87- (7)+ (8).-p6) +(18)-(30)+ (31) 

VIII o=-0·72--(17)+(18)+(23)-(29)-(30)+ (32) 

IX 0=+0·63-( 19)-1-( 20)-(25)+( 26)-(41) + (42) 

x 0=+1'21-(26)+(27)-(39)+(41)-(45)+ (46) 

XI o=-0·02-(27)+(29)-(32)+ (34)-(44)+ (45) 

XII o=+r65--(;;3)+(34)-(39)+(40)-·(44)+ (46) 

XIII o=+o·oS- (34)+(35)-(43)+(44)-- (50)+ (52) 

XIV 0=+0·80-(27) +( 28)-(43)+(45)--(51)+ (52) 

XV o=+r69--(35)+(38)-(49)+(50)-(53)+ (54) 

XVI o=-0·97-- (48)+(49)-(54)-1-(55)-(56) + (58) 

XVII o=-0·20-- (37) +(38\-(53 )+(55 )-(56)+ (57) 

XVIII o=-0·61--(47) + (48)-(58)+ (59)-(64)+ (66) 

XIX I 0=+0·09--(35) +t.~6)-(47) +(sn)-(65) + (66) 

xx 0=-0·33-( 59)+ (6o )- (62) +( 64 )-( 68 l+ ( 69) 

XXI 0=+0·14-(6o)-!-(61)-(67)+(68)-(70)+ (72) 

XXII o=+o·II-(62)+(63)-(67)+(69)-(71)+ (72) 

XXIII o=-4·3-2·90( 1) +4·10(2)+0·82(3)-0·39(4)-1·72(12)+3·74(13)-2·02( 14)+0·47( 15) 

+0·31 ( 16)-0·78( 17)--1·32( 20 )+2·99 (21 )-1·67(22 )-r82( 23 )-j-4 ·52( 24)-270( 25) 

X~~v 0=+3·8+6·39(6)-rs4(7)+rr5(8) +0·78(16) -4·23( 17)+3·45( 18) +1'08(30) 

-3·74\31 )+2•66(32) 

XXV 0=+6·0-0·22(5)+i'76( 6 )-7'54( 7)-2·58 (19 )+3 ·90(20 )-I '32( 21)-3·74(31) 

+5·52(32 )--1:78(33)-3 ·g6 (.io l +5'38(41 )-1 ·42(42) 

XXVI o=-1·4-2·32(26)+3·55( 27)-1·23(29) -0·55(32)+4·39(33)-3·84(34) -2·47(39) 

+3'86(40)-1·39(41) . 

XXVII 0=+2·3--t-2·So(27)-4·03(2S)+1·23(29J+o·55(32)-3•o6(34)+2·51(35) +0·15(50) 

-1·55(51 )+qo(52) 

·xx VIII o=+r ·3-0·75(35)--f-S·49(37)-r74(38)-2·61 (48) +3 ·94(49 )-r 33( 50 )-6·81 (56) 

+9·35(57) -2·54(58 l 
XXIX 0=+1 ·5+2·65(35 )-4·05(36) -j-1 ·40(37) +4·13(57) -5·44(58) -j-1 ·.~1(59) +0·26( 64) 

-6·84(65)-1-6•58(66) 

XXX o=+s·6+0·87(59)-4'72(6o)+3·85 (61)+4·51 (62)-4'79(63)+0·28(64) +o·6r (70) 

-I '86 (71 )-j-I '25( 72) 



~10=+1·s1 
2 +J ·92 

3 -1·6o 

4 -O"J9 

5 +1 ·24 
6 -2·19 

-0·87 
s -0·72 

9 +0·63 
JO +1·21 

JI -0·02 

12 +1·65 

J3 +o·oS 

14 +o·So 

J5 +1 ·<19 
16 -0·97 

J7 -o·~o 

.JS -0·61 

3 
4 

5 
6 

$ 

9 
JO 

II 

12 

J3 

J4 
J5 
16 

J7 
18 

J9 0=+0·09 

20 -0·33 

2J +0·14 

.:!~ +0·11 

~3 -4 ·3 

24 +J·S 

25 +6·o 

26 -1·4 

27 +2"3 

28 +1·3 

29 +1 ·5 

30 +s·6 
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Normal e·q11atio11s. 

+4 -2 -2 

+6 -2 0 

+6. -2 

+6 -2 -2 
.... .... .... +6 -2 -2 ...................... . 

+6 +• -2 

+6 +2 

+6 -2 

+p -2 

.... .... .... .... .... . ... .... +6 -2 +> -2 ................... . 

+6 +2 
+6 

.JVormcil o·q11atio11s-completed. 

c~.r 

-2 

- 3•28 

+ 2·34 

+ 4"25 
- 5·92 
- 2·91 

+ 5">5 
!.... 0·31 

- 1·04 

+ 1·:;8 

+ 
-
+ 
+ 

-

+ I 'IO 

0·37 
6•39 + 2'j6 

J0'.?5 7·76 
6•54 + 3·So 

9·26 + 5 ·52 
0·32 

+ 5"38 
2·66 5·52 

2·JS 

+• .......................... ········ ....... . 

+• -2 

C=6 

+ o·6S 

- 0·93 
+ 6·95 
- s·o; 
- 1·90 

+ 3•84 
- 3·55 

-::! +2 

-2 

+6 +• 
+6 

- C>"6S 

+ 2·So 

- 5·1s 

- 3"o6 

+ 0·82 
- 3·Ss 

- 2·36 

-2 

+6 

+ o·sS 

- 12'26 

+ 10·82 

0·07 

- 0·07 

-2 +• 
+6 +• 

+6 

+ 2·65 

2·65 

5·44 
+ 2 ·73 
+ 13 ·07 

+6 -·~ - o·sS + 6·72 

+6 -2 

+6 
+• ........ ········ ............... . 
+• 
+6 

+92"50 + 3·54 - 9·10 
+151 •64 +135 "ll 

+•.\.\ ·99 

- 1·46 

-33·61 

+16·75 

+ 1·46 

+ 3•04 

+J9"87 

- 1 ·05 

+45 ·94 - 2 ·oS + 6·65 

+•¢·91 + 62·33 

+163·90 

-2 

+6 

+ 0·59 

- 9·$2 

+ 9·21 
- 6·19 

+ 1·21 

+86°61 
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Resulting correlates. 

c ,=-0·780 Cn=+o·284 . c.,=+o ·242 
C.=-0"73I c,.=-0·249 C.,=-0·237 
c 3=+0·055 C,3=+o·roS C.3=+o ·02r8 
C 4=+o·r93. C,4=-0 '397 C.4 = -o ·ooS6 
C 5 =-0·418 Crs=-0·390 C.5=+o ·0183 
C6=+0·409 C,6=+0·058 C26=--o ·076o 
c 1=-0·043 c,1=+0 ·rss C.7= -o ·rn70 
C s=+o·345 C,s=+o·200 C.s=-o ·0184 
c 9=-0·345 C,9=+o ·o67 C.,,=-0·0237 
Cro=-·n ·326 C..,=+o-"123 C3o:-= -o "0944 

Resulli11g co1 ra"lio11s to obsen•t'd direclio11s. 
II II " II 

(I)=+o 0668 (19)=+0·298 (37)=-0·344 (SS)=+o ·213 
(2) +o·r38 (20) +0·116 (38) -0·093 (S6) -0·088 
(3) -o·~r7 (21) +0·354 (39) +0·387 (57) -0·115 
(4) +0·046 ( 22) -0 767 (40) -0·029 (58) +0·034 
(S) -0 ·317 (23) -0·104 "(4r) +o·or2 (59) -o ·036 
(6) -0 "739 (24) +0·926 (42) -o ·371 (6o) +0·327 
(7) -0·031 (25) -o ·132 (43) +0·289 (61) -o ·121 
(8) +0·163 (26) -0·195 (44) +0·073 (62) -0·312 
(9) +o·r38 (27) -0 °2.lJ (45) +o ·213 (63) +0·215 

(10) +0·835 (28) +o·o.q (46) -0·575 (64) -0·110 
(II) -0·049 (29) -0·286 (.:i7) -0'26j It:-\ I_...,,....,,.., 

\U,:)J : ..... • '-'':l:J 

(12) -0·092 (30) -0 "31I (48) +0·190 (66) +0·111 
(13) -0·056 (31) -o·oSo (49) +0·375 (67) -0·005 
(I4) +o"I49 (32) +0·039 (so) -0·423 (68) +o"II9 
(15) -o ·r83 (33) +0·550 (51) +0·563 (69) -O"II4 
(16) -0 ·173 (34) -0·037 (52) --o ·438 (70) -0·300 
(17) +o·oS3 (35) +0·113 (53) +0·235 (71) +0·413 
(18) +o ·272_ (36) +0·163 (54) -o·.w> (72) -o·rr3 

Probable error of an observed direction 0·67 4 /7. 77 = ±o" · 34. 
'\/ 30 

Res11l!i11g· a11gks 1111d side·s q///i,, fo11rl/1 St'Ctio11 qf /lie tria11g11/atio11 <c•est c>.f !lie rlt/1111/a bas.: 11e/. 

Stations. Ob~erve•"l angles. Correc- Spher- Sp her- Log.dis- Distances in No. tion. 1cal teal tances. tneters. angles. ex.cei:;s. 

0 II II II II 

J Wilder 41 oS 09·01 -o·ss 08 ·13 0·81 4 ·432 911 3 27 096 ·38 

Jamison 78 29 58 74 -0·82 57·92 o·So 4·6o5 982 4 40 -~62 ·91 l Weogufka 60 21 56·5.1 -0·14 56 ·37 o·Sr 4·553 909 0 35 802 ·14 

r \llletumpka 51 35 13·02 -I "12 l I "90 l "03 4·605 982 4 40 362·91 

2 l "Wilder 92 27 07·09 -0·27 06·82 l "04 4 ·711 520 4 51 466·00 

Wt:ogufka 35 57 44·91 -0·53 44·3S I "03 4·4&i 740 5 30 251 •o6 ! Pmy 
s::i 42 04·96 +0·04 05 ·oo l "05 4·553 909 0 35 802 ·14 

3 J amisou 79 31 33·43 +0·86 34·29 l "06 4 ·657 953 4 45 493 ·93 
Wilder 49 46 23 ·17 +0·70 23·S7 1 ·os 4·54S 055 3 35 322·Sr 

• 1 
Parkt:r 102 37 25 ·30 +o·or 25·31 0·68 4 ·657 953 4 45 493 ·93 
Perry 46 09 IO "29 -t-0·21 10·50 0·67 4"5-26 629 6 33 622 ·47 

Wilder 31 r3 26·24 -0·03 26·21 0·67 4 ·,:;S3 230 l 24 167·4r 
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Res11!ti11g <111gles <111d sid,·s qf flit' J(>ur/11 section of Ifie tria11g11latiu11 W<'St of !lu· .-ltla11ta 
base 11d-continued. 

No. Stations. 

I 
Lowndesboro 

S Wild,;r 

\Vetumpka 

6 l 
71 

sl 

·I 
JO l 

Lowndesboro 
Parker 

Wilder 

Lovers Leap 
Parker 

Wilder 

I.overs Leap 

Parker 

~owndesboro 

Lowndesboro 

Lovers Leap 

Wilder 

Mount Carmel 

Lowndesboro 

\Vetumpka 

I Bargenier 

II l I.,owmlesboro 
Mount Carmel· 

I 
Lon;:rs Leap 

12 Lowndesboro 

Mount Carmel 

I 
Lovers Leap 

13 Lowml~sboro 

Bargemer 

Rarge1~ier 

I.overs Leap 

Mount Carmel 

County Line 

Lovers Leap 

Bargenier 

I 
County Line 

16 Lovers Leap 

Lowndesboro . 

Ohsen·ed angles. 

0 II 

37 sS 6o·S4 
84 os 39 'i4 
s1 ss 23 ·ss 

49 oS 27 ·40 
69 .32 TS 78 
61 19 14 7S 

33 21 .p ·24 
100 SS 14 •46 
4S 43 o6 ·10 

62 42 sS •86 
31 22 ss·6S 
Ss S4 07·00 

135 02 34·40 
29 21 16 ·62 
lS 36 o8·6s 

s6 00 21 ·s3 
84 50 32·62 
39 09 II ·09 

81 os 47 ·48 
42 20 03 ·34 
s6 34 12·39 

49 s2 4s·So 
I02 07 s2 ·14 

27 S9 23 ·71 

75 30 IO ·39 
S9 47 4S·So 
44 42 02·37 

12s 47 49 ·s5 
2s 37 24·59 
28 34 4S·6S 

86 03 or ·72 

39 S7 45 ·16 
S3 59 14 ·24 

32 20 oS ·66 

IIS 27 SS 'SS 
.32. u 56 ·24 

Correc
tion. 

II 

sr:..r- sr~~~r-
angles. excess. 

II II 

-I "06 S9 78 l 'o6 

-0·42 39·32 1·07 
+o ·24 24 ·09 I ·06 

+1 '03 28 '43 l ·04 
+o ·26 r9 ·04 r ·04 

+o '9" IS '6S l ·04 

+o ·23 42 ·47 I .,,, 

-j-0·45 14·91 l ·23 
+o ·19 06 ·29 I "22 

+0·35 s9·21 0·7s 
+o ·19 ss ·87- o '7S 
+0·18 07·1s 076 

+1 ·21 3S ·61 O"S7 
+o ·12 16 74 o ·s7 
+o 71 09 ·36 o ·57 

-o ·3S 21 'IS I 'S4 
-0 ·07 32 'S5 I 'S3 
-0·1s 10·91 1·s4 

-0·79 46·69 0·66 
-0 ·05 0.) ·29 0 ·67 
-0·37 12·02 0·67 

+o ·51 46 ·31 o 70 
-0 ·09 S2 ·os 0 71 
+0·04 23·7s 0·70 

-o ·os w ·31 o ·s2 
-0 ·04 48 ·76 0 ·s3 
-j-o ·14 02 ·51 o ·s3 

-0·65 
--0 ·58 
;-O ·42 

49·20 0·49 
24·01 0·49 
48·26 0·49 

-0 '01 OJ ·71 0 '34 
+0·15 4S"31 0·35 
-o ·22 14 ·02 0 ·3s 

-j-0·99 09·6s 0·40 
+o ·07 SS ·62 o ·39 
-o ·32 SS ·92 0 ·40 

I,og. dis
tances. 

Distance in 
1neters. 

4 ·48o 740 s 30 2Sl ·06 
4·689 2s2 3 48 893·63 
4·619 619 2 41 6so·40 

4·s26 629 6 33 622·47 
4·619 619 s 41 6so·43 
4·s91 0S1 3 39 001 ·so 

4·s26 629 6 33 622·47 
4·77$ 394 I 6o 033'S7 
4·641 191 l 43 771 •46 

4 ·s91 081 .. 3 39 001 ·so 
4·3s8 92s 0 22 852·04 
4·641 191 2 43 771 ·47 

4·778 394 I 6o 033'S7 
4·619 619 4 41 6so·42 
4·3ss 924 9 22 8s2·04 

4·6Sg 2s2 3 48 893·63 
4·768 888 I S8 733·80 
4·s70 946 7 37 234·60 

4·s70 946 7 37 234·60 
4·404 s18 7 2s 381 ·s9 
4·497 668 4 31 4S3"46 

4·570 946 7 37 234·6o 
4·677 6S4 l 47 6oS'I7 
4 ·3s8 924 8 22 Ss2 ·03 

4'497 668 4 31 453·46 
4·448 358 9· 28 077·53 
4·358 924 8 22 8s2·03 

4·677 654 I 47 6os·17 
4·404 518 6 2s 381 ·s8 
4·448 358 9 28 077·53 

4·448 358 9 28 077·s3 
4·257 120 0 18 076·73 
4·357 278 3 22 765·56 

4·358 924 9 22 852·04 
4·586 2So s 38 572·75 
4·357 278 4 22 765·s6 
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Res11/ti11g angles ,ind sides of tlze fo11rt/1 section of 111<' tri1111g11latio11 west uf tile At!a111<1 
base 11e/-continued. 

No. Stations. 

l 
Countv Line 

17 Lownd~sboro 

Bargemer 

l 
Ethridge 

18 Lovers Leap 

County Line 

f 
Fatama 

19 

1 
Lovers Leap 

. County Line 

l
. Fatama 

20 Ethridge 

County Lihe 

I 
Ethridge 

21 Loven; Leap 

. Fatama 

I 
Midway 

22 Fatama 

County Li.ue 

l 
Midway 

23 Fatama 

LO\·ers Leap 

I 
County Line 

24 Midway 

Lovers Leap 

l 
Pollard 

25 Fatama 

Midway 

l
. Creagh 

26 Fatama 

Midway 

( 

Creagh 

27 Fatama 

Pollard 

l 
Pollard 

28 Creagh 

Midway 

Observed angles. 

0 II 

53 42 53 ·06 
27 35 52 ·56 
98 41 16 ·6r 

51 57 27·06 
70 22 o6•64 

57 40 29·32 

2; 00 40·43 
56 26 25·96 

96 32 56 ·93 

39 42 39 ·34 
IOI 24 53 •89 
38 52 27·61 

153 22 20 ·95 
13 55 40·68 
12 41 5S ·91 

83 00 02·37 

58 07 47·85 
38 52 JI ·55 

65 54 15·94 
85 o8 28 ·28 

28 57 19 ·33 

135 25 08·48 

17 05 46·43 
27 29 06·63 

30 05 58·41 
67 24 18:64 
82 29 45·86 

25 "09 58 ·.p 

96 02 IO "39 

58 47 54 ·44 

73 44 40 ·50 
28 37 51 "75 

77 .37 31 ·27 

107 43 29 ·68 
48 34 42 ·os 
23 41 51 ·42 

Correc
tion. 

II 

Spher
ical 

angles. 

II 

Spher
ical 

excess. 

II 

- I "00 52 "06 0 ·48 

-t-0·28 52 ·84 0·48 
-o ·os 16 ·53 o ·47 

-1) •68 26 ·38 0 ·44 
-0 ·21 06 ·43 0 ·45 
-o·So 28·52 0·44 

-t-0·15 40·58 o·So 
-0·46 25·50 o·So 
-o ·61 56 ·32 0 ·So 

-t-0·12 39·46 o·6o 
-t-o ·66 54 ·55 o ·61 
-t-o ·19 27 ·So o ·6o 

-0·02 20·93 0·24 
-t-o ·25 40 ·93 o ·25 
-0·03 58"88 0·25 

-t-o ·22 02 ·59 o ·So 

-0 ·07 47 ·78 0 ·79 
. +o ·46 !2 "OI 0 "79 

-t-o "21 16 "15 I "II 

+o ·08 28 ·36 1 ·11 

-0·51 18·~32 1"11 

-0·16 08·32 0·49 
-to·o2 46·45 0·48 
-t-0·05 o6·6S 0·48 

-o ·23 58 ·rs 1 ·os 
-t-o ·36 19 ·oo 1 ·oS 

-f-o "20 46 "o6 I "o8 

-t-o "jl 59 "13 I "18 
-0 "09 IO ·30 I "19 
-0 "32 54 "12 I "18 

-t-o "19 40 "69 I "I3 

-0 "45 51 ·30 I "13 
-f-0"12 31 ·39 I "12 

-0 "I I 29 "57 I "03 
-o "53 41 "55 I "02 

-ro ·53 51 ·95 I ·02 

Log.dis
tances. 

Distances in 
iueters. 

4·497 668 4 JI 453'46 
4·257 120 I 18 076·74 

4"586 28o 5 38 572·75 

4·357 278 3 22 765·56 
4·434 991 6 27 226·49 
4·387 868 6 24 426·92 

4·357 278 3 22 765·56 
4·620 873 4 41 770·86 

4·697 224 2 49 799·41 

4·434 991 6 27 226·49 
4·620 873 3 41 770·85 

. 4 ·427 241 8 26 744 ·95 

4·697 224 2 49 799·41 
4·427 241 9 26 744·96 
4·387 868 7 24 426·92 

4·620 873 3 41 770·85 

4·553 155 5 35 740·08 
4·42r 772 2 26 410·23 

4·697 224 2 49 799·4r 

4'735 254 5 54 356·87 
4 "421 _772 4 26 4IO '25 

4·735 254 5 54 356·87 
4'357 278 4 22 765·56 

4·553 155 5 35 740·08 

4·421 772 3 26 410·24 
4·686 818 9 48 620·44 
4·717 767 0 52 21! •6o 

4·421 ii2 3 26 410·24 
4·790 720 o 61 761 ·Sr 

4·725 276 4 53 122·24 

4 717 767 0 52 211 ·6o 

4 "415 <j67 I 26 059 '56 
4·725 276 4 53 122·24 

4·790 720 0 61 761 ·81 
4·686 818 9 48 620·44 

4·415 967 I 26 059·56 
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II. THE FIFTH AND LAST SECTION OF THE TRIANGULATION WEST OF TH:E: ATLANi'A 

BASE NET AND JUNCTION WITH THE DAUPHIN ISLAND BASE, 1895-1898. 

This section extends to the Gulf at ·Mobile Bay and 
effects the junction \Vith the Dauphin Island base line. 
It is composed of ten stations exclusive of the base 
stations, and presents a series of quadrilaterals. The 
stations are of very moderate height. Their approxi
mate heights above the Gulf level are as follows: 

Meters. Feet. 
White 120 393 
Reel Hill 95 JII 
Coon 81 265 
Dean 86 284 
Cold Creek S• ·' 274 
Minette 73 240 
Spring Hill 64 2IO 
Daphne 46 152 
St. Elmo 40 132 
Fort l\lorgan s 27 
Dauphin Island East Base 3 
Dauphin Island West Base 3 

The country being well timbered and cutting im
practicable, it was necessary to elevate the theodolite on 
scaffolds ranging from 12111 '4 to 46111 ·5 in height, with 
several 37111 high. All observing was done at night on 
signal lights. 

The mean closing error derived from 28 triangles 

composing the figure equals /3s· 2 3 = ± I 11 ".I7; the v 28 
mean error of an angle i::; ±0""68, and the probable 

I" I 7 
error of a direction, 0·674 v6 = ±0"·34. 

For the several sections these last values are very 
nearl)'. equal notwithstanding the number of observers, 
of instruments, and methods, and other circumstances, 
such as elevation of instruments, day or night observa
tions, etc. The values of the probable error of a 
direction for the second, third, fourth. and fifth sec
tions average · ± o" · 34. which indicates that the tri
angulation of Alabama is of a high degree of accuracy. 

4192-No. 7-02--14 

·-l.O 

JO 

Kilometers 

0 10 20 

Statute Miles 

0 10 

No.32. 

30 

20 



2IO 1'HE EASTERN OBLIQUE ARC. . 
• -lbstracts of horizo11tal dirt?dions .at statio11s co111po$h1g //It! fijlh a11d last scdiol/. <?/Ill<" lria11g11lalio11 

-west of tilt' .-ltla11ta base 11d, 1S95-1S9S. 

Crcagli, Clarke County, Alabama. August 9 to September 10, 1895. 3o<m direction thepdolite No. 
135. G. A. Fairfield, observer. Circle used in XVI position>'. Telescope 12m·4 abo,·e the ground. 

Number of Object~ obse\"\·ed. Results from adjust- Corrections of Final 
directio11s. ment of fourth section. fifth section. ~eC'Ot1d:-; 

0 II /I /I 

4 White 0 00 oo·oo +0·16 00 ·16 

Pollard 270 04 54·92 

3 Red Hill 320 37 14 ·96 +0·31 rs ·27 

Pollard, Monroe County, Alabama. August 29 to September r3, r895. 30<1" repeating theodolite No. 
16. F. WI. Perkins, observer. Telescope 46"'·5 above the ground. 

0 II /I ,, 
Red Hill 0 00 oo·oo -0·40 

2 White 55 52 09·6o +0·17 

Creagh 93 01 16 78 

IV/lite, Clarke County, Alabama. Septeinber 17 to 25, 1895. 3000
" direction theodolite No. 145· G. A. 

Fairfield, observer. Telescope 27"'·9 above the ground. Circle used in XII positions. 

Correctious 
Number of Objects ohs~rvt:i.1. Results from station from adjust- Filial 
directions. adjustment. ment of fifth seconds. 

section. 

0 II /I 

5 Creagh 0 00 oo·oo -0·38 59·62 
6 Pollard 52 55 48·49 +o·r9 48·68 

7 Red Hill rx6 57 48·60 +o·r2 48·72 
s D~a!l qr 23 r9 ·3r +0·07 19 ·38 

9 Coon 192 52 ,p ·17 o·oo 41 ·17 

Probah!e error of a single observation of a direction (D. and R.), e,=±011 ·59. 

Rt!d Hill, Bal<lwin County, Alabama. July 21 to 24, 1895. 30"" repeating th~odolite No. r6. F. \V. 
Perkins, observer. Telescope 36"'·8 above the ground. 

0 '/ /I /I 

IO Dean 0 00 oo·oo +0·17 ()() ·17 

II Cold Creek 26 51 17 ·10 -0·31 16 "79 
12 Coon .67 or 49·So -0·22 49·58 
r3 White 124 29 52 ·4r -0·13 52·2~ 

14 Creagh qS 09 r9 "38 +0·31 r9·69 

rs Pollard 184 35 44·23 +0·18 44 ·41 

Coon, \Vashington County, Alabama. August 7 to 20, 1895. 30'"' repeating theodolite No. 16. F.W. 
Perkins, observer. Telescope 31m·o above the ground. 

0 II /I " 
16 White 0 00 00'00 -f·o ·rs 00·1S 

17 Red Hill 46 37 07·81 o·oo 07·8r 

rS Dean 82 26 r7 ·rr -0·56 16·55 

19 Minette IOI oS 54 ·33 +0·16 54·49 
20 Cold Creek 129 46 38·59 +o ·23 3S·S2 
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.-lbslracts qf liori:;,:m/al directiolls al stations composing t/1efifth a11d last sedion of the tria11gieldtio11 
west of ll1e .-ltla11ta base 11d, IS95-IS9S-contin11ed. 

Dea11, Baldwin County, Alabama. July 28 to 3r, 1895. 3ocm repeating theodolite No. r6. F. W. 
Perkins, observer. Telescope 24w·9 above the ground. 

Corrections 
Number of Objects observed. Results from station from adjust- Final 
directions. adjustment. ment of fifth seconds. 

section. 
0 II II /I 

21 Minette 0 00 00'00 +0·15 o6 ·15 
22 Cold Creek 58 57 45'47 -0·14 45'33 
23 Coon II2 24 09·45 +0·48 09·93 
24 j White 158 28 36·00 -0·65 35·35 
25 Red Hill 189 33 14 ·05. +0·16 I4 '21 

Cold Cr.:ek, Mobile County, Alabama. December 1 to 9, 1895. F. W. Perkins and G. A. Fairfield, 
observers. April 18 to May 1, 1897. \V . .B. Fairfield, observer. 30<"' repeating theodolite 
No. 16. Telescope 31w above the ground. 

0 II II ,, 
26 Coon 0 00 00'00 -0·24 59 76 
27 Red Hill 56 39 59·33 +0·01 59·34 
28 Dean 79 13 14·83 +0·42 15·25 

29 Minette ll3 48 34 ·16 -0·09 34·07 

30 Daphne 156 54 -15 ·74 -0·10 45·64 
Mobile, Court-House tower 171 09 04·4 

31 Spring Hill 191 47 54·07 o·oo 54·07 

Jlfilletl<', Baldwin County, Alabama. April 9 to 15, 1897. 3o<m repeating theodolite No. 16. W.B. 
Fairfield, obsen-er. Telescope 3701 above the ground. · 

0 II ,, II 

32 ·Daphne 0 00 00'00 -0·37 59·63 
Mobile, Court-House tower 32 20 20·40 
Mobile, transit pier (public square) 33 02 05·48 

33 Spring Hill 45 32 20·09 +0·45 20·54 

34 Cold Creek IOI 58 51 ·79 -0·02 51 ·77 

35 r Coon 139 32 34·86 +0·15 35 ·or 

36 Dean 188 25 49·05 -0·22 4S·S3 

Sp1·in,1J Hill, Mobile County, Alabama. April 4 to June 3, 1897. ,-,o<m repeating theodolite No. r6. 
W. B. Fairfield, observer. Telescope 37'° above the ground. 

0 II II II II 

37 Cold Creek 0 00 oo·oo +0·03 00·03 

38 Minette . 45 34 II '13 -0·49 10·64 
Mobile, transit pier 82 03 43'44 
Mobile, Court-House tower 83 20 20·54 

39 Daphne 103 31 00·32 -0'22 00·10 
Middle Bay Light-House 145 00 31 ·92 

40 Fort Morgan 156 27 50·23 +0·28 50·51 

41 St. Elmo 187 37 06·49 +0·40 o6·S9 
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.Abstracts qf hori::ontal directions at stations composing tlie fifl/1 and last section of !lie lriang11/atio11 
;c1cst c?f t/1<· Atla11t1i base· 11d, IS95-rS9S-continued. 

Dapl111t?, Baldwin County. Alabama. May 4 to IS, 1897, and March 18 to r9, 1898. 30'"' repeating 
theodolite No. 16. W. B. Fairfield, observer. Telescope 36·9 meters above the ground. 

Corrections 
Number of Objects ob.;erved. Results from station from adjust- Final 
directions. adjnstnient. ment of fifth seconds. 

section. 

0 II " " 
42 Fort Morgan 0 00 oo·oo +0·39 00·39 

San(l Island Light-House I 36 os "71 
Middle Bay Light-House 13 SI 14·s3 

43 Dauphin Island East Base 14 23 22 ·41 -I "II 21 ·30 

44 St. Elmo SS 47 34·33 -0·03 ;;4°30 

4S Spring Hill 98 S4 47·03 +0·32 47·3s 
Mobile, Court-House tower Ill 23 46·96 
Mobile, transit pier III 34 43·93 

46 Cold Creek 140 30 40·66 +0·04 40·70 

47 Minette I7S 2S 38·47 +0·40 38·87 

St. E/1110, Mobile County, Alabama. June 5 to 7, 1897, and January 31 to February 18, 1898. 30'"' 
repeating theodolite No.16 in 1897 and 3oci11 repeating theodolite No. 32 in 1898. W. B. Fairfield, 
observer. Telescope 37' I meters above the ground. 

// ,, 
" 

48 Spring Hill () 00 00'00 -0·30 S9 70 

49 Daphne s2 46 41 ·22 +0·04 41 '26 
Middle Bay Light-House 93 42 19 ·17 

so Fort Morgan. 130 45 49·03 +0·22 49·25 
Sand Island Light-House I..Jj 29 48·87 

51 Dauphin Island East Base 146 48 03·63 o·oo 03·63 
s2 Dauphin Island West Base 167 16 23 ·72 +o·os 23·77 

Point aux Pins 1898 192 38 47·34 

Fort .lllorga11, Baldwin County, Alabama. June I4 to 20, 1897, aml January 20 to 24, 1898. 30'"' 
repeating theodolites Nos. 16 ancl 32. W.B. Fairfield, observer. Telescqpe 14·2 meters abo\'e 
the ground. 

0 II II '·' 
S3 Daupl1i11 Island \Vest Base 0 00 oo·oo +0·45 00·4s 

54 Dauphin Island East Base 8 30 12·6s +0·23 12·88 

Baylor's West Base 1892 IO 02 56·90 
Point aux Pins 1898 27 38 IO'SO 

SS St. Elmo SS 51 43·92 -0·23 43·69 

~6 Spring Hill 73 s6 39·86 -o·s1; 39·~1; 

Middle Bay Light-House 89 35 36·8.i 

S7 Daphne 102 05 04 ·52 +o·q 04·60 
Sand Island Light-House 296 SS 2S ·96 
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Abstmds <?f /1orizo11tal diredio11s at statio11s tVlllposi11g the fifth and last sedio11 «if the lri1111g1tlatio11 
<vest <?f the .-ll!a11ta base 11d, IS95-IS9S-continued. 

D1iupl1i11 Island East Base, Mohile County, Alabama. Aiigust 2 to 30, 1897 .. 30"0 repeating theodo. 
lites Nos. 16 and 32. \V. B. Fairfield, ohsen·er. Telescope 23·4 meters above the ground up to 
August 27, after which only 14·2 meters. 

Corrections 
Nun1herof Object~ ohserved. Results from station from adjust- Final 
directions. adjnstment. ment of fifth s~.:inds. 

se~tion. 

0 II /I II 

58 . Dauphin Island West Base 0 00 oo·oo +0·23 00·23 

I Point aux Pins 1898 46 19 52 ·90 

59 St. Elmo So 51 20·71 -o·oS 20·63 

6o Daphne 125 25 47·09 +0·56 47·65 

61 Fort Morgan 197 27 36·91 -0·71 36·20 

Sand Island Light-House 224 55 51 ·14 

Da11p/1in Island /Fest Base, Mobile County, Alabama. September 1 to 6, 1897, and February 23 to 27, 
1898. 30<111 repeating theodolite No. 32. \V. B. Fairfield, observer. Telescope 23·4 meters above 
the ground. 

0 

Casotte 1898 0 

Point aux Pins 1898 46 

62 St. Elmo 73 

63 Dauphin Island East Base 151 

Baylor's \Vest Base 1892 156 

64 Fort Morgan 160 

Sand Island Light-House 174 
Horn Island Light-House 333 

Obse_rr1atim1 eq11a/i,,,1s. 

o=-0·56- (2)+ (4) - (5)+ (6) 

o=-0·57- (1)+ (3)-(14)+(15) II 

III o=-0·80- (1)+ (2)- (6}-t- (7)-(13)+(15) 

IV 0=+0·2l·- (7)+ (9)-( 12)+(13)- (16)+( 17) 

v 0=+1·27-( 10)+( 12)-(17)+(18)-(23)+(25) 

IX 

x 

VI o=-t-1·94- (SJ+ (9)-(16)+(18)-(23)+(24) 

o=-2·07-( 18) +(20)-(22) +(23)- (·26)+(28) 

0=-0·57-( l I)+( 12)-(17) +(20)-(26)+( 27) 

0=+0·99-( 21) + ( 22 )-(28) + ( 29 )-(34) + (36) 

o=-0·40-( 19) +(20)-(26) -f-(29)--(34)-f-(35) 

o= +0·89-(29 )+(31 )-(33 )-j-(34 )- (37)+ (38) 

o=-0·71- (29) +(30 )- (32 )+(34)-(46)+ (47) 

O=-l "17-( 32 )-1-(33 )-(38) + (39 )-(45) -f-(47) 

o=-1·31 -(39)-1- (41 )-l44)+(45)-(48)+ (49) 

o=-I" q-(39J+(40)-(42)+(45)-(56l+ (57) 

o=--o· 13-( 42 J+ ( 44 l-(49) +(so) - (SSl+ (57) 

0=+0·46-(50)+(52 )-(53 J+(SS) ·-( 62) -f-( 64) 

o=-2:02-(53)+ (54)+(58)-(61)-(63)+(64) 

o=-1·69-(43 )-1-(44)-(49) +(51 )-(59)+(6o) 

VII 

VIII 

XI 

XII 

XIII 

XIV 

xv 
XVI 

XVII 

XVIII 

XIX 

II ,, II 

00 oo·oo 
29 59·46 

18 25 ·29 +0·17 25·46 

58 46·46 -074 45 "72 
02 30·71 

56 0S·79 -to ·56 09·35 

34 48·52 

31 03·21 
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Observation e'qu.1Ho11s-contin11eo.l. 

xx 0=+2·87-(42)+ (43)-(54l+(.57)-(6o)+(61) 

XX! o=-3·4-q3(r )+4·21(2)+2·57(3)-2·57(4)-3·59( 13)+4·So( I4l--:-1·2r(r5) 

XXII o=-r9+4·11 (7)-4·63 (8) +0·52( 9 )+1·99(16)-4·90( 17_)+2·91 (JS l+o·4S( 23 )-3·49( 24) 

+3·01(25) 

XXIII o=-6·6+3·26( io)-4·15( 11) +0·89(12)+2·9r( 17)-4·85( 18)+1'94(20)+0·40( 26)-5'07( 27) 

+4·67(28) 

XXIV 0=+5·4+4·28( 18)-6·22( 19)+1·94(20)+0·40(26)-.~·45( 28)+3 ·05(29) +0·14(34 )_:I ·84(35) 

+qo(36) 

XXV O= -1'4-0·45(29)+3·02 (30)-2·57(31 )-2·07(32)+3 '47(33 )-1 '40(34 )-1·87 (45 )+2·37 (46) 

-0·50(47) 

XXVI o=-4·7+0·22(39·)-3'49(40)+3·27(41 )+1 ·43(42)-3'68(44) +:2'25(45 )+4·43(55 )-6·45(56) 

+2·02(57) 

XXVII 0=+14·2-8·20(42) +10·59(43)-2·39(44)+0·15(49)+7'33(50)-7'48(51 )-2·07(54) 

+1·94(55)+0·13(57) 

XXVIII 0=-21"8 +-r33(50)-r2·97(51 )+5·64 (52)+14·09(53l-16·03(54)+1·94(55)+0·42( 62) 

-13·7S(63l+13 ·36(64) 

1Vor111al c'q11atio11s. -
N". C:: Co c..'. c, "- C.::; C:- C::- c~ c,.,. c .. C10 C::.3 c •• c.~s Ci·: Ci; -, 

I o=-o·s6 +4 -2 

-0·57 +4 +> 

3 -o·so +6 -z 
4 +0·21 +6 -2 +2 -z 

5 +1 ·27 +6 ·t2 -z +2 

6 +1·94 +6 -
-2·07 +.; +2 -2 +z 

s --0·57 +6 +2 

9 +0·99 +6 +2 -l -2 

IO -0·40 +6 -o -z 
II +o·S9 +6 +z -J 

12 -0·7r +6 +2 

13 -1·17 +6 -2 -2 

r4 -I ·31 +6 +> -2 

15 -1·14 +6 +z 
16 -0·13 ·i-6 -2 
17 +0·46 +6 

' 18 -2·02 
+2 
+6 
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iVormal c'rJl1<1tio11s-co111pleted. 

No. C19 C::o C21 c •• C23 Co4 Cos Co6 c., c .. o 

--·----
- 67S 
- 2·01 

+ S'O:! + 4 "II 

- 3·59 -10·4S + :!"02 

s +10"M -rn·13 + 4 ·2s 
6 + 2·10 - 4 ·ss + 4 ·2s 

- 1 ·43 +u ·,,,; - 0·19 
s + 4·90 - 1 ·40 + I ·54 
9 - 4 "67 + s·oo + ('1'9.5 

10 + I ·54 + s·s_; + 0·95 
II - 2·91 - 6"99 

12 ·- 2·91 + I "27 
13 + 6"91 - 2 ·03 

14 
.. -2 - I "87 +· S·<f! + 2 ·54 

15 +2 - I "87 + 5·58 + s·33 

16 +2 +> 7·52 + 11 ·18 + 5•39 
17 I + 4 •43 - 5·39 0·90 

18 I _, - 2 ·07 2"98 
I 

19 O=- I "69 +6 -2 3 ·r;;s - 20·61 12·97 
20 + 2·s; +6 + 0•59 + 20·99 !- 16"03 
21 - 3·4 +10·37 
22 - 1 ·9 +\.6"51 - :!S·37 +12 ·45 

23 - 6•6 +u2 ·07 -3J ·95 
24 + 5•4 +ss ·43 - I ·57 

25 . - 1 ·4 +43".58 - 4 "21 

261 - 4·7 +10S·88 + 5 ·93 + s·59 
27 +14·2 +302·87 + 187·69 
:;:o:o; I --21 ·s .+1081 "57 

Rcs11/li11p; corrdah's. 

C1=+0·377 C,o=+o·oS4 C,9=+o ·o.')2 

C.=+0·091 C,,=-0·028 c.,=-o:4i9 

C~=+o·1SS C,.=-o·o6,, C.,=+0·843 

c.=+0·363 C,i=+o·458 c •• =+o ·0718 

C5=-o ·o6o c.,=+0·302 c.~=+o ·0325 

Ct=--o ·400 C,s=+o·3S3 c.,=-0·03S7 

C7=-0·014 . C,6=+o ·177 c.s=-0 ·0107 

Cs=+o ·171 c,,=-0·159 c.6= +o ·0307 

C9=-o·q9 C,s=+o·~30 c.,=-o ·0563 

c.a= +o ·0367 
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Corrections. 
II II " II 

(1)=-0·400 (17)=-0 ·005 (33)=+0·449 (49l=:=+o ·035 
(2) +o·r66 (rS) -0·56o (34i -0·016 (50) +0·222 

(3) +0·3oS ( 19) +0·157· (35) +o ·155 (5r) -0·003 
("4) +o·r6o (20) +o ·229 (36) -O ";H5 (52) +o ·048 
(5) -0·377 (2r) +o·q9 (37) +o ·028 (53) +0·446 
(6) +o·rS9 (22) --0 ·r35 (38) -0·486 (54) +o ·229 
(7) +o ·r20 (23) +0·4So (39) -0·220 (55) -0·230 
(8) +o·o6S (24) -0·651 (40) +0·2;6 (56) -0·581 
(9) o·ooo (25) +0·156 (4r) +o"·402 (57) +o ·r36 

( ro) +o·r66 (26) -0·243 (42) +0·392 (58) +o ·230 
( l r) -0·306 (27) +0·006 (43) -I "115 (59) -0 ·01'2 
( 12) -0 ·223 (28) +0·420 (44) -0·031 (6o) +0·561 
(r3) -0·128 (29) -0·087 (45) +0·316 (61) -0709 
(14) +o ·314 (30) -0·095 (46) +o ·038 (62) +o ·r74 
(15) +0·177 (31) -0·001 (47) +0·400 (63) -0·736 
(16) +o·rso (32) -0·373 (48) -0·302 !64) +0·56r 

~M••S Probahle error of an obsen·ed direction o ·674 / 
2
$ = ± o" ·3s. 

Resulting angles and sides ;!f l/u·jifllt and last Se't"lio11 c?f tit,, lrim1g11lalin11 <£'<"SI <?f Ille· .-ltla11ta base 11d. 

011!-'cn·t:ri a11gl.::-s. Correc- Spher- Spher- Log. clis- Distances in No. Stations, icat 1cal tion. angles. exce~s. 
tances. meters. 

0 II II II II ! Wh;t< 52 SS 48·49 +o·s7 49·06 0·44 4 "4IS 967 l 26 059·56 
1 Creagh 89 SS os·os +o·r6 os·24 0·43 4 "Sl4 017 4 32 66o·09 

Pollard 37 09 07 ·rs -o·r7 07·01 0·44 4·29s 003 s r9 724·40 ! Roi Hill 36 26 24·85 -o·q 24·71 0·75 4"41S 967 I 26 059·56 
2 Creagh so 32 20·04 +0·31 20·35 0·7s 4 ·s29 843 I 33 872 ·rs 

Pollan I 93 or 16 78 +0·40 07 ·rs 0 74 4 ·641 590 9 43 Su 78 ! Roi Hill 
6o os SI ·82 +0·30 s2·12 0 78 4 ·sq 017 4 32 660·09 

3 White 64 01 6o·rr -0·07 60·04 0·77 4"S29 843 r 33 872 ·rs 
Pollara 5S s2 09·6o. +o·s7 IO "17 0 78 4·49:; 964 7 31 186·36 ! Whit< rr6 S7 4S·6o +0·49 49·09 0·47 4·641 5qo q 43 Su ·78 

4 Creagh 39 22 45·04 -o·r5 44·89 0·46 4·493 964 s 31 186 ·37 
Red Hill 23 39 26·97 +0·44 27 ·41 0·46 4 ·29s 004 0 19 724·41 ! coo .. 46 37 07·81 -0·18 07·63 0·93 4·493 964 7 31 r86·36 

5 White 75 54 52·57 -0·12 s2 ·45 0·92 4 ·619 293 4 4r 6r9·r7 
.. Red Hill 57 28 02·6r +0·09 02 "j() 0·93 4·558 422 2 36 176 ·q 

( Deon 
31 04 38·05 +o·Sr 38°86 o ·54 4·493 964 7 31 186·36 

6 White 24 2S 30 71 -o·os 30°66 (I ·54 4·397 629 6 24 982 ·q 
Red Hill 124 29 52 ·4r -0·30 52 "I I 0·55 4 ·697 r57 5 49 791 76 ! ne,,, 77 09 04·6o -0·32 04 ·28 o·Sr 4·619 293 4 41 6r9·r7 

7 Coon 35 49 09·30 -0·56 08·74 0·81 4·397 629 s 24 982 ·r3 
Red Hill 67 01 49·So -0·39 49·41 o·Sr 4"S94 429 9 39 303 ·38 
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Resulting angles and sides of tile jiftli and last section qf tlir triang11latio11 ~c·est of Ille .rltla11ta 
fiase· 11d-continued. 

No. 

Coon · 

White 

Dean 

Stations. 

l 
\.:olcl Creek 

9 Coon 

Dean 

I 
Cold Creek · 

ro Coon 

Red Hill 

l 
Dean 

1 I Cold Creek 

Red Hill 

'! Minette 
12 Colo"l Creek 

Dean 

I 
Minette 

13 Coon 
Dean 

I 
Cold Creek 

14 Coon 

Minette 

I 
Spring Hill 

15 Cold Creek 

Minette 

I 
Daphne 

16 Cold Creek 

Minette 

I 
Daphne 

17 Spring Hill 

Minette 

I 
Spring Hill 

18 Cold Creek 

Daphne 

r St. Elmo 

19 l Spring Hill 
Daphne 

l 
Fort Morgan 

20 Spring Hill 
Daphne 

Ohservecl angles. 

0 ,, 
82 26 17 "II 

51 29 21 ·86 

46 04 26·55 

79 13 14 ·83 
47 20 21 ·48 

53 26 :23 ·98 

56 39 59·33 
_83 09 30 78 
40 IO 32 "70 

130 35 28·58 
22 33 15·50 
26 51 17 'IO 

86 26 57·26 

34 35 19 ·33 
58 57 45 ·47 

48 5,\ 14 ·19 
r.S 42 37 ·22 

I 12 24 09 ·45 

113 48 34 ·16 

28 37 44·26 

37 33 43 "07 

45 34 II '13 
77 59 19 ·91 
56 26 31 ·70 

34 54 57 ·s1 
43 o6 11·58 

IOI 5$ 51 '79 

76 30 51 '44 

57 56 49 ·19 
45 -~ 2 20 ·09 

103 3 I 00 ·,~2 

34 53 oS ·.u 
41 ·35 53 ·63 

52 46 41 "2:? 

84 06 06 ·17 

43 07 12 70 

28 oS 24·66 

52 56 49·91 
98 54 47·03 

Correc
tion. 

Spher- S~her-
1ca l ical 

angles. excess. ,, ,, 
-0 "74 16 ',H I '20 

-0 '07 21 "79 I '19 
-r·13 25·42 1·19 

+o ·66 15 '49 o 7S 

+0·79 22·27 0·79 
+0·62 24·6o 0·79 

+0·25 59·58 1"13 
+o '24 31 °02 I '12 
+o ·oS 32 ·7s 1 ·13 

+0·29 28·87 0·48 

+o '42 !5 '92 I 0 •47 
-0·47 16'63 0·47 

-o ·20 57 '06 0 ·35 
-0·51 18'82 0·36 

-0·28 45·19 0·36 

-0·37 13·82 0·52 

+o 72 37 ·94 o ·52 
+0·34 09·79 ·0·51 

+0·16 34·32 0·63 

+o ·07 44 ·33 o ·63 
+0·17 43 ·24 0·63 

-0·51 10·62 0·62 

+0·09 20"00 0'6I 
-0 ·47 31 ·23 0 '62 

+o ·36 58 ·17 o ·63 
-0 'OI 11 '57 0 ·63 

+o ·36 52 ·15 o ·63 

+o ·os 51 ·52 o ·63 

.+0·27 49·46 0·63 
+o ·82 20 ·91 o ·63 

-0 ·25 00 ·07 (• '61 

+o ·10 oS ·43 o ·62 

-0·28 53·35 0·62 

+o ·34 41 ·56 o ·47 
+0·62 o6·79 0·46 

+o ·35 13 ·05 o ·47 

+0·72 25·38 0·91 
+o ·50 50 ·41 o ·91 
-·O 'o8 46 ·95 0 ·92 

l.og.dis
tances. 

4·697 157 5 
4'594 430 0 
4·558 422 3 

Distances in 
1neters. 

49 791 ·76 

39 303 ·39 
36 176 'IS 

4·594 429 9 39 303 ·38 
4·468 673 0 29 422·05 

4'507 002 9 32 136·82 

4·619 293 4 41 619·17 

4·694 251 8 49 459·74 
4·507 002 9 32 136·82 

4·694 251 8 49 459·74 
4'397 629 6 24 982·14 
4·468 673 I 29 422·06 

4·468 673 0 29 422·05 
4·223 6o9 6 16 734·38 
4·402 402 0 25 258·17 

4·594 429 9 39 303·38 
4·223 6._""'9 s 16 734·39 
4·683 316 4 .48 229·90 

4·683 316 4 48 229·90 
4·402 402 0 25 258·17 
4·507 003 (l 32 136·83 

4·402 402 0 25 258·17 

4·539 029 5 34 596·29 
4·469 457 8 29 475·27 

4·402 402 0 25 258·17 

4·479 341 0 30 153·73 
4·635 156 6 43 167·47 

4·539 029 5 34 596·29 
4·479 341 0 30 153·73 
4·404 7Cl..J 4 25 392·44 

4·635 156 6 43 167·47 

4·404 704 3 25 392·43 
4·469 457 7 29 475·27 

4·404 704 4 25 392·44 
4·501 323 3 31 719 ·2s 

4"338 386 5 21 796·49 

4 ·404 i04 4 25 392 ·44 
4·633 149 4 42 96843 
4·725 827 4 53 189·68 
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Res11lti11g angle's and sides of tl1efi.tU1 and last sections ~f Ilic tria11g11latio11 west of the Atla11ta 
base net-continued. 

No. Stations. 

r 
Fort Morgan 

21 l St. Elmo 
Daphne 

Fort Morgan 

St. Elmo 

Spring Hill 

l 
Dauphin Islancl East Base 

23 St. Elmo 
Fort Morgan· 

l 
Dauphin Island West Base 

24 St. Elmo 

Fort Morgan 

Obsen·ed n ngles. 

0 

46 13 20 ·Go 

77 S9 07·S1 

SS 47 34·33 

18 04 55 ·94 

130 4S 49·03 
31 09 16·26 

116 36 16 ·::!O 

16 02 14 ·60 

47 21 31 ·27 

87 37 43·so 

36 30 34·69 

SS s1 43·92 

( 

Dauphin Island \Vest Base 78 40 21 ·17 

2~ St. Elmo 20 2S 20 ·09 

Dauphm Islumt East Base So s1 20 "ii 

( 

Dauphin Island East Base 

26 Fort l\forgan 

Dauphin J sland \Vest Base 

( 

Dauphin Island East Base 

27 St. Elmo 

Daphne 

162 32 

s 30 

s S7 

23·09 

12 ·65 

22·33 

44 34 26 ·3s 

94 01 22 ·41 

41 24 JI ·92 

cOrrec~ 
lion. 

II 

Spher- S{lher-
ical 1cal 

angles. excess. 
II /I 

i-0·36 20·96 0·96 

+o ·19 08 ·oo o ·9·5 

-o ·42 33 ·91 0 ·96 

-0·3s SS"59 o·s1 

-to·s2 49"SS O"SI 

-to ·13 16 ·39 o ·51 

-0 ·63 

-0·22 

-0·46 

+0·39 
-0·17 

-0·68 

15·57 0·26 

14 ·38 0 ·2s 

30·81 0·25 

43·89 0·5s 

34·52 0·5s 

43·24 0·55 

--o ·91 20 ·26 0 ·27 

-to ·05 20 ·14 o ·2; 

--0·31 20·40 0·26 

+0·94 
-0·22 

+I ·30 

24·03 

12·43 

23·63 

0·03 

0·03 

0·03 

+0·64 27·02 o·So 

-o ·04 22 ·37 o ·so 
+·I ·09 13 "01 0 ·So 

( 

Dauphin Island East Base 

28 Daphne 

72 OI 49·82 ---·-I "27 48·55 0"4I 

14 23 22·41 -1·51 20·90 0"4I 
Fort Morgan · 93 34 51 ·87 -o ·09 51 78 0 ·41 

I.og.dis
tauces. 

Distances in 
meters. 

4 ·soi 323 ·' 31 719 ·28 
4·633 149 6 42 968·4s 

4 ·s6o 278 0 36 331 ·os 

4·338 386 4 21 796·48 

4·725 827 4 53 lS9·6S 

4·56o 277 8 36 331 ·03 

4·56o 277 9 36 331 ·04 

4·050 203 4 II 225·44 

4·475 527 2 29 890·09 

4·560 277 9 36 33I ·04 

4"335 134 2 2I 633·87 

4·478 5I6 I 30 096·51 

4·475 527 2 29 890·09 

4 "027 831 9 IO 661 ·83 

4 ·478 516 0 ·'° 096 ·50 

4·335 134 2 

4 ·027 831 9 

4 ·050 203 5 

21 6.;.; ·s7 

w 661 ·s3 

Ii 225 ·44 

4·501 323 3 31 719·28 

4·654 020 6 45 o83·8r 

4·475 527 4. 29 890·10 

4 "63J 149 5 42 968 ·44 

4·050 203 3 II 225"44 

4·654 020·6 45 oSj·Sr 

Rt'llwrks 011 the accord qf tlu· Atlanta and Dauphi11 Island bascs.-The distance 
between the middle points of these bases, when measured through the middle line of 
the triangul~tion connecting them, is 677 kilometers or 42 r statute miles.* The total 
number of geometrical conditions demanded by this triangulation in order to remove its 
inconsistencies is 142, to which number one more condition would have to be added to 
bring out the length of the second base as measured. The simultaneous solution of so 
large a number of equations bting impracticable, the actual adjustment was made in 
parts. When the Dauphin Island base was reached a very small difference t was found 
in the computed length, as derived from the Atlanta base, and the measured length, a 
matter of accident, but a very satisfactory one, since no further labor was needed to 
bring about a closer accord. 

*It is ntade up of the s~veral parts as follows: In base net. 42 kilon1eter5; first section, 98 kilotneters; second section, 
SS kilometers; third section. So kilometers; fourth section, 109 kilometers; and fifth section, 16o kilometers. 

t One and a half units in the seventh place of decimals in the logarithm. 
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I2, THE FI).~.5'1' SECTION OF THE TRIANGULATION WEST OF THE DAUPHIN ISLAND 

BASE NET, ALABAMA AND MISSISSIPPI, 1846-1855. 

Proceeding from the base net westward, the ~riangulation is contracted in dimen
sions and possesses an inferior degree of accuracy as compared with.the triangulation 
north of the base. This change is primarily due to unfavorable atmospheric conditions 
and to the difficulty of preserving the stations for a few years in a 10\V country, subject 
to storms and :;evere hurricanes, which cause alterations in the shore line, overflow of 

10 0 10 20 

10 0 10 

.Kilo:meters 

30 
Statute Miles 

50 

20 

60 70 

30 

the ground, .and destruction of the. stations. When the localities were revisited in 
another year several of the stations could not be recovered, and new stations had to be 
established in their places. The width of the triangulation was limited by the width 
of Mississippi Sound, along which it extends. The observers were Assistants F. H. 
Gerdes and J. E. Hilgarcl. In 1854-55 a Gambey repeating theodolite was used, and 
for these measures the resulting seconds are given to the nearest tenth. The section 
extends fron~ the Dauphin Island base net to the line Deer Island 1 to Ship Island 1855, 
a distance of about 56 kilometers or 35 statute miles. The connected series of quadri
laterals terminates here. 

Abs/rads vf lwri:::o11tal dirfftio11s at statio11s of Ilic first Sfflio11 (If Ifie lria11R'ttlatio11 west<?/ Daup/1i11 
Isla11d base· 11d. 

Poi11t aux Pi11s, Mobile County, Alabau1a. May am\ June, 1848. F. H. Gerdes, otJserver. 

Nuntl.tt:rof Results of station Corrections Resulting Corrections Final Objects observed. from first from hase 
di.recti.on~. acljusttneut. section. seconds. net .. seconds. 

0 II II ,, II II 

Cedar Point 0 00 oo·oo +0·32 00·32 

Cat Island 22 36 33 ·45 -0·29 33 ·16 

Dauphin Island West Base 58 14 08·33 -0·03 08·30 

3 Petit Bois 105 51 21 ·51 -0·05 21 ·46 

4 Grande Batture 147 05 47·69 -0·03 47·66 
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Abstracts t?f /10ri:::ontal directions at stations qf l/1e ftrsl sedio11 of !lit• tria11g11/alio11 u•esl of Da11plii11 
Isla11d base nd-continued. 

Daupliin Isla11d Wc·st Base, Mobile County, Alabama. November, 1847 and January, 1848. F. H. 
Gerdes, observer. 

Number of Results of station Corrections Resulting Corrections Final Ohjects ohsen•ed. from first from base directions. adjustment. section. seconds. 11et. seconds. 

0 II II II. " // 

I P<ti t Bot' 0 00 oo·oo -0·17 59·83 

2 Grande Rattu.re 45 15 13 "69 +0·36 14·05 

Point aux Pins 81 33 33 ·52 +0·14 33·66 

Petit Bois, Jackson County, Mississippi. June, 1846. F. H. Gerdes, observer. Theodolite No. 6 used 
in III positions. 

0 .I.' I/ ,, 
5 Horn Island East 1855 * 0 OU oo·oo -0·41 59·59 
6 Bayou Casotte 42 36 12 ·87 +0·70 13·57 

7 Grande Batture 71 28 26·37 -0·64 25 "7.~ 
8 Point aux Pins 104 36 32 ·24 +0·26 32 ·50 

9 Dauphin hland West Base 155 25 46·00 +0·09 46·09 

Gmnde• l:l11tl11re, Jackson County, Mississippi. July, 1846. F. H. Gerdes, observer. 45<m theodolite 
No. 4. September and October, r847. J. E. Hilgard, obsen·er. Theodolite No. 6 used in V 
positions. 

IO Point aux Pinl'.' 0 00 

II Dauphin Island \Vest Base 54 50 
12 Petit Bois 105 37 
13 Horn Island East r855 * 158 42 

14 Bayou Casotte 209 13 

II 

oo·oo 
01 •6o 

27·05 

II ·77 

36·14 

/I 

-0·06 

-0·18 

+0·30 

-0·39 

+0·32 

II 

59·94 
OI '42 

27 ·35 
II ·38 

36·46 

Horn Island East IS55, Jackson County, Mississippi. February and March, 1847. F. H. Gerdes 
and J. E. Hilgard, observers. 45 <••direction theodolite No. 4. ( V to X positions.) December, 
1854, to April, 1855. J. E. Hilgard, observer. Repeating theodolite. 

0 II II 

21 Ea~ .. ~.~la) 0 00 oo·oo +0·03 

22 Ba you Casotte I4 IO 58 "73 +0·12 
. 1847 

48 +0·72 23 Grande Batture 41 07 "]2 

24 Petit Bois 104 07 58·38 +0·33 

19 Horn Island West~ 287 05 56·0 -I '02 
1854-5 

20 Belle Fo1itaine . 313 55 53·0 -0·19 

Bayou Casotft', Jackson County, Mississippi. July and August, 1847. F. H. 
Theodolite No. 4. ·( V positions.) September, 1847. J. E. Hilgard, observer. 

0 II II 

15 Grande Batture 0 00 oo·oo -0·48 

16 Petit Bois 47 31 37·So +075 

17 Horn Island East 1855 * 94 ,58 25·76 -0·64 

Horn Island \Vest 153 29 I4 ·20 

Belle Fontaine 1So 49 13 ·30 

18 East Pascagoula 202 51 05·38 +0·37 

*The ohser\"ations of 1847 were reduced to the position of 1855. 

II 

00·03 

58·85 

08·44 

58 "]I 

54·98 
52 ·S1 

Gerdes, observer. 
. Theodolite No. 6. 

,, 
59 ·52 

3S·55 
26 "12 

05 "75 
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.4.bstmds qllwri:::o11tal dircctio11s at statit111s <?.fllie fin"! section <if tlze tria11g11latio11 <£1t?st <?.f Da11pl1in 
Island base nd-continued. 

Er1st F'aso~gwtl,1, Jackson County, Mississippi. August, r847. F. H. Gerdes, observer. Theodolite 
No. 4. ( V position~.) April, r854, and January, 1855. J.E. Hilgard, observer. Repeating the
odolite. Elevation of ground, 16 feet; of tripod, 14 feet. 

Number"Jof Results of statio1~ Corrections Final Objects observed. from first directions.. adjustme11t. section. seconds. 
0 II II II 

25 Bayou Casotte 0 00 oo·oo -0·2r 59 ·79 
26 Petit Bois 20 ,p 28·49 -1 ·3r 27 ·rs 

27 Horn Island East 1855 * 57 56 20·18 +0·26 20·44 

Azimuth Mark 96 22 50·6o 

:?8 Horn Island West 122 43 25·0 +0·65 25·65 

29 Belle Fontaine 153 09 16 ·2 +0·61 16·8r 

Hor11 Island /Vest, Jackson County, Mississippi. August to November, 1848. F. H. Gerdes, observer. 
Repeating theodolite. March, 1854, l\fay and November, i855. J.E. Hilgard, observer. Repeat
ing theodolite. 

0 " II II 

30 Ship Island 1855 0 00 oo·o o·o oo·o 

3r Deer Island 1 54 48 36·8 -0·7 36 ·r 

Monk Point 78 59 18°8 

32 Relle Fontaine · 100 06 34·9 +0·3 35·2 

33 East Pascagoula r53 53 6o·2 -0·5 597 

34 Horn Island East 1855 196 12 49·2 +0·9 50·1 

Belle Fo11tai11e, Jackson County, Mississippi. April, October, and November, 1855. J. E. Hilgard, 
observer. Repeating theodolite. 

0 II II II 

35 East Pascagoula 0 00 oo·o -07 59·3 

36 Horn Island East 1855 38 42 55·8 +0·4 56 ·2 

37 Horn Island West 95 46 44·0 o·o 44·0 

38 Ship Island 1855 147 26 07·2 o·o 07·2 

39 Deer Island r 191 39 39 ·r +0·4 39·5 

Slzip Island I855, Harrison County, Mississippi. June and J nl y, I 848. F. H. Gerdes. Repeating 
theodolite. November, r855. J. E. Hilgard, obsener. Repeating theodolite. 

0 II II II 

Cat Island 0 00 00'0 

Mississippi City 49 20 56·9 

Biloxi Light 87 13 41 ·8 

40 Deer Island l u6 I4 II °7 +0·5 12·2 

41 Relle Fontaine 148 IO 50·2 -1·0 49·2 

42 Horn Island \Vest 176 24 507 +0·5 51 ·2 

Cbandeleur .Light 1855 268 o6 oo·S 

* Obsen•ations of 1847 referred to the position of 1855. 
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Abstracts qf lwrii:rmlal diredio11s 111 stations <?f Ilic first s,yfion of l/1,· !ria11g11latio11 u1est t?f" Dauplun 
Isla11d bast' net-continued. 

Dt?t?r /s/a11d I, Jackson County, Mississippi. October, November, and December, 1855. J. E. Hil
gard, observer. Repeating theodolite. 

Numherof 
directions. 

4.3 

44 

45 

Object" ohser.,ed. 

I Belle Fontaine 

Monk Point 

Horn Island \Vest 

Ship Island 1855 

Mississippi City 

Biloxi Light 

Ohs,·1"-r•alio11 ~q11alio11s. 

I 0=-!"74-(I J+(2)-(7)+(9) -(I 1J+t12) 

!I o=-0·5r-(2) +(4)-(10)+(rr) 

III o=-I'28-(3J+(4)-(7)+(S)-(10J+(r2) 

IV o=+o·oy-(6) +(1i-( 12)+( q.)-(15) + (r6) 

v 0=+0·07-(5)+(6)-(16)+( 17)- (22) +(24) 

VI o=-I'IS-{ 13l+{14·)-( 1~)+(17)-(22)+( :?3) 

VII o=-r·57-(17)+( 18)-(21)+{22)-(25)+(27) 

VIII o=-1·0-( 19)+( 20)-(32) +(34)-(36)+ (37) 

IX o=-q-(20) + (21)-(27J+(29)-(35)+ (36) 

x 0=+0·1-(_28)+(29)-(32) +(33)-(35)+(37) 

XI 0=+1·0-(30)+(31)-(40)+(42)-(44)+(45) 

:XU o=-1·4-(31)+(32)-(37)+(39)-(43 J+ (44) 

XIII 0=+1·4-(.-;8)+(39)-(40)+(41)-(43)+ (45) 

Results of station 
adjustment. 

Corrections 
from first 
section. 

0 // // 

0 00 00'0 +0·1 

0 r9 13 '2 

38 49 05 '7 +o·r 

ro3 49 5r ·4 -o·r 

174 34 46 'l 

194 35 56·5 

XIV 0=+4·8+2·09( I )-4·95( 2)-2'40(3)+2·36(4)+ 3·00(7)-3 ·22(8)+0·22(9) 

Final 
Sf:conds. 

,, 
oo·r 

05·8 

51 '3 

XV 0=+8·2+2·29(5)-6·11(6)+3·82( 7) -0·51( r2)-q4( r3 )+2·25(14 l+3·05( 22)-3·06(23) 

I +0·01(24) 

XVI o=-4·84+0·229(5)-0·229(6) -i-3 ·035(16)-3 ·035(18)-j-o·S34(21 )-o·S35(22)+0·001(24) 

+3·46( 25 )-3·592( 26)+o·r32 (27) 

XVII 0=+2·0+4·17( 19)-6·20(20) +2·03( 21)-0·19(27)-3·58( 28)+3·77 (29) -{- q6(32)-1·54(33} 

-0·22(34) 

XVIII o=-9·0+ 1 ·49( ;:.0)-3·57 (31) +i·oS(32) -0·22 (37} -2'16(38)+2·38(39) +2'17(40)-3·38(41} 

+1·21(42) 



No. 

1 o=-1·74 

0=+0·51 
3 o=-1"28 

4 <>=+0·09 
.'i o=+o·o; 
6 o=-1 ·15 

7 0= -I ·57 
S o=-1·0 

9 o=-1 ·7 

IO o=+o'I 

II 0=+1·0 
12 o=-1·4 

13 0=+1·4 

14 0=+4 ·s 

THE MAIN TRIANGULATION. 

/\7ormal .-q11<1/io11s. 

c, c, c, c{ Cs c. c, Cs Co C10 Cu c,. Ct:' c,. c.,. 

+6 -2 +• -2 - 9·82 - 4 .,, 

+4· +• + 7·31 
+6 -2 - 1 ·46 - 4·33 

+6 -2 +> + 3·00 + !2"69 
... +6 +• -2 ... ... . .. . . -!I ·44 

+6 -J - 2 'L? 

+6 -J + 3·05 

+6 -2 +> -J 

+6 +• 
... ... ... . .. ... . .. . .. . .. ... +6 . .. -2 

+6 -2 +i 
+6 +2 

+6 
+s9·617 +n ·46 

·223 

Ctr. c,, c,. 
" 

+ 3">'54 
- 2·658 

+ o·S3.i, 
- s·o31 - 2 . .,., 

-12·35 - 2•30 

+ O"j0'2 +12"!9 

+ 4·05 - 2·30 
- 6·02 

+ I "i6 + S»s 
-- I '01 

15 o=+S·2 +s.1 · 1Ss - o ·1>2ar 

16 

17 
18 

o=-4 ·s4 
0=+2·0 

o=-9·0 

,, 
(1)=-0 ·17r 
(2) -1-o ·359 
(3) -0·054 
(4) ,-o :028 
(S) -0·406 
(6) +0·698 
(7) -0·638 
(8) +0:257 
(9") +o·oSS 

(ro) -0·057 
(II) -0 ·180 
(12) .+0·302 
( 13) -0·389 
(14) +0·324 
(15) -0·473 

Res111/il~![ tw-rda/,·s. 

C,=+0·0965 
C.=-0·0831 

C3=+o ·1404 
C4= -o ·0306 

Cs=+o·3323 

c.=+0·5085 

C7=+1 ·4771 

Ca=+o·S7S5 

C9=+1 ·2697 

Cro=-0·5309 

C11=+0·255r 

c .• =+o "33i6 

c.~= -o ·4014 
c,, = -0 ·03628 

C.,=-o ·06853 

c .• =+o ·36560 

l.::1;=-0 ·03300 

c .• =+·1 ·17487 

,, 
( 16)-=+o ·747 
(17) -0·636 
(18) +0·36i 
(19) -1 "OJ6 
(20) --o ·187 
(21) +0·030 
( 22) +o ·12:? 
(23) +0·718 
(24) +0·332 
(25) -o "212 

(26) -I "313 
(27) -j-0·261 
(28) +0·649 
(29) +0·614 
(.~o) +o ·005 

Probable error of an observed direction o ·674 ~II "28 =±o ·1153 
18 

+44 ·son + 1 ·6679 
+92 ·5.12; . + 3 •6608 

+47 ·267z 

II 

(3I)=-o 707 
(32) +o ·2¢ 
(33) -0·4So 
(34) +o·Ss6 
(35) -0739 
(36) +o ·391 
(37) -0 ·028 

(38) +o ·024 
(39) +o ·352 
(40) +o·.'i26 
(41) -0·99:? 
(42) +o ·467 
(43) +0·064 
(44) +0·084 
(45) -o ·146 
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Rcs11/li11g a11gle·s and sides (!I tl1c·jirst se"Clio11of111.: lria11gulalicm wt·st c'.f Dattpl1i11 Island base n<l. 

No. Stations. 

l 
Petit Bois 

I Point aux Pins 

Dauphin Island West Base 

Observed angles. 

,, 
so 49 13 76 
47 37 13 ·21 

Sr 33 33 ·66 

l 
Grande Batture S4 so 01 ·60 

2 Point aux Pins SS SI 39 ·39 

Dauphin Island West Bast:- 36 18 19 ·97 

Grande Batture 

Point aux Pins 

Petit Bois 

!OS 37 27 ·as 
.p q 26 "JS 

33 C•S OS ·87 

Grande Batture so 47 25 ·4s 

Dauphin Island West Base 4S JS J3 ·69 

Petit Bois 83 57 19 ·63 

Horn Island East rSss 

Grande Batture 

Petit Bois 

J
. Bayou Casotte 

6 l Gra111le Batture 
Petit Bois 

·1 Bayou Casotte 
7 Pt:-tit Bois 

Horn Island East rSss 

Bayou Casotte 

Grande Batture 

Horn Island East rSss 

f 
East Pascagoula 

9 Ba you Casotte 

l H~rn Island East r8ss 

J 
East Pascagoula 

IO l Bayou Casotte 
Petit Bois 

East Pa:<cagoula 

Petit Bois 

Horn Island East 18ss 

\ 

Belle Fontaine 

12 East Pascagoula 

Horn Islaud East r8ss 

SS 26 so ·66 

S3 04 44 "i2 

71 28 26·37 

47 3J 37·80 

103 36 09 ·09 

28 52 J3"50 

47 26 47 ·96 

42 36 12 ·87 

89 56 59·65 

94 ss 2s 76 
50 31 24·37 

34 30 08·99 

s7 56 20 ·rs 

ro7 52 39·62 

I4 IO 58 ·73 

20 42 .28:49 

rss 19 27 ·58 

3 s8 

37 13 SI ·69 

38 38 
104- 07 58·38 

38 42 s5·s 
9S 12 s6·o 

46 04 07 ·o 

Correc ... 
tion. 

,, 

Spher- Spher-
1ca l ical 

angles. excess. 

II II 

-0·17 13·s9 0·20 

-o ·os 13 ·r6 o ·19 

+0·17 33·S3 0·19 

-0 "I2 OJ •48 0 "IS 

-o ·03 39 ·36 o ·rs 

-o ·36 19 ·61 o ·rs 

+o ·36 27 ·4r o ·13 

+a ·03 26 "2I 0 ·13 

+a ·89 06 76 o ·12 

+a ·48 25 ·93 o ·1; 
+0·53 14·22 0·17 

+o ·73 20 ·36 o ·17 

-0·39 50·27 0·15 

-0 ·69 44 ·03 0 ·14 

-0 ·23 26 ·14 0 "JS 

+1 ·23 39 ·03 O "IO 

+0·02 09"Jl O"IO 

-I "34 12 "J6 0 "IO 

-1 ·38 46 ·58 0 ·14 

+1 "IO 13 "97 O ·13 

I +0·21 59·86 o·q 

I 
0·16 25·6o 0·09 

· ~o ·71 25 ·oS o ·09 

+0·60 09·59 0·09 

+0·47 20·65 0·03 

+1 ·01 40 ·63 0 ·04 

+a ·09 58 ·s2 o ·03 

-I "IO 27·39 0"02 

-0·38 27·20 0·02 

05·47 0"02 

+r ·57 53 ·26 o ·15 

oS·51 0·15 

+a ·30 58 ·68 o ·15 

+1 ·1 56·9 0·1 

+a ·4 56 ·4 o ·2 

+0-2 07·2 0·2 

Log.dis
tance!;. 

Distances 111 
111eters. 

4·193 605 2 15 6J7·27 

4·172 673 a 14 ss2·40 

4·299 478 8 J9 92S·69 

4·r93 6o5 2 15 617 ·27 

4·281 040 2 19 J00"30 

4 "053 513 2 II 311 ·32 

4·299 478 8 J9 928·69 

4 ·134 862 4 13 6,p ·51 

4"0S3 Sl3 J II 311 ·32 

4 "!/.:! 673 0 

4 ·r34 862 2 

4 ·281 040 0 

4 "J34 862 3 

I 4 "121 942 0 

4 ·196 033 9 

q 882 ·40 

J3 641 ·so 

J9 100·29 

J3 64J "SI 

13 ;q1 ·65 

JS 704·ss 

4 "J34 862 3 13 641 ·51 

4 ·254 684 9 J7 975 "66 

3·950 829 6 8 9.:i9·55 

4 "J21 942 0 13 241 ·6s 

4 ·a.-;5 225 7 12 168 "l!i 

4·254 &-;4 7 17 975 ·65 

4"J96 033 9 JS 704·85 
4·0Ss 22s s J2 168"18 

3·9so 829 4 8 929·5s 

4 ·o8s :ns 8 12 J68 "JS 

4·13s 6oo 2 13 664·70 

3·546 29s 3 3 SJ8"00 

4·254 684 8 17 975·65 

4 ·326 812 5 

3·546 295 4 

21 223·28 

3 5JS·oo 

4·121 942 0 13 241 ·65 

4·135 6oo 0 13 664·70 

4·326 812 5 21 223·2S 

4·135 6oo I 13 664·70 

4·337 600 s 21 7S7 ·07 

4·196 838 0 15 733·96 
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Re•sulti11g cll(i;'f,·s amt sid«s ql//1t' firs/ scdicm <?f Iii<· fricm,1[u"1tioll west of D1wplii11 Island 
· base 11d-contim1ed. 

No. Stations. 

J 
Hom Island West 

13 East Pascagoula 

l Horn Ii;Jaud East 1855 

l 
Hom Island \Vest 

q Belle Fontaine 

Horn Island East 1855 

Hom Island West 

Belle Fontaine 

East Pascagoula 

Deer Island I 

Belle Fontaine 

Hom lslanrl \Vest 

Ship Island 1l;55 

Belle Fontaine 

Hom Islaml \Vest 

f 
:-)hip Islanrl 1855 

18 l Deer Island 1 

Relle Fontaine 

l
. Ship Island 1855 

19 Deer Jslan<1 1 

Horn Islaml \Vest 

4192-No. 7-02--15 

0 ,, 
4::! 18 49·0 

6.:i 47 04 ·s 
i2 54 04 ·o 

96 o6 q ·3 

57 03 48·2 
26 49 57 ·o 

53 47 25 ·3 

95 46 44·0 
30 25 .51 ·2 

38 49 05 '7 

95 52 55 'I 

45 17 58·c 

28 14 00·5 

51 39 23·2 

100 06 34·9 

31 56 38 ·5 

103 49 51 ·4 

44 13 31 ·9 

6o 10 39·0 

65 00 45 ·7 

s4 4S 36 ·s 

Correc
tion. 

II 

sf~~r- src~~r-
anglell. eY~ss • ,, . II 

+r ·4 50·4 0·2 

+0·4 05 ·2 0·2 

. + l ·o 05 ·o o ·2 

+o·6 
-0·4 

+o·s 

-o·s 
+07 

o·o 

o·o 

+0·4 

+r·o 

+r ·s 
o·o 

+0·3 

f.1.'9 

47·8 
57·8 

24·5 

44·7 

51 ·2 

05·7 

55 ·5 

59 'I 

02 ·o 

23·2 

35 ·2 

0'2 

0'2 

0 'I 

o 'I 

0·2 

0 'I 

0 'I 

O 'I 

0·1 

0·2 

O'I 

O'l 

-1 ·s 37 ·o o ·r 
-0·2 51 '2 0 ·2 

+o '3 32 '2 o 'I 

-o·r 38·9 0·1 

-0·2 45·5 0·2 

-0·7 36 'I 0 '2 

Log.dis
tances. 

Dista11ces in 
meters. 

4·135 6oo I 13 664·70 

4 ·263 971 9 rS 364 · r9 
4 ·287 827 7. 19 401 ·16 

4 ·337 6oo 5 

4·263 972 4 

3·994 618 9 

4 ·196 838 0 

4·287 827 s 
3·994 618 7 

.3 ·994 618 s 
4 ·195 161 4 

4·049 199 n 

21 757·07 

18 36.:i '22 

9 876·$6 

15 7-'3 ·96 

19 4or ·17 

9 876·85 

9 876·$6 

15 67,\ ·34 

11 199 ·50 

3·994 618 s 9 876·86 
4·214 177 2 I~ 374·84 

4·312 Sg6 4 20 554·00 

4·049 199 0 II 199'50 

4·312 896 2 20 553·99 

4 ·169 209 4 14 764 ·18 

4'I95 161 4 15 673·34 
4·214 177 3 16 374·85 

4'I6g 209 5 14 764 ·19 
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13. SECOND AND LAST SECTION OF THE TRIANGULATION WEST OF THE DAUPHIN 

ISLAND BASE NET, MISSISSIPPI AND LOUISIANA, IS5i::>-1Si-j.. 

LOUISIANA 

10 0 

llfississippi 

No.34. 

Deer 
Isl.and .1 

MISSISSIPPI 

Kilometers 
lU 20 30 ~(\ C•O 

Statute Miles I 
w"""=-"""'"""'-=-0-====~"""'"""'1~0======-~~20=====--~ ..... 30 

The second and last section of the triangulation stretches west from the line· Deer 
Island 1 to Ship Island 1855 and reaches the astronomic station in the city of New 
Orleans, Louisiana, a distance of 132 kilometers, or 82 statute miles. It is of secondary 
and somewhat irregular character as to size and shape of its component parts. yet 
possesses sufficient accuracy to render it useful in the discussion of the geodetic and 
astronomic measures of the southern portion of the obHque arc. 

\Vhen within 34 kilometers, or :2 1 statute miles, of New Orleans the triangles are 
apparently left without a check, but here we can take advantage of a well-determined 
and independent length of the terminal side Martello Tower to Bienvenue. This is 
furnished by its direct connection, through a small but otherwise well conditioned and 
adjusted river triangulation, with the Magi10lia base line, situated about 60 kilometers, 
or 37 .h statute miles, farther down the Mississippi River.* This base was measured by 
Assistant C. H. Boyd in January, rS72. Its length is, roughly, 3·6 kilometers, or 1\( 
statute miles, t and the corresponding length of side Martello Tower to Bienvenue is 
6 233 ·42 meters. The length for this same line, starting from the Dauphin Island base 
~n the old, unadjusted computation of 1880, is 6 233 ·02. 'I'he discrepancy was removed 
by dispersing this difference in the adjustment between this side and the side Deer 
Island r to Ship Island 1855, at the same time preserving the four intermediate and 
adjusted parts, as explained farther on. 

In this branch of ·the triangulation it was found sufficient to give the resulting 
angles either from the station adjustment or from direct measure, as the case may be, 
to the nearest tenth of a second; further, the special tabulation of these results could be 
dispensed with, since they are given in the presentation of the triangles. 

*See sketch of tri:u1g·ulatio11, plate No. 19, (.oa:-.l and l~t:odetic Sun·ey Ret.N.~rt for 1879. 
t Logaritlun of lt:ngth 1....,f i\fagnolia ha!-.e, ~:f5_:.:~ o6S 3. 
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The names of the observers and dates of execution of the triangulation for each 
station are as follows: 

Nan1e of station. 

Mississippi City 

Cat Island 1852 

Cat Island 1855 

Pitcher Point 2 

Cat Island Light 

Obsen·er. 

S. A. Gilbert 

J.E. Hilgard 

S. A. Gilbert 

J. E. Hilgard 

R. E. Halter 

S. A. Gilbert 

J. E. Hilgard 

S. A. Gilbert 

J.E. Hilgard 

Month and year. 

May, 1851 

Apr. am! Oct., r855 

May, 1851 

Jan .. 1852 

Sept. and Dec., 1855 

Feb. and May, 1857 

Apr. and May, 1851 

Oct. and Dec .. 1855 

May, 1850 

Dec .. 1855 

J. S. Harris and R. E. Halter Feb. and May. 1857 

South Point J. S. Harri!;, R. E. Halter Feb. and May, 1857 
::ad S. Harris 

Bayou Pierre 

Point Clear 

Grand Island r 852 

. Granrl Island 1855 

Oyster Bayou 1855 

Nine Mile Bayou 

Malheureux Point 

East Pearl River 

Rigolet Light 

Shell Point 

Fort Wood 

Proctor 1S53 

Martello Tower 

S. A. Gilbert 

R. E. Halter and S. Harris 

S. A: Gilbert 

S. A. Gilbert 

J.E. Hilgard 

S. A. Gilbert 

J. E. Hilgard 

S. A. Gilbert 

J. E. Hilgard 

J. E. Hilgard 

S. A. Gilbert 

J. E. Hilgard 

S. Harris and R. E. Haltt!r 

J. E. Hilgard 

S. Harris 

J. E. Hilgard 

R. E. Halter 

S. A. Gilbert 

S. A. Gilbert 

C.H. Boyd 

Battery Bienvenue S. A. Gilbert 

Ducms C.H. Boyd 

Saint Patrick's Church, New Orleans C.H. Boyd 

1\stro. Observatory, Canal and Basin streets, S. Harris 
New Orleans 

Caernarvon C. H. Van Orclen anrl 
C.H. Roycl 

C.H. Boyd 

Feb., 1852 

Feb .. i857 

Mar .. 1852 

Feb. and Mar .. 1852 

May anrl June, 1855 

Dec .. 1852 

June, 1855 

Mar .. May, and D.::c., 1852 

June and A'ug .. 1855 

June, 1855 

June, 1852 

May, June, and Dec., 1855 

Jan .. Mar., and May. 1858 

Aug. and Dec .• 1855 

Feb. and Mar., 1858 

June, 1855 

Feb .. 1858 

Mar., 1853 

Mar., 1853 

Mar .. 1874 

Mar .. 1853 

Apr .. 1873 

Mar., 1874 

Mar. and.Apr .. 1874 

Apr .. 1858 

Mar., rS73 
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That branch of the triangulation which reaches New Orleans by way of the. Rigolets 
and Lake Pontchartrain could not be utilized in consequence of a break in the survey at 
the eastern end of the lake: the old station marks, diligently searched for in 1898, have 
entirely disappeared. The junction made via Lake Borgne, as presented here, is direct 
and the corrections due to adjustment are small. 

Leaving the line Deer Island to Ship Island 1855 and passing over two triangles, 
the first special adjustment comprises the figure Mississippi City, Pitcher Point .:?, Cat 
Island 1852, Cat .Island 1855, Cat Island Light, South Point, and Bayou Pierre. iSee 
sketch, p. 226.) · It involves 12 con_dition or observation equations and 30 corrections 
to directions numbered as follows: 

At Mississippi City 

At Pitcher Point 2 

At Cat Ii<laml 1855 

1. Cat Island 1852. 
2. Cat Islam! I855. 
3. Cat Island Light. 
4. Pitcher Point 2. 

5. Missis~ippi City. 
6. Cat Island 1852. 
7. Cat Island 1S55. 
S. Cat Islanrl Light. 
9. Rayou Pierre. 

10. South Poi11t. 
l I. Bayou Pierre. 
12. Cat Islan<l Light. 
13. Pitcher Point 2. 

q. Mississippi City. 

At Cat Islanrl 1852 

At Cat Islanrl Light 

At Bayou Pierre 

At South Point 

Obse.,.«alio11 ,·q11alio11s. 

I I 0=+0·3-(2)+(4)-(5)+(7)-(13)+(14) 

II 0=+0·4-(2)+ (3)- (12)+(r4) -( r9)+(20) 

III o=-0·9-(3)+(4)-(5)+(8)-(18)+(19) 

IV o=+q-( 1)+{4)-(5)+(6)- (16)+(17) 

V o=-5·4-(6)+(9)-( 15)+( 16)-(23)+(25) 

VI 0=+0·9-( 10) + (12)-(20)+ (2I)-(29)-f:-(30) 

VII o= o·o-(21)+(22)-(24)+(27)-(28)+(29) 

VIII o=+n-( 10)-f-( 11 )-(26)+p7)-(28)-t-(30) 

15. Bayou Pierre. 
16. Pitcher Point 2. 
17. Mississippi City. 

18. Pitcher Point 2. 

19. Mississippi City. 
20. Cat Island 1855. 
21. South Point. 
22. Bayou Pferre. 

23. Pitcher Point 2. 

24. Cat Island Light. 
25. Cat Island 18:;2. 
26. Cat Island J.')55. 
27. South Point. 

28. Bayou Pierre. 
29. Cat Island J.,ight. 
30. Cat Island 1855. 

IX I 0=+0·5-3 ·25 (2) +4·58(3)-1 ·33(4)-1 ·02(5 I+ 3·S7 (7 )-2"85(8) +0·18 ( 18J+r·SS( 19) 

-2·~(2~ . 

X o=+r3·6-2·85( 7) + q· r r (S)-11 ·26(9)-3'.34( ·11 l+s·19(12)-1 ·S5 (13)-6·09(18)+6·09( 22) 

. +5·37(24)-5·37(26) 

XI o=-127+1·33( 1 )-1 ·33(2)-6·09(8) +6·09(9)-1·85(12)+3·14( 13 )-1·29( q)+q·34( 15) 

-1·64(16)+1 ·30( li)+3·51( 18)+0·18(20)-3·69(22) -2"47(23)-t2'4j(:25) 

XII 0=+3·8-3·34( IO) +4'75( I I j-- 1·41( 12)-2·20( 20)"+2·48(21 )-0·28(22)-3·41(24) 

+II ·56(26)-8·15p7) 
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Corrd11tes 1111d rcs11fti11g correctio11s. 

,, II II 

C, =-o ·185 (1J=+r156 · ( 11)=-0 ·446 (21)=-:0·122 
c. =+0·119 (2) -o·o84 (12) ·-0·117 (22) -0·100 
C3 =+o ·398 l3) -0·198 ( 13) +0·401 ( 2,)) -0·948 
C4 =-o·o64 (4) +0·125 (14) -0·156 (24) -0·044 
C5 =+o 776 (5) -0·167 (15) -0752 (25) +0·948 
c6 =+o ·oss (6) -o·~qo (16) +0·726 (26) -o·ooS 
C7 =+o·q2 (7) -0·120 (17) +0·026 ( 27) +0·051 
Cs =-0·313 (8) -o·o61 ( 18) -0 ·157 (28) +0·171 
C9 =+o ·0177 (9) +1 ·188 (19) +0·312 ("29) +0·054 
C,0=+0·0010 (IO) +0·316 (20) +o·06S (30) -0·225 
C,.=+c ·o695 
c,.=-0·0273 

The second special figure submitted to adjustment is composed of the stations 
given below: . 
At Rayon Pierre 1. Nine Mile Bayou. At Granrl Isla111l 1855 1 r. Point Clear. 

12. Bayou Pierre. 

At Point Clear 

At Gran.-! Islam! 1Ss2 

2. Grand Island 1852. 
3. Gra111"1 Islanrl 1855. 
4. Point Clear. 

5. Bayou Pierre. 
6. Gran.-! Island 1852, 
7. Gram! Island 1855. 

8. Point Clear. 
9. ·Bayou Pierre. 

ro. Nine Mile Bayou. 

At Nint:: Mile Bayou 

" 
,, 

Obst•n111fio11 t'l/lllllio11s. 

O=- 3 ·2-(2)+(4)- (SH- (6)- (8)+ l.9.l 

If O= 0·0-(1)+(2)- (9)+(10)--{I5)-i-(17) 

III o=- 1·3--(3)+(4)-.(5)+ (7)-(u)+(r2) 

IV O=- 0·2-(1)+(3)-(12)+(13)-(14)+(17) 

r3. Nine Mile Bayou. 

14. Gram! Island 1855. 
15. Grand.Island 1852. 
16. Point Clear. 
17. Bayou Pierre. 

V 0=-63 ·5-2 ·51 (I J+5 "23(2)-2 ·72(4)-I ·34 (5}-j-1 ·34(6)-15 ·28(8)+15°28(10)-29·69(15) 

+30·89(16)-1 "20(17) 

VI o=-31 ·6-2 ·45( 1 )-j-5 ·25( 3 )-2 ·80(4 )-1 ·23(5) t1 ·23( 7 )--12 ·02( II )+12 ·02 ( 13 )-23 ·61 ( 14) 

+24 73( 16) -I" 12 (17) 

Corrd11fes 1111d re·suflh~r:- aJrrections. 

I! II 

C,=+0·473 ( 1)=-0 ·033 (10)=+0·311 

. C2=·-o ·030 (2) -u·3S6 (II) -0·171 

C3=+0·047 (3) --0 ·011 (12) +0·065 

C4 =-0·018 (4) +0·430 (13) +0·1o6 

C5=+0·0223 (5) -0·563 ( 14) -0·225 

C6=+0·0103 (6) +0·503 (15) -0·632 

(7) +o·o6o (16) +0·944 

(S} -0·814 (17) -o·oS7 

(9) +0·503 
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The· third special figure treated by itself involves stations Bayou Pierre, Grand 
Island 1855, Nine Mile Bayou .. Oyster Bayou 1855, and Malheureux Point. 

At Bayou Pierre 1. Oyster Ra you 1855 At Oyster Bayou r855 6. )\falheureux Point 

At Grand Island 1855 2. Oyster Bayou 1855 

3. i\'Ialheureux Point 

7. Grand Island 1855 

S. Ba you Pierre 

At Nine Mile Bayou 

.At Oyster Bayou 1855 

4. Malheureux Point At Malheureux Point 9. Grand Island 1855 

IO. Oyster Bayou 1855 

1 r. Nine Mile Bayou 5. Nine Mile Bayou 

Obso-;•alio11 cq11alio11s . 
. 0=-1 ·1-(I}+(2)-(7)+(8) 

II o=-2 ·o-(2)-f-(3)-(6) +(7)-(9)+ (ro) 

Ill 0=-·3 ·9+(3)-(4)-(9\+( II) 

IV I o=-32·J3-JI ·07(1)+0·64(2)-4·13(5)-o·rn(7)-f-4·23(8) 

V J o=-4 ·6-3 ·15(2) -2 ·18(.-;)--2 ·63(5 H2 ·95(6)-~ ·32 (7)-0 ·21(9)+3 ·98 (10)-3 "77( II) 

C,=--I ·138 

C2=-0·522 

C3=+1 ·421 

C4=-f-0·3:0 

C5=+0·129 

(lll"rdales a11d rr:s11lli11g corredit111s. 

II 

(1)=-2"29 

'· J) 
-o·S2 

(3) +0·62 
I•\ -I '..J.2 \'"ti 

(5) -I "62 

(6) +0·90 

If 

(7)=+0·54 

(S l +0 "Ii 

(9) -0 ·93 
{10} -o ·or 

(1.1) +o ·94 

The next quadrilateral-Grand Island 1855, Malheureux Point, Rigolet Light, 
East Pearl R_iver-is treated by itself. 

At Gran<! Island rS55 r. l\falhcureux Point At Rigolct Light 7. East Pearl River 

2. Rigolet Light s. Grand Island 1855 

3. East Pearl River 9. l\falheureux Point 

At Malheureiix Poii1t 4. Rigolet Light . At East Pearl Rh·er 10. Grand Island 1855 

5. East Pearl River 

" 6. Grand Island 1855 

Ot>se•n1a/io11 cq11a!io11s. 

o=+ 3·0-{1)+(2)-(4)+:(6)-·- (Sl+ (9) 

II o=+ 0·4-(1)-f-(3)-(5)-t-(6)-(ro)+(rr) 

III O=- 1"7-{4)+(5)-(7)+(9)-(II)-f-(12) 

II. Malheureux Point 

I:?. Rigolet Light 

IV o=-41·9-0·68(1 )+5·99(2) -5·31(3) -·2·04(4)+3·68(5)-1·64(6)-5•39(7)-f-7"50(8)-2°11(9) 

Coi·rdates a11d res11/fi11g corredio11s. 
,, ,, I/ 

C,=-0·784 (1) ==-o .,3 (5)=+0·59 (9)=-0·89 

Co=+o ·748 ( :!) +0·71 (6) --0·44 (Io) -0·75 

C3 =+0·4:?0 (3) -0·57 ( 7) -l 76 (JI) +0·33 
C4 =+0·249 (4) -o·q (8) +2 ·65 (12) +0·42 
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Finally the length of the sides Deer Island 1 to Ship Island 1855 and Battery 
Bienvenue to Martello Tower were brought into accord by adju~tment of the inter
yening triangulation, but k1n•i11g Ilic preceding adjusted parts una//cTcd. There were 6 
triangles, the smns of whose angles were equated to 180° + <. respectively, and the 
length equation constituted the seventh condition to be satisfied. This adjustment 
was made by angle corrections, the 16 angles being marked from A to Q as follows: 

IJi::signa~ 
tim1of 
ang1e!-'. 

A 

B 

c 

D 

E 
F 

G 

H 

K 

L 
1\£ . 

N 

() 

p 

Q 

. .\t slatk111:-;. 

De"'r Island r 

Mississippi c:ty 

Ship Is.laml 1855 

Cat !;;land 1855 

Pitcher Point 2 

Point Clear 

Malheureux Point 

Shell Point 

Rigolet Light 

Fort W,;o,·l 

Shell Point 

Proctor Point 1853 

Proct~r Point r853 

Martello Tower 

l\Iartello Tower 

Battery Bienvenue 

Ut:tweeu stati•Jn~. 

Ship Island r855 and l\'Iississippi City. 

Deer Island r and Ship Island 1~55. 

Cat Island r855 anrl Mississippi City. 

Mississippi City m1<\ Ship Island r855. 

Bayou Pierre aml Point Clear. 

Pitcher Point 2 and Bayou Pierre. 

Shell Point anrl Rigolet I,ight. 

Rigolet Light an<l l\falheureux Point. 

Shell Point aml Fort Woocl. 

Rigolet Light a111l Rhell Point .. 

Proctor Point 1Ss3 and Fort \Vood. 

Fort \Voocl and Shell Point. 

Martello Tower and Fort \Vood. 

l~ort \Voocl anrl Proctor Point 1853. 

Battery Bienn:m1~ and Fort \V1.>0d. 

I~ort \Vood and Martello Tower. 

\Vhen a letter designating an angle is inclosed in a parenthesis, it designates the 
corresponding correction. 

In establishing the 6 angle equations the plane angles already corrected were 
employed. Thus we have 

I. IO= (A)+ (B) + (R,) 

II. Io= (C) + (D) + (R2 ) 

etc., where R,. R,, ... refer to the third angle of the triangle. 

VII.10=-32·5+0·73 (A) -2·3r(B) +1·8r (C) -0·50 (D) +1·36 (E) -0·98 (F) +3"53 (G) 

.-O.i9 (H) +2·SS(I) -.~·69 (K) +o"So (L) -r·So (M) +0·99 (N)-0·7S (0) 

-4 "L? (P) -3 ·92 (Q) 

where - 32 · 5 is the discrepancy of length m the sixth place of decimals nf the 
logarithm. 

The corresponding corrections are-

" II !I II 

(.-\) =+0·5 (E) =+0·5 (IJ=+r·3 (Nl=+o·4 
(Bl -0·7 (F) -0·4 (K) -I ·4 (0) -0·3 
(Cl -l-o ·6 (Gl -\-I "I (L) +0·5 (P) ·-I "7 
(Dl· -0·4 (Hl -0 "7 (M) -0·6 (Q) -1 ·6 
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Re·sultillg a11gks a11d sid~·s of Ifie· SL'Co11d and last s.-cliv11 <?f Ilic tria11/;·11/alicm ic•esl of !lit' Da11plii11 
Island base 11d. 

No. Stations. 

I 
Mississippi City 

I Deer Island 1 

Ship Island 1855 

Cat Island 1855 

Mississippi City 

Ship Island 1S55 

Pitcher Point 2 

Mississippi City 

Cat Islancl rS55 

Cat Island Light 

Mississippi City 

Cat Islanrl 1855 

Cat Island Light 

Pitcher Point 2 

Cat Island rS55 

Cat Isianrl J,ight 

Pitcher Point 2 

Mississippi City 

(

. South Point 

7 Cat Islaml Light 

Cat Islanol 1855 

r Bavou Pierre 

8 ·l Cat Island Ltght 
South Point 

r Ba you Pierrt: 

9 ·l Cat Islaml 1855 
South Point 

Cat Island r85;, 

Pitcher Point l 

Mississippi City 

1hyou Pierre 

Pitcher Point 2 

Cat Island 1S5.:? 

J 
Ra you Pien·.e 

12 l Pitcher Point 2 

Cat Island Light 

Obser,·eo::l n ngles. 

0 " 
.p 21 51 ·4 

70 44 547 
66 53 I4 •8 

76 28 33.5 

54 TO 30·6 

49 20 56 ·9 

64 00 12·7 

57 37 19·0 

58 22 29 "I 

4S _15 or ·4 

24 39 2$·5 

107 05 30 ·9 

94 54 55·4 
36 22 02 ·3 

4.':i 43 01 ·.s 

46 .)9 .i4 "(l 

100 22 15"0 

3.:? 57 50 ·5 

i9 59 12 ·o 

43 so 36 ·s 
56 10 12 ·s 
31 43 28·0 

82 28 30·3 

65 48 02 ·o 

IO 19 IO "9 

23 53 36·2 

145 47 I4 ·o 

58 23 12 "2 

63 58 09·4 
57 38 40 ·3 

40 28 33·9 

5S ·'-' 52 ·c 
So Si 29 '4 

19 04 

22 09 46·5 

138 45 57·8 

Correc· 
tion. 

II 

-0·7 

+0·4 

+0·1 

-0·5 

-0·3 

+0·5 

+o·r 

+0·2 

-0·6 

-0·3 

-o·r 

o ·o 

+0·2 

-:-c · r 

-j-0·5 

+o ·s 
+0·1 

+0·3 

-0·3 

-0'2 
-0·4 

+0·1 

o·o 
-0·1 

+0·1 
-o·S 

-0·4 

-07 
-0·7 

o ·o 

+1·9 

+2 ·o 

+r ·s 

-t-1 ·2 

-0·1 

sr~~~r- s1~~r-
anglc~. es.ces~. 

,, 
50·7 

55 "I 

I4 ·9 

33·o 

30·3 

12·8 

r9·2 

2S·5 

Ol "I 

28·4 
30·9 

55"6 

.54".5 

T5 "I 

~o·R 

1;?"1 

01 ·9 

IC ·o 

35·4 

13·6 

35·8 

54 'I 

30·9 

47'7 

57·7 

,, 
0·2 

0·3 
0"2 

0·3 

0·2 

0·2 

0"1 

0'2 

() ·2 

o·r 

O"I 

O"J 

o·r 

0·1 

O"I 

O"'> 

O "I 

o . r 

o·o 
o·o 

o·r 

U"I 

O"J 

o·o 
o·o 

o·o 

0·2 

Q"[ 

0·2 

0·3 

0·3 

O"I 

O"J 

0 "I 

Log. 
distances. 

4 ·169 209 

4·315 662 

4·304 316 

4·315 662 

4 ·236 793 

4·207 942 

4·207 942 

4 ·rSo S86 

4 ·184 451 

4·207 942 
3 '9.55 511. 

4·315 551 

4·1:-)o 886 

3 ·955 SII 

4·058 394 

4 ·rS4 4.;r 

4 ·315 55r 

4 ·058 .>94 

3·955511 

:; ·So.:? 717 

J ·881 6r9 

3 ·s81 6r9 

4 ·157 014 

4 ·120 S24 

3 "8o2 717 

4 ·157 012 

4 ·299 466 

4 ·184 451 

4·207 76o 
4·180 939 . 

4 ·180 939 

4•299 67() 

4 •36.:; 173 

4·058 394 

4 "120 822 

4 ·36.:; 172 

Distances in 
nteters. 

14 764 ·17 

20 685·3 

20 151 ·9 

20 6S5·3 

17 250 "2 

16 q1 ·4 

16 141 ·4 

IS 166·5 

15 291 ·s 
16 141 ·4 

9 026·32 

20 6So·o 

15 166·5 
9 026·32 

II 439 '2 

r5 291 ·s 
20 680·0 

II 4.39 "2 

9 026 ·;;2 

6 349 ·17 

7 614·11 

7 614 "If 

'4 355 ·4 

13 207·6 

6 349 ·17 

14 355·3 
19 928 "I 

15 29 1 ·s 
16 134·7 

15 168·4 

15 168·4 
19 9.37 ·5 

23 076 "i 

ll 439 "2 

13 2•)1 ·s 
23 076•6 
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R,·s1tlti11.r:· ci11gles and sir/t's of lite St'co11d and last sectio11 of 1/1,· lria11g11/alio11 <<'t•sl •'.f llie Da11plii11 

- lsla11d base 11d-conti11ued. 

No. Stations 

Poin~ Clear 

Pitcher Point 2 

Bayou Pierre 

Grand Island 1852 

Point Clear 

Bayou Pierre 

Nine Mile Bayou 

Grand Isia111i 1852 

Bayou Pierre 

Grand Island 18s5 

Point Clear 

Bayou Pierre 

Nine Mile Bayou 

Point Clear 

Bayou Pierre 

Grand Islancl 1 Ss5 

Bayon Pierrt: 

Nine Mile Bayou 

Oyster Bayou 185s 

Grand Islanrl 18ss 

Ba you Pierre 

Oyster Bayou 1Ss5 

Nine Mile Bayou 

Grand Island 1855 

J 
Malheureux Point 

21 I. Grand Island 1855 
Oyster Bayou 1855 

,, \ 
Malheureux Point 

Grand Islan~ l 1855 

Nine Mile Bayou 

I Malheureux Point 

23 '- Oyster Bayou 18s5 
I Nine Mile Bayou 

\ 

Rigolet Light 

2'f Grand Island rSss 

Malheureux Point 

I 
East Pearl Rh·er 

25 Grand Island 18s5 

l\falheureux Point 

Obsen·ed angle•. 

0 

6.J 54 ol:i ·4 

Si 06 43 ·r 

57 S9 12 ·1 

&i 46 36 '7 

57 34 03 •6 

37 39 17 'l 

6o w 44 'I 

i9 41 19·3 

39 57 57·2 

83 22 26 •6 

59 38 59·8 
36 ;;8 32 ·9 

52 39 39 '2 

49 4_; 
77 37 14 ._, 

7i 18 47·2 

40 38 41 '4 

62 02 3 1 ·s 
94 05 44·8 

43 33 07 '2 

42 21 07 ·3 

Sr 20 S7 ·2 

6.J 53 
33 4S 40·1 

s6 26 46 '2 

77 47 23·s 

45 45 48·3 

84 22 34 ·6 

44 O! 43 ·4 

SI 35 38 'I 

2j 55 48 ·4 

3S 35 oS ·9 

ll6 :?8 

29 '·' 63 '2 

52 42 52 ·3 

98 03 07·5 

SS 47 55·6 

72 04 21·5 

52 07 4 .... ·3 

Correc
tion. 

" 
--J ·3 

--o ._,, 

--o ·9 

+r ·3 

+1·1 

+o·S 

+0·5 
--o ·2 

--0 · .. ; 

+0·2 

+o·6 

+0·5 

--1 '() 

+0·5 

+0·1 
o·o 

+0·1 

-0·4 

-o·S 

+'., - _, 

+o·s 

+0·9 

+1 ·5 

-0·4 

+1 ·9 

+o·6 

+r ·4 

-+0·9 

+2 ·5 

-3 ·s 
+o ·8 

--o ·3 

+1·1 

--0 ·5 

-I 0 0 

Spher
ical 

angle~. 

-'·' 

sy~~~r-
excess. 

,, 
07 'I 0 '4 

42 ·8 0·3 

II '2 0 '4 

3S ·o 0·2 

04 '7 0 '2 

17·9 (1'2 

44 ·6 (I '2 

19 'I Ci '2 

56·9 0'2 

26 ·s o ·2 

6o ·4 0 ·2 

33 ·4 0 '2 

38 '2 0 ·4 

0S·1 0·3 

14 ·S o ·4 

47 ·3 0 '2 

4I ·4 0'2 

3I'9 0'2 

44 ·4 0 '2 

06·4 O'I 

09·6 O'I 

59 ·4 o ·o 

19 '9 O'I 

40·9 o·r 

-"7 ., 

25 ·o 

47·9 

36·5 

44·0 

39·5 

49·3 

II '4 

59·3 

59 'i 
s3·r 

ir ·o 

Log. di>
tal1ces. 

4 ·_;63 I73 

4 ·330 386 

4·334 601 

4·330 386 

4 ·258 550 

4 ·us 166 

4 ·25.'i 550 

4·312 446 

4·1:17 275 

4 ·330 -386 

4 '269 285 

4'I12 517 

4·330 386 

4 ·312 446" 

4·419 772 

4 ·312 446 

4 ·137 007 

4 ·269 286 

4 ·269 285 

4 ·rns 621 

4·098 Ss7 

4 ·137 007 

4·098 857 

3·886 843 

4·098 Ss7 

4 ·168 083 

4 ·033 21.j. 

4 ·137 007 

,; ·981 JOO 

4 ·033 214 

·' "886 843 
3 ·981 100 

4 ·168 083 

4 ·03,:; 21.j. 

4 ·245 179 

4·340 165 

4 ·033 214 

4·094 oss 
4·012 962 

Distance in 
ntekrs. 

23 076·7 

21 3~,::; "6 

21 6o7'3 

2[ 398·6 

18 136 ·4 

I3 127 'I) 

IS 136·4 

20 532 7 
13 405·3 

2I .ws "6 

I8 590·2 

I2 9S7'4 

21 398·6 

20 s32·7 

26 288·9 

20 S32 ·7 

I3 j09 '0 

18 590·3 

rs S90 ·2 

12 841 ·7 

12 ss6 ·2 

13 709·0 

12 s56·2 

7 106·25 

I2 ss6·2 

f4 725 ·9 

IO 794 "):; 

I3 709·0 

9 574 ·q 

IO 794·8 

7 706·25 

9 S74 ·q 

14 725 ·9 

IO 794 '$ 

17 586·s 

21 885·9 

IO 79-l 'fl 
12 418 'I 

IO 303·0 
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Rcs11/ti11g angles a111l sides of tile S<'<lllld a11d last scdio11 ;if 111<' tria11g11/alioi1 <wst •?l the Da11phi11 
.Island base 11d-continued. 

Correc~ SJ? her- Spher- r.og. Distance No. ~tat ions. Observed augle". · 1cal h::al tion. angles. exces~. 
distances. in meters. 

" " " /I 

,, I East Pearl River 89 09 4s·8 +0·9 46·7 4·24s 179 r7 sS6·s 
Malheureux Point 4S S5 24·2 +o·r 24·3 4 "JOI s98 I2 635 7 
Rigolet Light 44 54 48·3 +07 49·0 4·094 054 I2 . .pS·1 

" l East Pearl Rh·er 144 S7 41 ·4 +I ·2 42 ·6 4·340 I6S 21 885·9 

Grand Island ISSS r9 21 29 ".? -I "3 27·9 4 "JOI S99 I2 635·7 

Rigolet Light rs 40 4S "I +4"4 49·s 4 "012 96I IO 303 ·o 

~1 
Shell Point 69 28 43·5 -o·s 42 7 4 ·245 179 I7 sS6·5 
Rigolet Light 79 39 33·4 -o·s 32·9 4·266 540 I8 473. I 

Malheureux Point ~o 51 43·i +1 ·o 44·4 3·983 750 9 632 ·74 

,, l Fort Wood 29 40 C'9 7 -2 "I 07·6 3 ·983 7SO 9 632 74 
Rigolet Light 36 II r8·6 +o·6 19 ·2 4·66o 338 II 490 "5 
Shell Point rq 08 33 7 -0·5 33·2 ... 4 ·249 40s 17 7s8·4 

30 l Proctor Point I8S3 49 28 307 -1·0 297 4·06o 338 II 490 "S 
Fort Wood 61 IS 27·9 -0·3 27·6 4 ·122 S59 13 260·5 

Shell Point 69 13 02 ·5 -t-0·2 02 7 4 "I50 236 I4 I33"0 

l 
Martello Tower 69 35· 3-! ·s -0·3 34 ":.? 4 ·rso 236 T4 r33 ·o 

JI Fort \Vood 45 3r 02 ·8 4·031 758 IO 7s8·7 

Proctor Point I853 64 S3 22 ·6 +0·4 23·0 4 "I35 271 r3 6s4 ·.3 

"l 
Battery Bienvenue 9S 19 51.1·3 -J ·6 487 I 4 ·135 2]"1 r3 654 ·3 
Fort \Voocl 27 02 oS·o 3·794 728 6 233·44 
Martello Tower S7 38 05 ·o -17 03·3 4·o63 829 II 583 "2 

331 
Ducros 45 40 3' ·o o·o 3.3 ·o o·o 3 "i94 727 6 23,3 ·42 _, 

Bienvenue 82 00 03 "I +o·r 03·2 o "I 3·935 932 8 628·44 

Martello Tower s2 r9 23 ·9 o·o 23"9 o·o 3·838 6I5 6 896·27 I C.<m~on 44 49 S97 +r ·3 6r ·o o ·r 3 ·935 9,32 s 628·44 

34 Ducros 9S 18 19·8 +r ·4 2I "2 o·I 4·oS5 848 12 rS5·6 

Martello Tower 39 SI 36 "7 f I •3 38·0 o·o 3·894 5I7 7 843·63 

J Saint Patrick's Church 

(center) 27 II 44·4 -0·2 44·2 0·1 3·894 517 7 843·63 
35 l Ducros 97 16 17·0 -0·3 16 7 0 "I 4·231 066 I7 024 ·2 

Caernarvon 55 3I S9"6 -0·2 59·4 0 ·1 4"I50 739 I4 149·4 



THE l\:IAIN TRIANGULATION. 235 

q .. SOME STATISTICS OF THE TRIANGULATION. 

In the following table will be found some statistics relating to tl1e triangulation. 
In the third column is given the number of triangles contained in this discussion, 

including those few triangles of which but two angles were measured. In the ne_xt 
/~.J· 

column is given the mean error of an angle derived from the relation m =-y ~, where 
. ~ 

.J = closing error of a triangle and /1 the number of triangles: in the last column i:; 
given the more precise measure of accuracy, namely, the probable error of an observed 
direction derived from the adjustment of the triangulation, given by the formula: 

t, = 0·674J[P;•v] where "<' = the correction required by the fi_gure adjustment, p its 

weight, usually unity, and c = number of conditions that entered into the adjustment. 

I .. ocality or name. State. 

F.ppi ng base net. Maine. 

Northeastern boundary section. Maine. 

New England section, connecting Me., N. H., Mass., R. I., 

three base Ii nes. Conn. 

Fire Island base net. Connecticut, New York. 

Section connecting the Fire Island N. Y., N. J., Penn., Del., 

and Kent 
0

lsland bases. l\'ld. 

I~ent Islanrl bmie net. Maryland. 

Allegheny section, to Humpback- Maryland ancl Virginia. 

~pear.* 

First section south of the transconti- Virginia aml North Carolina. 

nentnl triangulation. 

Second, or North Carolina section. Virginia anol North Carolina. 

Third, or South Carolina section. N. C .. S. C., Ga. 

Atlanta base net. Georgia. 

First section west of "Atlanta base net. Georgia and ·Alabama. 

Second ;;ection west of Atlanta base net. Alabama. 

Third section west of Atlanta base net. Alabama. 

Fourth section west of Atlanta base net. Alabama. 

Fifth an11 last section west of Atlanta Alabama. 

basie net. 

Dauphin Islam'! base net. t Afabama. 

FirFt section west of Dauphin Island Alabama anrl Mississippi. 

base net. 

Secon<l section west of Dauphin Alabama aml Mississippi. 

Island base net. 

Total number of triangles 

Weighted mean 

Number Probable 
Nu:mber . ~-Iean of con- error 

. of error of ditions of an 
trrnngles. an angle. satisfied. di~~~~i~~!. 

18 

53 

12 

28 

II 

35 

25 
16 

13 

5 

19 

" 

0·74 

0·53 

0·49 
0·86 

•.i ·96 

0·94 

o·8S 

I ".)J 

078 
I '00 

0·97 
0 78 

0·77 

0·63 
0·68 

I '20 

±0·82 

,, 
35 ±o ·47 

13 

57 

16 

35 

13 

24 

13 

41 

29 

23 
18 

14 
30 
28 

5 
18 

27 

0·51 
0·26 

0·34 

0·47 

0·41 

0·35 

0·41 

0·72 

(I ·62 

0·65 

0·79 

0·67 

0·36 

0·34 
0·35 

0 ·26 

0·53 

±0",~l 

*Estimated for two quadrilaterals beyond line Mount Marshall to Bull Run. 
tor little weight on acCQtml of the small extent. 
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C. RESULTING GEOGRAPHIC POSITIONS OF THE PRINCIPAL STATIONS 
OF THE TRIANGULATION BETWEEN CALAIS, MAINE, AND NEW 
ORI4EANS. LOUISIANA, BASED UPON THE CLARKE SPHEROID OF 
1866 AND THE DATA OF THE TRANSCONTINENTAL TRIANGULA
TION. 

The geographic positions in the following list are those used in this investigation 
of the figure and size of the earth. They conform to those published in Special Publica
tion No . .J., "The Transcontinental Triangulation." These positions, as.well as those 
in Special Publication No . .J.. are not intended to be used for geographic purposes, and 
do not conform to the principal lists heretofore published for that purpose, namely, for 
l\fassachusetts, in the Report for 1894, Appendix No. 10; Rhode Island, in the Report 
for 1885, Appendix No. S; and Connecticut, in the Report for 1888, Appendix No. 8. 

· On March 13, 1901, the Superintendent adopted a uniform standard for the whole 
United States, to which all positions intended for geographic purposes are to be reduced 
and· which is to be known as the United States Standard Datum. The New England 
positions referred to above are based upon the United States Standard Datum. The 
corrections required to reduce the positions here published to the United States Standard 
vary at different parts.of the arc, and in general fall between the limits .J<p = + r"·9 to 
+ ~"· r, ,:JA. = - 0

11 ·5 to - 0
11 "8, .Jcr = - 1" to + 2 11

• · 

Stalious. l.ntitu;\e and Azhnnth. Hnck azhnuth". To statio11s. r,og. dio;. Distance in 
longitude. tance. n1eters . 

./Vc-:u h'n111s;ui1:k. 
0 . 0 . 

Challh.:'•Juk 45 07 28 ·347 345 5:! 03 "61J 165 55 oS ·;s Priuct: Regents H.edoubt 4 ·371 372 8 2J 516 ·51 

67 05 02·797 6j I., li ·s~ 242 5i OCi "j(• Cooper 4 ·529 929 l 33 878 ·ss 

Crane.I :\-Janiln 44 44 51 •626 93 12 51 ·10 :!7;:., IJI 08'65 Trescott Rock 4 ·34.? 006 7 " 978 ·94 

66 49 54 •371 143 2,3 18"9-~ J2J 15 -13 ·07 Prince Regents Redoubt 4 ·3;6 ~39 0 23 781 ·49 

St. l.la,·id 45 15 c<>·S7,; 319 44 57 ·74 139 51 Z\ ".).) Cham cook 4 ·;,£,, lDl"J a 18 2t;9·42 

67 14 o.1·5q 46 5'' 37 ·49 '2~6 42 2S·44 Rye 4 ".)15 '"'" 5 ~o 653 ·s2 
1.1/11i11e. 

Agamerrticu . .; ..;3 IJ ,, ·6.;S 2 .>6 SS ·92 1'32 J5 ~3 ·16 'rhon1pson 4 ·S32 7i6 9 ;.s 041 ·91 

if'J .. JJ :n·S.~1 70 10 55 ·05 249 .16 10·39 Unkonoonuc 4 "89o 346 8 77 686·;2 

Burki:- 44 35 54 ·036 235 13 08·22 55 19 08·45 Epping F.ast Base 4 ·138 343 6 13 iSl '30 

67 5S ,:.1 ·319 337 01 27·04 157 05 OJ "62 Pigeon 4 ·038 847 6 17 3,11 ·96 

Calai~ Ob~rvatory 45 11 '"·' ·;78 >o6 54 46·¢ "" 56 47 ·91 St. David 3 ·914 ~2S 3 s :!09 ·72 

67 16 S.?'919 .?9 .. ~ o6 27 ·23 113 !.I 51 •42 Chamcook 4 ·227 ~16 4 16 897 ·26 

Cooper 44 59 11 '5i0 .351 53 09·93 1jl 56 l•>"\[S Howard 4 ·003 41)2 l 40 123 ·so 
67 18 03 ·393 75 09 42 ·97 254 42 27 "'lo Humpback 4 ·720 89J 2 52 588 ·79 

Epping l!;ast Ba"" 44 40 07·844 2i7 o6 58 ·49 97 25 .?3 ·31 Ho,varcl 4 ·543 117 5 34 923 "48 

67 49 58·595 10 52 25 ·53 190 So •)1)'47 Pigel)J1 4 ·384 324 6 24 .us ·3~ 

Epping West Bas" 44 41 29·93~ 286 51 55·17 1o6 56 21 ·.p Epping F.ast Base ·' ·9-10 314 3 s 715 ·94 

67 56 17 ·247 15 55 06 ·50 195 5.3 31·29 Burke 4 ·o,,~ 6iO ~ 10 ;8r ·29 

2,'t7 



Stations. 

Maine-continued. 

Howard 

Humpback 

Mount Blue 

Mount Desert 

Mount Harris 

Moiint Independence 

Mount PlcaSS\nt 

Pigeon 

Prince Regents Re

doubt 

Rngged Mountain 

Ry" 

Sa ball UH 

Trt:scoll Rock 

'l'unk 

New Hampshire. 

Gunstock 

Monadnock 

Moui1t Washington 

Unkonoonnc 

Massacl1uutts. 

Blue Hill 

Copecnt 

Great Meadow 

Man om el 

THE EASTERN OBLIQUE ARC. 

Latitude and 
longitude. 

0 ' 

44 37 44 •677 
67 23 46 ·486 

44 SI 48 •770 
68 o6 38•896 

44 43 39·4so 
70 20 34 •17s 

44 21 03 •3o8 

68 13 38 '729 

44 39 52·920 
6<} o8 SS •730 

43 4S 31 '774 
70 19 ts •3o6 

44 01 34 '&}S 

70 49 22 ·903 

44 27 16·¢4 

67 S3 2s ·321 

44 SS 09·s23 
67 00 41 ·010 

44 12 43 '434 

69 09 o6 •369 

4S 07 22 '68o 

67 2s 32 •890 

44 oS 35 ·Ss8 

70 04 44 ·734 

44 45 30 ·338 
67 o6 32·099 

44 38 21 ·352 
6S 05 41 ·166 

43 31 02 ·3o6 
71 22 12 ·299 

42 51 39·141 
72 o6 31 ·641 

44 16 12 ·05; 

1' 18 14 ·620 

42 58 S7 'S45 
71 35 20 •266 

42 12 41·933 

71 o6 53 '495 

41 43 15 ·238 
71 03 37 ·477 

41 52 43 ·127 
71 13 03 ·129 

41 55 36 •7o6 
70 35 20 '9-~5 

Azimuth. Back a7.lmuth. To statious. 

0 ' 

65 14 o8·8o 

114 s8 2s •70 

9 16 19·46 

75 18 s7·53 

341 S9 II '.59 

26 19 26 ·sa 
78 30 4S •89 

HS 46 16·62 

s2 18 27 ·54 

94 38 42 •84 

26 55 48'38 

72 46 34 '9S 

3o6 12 os ·15 

38 o6 09·79 

159 or 42 ·47 
243 33 55:23 

23 21 SS •30 
IOI 53 09 '22 

.84 26 23 '93 
18o 16 or ·14 

24 31 20·64 

77 S7 07 ·94 

S7 so 42 'lo 

131 56 03 •38 

244 50 IS ·71 
295 35 27 ·52 

300 3• SI •33 

l9 43 23 ·05 

336 14 22 ·31 

32 59 O<) ·94 

3 39 o8 ·74 
236 02 04 ·01 

24 o6 11·10 

72 •9 09 '91 

116 02 50·31 

155 43 43 ·s• 
133 t8 12 '6o 

175 17 04 •04 

123 44 54 •33 
192 54 33 '99 

S9 44 28 ·os 
126 rs 3;, ·57 

(J ' " '44 39 11 ·8s Mount Desert 
294 28 14 ·79 Huinpback 

189 11 24 '63 Mount Desert 
254 3.5 o6 ·04 Mount Harris 

162 10 16•31 Sabattus 

20s 59 17 ·53 Mount Pleasant 

2s7 s2 02 ·s6 Ragged Mountain. 
29S 07 31 ·34 Mount Harris 

.231 39 24 ·14 Sabattus 
273 48 19 ·48 Mount Blue 

2o6 40 27 ·rs Agnmenticus 
252 03 o8 •40 Gunslock 

126 32 sB '37 Mount Independence 
217 43 27 ·36 Gunslock 

338 52 24 •67 Humpback 
· 63 54 42 •g6 Howard 

203 17 47 ·74 Trescott Rock 
281 33 48 ·83 Cooper 

263 47 37 '44 Sabattus 
o 16 o8 '59 Mount Harris 

89 44 53 '6S Chamcook 

19• 14 27 ·44 Cooper 

204 21 16·42 Mount lnclepeudence 

257 26 04 ·6i Mount Plenssnt 

237 38 34 ·6o Jlownrd 

311 40 52 ·33 Cooper 

64 s6 52 ·13 Epping W"st Base 
115 40 29 •44 Burke 

121 oo 45 '86 Agamenlicus 

219 13 02 '94 Monndnock 

156 23 22 ·41 Wachusett 
212 37 15 ·13 I\I::>unt Tom 

183 36 23 ·9s Gunstock 

s6 42 29 '47 Mount !line 

203 54 01 •87 Wnchusett 
252 07 S5 ·50 Monnclnock 

295 31 36 ·62 Wachusett 
3-'\S 24 28 ·28 Unkonoonuc 

313 02 35 ·32 Benconpole 
35S 14 s2 ·¢ Blue Bill 

303 35 33 ·64 llencon pole 
u sS 41 •54 Blue Hill 

239 2s 42 ·09 Copecnt 

305 57 29 '89 Blue Hill 

Log. ells- Distance in 
ta nee. meters. 

4 ·863 229 0 

4 ·794 490 4 

4 •761 268 0 

4 ·929 927 0 

4 •834 048 9 

4 ·938 618 6 

4 077 2So 4 

4 ·909 249 6 

4 •973 438 4 

4 '977 267 I 

4 ·824 135 [ 
4 •948 470 6 

4 •6gg 925 8 
4 ·855 4oS l 

4 ·687 346 9 
4 •641 3;4 s 
4 ·289 384 2 
4 ·565 481 2 

4 '872 442 9 
4 ·;01 544 4 

4 '429 so4 7 
4 ·190 727 0 

4 ·671 3i7 7 
4 ·78s 231 0 

4 ·430 277 0 

4 ·sSo 099 1 

4 ·137 328 2 
4 '021 66:i 3 

'4 ·sas s15 B 

4 ·975 287 4 

4 •654 7')8 l 

4 •913 16s 6 

4 ·923 248 I 

4 •g62 918 s 

4 ·778 830 2 

4 •648 ~35 I 

4 •849 420 l 

4 ·973 491 2 

4 ·647 630 0 

4 '737 944 a 

4 ·36s 932 l 
4 ·579 231 4 

4 ·6s5 000 3 

4 '729 Sl3 1 

S7 712 '25 
8s 099 ·50 

. 68 241 ·56 

86 819·76 

75 384 ·21 
81 142 ·72 

94 o67 '24 
94 900·20 

66 701 '43 
88 811 ·78 

so 110 ·16 
71 6S1 ·66 

48 679 '59 
43 7&J•g6 

. 19 4i0'82 
36 76S ·95 

74 s49··19 
50 297 ·27 

26 &;4 '67 

15 514 'II 

46 923•13 
6o 986 ·12 

26 932 ·52 
38 027 •67 

13 .. 9·18 
10 511 ·44 

63 902'20 
94 468 ·59 

45 164 ·59 
81 877 ·70 

83 l'ioo'79 
91 816 ·03 

70 700·11 

94 o;S ·68 

23 223 ·74 

37 951 ·71 

45 ·l~S •63 
53 643 ·oo 



Stations. 

• M<1ssack11s,·t1s-cont'd. 

Massachusetts North 
Base. 

THE MAIN TRIANGULATION, 

Latitude and 
longitnde. 

0 ' 

4.1 03 04 ·581 

71 12 25 ·718 

Azimuth. Back azimuth. To stations. 

0 ' 
2 34 3.1 •83 

72 44_q3·22 

0 

rS:! 34 08·81 Greai. ·MeRdow 

252 34 16 ·55 Beacon pole 

239 
Log. dis- Dis ta nee i 11 

ta nee. meters . 

4 ·2S3 145 5 

4 ·324 757 7 

I9 193·1:!. 

21 l:!.3 'h., 

Massachusetts South 
Base, 

41 S4 47 "gJ7 

71 18 16·951 

126 46 52 ·66 306 4r 01 ·58 Beacon pole 4 ·r78 727 3 IS 091 '3..? 
17 326 ·3~ w7 47 09·72 27 51 04 ·66 ·MaSS!\Chusetts North Base 4 ·238 707 7 

Thompson· 42 3fi 39 ·930 .35l .H 40 ·40 17r 27 I7 ·43 l\Ianomet 
300. oSi 30 ·63 Unkonoonu~ iO 43 So ·053 I 20 44 JO · 14 

W aclrnsett 

Rlwdt! /slll 11d. 

Beacon pole 

Co1111e.>clicut. 

42 29 18 ·;55 

71 53 r4·S35 

41 59 40 ·450 

71 27 02·094 

Bald Hill ( Fairfied Co.) 41 12 47 ·;87 

7.1 ·2s 42 ·425 

Bald Hill(TollandCo.) 41 58 2.1·851 

/2 II 55 •8.j4 

Box Hill 4 I 47 57 ·748 
72 27 22 ·205 

24 17 32 •42 

66 36 4.1 ·04 

146 50 0,1 "48 
.:?.?8 55 17 ·53 

354 16 31 ·2s 
53 .:n 43 ·93 

47 57 JO ·50 

82 45 17 ·34 

47 47 18 ·30 

97 22 57 •97 

204 04 5s·.ci6 Bald Hill 
246 05 55 ·9; Mot)llt Toni 

326 3, 26' 18 Wachnsett 

49 08 47 ·86 Blue Hill 

174 18 35 ·so West Hills 
233 i4 00;54 Round Hill 

I 

2..?7 47 l..? ·or Box Hill 
26:? 04 10 'O:!. l\·y 

227 27 37"22 Sandford 

276 5..? 12 '7..? Ivr 

41 52 i6 ·434 20 54 57 ·s5 200 44 26 ·86 \\rooster 
153 25 02·99 ·sandford 73 13 28 ·707 333 14 05 '75 

Mount Tom I28 4-~ 15 '19 Bald Hill 
1¢ o" 09 ·R3 Sandford 

Round Hill 41 '..6 II "097 355 o6 36 "lo 175 07 5i 'IS Harrow 
73 40 26 ·520 93 36 48 ·7S 273 31 24 ·58 Buttermilk 

Sandford 

Tashua 

Wooster 

New l""o1·k. 

41 27 40 "743 

/.'.? ,r:.7 00 ·074 

41 15 35·778 
73 15 02·oS3 

41 21 01 ·900 

7.1 29 18·88.1 

Buttermilk 41· o6 34·35~ 
73 48 39·606 

<"Fire Islaud East B;ise 40 40 01 ·370 
73 03 20·6go 

Fire Island West Base 40 3; 47 7oS 

.i3 I2 52 '757 

Harrow 

Ruland 

West Hills 

N~wJ•'l"S&)'. 

Beacon Hill 

Burden 

40 47 53 ·430 
73 38 22 ·949 

40 50 39 ·&;>5 
73 OI 59·070 

40 48 52 ·117 

i3 25 33 'I30 

40 22 24 ·457 

74 13 42 "S95 

39 31 46 ·807 

75 2' 53 ·468 

29 14 57 ·16 

;4 53 48 ·ro 

·16 39 34•41 

~4 53 SI ·3r 

2¢. 42 15 ·07 

354 5.5 05 ·52 

wS s6 10:16 West Hills 

·25':1- 32 JO'• 29 '''ooster 

r¢ 32 40 ·09 West Hills 

254 44 50 ·56 Bald Hill 

u6 51 40 ·60 "fashua 

174 57 33 ·s7 West Hills 

337 18 oS -;o 157 24 sr90 Harrow 

50 48 43 ·39 230 .13 55 ·67 Weasel 

72 59 54 ·96 252 53 42 ·31 Fire Island West Bas<: 

rS5 32 47 ·29 5 33 40 ·57 Rn land 

IJ9 03 50 ·9s· 318 5.5 34 '9.? West Hills 
212 4.1 36 ·41 32 50 43 ·.oo Ruland 

46 46 40 ·35 226 23 41 ·32 Beacon Hill 
;S 54 41 ·49 258 26 35 ·67 Springfield 

84 27 43 ·20 264 12 1~ ·6; west Hills 
158 27 26 'Io . .\Jg 18 51 '86 Tashua 

84 14 JS ·01 264 ,o6 14 ·93 Harrow 

146 Si 23 ·02 326 47 ,17 ·59 Ronnd Hill 

54 04 37 ·07 233 55 44 ·04 Dishoro 
8~ 11 I8 ·23. · · 268 5:? 02 ·79 l\Iount Rose 

92 19 43:45 
I.15 42 II '79 

272 l."'115 19 ·93 Buck 
305 ~9 3.i ·1)1) l\Ieetinghouse Hilt 

4 ·SS5 726 8 76. 86.j "6;; 

4 '9[0 955 0 81 461 ·99 

4 ·797 S45 0 

4 ·835 503 l 

4 "817 279 5 

4 •565 581 4 

62 740 ·~, 
6S 470 ·44 

65 656 ·77 

36 iii "4.• 

4 "648 135 6 44 477 ·01 
:!.Q 475 ·5~ 

4 ·459 356 2 28 797 •59 
4 ·933 714 ,\ 85 844 ·~? 

4 ·745 91i:i 0 5,:; 707 ·03 

4 ·sos 4 20 .1 6.! 3.> 1 .,., 

4 ·791 513 4 61 874 ·74 
4 •707 138 I SO 949 ·09 

4 ·6;8 ·iSo 7 47 662 "9.1 

4 ·955 070 l 

4 "5.\ l 267 4 3.1 98,\ ·45 
4 ·001 77r .z 11 s~f; '46 

4 ·914 716 0 

' 4 ·.;.;.;. 171 0 

4 ·;12 561 3 

4·2¢54r3 

4 •.148 836 >. 
4 •776 2I2 0 

82 liO ·50 

46 684 "31 

51 5s9·so 

r9 794 ·35 

22 32; •30 

59 ·732·6s 

4 ·573 628 3' 37 465 '2! 

4 ·.;11 542 6 40 882 ·9s 

4·147 953 5 14 058 ·97 
4 ":.;>6 291 i 19 ;82·95 

4 ·434 543 o 27 r95 ·3s 
4 •452 173 4 28 325. 23 

4 ·836 466 7 

4 ·791 009 9 

4 ·522 397 l 

4 •695 847 6 

4 ·25~ 590 2 

4•582 434 I 

~·381 086'1 

4 '?..?4 192 8 

4 ·479 550 .7 

4 ·54r 913 9 

68 622 ·52 

61 803·04 

33 096·~19 

49 1541 ·s1 

18 13S·o3 

38 2 .. ~2·62 

24 o48 ·39 

42 091 •35 

30 168 ·29 

34 826 ·s2 



Stations. 

Disboro 

J)p]Jjncott 

. :\Iount Holly 

:\lount Rose 

Pine Hill 

Springfield 

Stony Hill 

\\'easel 

R•1111s_a•lva11ia. 

Bethe! 

:-.r;:ewtown 

\Villowgrove 

Yard 

De/a'Lcm1·e. 

Buck 

Meetinghouse Hill 

1lli.11"J'/a11d. 

Finlay* 

Hill* 

Kent Island North 

Base* 

Kent Island South 

Base* 

I.instid* 

:\Iarriott * 

:\faryl~ud Heights* 

THE EASTERN OBLIQUE ARC. 

Latitude and 
lon!;dtude. Azimuth. Back azimuth. To statious. 

0 ' 

40 14 -i6 · :?ot..' 

7-+ :.!/ 10·539 

3~ -t3 1~ '-i39 

7.5 J~ 50 ·-i._;5 

-10 1)0 o6"9':J7 

74 47 20 ·o:J.; 

40 1.l 01 ·30.; 

74 4.' 26 "·t.37 

39 4 7 51 "'}S:? 

i4 59 36·725 

40 41 io 'OsO 

74 ~I ~5 ·t.7S 

74 3J 5.~. -152 

0 ' 

-"' 5~ 09·68 
l>O 4' 4S·6o 

15 1.3 ".Jj "l.? 

s~ >o s6 ·o~ 

37 44 1..~s ·93 

86 .3.5 .15 ·41 

3.)6 oS .3 7 :~u 
,SJ lj .S.""71 

73 1-"'1 33 ·85 

I.JO 07 49 "0!' 

34' 40 01 ·47 
.p 07 So"79 

5,, 3~ IO ·91 
116 4S 03 ·07 

40 5.? ·'4 ·725 . .'.!So .:!8 o6 " .. "J..1 

7-1 II 12·916 ,, ._"J..j o6·77 

40 15 01 "J,01 

7-1 :=;::; 14·5~5 

..JO 1)::\ 19·:)20 

7~ r:in 11 ·~30 

,,9 si\ .'.!2 ·673 

iS 23 14 ·416 

.. I:' ... =:'C' • ...,.;.:~ , ... .,. .......... , .. .,. 

3~ 42 44 ·14~ 

75 42 ..io "7.'4 

39 .?4 25 -85:? 

76 ;.1 :!9"f.\51) 

38 ::;:; 52 ·767 

76 .).? .r:,o • .. ;.?8 

.1X 5S 24 ·429 

76 .?(• :!7 ·924 

.3~ 53 51 ·787 
76 21 58 ·789 

39 05 19 ":i9I 

i6 29 09 \:i.;6 

3S 52 25'-l'i 

j6 36 ·'·" ·724 

39 20 2~ ·.;61 

77 4 .. ~ 00 ·445 

337 -l7 32 ·53 

51 -ll 13 ·57 

2')•) 41 39 ".?7 

345 47 33 •76 

34i 17 3i ·09 

31 59 46 ·95 

5 ~I 32·18 
62 20 38°.p 

354 34 26. ·29 

:.?O IS 03 ·46 

94 .,~ 26 '59 
1:;9 ~-" :'.?4 ·59 

"'4 .p oo·o.~ 

1:;5 37 59 "69 

8.? ·"3 4•)"1.5 
q1 47 it:..4:1 

04 16 04 ·75 

90 04 47 ·s-~ 

96 37 35 ·04 
100 46' I> »6 

35S 43 10 ·54 

34 oo .'>6 ·.s> 

0 ' 

216 54 21 ·32 Stony Hi11 
3•)1) ,,2 2; ·t)c) :.\I111111t Rose 

!95 10 5.:- · 12 Hunten 

268 o.r; ~2 ·10 ~Iet:tinghouse Hill 

217 J6 I) ·36 Pine Hi11 

:?t..'6 12 ~·J·93 Yard 

156 14 iJ9" 32 Stony Hill 

23:.? 10 Ii"61 Newtown 

25> 49 15 ·97 Lippincott 
299 52 ._;9 ·94 Yard 

16> 45 oo ·54 Beacon Hill 
220 53 32 ·t)6 !\Iount Rose 

233 30 w ·43 ~lount. Holly 
2~345s·12 Newtown 

100 49 34 ·50 Harrow 
18,1 35 29 ·31 Beacon Hill 

132 1-:; 24 ·:::._; l,ipp?ncott 

1fi5 of<. 1.5 ·n2 Rnrrlen 

157 52 .. ;:::.. ·39 ~Iount Hoiiy 
23::? 34 02 "2:1 \Viltuwgro\·e 

II9 53 5.5 ... .,3 l\lount Holly 
16,'i 51 54 ·;o Pine Hill 

167 .?•J 26 ·24 Lippincott 

211 55 48 ·61 Bethel 

246 55 4.'.t".;1 Turkey Point 
2S3 57 ..:"5".?'3 Prindpio 

185 20 44 ·31 Buck 
>42 09 24 ·37 Principia 

1;4 35 54 ·68 Linstid 
200 12 20 'i6 \Vebb 

274 25 17 ·09 Peach Gro,•e 
33c;. 51 27 ·46 Stabler 

244 30 52 ·03 l\1arriott 
315 3~ 31 ·31 Linstid 

>62 44 29 ·6.t Marriott 

3" 43 41 ·57 Taylor 

204 11 23 ·97 Marriott 

2;0 2; 37 °96 Webb 

276 27 2.1 · >i Hill 

346 4~\ 44 ·42, Wtbb 

1;8 43 40 ·38 Bull RUii 

213 4z 33 ·59 Mount ?.hrshall 

Log. dis- Distance in 
ta nee. n1eters. 

4 ·245 2i7 5 
4 ·420 6,56 6 

4 ".J44 46,, ·' 

4 ·~ .. ~:? 554 6 

4 ·450 9Si i 
4 ·709 403 7 

4 ·4;7 625 9 

4 ·.vs 374 2 

4 °45-~ 3'8 4 

4 ·s-~9 931 4 

4 ·564 41)8 l 

4 "675 47.\ 3 

4 •342 240 8 

4 °5<'9 657 7 

4 ·6;1 i52 6 

4 ·747 ns 8 

4 ·310 393 6 

4•559 !?14 6 

4 ·473 ¢.I 7 

4 -.1)8 <·&s s 

4 ·494 .:?~'.!) i 

4 °5':J5 230 7 

4 ·456 145 5 

4 ·221 948 9 

.i.·.p.; 063 I 

4•283 056 5 

4 ·454 159 6 

4 •550 316 3 

4 •574 261 9 

4 ·482 609 8 

4 ·420 998 3 

4 •411 765 7 

4·253 398 2 

4 •328 444 0 

4 ·q_; 5"9 [ 

4·417 9~ 2 
4 ·214 '°4 0 

4 •373 719 9 

4 ·39.:? J.?4 7 

4 ·707 i.53 2 

4 ·878 122 3 

17 59" ·47 
26 ;;.p•48 

.?2 IOJ ·73 

34 o&l ·.;2 

28 6,__;S ·99 
51 :!IS ·7r_. 

30 o.'4 ·ss 
~l 153 ·11 

,;; i.!9'52 

38 8'.1S ·37 
36 6$5'81 

47 3(-6 ·72 

21 990 ·79 

46 962 '65 

55 949 ·&i 

'9 7~ '[2 

19 892 ·33 

31 .?0')"06 

39 3i5 ·92 

28 585 ·4s 

16 670·51 

19 189'18 
:!8 455·o6 

35 507 ·19 

37 519·92 

30 381 ·54 

26 :;63 ">I 

>5 SoS ·67 

17 922 ·48 

21 303 '16 
I,\ 916·47 

26 179·19 
16 .\75 •86 

'3 ""·' ·94 
24 6;S ·s4 

51 021 •49 

7.'i 53" 49 

*Stations in comu1on with and fixed by the tmnscontinental triangulation. 



Stations. 

1lfa1)•land-continued. 

Osbornes Ruin* 

Principia 

Pool es Js\anc\ * 

Soper• 

Stabler* 

Sugar Loaf* 

Swan Point* 

·raylor* 

Turkey Point• 

Webh* 

/ "irgi11ia. 

BulTalo 

ll111l Rnn* 

1 Caha~ 

Clark* 

Fial Top 

Fork* 

Hl1mpbackit 

I..,o11g '..\·lonntain 

:\l•Jnnt ~"larshall * 

Peach G1·0,•e * 

Rogeri; 

Sn1ith ~fountain 

Latituc\e a11<i 
longitude. 

0 ' 

.39 27 5.:0 'i9f) 

76 16 5.3 ·430 

39 35 34 ·552 
;6 00 17 •oof, 

39 17 05 •6.S\1 

76 15 49 ·954 

39 05 09 . 70._-:. 
76 57 01 ·.:-~:6 

39 07 15 •569 
76 59 07 ·050 

39 15 42·412 

7i 2~ 37 ·423 

39 vS =·s · 277 
76 16 49·c60 

;;; 59 46·243 

76 27 56 ·-183 

39 26 56·156 
76 l)Q 35 . 40,5 

39 05 24 ·413 
76 ~(I ~J ·7:,3 

36 4 7 44 ·069 
So .'.!:=.; 39 . 56.5 

' 38 52 51 ·450 

7i 42 I,~· 145 

37 06 59 ·770 

So 00 57 ·165 

38 18 38 ·975 
78 00 12 ·025 

37 2; 04 '683 

79 34 58 ·928 

38 28 4.? •681 

78 .?.f :57 ·999 

37 56 53 'i69 
7~ 53 57 ·777 

37 17 25 ·4So 

i9 05 10·772 

38 46 JI "688 
78 Ii 10·813 

38 55 10 "601 

77 13 47 •327 

36 .. '9 33 ·968 
~1 .P .p ·378 

.~7 °" 49 ·354 
79 33 57 ·454 

THE l\:IAIN TRIANGULATION. 

Azimuth. 

r, ' 

355 33 26 ·43 
73 07 42 ·15 

I S4 34 "59 

59 II 31 ·99 

41 27 16"64 

121 II 5.5 ·79 

.?68 49 18 ·14 

343 So 29 ·;;; 

43 31 30 ·39 
I 14 01 IO "S:! 

:s 4; ss ·s1 
71 56 57 ·47 

.p 39 34 ".?S 
170 19 4 .. J, ·07 

50 19 42 ·97 
94 21 30 '6o 

39 54 36·51 

'l7 22 49 ·52 

2i8 57 42 ·54 

253 08 13 ·16 

22 3,_. 41 ·ss 
75 02 38 ·3S 

22." 48 3.5 '6j 

285 47 27 ·s.;i 

63 09 16 ·7s 

117 25 51 "89 

249 54 24 "62 

291 56 16·.53 

35 52 11 '94 
66 :?6 43'47 

SS ,,2 oS ·02 

12.J 40 43·29 

192 40 49"0 
lf.J ag 09·28 

341 17 IS ·02 

29 26 44 "IO 

8.j II 21 ·So 

159 34 44 ·7S 

3.32 46 3.? ·o.i 

40 46 ro '.34 

IjS I,\ 04 ·.;7 

2~,4. 04 31 ·61 

Back azimuth. To stations. 

0 I 

175 .. \9 ·:it5 'iO Pooles Islan1l 
252 58 25 ·92 l'inlay 

181 S4 22 ·>;S Turkey Poii1t 

239 oo Si ·&o Osborne~ Ruin 

~21 iS 51 ·5.:: lJnstiO. 

301 02 (IQ • .. 1-S Finlay 

&i S9 4.? ·70 \\'ehh 

163 53 07 ·29 Hill 

2.?3 2.? 16 ·17 Peach Gro\'t! 

293 45 41 ·37 ~ugar I.oaf 

212 17 39 ·os Bull Run 

~s7 Ii 4:~ ·59 :.\lar)·1r-nu\ Height~ 

:95 45 40 "y) 

.?51 49 10·42 

2=2 34 07 ·97 

J;;ent Isla;.•.1 North Base 
Linstid 

:\Iarriott 

350 18 57 ·is I.inst id 

230 10 02 ·s9 Pooles Island 

274 II 09 ·07 OsborneH Ruin 

219 4~ 51 ·13 Hill 
277 11 o, ·4., Stable,. 

49 14 21 ·99 Callas 
73 41 i:i.i "(•s S111ith :\Iountain 

~02 19 ~-s ·s1 C..:la rk 

2.'4 43 51 ·26 l\Iount :uarshall 

46 04 19 ·6o l'\at Top 

106 03 44 ·13 S111ith !\Ionntain 

.'.?42 36 05·03 Humpback 

297 10 28 ·99 Fork 

70 1:>8 --14 ·49 Tobacco Row 
112 q 21 ·&;» J.(111g Mountain 

215 34 15 ·71 Hn111phack 
.?45 5 ... ~ 18 ·19 Elli1)tl Knob 

.?67 :ii •:.O ·~o Hald Knob 

~)3 25 1.? · .?S Elliott Knob 

12 -Ii .w "7i Htunpback 
34..1i o~· io·~o Tobac.co Row 

161 >4 45 ·90 Clark 

209 1~ 45 ·18 Fork 

~63 .53 30 ·oo Hull Run 
3.5'=1 2S J-7: ·69 Sug·ar I.oaf 

153 00 .'.?f".J ·50 P•.)OTt 

:t.zv 2.J ·Ji'"93 Roan Hjgh JlJuff 

.1.;:i 12 27·17 Flat Top 
~ 21 ~..\ ".:p I.ong :\l•)UUtaiu 

Log. di•- JJista nee i 11 
tances. meters. 

4·3402:0..)4 

4 ·203 'i37 l) 

4 ·462 716 4 

4 ·419 418 s 

4 ·376 77::. 7 
4 '._\,";/ 076 I 

4 ·4~8 456 ~ 

4 ".)86 SI~\ f., 

·1 '699 551 7 
4 ·465 43.? 7 

4 . .'.?!'36 6:0:.:9 1 

-1 ".'.?j.? I51 I 

-I ".'.?66 49:-; 5 

-I ·oiS l~J.":-i .? 

4 "..t5..t -1~3 8 
-1 ·;.io 101 S 

4 "4.J3 j.?l I 

4 ·432 017 4 

4"i3.5 &j.' 6 

4 "9.?8 312 3 

·1 ·835 4·17 I 

-I ·r)5.? -100 ~ 

4 "i.?j •)63 .5 

4 ·619 .'.?.?O 5 

4 "94.5 819 1· 

4 ·oc.s .;26 9 

-1 ·567 0S3 6 

4 "676 543 2 

4 "860 307 4 
4 •933 878 8 

4 ·922 915 .? 

4 ·c..io 543 9 

4 ·8;4 224 9 

4 ".)O:! ~86 i 

4 "735 ss.1 .1 

-I ".5ii ~:10 .3 

4 ·r)1t. 253 0 

4 ·oo; 9S7 i 

4 ·ss .. ; .;1 7 2 

--l ·918 ':!Ij -~ 

-I ·6.~6 .):.!.? 9 

4 "j.'.?O 334 _; 

21 :Sy.'.?".'.?O 

.'.?j i33" .'.?6 

29 021 ".?7 
.'.?f) .?67·50 

2 .. ; 8J0"9') 
21 j$0 "~2 

30 i9 .. ; ·.H 

~"!. :W3"-l.5 

50 i"f.j "(II 

.?9 . .?1)3 ·35 

18 471 ·34 

10 .J.'.?7 ·9,; 

.?S .176 ·32 

23 447 ·78 

.'.?'j 779".'.?9 
27 040·67 

.54 412 ·49 
S.1 783 •69 

6.":; 4ri1 ·61 

44 915 ·93 

53 415 ·04 
41 6I.?"I8 

88 271 ".'.?2 

-to 5St '39 

36 90-1 ·i-:6 

-11 ..is.; ·ss 

S.; S77 "JS 

83 736 ·58 

43 706 ·2s 

i4 Ss5 ·71 

JI 833 ·67 

41 3o~·s2 

.10 54.;·91 

76 .fi4 "6(; 

48 5$7 ·31 

52 ~21 "tf. 

*Stations in con1111on with and fixed hy the tra11sconti11e11tal triangulation . 

.. p92-No. 7-02--rn 



~tatious. 

1 ·11gi11ia-contiuue<l. 

Spear' 

"tobacco Row* 

Benn 

King 

Mount Mitchell 

llfoort 

Poore 

Rc1an High Bluff 

Young-

51011//1 C1ruli11u. 

Hogback 

Mauldin 

Paris 

Piuuacle 

Wofford 

Georgia. 

Academy 

Atlanta Middle Bas<: 

Atlanta Northeast 

Base 

Atlanta Southwes.;.t 

Base 

Blood 

Carnes 

Cn1·rahee 

THE EASTERN OBLIQUE ARC. 

Latitud.: and 
longitude. 

0 ' 

:r 33 40 "iS• 

t'- 4.5 47·r92 

.3i 33 53 ·594 
79 II ~6 "70J 

35 12 :?5 •649 

Sr 18 46 "O!'i 

35 45 51 ·44 
S2 15 SS ·02 

36 23 5I ·403 

So 16 59 "i56 

36 02 45 ·446 

81 °'~ 24 "7-:JS 

36 05 .. ~·179 

~2 i:1S 44 ·634 

35 44 12".'.!76 

So ~ti 5 I ·t)65 

35 IO 10'003 

fi2 t; 26·7~2 

34 49 16·196 

8:? J-5 0,5 ·5u5 

34 56 .'.:/ "(115 

82 O,J ·JO 0 •J7·J 

35 01 5:; ·sss 
82 4-t 30 ·447 

34 57 30 ·072 

81 56 07 ·174 

33 57 30 ·366 

83 59 os·&.o 

33 .54 19 ·447 
~ 16 38 ·136 

33 55 55 ·564 

8.t l4 09 ·791 

33 52 49 ·~30 
84 1$ 56 •75~; 

34 44 20 ·94.:i 

S3 56 13 ·(.i:'9 

33 5';1 33 ·442 

s5 oo 5o · .. ~ss 

34 31 42 ·s:;s 
83 12 33 'iOO 

34 29 oS»So 

84 19 5.~ ·40$ 

Azimuth. Back azimuth. To stations. 

0 ' 0 , 

yo 43 50 "6.? ;:7i:1 2::; 1 2 ·os 'l'ohacco Row 

164 25 09 ·04 344 20 o~ ·66 Humpback 

124 40 32·20 304 16 16·15 Bald Knoh 

:?l J or o; "74 31 11 50 ·01 Humpback 

220 18 IO "43 

:!.S7 56 .53 '55 

225 34 50·93 

1¢ 27 56"J6 

:?91 50 44 ·49 

l.)S J3 32 "IO 

1¢ 34 4S·69 

216 00 54 ·42 

243 19 33 •69 

:!73 01 4$ ',50 

3:!3 (I:! 32 ".54 

I-:h 52 :.~ ·t.5 
20.100.tJ'.2'6 

232 l2 49"9:!. 

,;.n5 ·l·I I:!'ti9 

40 35 51 ·27 Poore 
7'if. 3:! IS ·~5 Y1)U1lg' 

3:?1 21 34 ·31 Benn 

45 58 00"4 .. 1. Youn~ 

16 3:.:- os ·s1 R•)an High Bluff 

112 11 53·77 Benn 

338 26 34 ·>;.;. Buffalo 

16 44 24 ·74 Cah:I' 

36 25·o6·19 Buffalo 

63 50 32 · q !.\loo1·e 

9 .. ' .. 'r5 44 •46 Poore 
143 19 34 ·~.5 Benn 

3o6 ._q 5:-) ·oo Pr..1or~ 

:?.:I 1 . .,, :;-1. ·t..i. l\loore 

5:! 4.J 43·12 Henn 

1:?5 s1i :::.7 ·~1 \Voff1)rd 

157 26 59 ',56 337 '2 .. ' 19 ·17 Pinnacle 
~36 ,56 13 '5i 57 o.J .s .. ; ·95 Pari~ 

.zo3 ~3 41 "ii .::3 ~i 50 ·S7 Hogback 
i.6j 1k 1~ ·s? 87 _:-4 ;:.7 '!-7 \\~offord 

J.4~ ~9 13·79 i'9 54 47·4.~ Hi.:1gback 
2SS 36 3r · .. ;s 1o.S 47 :;.; ·10 Paris 

~oo IS 39·r3 20 :?8 10·18 Bt."1111 

243 53 46·98 64 15 15·0S King 

82 42 39·78 .?6J. 34 27·87 Atlanta Northf:'ast Ha:o;e 

153 o6 53 '34 3...'.3 01 II ·19 Saw nee 

232 oS 09·o6 

312 22 32·71 

126 18 04 ·S6 

191 36 22°3j 

.z3:! o6 51 •76 

297 51 14 ·29 

:?46 34 r_,2 ·.:15 

~4 15 38·14 

22 .. ; 31 55 ·32 

~72 ~ :.'.?9'':17 

t88 IO 26 '1)0 

244 14 5S ·&> 

.'.:.):? OI 27 ·85 

.::67 37 13 ·27 

52 09 ._:i.1 ·s.i Atlanta Northeast Hase 
r32 :?6 55 ·6o Stone !\'Iountaiu 

3c.6 IQ 41 "9-i Sweat !\·ton11tai11 

II 38 54 ·o~ Sawuee 

52 09 31 ·s.i Atlanta Northeast Base 
117 56 54 ·3i:1 Stone: "Mountain 

E6 55 53 ·35 Rabun 
114 34 4h · 12 Cnrrahc:e 

4:1 44 _,;.-s6 Pine Log 
9:: ""19 O..J ·34 Kenesaw 

S 1302·19 N.abun 

64 4'·' 16 ·6o llfauldin 

52 14 54 ".'3 Blood 
f:'.i 57 .5.5 ·37 Skitt 

*~tation~ iu conunon with and fix.eel hy the tran,..continental triangulation. 

Log. dis- Distanct:' in 
ta nee. 11Ieters. 

4 '57i 3.:'6 2 

4 •f)-\9 28:; 4 

4 ·s.,.9 04::! t: 
4 ·~:. ~ ... '.9 5 

4 ·S.16 !6i 0 

4 ·971 7i:8 ..J 

4 ·105 136 6 

4 '9:!5 530 7 

4 "Si9 630 9 
4 ·771 325 I 

4 "6i6 356 4 

4 "9:!0 55-t 3 

5 ·013 25i 0 

4 ·943 0.:0~ 'j 

4 ·950 5~3 6 
4 ·&;4 26\1 I 

·\ "i5S l>.14 5 

~ ·904 9-1-2 ~ 

4 ":S.)8 I:l.J 0 

4 "f'Vi2 DI'? ti 

4 ·405 5$6 3 

4 "3$6 915.5 .5 

4 ·441 543 7 
4 ·i:.3S 655 I 

4·6.j1 697 s 
4 "503 290 -t 

4 "855 901 2 

4 •8(,o ~10 3 

4. ·35~ Jtj 9 

4 .,.y; ~"4 2 

3 '6.~3 590 ::! 

4·0156483 

4 °4'=11 ~56 3 
4 ·.:;36 83-1 s 

3 '970 276 I 

4 "049 470 6 

4 ·~02 !.67 7 

-t ·7;.2 074 5 

4 ·701 967 7 

4 ·oo.i 183 7 

4 '689 2~5 I 

4 "8;6 70:? J 

37 785 ·59 

44 ~·p 

;o 63S·7i 

4969S"•>i 

70 lj2"51 

93 693. ::~..; 

50 71; ·o:.::: 

s.i 242 ·39 

37 986·64 

59 00-t ·30 

47 463 ·1.:. 
S3 082 "6" 

IO.', O·~·I).) 

s7 705 ·ss 

57 3'4 ·67 
So :~41 ·~s 

25 444 ·os 
~.,. .. -:.i6 'ii 

27 No·36 

43 516 "6.7! 

43 $:::.2 "5·t 
31 ~63 ·~7 

71 j63 ·ro 

03 I26"::9 

22 8-Y;» '61 

34 54" ·94 

4 826 ·o .. li 
16 4y,-41 

25 ""3 ·24 

3-t 421 _"90 

9 338 ·48 

17 j6I "IJ 

6_, 426 "c.6 

56 50 ... ~ ·39 

51J 346·31 

41:. 196·c1S 

48 897 ",\3 

iS 2S .. ~ ·90 

4 "661 044 2 45 sis ·s5 

4 ·74s 161 s . 55 991/ :62 



Stations. 

G;orgia-coutinuecl. 

Gulf Point 

Johns 

Ke11esaw 

Pine Log 

Kahun 

Sawnee 

Skitt 

~tone Mountain 

Sweat l\iountnin 

Alabama. 

AIJ>ine 

Aurora 

l~argenier 

Bra.11dOn 

Ca ha ha 

Cal Island 

C"dar Point 

Cheehahaw 

Cold Creek 

Coon 

Conuty Line 

Creagh 

THE MAIN TRIANGULATION. 243 
Latitude and 

longitncle. Azimuth. Back azimuth. To ~tations. Log. dis- Distance in 
ta.nee: meters. 

0 ' 

·'4 37 29 '827 
85 28 02 "S:?4 

34 .. '1..i 20 ·912 

85 05 54 "IJJ 

33 5S 32·o66 
8.i 34 46 ·o;S 

34 19 17 ·249 
85 17 18 ·;19 

.. ,4 19 16 '000 

~4 3'°' 14 ·012 

34 Si 53 ·468 
83 lj 59 ·6;3 

34 14 09·823 

84 09 39 · 192 

34 30 18 •269 
83 43 20 ·214 

33 4$ 19·;;1 
84 oS 46 ·239 

34 0,\ 59 ·13~ 
84 27 21 •88 ,\ 

33 24 40 ·292 

86 12 27 •492 

34 oS 45 ·503 
86 II OI'llI 

31 59 14 ·452 

86 36 51 ·350 

34 23 05 ·005 
85 45 13 ·034 

33 44 45 ·11s 
86 31 33 ·365 

30 18 54 ·2;4 

88 12 38 ·851 

30 00 42 ·4&> 
SS o; r1·561 

0 ' 

::!.jO 21 36·61 

356 37 55 ·03 

308 oS 41 ·55 
27 40 24 ·62 

17.'.! o6 13'4.'.? 

::!2S 28 51 ·33 

:?69 SI II ·27 

325 ~ :?~'IS 

.?36 5::; 16.9S 

282 uo 14 ·29 

~61 24 26 ·47 

.?84 30 oS ·34 

150 29 4; ·95 
.?33 23 17 ·41 

'4l 52 18 ·59 
265 ll 55 ·59 

149 23 30 ·53 

2'0 oS 00·33 

149 27 55 ·40 
2,\5 15 57 ·16 

141 33 51 ·36 

257 27 29 ·92 

236 06 31 ·43 
2So 12 46·05 

135 47 oo ·6s 
I8o 29 12 '15 

'224 JI 17 "22 

322 21 46 "56 

21S 23 39 "sf'& 
='93 18 11 ·30 

316 16 59·~5 
22 45 27 ·ss 

8 07 41 ·93 

45 50 55 ·o; 

33 29 05 ·692 1s4 46 r3 ·;1 
85 48 31 ·402 210 19 49 •fu 

30 S7 25 ·027 I ;S S4 28 "9.5 
SS 05 lO "666 258 o; 44 · 44 

3r 14 48 ·35S 229 o; 38 "J..'\ 

ss o~ 43 ·s11 275 44 45 ·~ 

3r 57 50. 224 175 38 53 ·09 

66 48 12 "7l4· 261 41 54 ·81 

31 36 II "l.10 

87 41 03 ·677 

30 36 os ·;62 

87 54 16·946 

2,,2 48 o~ · 18 

3o6 32 42 ·s; 

u4 19 or ·13 

'90 49 s2·00 

0 ' 

90 34 II ·56 Jo.hns 
176 .. :i.9 .?l ·02 Indian 

128 24 21 ·1s Pine I~g 
207 JJ 57·13 I.a,·ender 

3~2 04 16 "jO Pint: Log 

48 32 59 ·~r. Sweat Mountain 

90 1.1 13 ·30 Pine r.og 
145 1~ 44 ·u:s Ca rues 

57 05 38 ·54 Grassy 
102 16 20·11 -:=.awne:e 

81 43 38 ·ss Pinnacle 

104 52 57 ·92 1\Iaul~in 

330 24 01 · 28 G ra~sy 
53 y; o.<; 'SI ,;kilt 

302 44 59 ·48 Rlood 
85 :?4 41 ·92 Currahee 

329 20 ._:i,0·22 Atlanta Northeast Rase 
40 13 II ·06 Academy 

329 21 48 ·91 Pine Log 
SS 25 53 73 Sawnee 

321 23 17 °60 Cahaba 

77 40 41 ·45 Cheehahaw 

56 21 q3 ·04 Brandon 
100 38 16 ·17 Indian 

3r5 40 32 78 LO\·ers Leap 
o J9 17 '59 Lowndesboro 

44 4r oo ·sr Gulf Point 
142 32 50 ·86 Indian 

35 35 07 ·67 Aurora 
113 42 oo ·72 Chee ha haw 

4 ·529 537 9 
4 ·S20 337 I 

4 "732 I::'q 0 

4 "5i6 176 5 

4 ·:;,~;Mt; 4 
4·rS2 oq 9 

4 "77i i50 s 
4 "64i 337 9 

4 ·535 240 9 

4 "6.51 9:!0 I 

4 "iII S7ti i 
4 "i9'f3 :?j8 I 

33 848 ·3s 

66 IXJ 0 65 

~3 96i ·09 

3i. 685;70 

59 944 "i'> 
44 400 ·so 

33515·13 
.44 SM ·2s 

SI SOS ·24 
62 846 ·o; 

4 ·502 75r S :;r S23 ·;s 
4 ·700 5.:.s 9 5•) 1So ·95 

4 ·51_, 146 5 

4 ·503 Soi 0 

-1 ":?I.'.! 738 :! 

4 ·346 400 3 

4 ·516 o84 I 

4 ·519 739 5 

4 ·676 196 3 

4 ·579 5~ r5 

4 ·6;7 'J99 5 
4 "85:! .?l"l.2' 7 

4 ·448 358 9 

4 ·49; 66.S 4 

4 ·573 r8S 9 

4 '05 837 9 

4 736 436 7 
4 •Scio So4 4 

32 594 "66 
31 900·76 

16 320°68 

. .P 815·89 
33 093 "26 

47 445 "64 
37 9~1 ·o~ 

4i 6.i.' ·04 

71 154 "56 

JS Oji ·53 

3r 45.' "46 

37 427 "34 
49 640 ·70 

54 505 ·05 

72 577 ·90 

1;.6 19 1 J ·69 Dauphin ls;land East Bast 4 "(1(9 213 8 
202 44 io ·97 Dauphin Islaucl \Vest Bast'. 3 ·~62 492 9 

10 214·.p 

9 172"6{ 

188 o; 13 ·o_i; Dauphin Island East Base 4 034 4..'8 s 
n5 47 06 ·07 Dauphin Islaud West ·Ba;;e 4 · 22~ 35; o 

JO 825 °76 
16" 918·31 

334 33 42 ·5; Aurora 
30 .. 2i2 36 ·45 Indian 

358 S4 16 ·99 Coon 
7S 17 03 ·22 Dean 

49 16 37 ·46 White 
95 58 16 ·99 Reel Hill 

355 38 18 ·09 Lo\·ers I.eap 

Sr 47 ~' ·63 Bargenier 

53 02 09 ·41 Fatamn 
1.?6 39 37 ·f.1 Pollard 

294 II 3; ·90 Spring Hill 
10 51 41 ·f.7 Minette 

4 ·909 145 I 

4 ·S45 763 S 

4 ·so; 002 9 

4 •468 6;3 0 

4 •558 422 :? 

4 •619 293 4 

4 •357 2j8 3 
4·257 I.20 0 

4 705 276 4 
4 ·415 96; I 

Sr 103·00 

70 IOi "39 

32 13(j •:i)2 

29 4l2 ·05 

36 176·14 

41 619·17 

~.? ;65 "s6 
18 0;6 "i,':.. 

53 122·24 

26 059 ·50 

4 •404 704 4 25 391 ·44 

4 ·479 341 o :.40 153 ·n 



244 

Stations. 

~-llabama-continuecl. 

Dauphin Island East 
Base 

Dauphin Island West 

Base 

Dean 

Ethridge 

Fatan1a 

Fort :vlorgau 

Fort Morgan, Ast. Az. 

Station 1847 

Gunter 

Hurn 

Indian 

Jamison 

Ka hate bee 

r.nnrel 

Lowndesboro 

l\'Iidway 

:i\linette 

:i\'lount Carmel 

Parker 

Perry 

, Point Aux Pins 

Pollard 

Red Hill 

THE EASTERN OBLIQUE ARC. 

Latitude and 
longitude. 

0 ' 

~;o q 54 ·.;47 
88 .-_,,s 14 ·S13 

.w q 19·sti1 

88 q 51 ·558 

31 1".JO 40":!92 

f'q 47 1.5 ·~21) 

.. ~.1 (•4 43 "9.'i l 

8; "3 29 ·565 

31 53 J_J ·091 

87 14 13 ".5.'.!'3 

30 t;i 40 ·307 

SS 01 .:?._:; ·757 

_,o 13 40 ·301. 

s~ 01 23 ·;&i 

34 34 C\j • 490 

86 10 20 '6.'.!i. 

33 17 50':!6:.! 

86 04 2~·886 

34 <H 4i •6('1$ 

8.r:; .1.l;j ~1 ·.i.12 

j2 5,5 54 "5iO 

S6 38 21 •461 

33 13 Jc:\'.'.!99 
Sr5 21 ~7 ·002 

3.? IO Oj "Y.JO 

So 49 18 ·f4S 

.)..'.! 16 15 ·5B1 

86 36 41 ·140 

31 43 0,\ ·463 

87 0.1 49·.p7 

,;o 52 07 "453 

S; 50 43 ·649 

32 01 14 ·072 

so ,.., 5-1 ·554 

32 ;,3 46°8.?1 

865033·110 

32 45 31 ·190 

86 57 JI "552 

A7.in1uth. Back azinutth. To stations. 

0 • 

165 Of) 1..,3 "i5 
~SI ,p 19·32 

264 I 1 ~3 "52 

2i3 ('..s 47 ·15 

131 43 27 ·82 

.'.!o8 5.'.! 3.'.! "II 

24.r:; SJ S2 ·05 

297 50 1S :4:.1 

219 09 ._\I "86 

25S 52 11 ·33 

149 07 17·14 

19~ .'.!O .)8 "09 

93 15 ._'1,6"(Jl) 

q3 59 50•69 

297 43 Ji •43 
I 16 lO"li 

135 ~'' 34 ·97 
2:!9 51 :=;S ·12 

:?("II Jri 29 '13 
.'.!;6 0.5 .µ ·01 

.'.!.59 07 5.3 ·.io 

.?q 45 04 ·57 

.'.!5.' .32 l.5"t8 

q.6 n 13·5.; 

195 19 41 ·¢ 

137 OS 59 ·.;6 

~20 00 OJ ".'.!4 

112 50 3 .. 1 ·81 

199 17 30 ·s7 

81 43 25 ·91 
1:;8 17 37 ·94 

1ss s4 03 ·is 
256 31 JS "49 

2.;r. 59 •)/"..:-6 

287 41 12 ".'.!6 

o, • 

345 0,1 .l7 "!>} St. Elmo 
rn1 45 46 · .. \~ Fort i\lorgan~ 

S4 q 4.\ ·.\.5 Dauphin Island East Base 
9.\ 15 33 ·90 Fort Morgan 

311 3 .. \ 54 72 Coon 
>~ 56 o; ·58 Red Hill 

t'5 oo '4 · 5J LO\•<: rs Leap 
117 58 24 ·57 County Line 

39 15 12 ·97 Ethridge 
79 05 56 ·77 County Line 

329 01 .'.!J ·,;1 St. Ehno 

15 :4 '4 ·17 Daphn<: 

273 08 49 ·27 Dauphin Island West Base 

JlJ 56 52 ·27 Cedar Point 

117 Si -io·S3 Brandon 
;81 15 47 ·.~.'.! Aurora 

315 33 11 ·s3 Aipine 
50 U• 45 ·r_.,f, Cht:ehaha'f.v 

21 21 •::.5 ·89 La,·ender 
~:. l·~ .":.!.'.!·.is C:uni::; 

.J~ J1·· -l-1 ·4s- K:~h:Hchc-c-

79 17 I(• ·s7 \\T t:Og"U fka 

_.\4 So o6"4> Alpin" 
7 .. '1.. 41 39 ·:.i Horn 

7 ~~ or ·~5 Calmhn. 

87 2•) 59·~~' Alpint! 

35i 26 43 ·40 Parker 
6o 17 o6 ·35 Lowndt-sboro 

3~6 QJ .;; ·53 _ _Parker 

15 23 28 '6i Wilder 

316 59 59 ·11 Fata ma 

40 13 -t-t ·76 County Line 

292 43 0.1 ·26 C<•ld Cr.,ek 
19 19 18 ·03 Dean 

J61 34 58 ·84 Ba rgeni"r 
318 09 14 ·30 Lowndesboro 

333 50 .?2 "i6 Perry 
76 42 44 ·.?6 Wilder 

57 09 25 "61 Jamison 
107 56 w ·47 Wilder 

I.?O 07 05 ·54 Cat Island 

Log. dis- Distance in 
ta nee. inett:rs. 

4 ·475 527 2 

4 ·050 ~03 4 

4 "0:!7 S31 9 
4·._~.35 l4 2 

4 ·594 429 9 
4 ·39; 629 5 

4 ·:;.~7 86~ 6 

4 ·434 991 6 

4 "4'i >41 s 
4 "6:!o St .. ~ 3 

4 ·56o 078 0 

4- ·63.-; q9 6 

4 ... ~3.l:"i I 2r_1 3 

4 ·638 579 6 

4 ·670 _;89 7 

4 "24i 564 0 

4 '509 f...'.!5 5 

4 ·540 5.?4 ~ 

d ·582 3i5 3 

4·3¢36ro 

4 ·443 056 i 

4 "541 4!0 I 

4 "64r 19r 1 

4 ·~58 925 0 

4 ·591 081 3 
4 "619 619 3 

4 "4.?J i72 3 

4 ·553 155 5 

4 •402 402 0 

4 ·223 6o9 6 

4 •404 518 7 

4 ·570 946 7 

4 ·383 23n I 

4 ·526 629 6 

4 ·545 055 3 

4 "657 953 4 

4 "001 419 I 

29 890·09 

Jl 2.'.!5"44 

10 1:161 ·s3 
~I 1)3._'1.. ·S7 

39 ~~03 ·3S 
.'.!4 98.:0"JJ 

.:-4 426 ·92 

27 226 ·49 

26 744 ·95 

41 770 ·S.i; 

s6 331 ·05 

42 ¢8 ·45 

21 6.13 ·17 

16 074 ·73 

43 509•05 
46 815•51 

17 6$3 ·33 

32 331 ·47 

34 7IS ·57 

.p S16·74 

27 0¢·3S 

24 9"9. J7 

:Ji 7!l• ·S":! 

4$ 771 '4h 

22 852 ·04 

-:n or:.1 ·50 
41 650·41 

26 410 ·24 

35 1.io ·os 
, 5 JSS ·1 7 
26 n4 ·3s 

25 .181 ·5s 

37 234 •6o 

:!4 J6j ·.p 

33 6J2 ·47 

3~ .. ~22 ·s1 
45 493 ·93 

. 30 22 01 ·836 

~s 18 s1 ·990 
300 03 57 ·c.5 

335 41 32·1S 155 4,\ 33 ·50 Dauphin Island West Base 4 ·193 6o5 J 

II 519 "ll 

15 61; ·27 

31 2i 4r:. ·n14 

Si :!i .50 ·666 

31 I.:? J0"412 

S7 .~9 39 ·490 

204 17 09 ·oo 
2.;4 23 01 ·is 

153 >6 19 ·69 

213 32 II ·So 

24 24 18·11 Fa.tama 

54 36 13 ·6<J Midway 

33 .. ~ .:!I 45 ·01 \Vhite 
33 38 20 :4,; Pollard 

4 ·;17 767 0 

4 ·686 ·s.s 9 

4 ·49; 964 7 
4 "5"'} 843 I 

52 2ll "60 

48 620 •44 

31 186"36 

33 872 ·18 



Stations. 

A/,1b,1ma-continued. 

Rowe 

~t. Elmo 

Spring Hill 

Surntnit 

Weogufka 

w~tumpka 

White 

Wilder · 

Wilson 

\Vornock 

11/ississippi. 

Belldontaine 

Bayou Casotte 

Cat Island 1850 

Cn t Island 1855 · 

Cat Island Light 

Deer Island 1 

East Pearl Rh·er 

Rast Pa~agou\a 

Grande Batturt: 

Hom Island Eai;t 1855 

Horn I,;laud West 

Missis~ippi City 

Petit Bois 

Latitude and 
longitude. 

_;4 .~o 19 •¢4 
s~ ~t ::.6·930 

30 41 44 ·~5 
88 08 46 ·400 

34 12 13 ·./;o 
86 :n Of' "52::! 

32 s~ 39·19s 
Sf; :!I 16 ·659 

32 ·'' 01 "4.'i8 
86 II 3S•672 

31 07 .35 ·ss7 

87 4S 27 ·6-~4 

~~ 3i .59'434 

86 09 38 ·754 

34 25 r_15 "I.JO 

86 49 03 ·198 

3.1 ~9 46·072 
86°41 52·288 

30 20 31J ·277 

88 42 34 "jSI 

30 ri;i 42· 575 

88 .:.•) 47 '883 

30 14 14 "•J>6 

89 04 04 ".'70 

30 14 13 "864 
89 cq ,-.4 ·r:i.;s 

30 13 4S'6iJ 
s~ 09 40 ·973 

30 21 41 ·040 

88 49 26'Il0 

30 IO 50 "19 .. :!i 

~ 31 27 ':?72 

30 20 33 ".593 
ss· 32 45·7.'.?5 

30 19 23 "846 

8S 25 14 · .. 1-.'.?0 

JO IJ Ii "9(11 

SS 31 s6 ·341 

.. :i.o 15 JO ·928 

88 43 09·330 

30 :?2 46·232 

89 01 157 ·041) 

30 I.! 07·3~ 

S8 23 46•844 
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Azhnuth. Hack azhnuth. To stations. Log. dis- Distance in 

0 ' 

.?64 I.? I I ".?S 

354 :?6 07 "6;1 

19~ rs 34 ·oo 
2,51 02 15 "61 

190 40 37 "8.:? 

236 14 48 ·44 

215 20 .5:-'.i •SQ 

:JSi.2 .56 JQ "(•J 

17!\ 54 29·13 
.:'16 17 59·26 

Ill 27 30·94 

163 02 42 ·ss 

216 :.:?3 55 ·91 

06<} 19 44 ·97 

157 42 34 ·34 

198 So .p·.p 

243 29 09 ·45 

307 4= 52 ·90 

220 24 31 ·95 
330 os ·" ·s9 

269 35 I.? "7 

s :n 57·4 

133 46 36 ·o 

192 09 47 ·4 

19.? I I o:3 ·4 

::?hS 39 41 ·.1 

liO 07 5:? ·7 

265 0.? 48 ·3 

281 II 25 "I 

3.?0 00 ;µ·~ 

290 33 51 ·7 

346 21 4S ·4 

2¢ .:.Q SJ "zo 

354 27 r .. ~·:x; 

.?44 29 58 ·38 

¥. 19 59·S7 

:?23 08 47·17 

278 35 .17 "43 

239 09 04 ·5 

.:!SI 27 54 "9 

275 39 51 ·7 

31S 01 42 ·.5 

170 oS Ol;) "8.':: 

.?54 05 30 ".?5 

ta net!'. 1ueters. 

0 ' 

84 24 Oi)"4~ Gunter 
174 27 27 ·:.2 ~un1111it 

18 17 44 ·6~ Spring Hill 

71 II 48 ·o:;; Daphne:: 

IO 42 23 · 26 Cold \.:reek 
56 24 o.==··;;tt l\·Iinette 

._;5 31 34 ·w Gunter 
103 o6 28 ·r~. Aur01·a 

30-~ 54 18 ·02 Kahatchee 
s6 27 10·16 Horn 

291 17 49 · 09 \Vilder 
~42 57 30·12 \\~eogufka 

sf, 07 48·11 Creagh 
89 30 30·6o Pollard 

337 37 51 ·32 Jamison 
18 55 q ·sv \Veog:ufka 

63 39 07 ·.io Ro\\•e 

1:=7 54 oS ·01 Sununit 

40 31 41 ·S-1. Sumtnit 
150 14 r6 ·s~; Cahalia 

8~ 40 ro ·.; East Pascagoula 
185 .:?I 40 ·o Horn Islanl'.I \Vest 

93 4.1 34 ·91 Grande Ratture 

188 .;S 37 ·5~ Horn Island East 1855 

313 43 09·.? Pitcl1er Point::: 

I.:? TO .51 ·7 l\Iissjs:;ippi City 

12 1.2 12·S ~Hississippi City 

~s ·15 o6·3 Ship Island 1$55 

.. liSO iJ/ 1,; ·; Pitcher Point .:? 

85 O;"a .n ·ft Cat .. Island 1855 

101 14 5.:? ·9 Bellefontaine 

qo ''3 40 ·9 Horn Island \Vest 

uo J6 52 ·S Grand Island 1:,55 

166 22 43 '.; l\'lalheureux Point 

116 .. ~1 .5.'.? ·72 Bayon Ca&ltte 

1;4 .'.?7 38 "i6 Horn Island East 1855 

4 •511 149 9 

4 "5i~ 115 ::? 

4 •338 386 .5 
4 ·5n1 323 3 

4 ·469 457 8 

4 ·539 029 5 

4"05 149 2 

4 ·4;;4 925 1 

4 ·441 562 5 

4 ·64~ Sir 6 

4 '4So 741> 5 
4 ·711 .520 4 

4 '.'.?9.5 003 ':. 

4·0140174 

4 •553 909 0 

4 "6o5 9,;;, 4 

4 •478 57.\ 3 

4 ·588 392 ~~ 

4 •481 194 5 
4 ',50,5 I .. 1i4 I 

4·196 S38 o 

~· •994 618 g 

,\ •950 809 4 

4 ·oss 22.::; i 

4 ·180 939 

4 ·207 761J 

4 ·207 942 

4 ·2:¢ 793 

4 •05S 39-i-

3 "<155 511 

4•049 199 0 

4 ·195 t61 4 

4 ·094 055 

3 •546 095 .I 

4 "I.3.." Coo 2 

64 33 11 ".54 Point Aux Pins 4 ·0.;3 s1~; 2 

119 25 1 .. ~ ·S9 Dauphin Island \Vest Base 4 ·281 040 ::: 

43 12 09 ·S3 Grande Batture 

98 39 43 ·74 Petit Hois 

59 14 19·1 East Pascagou~a 

w1 33 J,li -~ .Horn Islaud East iS55 

?5 46 11 ·4 Deer Island 1 

1,\8 06 03 ·6 Ship !~land 1fi.53 

4 ·196 033 9 

4·101 940" 

4 ·2Sj 82; i 

4•2639719 

4 · .. ~04 :.16 

4 ·315 662 

3,::;o o; .:?.5 ·$0 C.·raude Ha.tturi:- 4 ·1.:.4 S62 2 

i4 09 ~'j ·67 Dauphiu I~\and \Vt:st Ba~ 4 ·17:! 673 •) 

30 44.5"16 

37 ~34 ··~1 

~I 7~)1) ·4~ 

31 i1 9 ·.==s 

29 47.5 "':!j 
34 506. 29 

49 56.:? ·05 

28 505 ·27 

27 641 ·ss 
44 o.p"46 

30 251 "rf.J 

51 ..i66"1)1) 

19 724 "¥> 

32 660 ·09 

35 ~o::: ·q 
40· ~62·91 

30 J(A) •47 
38 j{>o ·76 

30 .:?·.~~ "69 
31 99·' ·;:.;3 

15 i33 ·9t) 

9 ~76 "86 

8 929 ·.::;5 
t.? 16S·1B 

15 168 ·37 
16 1,;4 "6j 

16 141 ··iJ 

17 .:?.~0·15 

II 199·51 

15 673 ·34 

10 30:=·0 

12 41~·09 

.3 51S·oo 

13 664 ·70 

I I JI I · .. ~2 

19 100·,;o 

1.5 704 ·f;5 

13 =.ii "65 

19 4or ·16 

18 .164 ·19 

20 1.51 ·90 

20 6S.; ·.;1 

13 6 . .p · . .;;,('I 

14 $~::.~ "4r1 
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Stations. Latitude and Azitnuth. Back azimuth. To stations .. Log. dis- Distance in 
longitude. ta nee. meters. 

Jl/ississifpi-continuec\. 
0 ' ·=· ~ 

Pitcher Point J 30 19 54 ""61 249 45 00·5 69 49 32 ·o !\1 ississippi City 4 ·184 4SI 15 291 ·53 

89 10 54 •368 31; 45 I .. ~ :3 •' 13._; 4b 39 ·9 Cat Island 1855 4 ·1~0 886 IS 1U>'52 

Point Clear 30 15 4i"l:!(J 24·~ lj 24·4 ·~ 23 .i6·1 Pitcher Point .J 4 "3.)4 6o1 21 6oj·32 

89 23 30·982 314 11 31 ·4 134 16 19·; Bayou Pierre 4 •330 3~ 21 398·63 

Ship Island I855 3" q .?6'509 .?i:•4 59 18·5 '25 01 16·3 Deer Island 1 4 ·1159 209 5 14 76.J ·19 

SS 5.3 19"661 265~57·4 $5 15 04 ·s Horn Island West 4 ·214 177 3 16 374 ·S5 

South Point 30 11 13 ·376 12S 55 16·1 "3c.iS 53 24 '6 Cat Island r.ight 3·881 619 7 614 "II 

89 05 59 ·.µo 208 54 27 'j 28 55 :.?5'5 Cat Island 1855 3·So2 ;17 6 349·17 

Lou1.sia11,1. 
Battery Bienvenue 29 59 02·~47 219 3S 1s·s 39 40 36·S · l'ort Wood 4 ·003 829 II 583·21 

89 52 51 ·433 314 58 o; ·~ 134 59 29·6 Martello Tower 3 ·794 728 6 233 •44 

Bayon Pierre 30 ()i .p '35.5 192 15 30·9 12 Ij OJ'J Pitcher PoiJJt ::i 4 ·36_; 173 23 076·66 

89 1.~ ~7 'i93 2.32 44 06'7 52 49 05·1 Cat Island 1852 4 ·299 670 19 937 ·47 

Caernan·on :9 51 49•307 lj7 55 5 ... ' ·a .15i 55 47 ·7 Ducros 3 "894 5Ii 7 843·63 

89 55 15'51.l 222 4.5 53 :9 42 48 27·7 :Martello l'ower 4 ·o85 847 13 IS5·60 

Ducros 29 56 03 ·S5o 216 56 5._; ·5 .i6 58 IO'i Battery Bienvenue 3 ·s.1s 6q 6 896 ·27 

89 55 26 ·o;o 2'52 37 ;6 ·5 824005·7 Martello ·rower 3 ·935 932 3 s 628 ·44 

Fort Wooc\ 30 (13 .52 •460 236 .-,s .:.o . 4 ,::..f.. 13 io·9 Rigol<:t Light 4 ·249 Jo5 17 758 ·45 

$9 4~ 1.;.·5,::;3 .?65 48 5S·1 85 52 32·5, S11ell Point 4 ·ooo 338 II 490·48 

Cran .. \ Island 1S52 .)V 03 49 74$ 191 -14 45 ·s 11 45 36·1 Point Ck:<r 4 · 11S 166 13 127·02 

~.;» .?S 10·95.? 2;6 3I 23 ·~ 96 3i OI ·S Dayou Pit:rrt: 4 ·:.:;S 550 IS 136·35 

Grand l5lan,\ 1~55 30 (8 58·526 193 49 33 ·.5 1j 50 ,,1 ·S Point Clear 4 ·110 517 L? '].~7·37 

89 25 26·S19 277 12 1)1"'1'3 97 17 46·3 Bayon Pierre 4 ·209 285 18 590·24 

:\lalhc-11re11x Point ;JO 04 24 ·.258 ~1$ YJ 25·7 38 ;;:.? 31 ·7 Grauel Isla111.l 1Ss._~ 4 ·o .. ;,, 21..J 10 7~·;9 

~9 .?9 37 ·~:1st-: 3n: 5-i 02'.? 122 :05 ,;2·5 Nine ~"lite li::tyon 3 ·9S1 100 9 574 ·14 

:Martdlo Tower .?';;) 56 39 'i47 192 3i 3.,·o 12 3S 2S 'i Fort Woocl 4 ·1.;5 271 13 654 ·35 

~so 00·9:-32 :r):? 13 07 ·3 $.2 16 25·s Proctor Point 1853 4 '0,:!,1 75S 10 758 '66 

New Orleans, St. Pat- 09 5~ 4S ·24S :?j~ (Jj 42 ., ·.~:=; " 04 ·4 DucrcJs. .J ·150 739 I 14 149·44 

rick'~ Church 90 04 11 ·s:;o 302 19 J6'.J I.!:? 23 53 ·o Caernarvon 4 ·231 ,_,(,6 2 17 024 "18 

Nine :\lite Bayou 30 01 .)5',H-1 174 ._ii l:?'I 3M 30 47 '6 Grand Islaud 1855 . 4 ·137 007 13 709·04 

8? O.J 3i ·900 :?)9 :?,+ 3:? 'I 59 26 36'1 Oyster Bayon 1855 3 ·SS6 843 7 71"".16·25 

Oyster BayOu 1855 30 o~' 4.? ·1)46 qo 47 35·5 3.!0 45 06·7 Grand Island 1855 4 ""98 857 1.? 556·16 

S9 ~ 3o·i.p 23-1- 53 19·9 54 5f.. ,36 ·7 Bayou Pierre 4 ·108 621 12 ~I '65 

Proctor P1)i11t 1S53 2'.l 5i 16 ·sss '4i 09 4~ ·9 307 07 25 ·s Fort Woocl 4·150 236 14 133·05 

~9 43 2'';l'...J41 196 3:) 18·8 lri 39 .!9 'i Shell Point 4 '1_:?2 559 13 260 ·47 

Rigolet J.ight 30 09 13 ·411 25,5 2'7 45·4 '·i5 31 3.5 '2 East Pearl Rh·er 4 'tol 598 l~ 635 •66 

8? 39 0·1 . 455 :;oo -- 34·6 120 .?7 1s·s Malheureux Point 4."'-15 179 1;.5%·48 

Shell Point 30 1)4 19·4~.? 21)0 OI os ·s JO 02' 07 '6 Rigol~t Light .. ,·~3 i'.50 9 6 .. ,2 'i4 
Sg .JI 07 ·675 269 29 48·7 S9 35 34·3 :\Ialheureux Point 4 ·266 540 18 4i.)'Il 
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D. ADDITIONAL GEOGRAPHIC POSITIONS OF ASTRONOMIC STATIONS 
FOR WHICH TRIANGLES ARE NOT GIVEN IN THIS PAPER AND 
WHICH WERE DERIVED DU~FERENTIALLY. 

Stations. Latitude. Longitude. 

11/aine. 
0 0 II 

Bangor 44 48 14·19 68 47 Ol '20 

Cape Small 4.~ 46 41 ·24 69 50 45·20 
Farmington 44 40 20·78 70 09 18'40 
Isles of Shoals, astronomic latitude station 42 59 I2 ·87 i0 36 51 ·19 

11Iassad111sdl~. 

Cambridge, Cloverden Observatory 42 22 44·28 71 07 18'46 
Cambriqge, Harvard Observatory 42 22 51 ·48 71 07 44 ·74 
Indian 41 25 44·75 70 40 41 ·54 
Shoot flying 41 41 05·34 70 20 50·59 

Rhode lsla11d. 
Spencer 41 40 41 ·25 71 29 41 ·52 

.JVew York. 

New York, Rutherford Observatory 40 43 49·37 i3 59 15 ·13 

1Jdawart?. 

Cape Henlopen Light-House, astronomic azimuth station* 38 46 39·42 75 05 03·52 
Dover, astronomic latitude station 39 09 1S·5_9 75 31 24·56 
Dover, astronomic longitude station 39 09 18 '59 75 31 24·51 

11!111:11/1111d. 

Rockville, astronomic latitude station• 39 05· 09·08 77 09 37 '20 

District of Col11111bia. 
Causten 38 55 33 ·16 77 04 24·37 
Georgetown University Observatory 38 54 27·81 77 04 39·61 
Seaton 38 53 26·82 77 00 00'!0 

Unite(l States Coast and Georletic Survey Office, transit in yarrl 38 53 10'0! 77 00 .32 '71 
United States Naval Observatory, olrl site, dome 38 53 40 '12 77 03 o6·68 
United States Naval Observatory, Georgetown Heights, center of 
- clock room 38 55 14·89 77 04 02·80 

l-~irgi11ia. 

Charlottesville, McCormick Observatory 38 Ol 55 ·91 78 31 21 ·15 
Elliott Knob, astronomic azimuth station 38 09 57·22 79 18 51 ·s4 
Strasburg, astronomic .latitude station 38 59 27·$1 78 21 39 ·74 
Strasburg, astronomic longitude station 38 59 27·82 78 21 39·54 

1Vortl1 Cctroli11a. 

Statesville, astronomic longitude station 35 46 54'34 So 53 40·44 

*Stations in common with and fixed by the transcontinental tria11gulatio11. 



2is THE EASTERN OBLIQUE ARC. 

Stations. r.atiturle. Long1tude. 

Georgia. 
0 II 0 II 

Atlanta, astronomic station 33 44 56 'TO 84 23 19·41 

,,./ /,1bama. 

Lower Peach Tree, astronomic statio11 ·'I 50 1:-i '51 87 :p 43·37 
l\Iobile, astronomic station 30 41 28·91 . SS ·02 33·83 
Montgomery, astronomic station 32 22 .u·37 86 18 00·92 

Lou isia 11<1. 

New Orleans, astronomic station of 1858 29 57 18·05 90 04 25 ·q 

New Orleans, astronomic station of 188o and 1895 29 56 51 ·51 9"J 04 12 ·16 

E. ADDITIONAL GEODETIC AZIMUTHS COMPUTED DIRECTLY FROM 
THE GIVEN POSITIONS OF THE TWO ST A TIO NS. 

Stations. Azin1uth. Back azhnuth. To stations. 

Jlfai11e. 
0 II 0 II 

Cape Small 155 rS 59·9 335 09 17 'l Sabattus 

1Jfossad111sdls. 

Cambri•.lge, Han·anl llbst:n·atory, 1lome 356 2S 25 'I 176 25 59 ·5 Blue Hill 

Indian 135 36 02 •6 315 20 49·5 Copecut 

Shl•Otllying 143 u· ·' 19·5 322 53 33·9 il"fanomet 

Spencer 185 57 36·5 5 59 .'.!Z ·8· Reaconpole 

District Ql Columbia. 

Caustt:n 210 54 38·3 30 59 17 ·2 Soper 

Seaton 265 3::! 42·33 85 3i 12 ·16 Hill 
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III. THE ASTRONOMIC MEASURES~ 

A. RESULTS FOR LATITUDE AT THE ASTRONOMIC STATIONS OF THE 
OBLIQUE ARC. 

I. GENERAL STATEMENT. 

The area covered by the triangulation extending from Maine to Louisiana is well 
supplied with astronomic latitudes, determined by the Horrebow-Talcott method. The 
immber of stations is 71, irregularly distributed over the arc, as may be seen in the 
general sketch* of the location of_ the astronomic stations. In the northeastern half of 
the arc there are twice as many stations as in the other half. In some localities the 
stations are closely clustered. as in latitudes 38'=' 45' to 40°, and in latitudes 44 ° to 45°, 
but upon· the whole a satisfactory number of fairly well distributed stations are avail-
able for the study of the local and regional deflections of the vertical. . 

At nearly all the stations the latitude was determined with a ?-enith telescope. At 
four stations the determination depends entirely upon observations made with Airy's 
Zenith Sector. t At two stations bo"th the above· instruments were used, and at one of 
these a transit in the prime vertical was also used. At a few stations observations 
were made with other instruments, as stated in the abstracts of results. The results 
for latitude are here presented in the form used in the discussion of the arc of the par
allel, but for those stations which are in common with that arc the final values alone are 
given. \Vhat has been said respecting instruments, observations, and method of reduc
tion of latitudes .in the publication of the arc of the parallel applies equally well to the 
present publication, and that publication· should be consulted for further details. 

The observations used extend over the interval between the years 1846 and 1898. 
The observations made before that time have been superseded by the introduction of 
new measures, using more refined methods and superior instruments. Some results at 
the Harvard College Observatory and the old Naval Observatory at \Vashington are 
incorporated in the table of results. The reduction of the observations for latitude was 
examined with a view of improving the mean star places, and in those cases where the 
residnal, or difference of result from any pair of stars from the indiscriminate mean of 
all. was greater than 3% times the probable error of the resi.1lt from that pair, the mean 
places of these stars were recomputed. 

*S<:e Maµ Bin pocket. 
t For discussion of the results obtaint:"d 1.1\" using this im;tnnnent. see Special Publication No. 41 ·•The 'fransconti· 

nentat Triangulation,'' United States Coast an~l (~t:o•.letic Sun·ey, \Vashington, D. C., 191)1.J. . · 
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The method of .determining mean places of stars was to abstract from all available 
catalogues the north polar distances and to apply to them such systematic corrections as 
were known to attach to the catalogues (principally determined by the researches of 
Professor Lewis Boss J. These north polar distances were next reduced to a common 
epoch, usually the year 1890, using the given precessional values and approximate 
values for the proper motion, and applying relative weights conformable to a well
proportioned system. embracing the catalogues in general. Finally the most probable 
corrections to the assumed north polar distances and proper motions were derived by 
application of the method of least squares; the probable errors of these quantities 
likewise became known. For convenience of reference the star numbers given in the 
abstracts are those of the British Association Catalogue: when not contained therein, 
the number in parenthesis ( ) refers to the Greenwich Ten Year Catalogue of 1880: a 
nt~mber in brackets [ ] refers to the Coast Survey Catalogue given in Appendix No. 7 
of the Report for 1876: an asterisk attached to any star number directs attention to the 
fact that the star is also used in another pair or pairs at that station. The observed 
component of a close double star is identified by the subscript letters P, F, and M, 
meaning preceding, following, or mean, respectivelv. 

Referring to the abstracts of results at the several stations the column headed 
"Adopted secq11dl'. of 111ea11 N. P. D." coutains the seconds of ll1e star's 111ea11 
north polar distance for the beginning of the year of observation, as adopted in the 
latitude computation: the column headed 11' gives the number of observations made 
upon the pair; the colt1mn headed <<' gives the relative weight assigned to the result 
from the pair: the last colmnn, headed <'. exhibits the residual of the result from each 
pair from the weighted mean of all the pairs. 

The probable errors and relative weights as given in the abstracts were _determined 
as fullows: 

. Let 11 = the total number of observations at a station and 11' = the number upon 
any pair, also p = the nmnber of pairs, and ..:1 =the difference of each individual 
re~mlt from the mean result from that pair, then the probable error of a single 
ohservation for lHtitnd~ is given by 

• 0·455 ::!'.J0 

c= n--p 
For the determination of relative weights w we need c":!c or the va)ue of the prob

able error of the mean of two declinations of a pair; this may be obtained either from 
the catalogue mean places or more directly from the latitude observations themselves. 

o·. 'i5 ;E,,o 
The probable error cp of a mean result from any pair is given by c'r = ~- · 

1 
' , where 

the zi's arise both from errors of observation and errors of declination, and are found by 
subtracting the particular values <p

1
, <p

0
, <fJ,, , of which there are pin number 

from <p or the mean latitude of all. · 
The probable errors tj.,• ep.· etc. of the latitudes <p

1
, <p

0
, etc. are gi\·en by: 

c" 
C'P =c",., +-

' o II 
I 

where i' _ =c0 -E0 and E°=C[~ -J- ~ + 
2 p p II, II 

0 

etc., 

J: hence the weights <I'' become: 
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;:c•, = (t"' "'' + ~)-' 
- 0 It, 

ze.= (r .. + C.)_, 
- • 11 

·~ ~ 

etc. 

There are exceptional cases in which th~se expressions do not apply. When a north 
or south star is connected after reversal of instrument, with two south or two north 
stars, the weight assigned to each of the two pairs or doublets so formed is two-thirds of 
that given by the general expression, and iii case of triplets the weight is but one-half. 
Several stars observed on one side of the zenith may occur with several _stars observed 
on the opposite side; in such a case the combination may be broken up into ordinary 
pairs or into doublets or triplets and the weights determined as indicated above. When a 
single or close zenith star is observed with instrument direct and instrument reversed_ 

the expression for the weight becomes w=( :u"?f + :~·.)-' 
- ~c 

Two values can be obtained for e•.,,, one from the star catalogues ---• , where the 
• 4 

summation extends over the two stars of the group, and the other from the latitude 
observations c"p-e• and the larger of the two values was used. 

The resulting latitude t is given by 

and its probable error by 

<p= ;:c•, <p, + -;c-', <p2 +. 
<£',+fr·.+. 

e•. =0·455 ~w(.J <p)" 
'P t_P- I )::E <tJ 

2. DETAILS AT STATIONS. 

r. Calais, l\faine.-G. W. Dean. Zenith telescope No. 4. September 2 to 29, 1857. 
of level = 111 ·00. One ~urn of micrometer= ol3 11 '64. 

Pair5 of star~. Adopted seconds of 
11' "<l' l .. alitude. mean N.P.D. 

II II 0 I II 

6 350 ·~6 365 30·6o 48·27 5 3 45 II 10·09 

*6 365 6 372 48·27 13 ·37 5 3 10·30 

6 394 6 419 09·46 03·35 5 5 09·23 

6 4i5 6 520 25 ·q 57·12 2 09 '70 
6 4So *6 496 45·94 25·32 5 3 09·25 

6 491 *6 496 14 ·34 25·32 5 3 09·00 

6 547 6 555 35·88 13 ·12 3 4 09·26 

6 $66 6 593 55·50 I7 ·s1 4 4 09·89 
6 629 6 690 oS·47 16'56 2 3 08·36 

*6 635 6 651 19·32 40·97 5 3 10·27 

*6 635 6 667 19'32 58·60 5 3 10·09 

6 687 6 711 09·55 50·24 4 4 IO '2T 

6 721 6 745 43 ·40 35·79 3 4 10·96 

6 717 *6 769 50·98 04·90 3 2 oS·54 
6 741 *6 769 41 '70 04·90 4 3 oS·30 

One division 

.. ~, 

II 

-0·69 
--0·90 
+0·17 
-0·30 
+0·15 
+0·40 
+0·14 
-0·49 
+1 ·04 
-0·87 
-0·69 
-0·81 
-1·56 
+o·S6 
+1 ·10 

t The details of the method of making and reducing astronomic observations used in the Coast and Geocldic 
Survey are published in tile Report for 189;-98, Appendix No. 7, "Determination of Time. l,ongitucle, I.atitmle. 
and Azin1uth." 
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r. Caltu~f, l\faine-continued. 

Pairs of st;i.r5. Adopted ~econ els of .,, 
':l' Latitude . 'V ineau N. P. D. 

,, /I 0 I ,, II 

6 763 *6 Sr7 18 '35 4;p6 4 3 45 JI 10 "3,\ -0·93 

6 764 *6 817 45·64 43 ·16 5 3 09·90 -0·50 

6 784 6 847 08·90 00·62 2 3 o7 ·S4 +r ·56 
6 851 *6 924 39 'So 17'30 4 3 08·54 +o·S6 

*6 924 6 991; 17 ·30 43·00 07 '45 +1 ·95 
6 9-'14 6 994 44 '21 27·00 2 ·' 09·63 -0·2 ... ; 

7 o6o 7 131 59·69 ·28·6o 4 4 o8·4S +0·92 
7 062 *1 lI9 21 ·70 09 75 6 3 0S·99 +0·41 
7 091 *7 Il9 38 'I I 09 75 6 3 09·65 -0·25 

7 176 7 194 38•28 oo·So '5 5 08·98 +0·42 

7 204 7 215 47·69 55·60 4 4 09 ·40 o·oo 
7 ;i41 7 268 39·50 43·00 5 5 09·40 o·oo 

i 277 *7 294 53 ·13 30 76 3 2 oS·S6 +0·54 
*1 294 7 383 ,:;o ·76 41 •63 3 2 08·67 +o "73 

7 301 *7 333 oS·22 27·17 6 3 09·94 -0·54 

*7 3.33 7 ,'45 27·17 2S·J3 6 3 09·92 -0·52 

7 365 7 385 10·66 47·27 6 5 10·30 -0·90 

i 398 i 488 10·65 09·62 3 4 08·63 +077 
i 465 7 494 54·S7 47 ·30 6 5 09 ·18 +0·22 
7 521 7 56o 37 'cjO ,p·o3 7 5 10·43 -1 ·03 

*7 62.:; 7 699 26 'JI 30·74 6 3 09·54 ·-0·14 
*7 623 *7 707 26·31 40·53 3 2 IO "OJ -0·63 

7 693 *7 707 4-1'43 40·53 4 3 09·47 -0·07 
*7 718 7 72r 22 ·51 28·6S 3 2 Jq 'I I -0·71 
*7 718 7 73 1 22 ·51 15"35 2 ., 09·9S -0·5s 

*i i53 7 778 56·34 o6·19 4 3 09·13 +0·27 
*7 753 i 182 56·34 31 ·74 4 3 09 ·32 +o·os 

.1 
7 766 '/."7 798 54 ·5r 18·40 .6 3 - 09·63 -0·23 

*7 79S 7 829 r8·40 53·93 4 3 IO "I6 -0·;6 
7 S15 7 880 10·98. 16 71 4 4 08·62 +0·78 
7 845 7 906 26·22 09·07 5 5 09·86 -0·46 
7 923 7 973 31 ·43 46·55 4 4. 07·89 +1 ·51 
7 972 7 999 48·35 44 ·54 4 4 0870 +070 
8 023 *8 082 29·46 27·00 4 3 o:S ·515 +0·84 

*8 028 8 059 37 ·47 57 ·50 5 3 09 ·.25 +0'15 
*8 028 *8 082 37·47 27·8o 5 2 09 ·18 +0·22 

8 II4 8 171 56'00 28·62 5 5 09·46 -0·06 
8 188 '.;+3· 2II 20·70 35·97 5 3 10·30 -0·90 

*S 2ll s 268 35 ·97 39·86 5 3 09·22 +o·r.'; 
51 (,.) 51 ·52 lI '75 5 ·5 oS ·6.~ +077 
92 •'1,c;8 o,; ·5,1 IP 'J1 4 3 0971 -0·31 

*158 169 10·41 51 ·:"S ~- 3 09·92 -0·52 
I11rliscri111inate tneita=,;5° r 1' 09"·38. 
Weighted mean 0:-45 I: G9 ·4o±o"·o6. 

··==.0"·67. 
243 obso:-nat.io:•s, 57 pairs. 

i :~edu•'.ti:;p tr· fi... =011·00.1 
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2. Cooper, Maii1e.-E. Goodfellow. Zenith telescope No. 5. September 8 to 18, IS59. One 

division of level=o" ·96 from observations at this statio11. One turn of micrometer=41" ·416 from 
circumpolar observations at this station. 

Pairs of stars. Adopted seco11cls of 
11' w Latitmle. " 1nt-nn N. P. D. 

II " 0 " ,, 
6 365 6 372 42·25 "o6·93 6 12 44 59 I3 •o6 -0·46 
6 404 6 428 28·30 32·64 6 12 12·42 +0·18 
6 473 6 4i6 .)3'20 54 ·70 6 I2 12·55 +0·05 
6 497. 6 500 57 ·59 04·66 4 9 I2'20 +0·40 
6 491 6 4g6 05·02 15·97 2 6 13·35 -075 
6 542 6 586 54 '()() 26·25 5 II 12 '24 +o·~6 
6 602 6 612 30°86 II '47 5 II 13·02 -0·42 
6 657 *6 662 19·92 24·50 5 5 12 :9s -0·38 

*6 662 6 674 24·50 04·41 6 6 II ·97 +0·63 
*6 662 6 676 24·50 09·87 6 6 12 ·04 . +0·56 

6 7.'>0 *6 8I7 .'3 ·so 25·32 6 8 I2 '2 [ +0·39 
6 734 *6 817 14·20 25·32 6 8 I2'03 +0·57 
6 857 6 895 32 '78 10·09 6 I2 I2 '75 -·O '!5 

*6 930 6 940 55·22 40·40 6 s I2'67 -0·07 
*6 930 6 943 55·22 ;:.2 ·27 6 8 12·70 -0·10 
*6 957 6 970 48·49 5r ·27 6 6 12 '21 +0·39 
*6 957 7 024 48 ·49 22 70 6 6 11 '88 +0'72 
*6 957 7 051 48·49 19 '74 6 6 13·05 -0·45 

7 o6o 7 I3I 36·32 04·62 4 9 12 ·ro +o·so 
7 152 *7 176 27·25 12 ·79 6 s 12 ·66 -o·o6 

*7 176 7 194 12 ·79 35·04 6 8 ·•12 ·37 +0·23 
7 2I3 7 262 31 ·52 21 73 6 12 12·44 +0·16 
7 268 *7 333 15 ·44 5S·Sr 6 8 I3'08 -0·48 
7 301 *7 333 40 ·50 58·81 6 s 12 ·::;1 -9·21 

7 428 7 444 30·58 49·10 6 12 12 ·48 +0·12 
7 455 7 477 4I ·58 38·8S 6 12 13 'II -0·5r 
7 50I 7 503 12°63 48 ·21 5 II 12 ·19 +0·41 
7 533 7 56S 03·43 33·26 6 12 12·65 -0·05 
7 595 7 6o1 44 ·38 ;>073. 6 12 11 '92 +0·68 
7 6ll 7 627 o6·91 12·34 6 12 12·34 +0·26 
7 693 7 70S 09 71 19 '01 6 12 13'35 -075 
7 72£ *7 749 53 76 34·68 6 8 l,~ '02 -0·42 
7 731 *7 749 43 :18 34·6S 6 8 13 ·19 -0·59 
.7 789 7 798 06·30 42 ·3r 6 12 12 ·32 +0·2S 
7 So3 7 .845 50·58 49·58 5 II 13·00 -0·40 
7 880 7 SSS 39·73 54 'I7 6 12 13·39 -079 
7 913 7 950 39·83 31 ·oo 6 12 12 '22 +0·38 

Indiscriminate mean= 44° 59' I2'' ·59. 
Weighted mean =44 59 12 ·60±011 ·05. 

t!= ±011 ·52. 
209 obser\'3tions, 37 pairs. 

[Re•luction to&. = + 0 11 ·04.] 
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3. H11mpb11ck, Maine. -A. T . .Mosman. Zenith telescope No. 5. July 26 to August 19, 1858. One 
di \"ision of level = 0 11 ·66. One turn of micrometer= .p /1 ·416 from circumpolar observat;ons at· this 
station. 

Pairs of stars. Adoptc:d st:conds of ,,, 
'W l.atitude. ,, 

1uean N. P. D. ,, II 0 . I // I/ 

5 628 5 677 28·68 07 ·So 8 13 44 51 47 ·33 +0·23 

5 747 5 SOI 24 "73 02·21 8 I' ,, .47 ·32 +o·::q 

5 886 *5 937 '4 ·84 ·'' ·oo 8 9 48·28 -0·72 

5 895 *5 937 !0"07 31 ·on 7 9 47 ·16 +0·40 

5 990 5 997 57 ·91 28·45 8 I' ,, 46·99 +0·57 
6 0!3 6 109 06·91 :q ·09 8 I' ,, 47·23 +0·33 
6 246 *6 349 46·63 07·40 8 9 47 78 -0·22 

6 ~5s *6 349 58·60 07·40 8 9 47·68 -0·12 

6 364 6 ,pS 34 ·31 36·50 5 12 47 ·40 +0·16 

6 404 6 476 31 ·92 59·00 5 12 48 "II -0·55 

6 497 6 500 02 ",\2 09·46 8 13 47 ·28 +0·2s 

6 553 6 6o1 w·36 19·83 8 13 47 ·,:;o +0·26 

6 697 6 jlI 16·63 42 "70 s 13 47·43 +o ·13 

6 731 ''6 754 OT "7T 36·4z 8 9 47·6o -0·04 

*6 754 6 7i9 36·42 50·04 7 9 47 ·o.\ + 0 ·53 
6 817 6 S95 ,34·24 19·90 8 I" ·' 47 ·70 -o·q 

6 930 6 943 05 ·46 42 ·so IO '4 47·66 -0·10 

6 957 6 970 59·05 02·73 8 13 46·76 +0·00 

6 985 7 022 12·07 44·87 8 13 47·17 +0·39 
*7 062 7 IOI 09·98 .'7 ·so· 9 9 47·28 +0·2s 
*7 062 7 I q. 09·98 22·64 9 9 46·S8 +0·68 

7 152 7 r76 39·50 25·53 IO q 47·64 -o·os 

7 204 7 281 .)4 ·47 28·63 9 q 47 ·24 +ri ·,-,2 

7 306 7 317 OJ ·42 03 ·81 8 r3 47 ·58 -0·02 

7 398 7 448 55 ·77 07·85 8 13 47·94 -o·.38 

7 ~69 7 477 00·53 54·45 8 13 47 ·93 -0·37 

7 489 7 505 :!0"09 03·20 8 13 48·04 -o·48 

7 5.H 'k7 568 19 •l)o 49·35 9 9 47 ·30 +o·:?6 

*7 542 7 623 27·70 09·63 8 9 48·18 -0·62 

*7 542 *7 568 27·70 49 ·35 7 6 47 ·54 +0·02 

7 683 7 721 01 ·20 II ·22 8 13 48·40 -0·84 

7 731 7 749 00 "7.) 52·37 9 '4 48 ·13 -o·57 

7 789 7 798 24 ·31 00·34 9 14 47 ·50 +u·o6 

7 843 7 848 10:59 38·90 6 12 47 ·56 o·oo 

7 SSo 7 888 58 ·30 12 ·75 8 I' ·' 47 ·so -0·24 

7 9r3 7 950 58·56 50·46 9 I4 47·24 +0·32 

7 999 s 023 25 ·40 10 ·18 s 13 48 "IO -0·54 
Indiscriminate mean= 44° 51' 47"·55. 
·weighted mean =44 51 47 ·56 ± 011·05. 

t' = ±011 ·36. 
296 ohsen,ations, 37 pairs. 

[Re<luction to Ii:,. = -011 ·43.] 
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4. B,111.i:·<'I·, Maine. E. Goodfdlow. Zenith telescope No. 5. September 7 to October IO, 1s57. 

One division of level =o"·S6. One turn of micrometer =4r"·.;97. 

Pairs of star8. 

6 4~7 
6 496 
6 5w 

6 579 

*6 697 
*6 69·/ 
6 771 

6 849 
6 860 
6 930 

6 959 
7 027 

~+7 062 

7 I 7r 
7 233 
7 290 
i 39S 
7 455 

*7 477 
7 488 
7 548 
7 623 

*7 66S 

*7 66S 

*7 727 
*7 727 

7 749 
7 875 

*7 914 

7 999 
s 059 
8 082 
8 126 
8 ':!79 
s 338 

46 
8v 

"''25-1 

*254 
263 

395 

6 477 

6 497 
6 5,'4 
6 593 
6 71! 

6 765 

6 824 
·•6 88r 

'k6 8Sr 

6 944 
7 oor 

*1 062 

7 I f4 
7 2I9 

7 253 
7 3o6 
i 448 

*1 477 
7 4.'io 

7 505 

7 565 
7 708 
7 i21 

7 731 

7 743 
7 770 
7 ::;43 

*7 914 

7 973 
s 023 

*S 118 
'k8 II8 

s 171 

"8 374 
·><s 374 

109 
164 
310 
·32r 

335 
450 

Adopted seconds of 
1nean N. P. D. 

II 

40·80 

25 ·33 
I4 ·26 

43 ·94 
24 "II 

24 "II 

I9"63 
27 ·82 

27·4S 

15·70 
54·82 
45 ·20 
2I ·96 

44 ·19 
52·89 
01 ·32 
JO ·65 
I2"40 

ro·o2 
09·62 

53·03 
26·3r 

30·54 
30·54 

54·43 
54 "4.3 
09·97 
.~5 "6I 
.15 ·26 

44·54 
57·50 
27·.SO 
07 ·92 

47 ·s1 
o6·SS 
42·2S 
42 ·58 
32·53 
32 ·53 
3I ·24 
I9"90 

" 
38·79 
07 ·05 

59·63 
I7 ·87 
so ·24 

01 ·83 
~--1- "2:! 

0.5 ·t'i 
05 78 
44 ·21 

30·58 
21 •g6 

34·80 
38 ·12 
08·96 
15 ·33 

2;; ·15 
I0"02 

18 72 
19 ·17 

50·24 

53·84 
28·68 

I8·35 

I7"33 
q·68 
28·90 

IS ·26 

46·55 
29·46 
23·82 
23·S2 
28·62 

03 ·23 
03·23 

13"48 
54·68 
04·91 
o7 ·S3 

33·09 
4I ·40 

11' 

5 
2 

6 
6 
6 

6 

4 
5 
6 
6 
6 
6 
6 

5 
6 

6 
6 

4 
6 

6 

5 

5 
6 

.) 

4 
6 

5 
6 
6 

5 
6 

6 
6 

6 
6 

6 

3 
3 
3 
6 

IO 

7 
7 

IO 

7 
7 

IO 

6 
6 

IO 

JO 

7 
7 

10 
IO 

IO 

IO 

7 
6 

IO 

JO 

IO 

6 

7 
5 
6 

10 
6 

7 
IO 

6 

7 
IO 

7 
7 

IO 

10 

5 
5 
s 

IO 

Indiscriminate mea11=44° 48' I2"·go. 

Latitud". 

0 I /I 

44 48 II ·ss 
1:; ·07 
12 'O.::! 

u·27 
I3"07 
L! ·55 

I3'45 
12 "68 

I;! "9I 
12·85 

13 "JI 

12 ·93 
12"34 

I2"99 
12 ·so 
1:2 ·46 
13·23 

I3 ·54 
12 "62 

I 1 ·97 
13 ·17 
13 ·39 
13 · .. -;r 
13·21 

I3"36 
12·37 
13"02 

J.'.! ·78 
13"07 
12 ·71 

13 ·44 

13"89 
13 ·s2 
I3 ·19 
13 "I9 
13·00 

~3 ·13 
I:! ·67 
12"70 
I:.'.? '27 

\Veightecl mean =44 48 12 ·87 ± 011 ·05. 
<'=±0"·38. 

21; obsen·ations, 41 pairs. 
' [Re1iuction to 8 =o"·co.] 

4192-No. 7-02--17 

,, 
+0·99 
-0·20 

+0·85 
+o ·60 
-0 '20 

+o·.u 
-0·58 

+0·19 
-c··o4 
-t-o ·02 

-0·24 
--0·06 

+0·53 
-0·12 

-1-0 "Oj 

+0·41 
-0·36 
-0·67 
+0·25 
+0·66 
+0·90 
-0·30 
-0·52 
-0·44 
-o·.34 
-0·49 
+0·50 
-0·15 

+0·09 
-o·~o 

+0·16 
-o·57 
-I 002 
-0·95 
-0·32 

-0·32 

--0·1.~ 

-0·26 

+0·20 

+0·17 
+0·60 
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5. Far111i11glo11, Maine. C. 0. Boutelle. Zenith telescope No. 5. October S to Novemhe1· 6, 1866. 
One-division of level = 0"·90. One turn of micrometer= 41 11 ·48. 

Pairs of stars. Adopted seconds of 
11' 'Zi.' Latitude. ,. mean N. P. D. 

,, II ll ,, 
6 599 6 697 1.2 ·o 16·7 5 5 44 40 19·49 +0·05 
6 723 6 So6 56·4 34·6 5 5 19·85 -0·31 
6 824 6 875 o.~ ·5 23·7 6 6 19·40 +o"Lj. 
6 928 6 9.H 45·5 II "O 7 6" 2(• ·06 -0·52 

6 973 7 02-1 42·6 03·2 7 6 It\ 79 +'-'75 
7 091 7 I I-I 51 ·o 44·6 6 6 19 ·27 +0·27 
7 233 7 :qr 54 ·2 38·6 6 6 19 78 -0·2-1 
7 253 7 3o6 oS·o 10·4 6 6 19·40 +o·q 
7 368 7 387 16·6 16·0 6 6 19·09 +0·45 
7 -144 7 449 03·6 51 ·5 6 6 19·05 +0·49 
7 474 7 482 48·6 30·0 6 6 19·26 +0·28 
7 524 7 560 04·6 15·7 6 6 19·97 -0·43 
7 627 7 700 15·4 27 ·-1 s 6 19·01 +0·53 
7 746 7 765 16 7 57 ·-1 8 6 18·37 +1 ·17 
7 845 7 850 41 ·5 46·0 7 6 19·57 -0·03 
7 888 7 901 44 "7 46·S 7 6 :20 "T7 -0·6,3 

7 9.;o 7 983 21 ·5 46·0 5 5 :20"29 -075 
7 994 8 059 37·6 (II "(I 6 6 19 ·27 +0·27 
s 037 s 082 51 ·7 31 ·5 6 6 19 ·02. +0·52 
s I 14 s !!S oo ·o 27·4 5 5 20·3$ -n·S-1 
s 159 s 188 02 ·5 2.:? ·s 6 6 19·43 ·+-0.·1 [ 
s 212 ~ 23r o;·o 12 •6 7 6 19·27 +0·27 
s 279 8 28-1 48·0 II 'O 6 6 19 70 -0·16 

4 46 57·5 4:i ·o 6 6 r9 ·5:i +0·02 

67 83 25 ·r 46·5 6 6 20·07 --o ·53 
15fi 201 18·0 467 6 6 rS·67 +0·87 
244 ::i85 14·0 55·6 6 6 1977 -0·23 

314 334 187 26·5 6 6 18·96 +0·58 
425 441 rS ·4 06·3 6 6 19 73. -'0·19 
492 540 48·4 2.~ ·o 5 5 18·64 +0·90 
610 647 51 ·4 107 5 5 19 ·oo +0·54 
691 700 56·0 09·5 5 5 19·70 -0·16 
721 786 II "6 55·7 5 5 19"55 -0·01 



THE ASTRONOMIC MEASURES. 259 
s. Far111i11glo11, Maine-continued. 

Pairs of stars. Adopted seconds of 
11' "' Latitude. v mean N. P. D. 

II II 0 II II 

6 930 6 944 43·4 07 ·s 7 6 44 40 20·06 -o·s2 

6 996 7 062 03·0 36·2 s 6 19·46 +o·os 

7 085 i IOI SI 06 oo·s 6 6 19·s7 -o·o.~ 

7 171 7 254 so·o 2S·6 s 6 19·91 -0·37 

7 278 7 31,; 05·6 o6·o 7 6 19·3s +0·19 

7 36s 7 373 oo·o 05·0 7 6 19 ·45 +0·09 

7 399 7 401 51 ·o 53·0 6 6 IS ·26 +1 ·28 

7 469 7 477 S7 ·o so·o 6 6 20·23 -0·69 

7 488 7 sos 47·8 s6·o 7 6 19·4s +0·09 

7 s4S 7 SS4 27 ·s. 07·2 6 6 20 ·1S -0·64 

7 s6s i s98 22 ·s 3s·o 7 6 18·86 +0·68 

*7 668 7 721 SS'7 s2 ·s 6 4 19·96 -o·.p 

*7 668 7 731 ss·7 43·0 s 4 19 ·10 +0·44 

7 753· 7 813 18·8 so ·1 6 6 18°86 +0·68 

7 855 7 915 20·6 2s ·s 6 6 19·59 -o·os 

7 958 7 967 rs ·s 14 ·2 6 6 19·29 +0·25 
s 023 8 126 36·0 ro·s 6 6 19·88 -0·34 
8 158 8 211 S9 ·3 36·0 7 6 18·66 +o·8S 
8 224 8 237 03·s 2S·o 6 6 19·s1 +0·03 

52 79 44·s 22·2 6 6 20"-2 -0·48 

173 232 37·6 22·s 6 6 20 ·s7 -1 ·03· 

239 299 44 ·1 19 ·5 6 6 20·36 -0·82 

39S 4SO 27·0 s2·S 6 6 19·36 +0·18 

s88. 630 56·3 43·3 6 6 18·26 +1 ·28 
668 679 21 ·6 4?"2 6 6 20·81 -I "27 

705 727 03·8 4f>·s 6 6 19·s4 o·oo 

785 871 31 ·o 05 ·o s s 2o·sS -1 ·04 

962 963 04·s 46·s s s 20 76 -I 0 22 

C)<'3I 99S oo·o 44·4 s 5 2o·sS -1 ·04 
I 006 I o83 12·6 OI ·3 6 6 18·49 +1 ·05 
I 129 I 139 39·0 st ·s 6 6 20·02 -0·48 

I 219 I 2S4 49 '7 57·s 6 6 20·42 -o·ss 
Indiscriminate mean 44° 40' 19t'·5s. 
Weighted mean =44 40 r9 ·54±011·os. 

e =±011 ·55. 
397 observations, 6S pairs. 

[Reduction to Si. =o" ·oo,] 
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6. 11/<>1111/ Harris, Maine.-G. W. Dean. Zenith telescope No. 2. First series. August 15 to 
24, lS55. One division of level =1"·16. One turn of micrometer =44"'803 from circumpolar obser
vations at this station. 

Pai rs of stars. 

5 S40 
6 129 
6 232 

6 237 

6 335 
6 372 

6 •J.19 
*6 477 

*6 477 
*6 623 
*6 623 

6 7II 

6 73r 
6 824 

6 928 

6 973 
6 97S 

7 062 

7 091 

7 233 

7 :?53 
7 368 

7 399 
7 469 

7 4SS 

7 524 
7 57I, 
7 584 
7 651 

7 746 
7 845 
7 962 

'7 999 
8 037 
8 Jq 

s 156 

s 159 
s 212 

8 237 
s 279 

5 922 
6 21S 

6 ,)II 

6 318 

6 394 
6 392 
6 466 

6 -197 

6 553 
6 651 
6 667 

6 723 

6 754 
6 875 

6 9.H 

* i 024 
*7 o::q 

*7 rq 

"7 I I4 
7 2.p 

7 ,'\06 

7 387 
7 401 

7 477 

7 505 

7 560 
*7 6rr 
*_7 611 

7 69,'\ 

7 765 
7 850 

-~7 999 
s 023 
s 082 
s 12S 

*8 r8S 
<• 8 1SS 

s 231 
s 261 

s 284 

Adopted sotconcls of 
n1c:an N. P. D. 

/I 

35·25 
26·04 

37·00 
24 'jO 

30·40 
19·81 

10·93 
47·66 
47·66 
5r ·94 
51 ·94 
05·36 
25 ·2S 
42 '20 
.p ·s1 
40 ·25 
03·28 

45·20 
02·02 

19·18 

35 ·Sr 

56·50 

35 ·19 
46·90 
41 '12 
00·92 

10·83 

5S·95 

43·49 

30·45 
02 ·93 

47·So 
22·81 

2,i·29 

35·50 

55·49 
39·44 
45·25 
06·22 

27·94 

" 36·72 

05 ·44 
04·40 
48·24 
16·96 

38·24 

58·34 
16·62 

25 ·s5 

54·43 
12 ·59 
21 '21 

00·98 
09·08 
05 ·1S 
08·02 
08·02 

58·23 
58·.:?3 
06 'JO 

43·49 
58 ·31 

41 ·rs 

50·84 
q 76 
13 •6o 

13·60 
rs·o7 
12'20 

07 '71 
22 ·Sr 

08·00 

06·94 

53 '70 

~·36 

00·36 

51 ·97 

04 ','\5 

51 ·44 

5 

5 

3 

3 

3 
2 

5 

2 

5 

5 

5 

5 

5 
6 

6 

4 

5 

5 

5 

5 

5 

5 

4 

5 

5 

5 

5 

5 

5 

5 

3 
2 

4 

5 

5 

5 

5 

5 

4 

II 

II 

9 

9 

9 

7 
II 

6 

5 

7 

7 
II 

II 

II 

rr 

7 

7 

7 

7 
II 

II 

II 

JI 

IO 

II 

II 

7 

7 
II 

II 

II 

6 

5 
IO 

rr 

7 

7 
II 

II 

JO 

=44° 39' 5411 ·68. 

l,atitmle. 

o ' II 

44 39 54 ·25 
55 '20 
54·88 

54·32 
54·12 
55 ·as 
55·07 

54·04 
55 ·rs 
54·43 
53·95 
54·92 
54·S2 

54 '73 

54·45 

54 'll 
55 ·or 

5.3 ·98 
54·62 

54·90 
54·92 
54·36 
54·30 
55·64 
5-5 ·31 

55·47 
54 ·19 
54 '20 

54·98 
54·22 
54·86 
55·q 

55·49 
53·83 
54 ·72 

54·44 

54 '79 
55·08 

54·33 
54 ·Sr 

Indiscriminate mean 
Weighted mean =-l4 39 54 ·69±011 ·05. 

··=±0"·37. 
179 observations, 40 pairs. 

,. 
II 

+o·,i4 

-0·51 
-0·19 

+0·37 
+0·57 
-0·39 
-0·38 

+0·65 
-0·49 
+0·26 

+0·74 
-0·23 
-0·13 
-0·04 
+0·2-i 

+o·ss 
-0',)2 

+071 
+0·07 
-0·21 

-0·23 

+0·33 

+0·39 
-0·95 
-0·62 

-0·78 
+0·50 
+o·,i9 

-0·29 

+0·47 
-0·17 
-0·45 
-o·So 

+o·S6 

-0·03 

+0·25 
-O'l<J 

--0·39 

+0·36 
-0'12 
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6. 11101111! H11rris, Maine.-G. W. Dean. Zenith telescope No. IO. Second series. August 6 to 
27, 1855. One di\"ision of level =o" ·6.>2, from observations at this station. One turn of micro
meter =39" ·522 from circumpolar observations at this station. 

Pai r:-o of ~ta rs. 

5 731 
5 Kio 

5 944 
6 129 
6 2.,,J 

6 ':!37 

6 335 
6 372 

·~6 4r9 

*6 419 

*6 477 

*6 477 

6 566 

""6 623 

*6_ 623 

6 711 

6 731 
6 824 
6 92!-> 

6 973 
6 978 

7 o62 
7 091 

7 233 
7 2.53 

*7 368 
*7 368 

7 399 
7 469 
7 488 

7 524 

7 571 
7 5~'4 
7 651 

7 746 
7 789 

7 845 

7 879 
7 SSo 
7 .9r3 
7 962 

*7 999 
s 0:,7 

5 797 
5 922 
6 036 

6 218 
6 ,;1 r 

6 31.'; 

6 394 
6 392 
6 456 
6 466 

6 497 
6 553 
6 581 
6 651 

6 667 

6 723 

6 754 
6 875 

6 937 
*7 024 
*7 024 

*7 114 

*7 114 
7 24r 

7 3o6 

7 377 
7 3·"-7 
7 401 

7 477 
7 505 

7 560 

*7 611 

*7 611 

7 693 
7 765 
7 798 
7 850 

*7 SSS 

*7 SSS 

7 950 

*7 999 
s 023 

s 082 

Adopted stcomls of 
11lt."311 N. P. D. 

I/ 

25 ·4~ 

35·25 
05·88 

26·04 

37·00 

24 '70 

30·40 
l9"S! 

10·93 
10·93 
47 ·66 
47·66 

05·37 
51 ·94 

51 ·94 

05·36 
25·28 

42 ':20 

41 ·S1 

40·25 
03 ·28 

45·20 

02 '02 
19 ·rs 
35 ·Sr 

56·50 
56 ·50 

35 ·19 
46·90 
41 ·12 

00·92 
10·83 

58·95 

43·49 
30·45 

18·05 

02·93 

16·69 

54·02 

54 ·44 
47 ·So 

II 

26·99 

36 ·72 

09·54 
05·44 
04·40 
48 ·24 
16·96 

38·24 
24·22 

58·34 
16·62 

25·85 
03·90 

54·43 
12·59 
21 ·21 

(1()'98 

09·08 
05 ·18 

08·02 
08·02 

58 ·23 
58 ·23 
o6 'JO 

43·49 
31 'IO 

5S ·3r 

36·22 
4r ·18 

50 84 

14 76 
13 ·6o 

13·60 
18·07 

12 '20 

53·50 

07·71 
08 "20 

08 ·20 

08·00 

o6·94 

11' 

5 
6 

5 
5 
5 

4 

3 
2 

5 

5 

5 

5 

5 

5 

5 
6 

6 

6 

5 
6 

6 

6 

6 

6 

5 

5 

5 

5 
6 

6 

6 

6 

6 

6 

5 

5 

4 

3 
2 

5 

5 

5 

5 

16 

17 

16 

16 
16 

15 

14 
II 

TI 

II 

I I 

II 

r6 

I I 

II 

r7 

r7 

17 

16 
JI 

l! 

Ii 

Ir 

17 

16 
II 

JI 

r6 

17 

17 

17 
I I 

IJ 

17 

r6 

r6 

rs 
.9 
8 

16 

II 

II 

16 

Latitude. 

O ' II 

44 39 54·99 
54 '!;) 

54·37 
54·66 
54·81 

54 ·41 
54·61 

54 ·52 
·55 ·38 

55 "15 

53 ·65 
54·76 
54 ·84 

54 '77 
54 '70 

54 '73 

54 ·19 
54·36 

54'44 
54'6.) 
55 '01 

53·97 
54 ·3S 

54 ·rs 
54·58 

54 ·24 

54·29 
54·05 

54·57 
54 ·79 

54·69 
54 ·22 

54·37 
54·76 

53 '77. 

54"4J 
54 '12 
54·48 

54 ·.w 
54 ·41 
54·85 

55 ·34 
54 "1 I 

,. 

" -0·48 

+0·38 
+0·14 
-0·15 

-0·30 

+o·ro 
-o·ro 

-o·or 

·-0·87 
-0·64 

+o·S6 

-0·25 

:--0 ·33 

-0 ·26 

-0·19 
-0·22 

+o·,,2 

+0·15 
+0·07 
-0 '!2 

-0·50 

+o -.54 
+0·13 

+0·33 
·-0·07 

+o ·27 
+0·22 

+0·46 
--0·06 

-0·28 
-o·rs 
+0·2q 

-j-0·14 

-0·25 

+074 

+o·os 

+o·J9 
+0·03 

+0·17 

+o·rn 

-0·34 
-0·83 

+0·40 



Pai Ts of sta TS. 

8 II4 8 128 

8 156 *8 188 

8 159 *S 188 

8 212 8 231 

8 237 

8 279 
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6. 11101111/ Harris, Maine. Second series-continued. 

Adopted seconds of 
n1ean N, P. D. 

II 

35·50 

55·49 

39·44 

45·25 
06·22 

27·94 

II 

53 70 
00·36 

00·36 

SI ·97 

04·35 

51 ·44 
·Indiscriminate mean =44 ° 
Weighted mean =44 

11' 

5 

5 

5 

5 

5 

~,, 

16 

II 

II 

16 

16 

I,atitude. 

II 

44 39 54·83 

54·23 

54·69 

54·41 

5 16 

54·20 

55 ·13 

391 5411 ·52. 
39 54 ·51±011 ·04. 

c=±o11 ·29. 
248 observation:;, 49 pairs. 

" 
II 

-0·32 

+0·28 

-0·18 

+0·10 

+0·31 
-0·62 

6. lllo1111f. Harris, Maine.-E. Goodfellow. Zenith telescope No. 10. Third series. September 12 
to 25, 1855. One division of level=o"·632. One turn of micrometer=3911 ·507 from circumpolar 
observations at this station. 

Pairs 0f stars. 

*6 419 

*6 .. p9 

*6 477 

*6 477 

6 566 

*6 623 

*6 623 

6 71 I 

6 731 
6 S:q 

6 928 

6 973 

6 978 

7 o62 

7 .?33 

i 253 

*1 368 

*7 368 

7 399 

7 469 

7 488 

i 524 

7 Sil 
7 584 

7 651 

7 746 

7 789 

7 845 

7 879 

6 456 

6 466 

6 497 

6 553 
6 581 

6 651 

6 667 

6 754 
6 87,5 

6 937 
<'7 024 

*7 024 

7 114 

7 241 

7 .~06 

7 .~77 

7 387 

7 401 

7 477 

7 505 

7 56o 

*7 6II 
·~7 61 I 

7 693 

7 765 

7 798 

7 850 
*7 888 . 

Adopted seconds of 
mean N. P. D. 

II 

J0"93 

10·93 

47 ·66 

47·66 

05·37 

51 ·94 

SI ·94 

05·36 

25·28 

42 ·20 

41 ·81 

40·25 

03 ·2:::: 
45 ·20 

19 ·18 

35 ·81 

56·50 

56·50 

35 ·19 

46·90 
41 ·12 

00·92 

rn·S3 

58·95 

43·49 

30·45 

18·05 

02·93 

16 ·69 

II 

24·22 

58·34 
16·62 

25·85 

03·90 

54·43 
12 ·59 

2J '21 

00·98 

09·os 

05 ·1S 

08·02 

08·02 

58·23 
06·10 

43 ·49 
31 'JO 

58·31 

36·22 

41 ·18 

50·84 

14 ·76 

1.~ •6o 

13 •6o 

18·07 

12·20 

53·50 

07·71 
o') ·20 

11' 

5 
5 
6 

6 

6 

5 

5 
6 

6 

6 

6 

6 

6 

6 

5 
6 

6 

6 

6 

6 

4 

7 
6 

6 

6 

6 

3 

w 

2 

2 

6 

6 

9 
6 

6 

9 

9 

9 

9 
6 

6 

9 

9 

9 
6 

6 

9 

9 

9 

9 

5 
6 

9 

9 

9 

9 

5 

I.atitucl~. 

0 I II 

44 39 54 "74 

54·09 

54 ·17 

55·24 

55 ·02 

54·86 

54 "74 

54·43 

55·50 

54·74 

54·45 

54·42 

54·30 

54·88 

53·74 

55·44 
54 ·12 

54·59 

54·37 

55·30 

55·45 

54·91 

54·66 

54 ·59 
55·02 

53·8o 

55·03 

54·88 

55 ·09 

,, 
,, 

+0·05 

+070 

+·•·62 
-0·45 

-0·2.3 

-0·07 

+0·05 

+0·36 

-0 °7I 

+0·05 

+0·34 

+0·37 

+0·49 

-0·09 

+1 ·05 

-0·65 

+0·67 

+0·20 

+0·42 

-0·51 

-0·66 

-0·12 

+0·1,3 

+0·20 

-0·23 

+0·99 
--0·24 

-0·09 

-0·30 
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6. 1llo1111t H,1rris, Maine. Third series-continued. 

Pairs of star!i-. Adopted seconds of ,., 
"' Latitncl<". n1ea11 N. P. D. 

i SSo 

7 913 

7 962 

*7 999 

s 037 
8 I I4 

8 156 

8 159 
8 212 

8 237 

8 279 

" " 0 I II 

*i SSS 54 ·02 oS·20 3 5 44 39 55'4i 
7 950 54·44 46 '74 6 9 55·00 

*7 999 47·So 22·81 6 6 55 ·23 

s 023 22·81 oS·oo 6 6 55·92 
S 0S2 24·29 06·94 6 9 54·37 
8 128 35·50 53 70 6 9 55·28 

*S 188 55 ·49 00·36 7 6 54·47 
*8 1SS 39·44 00.36 6 6 54 ·90 

s 231 -15 ·25 51 ·97 5 9 54·89 
s 261 o6·22 04·35 6 9 53·80 

8 284 27·94 51 ·44 6 9 55 ·38 

Indiscrimi1iate mean =44° 391 5411 ·78. 
Weighted mean =44 39 54 79 ± 0

11 :05. 
<' = ± 0

11 ·44. 
218 observations, 40 pairs. 

Colledio11 t?/ results ,if statio11, 111011111 Harris, lllainc·. 

G. \V. Dean, Z. T. No. 2 <P = 44° 39' 54" ·69 ± 0 11 ·05. 
G. W. Dean, Z. T. No. IO 54 ·51 ±o ·04. 
E. Goodfellow, Z. T. No. 10 54 '79 ± o ·05. 

Mean adopted <P = 44 39 54 ·66 ± o ·04. 
[Reduction to & = + o" ·2 I.] 

263 

v 

II 

-o·6S 

-0·21 

-0·44 

-I '13 

+0·42 

-0·49 

+0·32 
-0·11 

-0·10 

+ 0 ·99 
-0·59 

7. Howard, Maine.-E. Goodfellow. Zenith telescope No. 5. July 13 to 23, 1859. One division 
of level= 111 ·015 from observations at this station. One turn of micrometer= 44'1 ·418 from circum-
polar observations at this station. 

Pairs of stars. Adopted seconds of 11' 'W J,atitncle. "' mean N. P. D. 

II II 0 I II II 

*5 113 5 122 03 ·14 02·30 3 5 44 37 48·84 +0·40 

*5 113 5 130 03·14 11 ·SS 3 5 48·46 +078 

5 210 5 259 3.3 ·98 10·14 4 8 48·44 +o·So 

5 244 5 249 51 ·44. 49 ·95 4 8 48·85 +0·39 

5 307 5 321 49·85 07·30 .5 8 49·43 -0·19 

5 .~88 5 .J.00 37 ·oo 0S·78 6 9 48·85 +0·39 

5 440 5 .J.59 53·61 07·76 6 9 .J.9'59 -0·35 

5 466 5 514 46·87 .53 ·35 6 9 48·61 +0·63 

5 523 5 568 20·48 58·80 6 9 49·58 -0·34 

5 604 5 643 21 '9i 54 ·20 6 9 49·06 +0·18 

5 658 .5 747 20 '74 ,,0 'JI 6 9 49·35 -0·11 

5 823 5 883 41 ·SS 20·28 4 s 49·61 -0·37 

5 834 5 9.~i 45·90 33·85 4 s 49·42 -0·18 

5 990 5 997 00·05 28·65 6 . 9 49·46 -0·22 

6 09s *6 I09 08·06 24·52 6 6' 48·89 +0·35 
-~6 .109 6 162 24 '.52 13·58 5 6 50·02 -0·78 
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7. lf,1zc•ard. Maine-continuer!. 

Pairs of &tan;. Adopted ~i::-conlls •.1f 11' "j(' Latitude. ,. 
mean N.P.l•. 

II I.I " , ,, 
" 

6 2., I 7·6 272 43·88 00·41 6 6 44 37 49·45 -0·21 

*6 251 <+6 272 27·97 00·41 7 6 50·13 -0·89 

*6 316 6 ~22 25·89 07·So 7 6 49·32 -o·os 

*6 316 6 341 25·S9 6r ·6o 7 6 48·67 +0·57 

5 372 6 392 o6·93 23·96 6 9 49·07 +o ·ri 

*6 419 6 456 55·79 08·00 s 6 so·oo -0·76 

*6 419 6 466 SS "i9 41 ·82 5 6 49 78 -0·54 

6 476 6 493 54·68 45 ·16 4 s 4S·s7 +o ·,,7 

6 477 6 553 29·S1 04·95 4 8 48 ·72 +0·52 

6 566 6 5Sr 44·00 39 ·~3 6 9 49·03 +o ·21 

*6 623 6 667 25 ·49 44·64 6 6 50·18 -'o ·94 

*6 62,, 6 651 25·49 27·29 6 6 49·9r -0·67 

*6 723 6 So6 50·67 ,,4 ·56 6 4 49 78 -0·54 

*6 p_, 6 765 50·67 45 ·19 6 4 49 "79 -0·55 
Y.6 /".!.3 6 813 51_1•67 18 ·rs 6 4 49·84 -0·60 

6 824 6 875 06·26 30·30 6 9 49·00 +o-~J. 

*6 928 6 937 00·92 23·23 6 4 4S·9s +o ·16 

*6 928 6 96; 00·92 24·65 6 4 4:-; ·57 +1") ·1J7 

*6 928 6 997 00·92 2! ·93 6 4 4S ·26 ·+-n ·9s 

*7 027 7 062 22·54 58 ·26 6 6 4q "IQ -+-o · .. -.5 

*7 027 7 091 22·54 14·19 6 I) 49·64 -0·40 

7 TOO 7 Tl2 15 ·10 r9·10 6 9 48·84 +0·40 

7 233 *7 253 ::!6 ·,18 .p '(l::,i 6 6 49·52 -o ·2s 

*7 253 7 306 42 "O!':i 47 ·51 6 6 49·40 -0·16 

Indiscriminate mean =44" 37' 49"·26. 
\Veighterl mean =44 37 44 ·24 ±011 ·05. 

e=±o"·45. 
221 observations, 40 pairs. 

[Reduction to~=- o'l·56.] 

8. .. 1!011111 Desert. Maine.-S. Harris: Zenith telescope No. 5. First series. August 18 to Sep-
tember 5, 1856. One didsion of le\·el =o'' "7.'l from observations at this station. One turn of microm-
eter =41'' ·42 from circumpolar obsen·ations at this station. 

Pair~ of stars. Adopted secm1ds of 
11' 'l£' I .. atilude. ,, 

1nea11 N. P. D. 

" 0 I ,, 
" 

6 062 *6 129 02 ·90 26·14 5 15 44 21 06·38 +o ·r3 

6 068 "-"6 129 45 ·46 26·14 7 21 06·56 ·-0·05 

*6 255 6 268 Si ·91 07·44 6 IX 06 ·51 o·oo 

*6 255 6 357 57·91 23 ·s.3 7 21 06·33 +0·18 

6 -'95 "6 429 1S·So 06·94 6 18 05·85 -j-0·66 

*6 429 6 522 06·94 47 "75 6 15 06 ·14 +0·37 
6 553 6 583 20·45 05·45 6 27 06 ·.39 +0·12 

6 629 6 637 14·87 38·62 6 27 06 ·19 +0·32 

6 687 6 722 16 ·61 2,1 ·_q 6 27 06 ·13 +0·38 



Pairs of stars. 

~-6 769 

*6 769 
6 849 

6 879 

6 979 

7 022 

7 07J 

7 219 

7 220 

7 310 

7 416 
7 521 

7 569 

7 615 

7 721 

7 731 

7 800 

7 855 

*7 858 

7 894 
8 141 

8 284 

s 366 

6 799 
6 SJO 
6 865 

6 932 

6 994 

7 062 

7 15J 

7 :'.?5.3 

7 256 

7 ,;68 

7 461 

7 548 

7 595 

7 62J 

7 7.54 

7 778 

7 So.) 

*7 858 

7 SS2 
• 7 91J 

s 188 

8 344 
8 J74 

THE ASTRONOMIC MEASURES. 

8. i1ltm11! Desert, Maine. First series-continued. 

Adopted seconds of 
tnean N. P. D. 

,, 
14 ·r7 

14 ·r7 

37·00 

30·59 

I I ·65 

Oj '50 

24·90 

51 ·17 

10·37 

25·02 

52 ·76 
20·84 

50·84 

46 ·19 

LI ·36 

:14 ·55 

35 ·05 

52 ·06 
.3:? '1)5 

31 ·40 

17 '12 

,, 

17, '70 

58·58 

c.'; ·.u 
38 ·32 

3.3 ·49 
-I-.'.? ·S3 

22 ·37 

16 'II 

41 ·98 
59 ·25 

09·52 

43·04 

32 ·,p 

24 ·41 

44·64 
35·05 

26·94 

34 ·79 

40·54 

44 '73 
22 ·62 

11' 

6 

6 

6 

6 

6 

6 

4 
4 

5 
6 

6 

6 

6 

6 

6 

7 

5 
6 

7 
6 

5 
6 

7 

IS 

18 

2j 

27 

27 
27 
27 
27 

23 
18 

2I 

18 

2• _, 

27 

32 
Imliscriminate mean= 44° 21' 0611 ·48. 

Latitnd!E'. 

0 !I 

44 21 06·66 
06·50 

06·61 
o6·11 

o6 ·29 

06·45 

06 '7.; 

o6 '4.'.! 

06 ·_;4 

06·40 

o6·57 

06·42 

06·91 

06·68 

07 ·04 

06·99 
o6·p 

06·80 

o6·30 

06·02 

06·99 
06·60 

06·44 

\Veighted mean = 44 .?l 06 ·51 ± 0 11 ·o,;. 
c = ±0"·46. 

189 01.isern1tions, 32 pairs. 
[Reduction to&,= -I" '88.] 

,. 
,, 

-0·15 

+o·or 
-0·10 

+0·40 

+0·22 

+rJ ·06 

-0·22 

+o 'II 
-0·06 

+0·09 

-0·40 

-0·17 

-0·53 

-0·48 

-0_'21 

-0·29 

+0·21 

-j-0.49 

-0·48 

-0·09 

+0·07 

S. llftl{{llt Desert, l\faine.-E. Goodfellow. Zenith telescope No. 5. Second series. September 
18 to October 5, 1856. One dh·ision of level= o" ·7I6 from observation;; at this station. One turn of 
micrometer= 4I "·421 from circumpolar observations at this station. 

P:l.ir~ of ~tars. 

''6 255 

·X-6 255 

6 395 

*6 429 

6 553 
6 629 

6 687 

*6 769 

*6 769 
6 849 

6 268 

6 .357 

"6 429 
6 522 

6 583 

6 637 

6 722 

6 799 
6 830 
6 865 

Adopted ~E:-cond~ of 
mt-an i\. P. U. 

57·9 1 

57 ·91 

18·80 

06·94 
20·45 
q ·Si 

16 "61 

q ·17 

14 ·17 

37 'QI) 

,, 
07·44 
23 ·53 

06·94 

47·75 

"5 ·45 
38 ·62 

23·,w 

4S ·16 

17 70 

5S·58 

11' 

5 

5 

7 
6 

6 

6 

6 

5 
6 
6 

5 

5 

5 

5 
8 

s 
s 
5 

5 
s 

T.atitnde. 

II 

44 21 06 ·25 

o6·o6 

05 •68 

06·06 

06·97 

06 '2:? 

05·63 

06·55 

06·43 

o6·55 

,. 
II 

+0·28 

+IJ ·47 

+0·85 

+0·47 

~0·44 

+0·31 

+0·90 
-0'02 

+0·10 
-0·02 
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:;, 11/01111! Desert, l\:Iaine. Secom·] ,;eries-conti nued. 

Pairs of sht.r:o;. Adopted 5econd~ of 
11' :v r.atitnd.,. ,, 

nt'fan N. P. IJ. 

,, ll 0 I II ,, 
6 879 6 932 30·59 18·37 7 s 44 21 06·61 -o·oS 

6 979 6 994 II ·65 38·32 6 8 05 '77 +076 

i 022 7 062 07 ·50 3.3 ·49 6 :; 06·66 ··-O"I3 

7 073 7 153 24 ·go .p·S3 5 7 06 ·7s -0':!5 

7 219 7 253 5I ·i7 22·37 4 7 07 ·,;2 -0 'i9 

7 220 7 256 10 '.37 16 'II 4 7 o6 ·14 +0·39 

7 310 7 368 23 ·23 41 ·9S 6 :; 06·.p +0·11 

7 4I6 i -161 25 '02 59·25 6 s ·- 06·09 +0·4-1 

7 52I 7 5-18 52 ·76 09·52 6 8 o6·73 --0 ·20 

7 569 7 595 20·84 33·83 6 8 07 ·23 --0·70 

7 615 7 623 50·84 -13 ·04 7 s 06·07 -1-o ·-16 

7 i:.!I 7 75-1 46 ·19 32 ·42 6 s 07 'IT ~0·5S 

7 731 7 778 ,35 ·s3 ;q ·-11 6 8 07 ·39 -o·S6 

7 Soo 7 &>3 .14 ·36 4-1·64 -I 7 07·73 -I '20 

7 855 *7 S5S ·24 ·ss 35·05 6 5 06·20 +0·33 

*7 858 7 882 35·05 26 ·9-1 6 5 06·00 +0·53 

7 894 7 9 13 52 ·06 34 '79 6 8 06 '73 -0·20 

s qr 8 188 32 ·05 40·54 6 8 07 ·,;2 -o ·79 

s 284 8 34-1 31 ·-10 4-1 '73 6 8 06 ·21 +0·32 

8 366 8 374 17 "I2 22·62 -I 7 06·19 +0·34 
Indiscriminate mean = 44° 11 1 0611 ·50. 
\Veighted mean = 44 21 06 ·53 ± 0 1 ' ·07. 

t' = ± 0 11 ·41. 
ljl observations, 30 pain;. 
[Reduction to & = - I" ·SS.] 

9. Raggt•d 11fm111tai11, l\!Iaine.-G. \V. Dean. Zenith telescope No. 5. First series. August 18 to 
Septem her 7, l 85-1. One di vision of kvel = 0 11 ·71 from observations at this station. One lurn of 
micrometer= 41"·426 from c_ircumpolar observations at chis station. 

Pairs of star.;. Adopted seconds of .,. 
";'(' l.atitmlt: . ,. 

tnean N. P. D. 

II II 0 II II 

5 596 5 6I7 02·6o 50 ·57 2 9 44 I2 43 ·02 -0·10 

5 795 5 847 14 ·25 rn·S2 4 IO -1:; "I7 --0·25 

5 87-1 5 9il 45·86 55·20 5 10 43 ·-15 -0·5_3 

5 922 5 978 33·7r 47·2s 5 IO 43 ·so -0·58 

6 006 6 030 30"i2 40 "79 6 Il 42 "I 2 +o·So 
6 052 6 0S2 57·22 .39 ·-15 6 II -13 "SI -0·59 
6 177 6 223 0-1·82 -10·99 6 II 42 ·94 -0·02 

6 :q1 6 316 08·99 .36 "7-1 6 ll ,p·47 +0·45 

6 :;95 'k6 429 25·72 I4 ·28 6 7 -I,~ ·01 -0·09 

*6 429 6 522 14 ·28 ss·ss 5 7 42 ·65 +0·27 

6 534 *6 583 I6 '-19 I7 ·,p 5 7 42 ·26 +0·66 

6 659 6 711 44·SS 12·92 6 II -12 ·go +0·02 

6 734 6 806 54'74 18 '22 5 IO 42·47 +0·45 
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9. Rag:i;cd 11Io1111lai11, Maine. First series-continued. 

Pairs of stars. Aclopted seconds of 
11' lllf'Rll N. P. D. ·w La.Utude. .. 

II II 0 II II 

6 763 6 8r3 42·42 03 "IO 6 rr 44 I2 '43 "I4 -0·22 
6 824 6 915 5r ·;m 37·67 5 7 43·25 -0·33 

*6 9I5 6 928 37·67 52·or 5 7 43 ·r'2 -0·20 
6 940 7 024 3I ·54 19 ·33 5 IO 43 ·45 -0·53 
7 098 7 126 44 ·25 36·50 6 II 43 ·11 -0·19 
7 17r 7 253 22 ·17 49·23 6 rr 42·71 +o"2I 
7 278 7 336 50·85 57·30 6 II 42·84 +o·os 
7 ,385 7 448 32·98 09·03 6 II 43·65 -073 
7 512 7 566 03 ·20 58·74 6 II 42 ·82 +o·Io 

7 595 7 623 o6 75 r6·38 6 rr 43 ·14 -0·22 

7 679 7 695 19·74 29·98 6 II 42 ·41 +0·51 
7 72I 7 754 21 ·09 07 ·93 6 II 43".F -0·40 
i nI 7 778 10·96 00·03 6 JI 43 ·56 -0·64 
7 894 *7 983 29·04 34·41 5 7 42·75 +0·17 
7 9I3 <+7 983 13·08 34·41 5 7 42·41 +0·51 
5 828 5 840 08·28 31 ·oo 4 IO 41 ·S4 +I ·08 
5 900 5· 972 29·6I 20·83 4 IO 42·27 +0·65 
6 056 6 062 5I ·ss 00·75 3 IO 42·92 0'00 
6 o68 6 r29 43·58 26·00 3 IO 42 '8o +0·12 
6 079 6 178 ro·S3 40·90 2 9 ,p·65 +0·27 
6 234 6 318 41 ·27 50·48 5 10 43·09 -o·r7 
6 238 6 31I 46·34 o6·55 5 IO 43·30 -0·38 
6 477 ·l+6 571 52 °10 26·74 2 6 42·84 +o·os 
6.496 ·l+6 571 39·21 26·74 2 6 43·43 -0·51 
6 497 *6 583 21 ·36 I7"41 2 6 4.~ ·33 -0·41 
6 687 6 722 30·87 38·90 4 JO 42 ·49 +0'43 
6 740 6 867 49·65 34 ·41 4 IO 42 ·s2 +0·10· 

6 926 6 975 33 7J 45 ·g.5 5 JO 43 ·53 -o·6r 
6 986 7 076 04 '20 54·08 5 IO 43·02 -O"IO 

7 048 7 o85 29·07 13'97 5 IO 43"3I -0·39 
7 243 7 337 2975 02·50 4 10 ,p ·49 -1-I ·43 
7 569 *7 615 53·44 24·00 4 43·22 -0·30 

.7 570 ·»7 615 04·44 24·00 4 42 ·67 +0·25 
7 782 7 843 25 30 24·04 5 IO 43·45 -0·53 

*7 855 7 879 or ·25 34·92 5 7 42·52 +0·40 
*7 855 7 SSo or ·25 I2 ·so 5 7 42·70 +0.22 

Indiscriminate mean =44°12' 42"·92; 
Weighted mean =44 12 42 ·92±011 ·05. 

.. ~± 011·25. 
228 observations, 49 pairs. 

[Reduction to & =+011 ·40.] 
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9. Rll.!,i'g"<'d 11fo1111tai11, Maine.-S. Harris. Zenith telescope No. 5. Secom-I series. September Ii 
to October 6, 1854. One divisic,n of level =o'' ·77 from observations at thi>' station. One turn of 
micrometer =41 11 ·420 from circumpolar observations at this station. 

Pairs of star:;. Adopted seconds of 
11' ~(' Latitude. v mer-tn N". P. D. 

II II 0 I II " 6 052 6'082 5i"22 39·45 3 8 44 I2 42 ·49 +0·51 
6 177 6 ,,. --._"I 04·82 40·99 2 6 43·05 -0·05 
6 241 6 316 0S·99 ,;6 ·74 2 6 "41 ·69 +1 ·31 

6 395 *6 429 25·72 14·28 4 7 42 ·92 -t-o ·oS 

*6 429 6 522 I4 ·28 5s·s8 5 7 42 '3.:! +0·68 

6 534 6 583 16 ·49 17 ·4r. 3 s 42 ·15 +0·85 
6 659 6 71! 44·88 12·92 6 12 42·q6 +o·.:q 
6 734 6 806 54 74 18 ·22 6 12 42 72 +0·28 
6 763 b 813 42·42 03 ·ro 6 12 43·62 -0 ·62 

6 824 *6 915 sr ·20 37·6i 4 i 43·33 O""' - .'." . ., 
*6 915 6 928 37 ·67 52 ·or 6 s 42 73 . +0·27 

6 940 7 024 31 ·5~ 19·33 5 Ii .J.2 ·62 +o·.v~ 

7 098 7 126 44·25 36·50 ~ 13 42 ·84 +0·16 . 
7 171 7 253 22 ·17 49 ·23 7 r3 4_; ·02 -0·02 

7 278 "'7 336 50·85 57 ·30 5 7 42 76 +.-.·24 

7 ,:.85 7 448 32·98 09·03 4 IO 4_; "86 --o ·86 

7 512 7 566 U.'I "20 58 "74 4 IO 43 ·21 --o ·~r 

··1 595 i 623 66 ·75· "i6'3S 4 IO. 4.3 ·42 -0·42 

7 679 7 695 19 74 29·98 2 6 -12 ·41 +-0·59 

7 721 *7 75.J. 21 ·09 07 ·98 3 6 43·77 -077 

7 731 *7 75.J. w·96 07·98 4 7 4.3"74 -074 

7 894 i•7 983 29·04 34·41 4 7 ,p·S6 +o·q 

7 91.; *7 98_; 13·08 34·41 4 7 .j.2 ·45 +0·55 
-.+6 238 6 ~:;II .i.6·3.i. 06·55 3 42 "79 +0·21 
*6 238 6 318 .i.6·34 so·4S 3 42 ".)i +0·63 
6 477 *6 571 52 ·ro 26·74 4 7 42·66 +0·~4 

6 496 *6 571 39·21 26 "74 4 7 4.3 ·41 -0·41 
6 687 6 722 30·87 38·90 6 12 42·60 +0·40 
6 740 6 867 .J.9 ·65 3.J ·41 6 12 4.'l ·13 -0·13 
6 926 6 975 

"I .. ,_ .. 
._"I.),,.., '15 ·95 3 s 43·88 --0·88 

6 9$6 7 076 04·20 54·08 2 6 43 ·11 -0·11 

i 048 7 085 ,29 ·o7 13 ·97 5 II .J.3 ·05 - -o ·05 

7 243 *7 ,;36 29 75 57 ·30 3 6 43·21 --o ·21 

7 782 7 8.B 25·30 24·04 5 II 43·52 -0·52 

*7 855 7 879 01 ·25 34·92 3 6 43 ·15 -0·15 . 
*7 855 7 88e> 01 "25 12·50 4 7 .J.3 "().j. -0·04 

Indiscriminate mean = 44" 12' 42'' ·97. 
\Veightecl mean =44 Il 43 ·oo ± 0 11 ·05. 

,. = ± o" ·47. 
147 ubsen·ations, 36 pairs. 

[Reduction to~ = + 0 11 ·40.] 

Co111bi11a/i,111 •'./results. 
G. W. Dean <p = 44~ 12' 42" ·92 ± 01.1 ·05. 
s. Harris 43 ·oo ±o ·05. 
!\lean 42 ·96 ±0 ·04. 

[Reduction to 8 = + o" ·40.] 
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ro. Sabatt11s, l\'.Iaine.-J. E. Hilgard. Zenith telescope No. J. June 29 to July q, 1853. One 
division of level =3''·2. One turn of 111icrometer =45"'52. 

Pairs of stars. Adopted sec•>11ds of 
11' 711 Latitude. ::: m<:an N. P. D. 

" II 0 I II II 

4 943 4 9i4 58·00 18 ·oo 4 4 44 oS 37 ·35 +o·.;8 

5 079 5 0S5 33·50 03 ·51 3 3 39 ·26 -I ·53 

*s 094 5 152 34 ·30 32 ·30 2 2 39·30_ -I ·57 

*s 094 5 216 34·30 53·07 2 2 38·92· -cl ·19 

5 168 5 177 55·40 57 ·60 3 3 38·50 --0 ·77 

5 348 5 440 26·90 59·56 6 5 38·04 -0·31 

5 483 5 490 50·25 29·50 6 5 37·95 -0·22 

5 596 5 617 55 ·50 43·50 3 3 37 ·54 -j-0·19 

5 592 5 6:!1 37·60 44 ·40 2 3 37·68 +0·05 
5 692 5 705 20·40 IO ·56 4 4 36·96 +0·77 

5 714 5 734 OI 73 13 ·So 4 4 37·98 --0 ·25 

5 747 5 785 57·00 05·00 4 4 37·64 +0·09 
5 828 5 840 03·6o 26·So 4 4 36·47 -f-T '26 

5 900 5 972 26 .. 00 18·30 -~ 3 36 "JI +r ·62 

5 922 5 978 3o·So 44·62 3 3 38·24 --0 ·51 

5 991 6 047-8 33·40 35 ·rs 3 3 38·49 --076 
6 006 6 o,~o 29·00 39·57 ,l 3 37 ·08 +0·65 
6 052 6 0S2 55·50 37·So 2 3 38·47 -074 
6 079 6 178 09·50 41 ·50 3 3 37·80 -0·07 

6 23; 6 2S9 25·53 59·So :2 3 38·37 --:O ·64 
*6 23S 6 311 47 '73 08·00 2 2 37·29 +0·44 
-~6 238 6 3rS 47 73 52 ·40 2 2 35·83 +r ·90 

6 357 *6 428 31 ·oo 55·50 3 2 36·90 +0·83 
6 390 *6 428 51 ·40 55·50 3 2 36·90 +0·83 

6 391 *6 428 18·20 55·50 3 2 36·83 +0·90 
6 368 6 429 18·50 18·30 3 3 38·45 -072 

6 453 6 586 r6·6o 02 ·oo 37 ·13 +0·60 

6 480 6 522 OI "03 04 ·oo 4 4 38·55 ·-0·82 

6 582 6 612 18·35 49·40 4 4 38·02 -0·29 

6 625 6 _644 14·50 57 ·oo 4 4 37 ·47 +o·26 

6 667 6 6.<:q 25·20 38·60 4 4 37 ·Sr -0·08 

6 -·-/.)/ 6 758 32·02 38·84 4 4 37·23 +0·50 

6 7~3 6 836 31 ":.20 24 ·30 2 3 36·79 +0·94 

6 835 6 905 45·36 24·50 4 4 38·27 -0·54 

6 856 6 937 57 ·60 25·50 38·24 -0·51 

Indiscriminate 111ean=44° oS' 37"·7r. 
\Veighted mean =44 08 37 ·73±o''·09. 

e=±o11·77. 
no observations, 35 pairs. 

[Reduction to~ =-o''·15.] 
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11. Jllowzt Pleas1111t, Maine.-G. W. Dean. Zenith telescope No. 5. July 20 to August 19, 1S5I. 
One division of level = 1"·5S from observations at this station. One turn of micrometer= 4I 110400 
from circumpolar observations at this station and Cape Small, Maine. 

Pairs of stars. Adopted seconds of 
11' w Latitude. .. mean N. P.D. 

" " 0 I II ,, 
5 4S4 s so2 sS '!S 16·00 4 12 44 or 36·s3 -0·09 

5 497 s ss2 03 ·20 ro·l:lo 7 . 36 ·6s -0·21 

5 6o2 S 7I7 33·12 S3'44 3 II 36·o6 +o·3S 

5 6o4 *s 629 27 '70 03·72 s 9 3s·96 + 0 .48 

*s 629 s 693 03·72 SS ·16 5 9 35·92 +o·S2 

5 ~.qo s S6o IS ·15 55 ·68 6 I4 35 •6o +o·S4 

5 922 s 97S 24·62 38 '73 6 q 36·67 -o·23 

5 986 6 079 s6 ·15 08·36 6 I4 36·59 -o·lS 

6 129 6 268 2s·98 q·90 s I3 37·28 -0·84 

6 178 6 2I6 43 ·15 40·77 6 14 35·93 +o·5I 

6 238 6 3I8 so·sr 56·S9 4 12 36 ·43 +o·OI 

*6 255 6 349 os·32 25 76 s 9 35·77 +0·67 

*6 2s5 6 3S5 05·32 07·90 6 g 35·98 +0·46 

6 390 *6 428 58·25 03·50 5 9 36·67 -0·23 

6 391 *6 42S 24·8o o,; ·50 6 9 36 ·10 +0·34 
-6-:;:-;o 6 s56 12·40 49 ·59 6 14 36·92 -0·48 

6 566 i+6 599 27·50 44 ·rs 6 9 36 ·32 +0·12 

*6 599 6 659 44 ·rs 05·21 s 9 35 ·95 +0·49 
6 667 6 687 39 76 s2·67 6 14 37·23 -0·79 

6 712 6 740 s2 ·92 13'38 6 q 36·91 -0·47 

t2 872 6 784 29·34 58·94 6 14 36 ·12 +0·32 

6 763 *6 849 07 ·06 23·so s 9 36 ·91 . -0·47 

*6 849 6 895 23 ·50 28 ·56 6 9 36·44 o·oo 

6 91s 6 928 o6·so 25 ·r3 ·s 13 35 74 +0·70 

6 932 6 940 09·68 03·80 6 14 36·68 -0·24 

6 943 6 970 SS ·73 18·08 6 14 36·48 -0·04 

7 008 7 o62 SI 7S 32 ·r6 6 I4 36·3I +0·13 
7 022 7 076 04·05 28·67 6 q 36 71 -0·27 

*7 098 7 I 17 20·23 52 ·2r 5 9 36·45 -o·or 

*7 098 7 126 20·23 I3'46 6 9 36·80 -o ·,;6 

7 I7I 7 333 00·03 52 ·rs 6 q 36·41 +0·03 

7 243 7 336 09·67 49·6s 6 14 36·99 -0·55 

7 38s 7 448 18·69 54·90 6 q 36·7r --o ·27 

7 398 7 41r 40·13 05·86 6 I4 3S ·63 +0·81 

7 636 7 721 r9·39 13·79 6 I4 36 ·12 +0·32 

7 643 7 731 3s·o7 04·28 5 13 36 75 -0·3r 

7 679 *7 800 II '4I 44·47 5 9 36·44 o·oo 

·"'7 Soo 7 850 44·47 20·58 6 9 36 ·23 +0·21 

7 843 7 871 16 ·8,, 4r ·58 6 14 36·1s +0·29 

7 894 7 948 2s·o1 17·65 6 q 36·43 +o·or 

tGroomhridge. 
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I I. Jlfv1111! Plt'asa11!, Maine-continued. 

Pairs of stars. Adoptt:d seconds of 
11' ";'(/ Latitude. 1' n1ean N. P. D. 

/I II 0 I II •II 

7 <)01 t3 901 26·44 39·98 6 I4 44 01 36·51 -0·07 

8 05S 8 076 oo·oo 19·65 6 I4 36·So -0·36 

8 r71 8 224 27 ·40 55·36 5 13 36·46 --0·02 

8 229 8 26r 22 "70 24·00 2 IO ~6;8o -0·36 

Indiscriminate mean = 44° 01' 36''·42. 
Weighted mean =44 01 36 ·44±011 ·04. 

t!= ±011 ·30. 
236 observations, 44 pair><. 

[Reduction to & = + 0'1 ·05.] 

I2. Caj>t? Small, Maine.-,--G. W. Dean. Zenith telescope. September 17 to October ro, 185r. One 
division of \e,·el = 1"·598 from ob~errntions at this station. One turn of micrometer= 4r'1 ·,p9 from 
circumpolar observation:; at this station. 

Pairs of stnrs. Adopted "ecomls of ,,, 
f(I Latitudt:. ,. 

111t:"a11 N. P. D 
II ,, 0 I n II 

6 497 6 522 35·57 13 •g6 6 18 43 46 43·13 +0·56 

6 571 6 583 43 ·98 35 "3-i 6 18 43 "72 -0·03 

6 599 6 659 44 "20 05 "20 6 18 43·48 +0·21 

6 667 6 697 40·00 09·20 6 18 44 ·32 -0·63 

6 673 6 712 or ·34 55·24 6 18 43·26 +0·43 

6 745 6 754 24·42 33 "jO 7 IS 43·63 +o·o6 

6 849 6 89:; 23 55 28·55 6 18 44·29 -o·6o 

6 851 6 928 35·46 23 ·13 7 18 43·24 +0·45 

6 932 6 943 09·65 56·30 6 18 43 75 -o·o6 

6 983 6 9g6 29·56 48·50 7 rs 43·20 +0·49 

7 ooS 7 076 52 ·45 28·65 7 18 43·69 o·oo 

7 024 7 126 53·63 13·46 6 18 43·30 +0·39 

7 100 7 171 50·48 00·12 7 18 44·26 -0·57 

7 204 7 262 07·46 II ·69 6 18 43·o8 +0·61 

7 277 7 301 15"44 31 ·ro 6 18 44·26 -0·57 

7 317 7 333 42 ·19 52 ·26 5 18 43·32 +0·37 

7 345 7 383 54·64 w ·o6 6 18 43·60 +0·09 

7 398 7 4II 40·36 05 "70 6 rs 43·42 +0·27 

7 448 7 462 54·90 43·25 6 18 43·96 -0·27 

7 503 7 544 54·30 02·48 6 rs 43 ·g.'i --0·29 

7 582 7 607 07 ·09 03 ·56 6 rS 43 "79 -0·10 

7 598 7 614 42·00 33·81 6 18 43·53 +0·16 

7 73r 7 813 04·22 22·40 6 18 43·03 +0·66 

7 843 7 871 16 "70 41 •6o 6 rS 44 ·17 ---:0·48 

7 8o3 7 894 I4 "73 24 76 6 18 43·77 -0·08 

7 882 7 901 58·92 26·46 6 rs 43·50 +0·19 

7 906 7 983 01 ·18 31 ·20 6 18 43·99 -0·30 

8 028 8 058 33·27 59·So 6 18 43·99 -0·30 

t3 952 *8 076 24·35 1S·SS 6 12 43·53 +0·16 

+ r.roomhriclge. 
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Pairs of stars. 

*8 C'76 

8 114 

8 Iii 
1So 

330 

8 II5 
s 212 

8 261 

259 

337 
502 

673 

727 

877 

947 

I 043 

THE EASTERN OBLIQUE AR.C. 

12. Cap.: 8111all, l\fai11e-conti11ued. 

Adopted seconds of 
mean N.P.D. 

II 

18·88 

53·60 

27 ·40 

20·60 

15 'IJ 

43·50 

01 ·28 

3S·ss 

49·66 

II 

26·85 

04 ·so 

~4 ·28 

3S'44 

43·42 

46·S4 

4i ·40 

s8·10 

n·9S 

53·30 
25 ·90 

11' 

6 
6 

6 

6 

6 

6 

6 

6 

5 
6 
6 

12 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

= 43° 46' 43"·69. 

Latitude. 

O I I' 

43 46 43·76 

43·99 

43·91 

43·87 

43·85 

43·80 

43 'IS 

43'9S 

43·63 

.J.3 '9 1 

Indiscriminate mean 
Weighted mean = 43 46 .J.3 '69 ± 0·04. 

~· = ± 0 11 ·23. 

243 observations, 40 pairs. 
(RcduLtion to di= - 0 11 ·21.] 

,. 

-0·07 

-0·30 

-0'2C! 

-0·18 

-0 ·16 

--0'11 

+o··s4 
-0·26 

+o·o6 

-0'02 

-0'22 

13. 111Nml f11dtf'<'lldl'11l'<', l\faiue.-A. D. Bache and G. Dad.-lson. Zenith sector No. r. First series. 
Sepkmber 21 to October 2i, 1!:'49. i\Ienn valut: of one 1lidsiu11 uf levd = o"'j::!l, ( Levds No. 3.) 

Stars. 

16 I 

1691 
180 

"'01 .:>,> 

47.J. I 
4s7 I 
673 

706 

819 

947 

I 0.J.3 

3 O.j.S 

s 937 
6 091 

6 s22 

6 s83 

6 il2 

6 754 

6 928 I 
6 983 

i 076 

:-:;tars. north '?f zenith. 

A1.h.1pted 

~7~~~~1~ :II' Latitude. 
N. P.D. 

0 

06·00 4 43 45 35·22 

30 ·02 5 34 ·s4 
00'20 4 

53·80 4 
02·30 

20 ·50 3 

21 ·so 3 

12 ·40 3 

21 ·20 4 

2~ '-JO 3 

52·44 6 

10·77 .J. 

05·30 4 

:28 ·90 8 

23 ·84 · I 

47·30 3 
08 'IO 4 

50 ·06 3 

45 ·54 .J. 

51 ·30 4 

52 'IO 4 

3.J. ·78 

35·23 

34 78 

35 ·16 

34·03 

3S'i6 

34·05 

35·S4 

35·19 

35·42 

35 ·s_,, 
35 'IS 

34·20 

36·62 

36·32 

34 ·s.5 
33 "._\2 

33·84 
35 ·70 

.. 
II 

-0·21 

+0·17 

+0·23 

-0·22 

+0·231 
-0·15 

+o·9'°'.1 

-075 

+0·96 

-0·83 

-0·18 

-0·41 

-0·82 

-o·q 

+0·81 

-l '61 

-I ·.31 

+0·46 

+1 ·69 

+1 ·;7 

-0·69 

:-:.rnrs south 1Jf 7.t:"nith. 

Star~. 

A1k1pted 
seconds 
ofmt:an 
.N. P. U. 

II 

,,. J .. atitude. 

" 
58 i •17 ·46 4 43 45 34 ·02 

100 2$ ·50 4 35 ·5~ 

259 q ·&i 4 

337 22 '00 .) 

649 
7
.,~ _, 

877 

915 

953 
2 485 

6 355 

6 -P9 

6 49i 
6 S71 

6 673 

6 74S 

6 784 

6 851 

6 996 

7 ooS 

2_;·60 3 

7,6'00 3 

31 ·48 .. 3 

54 '20 4 

33 '70 3 

56 ·30 3 

09·1S 3 

14 'IO 8 

33 '71 6 

45 '01 4 

SS ·50 4 

15 ·,,o 2 

40 '70 4 

15 ·26 4 

S4 ·oo 4 
10·60 3 

I4 ·72 4 

34·99 

34·88 

34·53. 

32 ·9s 

33·9s 

35·02 

3.J. ·19 

33·98 

33 ·56 

34 ·29 

34·40 
3,, ·26 

32 '60 

34·04 
35 ·27 

33·29 
33·62 

33 ·94 
32 •69 

,, 

" 
+0·14 

-1 ·42 

-0·83 

-0·72 

-0"3i 

+1 ·1S 

+0·21 

-o·S6 

+0·18 

+o·6o 
-0·13 

-0·24 

+0·90 

+1 ·56 

+0·12 

-J '11 

+0·87 

+o·s4 
+0·22 

+r ·47 
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13. ll/011111 !11dij>c11de11<"e, Maine. First series-continued. 

stars north of zenith. Stars south of ze11ith. 
Adopted Adopted 

Stars. ~~~~~ 11' Latitude. " Stars. ~£~~~~~ n' Latitude. 

7 171 

7 262 

7 3or 

7 317 

7 345 

7 4II 

7 448 
7 503 

7 582 

7 598 

7 643 

7 782 

7 813 

7 871 

7 882 

7 894 

7 983 

N. P. D. 

// 

25·40 
.)8 ·68 

58·80 

IO '18 

23·20 

35·80 

25·50 

25 75 

39·85 
15·40 
08·81 

54·00 

58·00 

rS ·50 

35·96 
01 ·So 

09·40 

7 

3 

4 
2 

2 

3 

4 

5 

3 

4 
6 

2 

4 

5 

3 

4 

3 
8 058 38 ·so 5 

8 115 o6·04 4 

8 261 04·20 4 

s 310 I 26·40 4 

O I II 

43 45 33·84 
34·81 

36 ·12 

33·56 

34·04 

33·60 

36·24 

35·82 

35 73 
34·74 

35·42 

37·07 

34 ·18 

33·07 

35 "5:! 
36·01 

35 ·17 

II 

+1 ·17 
...l.0·20 

-I "II 

+1 ·45 

+0·97 

+1 ·4r 

-I "23 
-0·81 

--0·72 
+0·27 

-0·41 

-2·o6 

+a·s.~ 

+1 ·94 
-0·51 

-I "00 

-0·16 

36 ·50 -I ·49 

33 •86 fl ·15 

34 ·99 +0·02 

34 ·46 +o ·55 

7 100 I 

7 204 

7 277 

7 333 
7 336 

7 368 

7 383 

7 398 
7 462 

7 544 
7 607 

7 614 

7 731 

7 803 

7 843 
7 gar 

7 948 
8 028 

8 076 

8 171 

8 229 

N. P. D. 

II 

14 ·58 

34·00 

•12 ·So 
20·6o 

24·56 

23·8o 

39·40 
10 ·ro 

·14·10 

34·80 

36 70 
07 ·16 

.w·20 

50·75 

53·50 

03 '73 

55·3r 

3 

4 

4 

3 

4 

5 

3 

4 

4 

4 

4 

3 

4 

3 
2 

4 

3 
I I ·85 5 

58·20 3 

06 ·95 4 

02·57 4 

o I II 

43 45 34·88 

32·91 

34·75 

34 ·31 

34·47 

34·05 
32·82 

36·68 

34·46 

33 ·57 

33 ·91 
j3·28 

34·37 

33·04 

35 ·15 

33·99 

34 78 

34·71 

33·67 

35 ·07 

34·88 

16o observations, 42 stars. 157 observations, 42 stars. 
<p,.·= 43° 451 3511·or. <P, = 43° 45' 3411 ·16. 

cp= }f(<P .. +<P,) =43° 451 34"·58±011 ·07. 
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I •• 

II 

-0·72 

+1 ·25 

-0·59 

-0·15 

-0·31 

+o·u 
+1 ·34 
-2·52 

-0·30 

+0·59 

+0·25 

+a·8S 

-0·21 

+1 ·12 

--0·99 

+u·17 
-0·62 

-0·55 

+0·49 
-0·91 

-072 

13. lllo1mt !11dept:11de11cc, Maine.-G. \V. Dean. Zenith telescope No. 2. Second series. Sep
tember 20 to October 20, 1849. One division of level = 0 11 ·90 from observations at this station. One 
turn of micrometer = 4411 ·88o from the latitude observations at this station. 

Pai rs of stars. Adopted secoucls of 
mean N. P. D. 

6 368 

6 497 

6 571 

6 673 

6 745 
6 851 

6 983 

7 008 

7 100 

6 427 

6 522 

6 583 
6 712 

6 754 
. 6 928 

6 996 

7 076 

7 171 

II 

32·92 

45 ·01 

55·50 

15·30 

40 70 

54·00 

51 ·30 

14 72 

14 ·58 

7 2o4 7 262 34.00 

7 277 7 301 42·80 

4192-No. 7-02--18 

II 

13·94 

23·84 

47 ·30 
o8·10 

50"06 

45·54 
10·60 

52 'IO 

25·40 

3~·68 

58·80 

... 

4 

4 

4 

5 

5 

4 

4 

5 
4 

4 

·u.1 

2 

5 

5 
5· 

6 

6 

5 

5 
6 

5 

5 

I.atitucle. 

0 II 

43 45 33·67 

33 ·48 

34 ·28 

34·83 

34·49 

33·45 

33·25 

33 'II 

34·8o 

33·82 

34·65 

-;:• 

II 

+0·66 

+0·85 

+0·05 
-0·50 

-0·16 

+a·ss 

'+1 ·as 

+r ·22 

-0·47 

+0·51 

-0·32 
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r3. /1!01111! /11dt]><·11d,·11ct\ Maine. Seconci. series-continuerl. 

Pairs of f;tars. Arlopt"d s.,cond• of 11' "" r ... atitudc. " 1nean N. P. D. 

I.I " 0 " " 
7 317 7 333 ro·1S 20·60 5 6 43 45 34 ·or +0·32 

7 345 7 383 23·20 39".J.O 4 5 33·82 +0·51 

7 4.J.8 7 462 25·50 I4 ·10 4 5 33·74 +0·59 

7 503 7 544 25 "75 34·So + 5 33·92 +0·+1 

7 582 7 6o7 39·85 3670 4 5 33 ·ss +0·48 

7 731 7 813 39·20 58·00 5 6 33 ".32 +1·01 

7 843 7 871 53·50 r8 ·50 .J 5 34 ·16 +0·17 

7 882 7 901 35·g6 03 7.~ 4 5 .'379 +0·54 

8 028 s 058 II ·s5 38·50 5 6 34 ·.~5 -0·02 

8 076 8 IIS 58·20 06·0+ 4 5 35 ·19 -0·86 

8 171 8 261 06·95 04 ·20 4 5 34 ·31 +0·02 

180 259 00·20 q·So 3 5 34 ·27 +o ·o6 

330 337 53·So 2l "OO 3 5 34 ·3o +o·u3 

7 398 7 4u IO "!O 35·80 6 6 34·97 -0·64 

7 598 7 6q 15·40 07 ·16 7 6 34 70 -0·37 

7 803 7 894 5075 or ·So 6 6 35 ·32 -0·99 

487 502 20·50 23·6o 6 6 35·64 -I ·31 

fi49 673 36·00 21 ·50 6 6 .,-;4 "jO -o·.u 

706 727 12·40 31 ·4S 5 6 35·2$ -0·95 

819 877 21 ·20 54 ·20 6 6 .34 •66 --0·33 

915 947 3.3 ·70 22 ·40. 6 6 35 ·q -0·81 

953 043 5G·30 52 ·44 ~ 6 3.f "3i - o·o..i ., 

Indiscriminate mean = 43° 45'34"·29. 
Weighted mean = 43 45 34 ·33 ± o"·os. 

t'= ±0"·52. 
151 observations, 33 pairs. 

[Reduction to & = -011 ·03.] 
Rt's1tlli11g f<itilud,· by combi11alio11 of sn·i<'s = 43°45'3~"·47 ± o"·o6. 

q. Gm1slock, New Hampshire.-J. H. Toomer. Zenith telescope No. 5. July II to Augm;t 9> 
1860. One division of Je,•el = 0"·948 from observations at this station. One turn of micrometer 
= 41"·391 from circumpolar observations at this station. 

Pairs of stars. Adopted seconds of 
11' 'U' Latitude. " 111ea11 N. P. D. 

I.I " 0 I " II 

5 400 5 417 18°63 53·62 8 I4 43 31 03 ·24 +0·57 

5 479 5-499 og·30 24·77 7 14 03 ·24 +0·57 

5 541 5 599 17·84 35 ·36 9 ·IS 03 ·25 +0·56 

5 629 ¥'5 731 05·31 53·go 7 9 03·67 +o·q 

5 658 *5 731 27·34 53·go 8 IO 03·50 +0·3r 

5 785 s 863 40·02 58·20 8 14 03 76 +0·05 

5 918 5 931 48·28 ·r9 ·58 8 q. 04 ·14 -0·33 

6 079 6 o$7 15·06 48·61 8 I4 03·22 +0·59 

*6 147 6 184 20·29 5o·go 7 9 03 ·rs +0·66 

*6 147 6 216 20·29 31 ·23 7 9 03·4r +0·40 
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q. Gu11slock, New Hampshire--conti1med. 

Pairs of stars. Adopted second• of ,,, 
'" Latitude. ,, 

mean N. P. D. 
,, II 0 I II II 

*6 235 6 246 46 72 43 73 8 IO 43 31 03 ·90 -0·09 

*6 235 6 258 46 72 55'44 8 JO 03 ·87 -0·06 

6 365 6 428 39·25 2S 7S 7 I4 03·95 -0·14 

6 456 6 470 03 76 52 ·24 7 14 04·21 -0·40 

6 493 6 520 40·51 42·42 7 14 03 ·74 +0'07 
6 599 6 626 49 'II 18·76 8 I4 03 ·62 +0·19 
6 648 6 681 59·50 14·64 8 I4 03·70 +o·u 

6 734 6 771 o6·ro 54 ·19 7 14 03 73 +0·08 
*6 861 6 940 48·55 29·95 7 9· 03·So +o·m 
*6 861 6 943 48·55 21 ·So 7 9 04·21 -0·40 

*6 9S:\ 7 022 52 '00 22·25 7 9 04·23 -0·42 

*6 983 7 048 52·00 19'67 7 9 04·09 -0·28 

7 o64 *7 132 rS 'SI 49 71 7 9 03·88 -0·07 

·7 105 *7 132 39'91 49 7I 7 9 04 '73 -0·92 

7 174 7 233 58·31 13 ·31 7 I4 04·21 -0·40 

7 297 7 345 38·90 45·46 7 I4 04·05 -0·24 

5 643 *5 666 00·85 o7 ·5S 3 6 03 '72 +0·09 
*5 666 5 752 07·58 17·49 4 7 03·84 -0·03 

5 788 . 5 795 50·44 42·70 8 I4 04·21 -0·40 

·5 853 5 886 27 70 22'00 s I4 03 '75 +0·06 

5 911 5 929 14·74 39·71 7 14 03·47 +0·34 

6 095 6 162 08·63 13 ·31 6 r· 
. ·' 04·45 -0·64 

6 231 *6 3I6 42 ·56 23·72 8 IO 04 ·15 -0'3.J. 
6 251 *,6 316 26·59 23 '72 9 IO 04·27 -0·46 

6 392 6 421 20·43 18·35 7 T4 04·01 -0·20 

6 495 6 516 27 ·38 44·53 6 13 03·58 +0·23 

6 542 6 629 48·49 49·29 6 I3 03·09 +072 
6 656 *6 720 58 ·16 38·07 6 .~ 03 ·92 -O'II 

*6 720 6 728 38·07 20·67 6 8 03 '21 +o·6o 

6 745 6 779 II '43 33·02 6 l' ,). o.i.·4S -0·67 

6 824 6 851 57·28 II 'g6 7 I4 04 '2I -0·40 

6 SSr 6 9I5 36·89 40·08 8 I4 03·58 +0·23 

6 962 6 996 22·23 09·68 7 14 03·go -o·og 

7 o:q 7 112 II '21 06·95 7 14 04·31 -0·50 

7 158 7 I98 49·66 35·97 7 14 03·08 +073 
. 7 24r *1 333 59'45 44·63 7 9 04·04 -0·23 

7 253 *7 333 -28 "6.J. 44·63 7 9 04·51 -070 

I11discriminate mean =43° 31' 0311 ·84. 
Weighted mean =43 3r 03 · ·Sr±o"·o5. 

e=±o'.t·50. 
333 observations, 47 pairs. 

(Reduction to 8 =+1"·33.] 
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r5. Agamcnlirus, l\:Iaine.-T. J. Lee. Zenith telescope Military Academy. First series. Sep-
tember r5 to October 10, r84j. One division of level= 1110 28. One turn of micrometer= 4411 ·791 
from latitude observations at this station. 

Pairs of stars. Adopted seconds of n' w Latitude. v meanN.P.D. 

II II 0 I II II 

6 582 6 662 54·24 47·00 3 2 43 13 25 "79 -0·84 

6 735 6 744 56·90 28·90 5 3 25 ·06 -0·11 

6 758 6 834 26·63 00·50 4 3 23·81 +1 ·q 

7 377 *7 461 28 ·16' 18 ·13 5 2 26·16 -I '21 

7 387 ·'1<7 461 55·84 18·13 5 2 26·21 -I "26 

*7 533 *1 571 18 ·oo 19·17 5 25 76 -0·81 

*7 533 *7 584 18 ·oo !0"37 4 24 ·03 +0·92 

*1 533 *7 586 18 ·oo 31 ·50 5 25 "70. -0·75 

*1 542 ·'k7 571 25 ·30 19 ·17 4 24·62 +0·33 
*1 542 *1 584 25·30 JO ·37 3 23·07 +1 ·88 

*7 542 *1 586 25·30 31 ·50 4 24 "70 +0·25 

7 6o7 7 668 10°00 21 ·So 5 3 25·09 -0·14 

7 693 7 718 36·97 16 70 5 3 25·24 -0·29 

7 755 7 798 1970 17·07 6 4 24·88 +0·07 

7 829 7 958 56·32 1S·oo 6 4 25 ·56' -0·61 
* .. nn..,. -;;.i.,: n .. n cc·So 5..;. '20 5 2 2...;. ·oo +0·35 I ';1':11 ._. ........ .., 
*7 997 *8 077 oo·So 17 '6) 5 2 24·93 +0·02 
*S r-t6 *8 o.~9 3r ·7..i 54 ·20 5 2 24 ·.:;.1 +0·54 
*S 146 *8 077 31 "74 17·6o 5 2 24 "74 +0·21 
*S 2s6 s 188 08·48 :.8·qo 7 ·' 24 ·2s +0·70 
*8 256 s 268 08·48 00·32 7 3 24 "73 +0·22 

8 374 *1 20·87 39·6o 2 25·00 -0·05 

4 '"'7 15 °6j 39·6o 3 2 22'j8 +2 ·17 
32 68 39·66 33·26 4 3 25 ·oS -0·13 

164 182 II ·90 II ·13 4 3 26 ·1S -I "23 

253 395 47·50 3r ·04 2 2 25·50 --o ·55 

4r2 430 15·52 30·52 3 2 24·43 +0·52 
Indiscriminate mean= 43° 13' 2411 ·90. 
Weighted mean =43 13 24 ·95 ± 0"·10. 

e = ±011·99. 
I 2I observations, 27 pairs. 

[Reduction to & = -011·u.] 

15 . .d.gamenlicus, l\faine.-A. D. Bache, R. H. Fauntleroy, C. 0. Boutelle. Zenith sector No. 1. 
Second series. October 4 to November 15, 1847. Mean value of·one division of level= 011 ·727. 

Stars north of ?.enith. Stars south of zenith. 
Adopted Adopted 

Stars. seconds 

'" Latitnde. v Stars. seconds 

'" Latitude. <' of n1ea11. of tnean. 
N.P.D. N.P.D. 

II 0 I /I II II 0 I II II 

7 091 38 ·10 43 13 25·78 -0·23 7 277 09·90 5 43 13 25·47 -0·70 

7 171 50·60 5 25·42 +0·13 .7 398 39·75 4 24·89 --0·12 

7 345 51 ·60 5 25·72 -0·17 7 462 44·90 5 24 ·26 +0·51 
7 560 24·6o 6 26·55 -I 0 0.J 7 731 14·50 3 24·45 +0·32 
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15 .. Ag-a111e11lic11s, Maine. Second series-continued. 

Stars north of zenith. f'otar,: <onth of zenith. 
Adopted Adopted 

Stars. second~ 
11' l.atitnd~. 1• Stars. secouds 11' J.atitude. ., 

of 111ea11 of mean 
N.P.D. N. P. D. 

/.' 0 ,, II 0 I II II 

7 705 41 ·17 2 43 13 24·88 +0·67 7 777 41 ·So 2 43 13 24·48 +0·29 

7 ,815 IO'o6 2 26·93 -I •38 7 S50 34·00 3 25·65 -o·8S 

7 888 36·40 2 27·46 -I "91 7 972 58·6o 3 24·89 -0·12 

7 go6 15 ·go 4 25·04 +0·51 7 994 41·00 25·25 -0·48 

8 036 42 ·56 _, 26 ·34 -079 s 136 07 ·52 4 24·30 +0·47 

8 ro7 39 '2ti 2 23·72 +1 ·S3 8 345 05·26 2 .24 ·71 +0·06 

8 224 13·20· 2 25·35 +0·20 58 47·6o 3 23 :17 +1 ·60 

8 2.F 30·50 4 27 ·05 -1 ·so 48o 4.)'20 3 24·96 -0·19 

8 289 40·30 4 24·21 +1 ·34 566 4<) ·50 :; 24·69 +o·oS 
. 16 45·75 3 23 '7' +1 ·84 656 2:! ·oo 3 25 ·13 -0·36 

100 07·90 5 25 ·52 +o ·o.~ 821 24 '20 2 25 ·63 -0·86 

1So 39·20 2 26·61 :_I "06 912 13·48 2 24·46 +0·3r 

330 32 ·48 24·32 +1 ·23 g81 26·90 24·68 +0·09 

404 29 ·28· 2 25·86 -0·31 

735 03·30 25·06 +0·49 

<P,, = 43° 13' 2511 ·55. cp, = 43° r3' 2411 ·77. 
56 observations, l 9 stars. 49 observations, I7 stars. 

<P = .~ (cp,. +IP,) = 43c 13' 25" '16 ± 0
11 "II. 

[Reduction to & = - o" · l 1.] 

15. Ag11111tmtic11s, Maine.-A. D. Bache, R. H: Fauntleroy, G. Davidson. Transit No. 2 in prime ver-
. tical. Third .series. October 18 to November 26, 1847 . 

Adopted 
Stars. seconds 

11' ';(! Latitude.· ,, 
of mean 
N. P. D. 

I/ 0 II II 

6 355 20·24 4 4 43 13 24 ·92 +o ·05 

7 022 49·40 4 4 24·67 +0·30 

8 023 42·25 4 4 24 ·65 +0·32 

60 32 ·05 2 2 25·53 -0·56 

7 972 58 '72 2 2 24·06 +0·91 

8 229 42 ·18 2 2 25·33 -0·36 

963 . 17 ·40 25·27 -0·30 

I 320 02·25 25·65 -0·68 

I 398 oS·oo 26 '72 -I ·75 

Indiscrimiuate mean= 43° 13' 2.;"·00. 
Weighted mean = 43 13 24 ·97 ± 0 11

• I4· 
c = ±011 ·44. 

21 observations, 9 stars .. 
[Reduction to & = 01;·00.] 

Coml>i1111lion of results for latilude rcfi·1n•d lo 8:,.. 

By zenith telescope 43° 13' 2411 ·S4 ± d 1 ·rn. 
By zenith sector 43 13 25 ·05 ± o ·II. 

By transit in prime vertical 43 13 24 ·97 ± o · 14. 
Weighted mean 43 13 24 ·96 ± o ·06. 
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16. Isles ,?f Slioa!s, Maine.-T. J. Lee. Zenith telescope Military Academy. August 4 to 22, 
1847. One division of level= 111 ·28,3. One turn of micrometer= 4411·962. 

Pairs of ~tars. 

*6 079 
*6 079 
*6 079 
*6 348 
*6 348 
*6 348 

6 547 
6 642 

6 647 
6 j62 

*6 882 
*6 882 

*6 883 
*6 883 

*6 979 
*6 979 
7 013 
7 105 

7 188 
7 281 
,, _,..,., 
I ""tl""t 

*6 150 
'k6 234 

*6 238 
*6 150 

*6 234 
*6 238 
6 601 

*6 735 
*6 735 
6 SrS 

*6 932 
<+6 970 

*6 932 
*6 970 
*6 932 
*6 970 
7 024 
7 152 

7 220 

7 368 

7 658 

Adopted seconds of 
mean N. P. D. 

II 

05·35 

05 ·35 
II ·59 
II '59 
II ·59 
30 ·04 
:22 ·52 

17 '()) 

38·20 
14 ·28 
14·28 

12·86 
12 •86 

49·30 
49·30 
18·04 

17·50 
26·02 

59·00 
t I ·~1 

""t""t l""t 

II 

16·40 

50 ·-~9 
56·o6 
16·40 

50·39 
56·o6 

26·95 

56·90 
56·90 
54·00 
50·85 
OJ ·15 

50·85 
OJ '15 

50·85 

OJ ·rs 
-~9·00 

54 ·90 
15·30 
53·00 
06·60 

,,, 

7 
5 
7 

7 

5 

7 

5 
6 

5 
6 

7 

7 
6 

6 

7 
8 

8 

7 

7 
8 

6 

2 

2 

2 

2 

2 

2 

4 

3 
3 

5 
2 

2 

2 

2 

2 

3 
6 

6 

6 

6 

Latitude. 

.o I II 

42 59 12·97 
12·88 

12·69 

13·49 
13 ·o.s 
13 ·15 
12 ·35 
r2·86 

13·69 
13·03 
12·68 

12'22 

13 '04 
12·62 

12·33 
12 'IO 

13·34 

13 '44 
I I ·89 

13 '70 
13 ·52 

Indiscriminate mean= 42° 59·' 1211 ·9r. 
Weighted mean = 42 59 12 ·97 ± o" ·og. 

l' = ± 111 ·12. 
137 observations, 2 r pairs. 

[Reduction to & = - 0 11 ·10.] 

II 

o·oo 

+0·09 
+0·28 
-0·52 
-O'II 

-o·r8 

+0·62 

+o·u 
-0'72 
-o·o6 

+0·29 
+0·75 
-0·07 

+0·35 
+0·6<1-
+0·87 
-0 ·37 

-0·47 

+1 ·08 

-0·73 
-0·55 

17. U11ko110011uc. New Hampshire.-]. S. Ruth. Zenith telescope No. 5. September r6 to October 
8, 1848. One division of level= 111 ·o64. One turn of micrometer= 4611·615 from circumpolar observa
tions at this station. 

Pairs of Rtars. 

. 6 •372 

6 496 
6 583 
6 697 
6 8"13 

6 865 

6 965 
7 048 

7 153 
7 281 

7 48o 

7 614 

6 468 

6 547 
6 648 

6 777 

6 830 

6 915 

7 Q22 
7 112 

7 204 

7 368 

7 554 
7 727 

Adopted seconds of 
Ult-an N. P. D. 

" 
42·02 
07·00 

53·00 

31 ·50 
56·42 
14·40 
02 ·38 

37·61 
2:2 '6o 

45·25 
40·10 

23·82 

" 
19 ·13 

23 ·59 
21 ·or 

16'38 
29·86 

35·56 

37·95 
32·51 

47 ·r3 
38·20 

58·50 
32·o6 

3 

3 

5 
6 

6 

4 

3 

4 

5 

7 

4 

4 

Latitude. 

0 " 
5 42 58 59·29 
5 59 ·50 
8 58 '77 

9 

9 
7 

5 

7 
8 

IO 

7 

7 

59 '12 

59·07 

58 '77 
58·20 

59·07 
58·92 
·59 ·61 

58 '71 
58·99 

" 
+0·05 
-0·16 

-!-o '57 
+0·22 

+0·27 

+0·57 
+1 ·14 

+0·27 
+0·42 
-0·27 

+0·63 

+0·35 
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17. Unko11001111c, Maine-continued. 

Pairs of stars. Adopted seconds of ,.. ':ii Latituck ,. mean N.P.D. 
II II 0 I II ,, 

7 765 7 845 15 "()() 11 ·10 4 7 42 58 59·65 -0·31 

7 894 s 023 21 "II 23 ·oo 2 4 59·66 -0·32 
s 054 s 097 O" "00 _, 46·00 3 5 59 ·71 -0·37 
s 268 8 284 40·30 II ·44 4 7 59·6o --0·26 
8 296 8 355 25·50 50·92 3 5 59·So -0·46 

I~O 146 28·92 II °73 4 7 58·41 +0·93 
173 198 35·oo 54·70 4 7 59·02 +0·32 
224 244 36·26 06·34 4 7 58·SS +0·46 

337 404 41 ·15 10·25 3 5 60·36 -I "P2 

441 502 44 "IO 42 ·oo 3 5 59·40 -0·06 

535 581 02·55 12 ·71 4 7 60·13 -o ·79 
610 644 09·68 42 ·so 3 5 S9 ·47 -0·13 

673 772 3S·SS 49·28 3 5 59·51 -0·17 
821 897 oS "6o 23 ·48 4 7 6o·6o -1 ·26 

921 I 001 16 "(XJ 35·So 3 5 58·85 +0·49 
I 066 I 123 22 ·02 54·56 3 5 6o·6S -I ·34 
l 175 J 293 45·83 35 ·14 4 7 59 ·47 -0·13 

I 424 I 520 oo ·oo 49·50 3 5 59 ·98· -0·64 
Indiscriminate mean = 42° 58' 5911 ·37. 
Weighted mean =42 58 59 ·34 ± o" ·07. 

c = ±011 ·67. 
115 observations, 30 pairs. 

[Rt;duction to /!). = 0 11 ·oo.] 

18. T'10111pso11, l\:Iassaclmsetts.-T. J. Lee. Zenith telescope, Military Academy. September 19 
to October 16, 1846. One division of level= 111 ·32. One turn of micrometer= 4511 ·064, from 
observations at this station. 

P;1in; of star:-;, Adopted seconds of ,.. 7<' Latitude. ,. 
mt:nn N. P. D. 

II II 0 I II II 

*6 640 6 690 41 ·46 36·72 II 6 42 36 37 ·16 +0·86 

*6 640 6 691 41 ·46 17 ·04 5 3 38 ·16 -0·14 

6 737 6 810 27·48 37·30 9 s 38 "72 -070 
6 861 'k6 966 ()() ·77 30·14 3 2 38 "72 -070 
6 862 , .. 6 966 34·07 :;o· 14 12 7 ,>,7 ·82 +0·20 
7 o:q 7 143 50·20 15 ·50 14 II 37 ·38 +0·64 
7 ::q6 7 310 35 "II 42 ·50 I4 H 38·89 -0·87 

7 418 7 4t\2 04·80 43 "()() 13 II 37·99 +0·03 

7 595 7 fo.7 18·20 50·20 5 5 37·97 +0·05 

7 651. 7 7o6 15"95 I$ "()() 7 7 37·88 +0·14 
7 812 7 914 35·43 ""° ·95 12 JO 38·48 -0·46 

7 973 s 052 16·So 43·6o 12 IO 37·49 +0·53 
s I04 s 182 28 ·20 18 ·oo 12 JO 37·97 +0·05 

Indiscriminate mean=42° 36' 38" ·05. 
Weighted mean =42 36 38 ·02±0" ·10. 

··=±o" ·87. 
129 observations, 13 pairs. 

[Reduction to &=+011 ·25.] 
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19. IVachusett, Massachusetts.-J. H. Toomer. Zenith telescope No. s. September 25 to October 
16, 186o. One division of level =0"·9r, from observations at this station. One tum of micrometer 
= 411"·413, from circumpolar observations at this station. 

Pairs of stars. A.c\opted seconds of 
11' "' Latitude. .. mean N. P. D. 

" 
,, 0 I ,, ,, 

6 654 6 662 22 "3S 17·63 s 7 42 29 1s·68 +o"4s 
6 698 6 723 33·70 43 ·rs s 13 16·25 -o·r2 
6 764· 6 777 2r ·r9 33 "73 6 II rs ·81 +0·32 
6 Ssr 6 86S I l ·93 20·6S s 13 1s·S7 +0·26 
6 S95 6 91s 00·17 40·08 7 12 16·29 -0·16 
6 932 6 968 37·09 S9 74 7 12 15 "7S +0·38 
7 007 *1 073 22 ·04 37·95 6 5 r6 ·49 -0·36 
7 o62 *7 073 46·s4 37·95 8 7 16·36 -0·23 

*7 Oi3 7 o9r 37·95 O.? "2 ... ~ 8 7 16·67 -0·54 
7 r58 7 r71 49·66 06·24 7 12 IS "7S +0·38 
7 2rs 7 2s6 17 ·17 22 ·34 6 II 16 ·34 -0·21 
7 301 7 320 26·64 39·39 9 I4 16·23 -o·ro 

7 ."137 .7 34S 18·7s 4S"46 6 II IS ·94 +o·r9 
7 368 7 401 43·So 20·q 6 II 1s·68 +0·4s 
7 431 7 453 35 ·..is oS·6o 8 13 15 ·so +0·33 
7 474 7 533 22 •6o 47·04 7 !.:? 15 ·q. +0·99 
7 571 *7 6o5 49·q 22 ·46 7 8 •. 15"95 +0·18 
7 586 *7 605 S9'94 22·46 7 8 15 ·96 +o ·17 
7 646 7 721 r27S 36 ':.?O 7 12 16 ·6s -0·52 
7 676 7 731 30·20 2S'53 8 r3 16·77 -0·64 

7 749 7 7rj3 r7 ·07 24·30 7 r2 16·49 -0·36 
7 812 7 914 21 ·96 rg ·rs 7 12 ·16 ·29 -0·16 

7 932 *1 983 51 ·78 4C> '03 7 8 16 ·65 -0·52 
7 94-'l 7 962 28·08 12"97 7 l2 16·66 -0·5;i. 

*7 983 7 994 40·03 33·40 7 8 r6·sS -0·45 
8 054 *S o79 10·36 28·34 9 9 rs ·ss +0·28 
8 075 *S o79 33'90 28·34 9 9 15·45 +0·68 
s 126 8 136 o8·91 52·90 s r• _, TS ·95 +0·18 
8 212 8 224 o6'IO 00'02 6 I! 16 '15 -0'02 
s 277 s 296 03·6o 26·00. 7 12 IS ·78 +0·3s 

*S 324 s 344 ll ·74 24 ·50 7 6 1S"67 +0·46 
*S 324 s 366 It ·74 56·90 7 6 lS ·71 +0·42 
*S 324 46 Il ·74 .p·10 8 7 15 ·27 +o·S6 
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~9· 1l i1d111sdt, l\'Iassachusetts-contiimed. 

Pairs of stars. Adopted seconds of 11' 'U' I.atitude. " mean N. P. D. 

II II 0 11' II 

92 I09 03·44 r3·69 7 I2 42 29 16 78 -o·6s 

130 r7s 37 ·40 . rs·6o 6 11 16·65 -o·s2 

229 244 08·78 10·68 6 II IS ·77 +0·36 

28s 314 52 ·48 05 71 7 I2 16·03 +o·w 

339 345 4S 70 IS ·99 7 12 16·01 +0·12 

412 -146 08·90 09·44 6 II 16·60 -0·47 

469 498 20 78 01 ·3s 6 II 17·07 -0·94 

S35 556 24·84 1S·6s 6 II 16 "Si -·0·44 

s76 «sgo 40·27 S5"90 7 8 15·95 +0·18 

S79 '~S90 38·o8 ss·go 7 8 r6 ·16 --0·03 

6s6 673 36·So 13 "IO 8 I3 I6°09 +0·@4 

706 761 os·So 22 ·40 6 Il 1s·S4 +0·29 

So2 838 ;q ·so 51 ·go 6 II 16 ·12 +o·or 
Indiscriminate mean=42° 29' I611 ·12. 
·weighted mean '=42 29 16 ·13±011·04. 

''=±0"·60. 
322 observations, 46 pairs. 

[Reduction to &=+011·95.] 

20. Hm;1ard Colli:t;e Observat01:1•, Cambridge, Massaclrnsetts.-The report of Dr. B. A. Gould 
to the Superintendent of the United States Coast Survey, dated Cambridge, November, 186s. and printed 
in the Report for 186s, gives the following information respecting the latitude of this observatory: 

"Prof. B. Peirce in 184s found from transit observations in the prime ,·ertical by Messrs. \V. C. 
Bond, J. D. Graham, and G. P. Bon.1 the following values for the latitude of the obseryatory: 

\V. C. Bonrl, 6::? observations, 42° 22' 48" ·83 
J. D. Graham. 41 observations, 48 ·29 
G. P. Bond, 6s observations. 48 ."86 

Mean l.Jy weights 42 22 48 ·60 

"This result has been used to the present time. The adoption of later determinations of tht: 
declinations of the s stars obsen·ed \\'ould somewhat diminish tht: resultant value; but there st:ems 
little doubt that thi« value should be lessened by abont half a second, unless strong local disturbances 
of the plumb-line exist in the vicinity."'• 

Other references will be found in the American Ephemerig anrl Nautical Almanac for 1ti55 anrl 
in Memoirs of the American Academy of Natural Sciences, II, w3. 

The reduction to the center of the dome is -0"·5s. hence the latitude of the dome 42° 22' 4811 ·05 
with estimated probable error ±011

• 22 which is adopted. t 

*This last remark ha~ 111.l bt:aring 011 the result hen: needed. 
t Th~ Ephen1eri~ for iSSS gh·es 42° :J.J' 48"'3, and that uf 1~89. 4.:?0 ::!.:?' 47''·6, for which \'aluei; no t:x11lanatio11 is offered. 
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2r. Clt><•crd,•11 Of>scr;.•a/01:1•, Cambridge, l\'!assaclrnsetts:"-B. A, Gould, J. Searles, and C. H: F. 
Peters. :lenith telescope No. 5. · August to October, 1855. One division of level =011 ·88. One turn 
of micrometer =·F"·369. 

Pai rs of stars. 

6 372 

6 452 

6 i2S 

6 861 

6 912 

7 073 
7 158 
7 188 
7 219 

7 368 

7 4.~' 

7 503 

7 765 

7 950 
s 054 
8 284 

s 324 

92 
158 

6 426 

6 497 

6 769 
6 882 

6 932 

7 091 

7 171 

7 193 

7 297 
7 401 

7 453 
7 521 

7 800 

7 978 
8 079 
8 3rn 

s 344 

109 
219 

Adopted seconds of 
mean N. P. D. 

" 
20 70 

38 78 

59·05 

36 ·40 
02 ·71 

36·14 
51 •l-;1 

42 ·3.i. 

03 ·34 
56 ·26 

5r ·20 

sr ·13 

10·30 

46·46 

47 ·.~4 
50·33 

51 ·07 

43 "70 
55·22 

II 

15 "II 

17 ·17. 

21 ·26 

55·43 
28·75 

OI ·98 

09·23 

13·63 
5r ·or 

35·34 
25 ·16 

08·56 

32 ·35 
o6·So 

04 ·.;7 
26·02 

04·50 

53 78 
25 ·28 

,., 

18 

20 

18 

17 
21 

2r 

19 

19 
18 

17 
r6 

rs 
r2 

12 

14 
12 

12 

IO 

II 

';.(' 

9 

9 

9 
8 

9 

9 

9 

9 

9 
8 
8 

8 

8 
s 
s 

s 
7 
s 

Indiscriminate mean =42° 22' 4011·97. 

0 I II 

42 22 40 "79 

40·36 

41 ·83 

•P ·40 

39·86 

4r ·31 

40·65 

4r ·53 
40 ·81 

40·69 

40·88 

41 ·30 

41 ·r3 

41 ·78 

4r ·2r 

40 ".j.I 

40·37 

~0·84 

\Veighted mean =42 22 40 ·97±011·oS. 
l' =±01"67. 

302 observations, 19 pairs. 

,. 
II 

+0·18 

+0·61 

-o·S6 

-0"4.~ 

+1 ·11 

-0·34 

+0·32 

-0·56 

+o·r6 

+0·28 

+0·09 

-0·33 
-o·r6 

-o·Sr 

-o·,34 

-0·24 

+0·56 

+0·60 

+o·r3 

[Reduction to center of dome of Harvard College Observatory =+711·20.] 

22. 1lfo1111! T.mz, Massaclrnsetts.-E. Goodfellow. Zenith telescope No. 5. July 18 to August II, 
1862. One division of level = 0 11 ·76 from observations at this station. One turn of micrometer 
= 41"·38o from circumpolar observations at this station. 

Pairs-of stars. Adopted seconds of ,,. 'UI Latitude. .. mean N. P. D. 

" " 0 I II " 
5 157 5 168 25·88 43·00 3 42 14 27·oS +0·54 

5 249 5 252 23·24 17 ·25 5 7 27·6r +o·or 

5 295 5 3J8 08·47 42 "79 5 7 28·20 -0·5S 

5 376 5 453 30·19 49·83 3 6 28 ·oo. -0·38 

5 463 5 496 23·00 :!2 ·67 6 8 27·48 +0·14 

5 512 5 530 21 76 16·74 6 8 28·33 --071 

5 549 5 619 57·65 19·40 5 7 27·52 +o·rn 

5 6o2 5 643 52·26 14·21 5 7 27·6o +0·02 

5 624 5 629 15·64 18 76 5 7 28·32 -0·70 

5 775 5 790 54·97 05 ·14 5 7 26·49 +1 ·13 

*See report by Dr. B. A. Gould dated No\"ember, 1865. in F. S. Coast Sun·t:y Report for 1865. These resu Its were 
re,,ised aud in part hnproved in 1870. 
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22. JIF01mt Tom, Massachusetts-continued. 

Pairs of stars. Adopted seconds of 
11' ~£1 Latitncle. t' mean N.P.D. 

" II 0 I II II 

s 763 s 776 20.25 16·s6 6 8 42 l4 27 ·89 -0·27 

5 795 5 842 SI ·s3 s6·oS s 7 27 ·57 +0·05 

s 944 5 997 2s·os 34·8o 5 7 28 ·12 -o·so 

6 013 6 o62 13 "IO 08·91 4 7 27·o6 +o·s6 
6 021 6 079 46·00 J6 ·63 4 7 2870 -r ·08 

6 1q9 6 193 2s·77 46·98 4 7 26·83 +o. 79 

6 T47 6 18s 19·41 rs·68 4 7 27·s6 +o·o6 

6 162 6 218 12·05 s8·43 s 7 28·os -0·43 

6 300 6 373 22·39 00·18 s 7 27·6o +0·02 

6 341 6 4!0 13·82 51 ·41 3 6 27·09 +o·s3 
6 466 6 516 28·62 35 ·r2 s 7 27·95 -o·33 

6 47S 6 493 o3 ·rs 31 ·03 4 7 26°66 +0·96 

6 S34 6 5SI 35·24 SI ·12 5 7 27·00 +0·62 

6 s30 6 5S3 16·57 47·72 s 7 27·¢ -0·34 

6 65s 6 602 45·29 12 ·2s 5 7 26·78 +0·84 

6 659 6 698 so·6s 17 ·So 5 7 27·23 +0·39 

6 718 6 74S 17 "II 5S"49 5 7 28 ·q -o·s2 

6 740 6 748 4S"32 s6·32 5 7 27·08 +0·54 

6 771 6 799 38·24 56 ·31 5 7 27·86 -0·24 

6 827 6 834 41 ·92 42 ·35 5 7 27·75 -0·13 

6 847 6 879 I4 ·o6 31 ·87 6 8 28 ·18 -0·56 

6 862 6 882 03·06 48·48 5 7 27·67 -0·05 

6 930 6 941 24·48 25 ·44 5 7 27·23 +0·39 

6 957 6 _976 16 ·56 12 ·58 5 7 27·36 +0·26 

6 985 6 998 28 ·51 46·80 6 8 27·15 +0·47 

7 073 7 091 15 ·92 37 "8o 5 7 28·72 -I "IO 

Indiscriminate mean =42° 14' 2711 ·61. 
\Veigbterl mea·n =42 I4 27 ·62±011006. 

e=±o11 ·45. 
172 oh~ervations, 36 pairs. 

[Reduction to &=+011·91.] 
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23. 1J/a11omel, Massachusetts. -C. 0. Boutelle, F. H. Agnew, and C. S. Peirce. Zenith telescope 
No. 5. July 8 to August 21, 1$67. One didsion of level= 0 11 ·951 from observations at this station. 
One turn of micrometer = 41" ·423 fn:om circumpolar obsen·ations at this station. 

Pairs of sta1·s. 

4 812 

4 873 

4 961 

5 058 
5 181 

5 336 

5 512 

*5 541 

*5 541 
5 628 

5 714 

5 847 

*5 871 

*5 93 1 

·lf5 931 

*s 997 

*5 997 
*6 185 

*6 185 

6 341 

6 522 

6 571 

6 637 
6 698. 

6 763 

6 764 
6 Sro 

6 962 

6 965 
7 o62 

5 168 

5 295 
5 444 

5 530 
5 6o2 

5 795 

5 927 
*6 223 
*6 223 

·t l 631 

4 843 

4 949 

4 974 
5 085 
5 204 

5 463 

5 525 

5 574 

5 575 
5 702 

5 797 

*5 871 

5 886 

5 950 
5 951 
6 062 

6 o68 

6 232 

6 237 

6 373 

6 547 
6 62,:; 
6 681 

6 734 

*6 784 

*6 784 

6 932 

*6 990 

*6 990 
7 103 

~ 271 

5 388 

5 459 
5 56o 

5 752 
5 863 

5 937 
6 3ll 

6 318 

*6 427 

Adopted sec,;nds of 
mean .. N. P. D. 

II 

31 ·30 
15 ·oo 

18·20 

52 ·26 

30·50 

59 ·oo 

03·00 

12"40 

12 ·40 

31 ·40 

23 ·37 

02·80 

39·00 

37·47 

3i '4i 

45·05 
45·05 
07·85 
07·85 
00 ·60 
..,, ·n:: 
-..J 7..J 

54·08 
I I ·30 

25·50 
40·00 

56·38 
23·90 
31 ·oo 

07·00 

38 ·12 

24·40 
42·8o 
01 ·oo 

57 ·01 

56·94 

29·54 
16 72 

24·95 
25·50 

25 ·50 

17 75 

II 

13·40 

14·00 

36·6o 

08·20 

45·00 
06·90 
06·00 

53·60 
26·8o 
06·00 

25·30 
39·00 
47 ·10 

26·50 
08 "jO 

13 ·54 
s..i. ·so 
22 73 

05·41 
44 ·10 
2r ·.12 

..J.2 ·92 

33·50 
25·6o 

09·67 
48·50 
48·50 

24 "74 
43·02 

43·02 

II ·48 

30·00 

54·40 
18 ·40 

50·99 
55·So 
31 ·01 

56·So 

37 ·50 
20·80 

03·82 

.,. 

6 

6 

7 

7 

7 

7 

7 

5 
5 
6 

7 

6 

7 

5 
5 

5 

5 
6 
6 
6 

6 

6 

6 
6 

6 

6 
6 

6 

6 

6 

6 

6 

4 
6 

5 

5 
6 

6 

6 

6 

5 
5 
5 

5 
5 

5 

5 

3 
3 

5 

5 

3 

3 
_, 

3 

3 

3 

3 

3 
5 
5 

5 

5 

5 

5 

3 

3 

5 

3 

.3 

5 
5 

5 
5 
5 

5 

5 

5 

3 

3 

3 

Latitude 

O I ll 

4I 55 34·56 
35 ·12 

34·94 
35 ·31 
35·61 

35·23 

35 ·56 
34·24 

.34 ·04 

35 ·92 

34·47 
35 "II 

35 74 
35·82 

35·84 

35 ·so 
35 ·4S 

34 ·83 

36·53 

33 ·99 
35 ·75 

34 ·36 
34·82 

35 ·29 
34·81 

35·46 

35 ·43 

35·55 
36·24 
36·00 

35·o6 

34·90 
35·66 

36·81 

36·72 

34·80 
36·70 

35·87 
35·0S 

34 72 
36·70 

,, 
,, 

+079 

+0·23 

+0·41 

+0·04 

-0·26 

+0·12 

-0·21 

+1 ·rr 

+1 ·31 

-0·57 
+o·ss 
+0·24 
--0·39 

-0·47 
-0·49 

-0·45 
-0·13 

+0·52 
-I 0 18 

+1 ·36 

-0·40 

+0·99 

+0·53 
+0·06 

+0·54 
-0·11 

-0·08 

-0·20 

-0·89 
-0·65 
+0·29 

+0·45 
-0·31 

-I •46 

-I ·37 

+0·55 

-I ·35 
-0·52 

+0·27 

+0·63 

-1 ·35 
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23. 1lfa11omd, Massaclmsetts-continuf'd. 

Pai rs of stars. Adopted seconds of 
mean N. P. D. "' w Latitude. ., 

II II 0 I ,, II 

t l 6,;J *6 427 21 ·25 03·82 6 3 41 55 34 ·S5 +0·50 

6 456 6 s20 34·62 oS·oo s s 3s·S2 -0·47 

6 530 6 S34 50·92 09·19 s s 35·91 -o·s6 

6 582 . 6 629 s3·36 04 ·14 s 5 34·02 + 1 ·33 
6 6j3 .t 2 872 09·04 25 ·16 6 5 34·63 +0·72 

6714 6 748 39·90 13·50 6 s 34'73 +0·62 

6 7S8 6 867 40 '71 30·44 s s 34·42 +0·93 

6 973 6 976 31 ·so 18·20 s s 35·24 +0·11 

7 03s 7 o67 18 'S3 2s '20. 6 s 34·43 +0·92 

7 05s 7 lS2 02 ·17. 45·62 6 s 35·62 ,-0·27 

7 215 7 246 47·65 57 ·30 s 5 35 71 -0·36 

7 :is6 7 281 47·80 2s·30 6 s 3S ·43 -o·oS 

7 3o6 7 320 s6·35 01 '20 6 s ,,s ·30 +o·os 

s 321 5 341 3o"SO 48·69 2 4 35·6o -0·25 

s S35 s 619 s2·27 56 'JS 3 s 34 ·45 +0·90 

s 747 5 Ss3 14 ·64 54 ·19 8 s 35·39 -0·04 

·s 978 6 106 24 ·18 04 '14 6 s 35 'SS -0·20 

6 238 6 368 27 78 37 ·64 7 s 35·33 +0·02 

6 497 6 530 19·57 so·92 6 5 3S ·68 -0·33 

6 6o3 6 698 46·00 40·00 6 s .35 ·43 -0·08 

6 745 6 769 15·20 4o·SS 7 5 35·78 -0·43 

6 847 6 940 27·90 16 '70 7 s 35 ·47 -0·12 

6 983 6 997 3S'SO 53·00 7 5 36 'IS -O'So 

7 041 7 119 44 ·76 07 ·44 6 s 36·16 -o·s1 

7 143 7 176 S5 ·oo 30·50 7 5 35·59 -0·24 

7 204 7 243 3S'44 38·09 5 s 34·90 +0·4s 

7 2s3 7 26o 54·48 o6·9S 5 s 3S'64 -0·29 

7 277 7 ,;33 36·so os·30 6 5 3s·66 --0 ·31 

7 38s 7 4SS 16·22 ... ~s ·12 6 s 3s·6S -o·33 

~ s 241 7 sos 01 ·30 .39·30 7 s 3S'32 +0·03 

7 533 114 739 S2 ·74 30·94 7 s 33·98 + 1 ·37 

7 542 7 s8s 02·s2 44 ·70 7 s 36·s2 -I ·17 

7 623 7 636 39'SS 49·67 7 s 3s·29 . +0·06 

7 696 * 7 706 4S'94 12'22 7 3 34·86 +0·49 

7 698 *7 706 38·ss 12 ·22· 7 ,; 3S'32 +0·03 

7 7S4 7 7S7 16 ':20 S7 ·o6 s s 3S ·65 -0·30 

Indiscriminate mean = 41° SS' 3s11 ·36. 
\Veighted mean =41 5S 3S '3S ±011·os. 

{" = ±0'"·30. 
4S6 observations, 77 pairs. 

[Reduction to ~ = 0 11 ·00.] 

t·Greenwich, 12-year catalogue. t Groom bridge. i! Ratlchffe. ii Armagh. 
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24. Sa11dford, New Vork.-E. Goodfellow. Zenith telescope No. 5. September II to October 8, 
I862. One di vision of level = o" ·687. One turn of micromet~r = 41 11 ·40. 

Pairs of stars. Adopted seconds of 
11' "' Latitude. 7J meau N. P. D. 

II ,, 
0 I " " 6 421 6 468 10"54 rs ·rs 2 4 41 27 41 ·ro -0·63 

6 427 6 470 21 ·44 43 ·64 4 5 40·55 -0·08 

6 475 6 495 03 ·15 17 ·94 5 5 39·46 +1 ·01 
6 520 6 556 32·56 49 "]l 3 5 40·35 +o·r2 

6 530 6 571 16·54 40·61 3 5 41 ·46 --0·99 

6 555 6 589 45 ·29 03·05 3 5 40·50 -0·03 

6 629 6 652 36·40 5r ·67 5 5 39·24 +1 ·23 
6 698 6 7I7 17·87 (2 "73 5 5 40·80 -0·33 
6 73r 6 765 30·32 20·21 5 5 41 ·oo -0·53 

6 779 6 So6 r6·02 08·63 5 5 39·74 +0·73 
6 818 6 827 39·77 41 ·23 5 5 39·84 +0·63 
6 86r. 6 866 29·70 20 ·41 5 5 40·28 +0·19 
6 867 6 882 18·43 48·14 5 5 40·50 -o ·03 

6 937 6 962 52 ·17 00·85 5 5 4r ·os -o·6r 

6 965 6 967 31 ·46 51 "70 5 5 40 78 -0·31 

6 970 6 975 !9"59 18·96 5 5 4n·.,,:c; - , - -0·3r 
7 02j 7 Ocp 4$·64 .p ·55 5 5 -to ·u +0·36 
7 013 7 060 30·34 01 ·41 5 5 40·61 -0·14 

7 084 7 112 38·26 42 ·64 5 5 40 '21 +0·26 

7 120 7 164 14 ·32 53·66 5 5 4r ·52 -I "05 

7 153 7 194 28·30 56·08 5 5 40·52 -0·05 
~ 182 7 204' 15·88 41 ·.17 3 5 39·08 +r ·39 I 

7 198 7 213 I0"26 51 ·72 3 5 40·30 +0·17 
7 220 i 275 46·93 19·00 5 5 40·99 -0·52 

7 297 7 333 I I "23 r6 ·10 5 5 40·47 o·oo 

7 345 7 373 17·46 04 ·ro 5 5 4£ ·09 -0·62 

7 365 7 368 57·34 14 ·Go 5 5 39 "II .+1 ·36 
7 387 7 410 IS ·27 :q · 12 5 5 39·87 +o·6o 
7 418 7 449 02·07 53 ·50 5 5 41 ·42 -0·95 

7 455 7 4!)2 55·34 53·56 5 5 39·58 +0·89 

7 474 7 495 50·94 54·45 5 5 40·38 +0·09 
7 503 7 505 00·¢ 58·97 5 5 40·79 -0·32 

7 544 7 554 04·43 II '92 5 5 40·3S +0·09 
7 571 7 582 13 ·99 06°68 5 5 41 ·30 -0·83 

7 585 7 595 07·30 54·97. 5 5 41 ·39 -0·92 

Indiscriminate mean =410 27' 40" ·47. 
\Veighted mean = 41 27 40 ·47 ± o" ·oS. 

e = ± o"·39. 
161 obsen•ations, 35 pairs. 

[Reduction to & = - 0 11 ·39.] 
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2s. 1Vesl Hills, New York.-A. T. Mosman. Zenith telescope No. s. August 8 to 24, 1865. One 

di vision of le\"el = o" 76 from obsen·ations at this station. One turn of micrometer = 4 l" · ,,97 from 
circumpolar observations at this station. 

Pairs of stars. Adopted seconds of ,,. w Latitude. v tnean N.P.D. 

II II 0 I II II 

5 617 s 644 o8·6o 07 ·17 6 16 40 48 so·8s -0·79 
s 643 s 677 34 ·15 s2·20 4 14 49·69 +0·37 
s 6sS s 703 00·26 s7·82 2 ro so·31 -0·2s 
5 702 s 734 s4·09 20·97 4 q 49·67 +0·39 
5 714 S 8or 12 ·37 33·63 6 16 49 "SI +o·s5 
s 7S2 s 798 44·57 42 ·17 4 14 49·66 +0·40 
s 840 s Ss6 17 ·oo 03·62 6 16 49·69 +0·37 
s 842 s 911 08 ·18 30·90 6 r6 so·14 -o·oS 
s 874 5 944 26·S9 -33 ·18 7 16 49·97 +0·09 
s 922 s 950 06·5s 2 I "7.J. 6 r6 49·69 +0·37 
s 978 6 030 16 ·so 57 ·54 4 14 49·99 +0·07 
6 005 6 079 39·91 18·50 s rs so·27 -0·21 
6 013 6 082 18"60 46·33 4 14 50·14 -0·08 
6 147 6 246 19·20 36·34 6 16 5o·S6 -o·So 
6 :!31 ·X-6 31 I 34 '70 43·54 6 IO 50·33 -0·27 
6 251 ·X-6 311 19 ·5s 43·54 7 II 49·91 +0·1s 
6 37,\ 6 438 so·58 06·00 6 16 49·76 +0·30 
6 387 6 410 49·80 40·32 6 16 49·53 +o·s3 
6 421 6 •l-27 59·o6 09 "70 6 16 50 ·17 -O"II 
6 468 6 s16 04·95 20·19 0 16 5o·o6 o·oo 
6 473 6 493 06·94 16·96 6 16 49 "75 +0·31 
6 534 6 566 19'74 08·09 5 IS so·22 -0·16 
6 553 6 579 32 ·65 49 "90 6 16 49·s2 +0·54 
6 581 6 656 04 •86 24·97 6 16 50 ·21 -0·15 
6 635 6 69o 26·6s I7 ·90 6 16 50·40 -0·34 
6 698 6 721 S7 ·so 42 ·or 6 I6 50·07 -0·01 
6 7II *6 728 49·64 40·82 7 II 49·94 +0·12 

"*6 728 6 765 40·82 53 ·rs 6 IO 5o·so -0·44 
6 748 6 762 30 ._,6 07·17 5 IS 49·83 +0·23 
6 810 *6 818 so·75 12 ·44 6 IO 49·99 +0"07 

*6 818 6 866 I2'44 51 ·90 6 IO 49·33 +0·73 
6 827 6 863 r4·4s 19"!0 6 I6 50·93 -0·87 
6 868 6 905 00·27 24·45 6 I6 50·37 -0"3I 
6 876 6 937 40·77 23"!0 6 I6 so·15 -0·09 
6 91s 6 965 52 ·48 00·62 7 I6 5o·09 -0·03 
6 966 6 976 04·42 40·94 6 16 49·87 +0·19 
6 983 6 998 56·65 IS'02 6 16 50·15 -0·09 
7 022 7 041 2~·46 07·86 7 16 so·47 -0·41 
7 o64 7 II7 19 '71 01 ·71 7 16 50·21 -0·15 

Indiscriminate mean = 40"' 48' so'' ·06. 
\Veighted mean =40 4S 50 ·06 ± o" ·04. 

t' = ±011 ·34. 
223 obser\"ations, 39 pairs. 

[Re<luction to !~ = - o" ·16.] 
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26. Na:c• J'ork, N'ew York.-E. Goodfellow. Zenith telescope No. 5. June 22 to 25, 1858. One 
division of level= 011 ·845. One turn of micrometer= .p11·516. 

Pairs of stars. Adopted soeconds of ,.. ';"(' I.atituc:le. ,. 
mean N. P. D. 

" II 0 II II 

4 6-10 4 726 05 ·~fa .p •o6 3 4 40 43 47·72 +0·67 

4 804 4 SoS 05·42 II ·96 3 -I -17·72 +-0·67 

4 845 4 S6-1 41 ·90 57·76 -I 5 47 ·28 +1·11 

4 885 4 897 13·08 06·54 4 5 48·o6 +0·33 
-~4 952 5 000 35·82 49 77 4 " 48,86 -n·47 

*4 952 5 036 35·82 ll ·25 4 3 47·36 +1 ·03 

5 Il3 5 :m-1 50·58 Ul '05 4 5 49 ·10 -0 '71 

5 :244 5 :'- IJ 39·10 51 •66 4 5 47·53 +0·86 

5 336 -~5 400 27°68 58·95 4 ·' 48·86 -0·47 

5 385 *5 400 -15 ·50 58·95 4 ,:; -19·63 -I ·:q 

5 448 5 502 14·58 q·S7 4 5 48·24 +0·15 

5 599 5 677 20·95 oS ·13 4 5 48 ·q +0·25 

*5 752 5 798 n6 ·46 09·57 4 _, -18·50 -0 'Ir 

-~5 752 5 860 o6 ·-1i5 :23 ']2 -I 3 -17 ·5s +0·81 

*5 902 5 967 29·36 09·81 -I ·3 -18·95 -0°56 
:,ot-5 9m .~ 988 29·36 48·41 4 3 48·62 -0 ·23 

6 005 -:•6 079 27 ·06 r .~ ·S.-. •I -' 48·0<; -n·56 

*6 '-'i9 6 223 13 ·So ,;6 ·,38 2 3 4S·s2 -(J ·-1.:; 

6 25r 6 318 29·16 -11 ·-1-1 3 4 49·ss -1 ·19 

6 387 6 410 II '3-1 06·r3 3 4 -19 ·17 -078 

6 -176 6 -191 .59 ·38 09·58 4 5 49 ·1,:; -074 

6 5.3-1 6 ,,;q ,,5 ·92 is ·7s 4 5 4S·n6 +n·33 

6 6-18 6 687 13·28 l12 "7'2 4 5 48·51 -0·12 

6 697 6 740 16 ·6r 17 ·46 4 5 48·02 +0·37 

Indiscriminate mean = 40° 43·1 4811 ·43. 
\Veighte•i mean =-10 -13 48 ·39 ± 0"·09. 

<=±o"·-15. 
go observations, 2-1 pairs. 

[Reduction to center of transit ur L!:, = + 0 11·21.] 
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27. Beacon Hill New Jersey.-J. B. Ba:xlor. Zenith telescope No. 4. July 24 to August 27, 1875. 

One division of level = 211 ·04. One turn of mierometer = 4311·462 from circumpolar observations at 
this station. 

I>uirs of starH. 

5 400 

5 432 
*5 463 

5 523 
.5 629 

5 703 
*5 8or 

*5 Sor 

5 931 
5 997 

*6 082 

6 193 
*6 232 

*6 232 

6 300 

6 357 
6 438 

6 476 
6 530 
6 571 
6 6o2 

6 697 
6 728 
6 8oo 

6 862 

5 596 
5 951 
6 o84 
6 i84 
6 238 

6 7II 

6 745 
6 8IO 

5 41 l 
*5 463 

5 479 
5 546 
5 677 
5 785 
5 828 
5 86o 

5 937 
*6 o82 

6 095 
6 203 
6 246 
6 258 

6 348 
6 404 
6 463 
6 497 
6 547 
6 579 
6 681 

6 714 
6 771 
6 830 

6 933 
5 6o4 
6 033 
6 09r 

6 223 

6 335 
6 718 

6 765 

6 867 

Adopted seconds of 
mean N.P.D. 

II 

46•88 

23·74 
17 '20 
29·40 

47·64 
58·75 
22 ·52 
22·52 
0( ·51 
01 ·30 

53 'IO 
37 ·14 
12·63 
12·63 

55·o6 
29·6o 
25·6o 

45 ·92 
I0'05 
25 '20 

52 ·77 

09·04 

22·43 
28·50 

00:07 

35·6o 
29·8o 

15 '09 

40·87 
16·So 

32·99 
09 ·51 
22 ·04 

II 

03·00 

17 '20 
20·84 

04·37 
56·00 

53·32 
43 ·46 
29·70 
19°66 
53 'IO 
16·61 

56·45 
21 ·59 
31 •66 

58·33 
29·83 
50·95 
41 ·16 
01 ·35 
41 ·8o 

28·68 

40·44 
47·42 
24·52 
17 ·42 
IO '20 
OJ ·85 
44•68 
16 ·26 

40·07 
36•89 
30·62 
14'83 

3 

5 

7 

5 

5 
6 

7 
6 

7 
6 

7 

7 
7 

7 

7 
6 

6 

7 
6 

7 

7 
6 

7 
6 

6 

3 

5 

5 

5 

5 
6 

5 

5 

"' 

6 

4 

5 

7 

7 

7 

5 

5 

7 

5 

5 

7 

5 
5 

7 

7 
7 
7 

7 

7 

7 

7 

7 

7 

7 
6 

7 
7 

7 

7 

7 

7 

7 

Indiscriminate mean =40° 22' 2711 ·84. 

Latitude. 

o I II 

40 22 27·73 
28·95 
27·77 
26·86 

26 ·78 
27·58 

27·59 
28·6o 

28 ·15 
28·02 
28·64 
26·95 
28•o8 

27·65 
28·30 
21·30 
28·31 
27·62 
27·66 

27 ·41 
27 ·38 
27 'lO 

27·50 
27 ·61 
27·46 

27·39 
28·24 
28 'II 

27·87 
28·26 
28·26 

28 '67 
28·97 

Weighted mean =40 22 27 ·81±011·07. 
e=±o11 ·42. 

195 observations, 33 pairs. 
[Reduction to & =o''·oo.] 

4192-No. 7-02--19 

v 

II 

+0·08 
-1.·14 
+0·04 

+0·95 
+1 ·03 
+0·23 
+0·22 

-o·79 
-0·34 
-0·2r 

-0·83 
+0·86 
-0·27 
+0·16 
-0·49 

+0·51 
--0·50 
+0·19 

-;-0 ·15 
+0·40 

+o ·43 

-/-0 ·71 

+0·31 
+0·20 

+0·35 
+0·42 
-0 ·43 

-0·30 
-o·o6 

-0·45 

-o·45 
-0·86 
-I '16 
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2S. /1!01111! Rose', New Jersey.-J. E. Hilgard. Zenith telescop.: No. 2. July 19 to August 3, 1 H52 
One <lidsion of level=rll·oo, from observation~ at this statio11. One turn of micrometer=-1-1"750, 
from circumpolar observations at this station: 

Pairs 1)f stars. Adopted s~cond< of 
1~1ea11 N. P. JJ. 

11' ~(· J.atitndt::. ,. 

/I " 0 ,. '·' 
p 285 5 302 52·45 25 ·6r .. -I 40 22 r,5 ·oo ..1,-0·41 

5 338 5 432 00·55 .:is·So 4 6 05·54 -6·07 

I 2ll 5 383 13 ·So 40-.';4 ·' -I 05 ·26 +0·15 

I :176 s 382 31 ·31 17 ·oo. ·' 4 cq ·62 +079 

s 463 s -li9 54 75 58·92 -I 6 0 5 75 -0·34 

5 489 I 448 57-6o 00·94 -I 6 05·6o -0·19 

5 628 5 686 47·-12 40·14 3 -I 05·~5 -0"24. 

5 674 5 740 24·66 19·65 4 6 04 "66 +075 

5 702 5 728 35 ·40 50·,p ·' -I 05·89 -<>"48 

s 785 5 922 59·46 26°36 4 6 04·83 +0·58 

5 821 5 823 q·oo JO "5(1 
" 4 04·56 +0·85 

5 941 .5 972 -II 066 r6 ·26 -I 6 05 ·4s -0·07 

5 967 tr 539 54 ·96 4 .. ~ "II) ·' -I 05·q +0·27 

6 178 6 255 42 ·61 04 ·12 ·' -I 1.)6 ·62 -r ·21 

6 2!6 6 223 J9 7,) ...:.3 ·3n ·' -+ 05·52 -c- ·ir 

6 -z·"1'1 *6 348 24 ·2fi 5S "-!5 ·! -1 05 ·c-c-.. +o· .. p: 
6 _:141 "6 ~qS 39·21 5$·45 ·' 3 05 ·23 +(1°18 

6 46o 6 563 05 ·74 4976 3 -I 05 ·s-i -0"-lJ 

6 487 6 586 -1-1 "76 oS·27 -~ -I 05 ·29 -+0·12 

6 585 6 625 19 ·:30 20·26 -~ -I (>6 ·29 -n·SS 

6 623 6 690 [(1 ·44 s·.? ·nn ·! 6 l).J ·93 +c,·48 
6 648 6 697 53·77 (I] ·73 3 -I 06 ·33 -n·92 

6 735 6 749 26·44 o6·40 3 4 06·70 .-1 ·29 

*6 817 *6 Sr7 27·66 27·66 -I 6 04·84 +0·57 

Indiscriminate meau =40~ ·221 u5"·44. 
\Veighted mean · =40 22 05 ·41±011·os. 

t!=±o11 ·82. 
Sr observations, 24 pairs. 

(Reductio11 to & =o'/·c.t0.] 

t Groombridge. t Gree11wich 12 year Cat. l&\5-
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29. J i1rd, Pennsylvania.-J. E. Hilgard. Zenith telescope No. 6. October 17 to NO\·ember 2, 
1854. One division of level=o"·So. One turn of micrometer=7611 ·15, from circumpolar obsevations 
at this station. 

Pai rs of stars. Adopted seconds of ,,, 
~.-· Latitudt:. ,, inean N. P. D. 

II II ~ II II 

7 029 7 085 43·69 13·97 6 13 39 58 28·58 +0·81 
*7 091 7 131 q·o3 o6·40 4 6 29·63 -0·24 
-~7 091 7 132 q·o3 02 ·45 4 6 29·9s -o ·59 

7 q1 7 I-1-4' 29·97 09·66 3 6 29 "16 +0·23 
7 182 7 194 58·31 39·23 8 17 29·63 --o ·24 
7 213 7 253 38·34 49·23 4 9 29·6o -0·21 

7 26o *7 297 02·53 01 '9<-' 4 6 29·46 -0·07 
7 27i *7 297 34·o6 01 ·90 6 9 30 ·cq -0·65 
7 313 i 326 53 "78 49 "71 :2 29 "9<• -0·51 
7 363 7 372 II "25 56·30 4 9 28·54 +0·85 

*7 399 7 469 50·15 02·33 29·40 -0·01 
*7 399 7 480 50·15 05·90 6 9 29·54 -0·15 

7 402 7 462 59·78 57·01 5 11 29·66 -0·27 
7 521 7 554 24 "76 21 ·78 4 9 29·36 +0·03 
7 56o 7 6o7 30·78 13 "72 5 I I 28·64 +075 
7 610 7 674 31 ·90 00·40 4 9 29·39 o·oo 
7 696 ·»7 712 31 ·90 21 ·_w 4 6 29·53 -o·q 
7 69S *7 712 24·82 21 ·34 4 6 28·83 +0·56 
i 727 7 731 46·90 10·96 4 9 28 ·36 +1 ·03 
7 757 7 787 51 ·26 27 '72 6 ,. _, 30·54 -I ·15 
7 Sos 7 851 26·.:;o 45·57 6 13 29·20 +0·19 
7 878 7 908 45 ·53 46·02 2 4 29·os +0·31 
7 937 7 973 05·55 44·06 5 11 29·72 -0·33 
7 984 8 O.'i7 01 ·43 43·56 2 4 30·57 -1 ·is 
8 059 8 156 56 '!/ 15 ·17 5 11. 30·30 -0·91 
s 082 ·~8 159 26·10 59 ·20 2 3 29-29 +0·10 
8 114 ~·8 159 54 "Sr) 59 ·20 5 29·51 -0·12 
s 177 :; 187 20·32 43 ·13 5 II 29·40 -0·01 
8 2o6 8 231 48 ·41 11 ·rs 4 9 28•78 +0·61 
8 279 8 299 47·96 23·42 5 I l 29'57 -0·18 
8 312 8 314 27 ·22 o7·9s 2 4 29·81 -0·42 
8 355 26 50·42 41 ·42 3 6 29"35 +0·04 

32 46 19 ·17 ,p ·97 3· 6 29 ·17 +o ·n 
6o 67 II '90 23 ·95 3 6 3o·oS -0·69 
~o 87 25 ·14 08 "70 _,, 6 ·28·75 +0·64 

II4 156 I4 "77 18·54 3 6 28·30 +1 ·09 
166 18o 19·38 20·51 4 9 29 ·31 +o-oS 

Indiscriminate mea11=39° 58' 29" ·41. 
"Weighted mean =39 58 29 ·39±0" -o6. 

<"=±o" ·68 
148 observations, 37 pairs. 

[Reduction to d:,. =o" ·oo.] 
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For the abstracts _of results corresponding to the astronomic latitudes of the fol
lowing stations, munbered from 30 to 53, inclusive, that is, for stations common to the 
transcontinental arc and the oblique arc, see ·'The Transcontinental Triangulation'' 
United States Coast and Geodetic Survey Special Publication No. -1-; Washington, D. C., 
1900. The final summary of the results for latitude includes the adopfod latitude at 
these stations: 

30. Prindpio, Md. 42. Naval Observatory (new), D. C. 
31. Maryland Heights, Md 43· Hill, Md. 
32. Pooles Island, Md. 44. Naval Observatory (old), D. C. 

33. Sugar Loaf, Md. 45. Seaton, D. C. 

34. Dover, Del. 46. Coast and Geodetic Survey Office, D. C. 

35. Webh, Md. 47: Bull Run, Va. 
36. Soper, Md. 48. Marriott, Md. 

37. Rockville, Md. 49· Cape Henlopen, Dd. 
38. Taylor, Md. 50. Clark, Va. 

39. Strasburg, Va. 51. Elliott Knob, Va. 
40. Cape May, N. J. 52. Charlottesville, Va. 
41. Causten, D. C. 53. Long :\lountain, Va. 

54. J1foorc, North Carolina.-]. B. Baylor. Zenith telescope No. 2. First series. November S to 
December 6, 1876. One division of leve1=1"·06. One turn of 111icrometer=4411 ·867 from circum_ 
polar observations at this stAtion. 

Pairs uf :-;tar:-;. Adopted ~;c~1ir.~:o; uf 
1nc~:~ ... ~. 1'. D. 

,,. 
:'.'~. ! .. atitude. 

II II 0 ,, 
" 

7 943 7 973 44·53 4.~ ·67 7 3 36 23 55·62 -O','i4 

8 068 8 ))71 5-l '4I 58·91 6 3 55·67 ·-0·59 

s 107 8 q6 18·72 01 ·91 6 3 53·85 +1 ·23 

s Ijl 8 2o6 12·67 ,1,2. 56 7 :; .'i.l. ·87 +o ·21 

s 245 8 256 42 'IO 29 '75 5 2 54·SS +0·20 

7 26 02·79 21 ... ,8 9 3 54·29 +079 
100 109 28·90 55 78 7 3 55·65 -0·57 

130 15:; 19·20 08".H 6 3 55 ·It: -076 
I 

219 264 32 ·r3 os·30 7 3 5.i ·63 +0·45 

318 3-l9 uS ·41 09·.i2 6 3 55 ·27 -0·19 

38!-:i 438 19·60 :28 ·61 6 _, 56·16 -1 ·08 

.i56 476 19 ·26 23·30 6 _, 55 ·rs -o·ro 

518 568 26·68 :;1 ·oo 7 3 54·89 +o·-19 

595 615 -l5 ·.i.i 4!-:i ·21 8 3 55 ·r6 -0·08 

656 661 00 '-l4 -l7 ·91 6 3 5-l'99 -!-o ·09 

7.JO 791 23·64 07 ·52 4 2 56·s7 -1 '79 

796 8~7 3-t'62 52 ·24 5 2 5s:S9 -0 ·81 

863 903 14 ·63 20 ·50 7 3 56·73 -J ·65 

·915 953 57·00 2S·S1 7 3 53 ·70 -\-1 ·38 

981 I n17 39·36 or ·35 6 3 53·59 +1·.i9 

I 030 I 057 :;7 ·46 31 ·60 7 3 53·84 +1 ·24 

I 099 I 126 19·s3 2.i ·60 6 _, 54·97 -i-o ·1 I 

Indiscriminate 111ean=36° ,,.1 _,, 5s"·r2. 
\Veighted mean =36 ,,. _,, 55 ·08±011 ·13. 

c=±1°·o6. 
140 11hser\'ations, 22 pairs. 

[Rerluctio11 to ,:h=-0"·04.] 
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54. llloorc, North Carolina.-W. R. Fairfield. Zenith telescope No. 2. Secom! series. Non:m-
ber 23 to December 6, I8i6. One division of level= r"·o6. One turn of micrometer=44" ·S6i from 
circumpolar observations at this station. 

l'air:-o or stars. Adopted ;;econds of 
11' 'U• Latitmk " 1nean N. P. D. 

,, 
" 0 ' " 

,, 
i 943 7 973 44·53 43·67 6 3 ,'\6 23 56 ·04 -1 ·22 

s 068 8 071 54·41 5S·9r 6 3 55 ·q -0·32 

8 107 8 146 18"i2 OI "91 5 3 53·95 +o ·8.7 

8 171 8 2o6 12·67 32·56 6 ,'\ 55 ·13 -0·31 

8 245 8 256 42 ·10 29 "75 6 3 54·Si --0·05 

7 26 02 "79 21 ·38 6 ,'\ 53·82 +1 ·oo 

100 109 28·90 55·78 6 3 55 ·55 -073 

130 153 19 ·20 08·34 6 3 55 ·41 -0·59 

219 264 32 ·13 o8·30 6 _, 52 76 +2"06 

318 349 oS·4r 09·.p 6 3 55·41 -0·59 

388 438 19·60 28·61 6 3 54·86 -0·04 

456 4i6 19 ·26 23 ·30 7 3 55 ·69 -0·87 

518 568 26°68 31 ·oo 7 3 53·58 +1 ·24 

595 615 45·44 48·~1 6 3 54·50 +0·32 

656 661 00·44 47·91 5 3 55·21 -(J ·39 

740 791 23·64 07 ·52 6 ,'\ 56 "4i -I ·65 

863 903 14·63 20·50 6 3 54·90 -o·os 

915 953 57·00 28·81 6 ,'\ 54·03 +079 

981 1. 017 39·36 01 ·35 6 3 55·37 .,-0 ·55 

J 030 l 057 37·46 31 ·60 6 3 53·76 +1 ·06 

r 099 I 126 19 "5,'I 24·60 6 3 5474 +0·08 

Indiscriminate mean=36° 23' 54"·82. 
\Veighte1i mean =36 23 54 ·82±011 • 13. 

<'=±0"·67. 
126 observations, 21 pairs. 

[Reduction to & =-011·04.] 
'\.dopted value =36° 23' 54"·95±0"·09. 

[Reduction to&=-0"·04.] 
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SS· Yo1r11g, North Carolina.-H. ·w. Blair. Zenith telescope No. 4. First series. October J4 
to 2r, rSj6. One division of len:l=2''·20. One turn of 111icrometer=4,;11 ·38S from circumpolar 
observations at this station. 

Fairs of stars. Adopted •econds of 
· mean N. P. D. 

11' 'ri' I.atitmle. ,, 
ll II 0 , 

" " 
6 8s6 6 SsS 2I "9S 36 ".J.S 6 2 3S .J..J. 22·88 -r ·,;s 

6 962 6 966 31 ·s7 08 ·rs s ., 22·90 -I ·37 

7 022 7 029 :.?0"9S 32 ·26 6 2 21 ·63 -o·ro 

7 174 7 19'! 3S ·o,; ss·ss 6 2 20·68 +o·ss 

7 253 7 2s6 53·0S .j.6"9.J. 6 2 20 ·27 +r ·26 

7 _;99 [r 909] 21 ·60 .J.S ·Sr 6 .2 23·20 -1 ·67 

7 .J.6S 7 s2r s9·09 33 "7.J. 6 2 22·88 -1 ·3s 

7 s8s 7 s98 :?O "Ij .J.9 ·61 6 2 2o·so +1 ·03 

7 7r2 7 746 (II) ·12 ~o ·.,:;r 6 2 20·36 +r ·17 

7 91.J. 7 972 20 ·.i.s 46·74 6 2 21 ·36 +0·17 

s 082 8 160 rs ·s.i. 41 ·_;s s 2 2o·:'q +0·69 

s I 14 s 131 -13 ·23 17 ·rs s 2 20·35 +1 ·18 

s 19s s 21 J 41 ·s6 17·48 s 2 2r ·2S +0·2s 

s 229 s 2s6 os •86 29 "75 s 2 22·23 -070 

Indiscriminate mean =3S 0 .J..J.' 21 "·s,;. 
Weighted mean =.)5 4.J. 21 ·53±01'·20. 

,·=±o''"6j. 
79 ol1sern1tir:ins, 14 pairs. 

[Reduction to b=+o''·or.] 

SS· J'ou11g, North Carolina.-J. B. Boutelle. Zenith telescope No . .J.. Second serie~. October 
2.J. to .3', 1S76. One division of leve1=2"·2n. One turn of micrometer= .. t;''·3SS from circumpolar 
oh;;ervations at this station. 

Pairs of .stars. Adopted seconds of 
11' :'(I Lat.itude. mean N. r.D. 

" ·'l 

7 66.j. 7 755 22·67 -19"2.j. 6 3 3S 4.J. 21 ·34 +0·13 

7 961 7 97S 17"66 56·8o 6 3 w·95 -j-o·s2 

s 153 s 1S2 46·26 23 ·So,. 6 3 21 ·os -j-n ·42 

8 203 8 231 06 ·13 5.J. ·25 6 3 21 ·~s +0·02 

8 370 7 37·17 02 79 6 3 23·26 -I 79 
28 [20] s7.·40 1S ·97 6 3 22 ·18 -0·71 

120 173 1o·s7 19 ·13 6 3 22·05 -o·s8 

198 21s 40 ·18 2j "77 6 3 22·6r --I "I.j. 

244 269 57·98 30·00 6 3 21 ·07 +0·40 

283 345 18·6~ oS·So 6 _, 20·58 +0·89 

395 404 17"46 l8·6o 6 3 20 ·77 +o ·70 

488 515 3.J."53 31 "1 I 6 3 21 •68 --0·21 

558 592 04 ·50 17·70 6 3 20·41 +1 ·06 

628 675 s8·Ss 44·30 6 3 21 ·17 +0·30 

Indiscriminate mean= 35° .J.4' 21"·.i.7. 
Weighted mean =.~s .J..J. 21 ·47 ± 011·15 . 

e=±o" 06-'\. 
84 observations, 14 pairs. 

[Reduction to & =+o'1 ·01.] 
Adopted value = .~S 0• .J.4' 21''·so ± 011·12. 

[Reduction to ,t =-!-o"·oi.] 
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56. K;1~f'· North Carolina.-H. W. Blair. Zenith telescope No. 5. First series. December 5 to 
lJ 1 1876. One division of level=o"·9S. One turn of micrometer=41"·420 froni circumpolar observa-
tions at this station. 

Pain; of stars.. Adopted seconds of ,,, 
~(' Latitude. v 

JUt'an N. P. D. 
,, 

" 0 
,, 

" 
8 052 8 oss 01 •66 55·58 5 5 35 12 13 ·.>i -o·n 

8 I 15 8 160 17 ·61 41 ·38 5 5 12·56 +0·70 
s 206 s 212 32·56 48·85 5 5 13 ·34 -o·oS 

s 261 8 .. 314 05·06 51 ·04 5 5 13'92 -0·66 

8 3-15 .J 23·30 38·41 5 5 I4 ·17 -0·91 

67 120 05·85 10·57 5 5 13·38 -0·12 

170 180 31 ·20 05 ·37 5 5 L! ·60 +0·66 

·218 269 33·05 30·00 5 5 12 ·39 +0·87 

330 "365 I l ·58 22·90 5 5 I4 ·19 -0·93 

456 -tSS 19 ·16 34·53 5 5 13 'lO +0·16 

522 5i7 13 ·05 56·04 5 5 12 ·90 +0·36 

649 698 47·89 37 ·60 5 5 I4 ·06 -0·80 

72i 759 02 '-l3 38·34 5 5 13·85 -0·59 

813 829 19·96 5.> '73 5 5 13"97 -071 

885 901. -tS·o9 18'50 5 5 13·24 -t-o ·02 

941 967 -t6 ·75 50·22 5 5 13 ·37 -O'Il 

999 l 007 58·94 02 ·63 5 5 13 •fa -0·35 

1 034 I 0.J3 05 ·15 55·90 5 5 12 ·43 +0·83 

1 058 I 084 37 "II ::?6 ·14 5 5 12 ·60 +0·66 

l 117 I 174 OT '72 z4 ·co 5 5 12·20 +1 ·06 

Indiscriminate mean =35° 12 1 1311
• 26. 

Weighted mean =35 12 !" ·' ·16±0"'!0 
C=±o/1·31. 

100 obsen·ations, 20· pairs. 
[Reduction to 8=+1611·07.] 
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56. King, North Carolina.·-J. B. Boutelle. Zenith telescope No. 5. Seco~1d series. December 
12 to 20, 1876. One o-\ivision of level=o"·9S. One turn of 111icrometer=41"·561 from latiturle ohsen·a-
tions at this station. · 

Pait"s of 9-tars. 

l 123 

I 155 

I 289 
I 301 

t4 172 

s 3i0 

92 

153 
189 

264 

349 
561 
628 

i35 

785 
863 

912 

I 025 

I CJ9'1 

I 132 
I 210 

I 287 

I 311 

Adopted seconds of 
tntan N. P. D. 

" 
29 75 
30·10 

21 ·38 

3i ·13 

03·04 

40·18 

18·68 

31 ·11 

34 ·25 
21 ·44 

46·25 

51 ·60 

59·45 
51 ·12 

37·96 
29·64 

17 ·54 
32 "I I 

25 ·64 

42 ·So 

II 

54 74 
37 ·17 

43·09 

08·34 

13 ·57 
ol:i·30 

09·42 
18·20 

58·85 

03·14 

56·30 

14·63 

05·47 

59·89 

09·77 

r9·53 

03·57 

41 ·87 

29 74 

43·20 

11' 1'" l,atilluk. 

0 ,, 
5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 
5 

5 

5 

5 

5 

5 

5 
5 

5 

4 

4 

4 

4 

4 

4 
4 

4 

4 

4 

4 

4 

4 

4 

4 

35 12 13 ·39 

4 

4 

4 

4 

= 35° 12' 13"·37. 

13·24 

14·25 
I4 "22 

I4 ·34 
13·62 

14 ·08 

12·39 

12."43 

12 ·ss 
12·69 

13·32 

13·62 

]J '20 

14 ·30 

13 ·26 

13·05 

13·40 

Indiscriminate mean 
Weighted mean =35 12 13 ·37±0"·11. 

t!= ±011·34. 
100 observations, 20 pairs. 

[Reduction to &=+1611 ·07.] 
Adopted value = 35° 12' 13"·31±0"·07. 

[Reduction to ~=+1611·07.] 

t Groombridge. 

" ,, 
-0·02 

+0·13 

-o·ss 
-0·85 

-0·97 

-0·25 

-071 
+o··<}.'i 

+0·94 

+079 
+o·6S 

+0·05 

-0·25 

+1 ·17 

-1 ·o.-; 
-t-O ·67 

--o·93 
+0·11 

+0·32 

-o ·o.~ 
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57. Paris, South Carolina .. -J. B. Boutelle. Zenith telescope No. 5. First series. October 4 to 
17, 1875. One division of level=o"·944. One turn of micrometer=41"·514 from latitude obsen·ations 
at this station. 

Pairs of star:->. Adopted •econd• of 11' :.t:• r.atitnde. I! n1ean N. P. D. 
,, ,, 0 I ,, /I 

6 810 6 ~30 22 ·04 24·52 5 5 34 56 31 ·60 +0·46 

6 876 6 882 04 ·16 42 ·50 6 5 33 ·13 --[ ·07 

6 941 7 007 oS·57 35·26 6 5 32 ·61 --0 ·55 

7 029 7 061 43·72 !0"03 5 5 33·00 -0·94 

*7 IO.> *7 103 35 ·32 35·32 5 3 31 ·44 +0·62 

7 152 7 158 w·61 41 ·85 5 5 31 ·oS +o·~ 

7 200 7 262 29·45 45·40 5 5 31 "[(I +0·96 

7 271 7 ,Hi 31 •86 37·85 5 5 30·63 +r ·43 

7 448 7 450 47·08 53·92 5 5 32 ·~'o -0·24 

7 512 i 520 29·36 33·53 5 5 31 ·9,; +o·r.3 

7 554 7 6o7 42 ·05 24·88 5 5 32 ·44 -0·38 

7 664 . 7 683. 40·76 07·67 5 5 32 ·38 -0·32 

7 731 7 777 04 ·25 22·8o 5 5 33·o6 --r ·oo 

77~ 7 850 .54 "74 00·34 6 5 32·21 -o·r5 

7 888 7 900 58·00 09·09 5 5 32 73 -0·67 

7 914 7 9,:,2 40·15 IO "15 6 5 32 ·33 -0·27 

7 972 8 032 05 77 41 ·03 5 5 31 ·57 +0·49 
8 052 8 056 22·o6 26·86 5 5 31 "71 +0·35 
8 182 8 188 43·65 23 73 6 5 31 ·90 +0·16 

8 2o6 8 212 52 ·60 08·68 6 5 32 ·rs -0·12 

s 227 8 252 29·70 26·95 5 5 31 ·90 +0·16 

s 28o 8 300 57 77 s:; ·55 5 5 31 ·77 +0·29 

Indiscriminate mean=34° 56' 3211 ·05. 
Weighter) mean =34 56 ,P ·06±011·10. 

l'=±o''·36. 
II6 obsen·ations, 22 pairs. 

[Reduction to &=-0"·87.] 
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57. Paris, ~uth Caroli11a.-H. W. Blair. Zenith telescope No. 5. Second series. Octoher 18 to 
25, 1875. One division of level = 0 11 ·944. One turn of micrometer= 41" 0 JS6 from circumpolar 
observations at this station. 

Pairs of stars. Adopted seconds of 
"' <:£1 Latitude. 11 mean N. P. D. 

I/ " 0 I II lf 

7 204 7 213 49·16 OJ °i4 5 6 J4 56 31 ·57 +0·29 

7 26o t2 065 19·40 5J •66 5 6 32 ·02 -0·16 

7 437 7 455 41 ·or 34·65 5 6 J2"68 -o·S2 

7 495 7 553 28·9J 41 "JO 5 6 ,)I "JO +0·56 

7 6o6 7 642 40·50 32 ·40 5 6 JI ·56 +o"JO 

7 674 7 696 59·05 27 ·52 5 6 31 "72 +o ·q 

7 7.~8 7 196 37·82 26·07 5 6 JI 70 +0·16 

7 807 7 855 58 ·19 JS ·56 5 6 3o·SS +0·98 

7 871 7 912 17·85 07 "72 5 6 31 ·32 +0·54 

s ~3 s 013 19·56 16 ·54 5 6 32·21 -0 ·35 

s 028 s 097 50·74 58·93 5 6 31 ·57 +0·29 

s 099 8 171 14 ·18 32 ·48 5 6 32·54 -0·68 

s 261 8 324 25 ·03 JI ·og 5 6 32 •o6 -0·20 

8 345 4 4J ·34 . 58 ·21 5 6 32·06 -0·20 

82 92 37 ·So 03 ·q 5 6 32·39 -0·5;i 

j02 i21 25 ·44 o5 ·rs 5 6 31 ·92 -0·06 

189 ::n5 33·37 47·45 5 6 .32"03 -0·17 

226 250 01 ·01 55·02 5 6 32·71 -0·85 

*334 "J34 33·49 33·49 5 
.. 

... '3 "J3' -l ·47 ·' 
339 370 56·08 44·07 5 6 30·99 +ci ·87 

. .p6 454 55·00 21 ·54 5 6 30·90 +0·96 

470 508 54·50 18·61 5 6 _,2 ·13 -0·27 

Indiscriminate mean= 34° 56l 31 'l·SS. 
\Veighted mean =34 56 31 ·86 ± 0 11 ·08. 

,. = ± 011 ·27. 
110 observations, 22 pairs. 

[Reduction to&, = -o. "87.] 
Adopted value =,:qo 56' 31 11 ·96 ± 011·07. 

[Reduction to&, = - 0·1187.J 

t Raclclilfe Catalogue. 



THE ASTRONOMIC MEASURES. 299 
58. C11rra!1et', Georgia.-H. -..v. Blair. Zenith tdescope No. 5. First series. September 28 to 

October 8, 1874. One division of level= 0 11 ·94 from observations at this station. One turn of 
micrometer= 41 11 ·381 fro11i"circun1polar observations at this station. 

Pai rs of sta TH. 

6 571 

6 637 
6 697 
6 764 
6 824 
6 858 

6 944 
*6 998 
7 ooS 

7 094 
7 215 

7 275 
7 350 

7 402 

7 47.J. 
7 528 
7 &_""l() 

7 641 

7 705 
7 807 

7 855 

7 915 

7 953 
s 023 

8 076 

s 097 

s 158 

8 250 

6 599 
6 656 

6 739 
6 794 
6 8.)9 

6 895 
6 ¢3 

'~6 998 

7 067 
7 105 

7 257 
i 301 

7 377 
7 444 
7 480 

7 548 
7 612 

7 6:S3 
7 7o6 
7 S:m 

7 856 

7 923 
8 003 

8 032 

s 079 
8 r28 

8 182 

8 280 

Adopted seconds of 
mean N. P. D. 

II 

31 'i4 

16·54 

26·47 

51 ·47 

5.J. 76 
45 ·rs 
35·87 
35 ·17 
I0'28 

18·44 

35·6o 

29·42 

43·¢ 
08·14 

57 ·12 

13 ·87 

5.J. ·13 
16 ·25 

53·84 
56·37 

51 ·15 

01 ·4S 

55·39 
18·56 

21 "79 

03·95 

" 
22 ·34 
2 2 ·44 
26·40 

20'20 

4975 
42·24 

08·25 

35·87 
02 ·51 

49"9.J. 

40·94 
12·52 

52:53 
01 '55 

51 ·78 

17·84 

25·68 

24·94 
10·13 

43·26 

06 71 

38 76 
00·52 

57 ·83 

40·85 

03·50 
17·82 

11' 

5 

5 

5 

5 

5 

5 
6 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 
5 

5 

5 

5 

5 

5 

.5 

5 

5 

5 

5 

~£1 

5 

5 

5 

5 

5 

5 

5 

5 
5 

5 

5 

5 

5 

5 

5 

5 
5 

5 

5 

5 

5 

5 

5 

5 
5 . 

5 

s 

Indiscriminate mean= 34° 31' 371'·75. 

Latitude. 

o I II 

3.J. JI 37 '32 
38·05 

38·32 

37 73 
37 ·53 

37 ·6o 

37 ·64 

38·33 

38·03 
38·46 
38·50 

38 ·09 
36 ·15 

36·19 

38·29 
36·64 

37 ·30 
38·12 

36·97 
37·22 
38·05 

37·81 

38·41 
38 ·59 

38·55 

38·29 

37·36 
37·6o 

Weighted mean = 34 31 37 ·75 ±011·09. 
t~ = ± 0 11 ·32. 

141 observations, 28 pairs. 
[Reduction to (A = + 611 ·21.] 

,, 

" 
+0·43 
-0·30 

-0·57 
+0·02 

+0·22 

+0·15 
·+0·11 

-0·58 

-0·28 

-o "71 

-0·75 

-0·34 

+1 ·6o 

+1 ·56 

-0·54 

+1 "II 

+0·45 

-0·37 

+0·78 

+0·53 
-0·30 

-0·06 

-0·66 

-0·84 

-o·So 

-0·54 

+0·39 

+0·15 
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58. 01rrtl'1cc, Georgia.-J. B. Boutelle. Zenith telescope No. 5. Second series. October 12 to 21, 

1874. One division of 1~,·el, = 0"·04 from obsen·ations at this station. Om: turn of micrometer 
= 4r"·3S1 from circumpolar observations at this station. 

Pair:!'- of ~tar~. Adopted seconds of .,. w I,atitm\e. 7' 1nea11 N. P. D. ,, ,, 0 I ,, ,, 
6 754 6 S27 22·53 51 ·94 5 _, 34 31 37 "06 +0·65 
6 86S 6 881 31 ·94 21 "70 5 3 37·31 +0·40 

6 957 7 027 09·44 32 ·21 5 .3 37·87 -0'16 

7 174 7 256 00·45 14 ·oo 5 3 36·94 +077 

t4 502 7 ,)26 13·63 08·54 s .3 37·62 +0·09 

7 37~ i :;S7 08·66 18 ·50 5 .3 37 70 +0·01 

7 4.37. i 561 56·30 15 ·3 I 5 ·' 37·53 +o·r8 

i 565 i 623 12·59 42·42 6 3 36·88 +0·83 

7 674 i 718 16·28 25·96 s 3 37·90 -0·19 

7 749 7 796 10·35 44 ·12 6 .3 37 "72 -0·01 

7 825 7 900 18 "79 26·68 5 3 36·93 +078 

7 912 7 961 26·43 55·62 5 3 37 ·19 +0·52 

s 052 s 110 41 ·45 15 ·02 5 ·' 39·61 -I "90 

s 136 s 159 18·26 24·47 5 .3 38 "77 -[ ·06 

8 299 8 307 45·87 43 ·29 5 .3 39 ".37 -I "66 

7 14 42 ".5.:i. :?O ·15 5 ·' 37·00 -t-O "iI 

Indiscriminate mean = 34° 31' 37"·7r. 
\Vcighted mean =34 31 37 ·71 ±01 '·14. 

e = ± 0"·49. 
82 observations, 16 pairs. 

[Rerluction to~ = + 6"·21 .J 
Adopted value =34° 31' 37".75 ± o"·os. 

[Reduction to &. = -t-611·21.] 

t Armagh. 1&jo. 
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59. Laz1e11der, Georgia.-F. P. Webber. Zenith telescope No. 3. October 20 to November 4, 1874. 
One division of level=1"·20. One tum of micrometer=46"'6o determined from latitude observa-
tio11s at this station. 

Pairs of stars. Adopted seconds of 
11' w Latitude. .,, 

mean N. P. D. 
II II 0 I ,, ,, 

7 310 7 ·.~so 12 ·79 29 ·42 8 3 34 19 16 ·41 -o·6o 

7 553 T 582 57·49 49·75 6 3 16·67 -0·86 

7 6o7 7 614 41 ·51 09 ·32 5 3 16 '12 -0·31 

7 643 7 664 07·12 56·90 5 3 16·02 -0 ':!I 
7 712 '7 F9 34·99 56·79 6 3 I4'73 +1 ·as 
7 820 7 856 43 ·26 06 '71 7 3 14·87 +0·94 
7 879 7 923 29 ·57 13 ·32 5 3 14 '45 +1 ·36 

7 997 s 059 22 ·-z7 25 ·os 6 3 15·62 +0·19 
8 097 8 JI8 17 ·90 50·30 5 3 17 ·32 -l "51 
8 149 8 158 33·S1 21 '79 5 3 16·08 -0·27 
8 282 8 300 12 ·56 13 ·53 5 3 15·65 +0·16 

79 !OJ 42 ·48 17·29 5 3 17 ·15 -1 ·34 
121 156 25 "II 40 70 5 3 16"17 -0·36 
lSo 214 44·91 36·50 5 3 15 "I4 +0·67 
305 339 55·35 15 ·39 5 3 14 ·73 +1 ·a.'l 

377 395 3o·So 55·68 s 3 16 ·51 -0·70 
56o 572 52 "73 20 ·70 6 3 l4 ·42 +1 ·39 

587 644 13 ·oo II ·68 5 3 17·40 -I ·59 

7 559 7 568 50·89 32 ·05 5 3 15 70 +o·JI 
7 641 7 668 13·87 39 ·22 5 3 1_7 ·22 -·I "41 

7 855 7 900 53·84 26·68 5 3 15·58 +0·23 
7 962 8 032 47·41 00·52 6 3 16 ·25 -0·44 
8 058 8 131 34·35 56·50 5 3 14·58 +1 ·23 
8 i6o 8 224 21 ·oo 27·85 7 3 15·88 -0·07 

142 169 16·58 14 ·So 5 3 16·07 -0·26 

219 247 11 ·45 40·63 5 3 15"56 +0·25 
321 343 38·90 47·53 6 3 14·55 +1 ·26 

Indiscriminate mean=34° 19' 1511 ·81. 
Weighted mean =34 19 15 ·81 ±011·12. 

e=±o11 ·65. 
151 observations, 27 pairs. 

[Reduction to &=+111·24.] 
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60. Saw11<"t', Georgia.-H. \V. Blair. Zenith telescope No. s. First series. October 6 to 17, 1873. 
One rlivision of leve1=1"·00. One turn of micrometer=,p"·429 from circumpolar observations at 
this station. 

Pairs of stars. 

6 s83 
*6 698 

6 723 

6 762 

6 7i9 
6 Sos 

6 839 
6 88r 

6 890 

6 97S 

7 oo6 

7 os5 

7 143 
7 rSS 

7 2s7 
i 310 

7 368 

7 474 

7 S.53 
7 607 

7 641 

7 712 

7 820 

7 882 

7· 923 

7 945 

6 644 

'"6 698 

6 739 

6 769 
6 827 

6 867 
6 856 

·6 896 

6 928 

6 983 
7 029 

7 107 

7 171 

7 241 . 

7 2S1 

7 351 

7 398 
7 SOI 

7 ss2 
7 614 

7 668 

7 727 

7 So6 

7 goo 

7 931 
7 9sS 

Adopted seconds of 
mean N. P. D. 

II 

23·20 

S7"40 

03·.p 

02·04 

41 ·98 
02"00 

S9 ·r.3 

29·63 

2S ·31 

21 ·39 

s8·44 

52 ·os 
41 ·57 

s6 ·99. 

SS ·52 

26 ·74 

34·57 
00·2s 

r3 72 

s8 ·14 

31 ·~.6 

52 ·43 

01 ".+o 
II "16 

32·07 

07·43 

" 
31 "6.~ 

S7 ·40 

34"SO 

so·67 

or ·14 

33 •66 

so ·rs 

03 ·2~ 

32·49 
29·70 
06·66 

44 ·24 

2r ·34 

os "S4 

12 "IS 

31 ·r6 

06·17 

26·05 

s6·41 

14 ·32 
25 ·13 

4S ·36· 

57 ·97 

06·07 

11' 

s 
6 
6 

s 
5 

s 
5 

s 
5 

s 
s 
s 
s 
s 
5 

s 
s 
s 
s 
s 
5 

s 
5 

s 
s 
s 

'" 

9 

5 
IO 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

';I 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

Indiscriminate mea11=34° 14' 04"' 39. 

Latitude. 

0 I // 

34 14 04 ·14 

04·00 

os·35 
03·91 

03·62 

03 ·2s 
os·w 
04 ·18 

03·65 

04·47 
04 ·18 

0-1·69 

o~ ·43 
04 "73 
04·76 

04·84 

04·62 

04·02 

04·63 

05 ·32 

04 "20 

04 ·13 

04·67 

04·37 

os·22 

\.Veighted mean =34 14 04 ·40±011 ·07. 
t'=±o''· i~. 

132 observations, 26 pairs. 
[Reduction to&"=+6"·89.l 

v 

,, 
+0·26 

+0·40 

-0·9s 

+0·49 

+078 

+1 ·rs 

-070 

+0·22 

+07s 
-0·07 

+0·22 

-0·29 

-0·03 

-0·33 
-0·36 
+0·82 

-<) ·44 

-0".'.?2 

+0·38 

-0·23 

-0·92 

+c1·20 

+0·27 

-0·27 

+0·03 
--0·82 
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6o. Sawnee, Georgia. -A. H. Scott. Zenith telescope No. 5. Second series. October 30 to Novem-
ber 15, 1873. One division of level=1'' ·oo. One turn of micrometer=4111 ·429 from circumpolar 
observations at this station 

Pairs of stars. Adopted seconds of 
11' w Latitude. v 111ean N. P. D. 

II I/ 0 I II II 

7 137 7 166 45 ·go 30 ·3c 5 4 34 r4 03·S5 +0·30 

7 306 7 361 32 ·55 14 ·07 5 4 04·61 -0·46 

7 38o 7 449 33 ·30 04 ·16 5 4 04·26 -O'll 

7 559 7 568 07 ·17 48 ·19 5 4 03·79 +0·36 

7 590 7 612 30·8o 42 ·39 6 4 04·23 -o·os 
7 674 7 749 33·52 27·99 6 4 03·53 +0·62 

7 855 7 893 12 ·23 02 ·Sr 6 4 04·01 +0·14 

7 913 7 958 r8·59 o6·26 6 4 03 ·12 +1 ·03 

8 114 8 146 42·11 Ol '00 5 4 04 '12 +0·03 

8 282 8 300 32·54 33·50 4 3 03·52 +0·63 

92 142 43 ·14 36·50 6 4 05 ·59 -1 '44 

164 181 40 ·52 22 ·62 6 4 05·53 -I ·38 

224 227 23·05 47 ·09 6 4 04·88 -0·73 

'305 314 14·8o 13 '77 5 4 02 ·95 +1 '20 

352 365 21 '18 20·62 6 4 03·90 +0·25 

Indiscriminate mean= 34 ° 141 04" ·13. 
Weighted mean =34 I4 04 ·15:t:o" ·14. 

e=±o" ·51. 
82 observations, 15 pairs. 

[Reduction to&=+ 611 ·89.] 
Value adopted =34° 14' 04" ·20±011 ·o8. 

[Reduction to &=+6" ·89.] 
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61. Aurora, Alabama.-F. P. Webber. Zenith telescope No. 2. May 28 to June 20, 1877. One 
division of level= 1'' ·006. One turn of micrometer = 4511 ·852 from circumpolar observations at 
this station. 

Pairs of star~. Adopted seconds of 
11' ':(' Latitude. ,, 

111ean N. P. D. 

II II 0 I II II 

4 057 4 127 18·90 15 "IO 5 ·' 34 08 48 72 -1 ·27 

4 148 4 156 59·48 38·60 5 .3 47 74 -0·29 

4 274 4 305 05·20 32·6o 5 3 46 ·65 +o·So 

4 335 4 367 21 ·oo 45 ·50 5 _, 47 ·59 --o·q 

4 406 4 456 10 ·so 15 ·22 5 3 46·90 +0·55 
4 684 4 753 09·88 4.3 ·18 6 3 46·49 +0·96 
4 870 4 $76 JO "7.3 23 ·05 6 3 48·73 -I "28 

4 958 4 969 24·70 18 ·32 6 3 48·30 -0·85 
5 026 5 031 25·07 .p·24 5 3 49·43 -I ·98 

5 075 5 084 00 ·52 25·75 4 3 46·56 -t-o ·s9 

5 130 5 143 56·3S 13 ·oo 5 3 _46 ·94 +0·51 

5 177 5 :i52 46·So l ... ,_,, ·60 5 3 47 ·51 -0·06 

5 295 5 321 48·80 13·57 5 3 46·53 +~·92 

5 432 5 479 4,i "OI 37 "6,) 5 3 46·12 + 1 ·33 
5 502 5 587 53·64 S.i "i:S 5 3 48 ·17 . -0 72 

5 834 5 927 04·50 56·25 5 3 47 ·11 -;-o ·.i4 

5 937 5 99 1 2,5 "IO 21 ·s3 6 .i 47·36 -f-n ·09 
6 091 6 094 45 ·s5 26·6o .5 3 49 ·32 -1 ·s7 
6 151 6 203 10·25 54 ·18 5 3 48·28 -0·83 
..J. 2.:;.2 I"'"" ..... ..:• ........ 4.J ·50 45·85 5 3 46 "7.3 +0·72 

•1 597 4 7or 45 "4.5 36 ·,u 5 3 47 ·:;6 -0·11 

4 751 4 845 38·25 40·23 5 3 47 ·47 -0·02 

4 905 4 98o 16·66 23·48 5 3 47 ·14 +0·31 

5 185 5 313 24 ·14 08·06 5 3 47 ·11 +0·34 
5 322 5 388 w·41 30·43 ·5 3 46·80 +0·65 

5 463 5 525 34"73 :q 79 ~ _, 46 ·55 -t-o·go 

Indiscriminate mean = 34° oS' 4711 '4.5· 
Weighted mean = 34 oS 47 ·45±011·12. 

<" = ± 011 ·60. 
133 observations, 26 pairs. 

[Reduction to b = + 0 11 ·26.] 
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6.:!. • ./!!1111/a 11/iddk Bas,-, Georgia.-F. P. Webber. Zenith telescope No. s. September 4 to 27, 

1872. One division of level = 111 ·oo. One turn of micrometer= 41 11 ·427 from circumpolar observa-
tions at this station. 

Pairs of stars. Adopted seconds of 
11' menn N. P. D. '" Latitude. v 

II II 0 I II II 

6 109 6 134 29 "71i 28·00 s 7 33 S4 21 •68 +0·14 
6 4S2 6 487 22 ·16 14·00 s 7 20·98 +0·84 
6 583 6 595 29··28 00·70 5 7 21 ·48 +0·34 
6 656 6 676 36 ·16 38·.olJ 5 7 21 ·So +0·02 
6 697 6 724 31 ·so 22·20 s 7 22·rs -0·33 
6 739 6 763 42·25 rs·73 5 7 22·03 -0·21 

6 777 6 Soo 53·So s4·70 s 7 20·64 +r ·rs 
6 839 6 881 08 ·50 41 ·09 5 7 2ci ·96 +o·S6 
6 928 6 952 44·30 25 "72 6 7 21 ·53 +0·29 
6 978 7 027 00·10 s5·03 5 7 22·91 -1 ·09 
7 o61 7 067 44 70 26 ·26 5 7 21 ·63 +0·19 
7 164 7 213 48·05 43 ·1s 5 7 21 ·99 -0·17 
7 336 7 368 43·2:i 49·31 s 7 21 ·60 +0·22 
7 431 7 450 32 ·92 40 ·ro s 7 21 ·62 +0·20 
7 520 7 548 21 ·ss 50·34 5 7 21 ·41 +0·41 
7 602 7 6o7 13·42 14 ·82 5 7 22·47 -0·65 
7 631 7 664 15·78 31 ·1s 5 7 21 ·69 +0·13 
7 695 7 712 16 ·75 og·92 5 '7 20·63 +r ·19 
7 754 7 796 47·44 19·82 5 7 21 "74 +o·os. 
7 880 7 914 39·28 35·30 5 7 21 ·75 +0·07 
7 948 7 9s8 41 "79 25·00 5 ? 21 •86 -0·04 
8 032 8 037 39 "JI 55·Sr 5 7 20·6o +1 ·22 
8 OS4 8 071 18 ·20 16 ·6o 5 7 21 ·52 +0·30 
8 115 8 r3r 33·68 36 "?9 5 7 '22 ·19 -0·37 
8 203 8 224 2s ·6r 06·67 5 7 22·24 -0·42 
8 250 8 268 44·62 39·20 s 7 21 ·67 +o·rs 
8 330 8 370 26·62 S7 ·s3 5 7 22·46 --0 ·64 

63 8.~ 36·22 4s·87 s 7 20·84 +0·98 
120 rs8 30·40 18"S3 5 7 22 ·44 -0·62 
168 197 2s·29 16·07 s 7 21 ·s1 +0·31 

6 475 6 542 18·47 44·s8 5 7 21 ·69 +0·13 
6 678 6 pr s7·oS 47·84 s 7 22·41 -0·59. 

6 74S 6 7s8 33·62 58·97 5 7 22·22 -0·40 
6 78o 6 Sos 16 ·12 II •64 5 7 21 ·69 +o·r3 
6 86s 6 868 27 ·q 54·36 s 7 21 ·31 +o·sr 
6 962 6 97S 14"50 32 ·30 5 7 22·07 -0·2s 

7 041 7 rr7 46·98 37 ·rs 6 7 21 ·oo +0·82 

7 146 7 153 3S"47 23·88 s 7 22 ·44 -0·62 

7 166 7 223 42·98 s5·00 s 7 22·03 -0·21 

7 256 7 260 40·85 00·03 s 7 21 ·54 ~-0·28 

7 350 7 417 S7"93 02.·61 s 7 21 ·71 +o·u 

7 453 7 465 04 ·;;7 01 ·52 s 7 22 "77 -0·95 
.p92-No. 7-02--20 
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Alla11ta 11/iddlt' Bast', Georgia-continued. 

Pairs of stars. Adopted seconds of 
11' 'it' T.atitncle. " tnt:"atl N. P. D. ,, ,, 0 I " " 

7 S44 7 S7I 23 ·4r 32 ·50 s 7 33 S4 21 ·ss +0·27 

7 668 7 674 13·61 ss·o6 6 7 21 ·96 -o·q 

7 727 7 733 31 ·64 00 "7S s 7 22·27 -o ·45 

7 901 7 923. SS ·06 so·ss s 7 22 ·36 -0·54 

7 937 7 99.5 25·96 .57 ·:-;:-; s 7 22 ·87 -1 ·05 

8 os2 8 076 19·s7 34·05 5 7 22·33 -0·51 

8 125 8 147 36·34 32 ·as 5 7 21 ·55 +0·27 

8 212 8 284 oS "20 I I "SO s 7 22 ·37 -0·55 

8 300 8 364 .53 "12 so·24 6 7 21 ·13 +0·69 

S4 IOI 40·84 S7 "4S s 7 22 ·45 -0·63 

IS2 178 04·34 22 ·39 s 7 22·32 -o·so 

198 217 s9·42 2S·so .5 ; 22·09 -0·27 

Indiscriminate mean = 33° S4' 21"·82 
Weighted mean =33 S4 21 ·82 ± o"·os 

t' = ±0"·33 
274 observations, S4 pairs. 

[Reduction to ~ = + o 11 ·40.] 

63. Atla11ta, Georgia.-C. H. Sinclair. l\Ieridian tekscopc No. r3. January I to 22, rSSo. On.: 
division of level= 2" ·7 nt 33° F. awl 2 11 ·64 at 75°·2 F. One turn of micrometer = i7'' 7S3 from 
circur1polar observations at this station. 

Pairs of :-;tars. Acloptecl seconds of 
11' w Latiturle. ,. 

n1ean N. P. '.J. ,, 
" ·o I ,, ,, 

522 592 00 "(I() oS·So 6 4 33 44 58 ·:-;3 .+0·47 
628 6s7 49·20 44·71 6 4 s8 ·42 +o·ss 

682 7o6 13 ·04 28·85 5 3 59·38 -o·os 

819 842 12 ·40 so·p 6 4 s9·2s +o·os 

897 921 25·63 26 "IO 6 4 58·63 +0·67 

974 981 56·90 43·72 4 3 60·44 -1·q 

I 006 I OS2 02·67 08·58 4 3 s9 ·s8 -0·28 

r o6s I 087 SS "8o 32 "79 4 3 58·99 +0·31 

(557) I 129 37·76 s2 ·20 4 3 S9'I2 +0·18 

I 139 I 192 07 '2<) 03 '[0 s 3 s9·4S -0·18 

I 214 (6s4) 14 •6o sS·22 s 3 s8·19, +r "II 

I 254 I 272 34·6o ss·50 4 3 60·51 -I "21 
I .301 T 346 n5·6S 25 "5'0 5 3 58·30 +1 TXJ 

l 307 I 36S 42·7s 53 ·25 s 3 6o·26 -0·96 

l 382 I 393 oS·oo r7·50 s 3 s8·92 +0·38 
I 409 I ·1-24 33·80 ss·20 s 3 .59"4S -o·rs 

l 46o I 4S6 43·so 29·so s 3 s9·66 -0·36 

(n:i) I 492 22·02 04·8o s 3 61·14 -I ·84 

I soo I S04 03·40 32·12 4 3 s8·8s +0·45 
Indiscriminate mean = 33° 44' 59" ·34. 
'Veighted mean =33 44 S9 ·30±0·12. 

<' = ± o" ·so. 
93 observations, r9 pairs. 

[Reduction to b. = + o" ·08.] 
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64. A!1'1t1td1ee, Alabariia.-0. B. French. Zenith telescope No. 2. June 3 to 9, 1898. One division 
of level= 1"·2 r r, as determined by E. G. Fischer, 1891. One turn of micrometer= 46"·376 'from 
latitude obserrntions at this station. 

Pairs of stars. 

4 729 

*4 748 

*4 748 

4 762 
*(2 232) 

*(2 237) 

4 830 

4 873 

4 936 

4 967 

(2 350) 

*5 098 

*5 098 

5 143 
5 181 

5 287 

(2 486) 

5 388 

5 509 

4 741 
*(2 232) 

"(2 237) 

*(2 237) 

*4 79:!. 

*4 792 

4 847p 

4 9071· 

4 939 

(2 339) 

(2 358) 

(2 396) 

(2 399) 

5 155 
5 216 

·*5 322 

*5 322 

5 462 

5 523 

Adopted sc:conds of 
mean N. P. D. 

" 
II '45 

38·32 

38·32 

18 ·51 

04·04 

56·63 

12·97 

13 '70 

39·62 

41 ·07 

47·42 

33·99 

33·99 
31 ·89 

38·78 

. 51 ·95 

44'46 

59'76 

17·33 

" 
36·36 

04·04 

56·63 

56·63 

14 '73 

14·73 
4o·oS 

36·85 

51 ·24 

21 ·87 

53·58 

c9·15 

04·40 

32·52 

44·83 

44·83 

56·50 

'.\8 '06 

,,, 

4 
2 

4 

2 

2 

4 

4 

5 

5 

5 

4 

4 

3 

4 

4 

4 

3 
4 

4 

.,. 

13 

5 

7 

5 

5 

7 
13 

14 

14 

I4 
12 

9 
s 

13 

13 

9 

13 

13 

Indiscriminate mean= 33° 13' 39"·85. 

Latitudt:. 

O I II 

33 13 39·87 

39·49 

39·45 

38·99 

40·45 

40·07 

39·95 
39·So 

39·72 
40·29 

40·54 

39·58 

39 78 
39·40 

40·43 

40·30 

39·60 

39 '6o 

39 :92 

'\Veighted mean =33 13 39 ·90±011 ·06. 
c= ±011 ·31. 

71 obstn·ations, 19 pairs. 
[Reduction to 8 = + 011 ·39.] 

" 
II 

+o·o.~ 

+0·41 

+o·-1-5 

+0·91 

-0·55 

-0·17 

-0·05 

+0·10 

+o·rs 
-0·39 

-0·64 

+0·32 

+0·12 

+0·50 

-0·53 

-0·40 

+0·30 

+0·30 
-0'02 

65. ll!C111tgo111e1:1•, Alabama.-G. W. Dean. Zenith telescope No. 5. March 22 to 28, 1856. One 
division of level = o" ·929 as determined at this station. One turn of micrometer = 41" ·45 from 
circumpolar obser\"ations at this station. 

l"airs of :-stars. 

3 109 

3 qo 
3 202 

3 241 

3 307 

3 33 1 

3 399 
3 515 

*3 545 

*3 545 

3 sSo 
~·3 634 

3 112 

3 '176 

3 220 

3 2s5 

3 .'>27 

3 352 

3 423 

3 522 

3 548 

3 560 

3 621 

~- 665 

Adoptt:d seconds of 
inean N. P. D. 

,, 
11 ·rs 
14·o8 
16 ·72 

46·01 

18 '20 

54·00 

39·20 

16 'JO 

26·90 

26·90 

57·So 

27·20 

,, 
07·13 

I7 ·90 
42·66 

48·07 

55 'II 

00·86 

29·So 

oo·oo 

16·96 

19 ·90 

23·07 

27·00 

,,. 

5 

5 

5 
4 

4 

4 

4 
6 
6 

6 

6 

5 

14 
q 

14 
13 

13 

13 

13 

14 
IO 

10 

I4 

9 

Latitude. 

O I " 
32 22 45·66 

45·68 

45 ·19 

45 ·14 

44 ·34 

45 ·-1-2 

45·95 

45·93 

45·09 

44·89 

45·35 
44·80 

II 

-0·25 

-·0·27 

+0·22 

+0·27 

+1 ·07 
-o·or 

-0·54 

-0·52 

+0·32 

+0·52 

+o·o6 

+o·6r 
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65. ,~/0•1(fJt>lllt?1:1', .\labama--continued. 

Pair~ of star~. Adopted •econds of 

'" ~(I Latitude. v IUE:'RU N. P. D. 

,, ,, 
0 ,, ,, 

*3 634 3 670 27·20 15 ·40 5 9 32 22 44 ·96 +0·45 
3 704 3 736 23 ·04 so '5 .. ) 6 14 4.'i ·S6 -0·45 

3 760 3 7i6 44·44 55·07 5 14 45 ·38 +0·03 
3 825 3 837 26 ·rs 07 ·13 5 14 45·$1 -0"¥' 

·' 885 3 91 l 3S·3s 24 ·17 5 14 4S ·15 +0·26 

3 931 3 954 09·98 l'8 ·27 5 l4 45 75 -0·54 
3 964 3 973 52 ·30 42·17 5 I4 45"4! o·oo 

*3 990 4 _057 51 ·22 1975 5 9 45·q +0·27 
*.; 990 4 059 51 ·22 37 ·41_ 5 9 45·60 -0·19 

4 079 4 121 05·62 49·6o 5 '4 45·64 -0·23 

4 l2j *4 188 13·94 55·4$ 4 9 45 "66 -0·25 

4 184 *4 188 25 76 55·48 5 9 45·56 -0·15 
4 203 4 229 22 ·14 39·46 5 '4 44 "72 +0·69 
4 240 4 258 37·09 56·6o 4 13 45 ·67 -0·26 
4 287 4 351 18·35 47·80 5 '4 4S ·40 +0·01 
4 384 4 390 46 ·.-;4 n4 ·56 5 '4 45·67 -0·26 
4 421 4 457 26 ·53 52 70 5 q 44 ·9.5 +0·46 
4 468 4 538 38 "73 47 78 5 14 44·80 -tO ·61 

4 553 *4 s96 O.) "J6 I4 ·57 s 9 45·69 -o ·2S 

·4 566 *4 596 23 ·,;7 14. 57 5 9 45 ·ro -1-o ·3r 
4 609 4 618 52 ·22 J0"25 5 14 45 ·26 +0·15 
4 632 4 640 28 ·13 29 75 5 I4 45·66 -0·25 

4 694 4 714 35·61 32 ;o~ 2 9 45·66 -(J ·25 

4 699 4 729 32 ·67 57·47 2 9 46 "OJ -0·60 

4 753 4 827 53·46 5070 2 9 45·94 -o·s., 
4 789 4 853 55·76 58·71 2 9 46·03 -0·62 

4 902 4 961 oS ·17 41 ·02 2 9 45·50 -0·09 

4 993 5 026 17 ·16 38·94 2 9 45·So -0.39 

Indiscriminate mean= 32° n' 4511 ·43. 
Weighted mean =32 22 45 ·41 ± 0 11 ·04. 

l'= ±011 ·29 .. 
1S1 observations, 40 pairs. 

[Reduction to b, or center of State House=+ o'1 ·22.] 
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66. Lower .Peack Tree, Alabama.-E. Goodfellow. Zenith telescope No. 5. April 4 to r6, 1857. 
One 1livision of level =011 ·99 from observations at this station. One tllrn.of micrometer= 4111·4S1 
from circllmpolar ob.oervatious at Mobile, Alabama. 

Pairs of stars. 

2 74'' 
2 841 

2 912 
2 995 

3 047 

3 095 
3 140 

3 246 
3 278 

3 355 

3 4o6 

3 505 

3 545 
3 610 

3 661 

3 69r 

3 725 

3 862 

3 915 
3 981 

*4 017 

*4 017 

2 792 
2 S6o 

2 952 

*3 075 

*3 075 
3 1o6 

3 228 

3 265 

.3 341 

3 399 
3 421 
3 522 
3 6o2 
3 650 

3 685 

3 729 

3 788 
3 885 

3 952 

3 995 
4 027 
4 072 

Adopted !'econcl~ of 
111ean N. P. D. 

II 

29·03 
02·68 

2i 76 

18·92 

54·29 
01 ·10 

28·6o 

14·00 

25 ·27 
23·50 
29·83 
24·07 
45·00 

34·50 
21 ·90 

20·64 
21 ·84 

15 ·50 

JI ·30 

40 ·12· 

37·15 
37 ·15 

II 

27·05 
56 ·19 
15·52 
52·87 

52 ·87 

17·82 

24 ·15 

47 ·50 

54 ·68 

56·05 

rn·3S 

18·09 
16·58 

50·40 

56·73 
59 ·19 
30·80 

58·02 

55 ·ci6 
43·39 
39·20 
21 ·po 

n' 

4 

4 

4 

4 

4· 

3 

5 

4 

5 

4 

4 

4 

4 

4 

4 

4 

5 

4 
6 

5 
6 

4 

,,. 

5 

5 
5 

3 

3 

4 

5 

5 

5 
5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

4 

3 

Indiscriminate mean= 31° 50' 21"·18. 

I,atitn•lr. 

0 ' 
,, 

~I 50 21 'OJ 
2°1 ·68 

2(1 "75 

21 '79 
21 ·04 

22·37 

21 ·16 

20·22 

20·61 

21 ·95 

21 ".37 

20·74 

22·41 

21 ·40 

20·61 

21 ·37 

20·88 

22·38 

20·64 

20 71 
20·76 
20·16 

\Veighterl mean =Jr 50 21 ·19±011·10. 
t' = ± 0"·53. 

95 observations, 22 pairs. 
[Reduction to~= 0 11 ·00.] 

v 

" 
+0·16 

-0·49 

+o ·44 

-u ·6o 

+0·15 

-1 ·rs 
+0·03 

+0·97 
+0·58 

-076 

-0·18 

+0·45 
-1 ·22 

-0'21 

+0·58 

-o·rs 

+0·31 
-r ·19 

+0·55 
+0·48 

+0·43 

+1·03 
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67. Coon, Alabama.-0. B. French. Zenith telescope No. 2. May 2r to 26, rS9S. One division 
of level= r"·2r r as determined April 23, r89r. One turn of 111icrometer=4611 ·325 from circumpolar 
observations at this station and at Kaliatchee, Alabama. 

Pairs of stars. 

4 r22 

4 222 

4 26Sp 

4 347 

4 387 

4 4So 
4 5r3 

(2 122) 

4 6o7 

*4 727 

*4 727 

4 So3 

4 843 
(2 288) 

4 qo 

4 257 

4 300 
4 352 

4 433 
4 506 

4 536 

4 59r 
(2 r58} 

(2 232) 

(2 237) 

4 8:13 

4 873 
4 7o6 

Acloptecl •econds of 
mean N. P. D. 

II 

56 ·ro 
or ·5r 

2r ·rs 

29·62 

58·04 

44 "JO 

r2 ·9r. 

r9·62 

39 79 
49·88 

49·88 

r1·95 

r9·29 

35·02 

II 

5r ·58 

03·45 

44·39 

42·79 

25 ·56 

44·33 
4:! ·60 

54·04 

50·40 

04·04 

56·63 

42·So 

13 70 

34·43 

n' 

4 

5 

5 

5 

4 

4 
2 

4 

5 

4 

4 

5 

5 
5 

20 

24 

15 

24 
21 

2r 

JO 

21 

21 

14 

T4 

rs 

24 
19 

Indiscriminate mean= 3r 0 q' 4711 ·Sr. 

Latitude. 

o I II 

34 r4 48·26 

47·77 

47 ·s6 

47 7S 

47·93 
48 ·oo 

47·1r 

47 ·SS 

47·9r 
48·06 

4S ·r9 

47·ss 

47·46 

47·29 

·weighted mean =31 14 47 ·82±011 ·05. 
··=±6"·34. 

61 observations, 14 pairs. 
[Reduction to&:,. = -011·03.] 

II 

-0·44 

+0·05 

-0·04 

+0·04 
-o·u 

-0·18 

+0·71 

-0·06 

-0·09 

-0·24 

-0·37 

-o·o6 

+0·36 

+0·53 

6S . .llfobile, Alabama.-E. Goodfellow. Zenith telescope No .. ~. December r r, rS56 to January 3, 
1857. One division of level= 011·69. One turn of micrometer= 41 11 ·481 from circumpolarobservations 
o.t this ::;tation. 

Pairs of stars. 

215 
283 

330 

*425 
*425 

446 

469 

510 

556 

576 

648 

259 

307 

341 

427 

431 
"'492 
*492 

523 

566 

630 
661 

Adopted secouds of 
inean N'. P. D. 

II 

01 ·20 

47·90 

37·96 

27·05 

27·05 

24·74 

34·76 
4o·o6 
30·03 

51 T~ 
14·22 

" 
57·oS 

56 ·rs 
36 70 

44·09 

26·03 

53·32 

53·32 

59 ·27 

58·50 

38·00 
32·61 

n' 

5 
6 

6 

6 

7 
6 

6 

6 

6 

6 

6 

6 

6 

6 

4 

4 

4 

4 
6 

6 

6 

6 

Latitude. 

O I• /I 

30 41, 33 •86 

32 •68 

32·32 

32·55 

33 ·11 

33·28 

32·97 

33·00 
33·00 

31 ·99 
33·88 

v 

II 

-0·44 

+074 
+r ·ro 
+0·87 

+0·31 

+o·r4 

+0·45 

+0·42 

+0·42 

+1 ·43 
-0·46 
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68. Jl/obilc, Alabama-continued. 

Pairs of stars. Adopted seconds of 
11' 'W Latitudt:. 1J 1nea11 N.P.D. 

II II 0 I II II 

697 ·~710 13·48 26·So 6 4 30 41 33·58 -0·16 
698 *110 15·75 26·So 6 4 34 ·13 -0·71 
735 798 33 7S 44·90 6 6 32·86 +0·56 
872 915 09·44 50·42 6 6 33·27 +0·15 
921 963 18·03 09·06 6 6 34·02 -o·6o 
986 993 15·97 15·73 6 6 33·85 -0·43 

I oo6 I 064 28·69 01 ·30 6 6 33·33 +0·09 
I 095 *1 123 20 "70 18·58 7 3 33·69 -0·27 

*1 123 I 146 18 ·58 01 ·62 6 3 34·24 -0·82 
*1 123 I 154 18 ·58 09·00 7 3· 34·23 -0·81 

I 189 *1 219 50·57 37·6o 6 3 33·68 -0·26 
*1 219 I 257 37·60 55 ·27 6 3 33 "77 -0·35 
*1 219 I 260 37·6o 00·23 6 3 34·47 -1 ·05 

I 323 I 328 59·92 26·34 7 6 33·32 +o·w 
J 337 *1 414 22·6o oS·S4 5 4 32 ·68 +074 
I 342 *1 414 22·So 08·84 7 4 33 "6o -0·1S 
I 445 I 468 50·53 47·40 6 6 33·52 -0·10 
I 492 I 528 41 ·55 34 ·60 6 6 34·50 -I •oS 

I 557 *1 6o9 02·42 13 ·oo 7 4 32·83 +0·59 
I 591 *1 609 27:12 13 ·oo 5 4 32·43 +0·99 
I 629 *1 648 33·21 36·54 6 4 33·67 -0·25 
J 632 ·»1 648 34·83 36·54 6 4 32·91 +0·51 
J 669 768 45·50 52·88 6 6 33 ·15 +0·27 
I 845 I 925 56 ·45 28·05 6 6" 33·32 +0·10 

*1 935 J 951 05·36 IO "19 6 4 33·20 +0·22 
*1 935 2 016 05·36 54·31 6 4 33·48 -o·o6 

2 067 2 155 47 ·13 13·70 6 6 34 ·29 -0·87 
2 182 2 228 33·06 16 "II 5 6 33·57 -0·15 
2 306 2 409 28·40 10·93 6 6 34·37 -0·95 
2 423 2 429 19·10 18·03 4 5 33·37 +0·05 
2 441 2 444 28 ·79 08·55 6 6 33 ·17 +0·25 
2 463 2 563 34 ·28 05·83 6 6 34·38 -0·96 

Indiscriminate mean = 30° 41' 3311 ·43. 
Weighted mean =JO 41 33 ·42 ± 011 ·06. 

e= ± o'1 • 46. 
258 observations, 43 pairs. 

[Reduction to & (Episcopal Church.)= - 1011 ·72.] 
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6g. East Pascagoula, Mis.c;issippi.-R. H. Fauntleroy. Zenith Telescope No. 1. June 25 to July 
26, 1847. One division of level = o" ·90. One turn of micrometer= 45" ·502 from latitude obsen·a
tions at this station. 

Pairs 1.>£ stnr.s. 

5 463 
5 628 

5 667 

5 795 
5 ScJ2 

5 953 
6 013 

6 052 

6 155 
*6 224 

*6 224 
6 269 
6 428 

6 476 
6 460 
6 626 

*6 644 
6 720 
6 748 

6 7i2 

6 Sos 
6-891 
6 910 

6 985 
7 062 

7 091 
7 125 
7 215 

7 324 
7 350 
7 476 
7 488 

7 5Sg 

7 642 
7 6o6 

*7 689 
*1 689 
*7 766 
*7 j66 

7 812 

5 563 
5 724 

5 749 
5 940 
5 853 
6 oo6 

6 094 

6 143 
6 216 

6 418 
6 420 

6 3i3 
*6 615 
*6 615 

6 58,3 
*6 6.u 

6 717 

6 744 
6 833 

*6 865 

*6 865 
6 932 
6 9iO 
7 oSS 

7 223 

7 257 
7 182 

7 269 
7 401 

7 448 

7 527 
'*7 561 
*7 561 

7 662 

i /OS 

7 754 
i 778 

7 795 
7 Sog 

7 827 

Adopted seconds of 
n\ean N. P. D. 

II 

10·6o 

12·36 

50·65 

39·77 
29 78 
12 ·40 

44·92 
49·24 

39·79 
14·98 
14·98 

23·53 
18·42 

46·40 
27·50 
42·71 
4:i·24 
·1 7 ·oo 
58·So 
20 'IS 

'48·3S 
5,, ·::;::; 
51 ·61 

I I '75 
18·98 

37·6o 
09·10 

II 

57·00 
17 ·13 
01 ·25 

19 77 
31 ·96 
19·20 

09·65 
12 'JO 

44·99 
57 '12 
29·64 
48·o6 

13·29 
13 ·29 
59·0S 
42·24 
07 ·50 

27·39 
17 ·10 
23·86 
23·86 

51 ·27 
01 ·18 

47·30 
24·77 

47·31 
26·39 

04·05 25·41 
35 ·18 / 34 ·71 

53·53 
50 78 

47·00 
08·90 
28·69 
22·40 

12·97 
12·97 
51 ·04 
51 ·04 
16°86 

56 ·16 

29·07 

25 73 

25 '73 

31 •6g 

41 ·54 

12 ·49 
04·36 
22·52 

42·31 
10·45 

n' 

2 

3 
2 

2 

3 
2 

3 

3 

4 

4. 

3 
2 

3 

3 

3 

3 

3 

4 

3 
4 

3 

3 

5 

5 

3 
4 

3 

3 

3 
2 

3 

3 
2 

3 

12 
6 

19 

12 
12 

12 

6 

6 

12 
12 

24 
12 

9 
8 

12 
12 

12 

12 

12 

19 
24 
12 

!2 

19 
12 

12 
12 
8 

4 
19 

.I.atitn<le. 

0 II 

30 20 41 ·19 

40 "i'>7 

40·43 
40·79 
40·91 

40·57 
41 ·oS 

40·82 

40·44 
41 '71 

40·6o 
41 ·51 

40 70 
40·62 
.p ·26 

40·76 
. 40·80 

40·98 

40'.)2 
40·67 
41 '10 

40·85 
40·18 
40·52 

40·6S 

40 ·;S 
41 '22 

40·51 
41 '21 
41 ·16 

41 ·14 
40·63 
40·2..;. 

40·69 

41 79 
41 ·42 
41 ·42 
41 '00 

41 ·72 
41 ·24 

,. 
II 

-0·27 

+0·05 

+0·49 
+0·13 
+0·01 

+0·35 
-0·16 

+o·w 
+0·48 

-079 

+0·32 
-0·59 
+0·22 

+0·30 
-0·34 
+o ·16 
-j-o·i2 

-0 ·06 

+o'6o 

+0·25 
-0·18 

+0·07 
+0·74 
+0·40 
+0·24 
+0·14 
-0·30 
+0·41 
-0·29 

-0·24 
-0'22 

r ..... r.C'> 
TV ULI 

+0·23 

-o·S7 

-0·50 
-0·50 

-o·oS 

-o·So 

-0·32 
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69. East Pr.mugoula. l\lississippi-continuerl. 

l'ai.rs of stars. Adopted st:coml:-0 of .,. ,.. l.alitucl~ . ,. 
111ean N. P. l>. 

" 0 II II 

7 Ki5 7 912 29·35 51 70 6 30 20 41 ·39 -0·47 

7 ~SS 7 908 36·03 56 "6o 4 24 40·¢ -0·04 

7 95,> 7 996 23 ·16 27·29 4 24 41 ·67 -0·75 

7 975 8 115 43 "12 25·60 6 40·68 +0·24 

8 036 s 149 09 ·,;o 43·83 3 19 .p ·04 -0·12 

s 153 8 218 17·58 46·45 6 40·35 +0·57 
s 262 s 282 42 75 II ·98 2 I2 40·59 +0·33 

8 322 8 331 42 ·55 01 ·65 2 I2 40·93 -O'OI 

Indiscriminate mean = 30° 20' 40" ·92. 
\.Veighterl mean = 30 20 40 ·92 ± 0 11 ·04 

e = ±011 ·.w. 
129 observations, 48 pairs. 

[Reduction to8 =o" ·oo.] 

70. Fort .!Jforg-an, Alabama.-R. H. Fauntleroy. Zenitl~ telescope No. I. March 23 to April 30, 
I847. One division of level = 0 11 ·91 from observations at this station. One turn of micrometer 
= 45" ·570 from latiturle observations at this station. 

l'aii-s of stars. Adopted •econd• of n' 'j(' Latitude. , .. 
mean N. P. D. 

II II 0 II II 

2 650 2 673 34·45 58 ·17 4 24 30 r3 47 ·92 -0·03 

2 725 2 765 32·42 38·00 4 24 48 '22 -0·33 

2 844 2 889 22'03 00·70 4 24 47·91 -(l'02 

2 970 3 075 57·03 33·87 4 24 48·o8 -0·19 

3 105 3 140 59·36 03·52 7 42 47 '75 +0·14 

3 182 3 251 31 ·55 45·44 s 48 47·78 +0·11 

3 325 3 368 42 ·30 44 ·12 IO 59 47·¢ -0·07 

3 402 3 532 33·40 33·90 I" _, 77 47 ·67 +0·22 

3 592 3 682 19 '97 44·So 15 91 48-·20 -0·31 

3 758 3 84,; 17 75 32 ·04 16 100 47 ·52 +0·37 

3 868 :; 910 42·68 32.31 1 • ,, 77 48 ·13 -0·24 

3 949 3 979 02 ·56 29·34 14 83 48·08 -0·19 

4 094 4 12,; 33·95 00·95 !I 67 47·66 +0·23 

4 228 *4 303 34 ·28 52·92 IO 59 47·92 -o·o,; 

4 271 *4 303 12 '79 52·92 10 59 48 "10 -0"21· 

4 341 4 423 20·69 42·65 8 48 47·73 +0·16 

4 596 4 637 31 ·28 38·&> 7 42 47·84 +0·05 

4 699 4 737 56·67 .u·72 5 30 47·67 +0·22 

4 792 4 874 20·54 04·89 ·' 18 47·91 -0·02 

Indiscriminate mean= 30° 13' 47" ·90. 
Weighterl mean =30 13 47 ·89 ± o" ·03. 

e = :±: o" ·41. 
166 observations, 19 pairs. 

[Rer!ucticm to & = 0 11 ·oo.J 
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7r. l\Tcw Orleans, Louisiana. --J. Kincheloe. Zenith telescope No. 5. January 16 to February 10, 

1858. One division of level = 0 11 ·845 from obseryations at this station. One tum of micrometer 
= 4111·516 from circumpolar ob~ervations at this station. 

Pairs of stars. 

707 

745 
766 
So6 

885 
*gS1. 

I 221 

*1 ,'123 

*! ::P3 

J 376 

I 449 
I 492 
I 571 

631 
I 690 

I 834 
I 862 

I 935 
*1 981 
*1 981 

2 0'34 

2 090 
2 200 

2 237 
2 301 

*2 440 
*2 440 

*2 504 
*2 504 

2 li311 

2 731 
2 892 

3 000 

3 002 

3 035 
3 123 
3 182 

749 
7P 

*905 
*905 

999 
I 034 
I 084 

I 269 

I 335 
I 343' 
I 414 

I 476 
I 527 
I 602 

651 
I 778 

*1 897 

*1 897 

I 970 
2 014 

2 021 

*2 155 

*2 155 
2 228 

2 254 
2 3.fO 

2 464 

2 485 
2 514 

2 551 

2 691 

2 798 
2 971 

«·3 016 

*3 016 

3 075 

·' 162 
3 227 

Anopterl seconds of 
mean N'. P. D. 

II 

28·20 

05·00 

47·04 

39·33 
19·58 
51 ·91 
51 ·91 

12·74 

43·34 
04 ·42 
41 •66 

41 •66 

17·23 
09·60 
28 ·29 

1.) ·98 

54·99 
59·50 
21 76 

04·98 
04·66 

I I ·46 
I I ·46 
20·45 
07·88 
JO ·10 

19 ·61 

43·35 
30·55 
30·55 
15 ·25 
15·25 
or ·ss 
IT "66 

40·62 

39·43 
46·66 
02 ·40 

46·78 
16"62 

/I 

01 ·40 

04 ·29 
06·90 

32 ·23 

04·94 
04 ·31 
13·68 

54·32 
09·78 

43·73 
44·52 
52·98 

59·92 
37 ·70 
18·08 

03·30 
12·50 

52 ·84 
52.84 
28·33 
28 ·15 

28·61 

18·90 
18·90 

23·24 

03·50 
34·8o 
13·88 

16·34 
33·86 

5.5 ·30 

JO "2J 

29·84 

46·44 

o9·33 
09·33 
06'70 

56·49 
38·06 

6 

6 

5 
6 
6 

6 

6 
6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

4 

6 

6 

5 
6 

6 

6 

4 
6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 
6 

5 

5 

5 

4 

4 

4 

4 

5 

5 

5 

4 

4 

5 

5 

5 

s 
.5 

5 

4 

3 

5 

4 

3 

4 

4 

5 

5 

5 

4 

4 

4 

4 

5 

5 

5 

4 

4 

5 

5 

5 

Latitude. 

0 II 

29 57 25 ·17 

24:43 
24 73 
24·61 
24·66 
26·01 

25·30 
24 ·90 
25·29 

25 ·39 
26·35 
25·30 
25·50 
25 70 

24·06 

25·83 
24·88 
24 ·16 
25·88 

24·89 

24·43 
26·05 

26·45 
25 ·60 
26 ·17 

24·72 
25·72 
25 ·51 

25 •66 

24·43 
25·23 
24·42 

26·14 

25:25 

24·97 
25·29 
26·03 

25·58 
24·87 

7J 

II 

+o·II 

+0·85 

+0·55 
+0.67 
+0·62 

-073 
-0·02 

+0·38 
-o·or 
-O"II 

-I ·07 
-0·02 
-('1"22 

--0·55 
+0·40 
-t-1 "12 
-o·6o 

+0·39 
+0·85 
-0·77 

-I "17 

-0·32 
-0·89 

+0·56 
-0·44 
-0·23 

-0·38 
+0·85 
+0·05 
+o·S6 
-l_J '·1 .. ; 

-0·86 

+0·03 
+0·31 
-o "QI 

--0·75 
. -0·30 

+0·41 
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71. JVew Orlca11s, Lo11isiana-continued. 

Adopted seconds of n' 'W Latitude. ,, 
mean N. P. D. Pairs of stars. 

II II 0 I II II 

3 242 3 286" 41 ·74 46·78 6 5 29 57 26 '12 -0·84 
3 313 ·' 327 35·86 29·75 6 5 24·02 +r ·26 

3 358 3 ,'\59 29·64 37·8o 4 5 25 '35 -o '07 
3 381 3 398 43·32 44·40 6 5 25·56 -0·28 

Indiscriminate mean = 29° 57' 2511 ·29. 
\Veighted mean = 29 57 25 ·28 ± 0 11 ·07 

t"= ± 0 1'·43. 
256 observations, 44 pairs. 

[Reduction to &, = o"·oo.] 

3. SUi\E\'lARY OF RESULTS FOR LATITUDE. 

No. Name of station. State. Resulting Prohable error 
latitude. of result. 

0 /I ,, 
Calais i\Ie. 45 II 09·40 ±o·o6 

2 Cooper Me. 44 59 12·6o 0·05 

3 Humpback Me. 44 5r 47·56 0·05 

4 Bangor Me. 44 48 12·87 0·05 

5 Farmington Me. 44 40 19'54 0·05 
6 Mount Hnrris Me. 44 39 54 •66 0·04 

7 Howard Me. 44 37 49·24 0·05 
8 Mount Desert Me. 44 21 06·51 0·03 

9 Raggerl Mountain Me. 44 12 42 ·96· 0·04 
10 Sabattus Me. 44 oS 37 '73 0·09 
II Mount Pleasant Me. 44 01 36·44 0·04 
12 Cape Small Me. 43 46 43·69 0·04 
13 l\lounl I11dcpt:mlc11ce Me. 43 45 34·47 o·o6 

14 Guustock N.H. 43 31 03·81 0·05 

15 Agamenticus Me. 43 13 24·96 0·06 
16 Isles of Shoals Me. 42 59 12·97 0·09 
17 Unkonoonuc N. H. 42 58 59'.W 0·07 
18 Thompson Mass. 42 36 38·02 O'IO 

19 \Vach usett Mass. 42 29 16·13 0·04 
20 Camhrirlge, Harvard College Observatory Mass. 42 22 48·05 0'22 
21 Cambridge, Cloverden Observatory Mass. 42 22 40·97 o·oS 

22 i\Iou11t Tom Mass. 42 q. 27·62 o·o6 

23 Manomet Mass. 41 55 35'35 0·05 

24 Sandford Conn. 41 27 40·47 0·08 

25 West Hills N.Y. 40 48 5o·o6 0·04 
26 New York N.Y. 40 43 48·39 0·09 
27 Reacon Hill N.J. 40 22 27·81 0·07 
28 :t\'lount Rose N.J. 40 22 05·41 o·oS 

29 I Yard Pa. 39 58 29·39 0·06 

*Center of dome. 



No. 

THE EASTERN OBLIQUE ARC. 

3. SUMMARY OF RESULTS FOR J.,ATITUDE--conlinut:'I. 

Principio 

Marylancl Heights 

Poole~ Islam! 

Sugar I.oaf 

Dover 

Webb 

Soper 

Rockville 

Taylor 

Strasburg 

Cape May 

Namt:: uf :-otation. 

Causten, \Vashington 

Naval Obsen·atory (nt::w), Washington«· 

Hill 

Naval Observatory (olcll. \Vashingtont 

Seaton, \Vashington 

Coast aml Geuddic Sun·ey Office. Washington t. 
Bull Run 

Marriott 

Cape Henlopen 

Clark 

Elliott Knob 

Charlottesvillt: 

Lo11g Mountain 

Moore 

Young 

King 

Paris 

Currahee 

J.,avender 

Sawnee 

Aurora 

Atlanta l\Iidrlle· Rase 

Atlanta· 

Kahatchee 

Montgomery 

J.ower Peach Tree 

Coon 

Mobile 

East Pascagoula 

Fort Morgan 

New Orleans 

Stah:. 

Mel. 

Md. 

Mel. 

Md. 

Del. 

M•I. 

Md. 

Mr\. 

M.-1. 

Va. 

N. J. 
D. C. 

D. C. 

Mel. 

n. c. 
D. C. 

D.C. 

Va. 

Md. 

Del. 

Va. 

Va. 
. Va. 

Va. 

N. C. 

N. C. 

N. C. 

s. c. 
Ga. 

Ga. 

Ga. 

Ala. 

Ga. 

Ga. 

Ala. 

Ala. 

Ala. 

Ala. 

Ala. 

Miss. 

Ala. 

J,a. 

. *Center of clock-room. t Center of •mall dome. 

Kc::sulting
lntitnclt:. 

II 

39 35 3:?"8J 
39 20 J:? ·10 

39 lj 17·52 

39 15 49 "71 

39 09 1.; ·62 
39 05 25 ·21 

39 05 I0 "69 
39 05 IO ·45 

38 59 46·oS 

38 59 31 ·49 

38 55 44 "i4 
38 55 32 ·18 

38 55 13 ·91 

38 53 52 ".3 I 

38 53 38·79 
38 53 25 "20 

38 53 07 "..J.3 

38 ~2 :;6 79 

38 52 25 ·12 
38 46 40 "(•0 

38 18 39 ·So 

38 ''9 57 ·51 

38 02 (JO ·95 

37 17 2S·72 

35 I::! 

34 56 

34· 31 

54·95 
21 ·50 

13 ·31 

."\I ·96 

37·75 
34 19 15·81 

34 14 04 ·20 

34 08 47 ·45 

33 54 21 ·82 

33 44 59 ·30 
33 13 39·90 

32 22 45·41 

31 50 21 ·19 

31 q 47·82 

30 41 33·42 
30 20 40·92 

30 13 47·89 
29 Si 25 ·28 

Prohahle error 
of re•ult. 

II 

±0·04 

0 ·15 
0 "l(J 

0·06 

0·04 
o·og 

0·03 
0 ·12 

(I ·09 

u ·cc6 

0·06 

0·06 

0·05 

0·03 

0·02 

I) ·07 
0·06 

0·05 
0·06 
0"[( 

0·14 

0·09 
o·og 

0·12 

0·07 
0 ·07 

o ·os 
CJ. I 2 

o·os 
0 ·12 

0·05 
() ·12 

n ·ooi 

()"[() 

0·05 

o ·o6 

0·04 

0·07 

t Station i•f yard . 



B. THE RESULTS FOR LONGITUDE AT THE ASTRONOMIC STATIONS 
OF THE OBLIQUE ARC. 

I. GENERAL STATEMENT. 

Connected with the arc there are fourteen well determined longitude stations avail
able for comparison of geodetic and astronomic longitudes. The stations are marked 
by.their appropriate sign on the general Map B (in pocket), and are irregularly dis
tributed over the region of the arc. \Vithin the limits of the city of \Vashington there 
are four longitude stations, all within a few kilometers of one another, and consequently 
under the saine general influence of zenithal deflection. These four stations have beeil 
treated a's one in this discussion. The following stations are common to the arc of the 
parallel in latitude 39° and to the oblique arc: Cape May, New Jersey; Dover, Delaware; 
three* of the Washington, District of Columbia, statious; Strasburg, Virginia, and 
Charlottesville, Virginia. 

The longitudes here given depend on the standard longitude system of the United 
States. as presented in the Report of the U. S. Coast and Geodetic Survey for the year 
1897, Appendix No. 2, "The telegraphic longitude net of the United States and its con" 
nection with that of Europe, '1866-1896." t (pp. 197-26r.) 

Six of the arc stations are standard stations, i. e., Calais, Maine; Cambridge, Massa
chusetts, Harvanl Observatory; Cape May, New Jersey; \Vashington, District of Colmn
bia, Naval Observatory (old); Atlanta, Georgia, and New Orleans, Louisiana. For 
these stations, particulars and full abstracts of the individual results are given in the 
Report for l 897. It suffices, therefore, to present only the dates and results at these 
stations, but for the remaining stations, abstracts are given to the same extent as in 
the Report for 1897, together with all necessary explanation. In nearly every case ·of 
a telegraphic determination of a difference of longitude the observers exchanged places 
after one-half of the proposed observations had been made, in order to effectively elimi
nate diffen~nces of personal equations. All these longitudes count frori1 Greenwich, 
positive to the westward. The probable error of any one of the adjusted standard longi
tude determinations is ±0"·05, and none of the probable errors of the longitudes used in 
this discussion exceeds ±0'·09. 

•A fourth. named Seaton (t:nst of the United Stale8 Capitol), establishecl in 1849, was not a station of snflicient 
importanc<o to he inclndecl in the general longitude net. 

t For nn abstract of this paper see Gould's Astro110111ic<1l Journal, No. 412 (l;eptember 14, 1.'l\I;). 
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2. RESULTS FOR LONGI1'UDE PREVIOUSLY PUBLISHED. 

Nesultsfor longiludt· l?f stationsfor111i11g part of Ille standard longil11dt" net of Ill<" United States or 
closr:(11 co1111ecft,d l/1erczvilli. 

[Taken from Coast and Geodetic Sun·ey Keport for 1897, p. 254.] 

Natnf' of stntion. Point of reference. Lnngitnd.e west of Greenwich. 

Calais, Maine. 
Cambridge, Massachusetts. 

Cape l\iay, New Jersey. 
'Vashington, District of Columbia. 
Atlanta, Georgia. 
New Orleans, Louisiana. 

Transit. 
Ii. 
4 

Dome of Harvard College Observa- 4 
tory. 

Transit. 
Dome of olrl Naval Observatory. 
Transit, 1896. 
Transit, r88o an.-1 1895, Lafayette 

Square. 

4 
5 
5· 
6 

II/. 

29 
44 

59 
08 

37 
00 

s. 0 ,, 
n7·857 67 16 57·86 
31 ·046 7r 07 45 ·69 

43·045 74 55 45·68 
T2 '153 - i7 03 02·30 
33·338 84 23 20·07 
16 '763 90 04 II '44 

Charleston, South Carolina.* Citadel Square, transit. 5 19 44 ·076 79 56 01 ·14 

From the same Report we have two more of the \.Vashington stations; pp. 257-259, 

and 26r. 
Na111e of station. Point of n..:ft:renct:. Longitude west of Greenwich. 

/1. 11/., s. 0 ,, 

· \Vashington, District of Columbia. Clock-room, new Naval Ohserrntory. 5 08 15 ·784 77 03 56 76 
'Vashington, District of Columbia. Coast and Geocl.etic Sun·ey Office, 5 o8 or 709 7i oo 25 ·64 

transit. 

Results /(1r /,ll1.i;·itudc 1~( slalio11s in Ille .-lff r?l Ille Tliir(1•-11inl/1 Pam/Id. 

Name of :""tntiou. Point of refc:r~nce. I..ongitnde west of Grt:"enwich. 

". 111. s. 0 ,, II 

Do\•er, Delawaret Transit, 1897 5 02 05·230 75 ... , r r8·45 

Strasburg, Virginia t Transit, 1881 5 I" ·' 26·3So j8 21 35 ·7n 
Charlottesville, Virginia 1' l\kCormi.:k Observatory 5 14 05·340 ' j!'l 31 21) · 10 

3. ABSTRACTS OF RESlTLTS FOR DIFFERENCE OF LONGITUDE AND ADJUSTMENT OF 

THE LONGITUDES OF THE REil:lAINING STATIONS t CONNECTED WITH THE ARC. 

Date. 

1857. 

Sept. rS 

2" 

) 
.) 

25 

26 

Oct. JO l 
i2 

17 If 

DIFFERE!S'CE OF l,ONGl'l'FDE BETWEEN RANGORJ ME .. AND C • .JL.US. ME. 

Ohsen·ers at- Difference of longitude. 

Bangor. Calais. 
111, s. 

r 00 ·275 Means. 

00·330 l 11/, s. 
E. Goorlfellow G. W. Dean 6 oo·,,, I 00 ·268 

J 00 ·229 

r 6 00·341 l r 
00 ·.~57 I G. \V. Dt:an E. Goodfellow l 00·362 

J 
u 

00·367 

Bangor (transit) west of Calais (transit), 
Longitude of Calais, 
Longitude of Bangor (transit), 

Ii. Ill. 

6 
s. s. 

00·316±0·015. 

4 
4 

29 l)j ·857 ± 0 ·05. 
35 08·173. 

11/, s. 
6 00·316 

* This rt:'Sl11t is adclt:d bec:tuse it if. nctded further on. 
t These stations are inchtcled in the discussion of the arc of lite 39th parallel anclall necessary details are published 

in Coast and Geodetic Sun·ey Special Pnbtication No. 4, •· "l'he Transcontinental Triangulation.!• \Vashington, D. ;:., VlOO. 

t Puhlished for the ti rst time. 
~The longitude of this station was differentially delt:"rmint:-d from Camhridge. l\Inssachusetts. in N'o\"etnbe1· and 

Dt:Cf'tnber. 1851. but the result was fonncl to be weak :=i.nrl i1n~atii.;fact•Jt"y, the oh~er\'t:r~ not interchanging places, hence 
nn 11!-'e wa:; tnacle of those oh!-'.en·ations. 
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. DIFFERENCE OF I,ONGITUDE BE"rWEEN SF.A TON STA TFON,* WASHINGTON. T>. C .. AND :VA/ "AL 
OBSERVATORl"(OLDl. WASHINGTON, D. C. 

Date, Fro111 western l-'ron1 eastern !\·Iea.11 western 
W.-1':. and eastern 

1867. signals. signals. Agna ls. 

s. s. s. s. 
June 4 r2·70 12·67 +0·03 12·68 

6 ·60 ·60 o·oo ·60 

10 "7C ·69 +0·01 ·69 

Tl ·63 ·61 +0·02 ·62 

21 ·75 ·69 +0·06 ·72 

29 ·68 ·69 -0·01 ·69 

Mean 12·667 

Observers: G. \V. Dean, in charge of party, E. Goodfellow and other observers; three were 
engaged in the work at the Na\·al Obserrntory and two at Seaton, but no interchange of observers 
took place. The results were corrected for the personal equation of tl::ie obsen•ers deriverl from obser
vations made for this purpose. 

Naval Observatory (Meridian Circle) west of Seaton (transit) 12• ·667 ±o' ·or3 
Reduction to center of dome at Oh::;en·atory -o ·o~:; 
Difference of longitude Naval Observatory (old) and Seatou, transit r2 ·634 ±o' ·013 
Longitude of dome, Naval Obsen·atory (old) 5h o8"' 12• ·153 
Longitude of Seaton (transit.) 5 07 59 ·519 
S:une, as adjusted 5 07 59 ·520 

DIFFERENCH 01' l,ONGITUl.lE BETWEEN ST..J TES/"/LLF.. N. C., AND IV . .JSH/N(;Tlllll, n. C. 

From west- From en~t- Me1rn of IJifference 
Dnte. Ohsel"\·ers at- ern or ern or w.-E. "~esh:rn Personal of lungi- Weights. 

1878-79. States\-ille Wa•hing- and east- equatio11. tude. p. 
St:itesville. \Va~hington. signal~. ton signals. ern signals. .<.J;\. 

m. s. m. ·'· s. Ill. s. s. 'Ill. s. 
Dec.19 

)E.•miU !' 
22 '62 15 22·5~ O"Oj 1,5 22 ·5s -o·o6 '.5 22 ·52 ·' 

23 
G. \V. Dt:nn ·s.~ ·58 -0"()5 ',<,6 ·so 3 

24 ·49 ·42 O'Oj 'J6 •40 6 

25 ·57 ·~1 0 ·i:,f. ·.54 '4S 6 

\Veighted mc:an 15 02·54 

Jan. 2 }c. w. Dean {'5 
22·48 15 22 ·42 o·o6 15 22·45 +o·o6 15 22 ·sr 9 

3 E. Smith ·44 '39 0·05 ·42 •48 16 
10 ·32 ·29 0·03 ·30 ·36 

Weighted mean 15 22·42 15 22 ·477±0 ·or6 

Statesville (transit), west of Washington (transit), oh 15m 22' ·477 
Reduction to center of dome at the old Naval Obser\·atory, +o ·124 
Statesville (transit) west of the dome of old Na\'al Observatory, 0 rs 22 '60! 
J.ong-itucle of .Jome of_ olrl NayaJ Observatory, 5 08 12 ·153 
Longiturle of Statesville. (transit). 5 23 34 ·754 

Differ-
ence. 

'Z'. 

s. 
+0·04 
+0·02 
-o·o.;; 

0 'OC• 

+0·03 

o·oo 
-0·12 

*This station was established in 1849, to be used in place of the United States Na,·al Ohsen·atory. where it was 
found hoth incom·enient and unsatisfactor~· to make ohsen·ations, as it interfered with the regnlar duties of the obser_ 
\"atory staff. It wns. loc.:tted c:nst of the Capitol, in an open field. on Fifth ~treet east. near A :.treet north, now co,·ered 
hy buildings. Telegraphic connection with the Na,•al Ohsen·atory (old) was made in 1867; distance by wire. 5% kilo
meters, or 3% statute miles, nearly. 
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~------------N-'_0·_Js...,. In order to reach the longitudes of Mont-
AS ea ton · 
l'lilt hi.n(Jton. D.C., Obs. 

\ 
\ 

\ 
'\ 

New Or7.eans, La. 

~ 

" Char7.eston 

gomery, Lower Peach Tree, and Mobile, Ala
bama, it was necessary to make a special adjust
ment of certain . intermediary longitude stations, 
which bind them together a,ml connect them wi~h 
the standard net. They are Petersburg, Virginia, 
1852; Raleigh, North Carolina, 185,): Charleston, 
South Carolina, 1853; Wilmington. North Caro
lina, 1854 and 1856: Columbia, South Carolina, 
1854 aml 18,56: Macon, Georgia, 1855: Mont
gomery, Alabama, 1856: Lower Peach Tree, 
Alabama, 1857, and Mobile, Alabama: 1857 and 
1858.* 

"DIFFERENCE OF LONGITUDE BETWEEN PETERSBl/R(i, 
VA., AND SEA TON s1:~ Th•:V. n: c. 

Date, Ntnnher ,1f Difference of 
stars. longitude. 

1852. 
Ill. s. 

July 7 15 I 35·583 

9 21 ·636 

:!T 13 ·617 

:.12 6 and 14 ·559 
Aug. 2 9 ·545 

7 17 ·597 
---- s 

Mean I 35•589 ±0·009 

The observers were A. D. Raehe 'anrl G. \V. Dean, 
at Pett:rslmrg, and L. F. Pourtule:;, at Seaton :.;tation. 
Tht: observers did not inkrchange places. Their per
sonal equations were ascertained by direct observations 
taken at various times. The results, as given here, are 
correderl accorrlingly. Giving weights to the indiYidual 
results in proportion to the number of stars observed each 
night, we get .J l= 1"' 35'·591±0''0220. · 

Petersburg (transit) west of Seaton (transit), 1"' 35•·591 
±0"022. 

DJFFF.RF.NCE OF 1.0N<;ITUDE BETWEEN RALEIGH, N. C., 
AND SEA TON STA TIVN, D. C. 

Dnte. Number of 
stars. 

1853. 

Apr. 21 5 
26 2' ..). 

28 23 

30 16 

Mean 

\Veighted mean 

Difference of 
lougitucle. 

111. s. 
6 32 "742 

"9?2 
·894 

·987 

s. 
6 32 ·904±0 ·039 

6 32·87_±0·044 

The obi;ervers were B. A. Gould at Raleigh and 

*Details at thes~ stRtion::o pnbli ... hed for the first tin1e. 5ee 
also report hy Dr. B. A. Gould in Coast Sun·ey R"port for 1864, 
Appendix No. 12. pp. 115, 116. 
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L. F. Pourtales at Seaton Station. The personal equation correction was determined from direct 
a11d indirect comparison,;. The results given here are corrected accordingly.* 

Raleigh (transit) west of Seaton (transit) 6"' 32•·873±0•·044. 

IJll'FF.RliNCli 01' LONGJTUIJE BETWliEN CHARLESTON.,;. C,, AND R.~LEIGH, N. C. 

Dat.,. N\\11\\)er of Differ.:ncc of 
.stars. longitude . 

1853. 111. s. 
Apr. 29 3 5 12 ·007 

May 6 15 ·061 

14 13 ·164 
s 

i\iean 5 12 ·on±o ·031 

Observers: At Charleston, L. ·R. Gibbe,;; at Raleigh, B. A. Gould.. The personal equation cor-
rection heing unknown, the probable error of the result is raised to±ct·15. 

Charle~ton, Gihbt:,; Observatory (transit) west of Raleigh (transit) 
Rerluction of Gihbes Observatory to Citarlel Square (transit) at Charleston. t 
Charleston, Citadel Square (transit) west of Raleigh (transit) 

Dale. 

1854. 

'May R 

27 

June ~ 

14 

17 

20 

23 

Date. 

1854. 

Jan. 21 

Feb. 5 
21 

Mar. 12 

5111 12•· 08±0•·15. 
- 0•·396. 

5"' I !"684±0'· 150. 

ll!l'FERENCH OF J,ONGl'l'UDE BETWEEN Wll.MING"TON. N. C .• ANIJ PETE.NSlll'R(;, VA. 

:r-;11111ht:r Obsen·ers al- Differe11ce Difference of longitude referrect 
of stars. \\r"ilmington. 1-'t:tt."rslmrg. of longitude. lo D.t and P.t and means. 

C. \V. Denn. n. A. Gouhl. m. ... m. s. 
{ C. W. Denn. 

} J,. F. Ponrtnles. 
2 11 ·213 II ·244 I 

13 
A. D. Bache. 

Ill . .<. 
·239 ·219 J 2 

II "2341 24 G. \V. l)ean. I .. I'. Ponrtale•. ':?39 ·239 'Ill. ,\". 

5 l ·· , .. fu"rt" '" l "' l J J II ·340 
·4So 

27 
<.:. w. Dean. 

·449 J II' 445 

23 ·399 

Wilmington (transit) west of Peto::rshurg (transit)·* 2 111 11•·34o±<Y"o33. 

lJIFFEREl'C1'; OF J,(•NGITUDE llETWliEN L"OLUMBI.~. S. C., AND J<.·ILE[(;H, N. C. 

N11mht:r Obst:rvers at- Difference of :\Iean J .1 
of stars. <.:olumhia. Kaleigh. longitude. 

w. .. 
23 9 35·$21 } 

Ill. . l H. :\. Gm1lrl. <;. \V. Dean. 
3ri"CJ64 

9 35·942 m. $. 
14 9 . 35 "862±<,. ·0.11 
23 f G. W. Dt:an. 

9 -- ·-s7 } 
JI. A. Gonlcl. ,'I,') I 

35 "9''33 9 
10 3S "179 

Columbia (transit) west of Raleigh (transit),* 9111 35'·862±0'·041. 

*For furthc:r remarks 011 the methods used at this and some other statio11.s rt=presenting the stage of the develop
mo:nt of telegraphic longitncle determinations, see Coast Sun·ey Report for 1853, pp. 56--57. A part of the work done at 
kaleigh is used ns an example of a 1nethod for detern1ining differences of longitude, in Vol. 1 of Chnn\·enel's Spherica t 
ancl Practical :\stro1101ny. 5th edition, 18$7. 

t'l'he ohser\"Rtion for difference of !ongitude of Charleston, South Carolina. ancl So:aton Station, District of 
Cohnnbia, in Fehruary, i850, wa!" experi.snental in characte\·, and too V·:eak for use hert::. 

t D. for Dean ancl P. for Pourtales. 
~See re111arks hy J)r. Contd in Co.."\l'it Survey Report for 1~54, pp. 45, 50, 51, 55, 56, and *123-*133. for Raleigh Rnd 

Columhia. 
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Date. 

1855. 
Jan. 16 

18 
Feh. S 

14 

2S 

Mar. 9 

Dat.,. 

1856. 
Jau. 9 

TO 

15 
16 

Ft:h. 10 

17 

Dnk. 

1856. 
1\'far. 23 

Apr .. > 
i 
s 
,, 
18 

21 

THE EASTERN OBLIQUE ARC. 

DIFl'ERF.NCF. OF l,ONCI"l'UDE RF.TWEEN JllACON. GA .. ANl.I COl.UJllBIA.. !\. C. 

Nn1nher 
of ~tar~. 

12 

19 

Obsen·ers at-
Mac\°lll. Col11mhia. 

L. w L•en J '· . .u. B. Coodt"t:'11ow, 

C. \\'. Dt:an. 

Difference vf 
longitude. 

NI, S, 

22 ·029 } 
21 ·Q63 

2~ '05i9 

:!2 ·479 

m . .,), 
ro 22 ·31:>~ l 
10 O>"q2 f 

Macon (transit) west of Columbia (transit), 10"' 22···250±0-•·051. 

m. s. s. 

Dlt't'ERENCE; OF 1,0N<HTUDJ-; B!-;TWEEX C(ll.UMRl.·1. ,;. C .. ANI> IV/f.1llf:V(;TON. N. C. 

Nnmhe1· Ot~en·e1-s nt- lJifference of Mean.Ji\.. of ~tar~. Columbia. Wiln1ingt011. longitnrle. 

m. s. 
12 

~ c. w. I>t:au. I 
12 

21 "74S } 
21 "744 

m. s. 
E. Goodf~llow. ·s;s lJ 21 ·;62 } 13 111. s. s. 

24 ·f.So ,, 2r ·7 .. \1 ±o ·o.'.!8 

:?S l E. Coodfdtow. 
. , 

u 21 "740 l 
" 21 ·700 G. \\~. Dt:'an. l I•) l ·fOO I 

Colmnhia (transit) west of \Vilmingtun (transit), 12"' 21-'·731±0·'"1n.'i. 

Nnn1het 
of stars. 

" 
·,,H 

Ii 

Ull!"t:'1"\"t:'TS :H-
~"lonlgonlt:1"y. :.\:la.con. 

I'·- w. "~ .. 
I K """''.""" 

i;:. lloodfcllow. 

G. \V. Ueau. 

Difference of 
tongitnde. 

Ill . .s. I •o 4' .,(>'; l 
l :~I 

·4ss 

j 
10 .(I:~~ I 

·595 
·520 

M~:m .d A. 

m. s. 

10 .p ·5~1 I 
IQ ~I "609 

IJI • ,S. .~. 

10 41 ·570±0 ·015 

Montgomery (transit) we"t of Macon (transit). 10"' 41··sio±c1'"015. 

DIFl'ERENCE OF l,ONGITUDI': BETWEEN /Jl/V/iA' /'EA CH TA'HI.·.". Al.A .. ANQ ,l/ONT,;(JMHR 1·. Al.A. 

Date. 

18.~;. 

Apr. 

IQ 

19 
20 

Nn1nht::r 
of star~. 

31 

14 
,-
13 

31 
26 
I~ 

~"'·"' . 

Ohservers nt-
r.ower Peach ·rree. i\.Yontgo111ery. 

'" w. "~" E. Goodfellow. 

r H. ''"""'•How. G. W. Denn. 

Di ff ere nee or 
longiturle. 

I 
l 

Ill. >. 

:\·lean L1 A. 

m . .). 

4 5S ·800 l 
4 ,~ "i7~ I 

Ill. s. s. 
5':'.' '7~')::!..:0 "0!6 

Lower Peach Tree (transit) west of Montgomery (transit), 4"' 5S'"789±o•·or6. 
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!JIFFERENCF. OF I,ONGI'rUDE BETWEEN MOFllLf. AI,A .. ANU LOWER PE.; cu TREL;, AI.A. 

l\Iean .:J.l. Date. Number Obser,·ers at- Difference of 
of stars. Mobile. Lower Peach Tree. longitude. 

18~7. Ill. s. 
May 21 34 l "· w. "'""· ·- G_ ......... I I "°'-Q-1 ... L;) 

24 ~~ "jy> 

25 22 ·637 J 
26 34 757 

June 41 

~ E. Gooclfellow. C:. W. Dean { 

I :;9·SS9 } 
6 II ·7S6 

•R ·740 ·' ·I 

"'· s. 
I 59·730 I 

59·&>6 r 

Ill. s. s. 
r 59•76S ±0·016 

Mobile (transit) west of Lower Peach Tree (transit) 1"' 59''i6S±o'·or6. 

DIFFERENCE OF I,ON(:I'i'UllE llETWEEN Nl'1f' (>RLE.;NS. I,A., AND MORlf.F., AI.A. 

Mean dA. Date. N11111her Ohsen·ers at- Di!Ter<:nce of 
of stars. Nc:w Orlean~. :.1ohil~. longitude. 

1S5R. I m. .. 
Jan. 19 D.*a1ul M.* s 07·012 

Feh. 8 '" D. 07 ·075 
1:; I~ 

E. Goodrellow. 
n. and M. tJ6•963 

16 22 II. and M. 07°0.:!2 

17 32 M. 07·079 

19 36 D. and M. Oj "Oi4 
Mai·. 3" 

} I;_ W. Jl~an. F.. Goodfellow { 
8 o; ·39fo } 

26 2.> '2.,\0 

Ap1·. 15 ·141 . 

m. s. 
s 

w••1 m. .<. s . 
s "7·147 ±o ·02~ 

s 07 '25~ 

New Orlean;:, Rasin street, west of Mobile (transit), 8"' cq" I4i±O"'o22. 
Reclnction to station Lafayette Square - o ·866 . 
.J,l New Orleans, Lafayette Square, ancl Mobile 8 o6 ·281±0 ·022. 

Adjustment qf scrondal}' tclcgrapltic lougilud,· slalit11lS h> !he standard ldcgraphic lo11gitud, .. 
net qf the United Stales. 

Referring to the preceding diagram, which shows the connection of the longitude sta
tions between Washington and New Orleans, it is seen that the three circuits cle·naud as 
many conditions to be satisfied. The conditional or observation equations are established 
as followsi": 

~tat ions. Ll,\ Corrc:ct ion!'\. I 

p 
Ill. ·'· 

Ll;\. New Orleans ancl Mobile s o6 ·281 (I) :; 
,·I,\ Mohile am! J,ower Peach Tree 59·768 (2) 3 
.d;l Lower Peach Tree ::ind Montgon~ery 4 58 789 (3) 3 
.d,~ l\Iontgo111ery and Macon IO 41 "5i0 (4) 2 

LJ,l Macon ancl Columbia IO 22 ·2,50 (5) 26 
LI;\. Columbia and Raleigh 9 .•s ·862 (6) 17 
LI;\. Raleil{h anrl Seaton 6 _,2 ·s7_, (7) 19 
.aA Seaton and Washington (Old Naval Obser\'atory) -0 12·634 (8) 2 

~ 52 04 ·759 

* D. stancl• for G. W. D~an and M. for A. T. Mosman. 
I 

tThe nunihers i.n cohunn p t:qua\ 10000 Unu::s the squart: of 1u-obabl~ error. 
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True value in standard system 52"' 04"'610, hence the first observation equation: 

o=+o'"I49+( l J+(2)+(3)+(4)+(5)+(6)+(7) -(S) 

LIA. Columbia and Wilmington 

.. H "Wilmington and Petersburg 

.JA. Petersburg and Seaton. 

..1J. Raleigh ancl Seatqn 

.d;t Columbia and Raleigh 

hence the second <:quation: 

~ 

~ 

m. s. 

12 21 "731 
2 -II ·340 

l 35·591 
---
16 oS 0662 

m. s. 

6 32·873 

9 35·862 
---
16 oS "735 

(9) 
(rn) 

(II) 

(7) 

(6) 

0=+0•·073+( 6 )+( 7)-( 9)-( IO)-( II). 

HI. s. 

.. :/,1 Charleston anrl Raleigh 5 II "6S4 (12) 

L/,1 Raleigh and Seaton 6 32·873 (7) 
•. J,1 Seaton and Washington (Old Naval Observatory) -o 12·634 (8) 

---
~ II 31 ·923 

True LlA. in standard system 11 111 3z>·923, hence third equation 
0=0"000-(12)- 17)+(8) 

Corrd1ile equations. 

Corr. I C, c. C3 

I 
-p 

( l) 5 -!-r 
(2) _, +1 I 
{3) 3 +1 I 

+1 
I 

l.4) 2 I 
I 

(5) 26 !:··. ·-~~- ....... ··j 
(6) 17 

(7) 19 +1 +1 -l 

(8) 2 --·I +1 

(9) s -I 

( 10) 11 .............. --1 .......... 

(II) 5 -1· 

( 12) 225 -I 

l 

Normal eq11atio11s. 

o=+o ·q9 +nc.+36C,-21C3 

o=+o ·073 +36C,+6ol:.-19C3 
o= o ·ooo -2IC,-19C,+246C3 

C,=-o ·001 93 

C0 =-o ·ooo II 
C3=-o ·ooo 17 

s. 
( l )=-0 ·0096 

(2) -0·0058 

(3) -0·0058 

(4) -0·0039 

(5) -0·0502 

(6) -0·0347 

s. 
(7)=-0 ·0355 

(8) +0·0035 

(9) +0·0009 

(IO) +o ·0012 

(II) +o ·ooo6 

(12) +0·0383 

8 

II 

5 

225 

19 
2 
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Res11lti11g /011git11des. 

Ii. 111. s. 0· " 
A. \Vashington, Old Nin·al Observatory Domt: 5 oS 12 ·153 77 03 02·295 

LI;\. Washington and Seaton -12 ·6375 

;\. Seaton (transit) s 07 59 ·5155 76 59 52 73~· 

.d,l Seaton and Petersburg; + I 35 ·5916 
,l Petersburg (transit ) 5 09 35 ·1071 77 "' -,:, 46 "6ot 

LIA. Petersburg and Wilmington + 2 I I '3412 

,l Wilmington (transit) 5 II 46·4483 77 56 36·724 

LIA Wilmington and Columbia +12 21·7319 

,l Columbia (transit) 5 24 0S·1&'2 81 oz oz 703 

Check: 

AA. Seaton and Raleigh +6 32·8375 

;\. R,aleigh (transit) 5 14 32 ·3530 78 3S 05 ·295 

LIA. Raleigh and Columbia + 9 35·8273 

,\. Columbia (transit) 5 24 oS ·1So3 SI 02 02 704 

Further-
.d,l Columbia and Macon +10 22 ·1998 

,\ Macon (transit) 5 34 30·3801 S· ,:, 37 35·7or 

,di\. Macon and Montgomery + 10 41 ·5661 

i\. Montgomery (transit) 5 45 I I ·9462 1'6 17 59 ·193 
Ll.l Montgomery and Lower Peach 'free +4 58 7832 

,l J,owe1· Peach 'fret: (transit) 5 5n JO "7294 87 Jl 40·94r 
LI,\ J.ower Peach Tree and Mobilt: + l 59 7622 

.l Mobile (transit) 5 5:? w ·4916 88 02 37 ".H4 
LIA. Mobile anrl New Orleans, J,afayette Squart: +s 06 ":!714 

.l. New Orleans, Lafayette Square 6 00 16 7630 9\' 04 I I "445 

If the above results are compared with those obtained in the preliminary adjust
ment of the telegraphic longtitucle system as it stood in 1884, * it will be seen that the 
present longitudes are about one-tenth of a second of time greater than those found in 
1884. This is mainly due to the introduction into the system of the fourth cable line 
across the Atlantic Ocean in 1892. 

The probable errors given in the stmunary of results are close approximations. 

• Reporl of 1884. Appendix No. 11. pp. 407-430; aud Reporl for 1&;1;, A\lp<:ndix No. 2, pp. 197-2"1. 
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4. SUMMARY OF RESUI.TS FOR J.ONGITUD~. 

No. Station. :$!ate. Referred to. r.nneritnde. Probable 
error. 

0 If I/ 

Calais Mc~ Transit 67 16 57·86 ±0·75 
2 Bangor, Tho1.nas Hill Me. Transit 68 47 02·6o 0 78 

3 Cambridge, Harvard Ohservatory Mass. Dome 71 07 45·69 0·75 

4 Cape May N. J. Transit 74 55 45 •68 0 "75 

5 Do~·er Del. Transit 75 3r r8 ·45 0 79 
6 \.Vashington, Seaton Station D. C. Transit 76 59 52 73 0 78 

7 \.Vashington, Coast and Geodetic Survey D. C. Transit 77 00 25·64 0 78 
Office 

s \.Vashington, Na\·al Obsen·atory (old) IJ. C. Dnme 77 03 02·30 0 75 

9 Washington, Naval Observatory (new)· D. C. Clock-Room 77 03 56 76 078 
Petersburg, Roslyn Station V_a. Transit 7i 23 "46 ·6r 0:84 
Wilmington, De Rasset Station N. C. Trnnsit 77 56 36 72 r ·o 

IO Strasburg Va. Transit 78 21 35·70 o·So 

II Charlottesville Va. Observatory 7~ 31 20·10 o·So 

Raleigh, State House Gromuls N. C. Transit 78 38 05·30 I 0 0 

Charleston, Citadel Squart: :;. c. Transit 79 56 or ·q n 78 
!2 Statc-s\'ille, near Sime11tcm College X. C. Transit So 53 ~I 

0 3! o·So 

Columhia, Capitol Square s. c. Transit ):11 1_12 l.J:.! ·70 I "2 

Macon, AcaLlemy Square Ga. Transit S3 37 35·70 I ·3 

13 Atlanta Ga. Transit :'q 23 20·07 o·So 

. I4 Montgomer)', Capitol Hill Ala. Transit 86 17 59 ·19 I "I 

15 Lower Peach Tree, \Vilson County Ala. Transit 8-- I 32 40·94 I "I 

16 l\'Iobil.,, Puhlii.: Syuar" Ala. Transit SS 02 37 ·37 I "O 

17 New Orleans, 18951 I,afayettt:: Square La. Transit 90 04 II ·44 o·So 



C. RESULTS FOR AZll'vIUTH AT THE ASTRONOMIC STATIONS OF THE 
OBLIQUE ARC. 

The stations where an azimuth was determined ·astronomically are quite numerous 
and are distributed over the whole extent of the arc. There are 56 azimuth stations, 
14 of which are in co11111101t with the arc of the parallel in latitude 39°. All necessary 
details in regard to the observations at these stations are given in the published discus
sion of that arc. Some of the particulars are republished in this discussion in the proper 
place. 

The various methods employed by the Coast and Geodetic Survey for the determi
nation of azimuths, together with the required fornmlre and their numerical application, 
are so fully set forth in Appendix No. 14, Coast and Geodetic Sur.vey Report for 1880, 
pp. 261-286, and in a later edition, Appendix No. 7, Coast and Geodetic Survey 
Report for 1897-98, pp. 377-407, that no further reference is required. It will suffice 
for a full exhibit of the azimuthal results to present for each station the following pa.r
ticulars-the metho_d employed, instrument used, stars observed, the arrangement and 
composition of sets of observations, the number of measures and position of ::ircle or 
instrument, and any other details pertaining to the operation; the names of the observers, 
and, finally, the individual results in the form of an abstract, together with their prob-
able errors. · 

The apparent places of stars are taken directly from !he American Ephemeris or 
derived from Gould's "Standard Places of Fundamental Stars," Washington, 1866 
(second edition), except in a very few cases. 

The probable error of the result of a single set and that for the resulting azimuth 
of the mark are due to observing errors and exclude the probable error in the star's. 
catalogue place. \Vhen referring the azimuth of the mark to the triangulation, the· 
probable error of the referring angle is not given, as in general it is not accurately 
determinable. The local adjustment of the horizontal directions at a station include · 
that of the mark, and ·the angle between the 111ark and the direction of a line in the 
triai1gulation was corrected by applying to it the 111cm1 shift or average correction to 
all the directions at the station in the second or figure adjustment. The probable error 
of any re_sulting azimuth of a line in the triangulation may be estimated as not less 
than one-half of a second. One-third of a second has been taken for the probable 
error of an observed direction, resnlting from the figure adjustment, whence ± 0"·47 
for the angle "mark and line.'' Combining this with ± 0"·25 as the probable error 
of the measure of the azimuth of the mark, we get ±0"·53 for an approximation of the 
probable error of a resnlting azimuth of a line. For ordinary or less precise work this 
value may rise to three-fourths of a second. 
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I. COOPER, M;UNE. 

({J = 44° .'i91 "2. il = 6(° 281 · 1 west of Greenwich. 

The 75<01 direction theodolite No. I (Troughton & Sinuns) w~s mounted over the 
triangulation station. Focal length of telescope, 115 ceutimeten;; clear aperture, 7·5 
centimeters. The azimnth mark was located npon a hill to the north of the station and 
distant about 2 miles. Light was shown through an aperture three-fourths of an inch in 
diameter; for clay observations a wand 1 foot in length and 1 inch in breadth was placed 
above•the center of the aperture. A set of observation!? on Polaris generally consisted 
of 3 observations of the mark, telescope direct, and 3 observations telescope reversed, 
followed by s observations of the star, with the necessary time and level record; the 
instrumE;nt was then reversed and the observations were repeated in the reverse order. 
In case of i\. Urs::e Minoris 6 observations were made upon the star both before and 
after reversal. One division of level == 1"·43. Observers. G. \V. Dean and R. E. 
Halter. Probable error of a single result for azimuth ± 0"·89. 

Daie. 

1859. 
Sept. 9 

', 
14 
!,5 

10 

18 

19 

S11m111a1:1' <?f rcsultsf'or 11::i1111tl'1 at Cooj>t.,., Jlf11i11e. 

Polaris near eastern elongation. A Ur~re l\'finoris nenr npper culmination. 
Position. Mark .:/ W.ofN. Date. Po~ition. Mark 

W. of N. 
0 ' l~.59· C• 

IV :? 49 4i'"53 +o·ss ,. 
4~ •of> +·1·32 

Sept. 'J I I\" :? 49 .Ji ·49 
12 I \" ·17 ·94 

50·07 -I"!.) 

II 46·,;~ +1 ";:.iu 

14 I r 49'09 
I~ Ii _so·n9 

III •17 ·&v +a·ss 
Ill 49·oS ·-0·70 

16 

I 
Ill 4i "9.1 

1S IV 50·s2 ,. 
49·5~ -1 ·18 

!\lean , 49 48 ·38±0 ·31 

0 ,, 

2 49 4$·6~ 
-0·31 

Mean of group:; 
Diurnal aberration 
Azimuth of l\'Iark 
Angle between Mark and Howarrl 
Azimuth of Howard 

177 IO 11 "6,3 ±011 ·25 
185 i6·59·5S 
351 53 12 ·05 

2. HOWARD, l\l.-\'"lNE. 

({J = 44°3i' ·8 

..:1 

+1 ·50 
-1-1 ·o::, 
-0·10 

_, ·70 

+1·o6 
-1 ·S3 

Theodolite No. 1 was mounted over the station. The mark was located upon a hill 
about 1 }·6 miles north of the station. Light was shown through an aperture three-fourths 
of an inch in diameter; a wand 1 foot high and 1 inch wide was placed above the aperture 
to serve as day mark. In the case of Polaris a set of observations consisted of 3 pointings 
on the mark ,.;,ith telescope direct, 3 pointings on the mark with telescope reversed, 
followed by s poit1tipgs on the star, or 6 in case of o Ursre Minoris, with the necessary 
level and time records; the instrument was then reversed and the above observations 
were repeated in the reverse order. One division of level = 1''·43. Observers, G. \V. 
Dean and R. E. Halter. Probable error of a single result for azimuth± o"·so. 
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S11111111a1:11 <!f n·s11ltsjiw a::i11111.f'111! Hm:e•ard, Jlfai11,·. 

~ Ursa: l\Iinoris near u1,per culmination. a tTrsre Minoris near eastern elongation. 

Date. Po~ition. 

rSs,9. 
July 18 

21 II 

2,\ III 

24 I\" 

25 v 
29 I! 

0 

!\lark 
E.of N. 

7 ,.J6 O.J "T:J. 
[oS ·34*] 
(•,5 ·05 

04 ·72 

02 ·~t3 

05·13 

J 

-0·33 

-0"66 

-o·.13 

+•·o6 

-0·74 

Date. Mark 
E.of N. l-'osition. 

1859. 0 I 

July 18 ;4603·35 +0·41 

"" II 05·49 -I ·73 
,, II 05·,;3 ·-1 ·S7 

23 Ill "I ·s·:o --o "i4 

24 IV 03 'lj +0·59 

25 \" 03 ·46 +0·3·> 
2S v· 03·43 +0·3,\ 

"9 01 ·7~ t-2 "•Al 

Ang. r; I\" 02·84 +0·9, 
III . 04 ·oo -0·24 

Mean 7 46 04 ·39 ±o ·35 
Diurnal aberration +0·33 

l\'fean 
Diurnal aberration 

7 46 o,, "i6 ±0 ·25 
+o".'.I 

Mean of group~ 
Azi rm th of i\Iark 
Angle ht':tween Mark anrl Pigeon 
Azimuth of Pigeon 

0 I 11 

7 46 n4 "¥> 
1S7 46 cq ·40±0" ·27 
r23 51 19 ·29 

63 .54 45 "11 

3· ·HUMPBACK, MAINE;. 

<P=44° 5r'·S ,\ = 68° 061 ·6. 

Theodolite No. r was mounted over the trigonometric s' ation. The mark was 
located in a11 open field estimated to be about 2 miles from the station, light was shown 
through· an aperture three-fourths of an inch in diameter, and for day observations a 
wand r foot high and 1 inch wide was placed vertically above it. A set of observations 
consisted of 3 pointings on the mark, telescope direct, and 3 pointings telescope reversed, 
5 pointings on the star for a Ursre Minoris and 6 for o Ur~re Minor.i8. The instru
ment was then reversed and the observations were repeated in the reverse order; the 
necessary time and level records were made for both poi::itions of the instrument. One 
division of level= 1"·43. Observer, G. W. Dean. Probable error of a single result for 
azimuth± 0""86. 

S11111111a1:11 C!f n·s11-llsfor a::im11/lt al Humpback, 1llai11c. 

8 Urs~e. Minoris near upper culmination. a Ursre l\·Iiuoris near E:"astern elongation. 

Date. Mark 
F.. c1f N. Position. Mark 

F .. of N. Dale. Position. LI 

1S5S. 0 185S. 0 

Aug. 9 Ill 114 ~o 12·S6 -0"0'; Ang. 9 III ll4 20 13·11 -1·01 

13 IV 12·39 +0·40 " Ill II "37 +0·;3 

14 v I~ ·51 +0·28 13 IV II "00 +1 ·w 
16 I 11 '52 +1 ·27 14 v IO "71 -1-1 ·39 

17 II q·6S -1·89 16 II ·6.1 +0·47 

17 II 13·65 -1·:;:; 

19 II 14 ·17 -2·07 

20 IV 10·84 +1 ·26 

.?3 v II "13 +<•"97 

.?5 I IJ"J.J -1 ·24 

Mean ll4 20 ""79 ±o ·35 1\lea 11 114 ~o I.? • 10 ±o · .?8 

Diurnal aberration +o "3.\ 

Mean of groups 
Azimuth of Mark 
Anglte between Mark and Cooper 
Azimuth of Cooper 

Diurnal aberration +o ·31 

o II 

114 20 12 ·76 
294 :20 I 2 76±011 "22 

39 '>7 40·40 
254 p _;2 ·36 

o1: Rejt:octed. by Peirce':;.critt-rion. 
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q>=44° :!l'"J. 

Theodolite No. 1 was mounted over the triangulation station. The mark was 
established near Hulls Cove, and is distant from the station about 4 miles. Light was 
shown through an aperture one inch in diameter, and above this a wand was adjusted 
vertically for clay observations. A set of observations consisted of 3 pointings on the 
mark, telescope direct, 3 paintings telescope reversed, 5 pointings on tr Urs~e Minoris or 
6 on A. Ursa! Minoris. The . instrument was then reversed and the observations were 
repeated in reverse order; time and level records were made for both positions. One 
division of level I"·53. Observers, A. D. Bache aud G. W. Dean. Probable error of 
a ::;ingle result for azimuth ± o"·so. 

•.1. Ur~a.: ~-Iinori!-0. 11t··:tr e:i:o::.kr11 dongati1)1l. A lirsa:- 1\Iinoris, near upper cuhnination. 

·Dak. P0~itio11. 
Mnrk .J Date. w. of

1
N. Position. 

I\r:..~. r, 1856. 
Aug. 

Sept. 
30 II I, 19 

I II 

III 

-~ III 

4 IV 

5 v 

9 I 

16 IV 
l7 v 

!\'lean 10 19 

Mean of groups 
Diurnal aberration 
Azimuth of Mark 

i: .. 'i.·89 +o·Q1J !;(:pt. I 11 
09·20 +~:i ·3,i:; Ill 
09 .,~ +0·31 -~ IV 
07 ·ta.~ +1 ·92 4 v 
'·") -~;; .... , -•.'":q 
~ l ·09 -1·;4 1S Ill 
1·1S"jj +0·7!'; 
11_,·~r:. -J 'JI 

119 'i';l ·-(1'.'.?4 

IO'J•) -o"S!) 

09·,: •. :;±0"22 Mean 

0 

12 

167 
.!ngle hetween Mark anrl Ragged iWounfain 
Azimuth of R11gged Mountain 

89 
78 

5. MOUNT HARRIS, !IIAINE. 

,\ = ti9° 0::>'·9. 

19 

40 
IO 

30 

:\I ark 
.d W.of N. 

0 ' 
12 l9 11·0.'} -1 ·04 

07·65 +2·39 
1o·f:.S -0·84 
1o·t=i1 -0·57 
0S·7~ + i •2fj 

ll'2f5 -) ·22 

IJ 19 IO "04±0 "41 

,, 
<..)() ·79 

-- 0·31 

50 ·52±0" ·20 
o3·95 
46·57 

Theodolite No. 1 was mounted over the triangulation station. The mark was located 
-upon the sun th side of the old stage road from Dixmont to Hampden, about 2 ~ miles 
from Dixmont village; light was shown through an aperture 1 inch in diameter, and for 
day observations.a wand 1 foot high and 1 inch wide was placed oyer it; the lower half 
of thi~ '.vand '.v~s ~overed \vith black i:otton cloth and the upper h:.1lf \Yith \Yhite cotton 
cloth. A set of observations consisted of 3 pointings on the mark, telescope direct, 
3 pointings telescope reversed, 5 pointing::; 011 the star if a Urs:.:e Minoris or 6 if ~ Ursre 
Minoris. The instrument was then reversed and the observations were repeated in the 
reverse order; time and level records were made for both positions. One division of 
level= 1"·54. Observers, A. D. Bache and G. W. Dean. Probable error of a single 
result .for azimuth ± 0"·9s. 
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S1e111111a1:1' ,if r.:su!ts J<>r a=i11111//1 at 11/011111 Harris, 11/aiil<". 

(l Ursa:: ::\Iinoris near t::astern e1ongation. >. Urs:.~ l\linoris nt:ar upper culmination. 

Date. 

18~5. 

Aug. 
""' 

I 

3<• i 
Sept. I 

4 
I 
I 

5 I .; I 

~ 

I JO 

II I 10 

14 I 

Position. Mark 
E.vf N. 
0 ' 

v f·> .-:.7 .?9"3~ 

v 09 ·19 
1\1 ,'.,•J"25 

IV :;o ··.)i 
III ['6"»]* 
Ill 09·08 
II J9"6ti 

I :;0·90 

33 ·47 

II :u ·4$ 

III '$ "6> 

:i\-ft:an 6> .1i7 30·35±0"30 

Mean by groups 
Diurnal aberration 
Azimuth of Mark 

.:} Date. 
18.i::.~. 

+1·0,; .'\ug. ,;o 
+1·1n Sept. 
+0·10 

-0·62 6 

8 

+0·~7 

+•)'i,7 

-0·55 
-3·12 

-1·13 

+1 ·;3 

Angle between mark arnl Humpback 
Azimuth of Humpback 

Mark Position. E. C•f N. 
0 ' v 60 3i 30·51' 

!V ,1i2 ·S,r:; 

III ._;0·68 

II 32·93 
31 ·28 

:\lean 6.? 37 31 "66±0·35 
O II 

62.37 .0,1 ·oo 
+o·,;1 

:q2 3i 3I ·3I±o"·25 
Tl Si 39"3I 

~5-1 ,;.<; I 0 "62 

6. II.AC.GED MOUNTAIN, MAINE. 

.d 

+1 ·oS 

-1·19 

+0·98 

-I "27 

+0·3S 
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Theodolite No. 1 was mounted over the triangulation station. The mark was located 
about 27:; miles from the station and was arranged in the usual manner. A set of obser
vations generally consisted of 3 paintings 011 the m:oirk, telescope direct, 3 paintings on 
same, telescope reversed, 5 paintings 011 the star, with time and level record. The instru
ment was then reversed and the observations repeated in reverse order. One division of 
level = I"·s+ Observers, A. D. Bache and G. W. Dean. Probable error of a single 
result for azimuth ± 0"·66 . 

. ',"11111111a1y <!l n:sultsfor a=i11111!1! al A'aggt'd 1J/01111tai11, 1Jfai11,·. 

a l;nm.: Minori~ near t:astern dougalion. A Ursa: :\-finoris near npµ~r cuhnination. 

Date. 

1854. 
Aug. ,5 

~9 

30 
Sept. 4 

II 

13 

15 
16 

Position. Mark 
E. of N. 

Q ,, 
0 5.~ 54 •66 

II 54 .,, 

II 53 ·34 
II ~6·39 

III S.!:i".)S 

III ~.') ·s2 
IV 54 "OQ 

\" 5.' .,,, 

)·Jean 0 5.1 54 ·89±0 ·24 

Mean by groups 
Diurnal aberration 
Azimuth of Mark 

.:} Date. 
1854. 

+0·23 Aug. 25 

+0·67 Sept. 15 

+1 ·55 16 

-1 'So 

-(1'66 

-0·93 
+o·S9 
-0·,7 

Angle between Mark and Mount Pleasant 
Azimuth of Mount Pleasant 

Positio11. Mark 
E. of N. 

0 ' 
0 53 

IV 
v 

Mea11 

O I " 
0 53 54·89 

+0·3r 

56·00 

54 "68 
53•¢ 

1 So 53 55 · ~o ±o" ":lo 

99 05 IO "20 

SI -18 45 ·oo 

* H.c:jc:ctc:'1 Hy Pt:irce'n criterion. 

..1 
,, 

--1 '12 

+0·20 
+0·9, 
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i· CAl'f( SMAr.r., MAINE. 

Theodolite No. 1 was mounted over the triangulation station. The mark was about 
I .U miles from the station, no other particulars given in the record. A set of observa
tions consisted generally of 3 pointings on the mark, telescope direct, 3 pointings 011 

the mark, telescope reversed, s observations of the star with time and level record. 
The instrument was· then reversed and the observations were repeated in reverse order. 
One division of level= 0"·97. Observers, A. D. Bache, W. P. Trowbridge, and C. 0. 
Boutelle. Probable error of a single result for azimuth ± o" ·96. 

S11111111111:i.· ,~( rc·.rn//sjill" 1l"::im11!11 at Cape Small, JJ/ai11e. 

a Urs::e l\linori:; nt.-a.r upper culmination. a Ursre l\.Iinoris near elongations. 

Date. 
rS51. 

Oct. 14 
1~ 

16 

17 
2C 

23 

Po..-:;.ition; Mark 
.J E.of N. 

0 

s 40 15·66 -0·44 
I 17°'>3 -1·s1 

II 13·44 +1 ·;s 
III 15·35 -0·13 
v 14•66 +0·56 
IV 15·17 +o·o.; 

l\Ieau 8 40 15 '.'.:.?±o" ·30 

Mean of groups 
Dinrnal aberration 
Azimuth of Mark 

Date. 
ES5r. 

O:t.16 

'7 
17 
18 
JO 

Angle between Mark and Sabattus 
Azimuth of Sabattus 

Elonga- Posi- Mark 
.!:/ ti on. lion. E. of N. , 

E 840 12·.50 +1 ·94 
E II '.>"Y' +1 ·oS 
\V III !4 'O! +0·43 
E IV 16"18 -174 
F. v 16·17 -173 

!\-lean S 40 q •44±0" •5n 

0 , 

s 40 I4 ·s., 
-!-0·31 

188 40 15 · q±o'' ·29 
33 21 II 

0 63 
155 19 03 ·51 

8. SAllllATTUS, MAINE. 

<P=44 ° oS' ·6. 

Theodolite No. r was mounted over the triangulation station. The mark was 
placed on the gable of a barn about 3 miles distant from the station. and it showed 
under an angle of depression of 1 76 °. 

A set of observations consisted generally of 3 pointings on the mark with telescope 
direct, 3 pointings on same, telescope reversed: s pointings on the star, if near culmi
nation, but J pointings only when near elongation, with time and level records. The 
instrument was then reversed and the observations repeated in reverse order. Value of 
1 division of level 0"·97. Observers, A. D. Bache and G. W. De11:11. Probable error of 
a single result for azimuth ± r" ·oo . 

• :C)11111111a1y ,~/ rouiis _for 11zi111uiil ai Sabattus, Jliai11,·. 

a Ursc.e l\.Iinoris near lower cuhnination. 

Date. Position. 

1ll53. 
July 13 v 

14 
15 II 
2l III 

Mean 
Diurnal aberration 

Mark 
E.of N. 
0 

00624·&) 
:O·o; 

22 ·75 
27 ·40 

o o6 .:!5·2S 

+L""31 

_J 

+0·~9 

-0·;9 

+•·53 
-J'l2 

a Ursre Minoris near nppe1· culmination. 

Date. Posiiion. Mark .J 
E. of N. 

1853 0 ' II 

July I,\ \' o o6 25 ·s3 -I"0.2 

14 2379 +1·02 

l\1'ean 0 06 24 "$[ 

Diurnal aberration +<•"31 
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S11111111a>:i' ,.,_r ,-,·sullsJ<>r a=imutli at Sabattus, JJ/11i11e·-continued. 

a Ursa: Minoris near eastern elongation. 1007 T. Y. C. near western elongation. 

Date. Position. ;,\Iark . .<1 Date. Position. :\lark _j 
E.ofN. E. of N. 

1S5.;. 0 ' " " 1853. 0 ' " July 22 IV a o6 25·00 -1·30 July 24 IV 1) o6 23 °61 -o·oS 

24 IV ~3"18 +0·52 .?5 III 23 ·44 +0·09 

25 III 24 ·15 -0·45 

30 II 2»46 +1 ·24 

Mean 0 06 23 ·70 l\'lean 0 o6 23 •53 
Diurnal aherration +0·31 Diurnal aberration +0·31 

Mean hy culminations 
Mean by elongations 
Mean of groups 
Azimuth of Mark 
Angle between Mark aud Mount Independence 
Azimuth of Mount Independence 

0 I II " 
0 o6 25·35:±:0·46 

• 23 ·93:±:0 ·24 
0 06 24·64 

180 06 24·64:±:0·29 
204 24 58 ·87 

24· 31 23 "5I 

9· MOUNT INDEPENDENCE, MAINE. 

<P=43° 45'·6. 
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Theo~lolite No. r was mo11nted over the triang11latio11 station. The mark was 
located nearly north of the station and distant abo11t 3 miles. A set of observations 
generally consisted of :? or 3 pointings on the mark with telescope direct, 2 or 3 pointings 
on same, telescope reversed, s observations on the star with time and level record; the 
instrument was then reversed and the observations repeated in reverse order. One 
division of level =0"·97. Observer: A. D. Bache. Probable error of a single res11lt for 
azimuth±o" ·65. 

Date. 

1849. 
Sept. 19 

20 

21 

Oct. 12 

13 
14 
18 

S11m111m:1• of rt·s1tlls/(>r azimutli. 1il Jl/01111/ l>1dep,•11do11t:, .ll/11i11<'. 

a. Urs~c 1\.·finoris nenr eastern 
elongation. 

Positi011. l\·lark d W.ofN. 

0 

v 0 10 49·48 ·-0·05 

VI 49·14 +0·29 
VII 49·32 +0·11 

I 50·10 -0·67 

II 4i "2j +2"16 

III 50·46 -I "03 

IV 50·21 -0·7S 

ll~an 0 10 49 ·43±0" ·27 

Mean of groups 
Diurnal aberration 
Azimuth of .Mark 

Date. 

1849. 
Oct. 9 

JI 

12 

13 

14 

14 
15 

Angle between Mark and Agamenticus 
Azimuth of Agamenticus 

a. Ursre Minoris and 8 Ursre !\Iinoris 
near western elongation. 

Position. Mark _j 
WofN. 

0 ' 
VJ 0 10 49·69 -0·21 

I 48·00 +a·ss 

II 50·$5 -1·37 
VII 50·20 -0·72 
III 49·93 -0·45 
JV 4S·S2 +0·66 

v 4.S "26 +r ·22 

l\Iean 0 10 49 ·48±0'' '24 

0 II 

0 JO 49 ·45 
-0·31 II 

I79 49 IO ·86±0 ·17. 
207 o6 37 "74 
26 55 4S·6o 
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10. MOUNT PLEASAN'l', MAINE.' 

q>=44° OI'"6. 

Theodolite No. 1 was mounted over the triangulation station.. The mark was placed 
nearly in line with Mount Blue, on the summit of the next ridge and about 1 mile dis
tant from the station. '!'he angle between the mark. and Mount Blue was measured 
micrometrically with the eye-piece micrometer of the theodolite. The angle of depres
sion of the wand placed over the mark was 2 76 °. A set of observations consisted of 3 
poiutings on the mark with telescope direct, 3 pointings on same, telescope reversed, 
s observations of the star with time and level record: the instrum~nt was then reversed 
and similar observations were made with their order reversed. One division of level = 
0"·97. Observers: A. D. Bache, C. 0. Boutelle, and \V. P. Trowbridge, U. S. E. 
Probable error of a single result for azimuth± o" ·90. 

S11111111a1:1· c!/' rt•sultsfvr 11::i111lf.!/1 at 11101111! Plcas1111t, lllai11c. 

a. Ursce Minoris near lower culmination. a lir!-';:e !\linoris nea1· upper culmination. 

Date. 

1851. 
July JJ 

Aug. _, 
8 

14 

Position. Mark 
E. of N. 

0 ' 
IV 25 59 18·30 

19·;7 

II 17·77 
II :!I ·oo 

l\lt:r111 

Mean of groups 
Diurnal abberration 
Azimuth of Mark 

.J Datt:. 

1851. 
+0·76 July 
-o·;r Aug-. 

+1 ·2'J 

-1 ·94 

Angle between l\fai·k aud Mount Blue 
Azimuth of Mount Rim: 

.;1 
J 

5 

Mark Position. E.of N. 

0 ' 

I v ::!5 59 Ij"6., 

I 
\" ,!1_1"6.J. 

Ill 19·f.1 

Mc:a11 25 !'':" 19·29±•-/'·c~:i 

0 " 

25 59 19 ·16. 
+a ·3r. 

2(•5 59 19 ·47±u'' ·34. 
CJ2 °(19, 

205 59 21 ·56. 

I I. AGAMENTICUS, MAINE. 

..1 

+1 "66 

-1 ·~5 

-o·:;~ 

Theodolite No. 1 was mounted over the triangulation station. The mark was situ
ated on a hill about 2 miles distant. A set of obsen·ations consisted of 3 paintings on 
the mark, telescope direct: 3 pointings on same, telescope reversed: 5 pointings on star 
with time and level records; the instrument was then reversed and similar observations 
were made in the reverse order. One division of level =0'"97*. Observer: A. D. Bache. 
Probable error of a single result for azimuth::±::: 1" ·02. 

*The instrument was generally kept leveled. 
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a Urs~ Minoris near c-astt-rn elongation. a Ursa: Minori .... near western elongation. 

Date. 

1S4j. 
Sept. 1; 

--
Oct. 

l4 
H5 

Position. Mark .J Date. E.of N. 

" IV 114 oS 59·5; -1·10 

\" 00·5; -2·16 

57·92 +0·49 
II ss· __ ,, +0·10 

I!I 55·6...:; +073 
----

Mea11 114 08 58·41±0" ·56 

Mea 11 of groups 
Diurnal aiJernition 
Aidmuth of Mark 

18.j;. 
:;ept. 

Oct. 

Angle between Mark and Thompson 
Azimuth of Thompson 

~l 

:!l 

5 
15 
17 

Position. 

0 

IV 

v 

I[ 

Ill 

Mark 
E. of N. 

0 ' 
114 o8 60 ·64 

~s·12 

59·83 
5S·1S 

Si ·68 

,, 
1q oS 58 ·65 

+o ·31 11 

294 oS 58 :96±0 ·.~2 
. 291 32 03 "-15 

2 36 55 ·51 

12. GUNSl'OCK, NEW HAMPSHIRE. 

<P=43° 31' ·o. 

.J 

-1 ·;5 

+0·77 
-0·94 

+o"jl 

+1·21 
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Theodolite No. I was mounted over the triangulation station. The mark \\~as 

located upon the highest point of rock on the summit of Mount Belknap, about three
fourths of a mile from the station; light was shown through a three-fourths inch aperture, 
above which was placed vertically a wand I foot high and I inch wide for clay observa
tions. A set of observations consisted of 3 pointings on the mark, telescope direct, 3 
pointings on same, telescope reversed, 5 pointings on the star if Polaris, or 6 if o or 2.+ 
Urs~ Minoris, with time and level record. The ·instrument was then reversed and the 
observations repeated in the reverse order. Value of 1 division of level= 1"·00. 

Observers, G. W. Dean and R. E. Halter. Probable errorof a single result for azimuth 
±0"·8:!. 

S11111111a1:1· <f n·sullsfiJr 11:::i11111//1 af G1111stock, 1\Te~c1 Ha111psltirc 

a. Urso.c Minoris near t:astc:rn t:'longation. & Ursa: l\'Iinoris near nµper culmination. 

Date. Positi~n. 
Mark .J DRk. Position. Mark .J W.of N. W.o{N. 

1$6o. ' isw. 0 ' 
July 24 II 40 29 49 ·54 +0·36 July 24• II 40 2\1 51 ·40 -1·53 

25 III 50·00 -0·76 :!5* III 5~·90 -3·03 

27 Ill 48·:?3 +1 ·67 27 III 49·01 +0·86 
2S IV 49·o6 +o·S4 ,g IV 48'63 tI'J4 

30 49 ·.;s +0·22 30 4S·So +1 ·07 

31 II 50·50 -o·fo ,~I II 50·03 -0·10 

Aug. I v 49·94 -0·04 Aug. 1 v 4S·12 +1 ·75 
!\" 51 ·3~ -1 ·4S v 49·4s +o 39 

3 50·10 -0·20 ·' I ~0·48 -0·61 

Mean 40 29 .-9·90±0" '21 Mean 40 29 49·87±0'' •34 
Diurnal aht"rration -ll'JI Diurnal aherration -0·33 

Mean of groups 
Azimuth of Mark 
Angle between Mark and Mount Pleasant 
Azimuth of Mount Pleasant 

0 

40 
139 
78 

217 

29 
30 
13 
43 

----------·---------------·----~ 

I/ 

49 ·57 ,, 
w ·-13±0 ·rs 
23 ·17 
33·6o 

*The results for July 24 and zs are from obsen·ations of 24 Ursre Miuoris and of 6 Ursre l\Imoris. 
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13. UNKONOONUC, NEW HAMPSHIRE. 

Theodolite No. 1 was mounted over the triangulation station. ·For an azimuth 
mark a lamp vvith reflector was set up at Holt station about 3-1- miles distant from 
Unkonoonuc. A set of observations generally consisted of 2 paintings on the mark, 
telescope direct, 2 pointings on same, telescope reversed, 5 paintings on the star, with 
time and level record. The instrument was then reversed and the operations repeated 
in the reverse order. One division of level= 0 11 ·96. Observer, A. D. Bache. Probable 
error of a single result for azimuth ±1"·64. 

Date. 

1848. 
Sept. 08 
Oct. 5 

5 
6 

6 

Su111111a1J' cy· ,.,·suits ;<w azimuth at U11k1moo111f.t", 1\!t?'W Ha111psliirt•. 

I 
i 

a Ursre 1\Iinori~ near eastern elongation. 

J-'osition. Mark .1 Date. E.of N. 

0 I 1$48. 
v 133 48 14 ·44 -3·27 Oct. 5 

IV 07·83 +3'34 5 
III JIJ",21 +o ·¢ 5 
I !3"50 -2·3.'i 
II "9 ·s.~ +1·:;2 5 

6 

6 
.; 

----
·:\:lean 133 48 11 ·17±0" '82 

u., 13. an,1 ~Ursa! l\'linoris near western 
elongation. 

Position. * 
Mark .1 E. of N. 

0 ' ., 
I\" ~ 133 48 11 ·s.i +0·63 
Ill ~ 0S·09 +4'38 
III 12·76 -o)"29 

IV 13 '•)I --·-··~ . .::. 
v 12· .. p +0·06 

ii ~ 1.; ·fi~~ -1·1,:) 

II Jr:i"li -.;'iO 
11 "'Aj +o·6o ----

:\"lean 13,1 4S 12'-1i±o'''53 

,, 
l\lean of groups 133 48 II "82 
Diurnal aberration +o ·3r ,, 
Azimuth of Mark 3 13 4~ 12"I3±0·45 
Angle between Mark and Gunstock 117 12 5~ "75 
Azimuth of Gunstock 196 35 20·38 

14. THOMPSON, MASSACHUSETTS. 

Theodolite No. 1 was mounted over the triangulation station. The. mark was situ
ated in a nor-therly direction on a high rocky bluff, distant from the station about one
third of a mile. Over the small opening in the box was placed a wand, a half inch 
wide, for day observations.* A set of observations generally consisted of 3 paintings on 
the mark, telescope direct, ,i pointiHgs Oii same, telescope reve1sed, 5 pulutiugs un the 
star, with time and level t records. The instrument was then reversed and the opera
tions were repeated in the reverse order. Chief of party, A. D. Bache. Probable error 
cf a single result for azimuth ±o""Sf. 

*Two azimuth marks were put up: the results were referred to the we$lern one as. ~ing better detern1ined than 
the other; the angle between the marks was 4° 051 0S"·99±o''·34. 

t The instrument was generally kept leveled. 
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S11111111a1:i• <!f n·sultsfvr a=i11111tl1 at Tl10111psoi1, 11Iassad111sells. 

a. Ursre Minoris near eastern elongation. a UrSre l\Iinoris near western elougation. 

Date. 

1846. 
O"l. •6 
NO\". 8 
Dec. I 

PositiOn. · Mark .J W. of N. 
Mark ~ W. of N. Date. Position. 

0 ' 0 ' 
2 O::! .. '1..9 'j6 -0·44 2 02 41 ·73 :...0·84 

II :f;•o6 +1 ·26 II 39·96 -,0·93 
III 40 ·13 -0·81 24 Ill 40•98 -o·og 

Mean ::! 02 .. :.9 ·32±0'''43 Mean 2 02 40 "89±o''·35 

Mean of groups 
Diurnal aberration 
Azimuth of Mark 
Angle between Mark and Manomet 
Azimuth of Manomet 

o II 

2 02 40·10 
-0'3[ II 

177 . 57 20"2I±o·34 
186 35 3S·35 
351 21 4r86 

r5. WACHUSETT, J\IASSACHUSETTS. 
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Theodolite No. 1 was mounted over the triangulation station. The mark was 
located upon the highest point of Little Wachusett Mountain, about r 3.·4 miles distant; 
light was shown through a ~-;i:-inch aperture, and day observations were made on a wand 
r foot high and 1 inch wide, mounted over the aperture. A set of observations con
sisted of 3 pointings on the mark, telescope direct, 3 pointings on same, telescope 
reversed, 5 pointings on« Ursre Minoris (or 6 on i\ Ursre Minoris) with time and level 
records. The instrument was then reversed and similar observations were made in the 
reverse order. Value of one division of level r"·oo. Observers. G. W. Dean and 
R. E. Halter. Probable error of a single result for azimuth±o"·42. 

S11111111a1:v <if n·sults for azimut/1 at 1Vad111sclt, 11fassad111setts. 

tl Ursa: i\linuris nctn· c:aslcrn dongution. A Urs:.e l\tinoris near uppt:r culmination. 

Dat~. 

1S6o. 

Sept. 26 

2S 

29 
3•) 

Oct. 3 
6 

~ 

9 

Position. Mark .d Date. W. of N. 

v 
IV 

Ill 

II 

IV 

II 

III 

Mean 

0 ' 
174 15 12 ·63 -0·34 

11 ·95 +0·34 
12 ·71 -0·42 

12·67 -0·38 

13 ·24 -0·95 
12·13 +0·16 
12·62 -0·33 
II "42 +0·87 
11" 27 +1·02 

174 15 12 ·29±0"•15 

Mean of groups 
Diurnal aberration 
Azimuth of Mark 

186o. 

Sept. 26 
2S 

:>} 

30 
Oct. 

6 

Angle between Mark and Bald Hill 
Azimuth of Bald Hill 

4l9:?-No. 7-:-0:?--22 

Position. Mark .J \V. of N. 

0 ' 
174 15 12·os +0·04 

v 12·82 -·070 

IV 12·78 -0·66 

III II "52 +o·6o 

II 12·11 +0·01 
v n ·40 +0·72 

Mean 174 15 12 ·12±o'1 ·17 

0 I II 

174 rs 12·21 

-0"3I 
5 44 48·10±o'1 "II 

IS 32 53·35 
24 17 41·45 
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16. HARVARD OBSERVATORY, MASSACHUSETTS. 

Troughton and Simms transit. Coast Survey No. 5. was mounted on the west 
•transit pier of Harvard Observatory. The mark was a bull's-eye· lantern, showing 
through a hole of J{ inch diameter in a box placed on a trestle 1 I feet high and 
strongly braced. The mark was found to be about 7"·5 west of north, and was on the 
same level as the old north mark for the east transit. The aperture appeared at an 
altitude of o 0 6' as seen from the ·west transit. A board 2 by 2 feet, painted in 
alternate stripes of black and white, 4 inches wide, served for day mark. Micrometric 
differences were measured between the verticals of the· mark and star as it passed the 
meridian, and times were recorded on chronograph; a set of observations generally 
consisted of IO paintings on the mark, clamp west, IO paintings. clamp east, and of 9 
transits of the star. Levels were recorded. One division of level =0"'96: the value· 
of one turn ( 100 divisions") of the eyepiece micrometer was found to be = . .J-4"'81 from 
the transits themselves. Observer, A. T. Mosman. Probable error of a single result 
for azimuth ±0"·40. 

S11111111mJ1 1~( results/or ad11111tli at Har<•ard O/>st'r<•a/01:1•. 1lfassad111sdls . 

.; Ursa: i\Iiuoris 
Ht \OWt::l"CUl

minatfoU. 

~1 Ct=µii~i al 
uppt'r cnlmi-

1wHn11. 

A li1·:o;re i\Iincri:-0 
at lower cul

n1i11ntiun. 

Date. Mark \\'t::sl of North. 

1869. 

Jan. 28 
Feb. 1 

5 
7 

13 

17 

19 

25 

27 

28 

Mar. 1 

II 

~ ·63* 
7 ·&-:. 

12 i ·9~ 

Mt"ans 7·50±0"·16 

7·4y 

7 "29 
9·01 

s·~o 

9 "II 

7"9! 
8·1~ 

7·16 

7 ·49 
7·94 

8 ·02±0'' ·13 

Mean of~ and A. Ursre Minoris at upper transit 
Mean of 5r Cephei at lower transit 
Mean 
Diurnal aberration 

7. 47 

7 ',79±0" ·13 

I! 

7·65 
8·02 
7·S4 

-0·31 
0 I II II 

Azimuth of Mark 179 59 52 ·47±0 ·13 
Angle betwt:t:n Mark an<l Blue Hill 
Azimuth of Blue Hill 
Difference of azimuths, transit and dome 
AOf.imutl.1 center of dome to Blue Hill 

*Reject"•!. 

176 
356 

356 

23 05·48 
22 57·95 

+2 28·42 
25 :.16 ·4 
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17. BLlTJ•: HILI., MASSACHUSETTS. 

Theodolite No. I was mounted over the triangulation station. A set of observations 
consisted of 3 pointings on the mark,* telescope direct, 3 pointings on same, telescope 
reversed. and 5 pointings on the star, with time ai1d level records. The instrument 
was then reversed and the preceding operations repeated in the reverse order. The 
instrument was kept leveled. Chief of party. A. D. Bache. Probable error of a single 
result for azimuth ±0"·89. 

511111111<11:1• qf n•sultsfor a=i11111tl1 al Blue Hill, 11fassad111sdls. 

a. Urs:::e l\rinoris near western elongation. a. Ursa: l\ti~10ris near eastern elongation. 

Date. 

1845 .. 

Sept. 24 

27 
Oct. 1 ~ 

13 

Po!'4ili1·11i. Mark 
F.. uf N. 

0 ' 
Ill :? O.? .. :!,~:, ·7~ 

IV 33·7~ 

VI 34 ·40 

34 ·59 
II 30·99 
\" 3.:! 'Si 

Mean 

Mean of groups 
Diurnal aberration 
Azimuth of Mark 

.1 Datt:. 

1S45. 
-0-4.? Sept. 25 

-0·.~9 .:-6 

-1 ·13 2; 
-1 ·2_,. .::S 

+2"3i ,9 

+o'i9 Oct. 

Angle between Mark and Manomet 
Azimuth of Manomet 

l'o~itiun. Mark .1 E. uf N. 

0 ' 
III 2 O:? 30·25 +2·62 
IV 33 ·2S -0·41 
IV 33 ·91 -[ ·04 

II 33·29 -0'4.:? 

\" 33·.;2 -0·45 

VI 31 ·94 +0·93 
34·07 -1·20 

Mean 2 o:! J:? 'Si ±o" ·34 

O .II 

2 02 33 'I! 
-0·31 ,,. 

182 02 33'42:!::0'25 
123 54 56 ·6,3 
305 57 30·05 

lfi. SHOOTFl,YING, MASSACHUSETTS. 

Theodolite No. 1 was mounted over the triangulation station. The azimuth mark 
was distant from the station about 1 ~{ miles. A set. of observations consisted of 3 
pointings on the mark, telescope direct, 3 paintings on same, telescope reversed, and 5 
pointings on star, with time and level records. The instrument was then reversed and the 
operations repeated in the reverse order. Instrument was kept leveled. Chief of party, 
A. D. Bache. Probable error of a single result for azimuth ±0"·86. 

*No particulars gi\'en in rccorcl respectiug the azimuth tnark. 
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S11111111a1:v <?l resultsfvr ,1zi111utl1 al !:Jl100(/f.yi11;;, Jlfassadmsells. 

a Ursre ::\linoris near eastern elongation. ·a Ursa: :\;Iinori~ near Wt:'~tern elongation. 

Dak. 

184.r;. 
Aug. I I 

4 

5 

7 
8 

12 

13 

Mark 
E. of N. Position. 

..1 
Date. 

., ' 
in 49 oS 12·15 +0·52 

IV 12·03 +o·6.j 

v ,, ·ss +0·;9 
14 ·19 -1'5.? 

VI 12 ·16 +0·51 
II 13 ·51 -o·&i 
III l:?'So -0·13 

)·lean 49 oS I~ "6i±O" '22 

Mean of groups 
Diurnal aberration 
Azimuth of Mark 

18.j5. 
Ang. 

Angle between Mark and Manomet 
Azimuth of l\fanomet 

3 
4 

9 
12 

:Mark 
E. of N. Position. 

.J 
0 ' 

III -19 a~ 15·1 .. , -I "40 
IV 15·18 -1 ·45 

v II ·18 +2"55 
IJ'5.J +0·21 

VI 1:;·01 +0·72 

II 14 ",'5 -0·62 

Mean 49 o8 13 ·73±0" ·42 

o II 

49 oS 13·20 

+o "3I II 

229 oS r3·5r ±0·24 
S6 04 50·77 

T43 03 22 "74 

19. INDIAN, MASSACHUSETTS. 

Theodolite No. 1 was motmted ov1::r th1:: triangulation station. A pole at Prospect 
Hill served for a day mark, but several lights were used for reference mark:;. It was 
found, however, that the day and night observations upon the Cape Poge Light, the 
\Vest Chop Ught, and the Tarpaulin Cove Light were discordant, the verticals through 
ihe 1:1::11i1::r:, uf the iighi-h•Jtlses and through their focal reflectors not being coincident. 
A set of observations generally consisted of several pointings on one or more of the 
marks with telescope direct and reversed, and 6 pointings on the star with time and level 
records. The instrument was then reversed and the operations repeated in the reverse 
order. Instrument was kept leveled. Observers: A. D. Bache and C. 0. Boutelle. 
Probable error of a single result for azimuth ±r"·40. 

S11111111a1y <?l resit/ls J<>r a::i11111tli at J11dia11, 1llassad111sdts. 

a Ur~'e l\finoris near WC-5-tt:'rll elongation. a. Ur:o;a~ :\Iini:.1ri!"o near eastern elongation. 

Date. 

1845. 

July 9 
12 

13 

14 
,~ 

16 

17 
18 

Mark 
W.ofN. PosiHon. Date. 

..1 
0 ' 

VI 140 37 36 "62 +J"OJ 
43 ·03 -3·3$ 

II 41·90 -2·25 

III 37 ·78 +1 ·S7 
i'\' 41.1 -~.5 -o·6o 
IV 42·55 ·-2·90 

v 36·31 +3"34 
\"I 38 'i8 +0·87 

:lfean qo 37 39 "65±0" ·64 

Mean of groups 
Diurnal aberration 

1&j5. 

July 

Angle between l\iark and Copecut 
Azimuth of Copecut 

10 

II 

12 

13 
15 
17 
18 

Position. i\Iark 
W.of N. ..1 
0 

VI qo 37 41 ·56 -1 ·64 

40"68 -o"j6 

3~"<'>9 +1 ·23 
II 37 •98 +1 ·94 
III 40·0~ -0·16 

IV 39 ·51 +0·41 
v 40·94 -1·03 

'.\lean 140 37 39·92±0" ·33 

0 /I 

J40 37 39•78 
-0·3r 

:;~ ~~ 2V"53 
96 rj 38 ·29 

135 35 58·82 

II . - . _,.. 
:cu _,u 
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21J. COPECUT, MASSACHUSETTS. 

Theodolite No. r was mounted over the triangulation station. A.- small telescope 
was placed a few feet from the great theodolite to serve as collimator; it proved, how
ever, to be very unsteady, and even for day observations the cross threads had to be 
artificially illuminated. For the observations near the eastern elongation eyepiece C 
was attached to the theodolite;* value of one division of its micrometer=o"·5+. The 
station Blue Hill was used for a da); mark. A set of observations of Polaris ne:;tr eastern 
elongation generally consisted of one dozen micrometric observations between mark and 
star, telescope direct, and the same number with telescope reversed; also 5 circle read
ings on collimator, instrument direct, and 5 readings, instrument reversed. In connec
tion with the observations near western elongation the star was pointed at a number of 
times, with instrument direct and reversed; times and.levels were recorded. The instru
ment was kept leveled. Observer: A. D. Bache. Probable error of a single result for 
azimuth ±r"·r5. 

S11111111a1:11 o/ n·su/ts /or azimulli al G>j>fflll. ,vassad111sdls. 

a Ursa! l\fi1!ori~ near ta.stern e1011gatio11. a lirsa~ Minorii-, near we~Lern elongation. 

Date. 

IS+!. 
Sept. 24 

27 

30 

Oct. 

" 5 
s 

Poftition. Mark 
\\1. of N. .:1 

0 I 

Ill 4 42 51 ·41 +1 ·21 

IV 52 ·o., +0·5~1 

v 52 ·74 --0·1.:: 

v 53 ·20 -o·,i:;8 

v 54 ·26 _:I ·64 

v 53·05 ·-·0·4:; 

\" 51 ·9.:; +0·67 
v ~~ ":?Q +o· .. u 

Mean 4 .p :i..'?"6:?::;0" '.?I 

Mean of groups 
Diurnal aberration 
Azimuth of Mark 

Date. 

1844. 
:';t"pl. :?6 

27 

~9 

~o 

net. 

Angle between Mark and Blue Hill 
Azimuth of Blue Hill 

P()sition. Mark 
W.ofN . J 
0 

III ·I 40 56 ·84 -1 'iS 
IV 55·19 ·-0·13 

v 56·55 -1 ·49 
\' 5rS6 +2'.:!0 

v 55 ·04 +0·02 

v 53 ·87 +1·19 

Mean 4 42 55 ·06±0" "4.? 

o I II 

-0·31 // 

175 11 06 ·5 ±0·31 
0 "(JO 

175 17 .06·5 

21. HEACONPOI,E, RHODE ISi.AND. 

Theodolite No. r was mounted over the triangulation station. Observ:ations were 
made iu sets consisting generally of 3 to 6 pointings on the mark and on the star, with 
telescope direct, and the same number of pointings with telescope reversed; the instru
ment was kept leveled. Observer: A. D. Bache. Probable error of a single result for 
azimuth ±o" ·69. . 

*One turn of eyepiece :micrometer equals 100 divisions. 
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S1111111ia1y <?l re·s111/sfor <1:::hi11d/1 at Beacoup,ik, Rl1odt.' Jsla11d. 

a. Urs::c i\Iinoris near wt:stern elongation. a Ursa: ?tiinoris near eastern elongation. 

Dnte. Position. 

18&!. 

Oct .. 31 

NO\". I 

S III 

IO Ill 

16 II 

18 II 

:\lark .J E. of N. 

v ' 
2 0, .?C"1".?._\ --I "•)3-

25 ·91 -0·71 

::5 '4i ·-0·::7 

:?5 ·46 -(•":?Ii 

::,3 ·63 +1 ·57 
'4 ·;,1 +a·.;g 

Mean , I);:: .:·.; ·::o±o"·i7 

Mean of grou P" 
Diurnal aberration 
Azimuth of Mark 

Date. 

1i;.i.1. 

No,~. I 

8 

9 
Ii 
1y 

Angle between Mark an•l Blue Hill 
Azimuth of Blue Hill 

Position. :\lark _J 
E. of N. 

Q ' II II , ,_,:: 2~ ·41 +1·02 

I .:05·96 +0·47 
III 27 ·3-1 ·-0·91 

Ill '16'.77 -·-0·34 

II 06 ·55 --0·1:: 

II :?t."55 -1')"12 

:vtean , (I.? ::ti·43±0"·1s 

0 ,, 
1 '12 25 ·::;2 

+0·31 ,, 
I::i2 02 26·13±0·20 

46 52 5 l . l l 

228 55 17 ·24 

2.1. SPENCJ<;R, RHODE !Sf.AND. 

T·heodulite No. r was mounted over the triangulation station. Two azimuth marks 
were used: their angular difference is .f' 041 r 2"·64±o''' 18. A 11 measures were reduced 
to the eastern n1ark. The obser\·ations \Vere 111ade in irregular sets of a nu111ber, a dozt:n, 
more or less, of micrometric measures between the star and the mark, with telescope 
direct and telescope reversed. The value of one division of the eyepiece micrometer 
was 0"·57; it was not used in connection with western elongation of August 14. One 
division of level C=o"·96, hut the instrument was generally kept leveled.* Observer, 
A. D. Bache. Probable error of a single result forazimuth ±1"·25. 

n lir~~ Minoris llt:'ar ea~tern 
elongatim1. 

Date. 
Mark _J 

E. of N. 

1&14. " Ang. 
·-~ 

2 1).:? 1))'1_!15 +1 ·95 

14 02·67 +o·.:?3 

15 ·'-! "34 -1 ·44 

16 04 ·02 -l"I.:! 

17 • 1)..J ".?6 -1 ·36 

21 1"\I '17 +1 ·73 

Mean 2 (•.=: O.:? ··;.o±o" '43 

Mean of groups 
Diurnal aberration 
Azimuth of Mark 

« l_Trs~e l\linoris near western 
elongation. 

Date. Mark _J 
R. of N. 

1844. ,, 
Ang. q 1);: (l.j. ·59 -.:?'/._l. 

15 1),2 (11'.5•) +0·36 
)h 01 :.~ ·4:"; +2·38 

l\Iean l O.? l)L ·Sri± 111 ·01 

o II 

2 02 02 ·38 

Angle between Mark and Reaconpolt: 

+0·3r II 

182. 02 02·69:~0·42 

356 04 ··29 ·67 
Azimuth of Beaeonpole 185 57 ,;3 "02 

*Ou August Ii and 21 the star was obsen·ed direct and reflt"cted. 
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2,3. MOUNT TOM, MASSACHUSETTS. 

Theodolite No. r was mounted over the triangulation station. The mark was located 
near the Prospect House on Mount Holyoke; a light was shown through a three-fourths
inch aperture in the box; a wand above the opening was used in daytime. A set of 
observations consisted of 3 paintings on the mark, telescope.direct, 3 paintings on same, 
telescope reversed, 5 paintings on a Ursre Minoris (6 in the case of o Ursre Minoris ), 
with time and level records. The instrument was then reversed and a series· of like 
(Jbservations was made in the reverse order. One division of level = 1"·00. Observers, 
G. \V. Dean and R. E. Halter. Probable error of a single result for azimuth ±0"·77 • 

. ')i1-11111l111;i• <>/ rcs111lsfiJr 11zim111/1 11! ,1/01mt 7(1111, 1V11ss11d1usdls. 

a. Ursa: Minoris near eastern elongation. a Urst~ !\linoris near 111,per culmination. 

Dak. 

1862. 

jnly 07 

Y> 
Ang. 1 

10 

P1)Sitio11. 

Q 

,;7 
II 

I 
11[ 

IV 
\' 

\' 

IV 

Mark _J 
1''.. of N. 

' 
.'.!.:! 3.5 ·20 -1 ·28 

33 ·95 -o·o6 

33 ·s1 +o·u 

.>5 ·59 -1 ·67 

34 ·30 ·-0·3S 

3,2 '.'.!::! +1 ·70 
,p·15 +1 ·;7 

.. '4 '('9 ·-0·17 

Date. Position. Mark .J E. of N. 
1862. 0 ' 

July 27 ·'' 02 36·74 -2·c6 

30 II M'39 +o·"9 
Ang. 1 JI 34'·62 +o·o6 

III 34 ·92 -0'>4 

4 I\' .. '3 ·93 +0·75 
v 34 '16 +0·52 

10 III 34 ·01 +0·67 

).Iea n 37 22 3~ "9::? ±a" · 2';1 :\lean 37 ~2 34 ·6S±o" ·25 
Diurnal ahi::1"ration +0·31 Diurnal aht:'rration -o ·33 

0 I . // 

!\"lean of groups .37 22 .34"62 ,, 
Azimuth of Mark :!17 2~ ,:;4 ·62±0 '20 

Angle between Mark anrl Mnnailnock 4 45 12·88 
Azimuth of Monarlnock .:?12 37 21 "i4 

2.j. SANIH'ORD, 1.:0NNr;CTICll'r. 

;\ = 72° 57'·u. 

Theodolite No. 1 was mounted over the triangulation station. An azimuth mark 
was placed on the highest hill in a westerly direction, and about 17-f miles fro1i1 the 
station. The aperture was three-fourths of an inch in diameter, and a wand 1 foot high 
and 1 inch wide was placed vertically over it. A set of observations consisted of 3 point
ing:> on the mark, telescope direct, 3 paintings on same, telescope reversed, 5 paintings 
on the star if Polaris, 6 if A. Ursre Minoris, with time and level records. The instrument 
was then reversed and the observations repeated in the reverse order. One division of 
level"= 1"·00. Observers, G. \V. Dean and R. E. Halter. Probable error of a single 
result for azimuth ± 1"·20. 
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a. Ursre l.\liuori:-:o nem· eastern elongation. A llr~::e Mh1oris near upper culmination. 

Date. 

18f.o. 

Sept. 9 
Iv 

II 

21 
.:!.:! 

23 

25 

.:!6 

2; 

Position. Mark .1 W. of N. Date. ~ositio11. 
Mark· .J w. or 1'. 

0 ' 1862. 0 

% 49 04 ·;9 -0·54 S"pt. l(• SS 49 Oj'[(I -1 ·96 

l 05·95 -I ·70 >I 11 06 ·s1 -1 ·6; 
II 0;·83 -3·58 22 III 04 ·q +1 ·00 

II o..i,·96 -0·71 23 IV 05 ·67 -o·s.3 
III O.?"J.5 +1 "\') os v 0.3 'j~I +1·.35 
I\' 03 ·24 +1·01 26 [\" 06 'l.">.~ -o·S9 ,. O.,'\ ·37 +o·s~ 2; II •):! ·4~ +2·71 

v O .. '\ ·5S +o·6; 
III 02 '18 +2'07 

-----
l\Iean .-::s 49 04 ·25±0" ·,p Mean xs 4o;, 05 ·14±0" ·44 

0 ,, 

Mean of group,: 
-0" .. \T " Diurnal aberration 

Azimuth of Mark 91 
85 

5 

IO 55 ·6~±0 "30 

Anglt: between Mark and Ruland 
Azimuth of Ruland 

20 30 ·,34 
50 25·28 

25. WES'f HILLS, NEW \"ORK. 

q>=40° 48'"8. ,l=7,~ 0 25'·6. 

Theodolite No .. 1 was mounted nearly over the triangulation station. The 
azimuth mark was placed near the station Huntington. -+~ kilometers distant. from 
West Hills station.* A set of observations consisted of 3 paintings _on the mark, 
telescope direct, 3 pointings on same, telescope reversed, 5 pointings on the star, if 
Polaris. 6 if (~ Urs::e Minoris, with time and !eye! records. 'fhe instrument was then 
reversed and similar observations were made with their order reversed. One divi
sion of h:vel= r" ·oo. Observer, G. \V. Dean. Probable error of a single result for 
azimuth ±o""5i· 

.'511111111<11:1• <~/results for azimutli at IVest Hills, 1Vew J"ork. 

u. Gr~.:e ::.\Iino1·i:; 11.::ar t:aslt:ru dongation. & Ursce Minoris near u1>per cuhnination. 

Date. Position. Mark .1 Date. Position. Mark· .1 E. of N. · E.ol N. 

181>5. 0 1865. 0 

Aug. 4 v 2 23 58·23 +1·00 Ang. 4 v 2 ~3 58 ·63 +0·55 
~ !\" 59·02 +0·:?1 s IV 5S·5:; +0·63 

9 II 6o·S7 -1·64 9 II 5S·F +0·46 
JI 58 ·21 +1 ·02 II 58·7,:; +0·42 

12 Ill 00·61 -1 ·38 12 Ill .59"t8 -0·50 

15 v 58·4;. +o·;; 15 IV Oo"•:>) -o·so 
16 II 58·85 +l)"Z.,'l 16 !'<~ ""·' -·J·76 

18 III 59·62 -0·39 

Mean 2 2.~ 59·23±0"·2_=; Mean 2 23 59 ·r~±o'' 'Ii 
Diul"nat aberratiou +o ·31 

Mean of groups 
Rt:duction to station 
Azimuth of Mark 
Angle bt:tween Mark and Wooster 
Azimuth of Woostt:r 

Diurnal aberration +a ·33 
0 " 
2 23 59 ·53 

+0·4u " 
182 2" 59 "9.)±0 ·15 

., 
.~ .. 

7 26 21 ·61 

I74 57 38 ·32 

*The geodetic station was found to be r)"4i Qf an inch S\V. Qf the point at which lhe azhnuth oltSt::f\"atiou~ wt:rt:. 

made; the correction Li) the ru:iTnuth when referred to the g:t:udt:t1c station is +011 ·40. 
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26. BEACON HIU., ?o;E\V JERSEY. 

The Troughton & Simms transit, Coast Survey No. 5. was mounted over the 
station; focal length of telescope r"' · r 7. clear aperturt: 70""". magnifying power about 
80. Value of one division of i::yepiece micrometer 0"·4480±0"·0001 at ::?I° C. One 
division of level 0"·96; pivot inequality +0•·017 for clamp west. The mark was located 
about S miles north of the station and light was shown through a 1-inch aperture. 
In connection with the observations for time micrometric measures between the 
verticals of mark and star were made for the determination of azimuth. A set of 
observations consisted of I 5 transits of 0 Urs& Minoris and an equal munber of transits 
of 5 1 Cephei over the micrometer thrt:ad set in advance to a whole turn between o and q.; 
the mark was observed 10 times with clamp east and an equal number of times with 
clamp west; the level was generally read before and after each set. Observer, G. 'vV. 
Dean. Probable error of a single result for azimuth ±o"·S 1 for o Ursre Minoris and 
±0"·67 for 51 Cephei . 

. s·11111111a1:1· <?l results /or a:::i11111t/1 at H.-a,.,,,, Hill, 1\leu• JeTSe_v. 

3 Ursa:: l\·Jinori:-;. nt:nr uppt::r culmination. 51 Cephei· nt'ar lower culmination. 

Dnl". Clamp. Mark J Date. Clamp. Mark L1 W.of N. W. of N. 

1875. 1875. 
Aug. 19 E 7 ·95 -o·S6 Aug. 19 E 7·90 -0·24 

21 w 5 ·53 +1 ·56 " w 6"0i +1.59 
25 \V 8 ·(·3 -1 ·54 .?.5 w s·1s -[ ·12 

26 E 6 'II +o\,S ,,,, E 7 '21 +0·45 
27 w , 6'50 +0·59 27 w ;·41 +0·25 
28 E 7·S1 -0·72 28 E s·s~ -0·93 

'l\tean 7 ·09±0" ·33 Mean 7 '66±o'1 ·27 
Diurnal aberration Diurnal aberration -0·33 -0·30 

0 ,, 
Mean of groups 0 0 7·06 

,, 
Azimuth of Mark r79 59 52 ·94±0 ·21 
Angle between Mark and \Veasel 3 35 36·95 
Azimuth of \Veasel 183 35 29·89 

27. MOUNT ROSE, NEW JHRSI(\'. 

The 6ocm direction theodolite No. 2 was mounted over the triangulation station and 
15 feet above the ground. The mark was r ·20 kilometers distant. A set of observa
tions consisted of 3 pointings on the mark. telescope direct, 3 pointings on the same, 
telescope reversed, and 5 pointings on the star, telescope direct, and 5 pointings on the 
same, telescope reversed, with time and level records. One division of level = 1"·::i5. 
Observer, J. E. Hilgard, assisted by G. W~ Stevens. Probable error of a single result 
for azimuth ±1"·07. 
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S11111111<11y elf rcs1tllsj~•r ,1:;i11111tll ,1/ Jlfo1111t Rose, 1Vcw Jt'l"S(l'. 

a. Ursre i.\-li;1ori~ near eastern dongation. a Urs'e l\Iinoris nt'ar \\"Cstern elongation. 

Date. 

1S52. 
Aug. 13 

q 

q 

IS 

16 

18 

'" 

Position. :\'lark 
..1 I::~. of N. 

0 

I i5 58 O) ·4S -<>"72 
II 03·50 -0·74 

II 00 'j8 +1·9'~ 

III 00"._:\0 +2·46 
IV 0,-;·48 -0·72 

v ·:i.i "3 .. ~ -1·57 
III o.~ ·..i~ -0·66 

).Jean iS 5S o.=: ·76±0" ·40 

l\'leau of groups 
Diurnal aberration 
Azimuth of Mark 

Date. 

185.=:. 

Aug. 13 
q 

1.'; 

17 

19 

Angle between Mark a1ld Mount Holly 
Azimuth of Mount Holly 

Position. Mark 
E. of N. 

0 ' 
75 57 63 ·38 

II 59·94 
III 61 "24 

v fo·42 

IV 61 ·50 

l\lean 

0 II 

75 58 02·03 
+0·31 II 

255 58 02·3.i±o·31 
11 l -l:) 53·25 

7 46 55·59 

2:). VARD, PENNSYJ,VANIA . 

.\ =75° 23'· 2. 

..:I 

-»oS 
+1·3( 
+o·of. 

+·i·S> 
-V".:!('I 

The 60''"' direction theodr:•!ite No. :2 was mounted over the triangulation station. 
A set of azimuth observations consisted of 3 paintings on the mark and 3 pointings cJn 

the star, with telescope direct, and the same munber of paintings on mark and star 
with telescope reversed. Times and levels were recorded. One division of level =0"·94. 
Observer, J. E. Hilgard. Probable error of a single result for azimuth ±0"·99. 

Su111111,11y of r<.mlls_ft.ir a:;i111ut/1 ,1/ } ~1rd, Pc1111~:vh:'<mi1i. 

n. Ursre :Minori~ at \"arious hour angle:-;. 

Date. 

1$5.1. 

Oct. :!7 

Nov. 1 

s 
5 
5 

5 
6 

Position. 

v 
IV 
Ill 

v 
III 

v 
IV 

II 

Mark 
_J !';.of N. 

" ' 
0 17 31 ·S7 +>"07 

34 .,. __ , ·-0·29 

36•89 -.?'95 
3.) ·6._t;:, +,.~6 

34 ·1~ -0·21 

,p·7:1 +1°2.? 

34 ·37 -O"H 

.32 ·~6 +1·68 

.15".P -[ "38 

'·' ·04 
o·oo 

!\lean o 17 33 ·94±o'' ·31 
Diurnal aberration +o ·31 

Azimuth of Mark 
Angle hetween Mark and Lippincott 
Azimuth of Lippincott 

I/ II 

1So 17 34·25:±:0"3I 
167 00 04 ·_p 
347 17 38·57 
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29. PRINCIPIO, MARYLAND."*: 

The 60'"' direction theo'clolite No. 2 was mounted over the triangulation station; 
the mark was at Carpenter's Point, about 3}f miles distant. A single result for 
a7.imuth is derived from 19 sets, each consisting of: 3 paintings on the mark. reversal 
of im;trument; 3 pointing on the mark, 4 to 6 pointings on the star, followed by the 
same operations in the reverse order, with the necessary noting of time and level 
readings; cirde used in V positions. Observer, R. D. Cutts. Probable error of a single 
result±r"·75. 

Results for azi11111lli frtlllt obser<•alio11s <'./ <I Ursa' 1l!i11oris 11,;ar mslen1 do11gation, in .d11g11st 
1

1111d 
Stj>lt!mbo-, IS66. 

o. I I' 

3 05 07·20 

+0·32 
Mark wtst uf south 
Dii1rnal aberration 
Azimuth of Mark 
Angle between Mark and Turkey Point 
Azimuth of Turkey Point 

3 05 07 ·52±0" ·40 
I 30 ;q 'Ol 

I 34 43 '5.l 

30. CAPH HENLOPEN LICHT-HOUSE, DELAWARE. 

A=75° 051
• J. 

The 30'"' direction theodolite No. 135 was mounted over the eccentric geodetic 
station, about 15 meten; north of the center of the Light-House; the mark· was at 
Brandywine ·Shoal Light-House. A single result for azimuth is derived from 49 sets. 
each consisting of a pointing on the mark, a pointing on the star, rever;sal of instrument 
and pointing-s on star and mark, noting of times and level readings. Circle used in 
XVII positions. Observer, 0. B, French. Probable e~ror of a single result± 1"·76 
for a Urs::e Minoris and ±0"·97 for A Ursa:! Minoris. 

Results _!ur a:::i11111th _!i"clllt of1se·1-.1afio11s •Jf er U1:~<t" 1Jfil1twis a11d .l Ursll' 1Jfi11oris 11/ «11ric111s hour 
111~g-l~·s, in St-p/t"m/>o·, IS9i· 

Mark \V. of N., 28 results from observation!. of ,r Urs;;e Minoris 
Mark \V. of N., 21 results from obsen·ations of;\ Ursa;, Minoris 
\Veighterl- mean according to the probable errors 
In<liscriminate mean of 49 sets 
l\'h:im value arlopted 
Diurnal abe1:ration 
Azimuth of Mark 
Rerluction to center of Cape Henlopen Light-House 
Azimuth, Cape Henlopen Light-House to Brandywine Shoal Light-House 

0 I II " 6 14 23·21:±:0·33 
22 '19:±:0 '2 l 

22 ·48±0 ·18 
22·77 

2~ ·62 

-0·32 
173 45 37·70±0·21 

-20 ·37 
173 45 17·33 

*For th~ cvmplet~ nhstract and combrnation of results for azimuth at this and the succeeding 13 stations, all of 
wh1ch nre common t•J the A.re of thE:- 39th Parallel and the Oblique Arc, see ··The "rrauscontinental 1'riangulation 11 

u. ~- Coa~t and Gt=odetic Survey. ~µec1al Puhlicatio11 No. 4. \Vash111gto11, D. C., i900. 
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31. MARRIOT'r, MAN.YT.AND. 

The 60<"' direction theodolite No. 2 was mounted over the triangulation station. 
A single result for azimuth is derived from a set of observations consisting of about 
one dozen paintings on the star, one half with telescope direct and one-half with ·tele
s~ope reversed, and corresponding pointings on the mark, with noting of times and level 
readings. Circle used in X[ positions. Observers: A. D. Bache, J. Hewston, jr .. and 
G. Davidson. Probable error of a single result ±1''·9:?. 

R,,·s1tlts for a::i11111//1 .ftvm "1>s,·r•alh•11s of .r. 8, and ,l Un« 11/iltoris near cas/,·n1 d01~g-ati011 and <?f 

,r, fi. fJ, a11d ~ Urs,< 1Jfi11,>ris a11d <?/ <t Urst<• Jlfaji>ris llt'ar western do11.i:·atio11, j1111c. 1S.;9. 

Mark '''- of N .. from 8 stars near eastern elongation 
Mark \\'. of N .. from 8 stars near western elongatio11 
Mean, Mark we;;t of north 
Diurnal ab.::rration 
Azimuth of Mark 
Angle betwe<.·n Mark ancl Hill 
Azimuth of Hill 

.)2. WEil!!, MARYLAND. 

O- I /I /.I 

0 58 2j ·38±0 "68 
28 ·56±0 "71 
2i'97 
--0 ·31 

li9 01 32·34±0·48 
82 23 48 '9'5 

96 37 43·36 

The i5°"' cHrection theodolite No. r was mounted over the triangulation station. 
The mark was about r mile distant·. A single result for azimuth is derived from a set 
of observations consisting of 6 pointings on the mark. one-half of which with telescope 
direct and the other half with telescope reversed: 12 pointings on the star. oue-half 
with telescope direct and one-half with tdescope reversed; finaiiy 6 more pointings 
on the mark as before, noting time and level readings. Circle used in V positions. 
Observers, A. D. Bache and G. "T_ Dean. Probable error of a single result. ±o" '67. 

Results j£>r a::i11111//1 from l>l>sen1afitws •'f ff Urst< JJii11oris near e·aslen1 am/ r.ysfer11 do11g-atio11s, i11 
Odol>er aml JV01•e111t>,·r. 1850. 

rt.lark E. of N. a Ursre Minoris, 5 sets near eastern elongation 
Mark E. •)\' N. •t llr:>a: Minoris. 5 sets near western elongahon 
Mean, i'dark east of north 
Diurnal aberration 
Azimuth of Mark 
Angle between Mark and Soper 
Azimuth of Soper 

33· HILL, DiARYLAND. 

0 

6 

6 

186 

97 
88 

,, // 

07 45 ·42±0 ·28 
45 ·69±0·35 

07 45 ·56 
+0'.)2 

07 45 ·S8±o ·21 

07 56·64 

59 49·24 

The 75<'" direction theodolite No. 1 was mounted over the triangulation station. 
Mark in line tq station \Vebb. A single result for azimuth is derived from 13 sets of 
observations, each consisting of 6 pointings on the mark. half with telescope direct and 
half with telescope reversed; 10 pointings on the star, half with telescope direct and 
half \vith ·ta=-lt:"~r~opt:" r'=-"'"~rse.d, a!!d fin::?.lly 6 po!nt:n_;-::; Vii the iijc:tfk a::-i before, \Vi th noting 
of times and level readings. Circle used in V positions. Observers, A. D. Bache a~d 
G. W. Dean. Probable error of a single result ±0'1 ·S3. 
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Results/or azimut/1 from obser'i.'alions t?la Ursa: Jlfi11oris 11.·ar <'aslcr11 a11d ·wt·stcr11 do11gcilio11s and of 
l Urst<' 11fi11oris 11t·.ir upper ,·ulmilt11tio11, i11 Septonber ,md October, .1S50. 

Mark E. of N., 5 results from <r Urs~ Minoris near eastern elongation 
Mark E. of N., 5 results from a Urs:e Minoris near western elongation 
Mark E. of N., 3 results from ,l Urstc l\!Iinoris near upper culmination 
Mean, Mark east of north 
Diurnal aberration 
Azimuth of Mark 
Angle between Mark and \Vebb 
A•dmuth of Webb 

34. SOPER, MARYLAND. 

0 II // 

39 46 56·83±:0·42 
57 77±:0 ·31 
6r ·or Not used. 
57·30 

+o·;:,2 
219 46 57·62:±:0·26 

00·27 
219 46 57·S9 

The 75°111 direction theodolite No. I was mounted over the triangulation station, 
the mark being to the southward, distant 442 meters. A single result for azimuth is 
derived from 10 sets of observations, each consisting of 6 paintings on the mark, Io 
paintings on the star, one-half with telescope direct and half with telescope reversed, 6 
paintings on the mark, with noting of times and level ieadings. In case of culminations 
the abo\1e operations were repeated. Circle used in V positions. Observer, A. D. Bache. 
Probable error of a single result ±0"·92. 

Nt•.rnlt for azi111utlt /111/11 ub.~owrlio11s of ,i- UnR .~iim>ris lll'ar lo~tt.•r c11/mi11atio11, 1 Urstl' 11ii>wris 
11car «astern do11.i;alio11, ,wd d Ursa: 11li11oris 11e·ar <WSlff11 do1~r;·atio11, in fu(v, IS50. 

0 " 
:Mark east of north, indiscriminate mean 178 19 . 38 ·22 
Diurnal aberration +0·32 II 

Azimuth of Mark 358 19 38 ·54±:0 ·29 
Angle between Mark and Webb 89 30 15 ·oS 
Azimuth of Webb 268 49 23·46 

35. SEATON, DISTRICT OF COLUMBIA. 

1l=77° oo' ·o. 

The 75°m direction theodolite No. 1 was mounted over the triangulation station, 
and the mark was on the tower of the Soldiers' Hon}e, about 3}f miles distant. A 
single result for azimuth is derived from 34 sets, each set of observations consisting 
of 8 paintings 011 the mark and 8 pointings on the star, one-half with telescope direct 
and one-half in reversed position. The star was observed alternately direct and 
reflected in mercury. times noted. The circle was used in VII positions. Observer, 
C. 0. Boutelle. Probable error of a single result ±0"·72. 

Rt?sull for azimutll from observatio11s of <r Ursa: 1lli11oris at mrious lzour angles, in December, 1868, 
and ja1111a1:11, IS69. 

0 " 
Mark west of north IO 01 13 '73 
Diurnal aberration -0·32 II 

Azimuth of Mark 169 5S 46 ·59±:0 ·18 
Angle between Mark and Hill 95 34 oj'·17 
Azimuth of Hill 265 32 5,~ 76 
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36. CAVSTEN, DISTRICT OF COT.Ul\IBIA. 

The 75°"' direction theodolite No. 1 was mounted over the triangulation station, ancl 
the mark was about a quarter of a mile distant. A single result for azimuth is derived 
from a set of observations consisting oi 6 pointings on the mark. one-half with telescope 
direct and one-half with telescope reversed, IO pointings on the star, one-half with tele
scope direct. and one-half, telescope reversed; finally. 6 more pointings on the mark 
with times noted and levels reacl. For culminations two sets \Vere taken and coupled, 
one made before, the other after culmination.· Circle used in V positions. Observer, 
G. \V. Dean. Probable error of a single result, star near elongation ±o" ·ss and stai: 
near culmination ± 1" ·os. 

Res11ltsfoi· 11zi11111th .fim11 of>sen•ations of <t Ursa: 11fil1<>ris 11car rnslcrn do11galio11 and near /O<i-'<T 

otl111i11alio11, in .~fay 1111d J1111c, 1S51. 

Mark E. of N., 3 obserrntions near e~stern elongation 
Mark E. of N., 5 observations 11ear lower culmination 
Mean, Mark east of north 
Diurnal aberration 
Azimuth of Mark 
Angle between Mark and Soper 
Azimuth of Soper 

37- !'.UC.AR J,OAF, MARYLAND. 

30 

210 
0 

:no 

II 

5:i 60 ·62:!::0 ·51 

59·29±0·4S 
59·955 

+0·315 
53 00·27±0·37 
or .p ·51 

5·i .-j r "jK 

The 5o<in direction theodolite No. 113 was mounted over the triangulation station, 
and the mark was near the rnilt;oad station at Barnsville 3 ·s miles distant. ThirtY
three sets of observations were made, each consisting of a pointing on the mark, :! 

paintings ·on the star, one direct, the other reflected in mercury, reversal of in:;trnment, 
observations as before, but in reversed order, times noted. The circle was used in XI 
positions. Observers, C. 0. Boutelle and F. D. Granger. Probable error of a single 
result ±111 ·02. 

Result for azim11!// from obst'I r.111tio11s qf <t Ursa: llli11oris at r·arious /1011r 1111gles, ill Odob,·r and 
A'o«ember, 1Si9· 

~ " 
Azimuth of Mark, east of north 167 or 59·96 
Diurnal aberration +0~32 II 

Azimuth of Mark 34-i Ol 60 ·2S:!::O ·20 
Angle between Mark and Bull Run 45 27 16·51 
Azimuth of Bull Run 32 29. 16·79 

38. l\IARYl.AND Hf,;JGHTS, MAR\"T,AND. 

,\ = 770 .J-3'·0. 

The 75'm direction theodolite No. I was mounted over the triangulation station; 
the mark was 011 a hill back of Knoxville distant about 3.% miles. Thirty-five sets 
of observations were take1i, each set consisting of a pointing on the mark, 2 pointings 
on the star, one direct, the other reflected in mercury, reversal of instrument and series 

in V positions. Observers, C. 0. Boutelle and F. D. Granger. 
or single result± 1 11 ·10. 

The circie was used 
Probable error of a set 
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R,·sull fiir azi1111etli .1i·o111 obs.·r.-afi,ms <!l <r Urs,r tlfimiris at 'i't1rio11s hour a11gl,•s, i11 Odobcr. h~iO-

0 ,, 
Mark east of north roS I4 43 ·46 
Diurnal aberrat.ion +o·.:;2 !I 

Azimuth of Mark 288 q 43 7S±o ·18 
Angle between Mark and Bull Run 70 28 23 "JO 

Azimuth of Bull Run 358 4.3 06·88 

The 75'm direction theodolite No. 1 was mounted over the triangulation station: the 
mark was on High Point Mountain about r }5 miles distant. Thirty-five sets for azimuth 
were taken, each consisting of a pointing on the mark, :? pointings on the star, first 
direct, second reflected in mercury, reversal of instrument and series of similar observa
tions in the reverse order, times noted. Circle used in VII positions. Observer, C. 0. 
Boutelle. Probable error of a set or single result ± 1" • :?O • 

.Result ji.>r azimuth from 11bscn•alio11s <!f <l Ur.w;- JJ/i11oris at <'<lrh>us /i,111r ,111_1[/t'S, ht Od,>bt'r <llld 

No<•embcr, IS/I. 

" 
,, 

Mark west of north 158 36 29·98 
Diurnal aberration ···O ·32 " 
Azimuth of Mark 21 2· ·' 30·3+±0·20 
Angle between Mark and Peach Grove 242 29 5i'8r 
Azimuth of Peach Grove 263 53 28 ·15 

40. CI,ARK, VIRGINIA. 

qi=38° 18' '7-

The 75cm direction theodolite No. r was mounted over the triangulation station; 
mar),,: at Rapidan railroad station, nearly s · 54 kilometers distant. 1'hirty-five sets of 
observations were taken, each set consisting of a pointing on the mark, .2 pointings on 
the star, one direct. the other reflected in mercury, reversal of instrument and series of 
observations, as before, but in the reverse order, times noted. The circle was used in V 
positions. Observer, C. 0. Boutelle. Probable error of a single set or result±r"·o9. 

R,·s1tlt for azi11111tl1 Jh1111 obscr<•athms <!f tr Ursa: ;1fi11oris at ••arious lwur a11gks, i11 .-lugust, IS7I. 

0 II 

Mark west of north 85 30 59·64 
Diurnal aberration -o·,p I.I 

Azimuth of Mark 94 29 00·6S±o·1S 
Angle between Mark and Bull Run ro7 50 27·09 
Azimuth of Bull Run 202 19 27·77 

41. !,ONG MOUN1'AIN, VIRGINIA. 

J.=790 o5' ·2. 

The 35c"' direction theodolite No. 10 was mounted over the triangulation station: 
the mark was on belfry of court-house at Lynchburg, about 10 miles distant. Forty
six sets of observations were made, -each set consisting of a pointing on the mark, 2 

pointings on tlie star, one direct, the other reflected in mercury. reversal of instrument 
and series of observations, as before, but in the reverse order, times noted. The circle 
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was used in XXIII positions. Observer, A. T. Mosman. Probable error of a set or of 
a single result ±1"·54. 

Rcs11/lfor a:::i111111!1 jiw11 obser<1atio11s ,~/ <r Urs,7! 1Jli11oris at various hour angles, in 1Voi:1e111be·r, IS75. 

l\'.Iark west of north 
Diurnal aherration 
Azimuth of Mark 
Angle between Mark and Spear 
Azimuth of Spear 

o I . /I 

20 48 13 'II 
-0 ·32 " 

159 II 4i'2T:±:0'23 
64 16. 54 ·53 

223 ·28 41 ·74 

42. F.T.LIOTT KNOB, VIRGINIA. 

'P =38° w' ·o A=79° 181 ·9 

The 5d"' direction theodolite No. 114 was motmtecl over the triangulation station, 
and the collimator was mounted on a brick pier 29 feet distant. Thirty sets of observa
tions were made, each set consisting of a pointing on colli111ator, 2 pointings on the star, 
one direct, the other reflected in mercury. times noted, reversal of instrument and series 
of observations, as before, but in the reverse order. The circie was used in X positions. 
Observer, A. T. Mosman. Probable error of a single result ±r"·50. 

Re•s1elt for a:::i11111th _thm1 ,ihs,·r;1atitms t!l •f Urs,r J)/i11oris at <'<lrious /11.111r .111.:;ks, i11 .-l11g11st, 18;S. 

Collimator east of 1101·th 
Diurnal aberration 
Azimuth of Collimator 
Augle bet weeu C•:ollimalor and Humpback 
Azimuth of Humplx1ck 

1 .n 34 ·.v 
+o ·32 ,_, 

181 41 34·S4:±:0·17 
121 .u 49 ·53 
.~03 25 24 ·37 

The Simms transit. Coast Survey No. 8, was mounted in the meridian of the triangu
lation station, 7 feet to the north. Fpcal length of telescope r"'· 10, clear aperture 
7'm, magnifying power 45. pivot inequality for clamp west +0•·02; resulting value of 
one division of eyepiece micrometer before November r5, 0"·4Sjo and after chang
ing focus to the close of the series 0"·4804±0"·0002. Value of one division of 
level B = r"· r r. 

In connection with the observations· for time, those for azimuth proper consist of 
niicrometric measures between the verticals of the star and mark. The light at the 
mark was shown through a ~-'.j'.-inch aperture; it was distant from. the station 576 
miles and appeared under an angle of depression of 2° 25'. 

A set of observations generally consisted of 7 or r r transits (times noted by a 
sidereal chronometer) of the star over the micrometer thread set in advance to a whole 
or to half a turn, instrument clamp west. In connection with these, from 5 to IO paint
ings were made on the mark, with clamp east, and the same number with clamp west. 
The level was recorded with each set. \Vhen measuring the horizontal angle between 
the mark and the line to Buffalo the transit instrument was used as a collimator. The 
right ascensions of the stars were taken from the best sources ::iv::iil::ihlP. OhsPrvPr 

A. T. Mosman. Probable error of a single result for azimuth as derived from all the 
stars ± r "·I(). 
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S11111111m:1• c'.f results/or azimutli at 11Ioore, Nortlt Caroli11a. 

[The tabular results include the correction for diurnal aberration.] 

Date. Star obsen·ed near up. Mark E.of N. Date. Star obsen·ed near low- Mark E.of N. pe1· cultuination. er cuhninatiou. 
18;6. J.~76. 

NO\". I~ 1879"f.Y.C. 
23 "¢}"·90 Nov. 15 t Draconis 25 '69}22 •66 

a. Ur'So. l\.Iin. 21 ·83 -- ,32 Ca.111e1o. 19·63 

NO\'. 21 II C<:phei 21 ·31l NO\?. 21 "Draconis 24 "84l 
79 Draconis 24·28 22·99 32 Can1elo. 26·rnJ25·47 

a Urs. Miu. 23 ·3sJ 
NO\". 21 II Cephei 25 ·o.S1 No,~. .:!:? L Draconis 0!'21} 11 Cephei 24 ""9 ·24 ·So 9 Draconis 21 ·9 ~ ~-s~ 

a Urs. :\-Iin. 24 '42.1 32 Camelo. 19·50 

NO\". 24 11 Cephei ~4 "24'1 Nov. 24 t Draconis 23 ·3ol..,2 ·8S 
226 Cephei 24 . ~6 J23 '<J7 9 D1'aconis 22·4.;r · 
a Urs. Min. JO"bl 

N'O\', 26 11 Cephei 25·141 Nov. 26 c D:raconis 23 "22} 
79 Draconis 22 ·s1 J23 ·5 .. ~ 9 Draconis 22 "6~~ 23 '21 

226 Cephei 22°63 1 A Draconis 23·78 

Dec. 79 Draconis 26°68 Dec. I \ 9 Draconis 13 ·1,; 

Dec. 11 Cephei 
:~::~1 

Dec. 9 Draconis 

""] 79 Drnconis .\ Draconis 22 76 
y Cephei ""5"20 

4 Draccmis ·2··-i- 22 ·71 21 ·44 - ..... , 
a Urs. Min. 23 "9i. 1t. Draconis 20 "9'J 

L1ec. " II Cephei 

~~l 
32 Camelo. 19·39 

79 llraconis 25·17 Dec. 32 Urs. Maj. 
02·541 

y Draconi~ 24"Ji 25·15 19 Draconis '2 .,, 

4 163 G1·001n. 25 ·73 .i Draconis ~o·~~ ~1 ·26 
a Urs.Min. >4 ·6; « Draconis :~::~1 Dec. 226 Cephei 26·~-\1 

3.:? Catnelo. 

y Cephei 2.:? "ti() Dec. 9 Draconis 23 ·2ol 
4 163 G_roo111. 

• ·24 ·24 
] « Draconis 21 ·43 ., ·19 24·241 

2t'·94l o. Urs. i\Iin. ~3 "jl 32 Camelo. 

Daily mean valt1es of mark E. of N. from stars at upper and at lower culminations: 

II II 

Nov. 15 22 ·78±0 ·55 

21 24·23 0 ·50 
22 22·85 0·45 
24 22·98 0·50 
26 23·37 0·45 

Dec. 24·91 0 ·78 
2 23·32 0·37 

3 23 '20 0·34 

5 23 ·21 0·42 

Weighted mean 23 ·30±0 ·15 

0 

Azimuth of Mark 
Angle between Mark and Buffalo 
Azimuth of Buffalo 

lSo oo 
21 26 

158 33 

4192-No. 7-02--23 

II " 
2.~ ·30±0 'IS 

52 'II 
31 ·19 
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44. YOUNG, NORTH CAROLINA. 

<P=35° 44' ·4. 

The 5ocm direction theodolite (Wiirdemann) No. 3 was mounted over the triangula
tion station. The azimuth mark was placed on top of a barn on Solomon Hall Place, 
distant 4 "86 miles, and the light was shown through an aperture }·6 inch in diameter. A 
set of observations consisted of a pointing on the mark, telescope direct, :i observations, 
with time record of the star, one pointing with image direct, the other with image 
reflected in mercury.* The telescope was then reversed and :i observations on star, 
direct and reflected, and a pointing of the mark, telescope reversed, completed the set. 
Observer, C. 0. Boutelle. Probable error of a single result for azimuth ±1"·14. 

S11111ma1:11 of rt"Stdls J<>r azimutlt al }01111g, 1\Tort/1 Ca.ro!illa. 

a Urs:.:e l\linoris at \'arious hour angles. a. Ursre l\'liuori~ at ,•arions ht.. .... ur angh:s. 

Date. 

1870. 
Oct. IO 

Oct. II 

Position. Mark Mean by 
E. of N. positions. 

0 I 

7 20 25 ·04} 
:26'.:!0 

21 ·75 

24 •33 

II 25·S5l 
II 23"7~1 
II ~·-:01 

III 22 ·;_1·1 
III 22 "46J 
III 24 ·23 

23 'I.J. 

IV 25 'o.Sl 
IV 22 . .,., 

IV 22 -~=1 _, 
23 '"9 

\I ,,·.;;} 
v 2''"4 
v .,, 'J3 

Mean, Mark east of north 
Diurnal aberration 
Azimuth of Mark 

n t p ··r Mark Mean by a e. osi iou. E. of N. positions. 
1876. 0 , ,, 

Oct . ., VI 7 20 26·091 
VI :: :~~f 23 •76 

VI 
VII 26·oil 
\"II 

~: ~:.~1 
24 ·s7 

\"Ii 
nn 26·3?1 · 
VIII 2-J ·;to. 25·6S 

VIII 25·891 
Oct. 13 IX 26·211 

IX :>6•94. 25·.;s 

IX 23 ·s8J 
x 2" ···1 .. , .... 
x 

:~ :;~r 
22·76 

x 
XI 24 '57] 
XI 26°92 26°16 

XI 27 ·oc.f 
l\!ean 7 20 24 . .?.J:::!:::O"'' '26 

0 ,, 
7 20 24 ·24 

Angle between Mark and Poore 
Azimuth of Poore 

+0·31 II 

I87 20 24·55:±:0·26 
299 32 29 ·q 
I26 52 53·69 

*The mercury was covered by a mosquito net to pre\"ent any disturbance of the surface by wind. 
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45. KING, NORTH CAROLINA. 

The 50"111 direction theodolite No. 3 was mounted over the triangulation station. 
The azimuth mark was placed on the roof of a store near Kings Mountain R.R. station, 
distant 2·79 miles from King, and light was shown from a buils-eye lantern through a 
hole of ~q:-inch diameter. A set of observations consisted of a pointing on the mark, 
tdescope direct, 2 observations of the star, one with image direct, the other with 
image reflected in mercury, with time record. The instrument was then reversed and 2 

observations of the star were made, one direct, the other a reflected image, and one 
pointing on the mark concluded the set. Observer, C. 0. Boutelle. Probable erro'r of a 
single result for azimuth ±0"·9s. 

S1i11111uu:1' £?/ rc·sNlts /or a::i11111/h at A-fog·, i\Torth laroliJ1t1. 

a Urs~e Minoris at ,·arious hour angles. a Ursa: l\linoris at \~rious hour angles. 

Dal<:. Position. Mark M<:an hy Dak. Position. Mark Mean by 

- W.of N. positions. W.ofN positions. 
18n. 0 I t8j7. : I " 

May oS 4001 07·13 l May ~;l., vu 40 01 09·32} 
05·11 J o6"J4 VII 05·94 O'] ·32 

o6·47 VII 06·70 

JI oS ·7: } May JI VIII o8"I4 } 
II 09'11) ·o.~·oo VIII 07 •6.j 07·13 
II o6·12 VIII 05·6o 

May 29 III oo;·oo l IX 09·31 l 
Ill o6".'4 o6·~o IX 09·29 

oo·n 1 
.09·551 

III IX 09·02 
IV o6·71 } June x 05·25 l 
IV 05·99 05·Sr x 04·69 05·:5 
IV 04 •74 x 05·501. 

v o6·51 l XI 07·94 } 
v o6·21 o6·40 XI 07·91 07·93 

·v 00·491 XI 07·94 
May. 30 VI 06·90 l Mean 40 OI 07 ·07 ±o'1 ·25 

VI oS·37 oS·r9 
VI 09•31 J 

" Mean, Mark west of north 40 01 07·07 
Diurnal aberration -- 0·3r II 

Azimuth of Mark 139 58 53 ·24±0, ·25. 
Angle between Mark and" Benn* 34 43 "7 
Azimuth of Benn J4I 33 36·9 

* 1·11;s angle is somewhat uncertain owing to large corrections to directions Young and Paris, required by the 
adjustment of the triangulation. 
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4-6. PARIS, SOUTH CAROLINA. 

(jJ = 34° 56'·5. ,1 = 8:! 0 :14'·7. 

The 50°"' theodolite No. 3 was mounted over the triangulation station. The azimuth 
mark was I· 4 miles distant from the station, and the light was shown through an open
ing one-half inch in diameter. A set of observations consisted of a pointing on the 
mark with telescope direct, 2 observations of the star, one with image direct, the other 
with image reflected in mercury, with time record. The instrument was then reveri:;ed, 
and 2 more observations of the star, direct and reflected, were made, and the set was 
completed by an observation on the mark. Observer, C. 0. Boutelle. Probable error 
of a single result for azimuth ± r"· 15. 

Summar;1 qf results for azimuth al Riris, :C.01ell1 Cilroli11a. 

a. tTr::ore l\<Iinoris at \•ariou~ hour angles. 11 UrsEe l\'linoris at varioi.1~ honr angles. 

Date. Position. Mark Mean by Date. Position. Mark !\'lean bv 
E.of N. positions. E. of N. positiouS. 

1875. 0 1875. 0 II 

Oct. 23 .,,,,,,.,,I Oct. 31 VII 157 59 64. 76 } 
(h.::t >4 58 •54 VII 62"16 62·59 

59'.?.5 
59·30 

VII oo·s.i 
60·2:.: NO\.". l \"Ill ~t ·1~) 

Ot:i. ~.5 II ~~"'5 i VIII hJ ·95 f. 61. 20 

II hi '1:•J f (•IJ 'lj4 \'Jil 00·51 
II 61 ·ss NO\', 17 IX 58 ·.~7 } 

Oct. 26 III ~Q ·-5 } IX 62·37 61.05 •. I 

Ill 64 ·lj1 62·42 IX 62·41 
·.III 6.z·90 Nov. 18 x 5S·15 I 

Ort. 2; IV 50 ·20 } N0\7 • 20 x 61 "J6 f 59.5~ 

lV GI '(13 00·40 x 59·31 
IV 60·3'5 XI 61 ·ss ·1 

Oct. 28 v 59 ·-- } XI 62·6~ f 61.94 
v 62°~; 60·98 XI 61 ··1 ·' 

Oct. 30 VI 59·63} Mean 157 59 6o"99±0" ".:!I 
VI 61 ·93 60"87 

VI 61 ·o6 

,, 
Mean, Mark east of north r58 00 00·99 
Diurnal aberration +0·31 " 
Azimuth of Mark r58 00 or ·30±0 "2I 
Angle between :Mark and Wofford 70 .\.I 46·13 
Azimuth of Wofford 267 18 rs ·r7 
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47. CURRAHEE, GEORGIA. 

The 50<'" theodolite No. 3 was mounted over the triangulation station. The mark 
was placed on the roof of a store at Toccoa village, distant between 3 and 4 miles, and 
was about 600 feet below the top of the mountain; the light was shown through an open
ing three-fourths of an inch in diameter and appeared under an angle of depression of less 
than 2°. A set of observations coi1sistecl of a pointing on the mark with telescope direct, 
2 observations of the star, one by direct vision, the other by image reflected in mer
cury. with time record. The instrument was then reversed and the preceding observa
tions were repeated in the reverse order. Observer. C. 0. Boutelle. Probable error of a 
single result for azimuth ±1"·47. 

Su111n1<1.1y ,y·r.·sullsfi:Jra::imut/11r.I <..ltrraliet•, Georgia. 

a Ursa: Minr,ris nt varion~ hour angles. a. Urs~e l\Iinoris at various hour angles. 

Date. Po~ition. 
Mark Mean by Date. Position. Mark Mean hy 

E. of N. positions. E. of N. po:.itions. 

187o1- 0 1874. 0 ' 
Oct. 2:--\ 36 20 40 ·~3 } Nov. , VII 36 '° 3~ ·3,; 1 

39""0 40·4,; VII _,s·31 J 3S·67 
41 ·14 VII 39·34 

I[ 
38·55 } NO\'. 4 VIII 36 ·50 l 

II 3$·33 '!oi ·77 NO\'. 6 VIII y. ·ss 36 ·16 
II 36·42 VIII 3S"39 J 

Oct. J9 III 39•93 } Nov. 13 IX 32 ·so } 
Ill 3S·32 39 "j::! IX 33 '15 3>"89 
III 40·90 IX 33"0J 
I\' 36 ·74 } x 4<>"28 } 
IV 35 ·76 .-:.6 ·12 x .~7 ·01. 37 •87 
IV 35·$5 x 36·31 

Oct. 30 v 37 ·40 l NO\". 14 XI 35 "77 l 
v 37•14 .~1·¢ Nov. 1~ XI ·s ·s1 36·06 

39·31 I o. • J ,. XI 36·89 
VI JS ·37 } Mean 36 JO 37 ·41±0'' ·42 
VI JS •45 37·~1 

VI 36·62 

0 II 

Mean, Mark east of north 36 20 37·41 
Diurnal aberration +0·31 II 

Azimuth of l\:lark 216 20 37 '72±0 ·42 
Angle between Mark anrl Rabun 331 49 50 ·17 
Azinmth of Rabun 188 IO 27 •Sg" 
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48. SAWNEE, GEORGIA. 

'P=34°I4'·r. 

The 75<m direction theodolite No. r was mounted over the triangulation station. 
The azimuth mark was placed on a hill north of the village of Cumming, 2·7 miles clis
ta1it from Sawnee: light was shown through a half-inch opening and appeared under an 
angle of depression of 2° 38'·7. A set of observations consisted of a pointing on the 
mark with telescope direct, 2 observations of the star, one of image direct, the other 
of image reflected in mercury with time record. The instrument was then reversed and 
the preceding observations were repeated but in the reverse order. Observer, C. 0. 
Boutelle. Probable error of a single result for azimuth ±1"·50. 

S11mma1y qf results for a::i11111th al Sawnff, Ge·<wgia. 

a. Ursre 1\-finoris at various hour angles. a. UrSEe l\'linoris at variotis hour angles. 

Date. Position. Mark Mean bv Date. E. of N. positions. 

18j3. 0 ' J87J. 

Oct. 13 

I 
IV 139 25 19 ·01 l Oct. Ii 
IV .:!I "lj 

IV 19·67 r 19 ·1s 

I IV 17·90 

I 

IV 18·15 J Oct. 21 

Oct. 14 v 

"~) v 21 ·62 

v 22·0S 19.84 

Oct. 15 v I6'oj 

I 
v 0>'17 
VJ 19·9s I Oct. 22 

\'I ,,~ j 
VI 18·31 19·05 
VI 17·62 
VI 19·38 

Oct. 16 VII 20·64 l 
VII .?I '18 

VII 

::; f 
20·68 

VII 

VII 19""9 

Mean, Mark east of t~orth 
Diurnal aberration 
Azimuth of Mark 
A11gle between Mark and Currahee 
Azimuth of Currahee 

Position. Mark 
E. of N. 

Mean by 
positions. 

v , 
139 -'5 17·¢ l 

01 ·95 

~~:~; I 
20°86 

.:.; -i1 I 

II ,,~) 
II 1S·75 
II 14 ·71 
II 16·6o 

II 17·24 
HI ·~ ···:: I 
III 10·00 

16·01 J III 

III 19·12 
III 17"13 

lj'J6 

Mean 139 25 19 ·o6±o" •41 

0 II 

139 25 19 •o6 
+0·31 II 

319 25 19 ·37±0"4I 
286 09 06·75. 
245 34 26 ·1·2 
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49. ATT.ANTA MIDDf,E RASE, GEORGIA. 

The 75"11 theodolite No. I was mounted over the triangulati~n station. The azi
muth mark was located at the north encl of the base, 3 miles distant from Middle Base: 
light was shown through a half inch aperture.* A set of observations consisted of a. 
pointing on the mark with telescope direct, 2 observations of the star, one observation 
with star direct, the other with image reflected in mercury, with time record. The instru
ment was then reversed and the preceding operations were repeated, but in the reverse 
order. Observer, C. 0. Boutelle. Probableerrorof a single result for azimuth ±I""6I. 

S11111111<11J' of res111ts_for azimutll at Alla11ta Jlfidd/e Bast\ Georgia. 

a Ursa: l·linoris at various hour angles. a Urs:::c ~·linoris at ,·arioul-i hour angles. 

Date. Position. Mark 'Mt:'an l1y Date. Position. Mark Menn by 
E .. of N. position. E.of N. position. 

1S73. 0 ' 1873. 0 ' 
Jan. 11 52 o8 03·16 l Jan. 24 v s2 oS rn·16 l 

04 ·02 v 07 ·12 

Jan. 12 06·30 04 •76 v 
:::~ J 

07·24 

05 ·37 J v 
04 ·93 v 05·44 

Jan. 14 II 

00" l Jan. 27 VI 

~" l II 03·35 VI oS•35 
II 04 ·92 . 04 •44 Jan. 31 VI os·s2 09·04 
II 03·90 VI "9 ·46 
II 03·70 VI 11 ·os 

Jan. 21 III 01 ·s2 l l'eb. 4 VII 

~~l III 0S·99 Feb. 5 VII 05·08 

III 10·47 09·55 Feb. 8 VII 04•97 05·88 

III 09·26 J VII o6•86 

III Il '23 VII 04 ·ss 
Jan. 23 IV 

"ml 
----

Mean 52·oS 07·16±o'' ·55 
IV o.~ ·75 
IV 09·82 09·11 

IV 09•96 
IV 0;·37 

0 II 

Mean, Mark east of north 52 08 07 ·16 

Diurnal aberration +0·31 
Azimuth of Mark 232 08 07·47 .±o" ·55 
Reduction to base line -I "8I 

Reduction to center at Northeast Base -0·37 
Angle between Northeast Base and Stone Mountain So 14 23·65 
Azimuth of Stone Mountain 312 22 28·94 

*The station is 1 ·665 inches, or om·0423 to the west and north out of line of the base; the center of aperture was ~mm·7 
east of Northeast Base. 
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50. f,AVENDF,R, C.f:ORGIA. 

The 3ocm repeating theodolite No. 32 was mounted over the triangulation station. 
Focal length of telescope 54<"'; aperture 5<"'; magnifying power 28 and 48. * The azimuth 
mark was located at the· secondary station Coosa, 6'9 miles distant, and nearly at the 
same height as Lavender. For the first fifteen nights the light was shown through a 
three-fourths inch opening: after that it was enlarged to 1 }6 inches. A set of observa
tions consisted of 12 repetitions of the horizontal angle between mark and star, one-half 
of these with telescope direct and one-half with telescope reversed, and observing the 
star alternately direct and reflected in mercury. Observer, F. P. Webber. Probable 
error of a single result for azimuth ±1" ·92. 

S11111111a1y q/ rcs1el/sfor a::i111111/1 al La voider. (~0

<'0l:l]"ia. 

a. Ursre l\finori~ at vnrions hour angles. tt Ur~a:: l\finoris at ,·arions hour angles. 

Date. 

1874. 
NO\". 13 

No\". 21 

Nov. 23 

Nov. 25 

Mark E. of N. 

0 II 

153 16 53·25 

47·01 

52 ·25 

51 ·45 

48 ·40 

50·68 

44·27 

48·48 

46·37 

45 ·26 

48·94 

44·46 

47 ·44 

47·o6 

43·7r 

I/ 

0·04 

5·28 
4 ·_p; 

1 ·43 

3 71 
2 "70 

1 ·51 

0·60 

I "71 

1 ·97 
2 ·51 

0·47 
o·og 

3·26 

Mean, Mark east of north 
Diurnal aberration 
Azimuth of Mark 

Dnk. 

18j4. 
No\·. 25 

Nov. 29 

Nov. 30 

Dec. 2 

0 

153 

153 
Angle between Mark and Kenesaw 33 
Azimuth of Kenesaw 300 

16 

16 
04 
II 

Mark E. of X. 

0 

153 16 

,, 
41 ·82 

.n·go 
49 ·62 

43 ·03 
48 'II 

47·27 

4i'23 

46·94 

48 ':?8 

44·00 

42 78 

45 '73 

4i ·33 
47·oS 

Mean 153 16 46 ·97±o''. 36 

" 
46·97 

+0·31 
4i ·2S±o'1• 36 
4S·17 
59 "II 

* "l'wo eyepieces were used at this ~talion. 

.1 
II 

5 ·15 

3·07 

2·65 

3 ·94 
I ·14 

0 ·30 
0·26 

0·03 

I '31 

2"9i 

4 ·19 

I '24 

0·36 
O "II 
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51. AURORA, ALABAMA. 

11>=34° oS' ·s. A.=86° r 1' ·o. 

The 3o<m direction theodolite No. 108 (Trough ton & Simms) was mounted over the 
triangulation station. Focal length of telescope o"' ·75, aperture 7<111

• 5, magnifying power 
60. This instrument was used here for the first time.* The azimuth mark was 
seen under an angle of depression ·of o0 37'· 3. A set of observations consisted of a 
pointing on the mark with telescope direct, followed by 2 observations of the star, 
one with image direct, the other with image reflected in mercury. The telescope was 
then reversed and the star and mark were observed as before, but in the reverse order. 
Observer, F. P. Webber. Probable error of a single result for azimuth ±3"·os. 

S11111111a1:1• q.f results for azi11111tli <?f Aierora, A/ab11111<1. 

a. Ursn~ Minori!" at ,·ariou~ hour angles. a. Cirsa~ l\Iinoris at \"arious hour angles. 

Date. Position. Mark l\.lean!-1.. Date. Position. Mark Means. E. of N. E. of N. 

1Sn. 0 ' 1Sn 0 ' 
jnne 19 66 46 50·5 } June 25 x 66 46 467 } 
June 20 48·3 

49·4 x 48·3 
4;·5 

II 45•9 } XI 4q·31 
II 42 ·s 44 •3 XI 

50·0 
50 "7 

Ill 43 ·s } 4$•1 
XII 53·4 } 52 ·s 

Ill 52·4 XII !'2'3 
IV 54 ·5 } XIII 58•2 } 
IV 53 "i XIII 56·4 

57·3 
June 24 52·9 

v 58·6 } J1111e 26 XIV 54 ·9 } 55·8 v 59•9 
59·3 XIV 56·7 

VI 54"4 l 54 •6 
xv 51 ·6 l 

VI 54"9 J xv 5n I 
52 ·2 

VII 47 "7 } 48·2 
XVI 48·1 l 

48 ·4 
VII 4S·S . XVI 4s·1 I 
VIII 46·4 l XVII 47"0 } 
VIII 42 ·9 l 44 "7 

June 27 XVII 51 ·2 
49·1 

IX 47 ·5 l 46·0 Mean 66 46 50·67±0'' ·72 
IX 44 ·4 l 

0 II 

Mean, Mark east of north 66 46 50·67 
Diurnal aberration +0·31 
Aiimut11 of Mark 246 46 50·98 ±0" ·72 
Angle between Mark and Brandon 349 19 38·37 
Azimuth of Brandon 236 06 29·35 

*The graduation of the hori>.ontal circle was afterwards found to be defecti\"e. 
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52. KAHA'.l'CHEE, AI,ABAi\IA, 

<P=33° 13''7· 

The 25•m repeating theodolite (Gambey) No. 63 was mounted over the triangula-, 
tion station. The azimuth mark was located near the station Horn, distant I7'3 miles: 
light was shown from a signal lamp. A set of observations consisted of 6 repetitions of 
the horizontal angle between mark and star, 3 with telescope direct and 3 with telescope 
reversed, with the requisite time and level readings. One-third of the sets measured the 
angle star ancl mark. Value of one division of level=2"·67 at 24° C. Observer, 0. B. 
French. Probable error of a single result for azimuth ±0"·98. 

Date. 

I898. 
June 6 

June 7 

S11m111.i1:11 vf results for azimutli at Kalzatdiee •• -llabama. 

a. Ursre :\linoris at \Tarions hour angles. 

:lfark E. of N. 

a. Ursre l\-linoris at various hour angles. 

0 

73 

II II 

32 12 ·3 -0'2 

12 'J -0·4 

13 '7 +1 '·2 
II '8 -0·7 

10'8 -I '7 

11 '2 -1·3 

rs ·7 +3'2 
12·3 -0·2 

15·6 +3'! 
14·0 +r ·5 
I4 ·o +1 ·5 

15 'I +2'6 

13·4 +0·9 
II 'O -I '5 

I3'6 +1 '[ 
09·4 -3·1 
II ·S -07 
JI '2 -I '3 

IO '3 -2·2 

:Mean, Mark east of north 
Diurnal aberration 
Azimuth of M11rk 

Date. 

1898. 
June 7 

June 8 

June 9 

0 

73 

.. ~ . . ,,,, 
Angle between Mark and Horn 
Azimuth of Horn 253 

Mark E. of N. .J 
0 II II 

73 32 09·8 -2·7 

I l 7 -o·s 
12 ., -0·4 

I2'7 +0·2 

12·4 -0·1 

I3'0 +0·5 

13"4 -!-o ·9 

13'0 +0·5 

13 ·9 +1 ·4 

13°6 +1 "] 
I2 ·r -0·4 

I2°8 +0·3 
12 '2 -0·3 

JI ·7 -0°8 

13'4 +0·9 
II 06 -0·9 
12 ., -0·4 

IT '3 -1 ·2 
------

:Mean 73 32 I2 '49±011 0 16 

II 

32 12·49 
+0·31 II 

32 :2 ·So±o ·16 
o·oo 

32 I2 ·So 
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53. ETHRIDGE, AI,ABAMA. 

The 25<m repeating theodolite ( Gambey) No. 63 was mounted over the triangulation 
station. The azim.1th mark was placed over the station Lovers Leap, distant 15·2 miles. 
A set of observations consisted of 6 repetitions of the horizontal angle between mark 
and star, 3 with telescope direct and 3 with teiescope reversed, with the requisite time 
and level" record. One-half of the sets were made with the angle mark and star, the other 
with star and mark. Value of one division of level 2"·67 at 24° C. Observer, 0. B. 
French. Probable error of a single result for azimuth ±0"·95. 

lJale. 

1898. 
June r6 

June 23 

S111111111llJ' <?l rt'.mllsji>r azimutll of Ellzrid.ge, Alabama. 

a. Ursre l\linoris at various hour angles. 

Mark E. of N. d 
0 II /I 

65 52 46·9 +2'I 
48·0 +1 ·o 

46·0 +3'0 
50·0 -I 'O 

48 'I +0·9 

45·7 +3'3 
48·4 +o·6 

49·9 -0·9 

48·9 +0·1 

49 ·r - O'I 

48·4 +o·6 

47·6 +1 '4 
48·6 +0·4 

49·4 .:_o ·4 

47·2 +1 ·8 

49·8 -0·8 

Mean, Mark east of north 
Diurnal aberration 
Azimuth of Mark 

Date. 

1898. 
June 

June 

Angle between Mark and Lovers Leap 
Azimuth of Lovers Leap 

a Ursa: :lfinoris at various hour angles. 

Mark E. of N. .:1 
0 I/ II 

23 65 52 48·7 +0·3 

47'9 +1 'I 

24 48·4 +o·6 

50·0 -I 'O 

50·0 -I ·o 

49·3 -0·3 

51 'I -2·1 

50·0 -I 'O 

49·0 o·o 

50 ·o -I 'O 

51 '9 -2·9 

49·2 -0·2 

48·9 +0·1 

49·9 -0·9 

50·0 -1 ·o 

51 •6 --2 ·6 
-----

Mean 65 52 49 ·00±011 • 17 

0 II 

65 52 49 ·oo 
+0·31 II 

245 52 49·31:±:0·17 
o·oo 

245 52 49 ·31. 
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54. FORT MORGAJS', AT,ABAMA. 

The 6o<m direction theodolite No. 2 (Troughton) was mounted over the triangula
tion station; focal length of telescope, 78<"'; aperture, 52ci11

: magnifying power, 30 ::ind 
40. * A set of observations consisted generally of 3 poiiitings on the mark, telescope 
direct, and 3 paintings on same, telescope reversed; froin 3 to 6 observations of the star, 
telescope direct. with time and level record. The instrument was then reversed and the 
preceding observations of star· and mark were repeated, but in the reverse order. Some 
sets begin and end with 6 paintings on the mark, the reversal of the instrument taking 
place in· the middle of the star observations. Value of one division of level, prior to 
April 21, 1"·66; after that elate 2"·9:?. Observer, R.H. Fauntleroy. Probable error of 
a single result for azimuth ±o"·j5. 

$11111111111:1• <!l n·su/ls for adm11tli at f''orl lllorga11, rl.laba111a. 

a Ursre l\'linori~ near we~tt"rn e1ongntio11. a Ursre l\-linori!:; near eastern elongatio11. 

Date. 

1847. 
Apr. 12 

13 
May 5 

9 

12 

Position. Mark .:1 Date. \V. 0£ N. 
0 1847. 

151 4~ 59·42 +o·y.i Apr. 12 

II 59·16 +1 ·20 16 
Ill 62°3:? -1 'rfi 26 
v 59·1\4 +072 May 9 

UI u: -0·05 10 

II 6o·5~ -0·~2 

Mean 151 4-1 60 ·36±0'"33 

Mean of groups 
Diurnal aberration 
Azimuth of Mark 
Angle between Mark and Cedar Point 
Azimuth of Cedar Point 

*Two eyepieces used. 

Position. Mark LI W.o!N. 
II 

151 4-1 59·32 +0·72 
II 58•48 +1 ·56 
Ill 60·55 -0·51 
\" F.n-f,~ _,...~ .. 
1\" 61 ·1S -1 ·14 

Mean 151 .j.4 6o'04±0" ·33 

~ ,, 
151 44 60·20 

-0·.~1 II 

28 15 00·11±0·23 

II5 44 45·50 

143 59 45·61 
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EAST PASCAGOULA, MISSISSIPPI. 

,\ = SS0 ;p'·S. 

The 6dm direction theodolite No. 2 (Troughton) was mounted over the triangula-
tion station; focal length of.telescope, 7S"m: aperture, 5·2c"': magnifying power, 30 
and 40. * A set of observations generally consisted of 6 pointings on the mark, 
telescope direct, 6 observations of the star, with time and level record. The instrument 
was then reversed and the preceding observations were repeated, but in the reverse 
order. One division of level =2"·92. Observer, R.H. Fauntleroy. Probable error of 
a sin.gle result for azimuth ±I""IS. 

S11111111a1:1' <•f n·sultsfor azim11tl1 at East Pasc,~goula. 11/ississippi. 

a. Ursre 'Minoris near f"astt:rn elongatiou. « Ursre l\Iinofis "near \vesteru elongation. 

Mark Date. Position. W. ofN.' .J 
1847. 0 

June 12 ll 147 

13 III 

14 I 

15 v 
18 IV 

24 v 

:\·1enn 147 

Mean of groups 
Diurnal aberration 
Azimuth of Mark 

06 16·97 +• "i7 
17 ·55 +1 ·19 
20·10 -1·36 

20·7s -2·04 

18·17 +0·57 
18·S5 -O'Il 

o6 1S 74±0" ·41 

Date. Position. 

1847. 
June 14 I 

15 III 
1S v 
26 IV 

July 9 II ,, III 

i\leun 

0 

147 

32 
·Angle between East Pascagoula and Bayou Casotte 
Azimuth of Rayou Casotte 

96 
2¢ 

* ·rwo eye11ieces used. 

Mark 
.:1 W.ofN. 

" 147 06 14 ·47 +3">5 

19·04 -I ·32 

20·15 -2·43 
18 "27 -o·ss 
1;·90 --0·18 

16·50 -t l '.12 ----
147 ~6 17 ·7.?±0'' '55 

II 

06 18 ·23 
-0·31 II 

53 42 ·oS±o·34 
22 50·81 
30 SI ·27 
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56. CA"r ISLAND I855, MISSISSIPPI. 

The 75<m transit Coast Survey No. 9 (Wiirdemann) was monnted over the tri
angulation station. A mark was placed in the vertical of the western elongation, and 
the horizontal difference between star and mark measured by meaus of the pivot microm
eter, which 1s ordinarily employed for adjusting the transit in azimuth.* A set of 
observations consisted of 2 pointings on the mark and 6 on the star, with time and level 
record, one-half of these observations being made with clamp east, the other with clamp 
west. Value of one division of micrometer 2"·18, and of one division of level 2"·0. 
Observer, J. E. Hilgard. Probable error of a single result for azimuth ±0"·57. 

S1111m1a1:1• o/ n·sults/or azi11111tll at Ci.11 ls/1111d 1S55, t 11/ississippi. 

a Ursre Minori:o near western elougation. 

Date. Mark W. of N. ..l. 

1855. 0 II II 

Dec. 5 41 I0"20 -0·67 

o9 7r -0·18 

09·55 -0·02 

oS·Sr +072 

08 ·.~3 -j-I "20 

, ____ 1_0_·=5_8 -I "05 

Mean r 41 09 ·53±0" ·23 

o II 

Mean, Mark west of north 41 09 ·53 
Diurnal aberration 
Azimuth of Mark 
Angle between Mark and Mississippi City 
Azjurnth of Mississippi City 

-0 "31 II 

178 IS 50·78±0·23 

I3 52 23 ·54 
192 II 14 "32 

*The instrument was O\•erturned in a storm and the thread~ of its diaphragm were broken: a new single thread 
was put in and served for the time and azi111uth obsen•ations. 

tThe triangulation of which this station is a part is of secondary character with respect to size and precision, 
and there is no check of the above result for azimuth, sue as, for instance, repeating the measures on other dat<·s. The 
elongation occurred about the 3d of the above 6 consecutive measures. 
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DETERMINATION OF AN OSCULATING SPHEROID 
FOR THE REGION COVERED BY THE 

TRIANGULATION. 
A. COMPARISONS OF THE ASTRONOMIC AND GEODETIC RESULTS AT 

STATIONS CONNECTED WITH THE OBLIQUE ARC. 

Parts II and III contain the necessary statements and results for the next operation, 
name~y, the direct comi)arison of the astronomic latitudes, longitudes, and azimuths 
with their corresponding values derived geodetically by development of the triangulation 
upon the Clarke spheroid of 1866. In doing this the geodetic data for the station 
Ht.F'S, R"ausas, as given in the account of the transcontinental triangulation and arc of 
the parallel in latitude 39°, have been adhered to. They are: 

!
. 'Po= 38 54 50·1So 

~o= 99 16 r6·730 

<ro =359 44 19 ·oo Hays to. La Crosse. 

\Ve shall thus secure systematic positions which, if desirable, may be made .at once 
available for a determination of an osculating spheroid based upon a surface of wider 
geographic limits than is contemplated in this discussion. 

As early as the year 1879 the writer made a pn~liminary comparison of the astro
nomic. and geodetic measures then available.* The stations included extend from 
Calais, Maine, to Atlanta, Georgia. That discussion furnished the first comprehensive 
information of the relative magnitude and distr:ibution of the outstanding differences 
between the astronomic and geodetic reimlts in the United States, the. latter as developed 
on each of· two reference spheroids. It led to the adoption of the Clarke spheroid of 
1866 for use by the Coast and Geodetic Survey. 

As a matter of general interest, the location oi the principal arc measures and areas 
of osculating spheroids ii; shown on a Lambert equivalent zenithal projection upon a 
meridional plane and transferred from a hemi- to a plani-sphere, *constructed by Adolph 
Lindenkohl, of the Drawing Division, Coast and Geodetic Survey, for this special use. 
Lambert himself pointed out how the whole surface of the sphere could be represented, 
a fact stated again in Littrow's admirable work, Chorographie, etc., von J. J. Littrow, 
Wien, 1833, page 126. 

---- --- .. ----------
* U. S. Coast and Geodetic Survey Keport for 1S79, Appt:ndix No. 8, pp. 110-123. 

,p92-No. 7-02--24 
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I. THE ASTRONO!\UC LATITUDE STATIONS. 

The following table of. the comparison of the astronomic. and geodetic determina
tions of latitudes consists of the collection of the latitude results derived from direct 
observation, given in full in Part III. To these results have been added the reduction 
to sea level, and the reduction to the average position of the earth's pole of rotation. 
'rhe tabular geodetic latitude ~s that of the corresponding astronomic station, the local 
reduction for any difference of position between the two stations having been applied. 

ThL· reduction lo si:a /evd.-As a consequence of the earth's rotation producing a 
slight curvature of the ,·ertical of a station in the plane of the meridian concave toward 
the pole, a small correction to the observed latitude is required, which is given by the 
expression 

where h. or he1gln, is given in meters and i in seconds of arc. The value of the factor 
-o·ooo 172 sin 2 <p for different latitudes is as stated below: 

For <P = 50° 

45 
40 
J5 

- 0 11 ·000 16<} 

ljl 

167 
161 

149 

The rt?dudion for 'llllriatiou ef polt•.-The ad\'isability of introducing into the present 
discussion of the astronomic and geodetic measures corrections for variation in the posi
tion of the earth's axis of rotation largely depended upon the degree of reliability of 
the values of such corrections. The origin of this motion is at this time imperfectly 
understood, and the uncertainty in the correctio11 for variation is here considerably 
increased on account of the early dates of many of our latitude observations, some elating 
back more than half a century . 

. In consequence of the importance of the subject the International Geodetic Assoda
tion for the measuren1ent of the earth has organized a special service for the purpose of 
procuring data for the study _and elucidation of the law of this variation which .was first 
definitely formulated by Dr. S. C. Chandler. The association selected a small number of 
stations suitably located around the earth, near the parallel cif north latitude, 39° 08' 10", 
at which it is intended to prosecute refined latitude observations for a series of years. 
The range of the variation is small, about 0"·3 from a mean value, and it requires, con
sequently, the utmost attainable precision as regards instruments and method in order to 
bring its periods and ranges into clear evidence.* 

The probable error of a correction to an observed latitud~ may be estimated at 
± o" ·04 for the past decade, but for the earlier dates of our observations this needs to 
be increased. 

These small corrections for variation of latitude, while yet very uncertain, could have 
no sensible influence upon the results of this investigation for determining a represent
ative spheroid, nor would these small corrections be of any consequence in connection 

* Whert com1>aring Dr. Chandler's p1edicled resu'ts of the motion of the pole for Lite years 1890 to 189;i.:;, with 
results deduced clirectly'from obsen·ation. a comparath·ely large discord is noticed in some places, as might be expected 
in such nu inquiry, nor are these modern .:ibservatious free from considerable uncertainty. 
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with the local deflections of the vertical, the average magnitude of which, namely, 2
1'·4,* 

has been deduced from a large number of comparisons. It has, however. been concluded 
to apply these small and as yet rather uncertain corrections in the present investigation. 
The corrections to all latitude results were computed by Chandler's formttlre t except 
f01; a few stations where none were needed and for four stations occupied in 1897 ancl 
1898 where Dr. Albrecht's results were introduced in preference, as contained in his 
report on the state of the latitude variation at the dose of the year 1899 [Centralbureau 
der Internationalen Erdmessung, Berlin, 1900]. 

About one-half of the corrections thus computed were found to be below o"· 1, a 
very few reached 0"·2, and none exceeded 0"·25. For the whole arc these corrections 
balance. 

The effect of the variation of the position of the pole upon observed differences.of 
longitude is small enough to be negligible and the same is true with reference to the 
observed azimuths, for which the probable error of observation always exceeds the small 
correction due to the polar variation. . · 

The headings of the following summary of results need no exi1lanation. The geo
detic latitudes were in all cases referred to the astronomic station unless the two stations 
happe11ed to be located on the same parallel or to be identical in position. The relative 
position of the stations is stated in the· preceding abstracts and the reductions there 
given are applied to the geodetic latitude with the sign reversed. The last column con
tains the apparent local deflection" of the vertical in the plane of the meridian or the dif
ference (A-G) of the two values in the two preceding columns. 

*Probable error in the direction or the \"ertical from all parts of. India except portions nnder Himalay 111 
nttrnction is about :l: 2 11 ·S. (Annual Report of the Sun·ey of India. 1593-w.J 

t Astronomical Journal (Gould's). No. 446, October 14. •89-5. The 
0

formulre are. for the coordinates. 

Where 

{
.1'= rr sin (t- '1'118+0·095 sin <0- 3oS0 ) 

y= ,., COS (l-1'r) 8 +0·110 cos (0- 3°) 

T, = 2 412 646 + 427·0 E - o·o.S E• 
8 = oO ·843 + o ·ooo 316 E 
rr = o'" 125 + o ·05 sin (2 414 363 - I) :-: 0°·015 

Here I and Tr are expressed in Julian dales, I is the epoch of obser\·ation. 'fr any epoch when the pole of the figure 
passes the Greenwich.1neridian hetn·een Greenwich and the instantaneous pole of rotation (this /al/er taken as the 
origin of theroordinntes ,,. nnd.1•), Eis the number of periods,~ the daily angular motion,,., the rad ins '"ector, and 0 the 
sun's longitude at the thne /. 

'l"he variation of latitude .d'P ="' -<1>0 =.•·sin A - )'cos A, where A equals the longitude of the place """'of Green
wich. 'P the obse1·,·ecl and <Po lite corrected latitude, as referred lo the R\'erage or fixed position of the pole. 

The day number in the expression for Tr corresponds to the 1st of July, 1893, and that in parenthesis in the ex1>res
sion for ,., to the 14th of March. 18<)8. The direction of the motion of the pole is from west to east. 
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Co111pariso11 qf astro110111ic and ueodt'ifr {aiitudes. 

No. Name of latitude stAhon. StAte. Year and month of 
observetion. 

1 J Calais 

• Cuop"r 
3 Humpback 

5 
6 

s 
9 

10 

II 

Bangor 
Farmington 

Mount Harris 
Hownrd 
i.\I ou n t Desert 
Ragged Mountain 
Sabattus 

i.\lount Pleasant 
12 Cape Small 

l,, Mount Inclepenclence 
14 Gnnstock 

I.5 Agamenticus 
16 Isles of Shoals 

17 Unkonoonuc 
18 Thompson 

19 Wachusett 
20 

1 
Ca1ubridge, Ha. T'\' a rd 

· Collei:-<: Ohs.,r\'atory 

;'lole. 

~le. 

i.\1e. 

Me. 
i.\k. 

Me. 
)fr. 

Me. 
i.\k. 

Me. 
Me. 

1857 Sept. 
1859 Sept. 
1858 July and Aug. 
1857 Sept. and Oct. 
1866 Oct. and Nov. 

1855 Aug. and Sept. 

1S59J11ly 
1856 Aug., Sept., Oct. 

1854 Aug., Sept., Oct. 

1853 June and July 
1851 July and Aug. 

Me. 1851 Sept. and Oct. 
Me. 

N.H. 
1\-Ie. 

l\le. 

N.H. 
j\·las~. 

:.\Iass. 
Mass. 

1S49 ~ept. nm1 O'?t. 

l86o July and Aug. 

184; Sept., Oct., NO\'. 
184; Aug. 
1848 Sept. and Oct. 

1846 Sept. and Oct. 
186o Sept., Oct. 

1844, 1845 

Observed 
astronomic 

latitude. 

0 ' 

45 II 09'40 
44 59 12'6o 
44 51 47 •56 
44 48 12'87 

44 40 19·54 
44 39 54 •66 

44 37 49 '24 
44 ~l o6 ·51 

44 12 42 ·96 

44 o8 37 '73 
44 01 36•44 

43 46 43 ·69 
-~~ -15 J.; ·.;7 
43 31 03·81 

43 13 24·¢ 

42 59 12'97 
42 58 59 ·34 
42 30 sS '02 
42 29 16·13 
42 2.? 4S ·05 

.?I Cmnbriclge, Clo\·ertlcn :\lass. 1S55 Aug., :iepl., Oct. 42 2.? 40·97 

Ohser\"ntory 
22 l-Iount ·ron1 

23 lianomet 
24 Sandfo.-d 
25 West Hills 
21l 1 New York 

:!i 
1 

Beacon Hill 
2S ; :l·Iount l<ose 

29 j \~an\ 
30 Principio 
31 Maryland Heights 
32 l'ooles Isla1id 

33 Sugar Loaf 

34 UO\'er 
35 Webh 
.i6 Rockville 

Si Soper 
38 'l'aylor 

. . -:..9 :i;trashnrg 

40 Cape May 

llRSS. 

l\Iass. 
Conn. 
N. Y. 

N.Y. 

N.J. 

N.J. 
l'a. 

;\Id. 

Mel. 

Md. 

Md. 

Del. 
Md. 
l\lcl . 
Mel. 

Md. 
Va . 

N.J. 
41 Causteu, Washington D. C. 
42 U.S. new Naval Obs.,rv- D.C. 

atory, '\.Va~hi!!gto1i. 

43 

44 

Hill Md. 

U.S. old Naval Observ- D.C. 
atory. \Vashington 

4i 

Seaton, Washington D. C. 
U.S. Coast nud'Geoddic D.C. 

Snr\'Cy Office, \Vnsh

ington 
Hull l<un Va. 

1862 July aiul Ang. 
1867 July and Aug. 
1862 Sept. and Oct. 

1865 Aug. 

1858 June 
18;5 July a11cl Ang. 
1852 July 
1854 Oct .. NO\'. 
1866 Jnly, Ang., Sept. 

18;0 Sept .. Oct .. NO\'. 

184; June and July 
18;9 Oct. 
1S9i i\lay 

1850 Oct. and Nov. 

1891, 1892 
1850 June and July 
1847 llay 
1881 June 
1881 May, 1891 May 

1851 May ancl June 

1893 May, lfi<J7 June, 

1850 Ang. and Sept. 

1861 to 1864, 1866 to 

1S.SS, 1893 
1850 June 
1891 Aug .. 1892 Ang .. 

1894 Aug. 

lSi• Sept. and Oct. 

41 55 35 ·35 
41 2; 40 ·47 
40 48 5o·o6 

40 43 48·~ 
40 22"2j"SI 

4u ..:!~ u5 ·41 

39 58 2y ·39 

39 35 32'81 
39 :?O 32'10 

39 'i li ·52 
39 15 49•71 
39 ng 13 "62 

39 05 .:!5 ·21 

39 05 10•45 

39. 05 10 ·&;i 
38 59 46·oS 

38 59 31 ·49 

38 55 44 '69 
38 55 32 ·18 

JS 55 13 ·91 

38 53 52 ·31 
38 53 3'; ·;.9 

3-1) 53 25 ·20 

38 53 07 •43 

Keduction- Seconds-

1.0 sea 'l'o Of as- Of geo-
le,·el. a\•erage lronomic cletic lat

pole. latitnde. itnde·* 

-0·01 

-0·04 
-o·oS 

-o·or 
-0·12 

-o·o; 
-o·or 
-o·oS 

-0·07 
-0·04 
-0·11 

- 0·01 

-c·o3 
-0·12 

-0·04 
o·oo 

-0·07 
-0·01 

-0·10 

-0·01 

--0·01 

-o·o6 
-1,)"02 

-0·05 
-0'0.? 

l1'00 

-0·02 

-0·02 

-0·03 
-0·01 

-O'Oi 

o·oo 
-0·07 

1)"00 

-0·01 

-0·03 
-0'0.? 

-0·01 

-0·03 

o·oo 
-0·02 

-0·01 

-0·01 

-0·01 

0'00 

o·oo 

-o·o; 

o·oo 
-0·07 
-0·11 

+0·03 
-0·07 

+0·09 
-o·o6 
+0·09 
+0·04 
-0"1)2 

-0·09 
+0·02 

+0·02 

o·oo 
o·oo 

+0·07 
-0·03 

-O'IJJ 

+o·o6 
+o·oS 

+0·15 
-0·12 

-0°13 

+0·14 
-0·09 

+0·03 
-0·05 

+0·10. 
o·oo 

-l)'IQ 

-0·15 

+0·15 

-o·o6 
o·oo 

+0·10 
-o·o6 
-0·14 
-0·16 

+o·oii 

-o·os 
-o·oS 

o·oo 

09.39 
12·49 

4;·3; 
12·89 

19·35 

54 '68 
49·17 
o6·52 

42'93 
37·67 
36•24 

43 ·;o 
~4 ·5(. 

03·71 
~4 ·92 

1>"97 

59·34 
37·98 
16·02 

48·0.1 

2i'62 

35·41 
40·57 
49·92 
48·26 

27·93 
05·30 
29·,;9 

3>'75 
32·19 

Ii 'S:.? 

49·54 

13'47 
25·35 
10·42 

10·61 

46·07 
31 •56 

44 •63 
32·02 

I,\ ·74 

!;2"J6 

38·;8 

25 '12 

o;.35 

03 78 
11 ·53 

49·20 
14 ·19 

20·;s 
52 ·71 

45 '>4 
05·19 

43·03 
36·01 

34 ·65 

41 ·45 
JI•&_, 

00·95 

:.?2"i5 

12°87 

5;·85 
39•68 
li'So 

.~1 ·•S 

27 ·S4 
36·71 
41 ·13 

53'28 
49·16 
24 ·46 

01 ·30 

22·67 

34 ·5;; 
26·30 

13 ·52 

43·65 
18'59 
24 '16 

09·08 
09·So 

46·34 
27·82 

46·53 
32·81 

14 ·S9 

:.2 ·24 

40·12 

10·00 

* 1.:or refert:nce data see introductory re1uarks to Part IV. 

A·-G 

+s·61 
+o·¢ 
-1 ·S3 

-1 · .. -:..o 

-1 ·43 

+1 ·97 

+s·93 
+1 ·33 
-0·10 

+1 ·66 

+1·59 
+2"25 

+2·7rj 

+2'i3 
+2'17 
+0·10 

+1·49 
-1 'jO 

-I "j8 

-3·,H 

-0·22 

-1 ·30 

--0·;;6 

-3·36 
-0·90 

+:;·4; 
+4'00 
+6"j2 
-1 ·So 

+s·89 
+4'00 

+5'89 
-5·12 

+1·19 
+1 ·34 

+0·81 

-0·27 

+3 '74 
-1 ·90 
-O'i9. 

-1·15 

+0·12 

-1 ·34 

-170 

-2·65 

+4'6.t 
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Comparison of astro110111ic a11d gcodetic latitudt·s-Continued. 

Reduction- Seconds-

Year and month of Observed To sea To or as- or geo-
A-G No. Name of latitude statiou. State. obser\"ation. astronomic le,·el. a'·erage tronomic detic lat-

latitude. pole. latitude. itude. 

~ ' 
48 Marriott Md. 1&j6 June, 1849 May 38 5::! ::!5'1:? -0·01 -o·o6 25·05 25·6S -0·63 

and Jnne 

49 Cape Henlopen Del. 1897 Sept. :is 46 40·00 o·oo -0·12 39·SS 39·98 -o·ro 

So Clark Va. 1~71 Jnly, Aug. 38 18 39·So -o·o6 -c.·q 39·6o 39·22 +0·35 
51 Elliott Knoh Va. 1878 July 38 09 57·51 -0·23 -0·20 57·0.~ 57 ·51 -q·43 

52 Charlottes,·ilk, McCor- Va. 1882 Ang. :is 0( 6o·95 -0·03 +0·17 61 ·09 55·91 +5·1s 
mick Ohser,•ator~· 

53 Long Mountain Va. 1875 Oct. and No,·. 37 17 2$ ·72 -0·07 +0·19 28"84 25·50 +3"34 

54 Moore !\!. l:. 1876 NO\•. and Dec. 36 23 54 ·95 -0.13 +C?".?J 55·05 51 ·4.1 +3·61 

55 Yonng N.C. 1876 Oct. 35 44 21 ·50 -0·05 +0·24 21 ·6g . 12 ·27 +9"42 

sf> K\ng N.C. 1876 Dec. 35 1'2 13·31 -o·o<o +0·19 13·42 09•5); +J·S4 

57 Pari:; S.l'.. 1875 Oct. 34 56 31 ·915 -0·10 +0·19 32·05 27 ·SS +4 ·17 

sS . Currahee Ga . 1874 Sept. aud Oct. 34 31 37 "75 -0°08 +0·07. 37·74 36 ·n1 +1 ·10 

59 I.a,·ender Ga. 1874 Oct. and Nov. 34 19 15·81 -o·o.IO\ +o"O:? 15 "7.' 16·01 -0·26 

6o s11,enee Ga. 1873 Oct. and No,·. 34 14 04 ·20 -0·10 -0·07 04·03 02 '9.~ +1 ·10 

61 A11rora Ala. 1877 May and Jum: 34 o.\:\ 4i "4.~ -O"Oj +0·25 47•63 -15 ·24 +2",\9 
62 Atlanta i\! idd le Base Ga. 1872 St:pt. 33 54 21 ·s, -0·05 -0·11 21 ·66 i9·os +•·61 

63 Atlanta Ga. rSSo Jan. 33 44 59 ·30 -0·04 +0·02 59·2S st)·w +3·1S 

64 Kahatch<:c Ala. 1898Jun<: 33 13 39;90 -o'o6 -0·10 39·74 35 ·91 +3"83 
65 M

1
ontgon1ery Aln. 18sf> Mar. and Avr. 32 '22 45 ·41 -0·01 -o·r6 45 ·24 .l7 ·37 +1·57 

66 J,ower Peach Trt:t: Ala. 1857 Apr. 31 50 21 ·19 -O"O.? -0·17 :!I "QO 1S·s1 +0·49 

67 Coon Ala. 1898 May 31 14 47 ·s2 -0·01 -o·o; 47·74 .is·,w -0·65 

6S i\Iohile Ala. 18~6 Dec. 30 41 33 ·42 i'J'OO +0·10 .l3"52 .?S·9r +4°61 

69 Enst Pascago11la Miss. 18.\7 June and Jnly 30 20 40"9:'.! u·oo -0·01 40·91 33·5~ +;·32 

;o Fort Morgan Ala. 1847 Mar. and Apr. 30 13 4i "89 ("1'00 -0·01 47"S8 40·30 +1·5s 
71 New Orlenns I,a. 1858 ja1_1. and Feb. 29 Si 25 ·2~ o·oo +o·os 25·36 18 ·05 +1·31 

Rcvicu• of the preccdi11g latitudinal deflcctions.-Taking in the whole number of 
comparisons, there is a preponderance of plus signs in the values of (A-G), viz: 44 with 
a + and 27 with a - sign. This inequality is most marked in the southern part of the 
arc where the positive signs predominate, and this is especially the case for stations ne~r 
the Gulf coast. The mean deflection of the last 4 stations is +6"·6, apparently indi
cating a deviation of the plumb line directed toward the Gulf. 'l'he average value of 

· II2 
(A-G) is +-= + r"·6. There are several localities where the latitude stations are 

71 
crowded together, and, consequently: are subject to the same regional deviation. For 
each of these localities it is desirable to substitute a single station of average or repre-. 
sentative value. There are 6 such ·cases, the latitudes in each group being contained 
within a space of about r'. For these groups we have adopted the following values: 

Groups. 

20,21 
27,28 

35,36,37 
38,39 

40, 41, 42 
43, 44, 45,·46, 47, 48 

Value of A-C. 
I/ 

-3·38 
+3 ·73 
+1 "JI 

+1 ·74 
....:.1 ·28 

-0·26 

These values, when substituted for the respective tabular numbers, make 
~(A-(;) 106 +-=+1"·s nearlv. 

1l 59 -
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Of these differences 39 are positive and 20 negative. The resulting average ( + 111 ·s) 
may be regarded as representing the difference between the standard latitude of the 
transcontinental arc of the parallel of 39° and that of the eastern oblique arc. This 
discordance of nearly 2" in the standard latitudes of the arcs at their intersection is 
119t surprising when we examine the regional changes in the values of (.-1-·G) along the 
arc of the parallel. There are ro9 astronomic latitudes connected with the arc of the 
parallel and 7 r with the oblique arc. Of these, 24 are common to both; C()nsequently, 
156 independent latitude stations are involved in the discussions of the two arcs. 

2. THE ASTRONOMIC LONGITUDE STATIONS.· 

Co111pariso11 <•f astro11omic a11d sta11dard gt•oddic lo11git11des. 

Observed Seconds 
No. Name of longitude station Object of reference. astronmuic of geo- A-G. and State. longitude. detic Ion-

gitnde.* 
0 ' 

Calais, Me. Transit 67 16 57·86 53·92 +3'94 
Bangor, Me. ·rransit 6S 47 02 '6o 01 ·20 +1·40 

3 Cambridge, Mass. Center of dome, Harvard Observatory. 71 07 45 •69 44 '74 -to ·95 

4 cape May, N. J. Transit 74 55 45•6S 48•03 -2·35 

5 Do,•er, Del. Transit i5 31 18·45 24 ·51 -6·o6 

6 Washington, D. C. Seaton, transit 76 59 52 '73 6o·10 -7«'1 
Washington, D. C. Coast and Geodetic Sun-ey Office, transit ii 00 2!i ·64 '.'.2"71 -7·07 

s Wn•hington. D. l:. Old Na\':tl Oh>0en·atory, "!'"'11 dome 77 03 (•2 ·30 u6 ·Gs -=4 ·3S 

9 Washington, D. C. 1';,w Na,·nl Observatory, center clock room ii 03 56'i6 62·80 -6·04 

JO StrAFr.hnrg, Va. Transit 78 :?I 35 "70 39·5.1 -3·R4 

II Charlottes\·ille. V:t. :.\lcCormick Ohser.-ntory. transit 7S 31 oo ·10 21 ·15 -1 ·05 

12 States,•ille, N. C. Transit, near Sime11to11 College So 5.\ 41 ·31 40·44 +0·87 

l.l Atlanta, Ga. l"rnnsi~ 18¢ s.i 23 20·07 19'41 +0·66 

14 j\lontgomery, Ala. ·rransit S6 1; 59·19 00·92 -·I '73 

15 I ... owe,. Pt-ach •rree, Ala. ·rransit S7 32· 40·94 43·,17 -2·43 

16 Mobile, Aln. Transit SS 02 37 ·37 33·83 +3'54 

17 N1:w Orl1:an~1 La. Transit, 18So and 1895, Lafayette Square 90 04 II '44 12·16 -0·72 

Revit:w 1f tltt? preceding lo11gilud1:11al de.fiections.-Before examining the tabular val
ues (A-G) it is desirable to contract the table on account of the regional deflections 
about \Vashington by admitting only one in the place of the four closely pac:kecl stations. 
The average value of (A-G) for numbers 6, 7, 8, 9 is -6"·22. For these, number 9 
or the New Naval Observatory value -6"·04 has been substituted. The distribution of 
the 14 stations over the whole arc is fairly uniform. They show an average <lefl.ection 
of ~A-G) = -0"·92, the plumb line apparently being attracted to the westward. 
This amount might be expected from the location of the arc. Thus for one-half of the 
stations, either on account of proximity to the Atlantfo coast or in consequence of 
their location to the east of the principal mountain chains, or for both reasons, negative 
values of (A-G) mig.lil be t:XjJt:dt:d. Tht:se vaiues are as follows: 

Cambridge 

Cape May 

Dover 

Washington 

Strasburg 

Charlottesville 

Statesville 

II 

+0·95 

-2·35 
-6·06 

-6·04 Average value=-2"·50. 

-3·84 

-1·05 

+0·87 

*For reference date see introductory remarks to Part IV. 
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The value at New Orleans also has a negative sign, though the above reasons do 

not apply to this location. 
It has already been remarked in the account of the transcontinental triangulation 

and arc of the parallel in. latitude 39° that Cape May, though directly located on the 
coast, is distant about 2 i3 kilometers ( II5 nautical miles) from tht; actual, but submerged, 
continental border.* At Calais we find the largest, yet mod,erate, positive deflection 
+3"·94, which probably, in a measure, is due to the attraction of the mass of Nova 
Scotia lying directly to the eastward of the station. Respecting the remaining 6 
stations no special features appear to be present, and the deviations 1i1ay be indifferently 
+ or the average value being +0"·45. 

3. THE ASTRONOMIC AZIMUTH STATIONS. 

Co111pariso11 <?f as!ro110111ic imd gi'oddic a::i11111ths cif sides of the lria11g11ltltio11. 

No. Name of azimuth station. 

1 I Cooper 
2 Howard 
3 Humpback 
4 Monut Desert 
S Mount Harris 
6 Ragged Mountain 
7 Cape Small 
S Sabattus 
9 Monnt Independence 

10 Monnt Pleasant 

11 I Agan1e11ticus 
12 Gunstock 

13 \ Unkonoonuc 
14 . Thompson · 
15 \Vachusett 
16 Ha r\'ard Observatory (dome) 
17 Ulm: Hill 
18 Shootflying 
19 Indian 
20 Copecut 
21 Beaconpole 
22 Speucer 
23 1\'lount ·ro111 
24 Sandford 
25 West Hills 
26 Beacon Hill 
27 Mount Rose 
28 Yard 
29 Pri ncipio 
30 .Cape Henlopen Light-House 
31 Marriott 
32 Webb 
33 Hill 
34 Soper 
35 Seaton 
·36 Cansten 
37 Sugar Lo. 
38 Maryland Heights 

State. 

Me. 
Me. 
Me. 
Me. 
Me. 
Me. 
Me. 
Me. 
Me. 
Me. 

Me. 
N.H. 
N.H. 
Mass. 
Mass. 
l\lasR. 

Mass. 
Mass. 

Mass. 
Mass. 
R. I. 
R. 1; 

Mass. 
Conn. 
N. \'. 

:)!. J. 
N.J. 
Pa. 
Md. 
Del. 
Md. 
Md. 

Mel. 

Md. 
D.C. 
D.C. 
Md. 

Md. 

Year 
of 

observa
tion. 

Reference station .. 

Howard 
Pigeon 
Cooper 
Ragged Mountain 
Humpback 
Mmmt Pleasant 
Sabattus 
Mount Independence 
Aga111e11ticus 
Mount Blue 
Thompson 
Mount Pleasant 
Gnnstock 
Manomet 

Bald Hill 
Jllue Hill 
l\Ian0111et 

Manomet 
Copecut 
Blue Hill 
Blue Hill 
Beacon pole 

1862 Monadnock 
1862 Ruland 
1il65 Wooster 
1&75 Weasel 
1852 Mount Holly 
1854 Lippincott 
1S66 Turkey 
189; Brandywine Light-House 
1849 Hill 
1850 Soper 
1850 Webb 
1850 Webb 
1869 Hill 
1851 Soper 
1879 Bull Run 
18;0 Bull Run 

Astro11on1ic 
azimuth. 
of line. 

351 53 12 ·05 

63 54 45 "II 

254 42 32 •36 
;$ 30 46•57 

254 35 JO "6.? 
S1 48 45 ·oo 

155 18 63 ·51 
.14 31 23 ·51 

26 55 48 ·60 

205 59 21 ".s6 
.16 55·51 

217 43 3..\"6o 

196 35 20·38 
351 21 41 •86 

24 17 41 ·45 

3S6 25 26 ·4 
305 57 30 ·05 
143 03 22 ·;4 
135 35 58 "82 

175 17 o6 ·5 
228 SS 17 ·24 

185 57 33 ·02 
212 3i .'.?1 ·74 

5 So 25·,S 

174 57 JS ·32 
183 35 "9 ·Sg 

7 46 55·59 

347 17 38 •57 
I 34 43 ·51 

173 45 17 •33 
g6 3i 43 •36 
SS 59 49·24 

219 . 46 57 ""9 
:z6.S 49 23 ·46 
:!65 32 53 ·76 
210 54 41 ·78 

32 29 16 ·79 

358 43 o6·SS 

.*Page 83; of Special Publication No. 4. "The Transcontinental Triangulation." 
t For reference data see introductory remarks to Part IV. 

Geodetic 
azimutb.t A-G. 

"9 •93 
42·¢ 

27"So 
45•89 
o6"04 

41 •73 

59·9 
20·64 
48·,;S 

17·53 
55·92 
2;·y; 
16·68 

40·40 

32·42 
25·1 

29·&) 

19·5 
62"6 

04·04 
17·53 

36•5 

+2"12 

+2"15 

+4"56 
+o·6S 

+4"s8 
+J"27 

+3"6 
+2"87 
+0·22 

+4"0J 
-0·41 

+6·24 

+3"70 
+1 ·46 

+9"03 
+1·3 
+0·16 

+J"J 
-3·8 

+2·5. 
-0·29 

-3·5 
15·13 +6·61 

15·86 +9"42 

33 ·s7 +4 ·45. 
29 ·32 +0·57 
58·"6 -2·67 

37·09 +1·48 
34 ·59 . + s·~,. 
15·29 + 2·04 

35 ·o.i + s·s• 
42 ·70 + 6"54 

51 ·13 + 6•76 

18·14 + 5•32 

42·33 +11·43 

38"3 + 3 ·5 
22·2~ - 5·49 
10·54 - 3•66 



THE EASTERN OBLIQUE ARC. 

Compariso11 of aslr'o11omic and g-eoddic azi11mllis t?f sides of t/1e tri1111g11/atio11-co11ti1111e<I. 

Year Astronmnic 
No. Name of aziiuuth station. State. of Reference station. azimuth Geodetic A-G. ohsen·"R-. :of line. azimuth. 

tion. 
0 fl. 

39 \ Bull Run \"a. 1871 Peach Gro,·e 263 53 2S·15 30·60 -- 2·45 
40 Clark Vn. 1871 Bull R1tn 20.? 19 27 "77 28"8! - l '(\I 

41 Long Mountain Va. 1875 Spear 223 28 41 "74 46·62 - 4 -~s 

42 Elliott Knob Va. 1878 Humpback 303 .?5 2.J · .. ~; 22'.?8 + 2 ·0o~ 

43 Moore N.C. 1876 Buffalo 15S ....... 31 ·1~ 32·10 -- 0·91 

44 Young N.C. 1S76 Poore 126 :;.'.! 53·~ :;2·65 + 1·04 

451 King N.C. 1Sn Benn '·II .1.1 36·9 39·3 - 2·4 

46 Paris s.c. 1875 . Wofford 26; r~ 15·1; 15•89 -- O'j~ 

47 Currahee Ga. 1S74 Rabun 188 10 27•89 26·00 + 1 ·S9 

48 Sawnee Ga. 1873 Currahee 245 34 26·12 2S·93 - l"8t 

49 Atlanta Middle Base Ga. 1873 Stott<: l\!ouutaiu 312 22 :!8·94 32·71 - 3•77 

So L8\•ender Ga. 1874 Kenesaw 300 II 59·u 61 "IA~ - 1 ·97 

51 Aurora Ala. 1877 Br:lndo11 236 iJti 29·.:t~ 31 ·43 - 2·0...: 

52 Kahatchee Ala. 1Sofi Horn 253 32 12·So 15·4;;; - 2"6.'\ 

53 Ethridge Ala. 1898 LO\"ers r • .-ap 245 52 49".11 52·05 - 2 ·74 

54 Fort.l\torgau Ala. tS47 Cedar Point 143 59 45·61 50"69 -- 5·ut: 

551 East Pascagoula Miss. 1847 Bayou Casotte 296 ,1,,0 51 ·27 53 "JO - [ '9,1,, 

56 Cat Island 1S55 Miss. 1855 Mississippi City 19z II 14 •3 °'~ •4 +5 ·9i?) 

Rez1iew q/the p1weding a.,.!z"mulhal dc/ledicws.-We recognize as their main feature 
syst;::matic b;.;.t ;;;;.;.an pvi>li.ivc lld1i.::diuns. i. e., piumb iine attracted westward for that 
part of the arc which lies north of the thirt~'-ninth parallel, ancl small negative deflec
tions for the part south of that parallel, thus showing for the whole arc a small predomi-

~-(A-G) 86"i , 
nating plus value of --·---=+-6 = + 1' ·55. Omitting the last azimuth, No. 

JI 5 
56, as doubtful,* and using No. 33 instead of the six closely clustered values in the 
vicinity of \Vashington, i. e., Nos. 31, 32, 33, 3+, 35, J6. the average value for the 

oblique arc beco1m:s ~.C.·;,-C)~+4;:=+0"·91. This represents the discrepancy 

between the average azimuths of the arc of the parallel in latitude 39° and of the oblique 
arc, and, considering its small size, the general azimuthal directions of the two arcs may 
be taken as being in satisfactory accord. A remarkable feature in the tabular values of 
(.--1-G), and one that had been known for a long time, is the large regional deflection 
existing in that part of the triangulation common to the two arcs_ The average deflec
tion observed at the six stations-Marriott, Webb, Hill, Soper, Seaton, and Causten-is 
+7'' ·o, the plumb line being attracted to the westward. If we convert this value into 
a corresponding longitudinal quantity, we have ..1il=-_ja/.sin qJ=-11"·1, which 
agrees in sign but exceeds in amount the mean value (A-G)=-6"·~. as found from 
the four longitudinal deflections in this region obtained at station-;, only one of which 
is identical with any of those named above. 

Considering that the present adopted azimuth depends upon 73 azimuth determina
tioi1s or stations of the triangulation along the 39th parallel, any new or independent 
correction that might be deduced for standard value in the oblique arc would probably 
not differ from it by as much as one second. 

*The last \•alue of our table is marked as doubtful for the reason that the accuracy bot'11 of the astronomic and 
geodetic 111easures i.~ inferior to t11at of the other tahu1ar results; and, tnoreover, its apptarance with a large positive 
\•alue (pointing to westerly deflection) iu a region where 111i1111s \ 0 al11es predominate imparts to it an anomalous char
acter, especially inn Hat region of quaternary formation without any surface indications to justify or account for a 
re\'ersal in the direction of the disturhed normal of the place. No further use will be ntade of this stat10n 111 connec
tion with azimuths. 
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PLAN OF NAVAL OBSERVATORY GROUNDS. 
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B. DETERMINATION OF' A SPHEROID MOST NEARLY REPRESENTING 
THAT PART OF THE EARTH'S SURFACE LYING BETWEEN MAINE 
AND LOUISIANA AND ALONG THE REGION COVERED BY THE 
TRIANGULATION. 

The mdhod a11d lonnultl' e111plo_11t:d. 

After having assumed a reference spheroid representing the figure of the earth as 
closely as may be, and placed in position thereon, and having developed the triangula
tion i1pon its surface, the problem next to be solved is to determine corrections to the 
dimensions of the reference spheroid .which shall make the snm of the squares of the 
apparent discrepancies between geodetic and astronomic results a minimum. In other 
words, we are to determine a representative or osculatory spheroid which shall most 
pearly harmonize these measures, necessarily leaving outstanding the mere local deflec
tions of the vertical at the stations involved. 

For this. purpose it has been thought most expedient to follmv the theoretical 
development as presented hy Capt. A. R. Clarke, R. E., in the .-J.rcou11.f of !ht• Principal 
Triangulatio11 C!f Great Britai11 a11d lrda11d.* In this work the method is developed 
and applied to the computation of a spheroid whose dimensions were in best accord 
with the curvature of .the surface of these countries: 

Let P be any point on the actual irregular or disturbed· surface (2"> and P, its 
· projection upon the surface of a regular or reference spheroid ( 1): through Pon the 

surface (2) let a system of rectangular axes of coordinates $, 11. t;, be drawn, so that 
$ is directed to the north, 11 to the east, and r.; to the zenith. For any two points A 
and B connected by triangulation let <p, <p' be their observed or appa,rent latitudes, JA. 
their observed or apparent difference of longitude; also, let the direction of the meridian 
be observed at each place. If A,. B, are the projections of A and Bands their distance, 
and « the obse1Ted azimuth of B at A, and a' the reverse azimuth; or that of A at B, 
and if <p,, <p,', a,, <¥,', and ...1\ refer to the points A,. B,. then 

cp,=cp-1-~ t:p,'~cp'-1-;' 
ll",=a+11 tan <p ff/=cr'-l-17' tan cp' 

J,l,=.::J,l-1/ sec q/f11 sec <p 

Also let (<p'), (a'), (LIA), be the numerical results which should obtain for the point B 
by starting the computation from the observed latitude and given longitude of A and 
the observed direction of the meridian at A, together with the known distance s, then 
the following relations will hold. They are the fundamental equations ( 18), page 620 
of the Ordnance Survey publication ~nen,tionecl ahove. -f 

. . . . ·c sin ~ cos ([ 1 
)' ' -sec cp'17'=( J,l)--_J;\.-f-(tan cp' sm .:/;t );+ --t-----,-sec <P 17+(sec cp' sin <r/)'1fJ co tp cos <P 

. • (sin <p cos-3,l) tan cp'11'=(a:')-cr'-(sec cp' sm JA.).;-f- ---;- 11-'tan .:p' sin a')dfJ 
· · COS<p_ \ · 

--------------·-·--
*Ordnance Snn·ey. London, 1858, pp. 6o9 and following. See al•o Chapter XII of Clarke's Geodes\·; Oxford. 18~0. 
t Cf. Helmert, Ho here Geodiisie. Vol. r. pp. 535-5,16. Leipzig, r88o. -
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where 

Q=~ · ( i'~~ .. ). cos• ~:( ( <P+ 3 q/) and '50=-. fJ- !~. (J sin~ tp . e 
Y · - T---e" sm• <p 

These equations may be written in the form: 

.;-'=l..·.+a • .;+b1r1+c1 11+c.v 
11' =k .+.1.~+b.11-1- ,-.u+<'.<' 
l/'=k3+a3~+b31/+1·3u+t'3<: 1 

The values of the absolute terms are: 

k ,= (calculated-observed) latitude 
k2 = (observed-calculated) longitude>.cos tp' 

k3= (calculated-observed l. azinmth:<cot <P' 

Here e=deflection of the vertical in the plane of the meridian at the initial station, 
positive when the tangent to the actual surface is elevated to the north of 
the station. · 

,,=deflection of the vertical in the plane at right angles to the meridian at the 
initial station, positiYe when the tangent to the actual surface is elevated 
to the eastward. 

Similarly E' and 11' represent deflections of the vertical in the meridian and in the prime 
· vertical planes for any other point whose latitude is q.l, the latitude of the 

initial point being <p. 
/:I is the arc distanct! uf the initial point from any other point. 
1r, the azimuth at the initial point of any other point. 
1r', the reverse azimuth _or that from any point to the initial one. The azimuths count 

from north toward the east . 
.JA. is the difference of longitude between the initial and any other point: west longi

tudes are considered positive: Jll = A.' - A.. 
It may be remarked here that the observations for difference of longitude give the 

same kind of information as those for azimuth, so that the first set of equations may 
be used as a confirmation or check of the other set. 

The quantities fl, tr, a', <p, <p', ..JA. are geodetic values. 
For evaluating the quantities QE and ofJ in the preceding equations. we have for v 

or length of line normal to the surface and terminating at the niinor axis 

<l 
V=------

( 1-c·• si112 <p) 'I•. 

and for p the radius of curvature 

Puttillg 

hence 

also writing 

a(1-,;.) 
µ . l" 

(r-c~ s1n-:- .:p) 12 

[1-t .. sin• '/.(1p'+<P)]l'• a111l 
/l=IOO , 

(T-<"')(I-t"' sin• 1p)'l-. 
1
,_(rno)•. cos• '/4 ('P+3'P') 

J -- JI ( 1-e")" 

u(arc wo") for}' and r•(arc roo") for E, then 
Qe=11'( 1p'-<p) sin 111l• 

-'5&=roofJsin 1"11+1oog~sin 1";;•, 
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where g is a constant, viz: 
'/,sin •rp 

g 1 -e" sin• rp 

If a=equatorial radius of reference spheroid and c"= a"-;;/' the square of its eecen

tricity, the respective values of the corrected spheroid become 

a +ya and e" + E 

The corrections to the semiaxis major and to the square of the eccentricity are 
then 

a (arc 10o")u and (arc 100" )v 

where ze and v are to be d~rived from the solution of the equations. 
The coefficients in the equations ( 18) in simplified form are as follows: 

_1a,=cos .d;\ 
b,=sin rp sin J;\ 

C1 =# (J COS C<1 

e,=µg f.lcos a:'+Jt1{"rp'-rp) 
{

a,=-sin <p' sin .<J,\ 

b2 =cos rp' /cos rp-:-( sin fl cos a') tan rp . 

c,= 100 fl sin a' 
C0= 100 g fl Sill <T1 l

a3=-sin Lll/sin rp' 

b3=sin rp cos ..J'A/sin cp' 

C3=IOO (j sin <l1 

<'3=1oog 6 sin 1.-r' 

The values of fl and a' are to be computed from the known geodetic latitudes an~ 
1 ongitudes of the initial and any other astronomic point of the triangulation. fl and a' 
may be computed by the inversion of the fornml::e for direct position computation as 
given in the Report for 1894, Appendix No .. 9, pages 284-286. No extreme accuracy 
is required in the computation of the respective coefficients, and it is found that the 
Survey formulre when rigorously employed in their reversed application-:-viz, given 
two positions to find their distance and azimuths-answer well up to the limit here 
required * where fi does not exceed 1 4 °. 

The values of Jl and 11' are to be tabulated for convenient intervals of latitude and 
of sufficient extent to cover the· limits of the triangulation. 

In applying the preceding method and fornmlre for the determination of an improved 
spheroid most nearly conforming to the surface under consideration, a suitable initial 
station must be chosen, preferably centrally located in order to keep the values of fl as 
small as possible. The united States (New) Na val Observatory on Georgetown Heights, 
Washington, District of Columbia. has been adopted for this station; its geographic 
position refers to the center of the clock room, for which we have the geodetic latitude 
38° ss' r4"·S9 and the geodefr longitude 77° 04' 0211 ·80, these figures being based 
upon the· same data as the positions in. the transcontinental triangulati9n. t In this 
system the position of station Hays, Kansas, is in latitude 38° 54' 50"·180 and in longi
tude 99° 16' 16'1·730. The maximum value of f:J for the extreme northeast station is less 
than I0° and for the extreme southwest station slightly les,5 than 14 °. The initial 
station also fairly represents an average local deflection of the plumb line for the region 
about the District of Columbia, and the point being common to the two arcs, additional 
equations of condition, depending upon other stations of the arc of the- parallel than 
those at present included, can readily be incorporated, if desirable. 

*The additional terms in L1 cp given on p. :i.~5 mnst he included in the computation. A rough check 011 6 and " may 
be had by the nse of the spheric~\ formulre, cos 9=cos cp cos cp' cos .:JA +sin cp sin cp' and sin o.=cos cp sin LI Aisin 9. 

tThe new obsen•atory was connected by local triangulation "ith the Coast and Geodetic Survey triangulation by 
Prof. W. Harkness, Astronomical Director. in 1893 and ;894, and by Assistant E. D. Preston in 1894. The work of Ass; slant 
c. J1111ke11 in 1881 is involved ·in the adjustment of the geodetic connection. 
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Collt'Clio11 of iitrlai11 co11sta11ts a11d lablf.!m· q111111tilies re·qlf.ired i11 tire co111p11tatio11 for eslablislzing tlie 
co11ditio11al eq11atio11s. 

For Clarke's spheroid of 1866 we have 

log a = 6 ·So4 698 57 
log b = 6 ·So3 223 78 
log•'"= 7 ·830 502· 57 

with the following data for the reference station, 

tp = 38° 551 14" '9 
;\ = 77 04 02 ·s 

logg-=9·296 391 

Values q.f /(>g 11 si11 1 11 bdwee11 latitudes .~o0 a11d 15°. 

qY qi' qi' 

300 6•687 692 35° 6·687 509 40° 6•687 321 
30~~ 674 35S 490 40S 302 
31 655 36 471 41 283 
.~I~-~ 6.'7 :~6·-~ 4.~.~ 41.~-~ 26J. 

32 619 37 434 .p 245 
32 • .. ~ 600 37% 415 42!.{ 226 

33 582 38 396 43 207 
.... 1/ .,,.., .. z 564 38,{ 377 43.~~ 188 

34 546 39 359 44 169 
34~-:? 527 39~-~ 340 44.!~ 150 

45 131 
.J( !~ )0=18 ·8 
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l'a/11t?s of log )t1 sin I 11 bdwc•t'n latit1tdes 30° and .,15!0
• 

q/ .:iw' cp' .dIO' cp' .Jio' 
30000/ 6·544 00 35°00' 6 ·505 67 40°001 6•461 66 

ISS 
42 81 

u9 137 60 08 IO IO 04 30 JO 
I20 138 

58 50 
158 

20 41 6I 20 02 9,2 20 
120 I38 

·456 91 
159 

30 ·540 41 30 ·501 54 30 
121 I39 159 

40 39 20 40 ·500 15 40 55 32 100 121 140 
50 37 99 50 ·498 75 50 53 72 I6l 122 141 

31 ·536 7i -~6 ·497 34 41 "452 II 
I61 I23 141 

IO 35 54 JO 95 93 IO 50 50 
1~3 142 162 

20 34 3I 20 94 51 20 48 88 
I24 142 

·447 25 
163 

30 ·533 07 30 ·493 09 30 
164 124 

91 66 143 45 61 40_ 31 83 . 40 40 
164 

30 58 
I25 143 

50 50 90·22 50 43 97 165 125 
·488 78 

144 
32 ·529 33 

126 37 
145 

42 ·442 32 
166 

IO 28 07 IO 87 33 10 40 66 
127 146 I 167 

20 26 So 20 85 87 20 38 99 
128 

'.484 41 
146 I67 

30 ·525 52 
I28 

30 30 ·437 32 
I68 147 

40 24 24. 40 82 94 
148 

40 35 64 
169 129 

81 46 33 95 .so 22 95 50 
148 

50 
I69 

·521 66 
129 

38 ·479 98 ·432 26 33 43 
20 36 

I30 
78 49 

149 30 56 
170 

IO IO 10 

I9 06 
130 

76 99 
I50 

28 85 
171 

20 20 20 
r3r 150 172 

30 ·517 75 30 "475.49 30 ·427 13 

16 43 
132 

73 98 
151 173 

40 40 40 25 40 
I32 

72 46 
I52 

23 67 
173 

50 .. 15 II 50 50 
·513 78 

133 152 I74 
34 39 ·470 Y4 44 ·42I 93 

134 
69 41 

IS3 20 18 
175 

10 12 44 10 JO 
134 

67 SS 
153 18 4~ 

176 
20 II IO 20 20 

135 
·466 34 

_154 
·4I6 66 

176 
30 ·509 75 30 30 

08 40 
135 

64 79 
155 

14 89 
I77 

40 
136 

40 
156 

40 
178 so 07 04 so 63 23 50 I3 I I 
178 

6·505 67 
137 6 ·46"1 66 157 

35 40 45 "41 I 33 
179 

JO ~ 54 180 
20 07 74 181 
30 6·405 93 

Sdedio11 <?f stations Jin- whid1 the res11lts <?f comparison of astronomic a11d .i;eod~tic data 'il't.?rt1 

admit!t'd into the ,·qmitions qf amdition. 

In a preceding table there has been exhibited a comparisori of the astronomic and 
geodetic latitudes for 7 1 stations. If all of these were included in the discussion, the 
labor of computation would be unnecessarily great, since practically the same accuracy 
of the resuits can be attained ·by a judicious selection of a much smaller number of lati-
tude stations, provided they are uniformly distributed over the whole region of the arc. 
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The following table contains these selected stations.with their geodetic positions (to 
the nearest half second), together with the computed distances fJ and azimuths a' to the 
reference station at Washington, D. C. For these stations the value, ::S (.-1-G'i in 
=+2"·1, is nearly the same as that previously derived from all the stations after the 
mean value for each of the 6 groups had been introduced in place of the separate values. 

No. Name of latitude station. 

Calais 

2 Cooper 

3 Humpback 

4 Farmington 

S l\'Iount Desert 

6 Mount Pleasant 

7 l\'Iount Independence 

S Agamenticus 

9 Unkonoonuc 

IO Thompson 

II Mount Tom 
T"2 lVTnnnt11Pt 

I3 I Samlfonl 
I4 I WestHills 

IS Beacon Hill 

I6 Yard 

I7 Principio 

IS Pooles Island 

19 I Washington* 
20 Cape Henlopen L. H. 

21 Clark 

22 Elliott Knob 

23 Long Mountain 

24 Moore 

2s Young 

26 King 

27 Currahee 

2S Sawnee 

29 Atlanta 

30 
1 

Kahatchee 

31 Montgomery 

32 Lower Peach Tree 

33 Coon 

34 Mobile 

35 Fort Morgan 

36 New Orleans (1SsS) 

Geodetic lati- Geodetic lon-
tnde .p'. gitude>...'. <p'-.:P.; A'-A. a'. 

0 I .II o I II O I ll O I II 0 I I/ 0 I II 

67 16 S4 +6 IS 49 - 9 47 09 9 34 49 232 42 s6 
67 28 03 +6 03 56 ·5 - 9 36 00 9 2! 22 233 03 II 

45 11 04 

44 59 JI "5 

44 51 49 

44 40 21 

68 06 39 +s 56 34 

10 09 18 ·s + 5 4S o6 

- s 57 24 s 5S 16 231 27 5S 

- 6 S4 44 ·s 1 42 59 224 19 19 

44 21 03 68 13 39 

44 or 3S 70 49 23 

43 45 32 70 19 IS 

43 I.) 22"5 iO 41 34 

42 58 58 71 3S 20 

42 36 40 70 43 50 

42 14 28 72 38 s6 

1T SS 37 
41 27 .p 

+s 25 4S 

+s 06 20 

+4 so 17 

-Sso24 
- 6. 14 40 

- 6 44 48 

+4 :rs o'r5 -- 6 22 29 

+4 03 43 - s 28 43 

+3 41 2s - 6 20 13 

+3 19 13 - 4 2s 07 

40 48 53 73 25 33 +r 53 38 - ,; 38 .~n 
40 22 24·5 74 13 42·5 +1 27 09·5 - 2 50 20·5 

39 58 23 75 23 r4 

39 35 34"S 76 00 I7 

39 r7 13·s 76 15 so 

+ l 03 oS - r 40 49 

+o 40 19 "5 - I 03 46 

+o 21 ·s::; ·s - o 48 13 

s 32 35 233 42 02 

6 S5 15 224 43 13 

7 00 00 228 41 5S 

6 26 47 230 24 31 

s 47 45 227 27 S9 

6 03 04 234 39 19 

4 43 IO 226 52 28 
5 ·l~ r8 

4 U2 33 

3 22 33 
2 3i 2j 

237 C:J9 s2 

23i 24 so 

I 40 14 231 36 39 

I O,~ 46 231 12 SO . 

0 43 24 239 55 48 
38 55 ·1s 77 04 03 o ·o o ·o o . . . . . . . 

38 46 40 7S 05 03. S -o oS 3S - I S8 S9 "S I 33 04 275 S3 29 

38'1S 39 7S oo 12 -o 36 36 + o 56 09 o Si o8 49 59 24 

3S 09 S7 "5 79 18 52 -O 4S 17 "5 + 2 14 49 I 54 45 66 08 42 

37 17 25·5· 79·05 II -I 37 49"S + 2 01 OS 2 16 3S 43 4S 26 

36 23 SI ·s So 17 00 ·-2 31 23 ·s + 3 12 S7 3 3S 02 44 24 rs 
3S 44 12 8o 3S S2 -3 I I 03 + 3 34 49 4 16 I4 40 So 5S 

3S 12 09·s Sr IS 46 -3 43 os·5 + 4 14 43 Sor 43 41 11 S4 

34 31 36 ·5 S3 22 34 -4 23 3S ·5 + 6 ~s v 6 41 44 47 16 55 

34 14 03 S4 09 39 -4 41 12 + 7 05 ,36 7 22 20 48 36 rs 

33 44 s6 S4 23 19 ·s -s IO 19 + i 19 r6 ·s 7 50 20 46 4S 07 

33 13 36 S6 21 37 -s 41.39 4- 9 17 34 9 24 S9 50 17 oS 
32 .22 37 S6 IS OI 

31 50 18·s S7 32 43 

31 14 48 SS 05 44 

30 41 29 SS 02 34 

30 13 40 SS or 24 

29 S7 rs 90 04 2s 

-6 32 3S + 9 13 ss 
-7 04 56 ·s +IO 2S 40 

-7 4C> 27 +u 01 41 

-S 13 46 +16 ·58 31 

-8 41 3S +ro S7 21 

-S 57 57 +13 oo 22 

9 s6 43 

II. 04 S9 

II 49 45 
I2 II 09 

12 30 _}0 

13 S7 12 

46 24 38 

47 31 lO 

46 40 41 

44 41 41 
43 I[ II 

46 41 30 

*United States Naval ·obsen·atory. Georgetown Heights. 
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The data for the computation of the distances of the several astronomic /011gi
tude statio11s from. the reference station and of the azimuths of the latter from each of 
the stations are contained in the following table: 

Geod~tic Geodetic 
No. Name of longitude station. latitude. longitude. 

.JA tp' A' 9 a! 

0 I II 0 I "II 0 I II 0 I // 0 I II 

I I ·Calais 45 II 04 67 16 54 9 47 09 9 34 49 232 42 s6 
2' Bangor 44 48 '4 68 47 01 - s 17 02 8 30 s8 229. 18 II 

3 Camhridge 42 22 s1 ·s 7r 07 45 - s s6 r8 s 40 ,p 234 33 00 

4 Cape May 38 5S 46·5 74 55 48 2 nS rs i 39 46 270 22 17 

s Dover 39 09 18 ·5 7S -~' 24·s I 32·3S·s I 13 19 259 28 40 
6 Washington* 38 S5 IS 77 04 03 0 0 

7 Strashurg 38 59 28 i8 21 39·s + I 17 36·s I 00 30 93 34 20 
s Charlottesville t 38 or s6 78 31 21 + I 27 18 I 26 40 SI 42 23 

9 Statesville 3S 46 S4 So 53 40 + J 49 37 4 ::?2 T4 43 04 37 
IO Atlanta 33 44 56 84 2.3 19 ·s + 7 19 16·5 7 so 20 46 4S 03 
II Montgomery 32 22 37 86 18 or + 9 13 58 9 s6 43 46 24 38 
12 J,ower Peach Tree 31 so· 18 ·s 87 32 43 +10 28 40 JI 04 S9 47 31 IO 

13 Mobile 30 41 29 SS 02 34 +ro 58 31 12 II 09 44 41 4.3 

14 New Orleans(18<)s) 29 Sil SI ·5 <j<) 04 12 +r3 oo 09 13 S7.22 46 39 so 

The data for the computation of the distances of the several astronomic asi1111.tlh 
stations from the initial station and of the azimuths of the latter from the various stations 
will be found in the following table, together with the resulting values of fl and a'. 

As was the case \vi th the latitudes, we have here a surplus of stations at which astro
nomiC azimuths were measured. Much labor 1iiay therefore be saved without incur
ring any s~nsible loss of accuracy in the results by the selection of a more limited 
number of stations uniformly distributed, as nearly a,s may be, over the whole· arc and 
properly representing the deflection -over every part of it. For these .'4 positions the 
average value of (.4-G) is 1'·9, the same value found from all the stations. 

*United States Na,·al Obsen·atory,Georgetown Heights, Washington. D. C. 
t McCormick Obsen·atory. 
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No. Nan1e of azimuth station. 

15 Cooper 

r6 Humpback 

17 Mount Desert 

1S Mount Harris 

19 Sabattus 

20 Agame11ticl1S 

21 Gnnstock 

22 Unkonoonuc 

23 Blue Hill 

24 Mount Tom 

251 Sandford 
26 West Hills 

27 Mount Rose 

28 Yard 

29 Principia 

30 Cape Henlopen Light-House 

31 Hill 

32 I Maryland Heights 

33 Bull Run 

34 Clark 

35 Long Mountain 

36 Elliott Knob 

37 

38 

39 
40 

4r 

42 

43 
44 

45 
46 

47 
48 

Moore 

Young 

King 

Paris 

Cnrrahee 

Atlanta Middle Base 

Lavencler 

Aurora 

Kahatchee 
u 

Ethridge 

Fort Morgan 

East Pascagoula 

Ceodetic lati- Geodetic longi-
tude <P'. tude A'. 

o I II 

44 59 II "5 

44 51 49 
44 21 03 

44 39 53 
44 oS 36 

43 13 22·5 
43 31 02 

42 5S 5$ 
42 12 42 

42 I4 29 

41 27 41 

40 48 53 
40 22 01 

39 58 2,:; 

39 35 34·5 
38 46 40 

38 53 53 

39 .:!O 26 
38 52 51 

38 18 39 
37 17 25 ·5 

38 09· 57 

36 23 51 ·5 

35 44 12 

35 I 2 25 ·5 

34 56 27 

34 JI 43 

33 54 19 

34 19 r7 
34 oS 45·5 

33 lJ 36 

32 04 44 

JO 13 40 

30 20 33·5 

O ' II 

67 .. 28 03 

6.S o6 39 
68 13 39 
69 oS 56 

70 04 45 
70 41 34 

71 22 12 

71 35 20 

71 06 53 ·5 

72 38 56 

72 57 00 

73 25 ,:;3 

74 43 26 

75 23 I4 

76 00 17 

75 05 03·5 

76 52 50 

77 43 00 

77 42 13 

78 00 I2 

79 05 II 

79 rs 52 

So I7 00 

So 38 52 

81 IS 46 

82 24 40·5 

83 22 34 
S4 r6 38 

85 17 19 

86 [ [ OI 

86 2! 37 

S7 o.; 29 ·5 

SS 01 24 

88 32 46 

o I II 

9 2I 22 

8 55 I6 

8 32 35 

8 13 45 

7 23 II 

6 26 47 

6 16 52 

5 47 45 

5 35 25 

4 43 lJ 

4 02 33 

3 22 33 
2 18 45 

I 40 14 

J 03 46 

l 33 04 
0 08 50 

0 39 20 

0 29 48 

0 57 08 
2 16 35 

I 54 45 

3 35 02 
4 16 14' 

5 OJ 3T 
5 50 IO 

6 4I 40 
1
7 39 ~2 
8 02 13 

8 44 14 

9 2 4 59 

10 36 57 

12 30 30 

12 44 17 

a! 

0 , II 

233 03 I I 

231 27 55 

233 42 02 

228 35 51 

227 3I 20 

230 24 31 
225 QI 01 

227 27 59 

236 01 39 

226 52 19 

232 31 34 
237 09 52 

232 09 32 

23I 36 39 

231 12 50 

275 53 29 

278 55 34 

1·29 29 27 

85 II 54 

49 S9 24 

43 45 26 
66 08 42 

44 24 15 

40 50 55 

.:II 13 54 

45 34 04 

47 17 31 
47 II II 

52 so :26 

54 21 31 

50 I7 -~'" 
47 14 05 

43 II II 

44 43 51 
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Co11ditioual or observalitl11 equations dtTivt·d from latil11de co111pariso11s. 
,, 

~ ,=-5 ·61 +o ·9854/; -o ·106811 -10·165w +3 ·7759z• 

I; .=-0·96 +0·9860 --0 ·1048 - 9 ·8505 +3 ·6ti25 
I; 3=+1 ·83 +o. 9878 -0·0978 - 9·7350 +3 ·6oS2 

/;,=+I "43 +0·9927 -0·0756 - 9•6iOO +3 ·4683 

I; ~=-1 '33 ::t-o. 9881 -0·0965 - 8·8595 +3 ·3677 
/; 6=-1 '59 +0·99.p -0·0683 -'- 8 ·6q3 +3 ·1483 

I; 1=-2 ·76 +0·99..;I -0·0738 -- 8 ·0935 +3 ·0268 

I; s=-2 ·17 +0·9938 -0·0697 - 7 ·1973 +2'7441 

I; 9=-1 ·49 +0·9954 -o·o6oo - 6 •8641 +2 '5997 
l;,o=+r ·70 +o ·9939 -0·0693 - 6·1328 +2 ·4135 

l;,.=+0·22 +o ·9970 -0·0484 - 5 ·6524 +2 ·1731 

l; .. =+1 ·30 +0·9936 -0·0709 - 4 ·9244 +2 ·0272 

l;,3=+0 ·56 +0·9974 -0·0451 - 4 ·3093 +r ·7rn9 

1; •• =+3 ·36 +0·998o -0·0399 - 3 ·2074 +1 ·3042 

l;,5=-3 '47 +0·9gSS -0·03II - ~ ·4765 +1 ·0117 

1;,6=-6 ·72 +0·9996 -0·0184 - I •8179 +0·7376 
l;,.=+1 ·So +0·9998 -0·0116 - I ·1667 +0·4758 
/;,a=-4·00 +0·9999 -o·ooS8 - o·6:)52 +0·2619 

l;,9=+1 ·15 +1 '0000 0'0000 0'0000 0'0000 

/;20=+o·ro +0·9994 -0 ·0217 + 0·2790 -0·0978 

1; •• =-0·38 +0·9999 +0·0103 + I ·0730 -0·4466 

i; •• =+o ·43 +0·9992 +0·0246 + I ·3556 -0·54g6 

l;.3=-3 ·34 +0·9994 +o ·0221 + 2·8818 -I ·2281 

1; •• =-3 ·61 +0·9984 +0·0353 + 4 ·4882 -I '9447 

l;.5=-9·42 +0·9980 +0·0392 + 5·6629 -2 ·5008. 

1;.6=-3 ·84 +0·9973 +0·0465 + 6·6332 -2 ·9595 
/;27=-I 'IO +0·9939 +0·0690 + 7·g634 -3 ·5375 
/;2s=-I "10 +0·9923 +0·0776 ·+ 8·5469 -3 "7925 

l;.9=-3 ·18 +0·9918 +0·0So1 + 9·4168 -4 ·2428 

/;30=--3 ·83 +0·9869 +0·1014 +rn·5494 -4 ·6986 

/;31=-7 ·87 +0·9870 +o ·1ooS +12 ·0241 -5 ·5387 

/;32=-2 '49 +0·9833 +o·u43 +13 ·1250 -6 ·0530 

/;33=+0·65 +0·9816 +o ·1202 +14 ·2331 -6 ·6521 

/;34=-4 ·61 +0·9817 +o·u96 +15 ·1918 -7·2431 

/;35=-7 ·58 +0·9818 +o ·1194 +is ·9952 -7 7455 
/;36=-7 ·31 +o ·9743/; +0·141411. +16 ·786JU -7 ·9819v 

4192-No. 7-02--25 
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Co11dilio11al equalio11s derh•ed from /011gil11tfr c01i1j>ariso11s. 

ll 

111=+2 ·78 +o ·1206~ +o ·987311 -_13 · 3036u -2 ·6324z• 

17 ,=+o ·99 +0·1015 +0·9899 -II '2689 -2 ·2298 

1/ a=+o 70 +0·0697 +0·9958 - 8·0733 -I '5975 

11 ,=-1 ·8:; +0·0234 +0·9998 - 2 ·9021 -0·5743 

1/ 5=-4 ·70 +o ·0170 +0·9998 - 2·0968 -0·4146 

11 G=-4 '70 0'0000 +r ·oooo 0'0000 0'0000 

17 7=-2 ·98 -0·0142 +0·9999 + I 7565 +0·3476 

17 s=-0·83 -o ·0157 +0·9998 + I ·9786 +o ·3915 

If 9=+0 ·71 -0·0390 +0·9978 + 5·2098 +1 ·0309 

1/w=+o '55 -0·0708 +0·9932 + 9·9653 +r ·9719 

1/11=-1 ·46 -0·0859 +0·9893 +12 ·5722 +2 ·4877 

11i.=-2 •o6 -0·0959 +0·9870 +14 ·2656 +2 ·8228 

1/13=+3 ·04 -0·0972 +o ·9841 +14 ·9586 +2 '9599 

.11i.=-0·62 -0·1123~ +o ·9So111 +17 716611 +:1 ·5058z1 

Ci.wditio11al eq11atio11s dcriwd ,thm1 a=i11111tli tV111pa1'iso11s. 
,, 

lf1s=- 2 '12 +0·235<); +0·876211 -13 ·050411 -2. 5823~· 

17,6=- 4 ·58 +o ·2207 Io ·8797 -12 ·1795 -2 ·4100 

11.,=- 0·70 +0·2198 +0·8880 -12·0170 ·-2 ·3778 

If,£=- 4 •63 +0·1¢o +0·8852 -10"·7734 -2·1318 

71,9=- 2 ·96 +o 'Ii47 +0·8954 - 9 ·5081 -I '8814 

11,,,=+ 0·44 · +o ·1621 +0·9117 - 8 ·6702 -I ·7156 

"1/o•=- 6·57 +o ·1442 +0·9079 - 7 7540 -I ·5343 

17 •• =- 3·97 +0·1400 +0·9173 - 7·4540 -I ·4750 

1103=- o ·rs -j-o · 15.:14 +0·9300 - 8·0914 -I '6ol1 

11 •• =- 7·28 +0·1146 +0·9318 - 6·0119 -I ·1896 

l/os=-IO ·66 +0·1o84 -j-0·9464 - 5 '5994 -1 ·ro8o 

11.6=- s ·rs +0·0972 +0·9593 - 4 ·95o6 -0·97g6 

1/01=+ 3 ·14 +o·o631 +0·9692 - 3 ·1873 -0·6307 

1/'4<=- l '77 +0·0456 +o ·9775 - 2·2853 -0·4522 

1/29=-IO '78 +0·0291 +0·9856 - I '4459 -0 ·2861 

llJ<.=-- 2·54 +0·0552 +1 ·0025 ·- 2·6928 -0·5329 

'h·=- 8·38 +0·0052 +r ·0005 - 0·2538 -0·0502 

113.=+ 4 '47 -0·0179 +0·99ro + 0·8830 +0·1747 

7131=+ 3 ·04 -0·0177 +1 ·0008 + o·S/538 +o 'li09 

1/34=+ I '32 -0·0264 +r ·0133 + I ·2729 +0·2519 

1/35=+ 6'.p -0·0582 +1 ·0363 + 2·7478 +0·5437 

17?1;=- 2·66 -o·o634 +1 ·0159 + 3 ·0528 +o·6o.p 

1137=+ I '23 -0·0945 +1 ·0571 + 4 ·3768 +o·S66o 

1f?l!=- I '44 -0·1069 +1 ·0735 + 4·8751 +o··g646 

1130=+ 3 ·40 -o ·1284 +r ·0867 + 5 ·7Sog +1 ·1439 

·11.io=+ I '03 -0·1626 +r ·0922 + 7 ·2736 +1 ·4393 

17,.=- 2·75 -0·1939 +1 ·1017 + 8·5856 +r ·6989 
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(011ditio11al c·q11alio11s derived from azimutli compariso11s-continued. 

,, 
l/4o=+ 5 ·6r -0·2250 +r ·u73 + 9 ·8r30 +x ·9417 

l/43=+ 2 ·89 -0·2536 +r ·1028 +II ·1790 +2 '2120 

1/44=+ 3 ·07 -o ·2823 +1 ·ro5r +r2 ·3928 +2 ·4522 
11•s=+ 4·09 -0·2947 +1 ·13r5 +r2 ·6422 +2 ·501'6 

l/46=+ 4 ·37 -0·3266 +1 ·1650 +r3·6o23 +2 ·6916 

l/41=+ 8 '7~ -0"3775 +1 :2252 +I4 ·9407 +:i ·9564 

17•s=+ 3 ·30 -0·3939~ +1 ·218711 +15 ·64641e +3·o¢w 

Fon11<1tio11 <•f 11or111al eq11atio11s. 

The types of a latitude observation equation and of a longitude and azimuth equa-
tion are: · 

~p=m+11~+b11+m+ev 
17,1 =11-+a'~+b'11+c111--t-e'v 

then e. ,,, ·t6, and ii are to be determined 50 as to make a minimum the quantity 

.::5'( 111+a~+b11+c11+ev) •+w.:5' (n+a'i;+b'11+c111+e'v)• 

whence the normal equations: 

where 

o= ( m11) +w( a'n) + [aa] ~+[ab] 11+ [ac]11+ [ ac] v 
o= (bm )+w(b' 11 )+[ab ]H [bb]11+[bc]11+ [be] z• 
o= (cm) +w(c 1 11 )+[ acH+ [bc]11+ [cc]11+ [c.·] v 
o= (em)+w(e111 l+[1ieH +-[bc]11+[co·]1e+[ee]v 

[111i] = (aa)+w(.a'a') 
[ab]= (ab)+w(a'b') 

For equal weight to the several equations w becomes unity, as wili be assumed in 
the first of our combinations. 

T/i,· relali"ve weights <?f tile obseniation eq11atio11s. 

The equations involving the comparisons of the latitudes and longitudes may be 
<;onsidered as of fairly equal weight, the result of the introduction of the telegraphic 
method for the determination of differences of longitudes: thus arcs of the meridian and 
arcs of the parallel may now be combined as of equal importance as far as the astronomic 
data are concerned. 

It is quite evident, however, that the azimuthal equations are certainly of inferior 
value, considering that they are directly. affected by the accumulation of error in the 
angular measures of the triangles by means of which the geodetic azimuths are carried 
forward. If unit weight is assigned to each of the latitude and longitude equations, a 
fraction only can be assigned for _the weight of an azimuth equation. There is no 
principle by means of which the exact ratio of the weights could be ascertained, but the 
comparison of the mean values of the ·squares of the lf's and of the 11's, which shows 
that the latter is generally the larger of the two, sufficiently indicates the need of the 
introduction of relative weights. There is no reason why the average deflections in 
the meridian and in the prime vertical or in any azimuthal plane should be of different 
magnitude. 
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The resulting values of the /;'s and 1/'>;;, or the remainders, in the equations for the 
several stations may be taken as representing the actual local or regional deviations of the 
vertical of the geoid at these places as compared with the normal or geometric direc
tion; in other words, they exhibit the difference between the disturbed and the regular 
or undisturbed. direction of gravity within the geographic limits of the investigation. 
As a matter"of course these values are affected to a relatively small extent by the 
unavoidable errors of observatio:l. 

For the. case in hand, as shown in the following solution, we have the mean value of 

the squares of the discrepancies in cp and A, equal to ,5 39
'
6 

= 11 ·s, and the mean value of 
50 

l f d'ff . 1 780 '2 b d 11 } f t1esquares.o the 1 erencesma,equa to-·-=23·2, or a out OU)e tie ormer; 
34 

which indicates that the azimuth equations .should not have more than half weight. 
This solution presents the r~sLdts for a spheroid representing the curvature of the 

surface along the arc without distinguishing relatively between the measures of lati
tudes, longitudes, and azin1uths. 

Resulting 11on11al equations. 

From the latitude observations:' 

O=- 74 '4532 

O=-. 4 ·0791 

0=-526 ·5026 

O= +253 •3814 

+35 ·4344~+ o ·09s311+ 35 ·697711- 25 ·o643v 
+ 0 ·2032 + 22 ·6054 ·- 9 7844 

+2571 ·4804 -II21 '6132 
. + 494'2387 

From the longitude observations: 

; o=+ 0 ·4477 -l- 0 ·0760;- 0 ·195011- IO ·270711-

0=- IO ·4552 +13 ·SoS9 + 40 ·1059 + 

o=- 49 ·5751 
O=--. 9 '81 IO 

+1414·6253 + 279·9r92 

+ 55 ·3890 

From the azimuth observations: 

o=- 17 ·9120 

0=- 13 'II79 

0=+833 ·7203 

o=+r64 ·9719 

hence by combination: 

10=- 91 ·9175 

1.jo=- 27 ·6522 
0=+257 ·6426 

<:i= +408 ·5423 

The solution gives-

+ 1 ·1515~- 1 ·457611- 52 ·726611- ro ·433w 

+35 ·u72 + 41 ·5o66 + S ·2r32 

+2453 '3579 + 485 ·4576 
+ 96·o6oo 

+36 ·7119 ~- I ·557311- 27 ·29961e- 37 ·5298v 

+49 ·1293 + 104 ·2179 + 6 ·3651 

+6439 ·4636 -· 356 ·2364 

+ 645·6877 

\
~=+1 ·S95 898 with residuals o ·oooo 

11=+0 •862 056 0 '0000 

U=-0 ·077 671 6 0 '0002 

V=-0 '573 878 0 °0002 
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whence we get ya= -240·2 and the equatorial radius becomes 6 378 206·4-240·2= 
6 377 966'2 meters: we have also E=~· (arc 100")=-o·ooo 278 22, hence the new e"= 
0·006 768 7-0·000 278 2=0'006 490 5 

a-b I 
Let e, = te0 a ncl -- or the compression= - , then a c 

hence the compression=
30

;.6: the resulting value of b is 6 377 966'2-2ci 737·7= 

6 357 228·5 meters. 
Substituting the values found for Ii, 11, u, and v in the equations of condition we 

obtain for each station the outstanding deflections. These quantities are also. needed 
for the determination of the probable errors of i:he dimensions of the spheroid just 
obtained wht:!ll these residuals are treated as accidental errors. 

Nt·s11!ti11g values <!f; and 11 at Ilic obsen•il~'! stations. 

No. ~talion. ~ No. Station. ~ 
II II 

Calais -5·20 19 \Vashington +J'OS 
2 Cooper -0·52 20 Cape Henlopen +2·o6 

3 Humpback +2·32 2I Clark +r 70 

4 Farmington +2'02 22 Elliott Knob +2'55 

5 Mount Desert -0·77 23 Lrmg Mountain -c·94 

6 Mount Pleasant -0·89 24 Moore -0·92 

7 Mount Independence -2·04 25 Young -6·52 

8 Agameuticus -1 ·35 26 Kfog -073 

9 Unkouoonuc -0·61 27 Currahee +2 ·26 

IO Thompson +2'63 28 Saw nee +2·36 
II Mount Tom +r ·27 29 Atlanta +0·47 
12 Manomet +2'35 30 Kahatchee +0·01 

13 Sandford +1 76 31 Montgomery -3·67 

14 West Hills +4'74 32 Lower Peach Tree + 1 ·93 
rs Beacon Hill -I ·99 33 Coon +s·33 
r6 Yard -5·12 34 Mobile +0·33 
17. Principio +3'51 35 Fort Morgan -2 ·,p 

18 Pooles Island -2 '21 36 New Orleans -2·07 
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Resulting ml11es qf.; ci11d 17 at the obs<·ri•i1~i; slalio11s-co11tin11ed. 

No. Station. ., No. Station. 
II 

r* Calais +6·4r 25 Sandford 

2 Bangor +4"19 26 West Hills 

3 Cambridge +3··24 27 Mount Rose 

4 Cape May· -0·38 28 Yard 

5 Dover -3·41 29 Principio 

6 Washington -3·84 30 Cape Henlopen Light-House 

7 Strasburg -2·49 31 Hill 

8 Charlottesville -0·37 32 Maryland Heights 

9 Statesville +0·51 33 Bull Run 

IO J Atlanta +0·37 34 Clark 

Il Montgomery -3 ·17 35 Long Mountain 

12 Lower Peach 1'ree -4·12 36 Elliott Knob 

r3 Mobile +0·85 37 Moore 

14 :New Orleans . -3·37 38 Young 

1st Cooper +I ·58 39 King 

16 Humpback -1 ·07 40 Paris 

17 Mount Desert +2 "79 41 Currahee 

rS Mount Harris -I ·44 42 Atlanta Middle Base 

19 Sabattus. -.0·04 43 Lavender 

20 Agamenticus +3"20 44 Aurora 

21 Gunstock -4·04 45 Rahatchee 

22 Unkonoonuc -I •48 46 Ethridge 

23 Blue Hill +2"46 47 Fort Morgan 

24 Mount Tom -5·10 48 I East Pascagoula 

We have :E~& and :£1111 before and after change of spheroid. 

From latitude equation:; 
From longitude equations 
From azimuth equations 

From all equations 

Old spheroid. New spheroid. 

5o6 ·5 
83·1 

789·2 

I 37$•8 

265·9 
141 ·5 
519·8 

., 
II 

-8·55 

-3·20 

+4 ·71 
-0·46 

-9·60 

-l ·07 

-7·46 

+s ·r3 

+3 71 
+1 ·go 

+6·68 

-2·48 

+1 ·12 

--1 "65 

+3"00 

+0·27 

-3·81 

+4"28 

+1 ·23 

+1 ·12 

+2"0t) 

+2·15 

+6·20 

+0·61 

Tiie p1·ffisio11 qf tlie ac(iuslt·d <>r rt?s111ti11.>r :><1l11e of t/1<· le11gll1 qf tlu· c•quatorial radius and qf Ille 
co111pressio11 as·/01111d ji'0/11 th.- 111e<1rnn· of tilt! arr. 

To find the probable errors of the elements qf the resulting spheroid we have to 
determine the mean error of a single observation or that of the unit of weight, as well 
as the weights of the values of /1 and z• as obtained from the solution of the normal 
equations, whence the probable error of the result for .the equatorial radius 11. and for 

. a-b I d"l f the compress1011 --. or -, rea t y allows. 
Cl C I 

Substituting the values of 5, 17, u and zi resulting from the solution of the normal 
equations in the equations of condition, the residuals represent the respective deflec-

tions at the stations. Squaring and summing up these .residuals, we get m•= [pv~'] 
. no-/,' 

*Values 1 to 14 fT0111 longitude equations. tValues 15 to 4S fr1Jm azimuth equations. 
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where m=mean error of the unit of weight, 11
0 

the numberof observations or statioris. and 
n the number of normal equations or unknowns. The weight of any one of the unknowns 
is found in the usual way by means of the solution of the modified normal or weight 
equations; thus, for the third unknown u and for the preceding hypothesis of equai 
weight to ~he observations we ha\•e: 

\

. (I=+ ,;6 7119 q,- r "5573 q.- 27 ·2996 qu- 37 ·5298 q3 

O= +49 "I29,; + !04 ·2179 ,'- 6 ·365I 

I= -t-6 439 ·4636 -356 ·2364 

O= +645 "6877 

Here q
11 

is the reciprocal of the weight of u or, as usnally written, = ..!.... , and the mean 
p"· · 

error of u or m is given by m =mi ./p- = m./q-; whence follows r, the probable error 
. u u u u a 

of a, and by the same method that of the compression is obtained from m,.=m./"i.. 
Applying this to the results of hypothesis (1), which assigns equal weight (Z1"=1) 

to the observation equations, we get m·= I ,92 7 =±3"·40: the weight equations in 
"l:i'1-4 

connection with u and i1 give: 

I 
•J<=+o ·0002213 

q.=-0 ·0003659 

qu=+o ·coo1682 

q3=+o ·0001o<p 

and . 

\

. q,=+o ·0018212 

q5=-o ·0003946 

q0=+0 ·ooorocp 

tJ-·=+o ·00171SS 

hei1ce m
11
= ±0·0441, and the corresponding value m,= 136·4. and the probable error of a 

or r 0 =±92·0 meters. From the second set of weight equations we get m,.=±0·1400 and 
the .. corresponding value m.,=±3·3. also the probable error of c or r,=±2·2. The com
plete results by hypothesis ( 1) are therefore: Length of equatorial radius, 6 377 966±92 

. I 
meters and the compression 

30
7" 6±

2 
•
2

• 

Re·s11lti11g- spht'n>id. 

The following is the determination of a spheroid most nearly coinciding with the 
surface of that part of the United States which is traversed by the oblique arc from the 
St. Croix River at Calais, Me., to the delta ·of the Mississippi River at New Orleans, La. 

In consequence of the uncertainty respecting the proper weighting of the azimuth 
equations, four sets of normal equations were established, and the results for equatorial 
radius and compression were deduced for the several hypotheses: <e•= 1, .% , .I.<~, and %'.. 

The normal equations and results are as ?tated below: 

Hypothesis I 

fC/=I 

Hypothesis II 

Io~- .. ~,,, 
O=- 27 ·6522 

O=-f-257 ·6426 

0=+4o8 ·5423 

Io~-,, ... ,, 
o=- 21 ·0932 

o=-I59 ·~176 

0=+326 ·0563 

+36 "7Il9~ - l "55731/ 

+49 ·1293 

+36 ·1361~ - 0 ·828511 

-t-31 ·5707 

- 27 ·2996/f. - 37 ·5298Z1 

+ 104 ·2179 + 6 ·3651 

+6439·4636 -356·2364 

+645 "6877 

0 ·936311 - 32 ·3132;:1 

+ 83 ·4646 + 2·2585 

+5212 ·7846 -598 ·9652 

-t-597 ·6577 
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Hypothesis III I 
0=- i9 ·97fo. 
O=- JS ·go69 

+35 ·9442~ ·- 0 ·585611 

+25 "7178 

I 0=-298 ·1709 

0=+298 ·56rn 

Hypothesis IV 

rc1=.~ l
. o=- 78 ·4835 

O=~ 17 ·8138 

0=-367 ·64i6 

0=+284 ·8134 

+ -~5 ·8483~ ; ~ - 0 ·464111 

+22 ·7914 

Hypothesis I II 

\Veight of azimuth equations 1/ 
/2 

of j! +1 ·89590 +1 ·87994 

Values from solution +0·86206 +0·85433 
equations II -0·077672 -0·038624 

(.' -0 ·573878 -0 ·485852 

Equatorial radius in meters I/. 6 377 g66 6 3i8 o87 

Probable error of same r, ±92 ±91 

Compression (a-b) / ,z and proh- l I -----
able error of denominator 307 "6±2 "2 305 ·5±2 ·r 

7·851511 

+ 76 ·5468 

+4803 ·8917 

+ 12 ·245411 

+ 73 ·oSSo 

+4599"4452 

HI 

+1 ·87237 

+0·84018 

-0·015909 

-0·43476 

6 378 157 

±go 

l 
----· 
~~04 ·5±1 ·9 

-:-- 30 ·5744z1 

+ o ·SS¢. 

-679 :s14s 

-j-581 ·6477 

- 29 "7050V 

+ 0 ·2052 

-720 ·3296 

+5i3 ·6427 

IV 

+1 •86779 

+0"·82657 

--o ·0010345 

--o ·401375 

6 378 20.~ 

±90 
T 

303 7±! ·s 

Examining the contents of this table, it is evident, in the first place, that whatever 
value for ·w is adopted the general result will be but slightly influenced; that is, the 
value of the equatorial radius remains close to the value of Clarke's spheroid of 1866 
(6 378 206), whereas the value of the compression remains slightly smaller than that of 

the Besselian spheroid (' 1 
. ·)· and, in the second place, that the cu~vature of 

,299·2±3·2 ' 
that part of the surface under consideration does not differ to any very marked extent 
from that which would be exhibited by a representative spheroid for the whole earth. 

There is therefore but little choice between the above results. The deflections at 
the initial station remain about the same, viz, 1" "88 in the meridian and o"·ss at right 
angles thereto; the radius,_,. varies but 237 meters between the extremes and the prob
able errors remain practically unchanged, while with decrease of weight the compres
sion slowly increases approaching the Besselian value. The resulting values of 11 or the 
deflections at the several stations increase necessarily in magnitude as the weight of the 
azimuth equations is diminished, and in Hypothesis IV the larger ones appear to indi-
cate w= J.i as a limiting value. · 

The spheroid of h_1ipothtsis III is apparently the most acceptable, as it preserves a 
proper balance between the magnitudes of the opposing deflections in longitude and in 
azimuth,* and it has ban adopttd as l"t'prese·nting the result qf the present im1estigation. 
The resulting values of E and 11 on this hypothesis are as follows, the numbers referring 
to the same stations as in the preceding tabulation under hypothesis I. 

*The substitution of the respecti\'e values of t, lJ. " and 'i'' in the equations of condition derived front latitude, 
longitude, and azimuth comparisons. give for [pvv] and hypotheses I to IV: 

Fron1 comparisons of.p's 
Fron1 cotn pa nsons of A' s 
Front con111arisons of a.' s 

265·9 265·5 266°0 266·0. 
141·5 111·6 98•3 91"4-
519·8 !l561·3) !C593·9) !<616·8). 

In the discussion of the ordnance •i1n·ey of Great Britain an<l lreland Clark~ adopts the weight Ii as most suitable. 
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.;'111 1/iu 1/111 

/I ,, II 

I -s ·34 l +s ·r9 rs -\-o ·39 

2 -0·65 2 -+3 ·16 16 --2 ·19 

,; -f-::? "T8 3 +2·50 17 +r ·68 

4 +1 ·S7 4 -0·64 18 -2·4~ 

5 -0·89 5 -3 ·61 19 -0·9r 

6 -T "u2 6 -3 85 20 +2·40 

i -2 ·15 7 -2 ·31 21 -476 
8 -l ·45 8 -0 ·21 22 -:::!"18 

9 -0 ·70 9 .+0·96 .,. 
-.:i +i ·71 

IO +2 ·55 10 +o ·23 24 -5·66 

·II- -\-T "19 I I -2 ·07 25 -9 ·rr 
12 -l-2 ·30 I2 +2·87 26 -,; ·65 

13 +r "7I I' .) -f-2 ·r6 27 +4"39 
q +4·68 14 -I ·Sr 28 -0 ·63 

15 -2 ·03 29 -9·76 
16 -5 ·16 •() ,, . -I ·33 

17 -i-3 ".!8 31 -i·.s~ 

iS -2·24 32 +5 ·19 

19 -f-3·02 33 +3·77 
20 -f-1 ·98 34 +1 ·9s 
21 +1 ·69 35 +6·90 
22 + 2 ·53 36 -2 ·24 

23 -0·96 37 +1 ·5_0 

24 -0·94 38 -I "24 

25 -6·52 39 -1-3 ·47 
26 -0·75 40 +0·90 

27 -\-2 ·23 41 -3·08 

28 -\-2 ·34 42 +5 ·12 

29 +0·44 43 -\-2 ·22 

30 -0·03 44 -\-2 ·21 

3r -3 ·72 45 +3·r9 

32 -\-I ·~!q 46 -1-J ·34 

33 +5 ·25 47 -1-7 ·52 

34 +0·24 48 +1 ·99 

35 -2 ·52 

36 -2 ·17 

The probable error of a single latitude is 0·67+ / 266 ·o=±1"·94ascomputeclfrom . -v 36-4 

the 36 latitude discrepancies and that of a single latitude· or longitude 0'674 '36+ ·3= -v 50-4 
±1''·90 as computed from the 36 latitude and the 14 longitude discrepancies. 

4192-No. 7-02--. 26 



COMPARISON WITH OTHER SPHI-:ROIDS. 

The following table is presented for convenience of reference or comparison of the 
resulting spheroid with a few other spheroids (of-revolution): 

Spheroid of-

Bessel, I84I. From IO arcs of the meridian, total 

amplitude 50° 34'. 

Clarke, I858.* Special spheroid for surface of Great 

Britain and Ireland. Range in latitude 12°, the 

same in longitude; 7S astronomic stations. 

Clarke, I866. From five meridional arcs, total 

amplitude 76° 3S'. 

Clarke, 18So. * From five meridional arcs and lon

gitudinal measures, total amplitwle 88° 591 ·8 

equatorial degrees. 

U. S. Coast and Geo<letic Sur\'ey, I9QO. Eastern 

Oblique Arc of the United States. Total ampli

tude 23° 31'; S,J. astronomic stations. 

Harkness, 1S9r. From "The Solar Parallax and 

Related Constants," \Vashington, r891, p. 138. 

Equatorial 
radius a 

in 1neters. 

6 377 397 

6 378 494 
±90 

6 378 249 

6 378 I57 
±90 

6 377 972 
±r2s 

Polar st:1ni ... 
diameter n 
in tneters. 

6 356 079 

6 355 746 

6 357 210 

6 356 727 
±99 

,,_,,_ 

21 318 

22 748 

:u 622 

2[ 734 

20 947 

21 245 

Compression 
(<7 -b)!<I. 

1/299· IS 
±3 'IS 

1/28o ·4 
±8·3 

1/29s ·o 

I/293 'S 

1/304 ·s 
±1·9 

1/300·2 
,±3·0 

*For coin·ersiou of English feet into meters Clarke's cletern1ination of 1%6 \vas u~ed. viz: r ft. =o · .. ~O.Ji9i.:'i' ni. 
1 m.=3 ·1s,,s119~3 ft. 
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<.:oasl and. Geodetir Sw·1·-:y, 1901. The Eastern Oblique Arr. 
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