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PRIMARY TRIANGULATION ON THE ONE HUNDRED AND FOURTH MERIDIAN, AND ON
THE THIRTY-NINTH PARALLEL IN COLORADO, UTAH, AND NEVADA.

By Witriam Bowir,
Inspector of Geodetic Work and Chief of the Computing Division, United States Coast and Geodetic Survey.

GENERAL STATEMENT.

The primary object of this publication is to give the geographic positions, elevations, and
descriptions of the main scheme, subsidiary and intersection stations determined by primary
- triangulation in the State of Colorado and northward, from the line Pikes Peak-Divide of the
thirty-ninth parallel triangulation, approximately along the one hundred and fourth meridian
to the Canadian border, and also similar data for the various stations of the thirty-ninth parallel
triangulation which lie in the States of Colorado, Utah, and Nevada. \

The geographic positions are on the North American datum, and, as far as geographic
purposes are concerned, they will probably not be changed. The geographic positions of
stations of the thirty-ninth parallel within the States mentioned above, as given in Special
Publication No. 4 (The Transcontinental Triangulation), arc superseded by the positions con-
tained herein. That publication was issued before the adoption of the North American datum.

The author desires to express his appreciation of the valuable services performed in the
field and in the office by members of the Survey in connection with the one hundred and fourth
meridian triangulation; also in the office work connected with the readjustment of the thirty-
ninth parallel triangulation in Colorado, Utah, and Nevada, and the preparation of the results
for publication.! .

Especial mention should be.made of E. H. Pagenhart and C. V. Hodgson, who were in
charge of the base measurements and triangulation observations; also of J. S. Bilby, who laid
out the scheme and selected the stations in the field and then prepared the stations for the
observing party. In the office A. L. Baldwin had direct supervision of the computations and
adjustments and prepared portions of the text. The heavy adjustments were made by W. F.
Reynolds and O. S. Adams under Mr. Baldwin’s direction. C. H. Swick prepared the descrip-
tions of stations, assembled the tables, and edited the text. Of the others who assisted in the
work, including the preparation of this report, W. D. Lambert, H. R. Tolley, E. F. Church,
and E. M. Panopio should be mentioned. "

The engineer intent only on securing the necessary information to extend this triangula-
tion or to base other surveys on it will find the information he desires on pages 80 to 148, com-
mencing with the explanation of the table of positions, lengths, and azimuths. The index,
printed on pages 155 to 161, used in connection with the sketches at the end of this publication
will enable him to find quickly the data for any given locality.

Tlustration No. 7, at the back of this volume, shows graphically the area covered by each
of the publications of the United States Coast and Geodetic Survey and by one publication of
the United States Army Engineers, which give the results of triangulation, which has been
rigidly adjusted and computed on the North American datum.

In illustration No. 8 are shown the main scheme of the triangulation covered by this

report and the area covered by each of the illustrations Nos. 9 to 17, which give the details of
the triangulation nets. -

! Acknowledgments are made for the field and office work connected with the transcontinental triangulation in Special Publication No. 4.
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There are also given in this publication descriptions of the methods employed in the tri-
angulation and base measurements on the one hundred and fourth meridian arc and data
necessary to show the accuracy of the results of that work.

The methods employed on the thirty-ninth parallel triangulation and the accuracy of the
results are described in Special Publication No. 4 of the Coast and Geodetic Survey.

RECONNOISSANCE.

The reconnoissance for the triangulation on the one hundred and fourth meridian was
done by Signalman J. S. Bilby in 1911. His party consisted of only one man besides himself;
his equipment was three mules, one wagon, one riding saddle, necessary tools for repairing the
outfit, one tent, cots and bedding for two persons, and a few cooking utensils. The instru-
ments he carried were a 4-inch surveyor’s transit, a prismatic azimuth compass, a field telescope,
binoculars, and a set of drawing instruments. He also carried copies of all the available maps
covering all or parts of the area within which he operated.

The new scheme began with the line Pikes Peak-Divide of the transcontinental triangula-
tion, with station Bison as the third and check point; it was carried northward to the Colorado-
Wyoming boundary, thence northeastward just across the Wyoming-South Dakota boundary,
thence northward to the international boundary.

Base lines were provided for at Provo, S. Dak. (approximate latitude 43° 127), and at
Ambrose, N. Dak., at the northern end of the scheme.

Provision was made for connecting with a number of triangulation stations of the United
States Geological Survey, with monuments of each State boundary crossed, with the triangula-
tion stations of the Missouri River Commission where the scheme crossed that river, with trian-
gulation stations of the international boundary, and with a number of bench marks of various
organizations. :

The statistics of the reconnoissance are:

Length of scheme along its axXis in miles....... ... oo oot 720
Area of scheme in square miles....... e e e e e e e et eeteeea e 17 000
Number of stations in the main scheme. ... ... i i 74
Number of 8ubsidiary SEatIONS. . . ..« ot rn i e 23
Number of bage lines selected....... ..o 2
Date of beginning field Work. . ..urnovnei e e May 2, 1911
Date of ending field Work. ..o oo Aug. 10, 1911
Total length of season, months..... P 3.3
Rate of progress per month, miles.......o..o.o i e 218
Average number of stations selected per month:

o0 T2 .2 29

Subsidiary...... e e e ettt et ee e eaee ettt ieieiaiaieaa, 7

GENERAL INSTRUCTIONS FOR RECONNOISSANCE.

1. Character.of figures.—The chain of triangulation between base netsshall be made up of completed quadrilaterals
and of central-point figures, with all stations occupied. It must not be allowed to degenerate even for a single figure
to simple triangles. There must be two ways of computing the lengths through each figure. On the other hand there
must be no overlapping of figures and no excess of observed lines beyond those necessary to secure a double determina-
tion of every length, except that in a four-sided central-point figure one of the diagonals of the figure may be observed.

. . . . D—
2. Strength of figures.—In the chain of triangulation between base nets the value of the quantity R={~—7—

Z[8%,-+8485+6%] for any one figure must not in the selected best chain (call it R,) exceed 25, nor in thesecond best
(call it R,) exceed 80, in units of the sixth place of logarithms. These are extreme limits never to be exceeded. Keep
the quantities R, and R, down to the limits 15 and 50 for the best and second best chains, respectively, whenever the
estimated total cost does not exceed that for a chain barely within the extreme limits by more than 25 per cent. The
values of R may be readily obtained by the use of the following “Table for determining relative strength of figures in
triangulation.”

In the above formula the two terms DBC and [0 -+040p+06%)] depend entirely upon the figures chosen and

are independent of the accuracy with which the angles are measured. The product of these two terms ig therefore a
measure of the strength of the figures with respect to length, in so far as the strength depends upon the selection of
stations and of lines to be observed over.

In the following table the values tabulated are 5 [52A+3Ab‘n+823]. The unit is one in the sixth place of loga-
rithms. The two arguments of the table are the distance angles in degrees, the smaller distance angle being given at
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the top of thetable. The distance angles are the anglesin each triangle opposite the known side and the side required.
34 and 3g are the logarithmic differences corresponding to one second for the distance angles 4 and B of a {riangle.

The square of the probable error of the logarithm of a side of a triangle is %(Gf“‘) ?—5-9 Z[0% 4 0a0p+H0%], in

which d is the probable error of an observed direction. D is the number of directions observed ina figure and C'is
the number of conditions to be satisfied in the figure. The summation indicated by X is to be taken for the friangles
used in computing the value of the side in question from the side supposed to be absclutely known. :

Lo . . . D-C ) .
The strength table is to be used in connection with the values of 7 to decide during the progress of the

reconnoissance which of the two or more possible figures is the strongest and to determine whether a sufficiently strong
scheme has been obtained to make it inadvisable to spend more time in reconnoissance.

Table for determining relative strength of figures in triangulation.

10° |12°] 14| 16° | 18° | 20° | 22° 24°126° | 28°§30°| 35° | 40° [45° 50‘[55“'60"65“ 70°176

4011701120 | 00 1 70 165 [ 54 { 47 (41 |36} 3
4511721124 1 93 | 74 160} 50| 43 | 37 | 32 25 gg %% %g }g
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Some values ! of the quantity D;) €

Foracompleted quadrilateral, E%gff ==().60.

For a three-sided, central point figure, 1"91‘;;;4“0-50-
For a four-sided, central point figure, Ml—-f‘é::{}.ﬁ‘!.
For a five-sided, central point figure, y-%-g=0. 67.
For a six-sided, cenm:al point figure, 3—22%2=0.68.

For s four-sided, central point figure, with one diagonal also observed, 161'6'7=0.5G.

! The starting line Is supposed to be completely fixed and is not considered in computing the number of directions
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3. Lengths of lines.—No line of the primary triangulation outside of the base nets should be less than 6 kilo-
meters long. There is little if any advantage, in so far as accuracy is concerned, in making the lines much longer
than this. Therefore endeavor, in laying out the triangulation scheme, to use the economic length of line; that is,
endeavor to use in each region lines of such lengths as to make the total cost of reconnoissance, building, and triangu-
lation a minimum per mile of progress, subject to the limitations stated in these instructions.

4. Frequency of bases.—If the character of the country is such that a base site can be found near any desired
location 2R, between base lines should be made about 130. This will be found to correspond to a chain of from 15 to
35 triangles, according to the strength of the figures secured. With strong figures but few base lines will be needed
and a corresponding saving will be made on this part of the work. If topographic conditions make it difficult to secure
a base site at the desired location, 2R, may be allowed to approach but not exceed 200. There will be danger when
this is done that an intervening base may be necessary, for if in any case the discrepancy between adjacent bases is
found to exceed 1 part in 25 000 an intervening base must be measured.

5. Base sites and base nets.—In selecting base sites keep in mind that a base can be measured with the required
degree of accuracy on any site where the grade on any 50-meter tape length does not exceed 10 per cent, and that nar-
row valleys or ravines less than 50 meters wide in the direction of the base are not obstacles to measurement. The
length of each base is to be not less than 4 kilometers. In each base net great care should be taken to secure as good
geometrical conditions as possible. There should be no hesitancy in placing the base on rough ground, provided the
roughness is not greater than that indicated above, if by doing so the geometrical conditions in the base net are im-
proved. Each base net should not be longer than two ordinary figures of the main chain between bases. The base
net may also be strengthened by observing over as many lines between stations of the net asg can be made intervisible
without excessive cost for building or cutting. Caution is necessary in thus strengthening a base net by observing
extra lines to avoid making the figure so complicated as to be excessively difficult and costly to adjust.

COST OF RECONNOISSANCE.

The total cost of the field work, including Mr. Bilby’s salary and travehng expenses to the
field, was $1,995. As most ‘of the equipment of the party had been in use in previous seasons,
new articles cost the party only about $75. The cost of this reconnoissance per mile of progress
was $2.77, and is the lowest with which the writer is familiar. On page 168 of Appendix 4,
Report for 1911, and page 10 of Special Publication No. 11 may be found statements of cost
of previous reconnoissances. ) -

As . a proof of the accuracy of this reconnoissance, involving the selection of 97 stations
(main- and subsidiary schemes) in a triangulation 720 miles (1160 kilometers) in length, in
only two places was it necessary to alter the proposed scheme, one at the extreme southern
end and the other in the vicinity of Cheyenne.

An occasional obstructed line is to be expected, for the officer carrying on the reconnois-
sance is supposed to adopt such methods and make such selections of stations as to make the
total cost, including reconnoissance, erecting s1gna1s arid observing, a minimum. It is obvious
that the total would be greater if on the reconnoissance the officer spent enough time testing
each line to insure against every obstruction than if he took only the time necessary to make
it reasonably sure that only an occasional line must be abandoned or an occasional station
introduced into the scheme by the observing party. Besides, it is frequently the case that the
party building the signals can test any doubtful hnes, and thus avoid delays to the observing
party. :

The reconnoissance party obtained the geographlc locations of the stations by any means
available, such as estimated distance and compass bearing to a railroad station, topographic
maps, General Land Office maps, bearings on mountain peaks whose positions were known,
etc. Only such accuracy is required in the geographic positions of reconnoissance stations
as to enable the light keeper and observer to signal each other and to permit the computation
of the strength of the figures. As the work progressed the chief of party made sketches
showing the approximate location of the stations and the lines to be observed.

Descriptions of the stations were written which enabled the building and observing parties
and the light keepers to find the stations selected. They also gave information as to the
nearest water for drinking and cooking and for stock, nearest post office, railroad station, and
place where supplies might be purchased; also as to the best approach to the station, if it
were in a rough or rugged country.
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MEASUREMENT OF BASES ON THE ONE HUNDRED AND FOURTH MERIDIAN.

General statement—According to the strength of the separate figures of the scheme of
- triangulation on the one hundred and fourth meridian only two new base lines were necessary
besides the known length, Pikes Peak-Divide, a line of the transcontinental triangulation.
These two bases were located by the reconnoissance party at Ambrose, N. Dak., near the Cana-
dian boundary, and at Provo, in the southwestern corner of South Dakota, and were measured
by the observing parties with invar tapes in 1912. o : ‘

After the triangulation had been completed and a preliminary computation had been’
made, it was found that the length discrepancy between the Provo and the Ambrose bases was
only 1 part in 83 000. However, the discrepancy between the line Pikes Peak-Divide and
the Provo base was found to be 1 part in 13 500. A revised computation of the Provo base
made no change in the length given by the first computation, and a close inspection of the
computation of the old El Paso base and of the triangulation from that base to the line Pikes
Peak-Divide showed that no error in computation had been made there. After considering
all the facts the conclusion reached was that the discrepancy in length was probably due in
part to some systematic or constant error in the measurement of the El Paso base with the
base bars in 1878,* and also to accumulated errors in the triangulation between the Provo base
and the line Pikes Peak-Divide. '

It was therefore decided to remeasure the El Paso base with the invar tapes, and this
was done by Assistant C. V. Hodgson in the summer of 1913. A computation on the field
showed a change of 1 part in 59 000 in the old length of the El Paso base, but this change
still left a discrepancy in length between the El Paso and Provo bases of 1 part in 24 000.
This showed a rather large accumulation of error in the triangulation, and it was decided to
introduce an additional base in the scheme in the vicinity of Cheyenne, Wyo. This base also
was measured with the invar tapes, by Assistant Hodgson, in 1913. The discrepancies in
lengths are now: : :

Between the El Paso base (new length) and Cheyenne base, 1 part in 31 000.
Between the Cheyenne base and Provo base, 1 part in 40 000. ’
Between the Provo base and Ambrose base, 1 part in 109 000. .

Methods employed.—The following instructions for the measurement of the Ambrose and

Provo bases were issued to Assistants E. H. Pagenhart and C. V. Hodgson, the chiefs of the

two observing parties engaged on the triangulation on the one hundred and fourth meridian
in 1912:

~

) The two bases shown by the reconnoissance scheme, one at Ambrose and one at Provo, will be measured by the
observing parties during the progress of the triangulation. ’

Very little increase in the average accuracy of the lengths of the triangle sides in the triangulation connected
with a base will result from increasing the accuracy of the base measurement beyond that represented by a probable
error of 1 part in 500 000 in the length of the base. The following limits of accuracy are selected with a view of
attaining a probable error but little, if any, greater than 1 part in 500 000, You will strive to keep as far within these
limits as is possible by the use of good judgment and skill, but you will restrict the time and money expended upon
each operation substantially to that required to keep barely within them.

Four invar tapes are to be standardized at the Bureau of Standards, both before and after the measurement of
the bases. Each base is to be measured with three of these invar tapes used in daylight or at night. A base shall be
measured in sections approximately 1 kilometer in length, except that one shorter section may be used. FEach scetion
of a base shall be measured with at least two different invar tapes. Different pairs of invar tapes shall be used on
different sections, so that the three tapes used on the base shall thereby be thoroughly intercompared. Two, and only
two, measurements of each section shall be made, unless the discrepancy between these two measurements exceeds 20
millimeters /K (in which K is the length of the section in kilometers), in which case additional measurements must
be made until two are obtained which agree within this limit. The fourth invar tape standardized is to be retained
for use in case of serious damage to any of the three tapes with which the measurements would otherwise be made.

Such precautions should be taken to secure accurate horizontal and vertical alignment of the tapes and the
determination of the tension applied to the tapes as is necessary to insure that the errors arising from these sources
on a base shall each be less than 1 part in 1 000 000.

! For an account of the measurement of the E1 Paso base, see pp. 101-107 of the Transcontinental Triangulation, Special Publication No. 4,

ofthe U. 8. Coast and Geodetic Survey. A description of the bars used in the measurements will be found in Appendix 17, Report for 1880, pp.
341-345.
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On the Stanton base, in Texas, the wind blowing against the tapes which had only three supports caused some
trouble. The wind effect was made negligible on the Deming base measurements by using five tape supports. In
the measurements of the Ambrose and Provo bases either three or five supports may be used, but in no case should
the effect of wind on the length of a base be more than 1 part in 1 000 000. The wind when at an appreciable angle
with the direction of the base tends to draw the ends of the tape closer together, and thus introduces a systematic
error which makes the measured length of the base too long.

The remeasurement of the El Paso base and the measurement of the Cheyenne base in
1913 were made under the same instructions as the bases at Ambrose and Provo.

Standardization of tapes.—The tapes were standardized at the Bureau of Standards, at
Washington, D. C., both before and after the measurement of the Ambrose and Provo bases,
and again after the remeasurement of the El Paso base and the measurement of the Cheyenne
base. The length of the 50-meter comparator was measured with iced bar B,; just before and

.after the comparison of the tapes with the comparator. In the determinations at the Bureau

of Standards the tapes were used in practically the same manner as in the field. They were
supported at the ends and at the middle point with all three supports in a straight line. Two
thermometers were attached to each tape about 1 meter from the graduation mark at each end,
and the fixed tension of 15 kilograms was applied. The tapes were suspended under the end
microscopes of the comparator, using the cut-off cylinders for the end supports. For a full
description of the standardization of base tapes, see pages 115-119 of Appendix 4, Report for
1907.

_The same set of tapes has been used for all the primary bases measured since the season of
1906. These tapes have been standardlzed six times and the results are shown in tables on

pages 25 and 26.
AMBROSE BASE.

This base was located by the reconnoissance party in 1911, to the northwest of the town
of Ambrose, in northwestern North Dakota. Its connection with the scheme of triangulation
is shown on illustration 12 at the end of this volume. Ambrose northeast base is identical
with triangulation station School of the International Boundary Survey.

The land is level and comparatively smooth, and at the time of the base measurement all of
it was covered with short prairie grass except some sections which had been under cultivation.

Organization of party.—The Ambrose base was prepared for measurement by Signalman
J. S. Bilby, who was assisted by some members of the triangulation observing party of Assistant
E. H. Pagenhart. The setting of stakes began on May 11 and was finished on the 15th, the
actual measurements with the tapes was done on three days between May 16 and 20, and on
May 25 the field computation of the results was completed. Nine persons were engaged for all
or part time upon the preparation, leveling, and tape measures. The party lived in tents while
engaged on the measurement of this base. )

Division of the base.—The base was divided into three main portions, the first extending
from Northeast base to the end of the third kilometer, the second from the beginning of the
fourth kilometer to the end of the seventh kilometer, and the third from the beginning of the
eighth kilometer to Southwest base. The total length of the base is 10 479 meters. Each of
the three main divisions was measured at least twice in opposite directions with different tapes,
and a different pair was used on each division in order to obtain an intercomparison of the three
tapes used in the measurements. Each of the main portions was in turn divided into kilometer
sections. ‘

The following table shows the divisions of the base with the tapes used on each and the
approximate length of the divisions.

Division. | 'I'spesused. é‘f‘?ig%’ng_f
Numbers. Meters.
No.1.....| 516and 517 301
No.2.....| b5l7and 521 4000
No.3.....; 516and 521 3479
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The descriptions of the location and markings of the base ends are given on page 124.

Apparatus used.—As stated above, the same invar tapes have been used for measuring the
“primary bases since the compaign of 1906, when six primary bases were measured with both
steel and invar tapes. After those measurements it was decided to discard the steel and do
ell primary measuring with thé invar tapes. This decision has been justified by the results
obtained.

These invar tapes are 50 meters in length and are similar to those described on pages 111-
113 of Appendix 4 of the Report for 1907. The stretcher and other minor parts of the base
apparatus were of the same types as those described on pages 149 and 154 of Appendix 4 of the
Report for 1910 and are shown in illustrations 4 and 5 of that publication. The reel used for
the invar tape is shown in illustration No. 1 of this publication.

Setting stakes and measuring.—The method of setting the stakes on which the tape is sup-
ported while making the measurements and the method of carrying on those measurements
are rather fully described in the three publications of this Survey giving the results of base
measurements in recent years. They are Appendix 1 of the Report for 1901, Appendix 4 of
the Report for 1907, and Appendix 4 of the Report for 1910. It is not necessary to go into
the details of the methods here. Any one or all of those publications may be obtained free of
cost by application to the Superintendent of the United States Coast and Geodetic Survey.

On all of the bases measured on the one hundred and fourth meridian only three supports
for a tape were used, as the wind on many days was found to be light and to have a negligible
effect. When the wind was strong no measurements were attempted.

Equations of tapes.—The equations of the tapes, furnished by the Bureau of Standards
and resulting from the standardization in March, 1912, are:

T516=50m+( 9.573mm+0.029mm)~+(0.0178mm £0.0007mm) X (£ —26.8° C);
T17=50m4-( 9.960mm £0.022mm) 4 (0.0160mm £0.0007mm) X (t—26.9° C);
T501=50m+(10.124mm - 0.021mm) +(0.0205mm £ 0.0008mm) X (£ —26.8° C);
Ts29=50m-4-(10.988mm £ 0.017mm) - (0.0614mm 1-0.0011mm) X (t —26.8° C).

The equations of the same tapes, furnished by the Bureau of Standards and resulting from
the restandardization in January, 1913, are:

Tie=50m-+( 9.556mm+0.016mm) at 23.3° C;
T =50m-~( 9.953mm:0.016mm) at 23.3° C;
T =50m-+(10.077mm 4.0.016mm) at 23.3° C;
Ti2e=50m~-(10.793mm £0.016mm) at 23.83° C.

The determination of the coefficient of expansion of each of these tapes was made by the
Bureau of Standards in January, 1909. Tape No. 522 was carried to the field, but was not
used in the measurements.

The equations resulting from the January, 1913, standardization, reduced to the tempera-~
tures of the March, 1912, standardization, are:

- Toe=50m-+( 9.618mm=+0.016mm) at 26.8° C;
T517=50m~+-(10.011mm3-0.016mm) at 26.9° C;
T'591==50m+(10.149mm-0.016mm) at 26.8° C;
T'ygo=50m~(11.008mm +0.016mm) at 26.8° C.

The adopted equations of the tapes used in the final computations of the Ambrose base are:

Ty14=50m-( 9.582mm-£0.012mm)+(0.0178mm -+0.0007mm) X (t—26.8° C);
T p=50m—+( 9.970mm £0.014mm)-+(0.0160mm £ 0.0007mm) X (t—26.9° C);
T g3 =50m+-(10.129mm £:0.007mm) +(0.0205mm - 0.0008mm) X (£ —26.8° C).

These values are based upon the assumptions that the difference between the lengths as
given by the two standardizations are actual differences in the lengths (that is, that the stand-
ardizations were made without error), and also that this change had taken place gradually and
ab a uniform rate from March, 1912, to January, 1913, the dates of the two standardizations.
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In order to compare the lengths of the tapes, the results of the two standardizations are
given in the following table: :

Mar., 1912, T5=50m—+( 9.573mm+0.029mm) at 26.8° C; v=0.023mm;
Jan., 1913, T5e=50m-+( 9.618mm£0.016mm) at 26.8° C; v=—0.022mm.

Mean=9.596mm

Mar., 1912, Ty,=50m--( 9.960mm40.022mm) at 26.9° C; v=-+0.026mm,
Jan., 1913, T;;=50m~-(10.011mm+-0.016mm) at 26.9° C; v=—0.025mm.

Mean= 9.986mm

Mar., 1912, Ty =50m+(10.12dmm+£0.021mm) at 26.8° C; v=-+0.012mm,
Jan., 1913, Ty, =50m-4(10.149mm+0.016mm) at 26.8° C; v=—0.013mm.

Mean= 10.136mm

-

Mar., 1912, Ty, =50m--(10.988mm +0.017mm) at 26.8° C; v=-0.010mm;
Jan., 1913, Ty =50m-+(11.008mm +0.016mm) at 26.8° C; v=—0.010mm. -

Mean= 10.998mm

Five of these residuals are smaller than the probable errors of the standardizations, and.
. in no case do they exceed these probable errors by an appreciable amount. Therefore it is
reasonable to suppose that between the standardizations the tapes underwent no permanent
change in length and that the differences were due to errors in the standardization itself.
This shows that a straight mean of the results of the January, 1912, and March, 1913, stand-
ardizations could have been used in making the computations of the two bases without intro-
ducing any error as great as the probable error of the standardization of a tape, which is on an
average less than 1 part in 1 000 000.

Reduction to sea level.—The elevation of Ambrose Northeast base, as given by a con-
nection with the spirit leveling along the international boundary, is 623.521 meters. The
mean elevation of each section of the base was obtained from the leveling which was run for
the purpose of getting the inclination corrections necessary to reduce the measures to the
horizontal.

The formula used in reducing the base to sea level is

: Y SR £
C= —S;; +S;5-—SF, ete.,
in which C'is the reduction to sea level for a section of length § and mean elevation %, and 7 is.
the radius of the earth’s curvature for the section in question. The reduction to sea level for
each section of the base is given in the following table in the column headed ‘Reduction to
sea level.”

Results of the measurement.—The results of the measurement of the Ambrose base are given

in the following table:

The Ambrose base line.

Tempera-~
ture (cen-
Di tigrn(de). Correc-
: rec- tionto| oo | Grage | Tape | Reduc-|Reduced| Adopted
Seecti Dateand | tion |Tape Weather and length | set- | correc. corrléc- tion to | lengths | lengths | v
ection. hour. of | No. wind.! R, | Mean|for tem-| S0 | 500" | Son sea | of sec- of ) .
meas- ¥, | cor- | pera- . g "+ | level. { tions. | sections.
ure., or |rect-] ture.
83| ed.
May, 1912, .
18, 8:10 W | 517/ C,LE x| 7.20—0l063|— 0 0395|—0! Ts02]-+0rTo9al —o-00c0| 999 8078 goo”o o | 54l Ti7h
. _ :10a. m. D . 2|—0. - 0. -0, . —0.096 . X 3. .
LN B 52008 0N W | S G LEW | B | 26300000 o.cara—o. 150a1+0. 116 0. 006s) o0o.ooas)y 299- 9009 {5 11-38
18, 8:45a.m.| W | 517| G, LE...... R | 8.9{-0.0058/— 0.0072|—0.2346|-+0. 1994/—0.09G8 999. 8550 +2.3 5.2
11, 20-40........ (6 Saonm| W S G B B | 23080008 0 00r0i=0: 3540l 01816/ =0:cocs) oov:ssae) o99-so7ai{*3:3) 528
18, 9:25a.m.| W | 517/ Cy, L E..... 8 | 10.8/—0.0052|+ 0.0185/—0.1056/-+0. 1994/—0. 007611000, 0095 +L1f L2
T, 40-60....... 16, 850a.m.) E | 816| C, L STi..... R 20:3=0: 00541 0:0a871=0; 1056-10: 19261 —o: o97el10co; ora7| 1000 ovoef{ £ 13| -3}

} These letters represent the lollowing: C, clear; Cy, cloudy; L, light; M, moderate; NE, northeast; SE, southeast; BW, southwest; E, east;.
P Cy, partlv cloudy.
These letters, R, F, and 8, indicate whether the temperature was rising, falling, or stationary.
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The Ambrose base line—Continued,

Tempers-
‘ ki
Di- e). | Correc-
tion to Redue- | Reduced | Adopted
rec- RIS Set-up | Grade ;| Tape
Section, Dateand | tion [Tepe Weather wndl | Mean fgﬂa%lb or et | correc. correc- ti‘;?&m 13?5223 lengths |y | vy,
hour. | of |No.| = wind. b cor- | pore- back. | ton. | ton | youe) | tions, | sections.
or | reg Aure, .
ure. 8. ] ed.
o, ¥ | 12.4/—0"0ss] 0 0000|—0'0748|-+0. 1994 —0.0us2lt000. 0218l | Fo 73"{;;
517 Oy, LR..... 40,0046 0.0000/—0. . 1094]—0. s bl o
“ IV, 60-80. ... a0 | ¥ | 520 Py, LNE]| R | 14.0-0.0052/— 0.0019—0,0748{ +0.2026| 0. 08521000, 0225 j1000.0222{F 551 659
10s5a.m.| W | 517 Oy, LE.....| B | 11.8—0.0048]+ 0.0480—0.1073]-+-0. 1994/ ~0. 0986|1000. 0367 +0.7) 0.49
V,80-100... 0000 é%, 2a5p.m.| E | 891 %Yéy,LNE. S | 16.4/~0.0043/+ 0.0458|—0. 1073|+-0. 20260, 0986|1000 0382 }1900- 0374 {-—0.8 0.64
18,1130 6.m.] W | 517 G, LE...ooe R | 14.6/—0.0039/4 0.0017}--0.1061|--0. 1901 —0.0000l1000. 0821 +0.5] 0.25
VI, 100-120. ... - 20, gi05p.m.| B | 821 G LNE. L 8 | 14.8)—0.005014- 0.0905 —0, 1061|-0, 2025| 0. 0990 moo.o:a:n}1"0"-"8“}8 {—o. 0.25
18, vospom.| W | 517 H,LSE....| & | 18.0—0.0035\+ 0.0760|~0.2600--0. 1904/—0.0992] 900. 9127 +2.3 5.29
VIL120-140.... {38’ sospim.] B | 521 H,MBE..L.| § | 17.4—0.0038/+ 0.0777|—0. 26000, 2026| -0, 0562 939.9173} 999. 9150 {«2..; 5.26
20, 5:05p.m.] W | 521 PCy, LNE. T | 14.2—0.0052+35. 6425|~0. 1364--0. 2026|—0. 1032]1035. 6003 +0.5] 0.25
VL uo-e0.. (o0 SERD Tl £ | Bl POV LNE.| F | 7.8|=0.005| 130, 6300 0. 16|10, 1916 —. 1032 1035, 601z, 1035- 6008{ TO-3) 655
20, 5:40p.m.] W | 521 Cv, LNE...] 8 | 13.4-0.0055| 0.0000/—0. 10860, 2026| 0. 1005] 999, 8950 +0.9) 0.81
X, 160-80..... 00 TR0 M| T | 16 Gy, LNE.L| T | '6.0.0001+ 0,038, 0. 1086/, 1910—0. 1005| oo. 3090} 29%-8980{ T30l 5o
20, 635 pom. W | 521l Oy, LNE...| ¥ | 13.6/—0.0054 6.0000|—0. 2006!--0.2026]0. 1011| 999, 7055 —0.3] 0.00
X, 180-200........ {20j 79%5p.m.| E | 516 CY, LNE..]l 8 | 10.6/—0,0058)+ 0.0109|—0.4006]--0. 1916| -0, 1011} 090 7050\( 999.7052 10.20 0.04
gsp.m-| W | 821 Oy, LNE...| B | 12.8-0.0000— 5.8370~0.0602)+0.00i2—0.051) 441. 1403 W02 0.04
X1,200-8.W.3 . {201 75p.m.| E | 518 Cy,LNE...| F | il 31 —0.0024|— 5.8318 ~«0 0602|140, ossz‘l—o 0451 444, Mﬁ?} 41885 Lo'al gloa

The length of the Ambrose base=10 479.1774 4+ 0.0035 meters.

The logarithm of this length is 4.0203272 + 1.

This probable error of the length corresponds to 1 part in 3 029 000.

The computation of the probable error was made in a manner similar to that described
on pages 160-161 of Appendix 4 of the Report for 1910.

Cost of Ambrose base.—The cost of preparing and measuring the Ambrose base was about
$500. This amount includes the salary or pay of each person while engaged on this base, and
such other expenses incurred as were not properly chargeable to the triangulation. It does not
include any traveling expenses of the members of the party to the field, or the costs of any
~ articles of outfit. The length of this base was 10.5 kilometers, hence the cost per kilometer

was about $48, or $77 per mile.

If there be included $200 for the cost of one standardization of the four tapes (see p. 15),
and also about $40 for the cost of making the final computation at the office, then the total cost

of the base to the Government would be about $740. ThlS is at the rate of about $70 per
kllometer or $113 per mile.

" PROVO BASE.

This base line was located in the southwestern portlon of the State of South Dakota, near
Provo railroad station and village.

The ground over which the base pa,ssed is gently rolling, with some gulches, none of which
were too wide to be spanned by a 50-meter tape. Except in one case the grade of a single
tape length was not greater than 5 per cent. The land was free from trees and clear except
for sagebrush over about 3 kilometers. This brush was only about 15 inches high and the
line through it was easily cleared. Only a small portion of the land along the base had ever
been under cultivation.

Organization of party.—As on the Ambrose base, the building party prepared the Provo
base for measurement. There were six persons in all engaged on this work, and the total time
consumed was seven working days, between August 23 and 30, 1912, mduswe. '

The observing party of Assistant Hodgson, aided by Mr. Bilby, was engaged on the measure-

ment betwoen October 3 and 8, 1912. Including five hands, the obbervmg party consisted of
a total of seven persons.
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Division of the base.—As in the case of the Ambrose base (see p. 10) this base was divided
into three parts, each of which was measured twice in opposite directions with different tapes.
The measurements were so planned that it was possible to obtain an intercomparison between
each two tapes used.

The following table shows the divisions of the base, with the tapes used on each and the
approximate length of the divisions:

Division. Tapes used. I&‘[‘glgs';g; f
Numbers. Meters.
No. 1 516 and 521 5000
No. 2 517 and 516 5000
No. 3 521 and 517 4550

The descriptions of the location and markings of the base ends are given on page 119.

Apparatus used.—The same tapes and other apparatus which were used on the Ambrose
base were used at Provo. (See p. 11.)

Setting stakes and measuring.—Three stakes were used for each tape length, one at each end
and one in the center. The measurements were made in the same way as on the Ambrose base.
(See p. 11.) The wind effect on the Provo base was negligible.

Equations of tapes.—The equations of the tapes as determined in March, 1912, and January,
1913, are given on page 11, and need not be repeated here. -

The adopted equations of the tapes used in the final computation of the Provo base are:

Ty5s=50m-+ ( 9.605mm £0,014mm)~+ (0.0178mm--0.0007mm) X (t—26.8° C);
Ty7=50m~+ ( 9.996mm +0.016mm)-+ (0.0160mm£0.0007mm) X (t—26.9° C);
T =50m-+ (10.142mm £0.008mm) (0.0205mm.+0.0008mm) X (¢ —26.8° C).

These values were based upon the assumptions that the difference between the lengths,
as given by the two standardizations, were actual differences in lengths (that is, that the stand-
ardizations were made without error), and also that this change had taken place gradually and
at a uniform rate from March, 1912, to January, 1913, the dates of the two standardizations.

Reduction to sea level.—The elevation of Provo west base, as given by a connection with a
line of precise leveling running through Provo,is 1177.19 meters. A double line of spirit levels
was run over the base for the purpose of getting the grade corrections and the mean elevations
above sea level of each section. The correction to reduce to sea level was computed by the
formula shown on page 12, and is given for each section in the column headed, “Reduction to
sea level” in the following table.

" Results of the measurement.—The results of the measurement of the Provo base are given

below:
The Prove buse line.

t’I‘empera-
c -
Di- argt;&(d:)n Correc-
rec- ! tionto | go Grade | Tape |Redue-|Reduced Adopted
Section Dateand | tion (Tape/Weather and length | o- setI-J correc. co;’;l()zc- tion to | lengths | lengths | o | oy
. hour. of | No. wind.t R, | Mean/for tem-| 3.0 tion t sea of sec- of :
meas- F’ cor- | Pera- M . OLL. | Jevel. tions. | sections.
ure, or | rect- ture,
8.2 ed.
Oct., 1912.
° m m m | m m m m mm | mm
LW, 13.-20 7,it00a.m..| T | 516/ C, M W..... 8 | 17.8—0.00321+ 0.1982/—0.2306/-+0. 1921, —0. 1834 999.9731 } 099.9753(+2:2| .84
> We B2l 7,100a.m..| W | 521 C,MW.. .. R | 16.6/—0.0042/-+ 0.1928|—0.2306|-+0. 2028| 0. 1834| 999.9774 - Zo.1| 441
7,1135a.m..| T | 516/ C,MW..... S | 16.7/—0.0036!-+10. 9175 —0. 1695|+0. 1921|—0. 18211010, 7547 _lrv2.8 520
1, 2040 {7 950 mo.| W | 521 G L SE.L. R | 13.6/—0.0055/+10.9136|—0. 1695|-+0. 2028 —0. 1821/1010. 7593 }1010- 75‘0{_2.3 5.20
7, 1:20p.m..| B | 516/ PCy, MNW| F | 16.3—0.0037{+ 0.0874/—0.0730(+-0.1021|—0. 1782/1000. 0246 +2.5] 6.25
111, 40-60.......... {7, 8:50a.m..| W | 521 C, L BE..... R | 10.0—0.0069]+ 0.0843|—0.0730}-+0.2028|—0. 1782(1000. 0295 }1000-0271 {_2. 4| 5.76
7, 1:50p.m..| I | 516} PCy, MNW| S | 15.6/—0.0040+ 0.0745—0.0604|-+0.1921!--0. 1768[1000. 0254 +1.8 3.24
1V, 60-80......... D i IR C,LEE... R | 830 0076/%. 0. 0710)—0.0604|+0. 2028/ 0. 17681000 o200y 1000- 0272{ F 1'&] 553

SB s 1 g}l;gz&zletters represent the following: C, clear; Cy,cloudy; P Cy,partly cloudy; O, calm; L,light; M, moderate; W, west; NW,northwest;
7, sou . :

2 These letters R, F, and S indicate whether the temperature was rising, falling, or stationary.
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The Prove buse line—Continued.

B W
fare o
Di- tigrade), |Correc- )
Section, D%tg‘ﬁ e and {é):ﬁ 'Il‘gge We%vt}ﬁ% and . t%%%éi %gzgg gg‘;‘gg Qrgg};g ﬁég:t?) Ilzgx!?{et%d [l\e(%?i? v | ve.
mesns- ¥ 1 ooen pera- back. | tlon. | tlen. | 1oh | Yions, | sections.
ure, or’ rect- ture.
.
Oet, 1912. ° mn m m m m m m min | mm
Visoto0.... 5 TR W | S| SR 8 15g-0 000k 00408 :8:%%32;1“8:%3%& 0. 1760 00 sotg) 909-3209( 13 1
VL1004, B 3000 B B 308000~ 0.0000 0 11701 1ogm 01700 . Buseh g sogol(+0-4) 0-10
vinee-uo... G R R W | e S E W 8 0.5/ 0028 0: O ;-0 199010, 175 bo goor)y o09.ois0lf 33 44
Vi, w60 (S QR0 & | G EW e 17.3{0.0009 0. 5308/=0-10481+0. 1999 0. 1770 0. anegl} veo.s00( 38 800
IX, 100-180.... (S FOR- B | HHG LW 4800003 O o840, a0a--0. 1606 -0. 1754 o0, Timo)f 0w mori+1-8 3-89
Kot SRER] W | B GIWI] B | B0l 0.0l-0 s e om0 1 o95.s0sy | o90-5080/ 03 004
Xt A SRURT W S @S B | Ry 0 0.0t tisleo dio 1 o e wwn.ces0 {19 355
Xtz 3 SRR W | B S Sw & | 2y g s+ 00 202200 L0 0 174 oo 5580 00, saogl{ 28 841
I 200200 (3 G .| W | B Gaewo| B | g dmg 0 000000 3nus 107008/ 0: 1740 300,745} 00w raarl( =21 4.0
X1V, 28080, SR a o] W | S &N | 10.8-0 0 0.0 00880 1. Tonei 0.7 500 2L oon. ooz 0.8 061
XV, :0-m. 8. G SR a ] & | B S LAV B %%:%:3:38%‘%8:3&2%:3:3%3& i&ﬁ%&&&%@%l 223:%%%}550'20491@%:3 hoh

The length of the Provo base is 14 559.2511 +0.0046 meters.

The Jogarithm of this length is 4.1631300 4 1.

This probable error of the length corresponds to one part in 3 165 000.

The computation of the probable error was made in & manner similar to that deseribed on
Pages 160-161 of Appendix 4 of the report for 1910,

Cost of the Provo base.—The cost of preparing this base and making the measurements was
about $525. This includes all salaries, but there was nothing charged for traveling expenses
or outfit, '

As the base is 14.5 kilometers in length, the field work cost at the rate of about $36 per
kilometer. If to the above amount is added one-half the cost of the two standardizations of
the four tapes (the cost is 850 to anyone not connected with the Government for the fundamental
standardization of a base tape by the Bureau of Standards), and also about $40 for the cost
of making the revised or office computation, the total cost will be $765, a rate of about 853 per
kilometer, or $35 per mile. This low cost was due in part to the absence of traveling expenses
and any unproductive period before or after the preparation and the measurement of the base.

EL PASO BASE, DISCUSSION OF OLD MEASUREMENT.

This base was located in 1878 by former Assistant O. L. Tittmann (now superintendent)
on the eastern slope of the Rocky Mountains, in El Paso County, Colo., shout 30 miles (48
kilometers) east-northeast of Pikes Peak. The middle point of the base
latitude 38° 58" and longitude 104° 31, The length is about 11} kilometers,

The base was measured by the party of Mr. Tittmann between August 7 and September 4,
1879, once forward and once backward, with the 6-meter contact-slide steel rods Nos. 3 and 4.
The methods employed in the measurement of this base and the re
Pages 101~107 of Special Publication No. 4, The Transcontinental

1s in approximate

sults obtained are given on
Triangulation.
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Length of the contact-slide rods Nos. 3 and 4.—It is stated in the above-mentioned publica-
tion that these rods were compared at the survey office with the standard iron 6-meter bar
No. 1 just before and just after the measurements in the field. The length of bar No. 1 was
obtained from comparisons with six steel meter bars especially constructed for the purpose.
The coefficient of expansion of bar No. 1 was determined by extensive observations made in
1860. An account of these observations is given in Appendix 26 of the report for 1862.

The observations in 1877 for the length of the 6-meter standard (No. 1) consisted in the
first place of intercomparisons of the six steel meter bars (Nos. 1, 12, 13, 19, 28, 35) and of bar
No. 19 with the committee meter; and, secondly, of comparisons of length of the six 1-meter
bars (joined together) with the 6-meter bar (No. 1). In these comparisons several thermometers
were used and their readings were corrected for index error and defects in graduation. The
‘average temperature during the comparisons was about 74° C. The resulting value of the
length of 6-meter bar No. 1 was 5.9999547 +25 at 0° C.

The value derived from a comparison in 1860 was 5.9999407 +8 at 0° C.

An additional value for the length of 6-meter bar No. 1 was obtained from comparisons
made in 1882 at the survey office with a 5-meter standard to which was joined a single meter
bar, both of known length. This value was 5.9999461 446 at 0° C. For the final value of
6-meoter bar No. 1, the weighted mean of the three values of 1860, 1877, and 1882, with their
respective weights 4,1, and 4, were taken. The resulting length of the standard was 5.999949 + 3
at 0° C.

A comparison in May, 1879, of the 6-meter contact-slide rods Nos. 3 and 4 with standard
No. 1 gave the following results: '

Length of No. 3=6.001076+5 at 17.28° C.
Length of No. 4=6.001142 44 at 17.28° C.
A second comparison, made in November, 1879, gave the following lengths:
Length of No. 3=6.000514 +4 at 7.74° C.
Length of No. 4=6.000476 +4 at 7.74° C.

Before using the El Paso base length in the computation and adjustment of the trans-
continental triangulation it was decided to redetermine the coeflicients of expansion of these
rods. This was done in 1897, and the resulting coeflicients were:

For 6-meter bar No. 3=0.00001149.
For 6-meter bar No. 4=0.00001141.

The lengths of the bars at the mean temperature of the two standardizations and at
0° C are:

No..3 at 12.°51 C=6.000795 m. or at 0° C=5.999933 m.
No. 4 at 12.°51 C=6.000809 m. or at 0° C=5.999953 m.

These are the final lengths used in the computations of the El Paso base.

Since the question of the degree of accuracy of this base measurement is an important
one, it is believed to be advisable to reproduce here the table on pages 104-106 of Special Pub-
lication No. 4, which gives a summary of the forward and backward measurements of the base.

Section measures of the- El Paso base,

; Mean y Mean
empora- | WMPeIa-| N, of | Corrected | Corrected i
s ture F. | ture F. . ? 7 Difference
Section marks. (average)| distance, distance Mean. 1.
cor;gg_ted, colr)r;c];?d, bars. forward. | backward. {rom mes
ward. ward,
° o m ' m m 'm;n 0
East base to A (day)....... 57.41 |oceennn.t. 240. 01450 .3
East base to A (night)..... 57,38 [.evnennnnn 40 L01309 {3 .ecnnen .. 240.01311 0.02
D . 59. 79 . 01174 1,37
3 198, 02356 0.26
%1 198.02533 | 198.02382 1.51
198. 02257 1.25
222. 03368 1.60
74 | SO 222.03385 | 222. 03208 1.76
222, 02872 3.36
204. 02329 0.32
L1 ) SN 204. 02571 | 204.02361 2,10
204. 02182 L79
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Section measures of the Bl Paso base—Continued.

Mean ¢ Mean
tempera- { tempera- No.of | Corrected | Corracted
ture F. | ture F. ; y istance, Mean, | Difference
St mats, st fanprcten | (16060 disance, | distance, from
for- back-
ward, ward.
y y ' T " 00 2 %3(}90 mg}m
. 64, 18 75.61 46 | 276.03080 | 276.031 76, X
g %’3 % . 54,29 66,71 33 | 19800420 | 198.0036% | 198.00399 0.30
FtoG. 63,01 72, 44 35 1 210.01698 | 210,02012 | 210.01854 1.58
GioH. L12 77,69 21 19202778 | 19202788 1 192.02783 0,05
Htol.. 80, 45 78, 84 87 | 222.04679 ;. 22204399 | 22204539 1.40
TH0 0. cieereemmnnneann .| 88.96 68,72 30 | 234.06044 | 23405621 | 234.05832 2.11
JtoK..... .. g 8234 61.63 30 | 180.02254 | 180.02120 | 180.02101 0,62
Xtol..... 73.68 34 203.98348 | 203.98378 | 203.98363 0,15
Lto Ridﬁ. 74,47 83, 44 36| 215.07432 | 21597716 | 215,97674 1.42
Ridgeto M. 60, 10 74. 74 B41 200,98383 | 203, 98487 1 203, 98438 0.50
M to N... 84.99 82. 80 37402009 | 174.02008 | 174, 02000 0.01
N0 Q... T1.00 85, 27 32 ) 19200614 | 102.00253 | 19200433 1.81
Ot0P..... 62,44 81.02 34 00622 | 204, 00438 0.92
PtoQ.ccocerucnnnn... 58.20 76. 99 341 203,97600 | 203.97706 | 203.97608 0.08
QtoR.. ... 69. 25 82.50 371 222.02792 | 22202639 | 92202716 0.77
Rio8..... 78, §6 84,43 204,03384 1 204, 03109 03247 1,37
8 to 8 65, 7 86, 37 40 1 230.99341 | 939.99571 | 9230, 99456 L1
Signal 76,98 86.34 34| 20402239 | 204.02165 | 204.02902 0.37
TtoU... 84.91 88, 65 341 20404262 | 20404120 | 904, 04101 0,71
Uto V.. 94.15 82,22 34| 204,04907 | 20404668 | 204, 04832 1.65
VioW...... 67.34 T1.54 341 204.03006 | 204.03242 | 904 03169 0.73
WitoX. .o 6. 91 87,06 341 204,02070 | 204.03318 | 204 03144 1,74
P70 ST 75,15 84,87 341 20401104 | 204.01162 | 204.01133 0,29
Y40Z .o cieananaan... 82,47 81.43 84 | 204.04171 | 204, 204, 04132 0,40
ZioGulch..oovo. ... 87.16 77.20 31| 186.05404 | 186, 05522 05508 0.14
Guleh to Range. 61,01 69,70 44 1 264.00555 | 264.00800 { 9264.00797 1.72
Range to Dot. 7160 60,43 34 1 204.03400 | 204.03406 | 904, 03452 0,43
Dot to Spring. 79.23 86, 42 24 1 144.00645 | 144,00720 | 144 00687 0.42
Bpring to R 80. 808 82.30 83 | 19B.01723 | -198.01803 | 10%.01763 0,40
Road . ... 49| 20400815 1 204,00508 | 204.00662 1.53
82 | 192.02830 | 192.02421 | 192, 02625 2. 04
37 222.00404 | 222.00468 | 299, 00466 0.02
321 102.03881 1 192.03636 | 199, 03758 1.2
35 1 21002544 | 21002297 | 210.02100 1.2
341 203,99345 | 203.99205 | 203,99275 .70
34 203.99583 | 20300445 | 903.00514 0,68
351 210.02995 | 210.02866 | 9210.02031 0.64
35 | 210.03734 | 210.03546 | 210, 03640 0,94
84| 203.98730 | 203.98855 | 203, 98707 0, 58
85 ) 209.97726 | 200.07842 | 200.07784 0.58
41 | 246.03364 | 246803364 | 246, 03364 0.00
28 | 107.94530 | 167.94447 | 167.94488 0,41
24 | 143.90069 . 143.9908% | 143.99070 0.10
40 { 230.96706 | 230,06538 | 230 05628 0,83
36 0.00583 | 210.00477 | 210, 00530 0. 58
36 | 215.95311 { 215.95004 | 91595202 1,00
34 | 203.08544 | 203.08431 | 203. 98488 0,56
36 | 215.07800 | 215.97683 | 215.07746 0.63
20 ) 173.97449 | 173.97361 | 173.97405 0.44
B [ 2
BRI 258, 91586 || 208 21285 331
........... 288, 21127 L7

The length of the base as measured with rods is 11 292.8231 meters.

] The reduction to
sea level is 3.6467 meters; therefo

re the length of the base reduced to sea level is 11 289.1764 +
0.0150 meters. Since the length, as brought through the triangulation from the Provo base to
the Kl Paso base, differed from the above value by one part in 13 500, it was decided to remeasure

the El Paso base, and, if necessary, to insert an additional base in the one hundred and fourth
meridian triangulation.

. The length of the El Paso base reduced to sea level, as measured in 1913 with three invar

tapes, is 11 288.9852 meters. (Seep.22.) There appeared to be no uncertainty whatever in
the recovery of. the end_s of the’ base, nor was there any uncertainty in the recovery of ths
marks of the triangulation stations Pikeg Peak, Divide, and Bison, the stations in or near the

El Paso base net, from which the one hundred and fourth meridian triangulation started. Con-

sequently, the difference between the new and old measures of the El Paso base must be due

to systematic or constant errors in one or both measures.
A careful study of the results of various standardizations of the same set of invar tapes (see
table on p. 25) makes it seem reasonably certain that there is no constant
length of any group of three tapes as great as one part in 500 000. Th
Bureau of Standards in determining the length of the 50-
time the iced bar has been compared directly with the p
48310°—14—9

error in the mean
he iced bar is used at the
meter comparator, and from time to
rototype meter held at that bureau.
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Moreover, the measurements on the field with invar tapes give a very small probable error for
the result. There seems to be nothing which could cause a large systematic or constant error
in the field measurements. The possibility of a blunder in reading setups and setbacks or in
obtaining the grade corrections is almost entirely eliminated by making independent measure-
ments in opposite directions and by leveling in both directions over the tape supports to deter-
mine the differences in elevation. Any error which is likely to occur in reading the temperatures
of the tapes will have only a very slight effect, owing to the extremely small coeflicient of expan-
sion of the metal of which the tapes are made. Therefore it seems probable that the error is in
the early measurement of the El Paso base with the bars.

That the error in this measurement is not due to the effect of accidental errors alone is
indicated by the small differences of the individual measures from the mean of two or more
measures of a section, as shown in the last column of the above table.

The error in the length of the base, by the bar measurement, is probably due to the stand-
ardization of the bars or to differences between the true temperature of the bars and that read
from the thermometers during the field measurements.

Errors of standardization.—The bars used in the field were compared directly with standard
bar No. 1. That bar in turn was compared with six especially constructed meter bars and with
a 5-meter and a 1-meter bar, all of which had been compared with the committee meter. The
length of the latter standard was obtained from comparisons with the international prototype
meter. Each one of the bars mentioned above, except the prototype meter, was an end measure.
Itis believed that the general experience has been that it is impossible to obtain as great accuracy
in comparisons with an end-measure standard as with a line-measure one. No doubt there was
an error of appreciable size in the lengths of bars 3 and 4 due to this fact. Again there were
doubtless appreciable errors in the values of the lengths of bars 3 and 4 due to errors in the
observed temperatures during the various comparisons. The metal was steel and the tempera-
tures of the various bars were obtained by reading thermometers placed near them.

Temperature errors in the field measurements.—Assistant C. A. Schott, on page 106, of
Special Publication No. 4, made the following statements:

The forward and backward measures of the subdivisions were frequently made with greatly different average
temperatures, yet when we compare their respective sums we find 11 292.8331' meters and 11 292.8157! meters, shovvmg

the small difference of 17.4 millimeters.

The matter as to whether the thermometers indicate the true temperature of the rods has been inquired into,
and it seemed as if the rods were lagging somewhat behind the thermometer indications, but there are so many excep-
tions to this that no satisfactory result (numerical value) could be deduced.

A comparison between the day and the night measures of the first four sections, as given
in the above table, shows that the latter always gave shorter lengths. The average difference
between the two is about one part in 75 000. This difference could have been caused by an
average temperature 1.2° C. lower than the average recorded temperature. It is probable that
the thermometers did not record the temperature of the bar with a high degree of aceuracy,
even at night, consequently the systematic error due to erroneous observed temperatures in
the El Paso base measurements may be somewhat greater or less than one part in 75 000.

Other sources of error.—Errors in the alignment of the bars would affect the results in -a
systematic manner, making the length too great, but as the alignment was carefully made the
total effect could only be very small in amount. The errors made in observing the slope of
the bars might be systematic on account of a possible index error in the sector attached to the
outside of the rods, but the effect would be of the opposite sign in the second running which was
made in the opposite direction. The settling of the bar supports down the grade could not have
caused any appreciable error; first, because the slope upward from east to west was only about
16 meters per kilometer on an average; and, second, because any effect of settling while running
up a slope would be counteracted by the effect while running down. The effect of the errors
made in bringing the rear end of one bar in contact with the forward end of the other is no
doubt very small as the errors in making the contact are accidental in character. The errors

1 Not reduced to sea level.
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made in transferring the ends of a bar to the ground mark at the end of a section, or possibly
at other points, were very small and should have been accifiental in character.

There is a possibility of movements in the upper portion of the earth’s crust between the
dates of the first and second measurements which might change the distances between any two
given points. However, this could probably not happe.n to any appreciable extent, such.as
one part in 60 000, on a line of triangulation without serious earthquake shocks, none of which
have been noted in recent years in the vicinity of the El Paso base, or the stations Pikes Peak,
Bison, and Divide.

After this discussion of the various possible sources of error in the old measurement of
the El Paso base, the question at once presents itself: To what degree are other primary bases
measured with bars unreliable? This question is a very difficult one to answer.

There was only one other primary base line measured with 6-meter bars Nos. 3 and 4
(those used on the El Paso base) and there are very few bases which were measured with single
rod bars. Most of the bar measurements of primary bases were with various kinds of com-
pensating bars. In a number of cases these were used in connection with steel tapes with very
accordant results. The bar and tape measurements of the Holton base agreed within one part
in about 340 000, as given in Appendix 8 of the Report for 1892. Also in the measurement
of the nine bases on the ninety-eighth meridian with steel tapes and the duplex base apparatus,
as given in Appendix 3 of the Report for 1901, the measures agreed on an average within one
part in about 140 000. '

In the writer’s opinion, it may safely be assumed that there are very few primary bases in
the United States with actual errors in their lengths as great as one part in 59 000, the difference
between the bar and invar tape measures of the El Paso base. It is believed that by far the
greater number of primary bases measured by bars have a much smaller actual error. The
uncertainty of the length of a line in a section of primary triangulation between bases, due
- entirely to inaccuracies in the angle measures, is that represented by a probable error of about

one part in 80 000. Therefore, if the actual error in the length of a base is comparable in size
with the probable error of a line of the triangulation due to angle errors, then there is no great
decrease in the accuracy of the lengths of the triangulation due to the error in the length of
the bases, it being assumed, of course, that the actual errors of the bases would vary in sign.

BASE MEASUREMENTS IN 1913,

EL PASO BASE.

On July 7, 1913, Signalman J. S. Bilby began the preparation of the El Paso base for
remeasurement in compliance with instructions from the superintendent, directing him to do
all the work on the base except the actual tape measurements and to cooperate with Assistant
C. V. Hodgson in that operation. Mr. Hodgson in the meantime was engaged in organizing
and outfitting a latitude party for work on the one hundred and fourth meridian.

Mr. Bilby completed the stake setting and leveling over the base on July 22, 1913, and the
tape measurements were made on four days, between July 16 and 20, inclusive. The results
of the measurements were obtained and telegraphed to the office on July 23. As the result did
not give a satisfactory agreement with the length as brought down from the Provo base through
the triangulation, Messrs. Hodgson and Bilby were directed to locate and measure & base in the
vicinity of Cheyenne, Wyoming, and to connect it with the main scheme of triangulation.

Methods used.—The instructions issued to Messrs. Hodgson and Bilby were similar to those
regarding the Ambrose and Provo bases (see p. 9), and the methods employed in making
the measurements were the same as those used in all measurements of primary bases in recent
years. (See p.11.)

Standardization of tapes—The tapes had been standardized in January, 1913, by the
Bureau of Standards, in connection with the Ambrose and Provo bases, and it was decided
that no additional determination of the lengths need be made before sending them to the field
again in July of the same year. (See also p. 10, under heading ‘‘Standardization of tapes.”)
A restandardization, for the purpose of checking the lengths of the tapes as used, was made at
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the Bureau of Standards in October, 1913. The results of these standardizations are given
under the heading ‘‘Equations of tapes,”’ below.

Size of party.—During the preparation of the base, Mr. Bilby had in his party five tem-
porary hands. For the measurement the party consisted of Messrs. Hodgson and Bilby, the
recorder of the astronomic party, and the five hands mentioned above, eight persons in all.

The party lived in a camp pitched close to the base line, in order to make a mlmmum
amount of traveling in going to and from the work.

Diwision of the bases.—There were, as usual, three main divisions in the El Paso base, the
approximate length of each being shown in the table which follows. Each division was measured
at least twice in opposite directions with different tapes, and a different pair was used on each
division in order to obtain an intercomparison of the tapes.

Division. Tapes used. I&?l‘}?sti};;’_f
Numbers. Meters.
No. 1 516 and 517 4000
No. 2 516 and 521 3990
No. 3 517 and 521 3300

The descriptions of the ends of the base, with the monuments used to hold the points, are
given on page 128 of this publication.

Apparatus used.—The tapes which had been used in measuring the bases at Ambrose and
Provo were also used on the El Paso base. The tape stretcher and other apparatus were similar
to the ones used on those bases. (See p. 11.)

Stake setting and measuring.—As the wind was found to be light most of the time while
preparing the base, it was decided to use only three supports for a tape length, one at each end
(the marking tables or stakes) and one at the middle. - Very little trouble was encountered on
account of the wind. The measuring was done in the usual manner. - (See p. 11 of this
report and also p. 154 of Appendix 4 of the Report for 1910.)

Equations of tapes.—The equations of the tapes furnished by the Bureau of Standards,
resulting from the standardization in January, 1913, are:

Ty e=50m+( 9.556mm+0.016mm)-+(0.0178mm +£0.0007mm) X (t—23.3° C); .
Ty =50m+( 9.953mm +0.016mm)+(0.0160mm +0.0007mm) X (t—23.3° C);
Ty =50m-+(10.077mm £0.016mm) +(0.0205mm £ 0.0008mm) X (t—23.3° C);
Tspy=50m~+(10.793mm 4-0.016mm)+(0.0614mm 4-0.0011mm) X (t—23.3° C).

The equations of these same tapes, furnished by the Bureau of Standards, resulting from

the standardization in October, 1913, are:
T516=50m-( 9.724mm=+0.020mm) at 28.9° C;
Ty =50m~+( 9.978mm+0.017mm) at 29.0° C;
T =50m-+-(10.205mm £0.018mm) at 28.9° C;
T'520==50m4-(11.128mm +0.020mm) at 28.9° C.

The standardization was made under the same conditions of suspension and tension as
during the field measures, that is, three supports and 15-kilogram tension.

In order to compare the lengths of the tapes obtained by these two standardizations, one
before and one after the measurement of the El Paso and Cheyenne bases, the following tabu-
lation has been prepared, giving the results of the two standardizations all reduced to the
temperatures of the first standardization:

Jan. 1913, Ty =50m~+49.556mm+0.016mm; v=-0.034mm .
Oct. 1913, T} ,=50m-9.624mm==0.020mm; v=—0.034mm

Mean=9.590mm

Jan. 19183, T,,,=50m+-9.953mm+0.016mm; v=—0.033mm
Oct. 1918, Ty;=50m-+9.887mm £0.017mm; v=-0.033mm

Mean=9.920mm

Jan. 1913, T, =50m--10.077mm+0.016mm; v=--0.007mm
Oct. 1913, Ty =50m-10.090mm £0.018mm; v=—0.006mm

Mean=10.084mm
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The lengths of the tapes as given by the January, 1913, standardization had been used
in computing the lengths of the El Paso and Cheyenne bases, and those lengths had been used
“in the adjustments of the trianguintion on the one hundred and fourth meridian before the
October, 1913, values of the tapes became available. The mean length of the three tape.s
used in the measurement of the El Paso and Cheyenne bases as given by the January standardi-
zation differed only 0.005 millimeter, or 1 part in 10 000 000, from the mean length as given
by the standardization in October, 1913. So it was decided that the results by the first stand-
ardization were satisfactory, and the second values were considered only as checks. (See p. 25
for a tabular statement of the values of the tapes resulting from the standardizations for the
years 1009 to 1913, inclusive.) If the mean of the values by the two standardizations had
been used, the probable error of the base would have been changed slightly, but the length of
the base would not have differed by as much as 1 millimeter.

Reduction to sea level.—The elevation of the top of the monument at El Paso west base,
as determined by spirit leveling, is 2167 meters. The average elevation of each of the sections
of the base was obtained from spirit levels run in both ways over the tape supports to get the
grade corrections. The corrections to reduce the various sections to sea level are shown in
the table which follows. It is certain that the above elevation is correct within 1 meter, and
therefore the reduction to sea level is not subject to any appreciable error.

Corrections to spring balances.—In the table of the results of measurement is a column
headed ““Correction for erroneous tension,” in which is given a correction to the length of each
section of the base due to index errors of the spring balances used. Inadvertently, the observer
did not have his attention called to the fact that the index errors of the balances sent to the
field had not been corrected. He used one balance as a standard when the index read exactly
15 kilograms. It was learned later, when there were sent to the Cheyenne base additional
balances which had no index error, that the standard balance at the El Paso base had an index
error of 338 grams. This made the actual pull on this balance, while it was being used as a
standard, only 14.66 kilograms instead of 15. After-the effect of this difference is applied the
resulting length is free of error from this source. '

Results of remeasurement.—The results of the remeasurement of the El Paso base are given
in the following table: '

The El Paso base line.

Tempera- : 8 E’ E I
ture (cen- *% § . ;9; -?;
. tigrade). 8 3] = 2 2
e 5 5 % et -
g ‘Weather and ke gog 4 g & u;oi g E _2
. i S 5 k) 8
Section. |Dateand hour, B wind.1 %) 2B & & kS <% E E" i
] @ E =& ? B 8 g® g = §
8|3 ol I 5 g E 1 s 2 2 9
1~ il 4
£l NI T T T - T - - (- O
A= g a & @ <] 3] &1 [ [ < > 5
July, 1913,
° m m m m m m m m mm | mm
+ Bgo, (20 9:458.m.| W | 516 Cy, LSE....| R | 18.90.0016+0.0110/~0.0723 0. 1911|~0. 0105 0. 3130 008, 804700, s 00| 0.00
LE.B-20..%1g) 9:45a.m.| E | 517 Cy,88...000 R | 288/+0,0019|~0.0097| 0. 0723(+-0. 1991|—0. 0013|—0. 3130| 999, 8047|1999 8047 { 0.0} 0.00
90, 10:25 6. m.| W | 516] Cy, L S...... 8| 18.9|—0.0016-0.0053)~0. 0916{-+0. 1911'—0.0105/—0.3141] 999, 8686 L6 2
I, 2040....{16j 9:00a. m.| E | 517] Cy, §8....0. 8 | 27.3|+0.0013|-+0. 0784|—0. 0016|-+0. 1991|—0- 0013|—0- 3141 999.8718}999'8702{i1.6i X
11:05 2. m.| W | 516! Cy, L 8...... 8 | 19.1/~0.0015/-+0.0836|—0. 2350]--0. 1911|-0.0105/~0.3158| 999.7110 RAEW
111, 40-60... {"{g; @208, m.E |57 Oy, L8.T100 S | 26.7)30.0011)4.0.0081 |0, 2359|+0. 1901 |0, 0013 —0. 3158] 999, 71391}999- 7121 {t}.zj ¥
15 p.m.| W | 516| Cy, L 8. ..... S | 18.2|~0.0018-+0. 1027|—0. 1224 -+0. 1011 |—0.0105—0. 3177|999, 8414 6 2,
1v, 60-s0....[{T3 ‘T0 | 1 | 517| ) L SWIIT| R | 25.4|0.0007)+0. 0861/ -0, 1224| +0. 1091 ~0.0013| 0. 3177 999.8445}999-3430{tl1.5‘1 5%
408.m.| W | 521 POy, L W...| R | 18.2/—0.0021/-+0.0488|—0. 1356/-+0. 2015/—0. 0012|—0. 3196| 990.7018 —1.0/ 1.
v,so—mo...{}g; Sl & | 16| PCy LE.]| S | 23| 0.0000]-+0.0644|—0. 1356+-0. 1911 ~0.0105| 0. 3196 999.7898}999'7908{+%.0; XA
20 2. m. ofl PCy, LW...| S | 19.8/—0.0015] 0.0000|—0.0945/--0.2015/—0.0012/—0.3215 999, 7828 - .61 :
VI, 100-120.{{57;1 o200 m. | W o Cy, LSE..0| S | 24:2|+0.0003|+-0.0148—0.0945/+-0. 1911|—0.0105| —0. 3215 905, 7707(1999. 7812 {+}.5.\ R
7, 7108, m. 21| P Cy, LW...| R | 20.8/~0.0010|—0. 6844|—0.1562]+-0. 2015|—0.0012|~0.3205| 090.0382 0.0| 0.00
vigesso. |l T3S B0 W | 56l Gy B s | 22.21-0.00041—0. 6654 —0. 15621+0. 1911/—0. 01051 0. 32081 000, 03s111%0-0382i{ .51 801

B oo

1 These letters represent the following: C, clear; Cy, cloudy; P Cy, partly cloudy; O, ealm; L, light; M, moderate; S, south; W, west;
east; SW{ southwest; SE, southeast. s .
2 These letters R, f«‘, and S indicate whether the temperature was rising, falling, or stationary.
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The El Paso base line—Continued.

) wn . . =
Tempera-, B 5 & &
t;lre %en— -E g 5 ..5.
. igrade). | & ] = 3 k=t
g a5 | . 5 &) 2 | &
. e S d . g a @ a
Station. [Dateand hour.| § Weather and |22 2 % g §§ 2 2 2
t—r * Q ey 2
o . . 8 =253 2 ] 8 = 5 ]
e S1ElE |8 | 5| 8|2z |35
g|= 518 1% 2 b e | ¥ g 8 2
2| e F; a 3 = - @ & =1 =] (A
g8 |§|E |2 | E |85 (3| 8 |2 :
A& klE |38 @ S & IS & ™ < v | B
Jaly, 1013,
17, 7:45 W { 521] POy, LEW..| 8 | 21 8l—010006|+-0. 0486|—0 1815+-0 3015 —0. 0012l —0 3261|996, 7407 S
45 8. m. y - . 8[—0. +0. —0. +-0. 2015(—0. 0012/—0, 3261 3 ~1. 3
VIII,140-160 {1s§ 8558, m.| E | 516 Cy, Oeennenns F | 17.71—0.0019]4-0.0664)—0. 1815+0. 1911{—0. 0105 —0. 3261] 999, 7375 }999' 73911417 6| 2.56
17, 8458.m.| W | 517 POy, LSW..| S | 23.1—0.00011+0.0075/—0. 2237)+-0. 1091)—0. 0013|—0. 3288 099, 7427 1.7} 2.89
IX, 160-180. {17§ 240p.m.| E | 521| Cy, LW..... 8 | 5 8/70.0000/1-0. 0073 —0. 2297]+-0. 3015]—0. 0015|—0. 3988|906, 7451299 74448 X1 7 559
17, 9:%5a.m.| W | 517) PCy, LSW..| 8 | 24.0/40.0002|—2. 8474|—0. 342640, 1991|—0.0013|—0.3307| 996.6773 +1.7) 2.89
X, 18"‘20‘)'-{17: 210p.m.| E | 521| Cy, M S...... S | 25.1]--0.0007|—2. 8471|—0. 3426|--0. 2015|—0. 0012 —0. 3307| 996. 6506 }996'6790 {—1.6 2.56
17,10:208. m.| W | 517) C, LSW..... S| 25.5/40.0007]40.0323|—0. 3459]--0. 1991|—0.0013{—0.3351| 999. 5498 +1.4] 1.96
X1, 200-220.1317) 1135 8. m.| E | 521| C, L SE.. ... R | 27.6|+0.0018|+0. 0315(-0. 3450]+-0. 2015/ —0. 0012|—0. 3351 099 5526 J990. 5512 {-1 4] 196
XTL,220-W. (7 Uidse. m W o171 G, 0o E | 20.41+0.0008 4. 83151-0.8560 +0.0507|-0.00031 0. 1030) 304. 481000, y5151(—0.5) 0.00
B! 17,11:2%5a.m.| E | 521 C, 0,000 S | 26.7|+0.0008+4. 8300|—0. 3566|-0. 0605/—0. 0003|—0, 1030] 304.-4310}y°0% 4313\ 0’3} 0. pg

The length of the El Paso base is 11 288.9852 +0.0031 meters.

The logarithm of this length is 4.0526549 £ 1.

This probable error of the length corresponds to one part in 3 642 000.

The probable error was computed in a manner similar to that described on pages 160-161 of
Appendix No. 4 of the Report for 1910.

CHEYENNE BASE.

When it was found that the new length of the El Paso base did not agree closely with the
computed length as carried through the triangulation from the Provo base, it was decided to
introduce a new base in the one hundred and fourth meridian triangulation. (Seep.9.) After
making s reconnaissance, Mr. Bilby located this base in the vicinity of Cheyenne, Wyo. He
also selected several triangulation stations at which horizontal directions were later observed
for the purpose of connecting the base with the main scheme of triangulation. See illustrations
at the end of this volume.

Organization of party.—The preparation of the base for measurement was made by Mr.
Bilby with the assistance of five temporary hands employed in the vicinity of the work. = The
preparation and leveling over the base occupied the time between July 28 and August 6, 1913.

Upon the completion of the above work, Mr. Hodgson, who had been engaged upon latitude
observations since the completion of the measurements of the El Paso base, moved to the
Cheyenne base and carried on the actual tape measurements with the cooperation of Mr. Bilby.
The measuring party consisted of Messrs. Hodgson and Bilby and six hands. The actual tape
measurements were made on two days only, August 8 and 10. ‘

Divisions of the base.—Like the other bases on the one hundred and fourth meridian, this
one had three main divisions, each of which was measured twice in opposite directions with
different tapes. Each division was measured with a different pair of tapes in order that an
intercomparison of the three tapes used might be made.

The following table shows the divisions of the base, the tapes used, and the approximate
length of each division:

Division. Tapes used. I(‘ﬁglgs?gnd
Numbers. Meters.
No.1 516 and 517 2000
No. 2 517 and 521 2000
No. 3 516 and 521 2652
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The descriptions of the locations and permanent monuments at the base ends are shown
on page 117.

Apparatus used.—The same tapes were used on the Che_yenne base that had been used on
the Ambrose, Provo, and El Paso bases. (See p. 11.) The other articles of apparatus were
similar in character to those used on those three bases.

Methods employed.—The base was measured in the same manner as the others on this arc.
Since the wind was not found to be troublesome, only three supports were used for each tape
length, one at each end and one at the center point. (See p. 11)

Standardization and equations of tapes.—On page 20, under the same heading, are given the
equations of the tapes used on the Cheyenne base as furnished by the Bureau of Standards.
As on the El Paso base, the equations of the tapes resulting from the standardization in January,
1913, were used in the final computations of the base. The results of the second standardiza-
tion were not available when the computation and adjustment of the one hundred and fourth
meridian triangulation was begun. After the results of the second standardization were received
it was found that the average difference between the two standardizations was only 1 part in
10 000 000 which was negligible. .

Reduction to sea level.—The elevation above sea level of Cheyenne west base as determined
by trigonometric leveling is 2074.20 meters. The average elevation of the various sections of
the base was determined by a line of levels run over the base in opposite directions for the
purpose of obtaining the grade corrections. The correction to sea level for each section is
shown in the following table. Since the uncertainty in the adopted elevation of West base is.
less than one meter, the corrections shown in the table for reducing the measured lengths to
sea level are free from any appreciable error from this source. ‘

Corrections to spring balances.—Like the table of results of the remeasurement of the El
Paso base, the table for the Cheyenne base also contains a column of corrections for erroneous
tension. The discussion on page 21 states that there were sent to the Cheyenne base spring
balances which had no index error. These did not arrive, however, until after the measure-
ment had been completed. Therefore, corrections similar to those explained for the El Paso
base, must be applied to the results for the Cheyenne base.

Results of measurement.—The results of the measurement of the Cheyenne base are shown
in the following table:

The Cheyenne base line.

Tempera- : 8 ) 3
et £ : 2| &
8). 3
P grade). | g £ g g $
5 s | 4 | 4 el s |3 3
. o . -3
Bection. |Dateand hour. g We%:ikﬁ?{_f‘nd g E‘g .§ 8 g &3 4 é) :gn
3 - 5123 & |5 8| & | B 5
2|3 < E g8 = 8 g E g g o L
S|z 5 S L=} ° S 8 3 g B 3
1% ol e | 8 & 2 -3 g 2 = )
518 ‘| 8 | § = | 8| & | & 3 8 3 :
Aala dl= )8 & S & 3 & ] = 5 | B
Aug., 1913.
ol m m m m m m m mm | mm
10, 4:15 a. m.. E | 517 C,0.......... ) 19, 0 —0, 0014|4-0. 0776]| —0. 3750} +0. 1991|—0, 0111|—0. 3234| 099. 5658 —2. 0!
I, W. B.-20. { 8 9:250, m..| W | 516 C, S§W....0 R | 25 4]0, 0008|+0. 0788 —0. 3750, +-0.1911|—0, 0105 ~0. 3234 999. 5618}999‘ 5638 {+2.0 00
: 10,4:358. m..| E | 517 C, O.......... S | 18.6'—0.0015|-+0. 0917 —0. 4632{-+0.1991| —0. 0111|—0. 3205 999, 4945 ~1.2
11, 20-40......{{ 8 8550, m..| W | 518 € MEW. 8| 2 2l+o. 0003|+-0. 0046) 0 4632| -0, 1911 —0. OL0S|—0. 3208|900, 4023 |999- 4933 {Fig ba
10,5150, m..| B | 5211 C,0.....c.... R | 19.2.-0.0017|-+0. 0575 —0. 2186| +0. 2015/ —0. 0101|—0. 3185 g90. 7101 -
11, s0-60... {15 36 & M-o| w | 51 O LWL R | 25,2 0.0000| 0. 0565 —0. 2186/ +.0. 1091| —0. 0111 —0, 3183, 990, 70v8l}09°" s {13 Lo
10,540 8. m..| E | 521| C,LNW S | 19.1/-0.0017]-+0. 0809 —0. 4054|-+-0. 2015|-0. 0101|—0.3175 999, 527 -
v, 60-80.. {10 S0 o Bl | 517| O/ L 8W. 1L R 22 9‘—0. 0001-+0. 0807 —0: 4054/ 0. 1991/ 0. 0111|~0. 3175|990 5237, [9%0- 5267 {70 L6
10, 8:100.m.| E | 516 C,LNW..... $ | 20.0'—0.0012]+0. 0506/—0. 3876/-+0. 1911|~0. 0105|—0. 3168 990, 5256 .
V, 80-100. ., {101 10500 m.| W | 821 €8 NE...... R| 2. s‘.+o. 0002|--0, 0424| — 0. 3876+-0. 2015{~0. 0101|—0, 3168 999, 5236}999' 52’“{38 s
10, 8:408. m.| E | 516 C, L NW.....| B | 20.8—0.0009|+-0.0894| —0. 1769 4-0. 1911 —0. 0105|—0. 3160 909, 7
VI, 100-120.14167 10120 . m_| W | 521 G, M NE.. - F| 2 8‘1+o. 0002)+0. 0819|—0, 1760 0. 2015 —0. 0105 —0. 3160 00, Taod 1900. 7784 {f%jg o8
VII, 120 |(10, 9:35a.m.| B | 516 C, L N....... R | 21.8—0.0003+3.0353(—0.1086+0. 1242 -0, 00680, 2050| 652, 8370 0
B B..... {1oj 10:00 8. m.| W | 521] C, L NE... F| 22 s‘l—o. 0001} +3. 0286 —0. 1086|-+0. 1310, —0. 0066|—0, 2050| 652, 8382 }652- 8380 {toﬁé 0,08

' These letters are used to represent the following: C, clear; O, calm; L, light; M, moderate; S, strong; N, north; NE
west; SW, southwest,

, northeast; NW, north-
3 These letters, R, F, and 8, indicate whether tho temperature was rising, falling, or stationary,
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The length of the Cheyenne base is 6650.4367 4-0.0028 meters.

The logarithm of this length is 3.8228501 4 2.

The probable error of the length corresponds to 1 part in 2 367 000.

The computation of the probable error was mado in a manner similar to that descmbed on
pages 160-161 of Appendix 4 of the Report for 1910.

The length of the El Paso base, as computed through the triangulation from this measured
length of the Cheyenne base, is now shorter than the measured length of the El Paso base by
1 part in 30 800. Since the adjustment of the triangulation between these bases gives small
corrections to directions, the accidental errors therein are not sufficient to account for this
discrepancy in length. The difference, therefore, must be due to some systematic errors in
the triangulation.

One of the causes of the discrepancy between these bases may be the elevation of the
surface of the geoid above that of the ellipsoid, although the effect of this is not large enough
to cause the total difference stated above.

An attempt to show the geoid contours in the United States was made on illustration
No. 17 of the United States Coast and Geodetic Survey publication entitled ¢ The Figure of the
Earth and Isostasy from Measurements in the United States,” but the area within which these
contours were drawn is very limited in extent. In the vicinity of the El Paso base the geoid
contour is marked 32 meters. It is impossible, of course, to tell what will be the number for
the geoid contour at the Cheyenne base which is in southeastern Wyoming, but as the geoid
contours seem to conform somewhat to the topographic contours, it may be expected that the
number at the Cheyenne base will be between 24 and 30 meters. These contours of the geoid
should not be considered as giving anything more than relative elevations above the ellipsoid
for the initial point used in constructing the geoid contours was given a value of 10 meters, in
order that negative values might be avoided.

If the difference between the geoid elevation at the Cheyenne and El Paso bases is 8 meters,
arelative error of 1 partin about 800 000 would result. If the reduction to sea level at Cheyenne
were considered correct then the reduction at Kl Paso would be in error by 0.014 meter. This
error would make the El Paso base as measured too long. This agrees in sign with what is
shown by the compaiison of that length with the one brought through the triangulation from
the Chevenne base. However, there must be some other cause for the difference of 0.367
meter between those twd bases.

The average elevation of the geoid above the spheroid along the transcontinental triangu-
lation, as indicated by the illustration in The Figure of the Earth and Isostasy from Measure-
ments in the United States, is about 12 meters (after subtracting 10 meters, the assumed
elevation of the starting point). Therefore, the average error in the measured lengths of the
base lines along that arc caused by the elevation of the geoid surface is 1 part in about 500 000.
Although this error is constant in its effect, it-is practically impossible to apply a correction for
it, owing to the fact that available data showing relative geoid elevations are very limited, and
that no data whatever as to the absolute elevation of the geoid above or below the surface of
the ellipsoid are available. . '

Cost of the El Paso and Cheyenne bases.—The total cost of the measurement of these two
bases was $980. In addition to the cost of labor, materials, etc., this included the salary of
Mr. Bilby from the time he reached Colorado until he left for Work on reconnoissance, one-half
of his traveling expenses and those of Mr. Hodgson from Washington to Littleton, Colo., and
the salary of Mr. Hodgson while not on his latitude work. The cost per base was $490 &nd the
cost per kilometer was $55, both bases being considered. The office computation of the two
bases took the equivalent of 22 days of one computer, with a cost of $105. The Bureau of
Standards makes a charge of $50 for a fundamental standardization of & base tape; therefore
to get the total cost of the bases to the Government the cost of two standardizations of four
tapes, $400, should be added to the field expenses and the cost of computation.

t The cost of one of these standardizations was charged to the Provo and Ambrose bases but 13 included here also to make the total cost
comparable with that of the other bases.
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The total cost of the bases was $980 +$105 + $400 =$1485; this is $742 for each base, and
at the rate of $83 per kilometer.

While the measurements were being made at the Cheyenne base, the party also observed
horizontal directions at the base ends and at the two stations Waddill and Whitaker for the
purpose of connecting the base with the main scheme of triangulation. The work on the base
was only slightly interrupted by these operations. The stands used at Waddill and at Whitaker
in 1912 were still in place, so it was only necessary to place stands at the base ends, which required
very little lumber. As nearly as the writer could determine, the cost of the additional work of
connecting the base with the main triangulation scheme was only about $130. The observing
was done at night on signal lamps. i

Summary of tape values.—The following table shows for each of the four tapes the length
as determined by six different standardizations, the probable error of each determination, the
mean of the tesults from the six standardizations, and the residuals. The values given are for
the lengths of the tapes when resting upon three points of support and subjected to a fixed

tension of 15 kilograms. In order to make the values comparable, they have all been reduced
to the same temperature, namely, 21.2° C.

Values of tapes with three supports at temperature of 21.2° C.

To16= Tsy=
Date of standardiza-
tion.
50m+ v 50m4- v
mm -mm mm mm  mm mm

January, 1909........ 9, 542:+0.017 —0.044 9.73540. 018 +0. 081
May, 1909.... 1 9.454£0.028 +0. 044 9.782+0.025 +0. 034
March, 1910.. 9.415+0.017 -+0. 083 9, 738+0. 015 +0. 078
March, 1912.. 9.473+0.029 +0.025 9. 869+ 0. 022 ~0. 053
January, 1013 9.51940. 016 —0.021 9.919:£0. 016 —0.103
October, 1913.. 9. 587+0.020 ~0. 089 9.85340.017 —0.037

9.498 9.816

Ton= Toor=
Date of standardiza-
tion.
50m+ v 50m-- v

mm_ mm mm mm  mm mm
January, 1909........ 9. 765040, 018 +0.175 10. 5434:0. 019 -4-0. 068
May, 1909............ 9.8350. 021 ~+0. 090 10, 5660. 024 +0. 045
March, 1910... ... 9.878+0.015 -+0.047 10, 503 4-0. 018 +0.018
March, 1912.......... 10, 009 0. 021 —0.084 10, 64440, 017 —0.033
January, 1913........ 10.0340.016 -0,109 10. 664 0. 016 —0. 053
October, 1913........ 10, 0470, 018 —0.122 10, 65510, 020 —0.044

9.925 10.611

The above table gives very valuable data as to the constancy of the lehgths of the invar
tapes. The total ranges for four years in the values of the various tapes are:

Tape No. Total

range. Proportion.
mm

TLo1g.c--ee.| =0.1727| 1 part in 290 000

To17eseanen.| =0.184 1 part in 270 000

Tsneeenn...| =0.297 1 part in 170 000

Tigeneenna.| =0.121 1 part in 410 000

The differences in length between the values resulting from the first and last standardiza-~
tions are:

Tape No. Range. Proportion.

Ti6e-venn-- 1 part.in 1110 000
Ts17-.. 1 part in 420 000
Togtencensns 1 part in 170 000
Toogevenven-s 1 part in 450 000
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Each of the tapes was longer at the time of the last standardization than at the first one,
the average increase being 0.143 millimeter, or 1 part in 350 000. These changes are within
the possible effect of the accidental and constant errors of standardization, except in the case
of Ty,,. That tape shows a continuous increase from January, 1909, to October, 1913, but the
maximum change in the length of this tape between any two consecutive standardizations is
only 0.131 millimeter (March, 1910, to March, 1912), or 1 part in 380 000. The maximum
change between two consecutive standardizations for T, is 0.088 millimeter, or 1 part in
570 000; for Ti;; it is 0.131 millimeter, or 1 part in 380 000 (the same as for T,,); and for
T, it is only 0.051 millimeter, or 1 part in 980 000.

The following table is similar to the preceding one, except that the values given are for
the lengths of the tapes when resting upon five points of support. The common temperature
to which these values are reduced is 26.8° C.

Values of tapes with five supports at temperature of 26.8° C.,

Ts16= Tos1r=
Date of standardiza-
tion.
50m-+- v 50m-+ v
mm  mm mm mm  mm mm

8y, 1909.....0..ou.. 12, 44640. 026 +0. 002 12, 81740, 026 -+0.031
March, 1910 eev.{ 12.37040.017 -+0. 078 12,768+0. 015 +0. 080
March, 1912..........] 12.399+0,014 +0. 049 12, 8574+0.017 0. 009
January, 1813........ 12,48240.021 —0.034 12,938+0.017 ~0. 090
October, 1913........ 12. 543+£0.019 —0.095 12, 8624:0. 018 —~0.014

12,448 - 12,848
Tym= Toze=
Date of standardiza-
tion.
50m+ v 50m-- v
mm mm mm mm_mm mm
May, 1909............ 13.055:£0. 021 -+0. 106 14,051:£0.020 -+0.018
March, 1910.......... 13. 066 £ 0. 015 -+0. 095 14,029+ 0, 017 +0.040
March, 1912..._......] 13.195+0.019 —0.034 14,059+0,017 -+0.010
January, 1913........ 13,234+0.017 —0.073 14,115:4+0.021 -0, 046
October, 1913.._.._... 13.257+0. 016 —0. 096 14,089+0.017 ~0.020
13,161 14. 069

The above table is shown in order that the values obtained in the past for the lengths of
the tapes with five supports may be available for purposes of comparison with the values which’
may be determined in the future under similar conditions. It is probable that the invar tapes
will be supported at five points whenever a base is measured in a locality subject to strong and
.constant winds.

The values in this table result from the same standardizations as those shown in the table
.on page. 25. The changes in the lengths of the tapes between the standardization in May,
1909, and October, 1913, while on five supports, are in each case smaller than when supported
at three points. ,

Tape T, was carried to the field by each party measuring the bases on the Texas-California
arc and on the one hundred and fourth meridian, but in no case was it used in the measurements.
In fact, it was never unreeled in the field. Therefore any change in length of that tape has been
due to other causes than those incident to the use of tapes in the field during measurements.

The data in the above tables indicate a remarkable constancy in the values of the lengths
of the tapes, considering the fact that three of them were used in the field in the measurement
of six bases, totaling about 156 kilometers of single measures (including remeasuring of certain
sections), about 52 kilometers for each tape. It may be stated also that the invar tapes are
not so susceptible to injury during field work as was supposed to be the case soon after their
introduction. Each of the base parties which used the tapes under discussion, with the excep-~
tion of two members, consisted entirely of men unskilled in the use and treatment of tapes.
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‘The members of each party were cautioned to use every care in handling the tapes, but even
80 it seems remarkable that none of the tapes have been injured. . .

Rapidity of base measurements.—The following table shows the speed attained in the meas-
urements of the four bases. The times given are the hours of actual work, including the time

spent in changing tapes and in placing the copper strips on the end stakes, but not long delays
such as the stops for luncheon:

- Ambrose base. Provo bose.
Kilome-~ Kilome-
Date. Pime. | Distance.] ters per Date. Tims, | Distance.| ters per
hour. hour.
1912, B om km 1812, h m km
May 16 2 55 3.00 .03 Oct, 3 7 15 12.00 1.66
18 5 40 8.00 1.41 6 00 10, 00 1.67
20 5 15 9.90 1.89 8 3 35 7.10 1.98
E1 Paso base. Cheyenne base.
{
1813, B om km 1913, hom km
July 18 3 00 4, 00 1.33 July 8 2 30 4,00 1.60
1?7 7 35 10.60 1,40 10 5 00 9,30 1.86
18 3 05 4,00 1.30
20 2 4‘0@ 37
The average speed for each of the four bases is:
Kilometers
per hour,
AMBIOBE DASC. ittt i e iaieairmenecerer e eeareeraearaneatnaearann 15
Provo Dase.. ...t e e reeaeaecnee. @ emraeme e 1.73
L B Y To S <7 T S 1.36
Cheyenne base. ... e ie et 177

The speed attained on other bases measured with invar tapes is given on page 151 of
Appendix 4, Report for 1907, and on page 170 of Appendix 4, Report for 1910.

Tapes v. Wires—1It is only necessary to touch briefly on the use in some other countries of
steel or invar wires in the measurement of bases. Excellent results have been obtained with
them, but in the opinion of the writer the tapes are more easily handled than the wires. It is
always possible to detect a twist in the tape, but the wire may have a twist without detection
during the field measures. Also the wires may be injured during reeling, while there is only a re-
mote possibility that an injury while reeling might occur to a tape. The tape is probably affected
by strong wind more than is a wire, but the experience in the United States has been that no
material delay has been caused by the wind. At the Stanton base only was the wind trouble-
some. (See Appendix 4, 1910.) At the Deming base the wind effect was made pegligible by
the use of five supports instead of three for the 50-meter tape.

Stakes v. Movable supports—When measurements of primary bases were made with steel
tapes, it was necessary to work at night in order to take advantage of the more constant tem-
perature; and in order that night work might be done it was necessary to have the supports
for the tape set during the daylight. In general stakes 4 inches in cross section were used as
the end supports, and very much lighter material for the intermediate supports. This method
of supporting the steel tape has been continued with the invar tapes.

Where stakes are used, all the members of the party may be inexperienced except one
observer; and no preliminary training is required, as the first measurements by the now party
will nearly always be found satisfactory. The stake setting and the leveling over the base may
go on simultaneously and then the combined force may do the actual measurements with the
tapes. For measuring with the movable supports the party must be larger and must include
several especially trained men. With the stakes the setting asd leveling can be done in windy
weather while with the movable supports no measuring can be done at such times. In the
plains region of the United States where frequently the wind is strong in the day but light at
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night, the stake supports would be preferable. Either method will enable the party to secure
results far more accurate than are really required for the highest grade of triangulation.

CONCLUSIONS FROM BASE MEASUREMENTS.

Some of the conclusions which may be drawn from the measurements of the four base lines
discussed in this publication are:

(@) The plan adopted on the Texas-California arc of having the observing party on tri-
angulation measure the bases as they are reached, is an efficient one, and should be continued.
This method insures that the lengths of the bases may be known in time for use in an adjustment
of the arc of triangulation as soon as the last field work of the triangulation has been done.

(b) Tapes of the invar metal make an entirely satisfactory apparatus for base measure-
ments. :
(¢) There is no evidence that a different length than 50 meters should be used for the base
tape. ,

(d) The 50-meter invar tape is affected by wind of even moderate strength, when supported
at only three points. But ordinarily, during the progress of the various operations at a base,
sufficiently long periods of favorable wind conditions may be found for making the measure-
ments. All four of the bases on the one hundred and fourth meridian had only three supports
for each tape length, one at each end and one in the center. No serious trouble with the wind
was encountered. An efficient remedy for the wind effect, if troublesome, is to use five supports
for each tape length, as on the Deming base in 1910. (See pp. 154-155 of Appendix 4, Report
for 1910.)

(¢) Owing to the small time and cost needed to measure a base, it is believed that the
ummation of B, (see p. 8) between bases should be between 90 and 140, instead of between

130 and 200. With the higher values there is the possibility of having to introduce other bases
after the completion of the triangulation and the measurement of the bases provided for by
the reconnaissance.

(f) While the index error in the spring balance did not introduce an error into the E] Paso
and Cheyenne base lengths, at the same time it was a cause of annoyance. The index of the
balance should be rigidly fastened to its stem to prevent a cha,nge in the index error if the
balance were roughly handled.

- (g) After the use of the same tapes on six bases in four different seasons between 1909 and
1913,-inclusive, the lengths of one tape show a maximum range of only 0.297 millimeters, or
1 part in 170 000, while the average maximum variation of all the tapes is only 0.193 millimeters,
or 1 part in 260 000. If the actual uncertainty in the length of each tape should be as much
as the total range in values as shown in the table on page 25, even then the uncertainty of a base
measured with three or more tapes would be less than the uncertainty in the length of any one
tape. Such accuracy is far greater than that of the triangulation, and hence the invar metal
must be considered as a most satisfactory material from which to' make a base measuring
apparatus.

BUILDING SIGNALS AND MARKING STATIONS.

The erection of the signals or instrument stands and the marking of stations were done by
a party under the direction of Signalman J. S. Bilby. He arrived on the working ground
April 12, 1912. Actual field operations of the building party began on April 24 and ended
August 28, 1912, a total time of four months and five days.

The bulldmg party consisted of Mr. Bilby and two men, with occasional temporary em-
ployees who assisted in cutting lines or erecting signals. One of the regular men began work
at Cheyenne, Wyo., worked southward to the end of the scheme and then northward from
Cheyenne to meet the other man who had started at the Canadian border and worked south-
ward. Mr. Bilby was with the one or the other of these men, dependmg upon where his
assistance and guidance were most needed.
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The building party erected stands or signals for mounting the theodolite at 102 statiops,
prepared the base lines at Ambrose and Provo, and gave some assistance to the observing
parties in the measurement of the bases. The stations were also marked in a permanent
manner by the building party. The character of the marks is described in notes 1 to 8 on
page 115, and the metal tablet placed in the concrete or cemented to solid rock’is shown in
illustration No. 4.

Signals.—The type of signal is that-shown by illustrations and described in Appendix 4,
Report of the United States Coast and Geodetic Survey for 1903. In that publication are also
given detailed directions for its erection. The signal is a double structure consisting of an inner
tower, called the tripod, on which the instrument rests, and the outer tower, called the scaffold,
near the top of which there is a platform for supporting the observer. The two structures do not
touch each other at any point and consequently the observer may move about on the platform
without disturbing the level or azimuth of the theodolite. The heliotrope and lamp are some-
times posted on the tripod and at other times on the scaffold.

The signals shown in the illustrations in Appendix 4 of the Report for 1903 were designed
for use by a double observing party, and the upper platform enabled the light keeper to post
his heliotrope or lamp centrally over the station even when one of the observers was at his
station. When there is only one observing party the scaffold does not extend above the tripod,

. as the top platform is not needed. ;

It has been found that it is more economical to build the tripod to only a moderate height,
say less than 70 feet, and then extend the scaffold to a sufficient height to make clear the line
from its top to the tripod head at a second station and likewise to extend the scaffold at the
second station to such a height that the line between its top and the tripod head at the first
station will also be clear, rather than to attempt to build the double structures to such heights
that the line between the tripod heads at the two stations will be clear of obstructions.

Illustration No. 10 of Appendix 4, Report for 1903, shows a signal which has the tripod

about 66 feet high and the light stand at the top of the superstructure on the scaffold 137
feet above the ground.

The one hundred and fourth meridian arc is rather remarkable for the low average eleva-
tion of the instrument above-the ground. The tables on pages 43 to 47 give the elevation of
the telescope of the theodolite above the station mark. There were only eight stations at
‘which the height of the instrument was greater than that necessary to bring the telescope to
the eye of the observer as he stood upon the ground. The height of the simple stand for.
mounting the theodolite was about 3% feet. The average height of the tripods of the eight
signals was 28.15 feet. Inasmuch as the country traversed was at most points distant from
lumber yards, the reconnaissance party made such selections of stations as to make the amount
of building & minimum. '

On the Texas-California arc of primary triangulation (reported in Special Publication No.
11, United States Coast and Geodetic Survey) the plan previously employed of always having
the telescope of the theodolite at least 10 feet above the ground except on sharp peaks,was
sbandoned. Where the line was clear of obstructions only stands for the instruments were
used even though the country was flat for some distance in all directions from the station.

The accuracy of the Texas-California triangulation was better, on an average, than that
of the other great arcs in the United States. The writer, who observed part of one season on
the Texas-California arc, noticed that the lights and heliotropes observed from a station where
the theodolite was only & few feet from the ground were more unsteady than when the lines
were high, and especially when high near the station occupied by the observer.

The plan used on the Texas-California arc was adopted on the one hundred and fourth
meridian arc of primary triangulation, and the instrument was never mounted at a greater
height than was barely necessary to clear the line. The accuracy of the work on the one
hundred and fourth meridian is discussed later in this report.

Cost of building signals and marking the stations.—The total cost of the work of the building
party was about $4200. This includes the salaries and traveling expenses for the chief and
all the members of the party, also the cost of lumber and cement delivered to the stations,
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and various small expenditures. This is at the rate of $5.83 per mile of progress, a remarkably
low amount. ’

The use of instrument stands instead of signals, even of low height, decreased greatly the
expenses of preparing the stations for the observing parties. The lumber necessary for signals.
would have been expensive and hauling it to the stations would also have been costly.

INSTRUMENTS USED ON TRIANGULATION.

Theodolites.—The type of instrument used for the horizontal measures is described in
detail in Appendix 8 of the Report for 1894. It is believed that the portion of that descrip-
tion shown below will be of interest and value to the reader. These theodolites have been
used on all of the primary triangulation done by the United States Coast and Geodetic Survey
since they were made in the early nineties. One of them is shown in illustration No. 2.

The base is of cast iron, into the socket of which is fitted another cast-iron socket, to which is rigidly attached
the brass circle and into which is fitted the center which carries the alidade. Under the circle is a device for firmly
clamping this socket to the base in any position of the circle. The center is 22.2 centimeters (8 inches) long, its two
bearing surfaces being cones of different angles. It is made of the best quality of tool steel, and the cones are made
glass hard. No pains were spared in the construction of these centers and sockets, and it is believed they are the most.
perfect ever made for theodolites, and are probably the first theodolite centers with glass-hard bearing surfaces,

In the alidade the cover of the circle, the supports for the micrometer microscopes, the wye supports, axis, and
setting circle of telescope are made of aluminum. The bearing surfaces of the wyes are of brass, and the pivots of
telescope axis are of bell metal. The draw tube of telescope, micrometer microscopes, clamps, and other small parts.
are of brass.

The use of aluminum in the construction of these instruments was not with the special purpose of reducing the
total weight of the instrument, but to reduce the weight supported upon the centers. The cast-iron bases of these
instruments, in proportion to the whole mass of the instruments, are much heavier than is usual in other theodolites
of the same size. These heavy bases and long centers give great stability to the instruments. The weight of the whole-
alidade is 7.5 kilograms (17 pounds), whereas in other instruments of the same size that have been used in the Survey
the weight of similar parts is"18 kilograms (40 pounds). The centers of the old instruments are of various forms, and
the friction is so great that it has to be relieved by some device at lower end of centers. No such device is necessary
with the new instruments. The total weight of one of the new instruments is 18,5 kilograms (41 pounds).

The telescope objective was madé by J. Brashear, and is 6.1 centimeters (2.4 inches) aperture, and 73.7 centi-
meters (29 inches) focus. The telescope has an ocular micrometer, with three Ramsden eyepieces, giving powers of
30,45,and 60. Several levels, all made by A. Pesseler, of Germany, are attached to the alidade for convenience. The
stnde level has divisions of 2 millimeters, with arc value of 4 seconds.

The graduation of the circle is on coin silver and is 30.5 centimeters (12 inches) in diameter. It is divided to.
5 minutes and reads to seconds by three equidistant micrometer microscopes. Each degree of the graduation is num-
bered. The degrees and aearest 5 minutes are read by a low power index microscope 50 degrees to the right of mi-
crometer microscope A. Attached to the cover of the circle is a small camel’s-hair brush which sweeps over the-
graduation. .

The circles were graduated on the United States Coast and Geodetic Survey engine, This graduating engine
was originally made by Troughton & Simms, of London, and bears the date of 1841, In the hands of the Survey it
has received various improvements, the chief of which are a new tracing apparatus and new support for the same.
The engine is driven by a small turbine wheel upon which a constant water pressure is maintained. To graduate a
circle to 5 minutes takes about 3 hours and 35 minutes. The graduations are made at a temperature of 36°.66 C. (98°
F.), that temperature being most easily maintained at any season of the year and least affected by the occasional
presence of the operator. For the last nine years this engine has been manipulated exclusively by the present chief
instrument maker of the Survey and in his hands has produced some very fine graduations, as the results with the two
new theodolites, Nos. 145 and 146, show.

Vertical collimator.—In centering a signal over the mark of a previously established station,.
when placing & mark under a new signal, and for centering the theodolite over the station mark,.
there was used a vertical collimator which is shown in illustration No. 3a. In order that this.
instrument may be used there must be an opening in the center of the cap block of the tripod
head of the signal. Into the vertical socket of the base of the instrument fits a telescope carry-
ing a fixed level and having adjustable cross wires in its reticule. Tho axis of the level is at,.
right angles to the line of sight of the telescope. The base rests on three leveling screws.

The adjustments of the instrument are extremcly simple. After having focussed the eye-
piece on the cross wires, the cross of the wires is adjusted to make it remain on a point as the
telescope is revolved about its axis. Then the level is adjusted to make the bubble remain in
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the center as the telescope is revolved. With the instrument in perfect adjustment and the
bubble brought to the center in two positions at right angles, the line through the cross of the
wires will be vertical. In actual use it is not essential that the instrument be in perfect adjust-
ment, for if the bubble is brought to the center in each of four positions of the telescope, about
90 degrees between each two positions, four points may be determined and the mean position
of them will be in the vertical line through the center of the telescope.

After the instrument has been placed directly over some mark the telescope is withdrawn
and there is inserted a plunger, the lower end of which is a point. The center of the instrument
may be marked by the intersection of two strings at right angles drawn across the tripod head
with their intersection at the point of the plunger; or small nails may be used to mark two lines
approximately at right angles whose intersection is at the point of the plunger. These are only

two of various methods which may be used to indicate on the tripod head the center of the
vertical collimator. -

When only a stand is used for mo
is done by means of a plummet.

Heliotropes and lamps.—The observations for the horizontal directions in the main scheme
were made entirely on heliotropes and acetylenc signal lamps. The heliotrope is of the box
type and is shown in illustration No. 3b. The diameter of the fixed mirror is 2% inches (70
millimeters). The lamp is shown in illustration No. 8c. It is an ordinary automobile acetylene
headlight fitted with a base which may be easily setvup centrally over a triangulation station.
One charge of caleium carbide will give a satisfactory light for about four hours.

unting the theodolite, heliotrope, and lamp, the centering

LIGHT KEEPERS.

The plan of having the same men throughout all or a large part of & season and the method
of directing them by heliographing with the Morse alphabet were first used on triangulation in
the United States on the ninety-eighth meridian in 1902. (See pp. 826-829 of Appendix 4 of
the Report for 1903.) Previous to that time it had been the custom to employ some one near
a triangulation station to show the heliotrope and to attend to the signal lamp. A simple
code of signals was sometimes used to indicate to the man that the work had been completed,
but no systematic and elaborate method of signaling had been used, and serious delays were
inevitable, as an officer would have to visit and post men at the new stations before the obser-
vations could proceed. The method of signaling by means of the Morse alphabet was used
in guiding and directing a heliotroper by Prof. J. F. Hayford when he was the astronomer on
the United States-Mexican Boundary Commission, and it was he who proposed its use in the
1902 work. ~

There are a number of causes which have contributed to the rapid progress made by the
observing parties of the United States Coast and Geodetic Survey engaged on primary trian-
gulation in recent years, but one of the most important is the trained corps of light keepers
and the ease with which their movements can be directed and controlled by the observer with
the aid of the signaling.

Six regular heliotropers (or light keepers) were used by each observing party on the one
hundred and fourth meridian triangulation. Sometimes, in order to avoid delays, an addi-
tional light keeper was engaged for work at a single station, and in a few cases the driver of
the observing party showed the heliotrope and lamp at s station. It was only occasionally
that one of the stations to be observed on did not have a light keeper when the observer was
ready to begin work.

Each light keeper’s outfit consisted of a tent, bedding, a small number of cooking utensils,
binoculars, signal lamp, heliotrope, prismatic compass, sketch of the triangulation, a few tools,
and such other small articles of camp equipage as were deemed necessary. At some of the
stations the light, keepers were able to get their meals with a farmer or ranchman, but nearly

always they prepared their own food. They made their moves between stations in farm
wagons hired especially for the trip.
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The light keepers posted their own lights and heliotropes during the entire season.. At all
stations occupied by the observer lines were accurately drawn on the light stand to each signal
.observed upon, and a light keeper following had simply to use these lines. The stations ahead
of the observer had no lines laid out; consequently the light keepers had to use their ingenuity
in finding the direction to the observer. This, however, did not prove very difficult, as each
man was given a sketch of the reconnaissance, and by placing the sketch on the light stand
and orienting it approximately by the magnetic meridian line as gotten by his compass he was
enabled to locate at least one of the stations. He would then orient the sketch accurately
over this direction and lightly mark on the stand the directions to all of the stations as given
by the sketch. He would then begin showing to the observer. If he did not get lights from
him in reply, he would swing his heliotrope or lamp through a small angle to each side of the
approximate direction. (The term ‘‘light”” will be used hereafter to indicate either the helio-
trope or lamp.) As soon as the observer saw a light from one of the stations ahead he showed
a steady light to enable the light keeper to get a correct line. Most of the forward lines were
found at night, as the lamps would show over a wider angle than the heliotropes and were not
affected by clouds.

A light keeper was usually able to find some object in the line to a station, such as a lone
or high tree or a rock, by which he could post his heliotrope and also the lamp if put up before
dark. This method was preferable to simply using the lines drawn on the light stand.

A man to be a good light keeper must have education enough to keep his accounts, but,
what is more essential, he should have a practical turn of mind which will enable him to over-
come difficulties and get his lights posted in spite of floods, breakdowns, etc.; of course it goes
without saying that he must be conscientious and faithful. Unless a man shows the above
qualities, it is not advisable to keep him in the party a longer time than is required to get
another man.

SIGNAL CODE AND INSTRUCTIONS TO LIGHT KEEPERS.

In order to facilitate: the work, written directions were given the light keepers, which
‘included the Continental Morse alphabet, the code signals, and such other information as the
light keepers might need in conducting their work. The signal code and instructions, as issued
to the light keepers for the one hundred and fourth meridian triangulation, are as follows:

Continental Morse alphabet.—

A, — J.——— 8
B—... K—.— T —
c—.—. L.,—.. U..—
D—.. M—— V...—
E. N —. W.——
F..—. 0O——— X—..—
G——. P——. Y —. ——
H.... Q——.— Z ——..
I.. R.—.

The notations for numerals will be dispensed with and the numbers spelled out when required.

The Continental Morse differs from the American Morse in that there are no “spaces” between the elements of
the letters, .

Signaling.—Dots should be short, just long enough to permit the lights to be seen clearly.

Light should shine for dash about two seconds. Duration of darkness between elements of letters, one second.

Duration of darkness between letters, three seconds; duration of darkness between words, five seconds, If the
lights are dim these periods may be somewhat longer. It is not important that these periods should be absolutely
observed, but the relative proportion should be maintained.

The alphabet must be committed to memory; also, what is more difficult, all letters must be easily recognized
by seeing or hearing their elements. Perfection in this matter will eliminate much trouble, as most of the difficulty
is due to the receiver not being able to recognize a letter before the next one has begun.

Maintain a uniform speed in sending, for varying speeds make the receiving of the message difficult.

Be careful that all light is cut off between elements of letters.

Do not use hand in signaling.

Cut the light off and on by quick movements.
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An observer calls a light keeper by showing a steady light to him until answered.

A light keeper calls the observer by sending his own letter until answered.

Answer a call by a series of slow dots (not more than seven), then watch for the signal by aid of the binoculars.

Repeat every few minutes until answered by observer.

Darken light before beginning message for a period of about 15 seconds.

All messages are to be repeated by the receiver, except in case of messages from light keeper to observer. Here
the observer will answer by sending slow dots. Never repeat a word unless you are sure it is right. This is a decided
annoyance to the observer and a source of a great deal of trouble. If an observer knows that a message has not been
received, he is at least in a position to know what to do to remedy matters.

Code signals.—A series of quick dots means, “I have made a mistake and will begin again.”

An A4 means, “ Wait a while.”’

A G, followed by the name of a station, means, “ Get person at that station by calling him, and tell him where
observer is.”’ ¢

An N: “Your light is too faint.”

An R: “Repeat message; I could not get it.”

A geries of slow dots: “I understand your message.”’
An M: “Moderate your light; it is too strong.”

Signals to be used by the observer when communicating with a light keeper.—S T, followed by name of station and
date, means: ““Stop showing light to this station; show to the station indicated on date named, and look for observer’s
call.”

§ T, with no name of station, means: “Stop showing light to this station, and show light to the station to which
observer goes, which is indicated in the written schedule of observer’s moves, a copy of which has been furnished to
you. If no date is given, show to new station at next observing period.”

T H D: “Have finished on you for this afternoon (or night).”

] D @, iollowed by name of station and date, means: *Done where you are; go to the station named, show light,
and look for observer’s call on date given.”

D @, with no name, means: “Done where you are; go to the next station mentioned in your written schedule of
moves, and show light to the observer at his old or new station, according to the schedule.
showing light at first observing period after station is reached.”

1f the observer sends an ““4” after 10.00 p. m., it means that the light keeper is to stay on the tower and keep
a sharp Jookout until called again, Should this be followed by an ““L,” it signifies that the light keeper is to recharge
the lamp and leave the station for the night.

FINI: “Have finished on you; obey written instructions.”

“Money,” “Mail,” ete., followed by name of place, means: “The article is at the place named.”

Signals to be used by light keepers to observer.~—**Money,”” “Carbide,” etc., means: “I am in need of same.”

Other necessary messages will be spelled out in full.

Keep a sharp lookout for signals for 10 minutes after each recharging of lamp and for 10 minutes after cach hour
and half hour. '

N’s may be sent any time if your light is poor.

Signals to be used by a light keeper to another light keeper—O0, followed by the name of a station, means:
“Observer is at that station; show to him at once.” ’

General considerations.—Before starting out alone be sure that some one of the party bas taught you how to use
the signal lamp and how to test and adjust a heliStrope and to put on the cut-off rings on the heliotrope and lamp.

Test your heliotrope and lamp so that the light goes to the observer, for the line through the sights may point to
the observer but the light may not be centered on him. :

Every day, if necessary, see that your lamp drops water fast enough to give a strong light.

Keep your heliotrope and lamp in good condition. When the air is clear, a poor light possibly may be seen,
but if it is hazy only a clean lamp and reflector will give good results, The carbide chamber should be cleaned as
soon as possible after getting through using the lamp, as the metal is corroded if carbide is allowed to stand in it.

At every opportunity get the correct standard time and keep your watch within a few minutes of it.

The first thing to do when reaching a station is to try to locate all of the stations to which you will show. By
doing this at the first opportunity, and not waiting for the exact moment that you expect your light to be used on a
line, you will avoid causing delays to the observing party. ‘

Where smoke, clouds, and fog are encountered, the value of getting your pointings on the clear days is evident.
After finding a station you should hold the direction to it by lines marked on the stand or by any other means practi-
cable. When you are on a wooded peak and there has been a delay in seeing the observer’s light, watch carefully
for him, for the light might be obstructed close to your station and you might be able to see the call from the top of a
tree or from some other point on the mountain. In other words, do not be absolutely sure that the line is open unless
vou have seen a light from the other station, and unless you are sure keep trying to get the observer’s call by watching
very closely.

When the observer’s light is once seen, set your telescope on it and jasten or mark it so that you will know you
have the direction of the line even if the weather should become cloudy or smoky. Then point your heliotrope,
using thin wedges if necessary to get the proper elevation, and mark the place on the stand where each wedge belongs

48310°—14—3

If no date is given, begin
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and also mark the wedge to show how far it is to be pushed under the heliotrope; also mark along the side of the helio-
trope box for the direction. Then you can replace your heliotrope exactly after it bas been disturbed. The lamp
may be set and pointed by the lines made for the heliotrope. When in trouble about the direction of the lines, always
keep watching for calls from stations other than the observer’s, for the observer may be sending a message to you
through one of the other light keepers.

Your work on the tower beging at 1 p. m. From then until 4.30, unless instructed otherwise by the observer,
you should show your heliotrope all the time if there is sun enough to make a shadow. If your heliotrope is pointed
with care, a faint sun is just as good to show the observer as a bright sun on comparatively short lines; also, if you get
only a faint sun every 10 minutes or so, which lasts for a short time, it may be used by the observer. It is not for you
to decide whether you think it worth while, or whether the observer can use it or not. An effort will be made to send
you THD as often as practicable,

At night go on the tower each hour and each half hour and look for signals from the observer, remaining 10
minutes each time. Begin doing this as soon as you have finished your evening meal.

At 11 p. m. begin sending slow dots (about 20 at a time) and remain on the lookout for signals for 15 minutes
(until 11.15). If no signals are received, see that the light is burning well (recharging if desirable) and then you can
leave the tower for the night.

Keep a lookout for the observer’s call from his next station, as he may have moved without notifying you.

The lamp should be set up and lighted a half hour before sundown.

Be careful to sight your lamp and heliotrope accurately; if in doubt, send your initial, then the observer will

- show you a light.

Be extremely careful not to have lanterns or other extra lights about the tower. They are often mistaken for the
signal lights by the observer. Frequently they can be seen at the foot of the tower as well as on the top.

When your line is 10 miles long, or less, watch for an M, meaning that your light is too strong and should be
reduced by means of the concentric rings provided, or by paper rings cut out true.

Keep your tents, mess outfits, instruments, and other articles of equipment clean and in order.

It should be remembered that the towers are built with the least material required for safety; that the signal
notices apply to light keepers as well as to other people, and therefore you should in no way weaken the scaffold by
removing any of its parts.

An extra effort should be made to move between stations as rapidly as possible to prevent holding back the
observing party longer than is necessary. .

So much depends upon the efficiency and faithfulness of the light keeper that an indifferent one must be disposed
of as soon as convenient.

Light keepers’ accounts.—Each light keeper was given in writing detailed directions for
making out his accounts, for shipping by freight or express, and he was also given copies of the
various kinds of bills, receipted, of which he might have need in his accounting.

In addition to the sketches showing the scheme of triangulation as located by the recon-
noissance party, the.light keepers were given descriptions of the stations which enabled them
to move from one station to another. They were given lists of the triangulation stations in
the order in which they would be occupied by the observer and each light keeper was also
given a statement of his own moves and for each of his stations the line or lines over which
he was to show a light. This information was tabulated in the following form:

Schedule of moves for observer and Light keepers.

Light Light Light Light Light Light Light
Observer. keeper keeper keeper keeper keeper keeper keeper
llB‘H “D.” llI .” I{I .U IIP-H &©’ .U (extra).
HaystacK........ Rawhide..| Hobbs,...| Willow....| Coleman. .| Notch...| Chugwater..i..........
Coleman......... Haystack .[...do.......[...d0...cc..|.c.dooonii | .dooa s do....o.los
Notch...., .efe..Q0.......] Whitaker.] Ragged ...}... ..do. ..do...
Chugwater do_...... do.......|...do.... _.do. ..do..
‘Whiteker. Wadill do....._. .do. ..do..
Ragged........... do... do dooo ool do..

Each light keeper was assigned a letter so chosen as not to be identical with or similar
to any of the code letters. The stations which each light keeper was to occupy in succession
were shown in the vertical column under his letter, while the location of the observer and the
various light keepers at any time were shown in the horizontal lines. Thus, when the observing
party was at Haystack, light keeper ““B” was at Rawhide, ‘D’ at Hobbs, etc., and when the
observer moved to Coleman, ‘‘B” moved to Haystack, and the other light keepers kept their
stations.

By arranging the schedule carefully with regard to the time required for the various moves
it was nearly always possible to adhere closely to the prearranged plan of operation.
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OBSERVATIONS FOR HORIZONTAL DIRECTIONS.

Two observing parties, under Assistants E. H. Pagenhart and C. V. Hodgson, completed
all of the observations for horizontal directions in one season, extending from the spring to the
autumn of 1912. The actual days on which observations for horizontal directions were made
are shown in the tables on pages 38 and 39.

Each party was organized practically in the same manner as the observing party of the season
of 1908~9 on the Texas-California arc of primary triangulation except that each had a second
officer. Assistant C. M. Cade was with Mr. Hodgson during the whole season and for a part of
the time conducted a second observing party under his direction. Assistant T. L. Warner was
in the party of Mr. Pagenhart from the beginning of the season until September 28, 1912.
Besides the chief of party and his assistant, there were in each observing party a teamster and
a recorder. They lived in tents and carried a small mess outfit, cooking their food over an open
fire.

Each party had a freight wagon and a light spring wagon, each drawn by two horses or
mules, for transporting the instruments and camp equipage from station to station.

A number of the stations occupied by Mr. Hodgson were on mountain peaks to which the

instruments and observing tent were carried by pack animals. This was the case also for
several of the stations occupied by Mr. Pagenhart.

GENERAL INSTRUCTIONS TO OBSERVERS ON PRIMARY TRIANGULATION.

There are given below the general instructions to chiefs of the observing parties on primary
triangulation, under which practically all of the primary triangulation in the United States has
been done in recent years. They were approved by the Superintendent of the United States
Coast and Geodetic Survey in 1905, upon the recommendation of Prof. John F. Hayford, at
that time inspector of geodetic work in the survey. The general instructions were first printed

on pages 170-174 of Appendix 4 of the report for 1911. The observers on the one hundred
and fourth meridian triangulation worked under these instructions.

1. Instruments.—In general, direction instruments of the highest grade should be used in triangulation of this class.
Repeating theodolites are to be used only when the station to be occupied is in such a position as to be difficult of
occupation with a direction instrument or when there is doubt of the instrument support being of such a character as
to insure that the movement of the observer about the instrument does not disturb itin azimuth. Such stations usually
occur on lighthouses and buildings.

2. Number of observations— Main scheme—Direction instrument.—In making the measurements of horizontal
directions measure each direction in the primary scheme 16 times, a direct and reverse reading being considered one

measurement, and 16 positions of the circle are to be used, corresponding approximately to the {following readings upon
the initial signal:

Num- Num-
ber. Reading. ber. Reading.

1 00 40 9 128 00 40
2 15 01 50 10 143 01 50
3 30 03 10 1 158 03 10
4 45 04 20 12 173 04 20
5 64 00 40 13 192 00 40
[} 79 01 50 14 207 01 50
7 94 03 10 15 222 03 10
8 109 04 20 16 237 04 20

3. When a broken series is observed, the missing signals are to be observed later in connection with the chosen
initial or with some other oné, and only one, of the stations already observed in that geries. With this system of observ-
ing no local adjustment is necessary. Little time should be spent in waiting fpr the fioubtful signal to show. Ifitis
not showing within, say, one minute of when wanted, pass to th(? next. ) A saving of time results from .observing many
or all of the signals in each series, provided there are no long waits fo? signals to show, 'but not .othe}'mse.

4. Standard of accuracy.—In selecting the conditions under \thlch to observe primary directions, proceed upon
the assumption that the maximum speed consistent with the requirement that the' closing error of a single triangle in
the primary scheme shall seldom exceed three seconds, and that the average c.losl‘ng error _shall be but little greater
than one second, is what is desired rather than a greater accuracy thfm that‘m(hcated. with slower progress. This
standard of accuracy used in connection with other portions of thesg instructions deﬁmng.the necessary strength of
figures and frequency of bases will in general insure that the probavle error of any base line, as computed from an
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adjacent base, is about 1 part in 88 000, and that the actual discrepancy between bases is always less than 1 part in
25 000.

5. Rejections—Direction observations.—The limit for rejection of observations upon directions in the main scheme
shall be 5 seconds from the mean. No observation agreeing with the mean within this limit is to be rejected unless
the rejection is made at the time of taking the observation and for some other reason than simply that the residual is
large. A new observation is to be substituted for the rejected one before leaving the station, if possible without much
delay.

6. Number of observations—Supplementary stations—Direction instrument.—In observing upon supplementary
stations and in observing from supplementary stations upon stations in the main scheme, four measures of the character
outlined above shall be made of each direction, using the circle in the first four positions stated in that paragraph. A
supplementary station is one which is not in the main scheme, but which is observed upon or from which observations
are taken for the purpose of connecting with stations which can not be effectively reached from the stations in the
main scheme and with which a connection is required by specific instructions.

7. Number of observations— Intersection stations—Direction instrument.—An intersection station is a station of
which the position is determined by intersections from stations of the main scheme or supplementary stations and
which is not occupied. One such measure as is outlined on page 35 shall be made of each direction to each inter-
section station. A second such measure shall be made if it can be secured under conditions nearly as favorable to
accuracy as were the conditions when the first measure was made and without much delay to observations in the main
scheme. Each series of observations on intersection stations is to contain some one, and only one, of the main scheme
or supplementary stations. It is important to have at least three lines to each intersection station in order to secure
a check, but a possible intersection station should not be neglected simply because only two lines to it can be secured.

8. Observing—Supplementary and intersection stations.—Observations upon and from supplementary stations
and observations upon intersection stations may be taken under any atmospheric conditions whenever the object to
be pointed upon is visible and no delay is likely to be made to secure good seeing before observing.

9. Land section corners and other survey marks.—Whenever it is feasible to do so without incurring undue expense
and delay, the section corners established by the United States Land Survey, and survey marks of any kind found
upon the ground, shall be connected with the triangulation either by direct measurement of a distance and direction
from a station or by using them as intersection stations.

10. Value of intersection stations.—In selecting intersection stations it should be kept in%hnind that the geographic
value of a piece of triangulation depends upon the number of points determined, the size of the area over which they
are distributed, and the permanence with which they are marked. The geographic value of the triangulation is lost
for a given area when points can not be recovered within that area. The chance of permanency is increased by increas-
ing the number of points as well as by thorough marking. These considerations should lead to the determination
a8 intersection stations of many artificial objects of a permanent character, such as lighthouses, church spires, cupolas,
towers, and large chimneys; should lead occasionally to the determination of specially marked stations established
for this particular purpose; and should frequently lead to the permanent marking upon the ground of topographic or
hydrographic stations and their determination as intersection stations. The practice of permanently marking such
hydrographic points as are in commanding positions—on promontories, for example—and which are so situated that
the station is not likely to disappear if permanently marked (on firm ground not likely to be washed away or on rocks),
and determining their positions as intersection stations will frequently obviate the necessity which would otherwise
exist for new triangulation when a later hydrographic survey is made. It is especially desirable to increase the area
effectively covered for geographic purposes by selecting intersection stations which are outside the area covered by
the main scheme.

11. Vertical measures in main scheme.—At each station in the main scheme vertical measures are to be made
over all lines in the main scheme radiating from it. These vertical measures should be made on as many days as
possible during the occupation of the station, but in'no case should the occupation of the station be prolonged in order
to secure such measures. Three measures, each with the telescope in both the direct and the reversed positions, on
each day, are all that are required. These measures may be made at any time between 11.00 a. m. ahd 4.30 p. m.,
except that in no case should primary vertical measures be made within one hour of sunset. It is desirable, however,
with a view of avoiding errors due to diurnal variation of refraction, to have a fixed habit of observing the verticals
in the main scheme at a certain hour, as, for example, between 2 and 3 p. m. If the vertical measures at a station are
made by the micrometric method, double zenith distance measures shall be made on at least two of the lines radiating
from that station.

12. Vertical measures—Supplementary and intersection stations.—In addition to the vertical measures required in
the main scheme, vertical measures must be made at each station, whether in the main scheme or supplementary,
over every line of which the horizontal direction is measured. Three measures each with the telescope in both the
direct and reverse positions are all that ate required on all lines to or from supplementary or intersection stations,
except when the observations upon such stations are made for the purpose of connecting with bench marks of which
the elevations are fixed by precise leveling or tidal observations. In the latter case observations should be made on
as many days as possible during the occupation of the station, but in no case should the occupation of a station be
prolonged in order to obtain measures. Also, in the latter case, the vertical observations are to be made in both direc-
tions over every line more than 5 kilometers long, even though horizontal measures may be necessary in but one
direction over the line.
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13. Marking of stations.—Every station, whether it is in the main scheme or is a supplementary or intersection
station, which is not in itself a permanent mark, as are lighthouses, church spires, cupolas, towers, large chimneys,
sharp peaks, etc., shall be marked in a permanent manner. At least one reference mark of a permanent character
shall be established not less than 10 meters from each station of the main scheme and accurately referred to it by a
distance and direction. Such reference marks shall preferably be established on fence or property lines, and always
in a locality chosen to avoid disturbance by cultivation, erosion, or building. It is desirable to establish such refer-
ence marks at all marked stations. At all stations where digging is feasible both underground and surface marks
which are not in contact with each other shall be established. Wood is not to be used in permanent marks.

14, Descriptions of stations.—Descriptions shall be furnished of all marked stations. For each station which is
in itself a mark, as are lighthouses, church spires, cupolas, towers, large chimneys, sharp peaks, etc., either a descrip-
tion must be furnished, or the records, lists of directions, and lists of positions must be made to show clearly in con-
nection with each point by special words or phrases if necessary the exact point of the structure or object to which
the horizontal and vertical measures refer. Every land section corner connected with the triangulation must be
{fully described. The purpose of the description is to enable one who is unfamiliar with the locality to find the exact
point determined as the station and to know positively that he has found it. Nothing should be put into the descrip-
tion that does not serve this purpose. A sketch accompanying the description should not be used as a substitute for
words. All essential facts which can be stated in words should be so stated, even though they are also shown in the
sketch.

15. Abstracts and duplicates.—The field abstracts of horizontal directions and vertical measures are to be kept
up and checked as the work progresses, and all notes as to eccentricities of signals or instrument, of height of point
observed above ground, etc., which are necessary to enable the computation to be made, are to be incorporated in
the abstracts. As soon as each volume of the original record has been fully abstracted and the abstracts checked, it
is to be sent to the Office, the corresponding abstracts being retained by the observer. A duplicate of the description
of stationsis to be made. If the original descriptions of stations are written in the record books, a copy of these descrip-
tions compiled in a separate book may be considered the duplicate and should then be marked as such. A duplicate
of the miscellaneous notes mentioned above may also be made if considered desirable. No other duplicates of the
original records are to be made. Pencil originals should not be inked over.

16. Number of observations— Main scheme—Repeating theodolite.—If a repeating theodolite is used for observa-
tions in the main scheme, corresponding to those indicated in paragraph 2, make the observations in sets of six repeti-
tions each. For each angle measured follow each set of six repetitions upon an angle with the telescope in
the direct position immediately by a similar set of gix on the explement of the angle with the telescope in the
reversed position. It is not necessary to reverse the telescope during any set of six. Make the total number of sets
of six repetitions on each angle ten—five directly on the angle and five on its explement. Measure only the single

- angles between adjacent lines of the primary scheme and the angle necessary to close the horizon. With this scheme
of observing no local adjustment is necessary, except to distribute the horizon closure uniformly among the angles
measured. The limit of rejection corresponding to that stated in paragraph 5 shall be for a set of six repetitions 47/
from the mean.

17. Number of observations—Supplementary stations—Repeating theodolite.—1i the observations at a supplementary
station or upon a supplementary station, corresponding to those indicated in paragraph 6, are made with a repeater,
our sets of six repetitions each should be made, two directly upon each angle with the telescope in the direct position
and two upon its explement with the telescope in the reversed position. No measures introducing station conditions
other than closure of horizon are to be made upon or at supplementary stations.

18. Number of observations on intersection stations—Repeating theodolite.—If the observations upon intersection
stations, corresponding to those indicated in paragraph 7, are made with a repeater, two scts of three repotitions each
should be made, one directly upon an angle with the telescope in the direct position and one upon its explement with
the telescope in the reversed position. Fix the direction to each intersection station by measuring the anglo between
it and some line in the main scheme or to a supplementary station. No measurements introducing conditions are to
be made.

19. Field compuiations.—The field computations are to be carried to hundredths of seconds in the angles, azi-
muths, latitudes, and longitudes, and to seven places in the logarithms. The field computation may be stopped with
the completion of the lists of directions for all stations and objects, and the triangle side computation for the main
scheme and supplementary stations, unless there are special reasons for carrying it further. The computation to this
point should be kept up as closely as possible as the work progresscs to enable the observer to know that the observa-
tions are of the required degree of accuracy. No least square adjustments are to be made in the field. All of the
computation, taking of means, etc., which is done in the record books and the lists of directions should be so thoroughly
checked by some person other than the one who originally did it as to make it unnecessary to examine it in the Office.

The initials of the person making and checking the computations in the record books and the lists of directions should
be signed to the record as the computation and checking progress.

METHODS OF OBSERVING EMPLOYED.

All the angle measures were madoe by the direction meth.oq, .using the 12-inch (30-centi-
meter) theodolites which had been made in the Instrument Division of the Survey and which
are described on page 30.
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The telescope of the theodolite has two parallel vertical wires, about 20 seconds apart, for
making the pointings for horizontal angles. The results from a number of seasons’ work indi-
cate that this arrangement of the wires in the telescope is more satisfactory than either the
single vertical wire or the oblique cross. The double wire is especially effective when the image
of the light or heliotrope is large and unsteady.

The theodolites used on the one hundred and fourth meridian primary triangulation had
two pairs of lines, about four minutes apart, in the micrometer microscope. This arrangement
saved much time, for, when a reading backward or forward was made by placing one pair of
lines on a five-minute graduation of the circle, then the other pair of lines would have to be
moved through the space of only one minute to bring it in contact with a second graduation to
make the forward or backward reading.

The readings upon the initial signal were so selected that the mean value of any angle is
practically free from errors due to periodic errors of graduation and is almost entirely free from
the effects of the run of the micrometers. However, the micrometer microscopes were adjusted
whenever tests showed that the mean run of the three was more than one second for a five-
minute space or when any one micrometer microscope had a run greater than three seconds.

PROGRAM OF OCCUPATION OF STATIONS, ONE HUNDRED AND FOURTH MERIDIAN.

In the following tables the stations occupied during 1912 by each of the observers are
arranged in the chronological order in which the observations were made. "The second column
indicates the days on which observations on the primary stations were taken, and the third
column gives the number of dates at each station on which primary horizontal directions were
observed.

In the party of Mr. Hodgson there was a second observing party in charge of Assistant C.
M. Cade, from September 4 to November 24, 1912. During part of this period the first observing
party (Mr. Hodgson, observer) was engaged in revising the reconnoissance at the southern end
of the scheme and in measuring the Provo base line.

Several stations were reoccupied in order to strengthen the angles of some of the triangles.
The reoccupied stations are shown by a reference to a footnote in the tables below.

~ Mr. Pagenhart’s party, working south from the Canadian boundary, suffered no interrup-
tions, as the Ambrose base was measured before observing began. He had only one observing
party under him. -
Stations occupied.

Assistant E. H. PAGENHART, Chief of Party and Observer; Season of 1912.

Days on which observations of Total Days on which observations of | tal

Station. primary horizontal directions| 4 Station. primary horizontal directions do 4

were made. BYS. were made. ays.
Ambrose northeast base...] May 28,20........................ 2 || Bonetraill ................ JUNne27. .. ovieiiiiiiiii i 1
Ambrose southwest base..| May 29,31; June 1,3.............. 4 || Marmon.................. June28. . ... 1
Bowie! June 4,5,17........ 3 || Williston. July 6,8,9 3
Norge June 10, 11 2 || Bull. ... July 10, 11 2
Ambrose. June 12 1 || Snake.. July 12 1
Crosby. June 13,1 2 || Bainvill July 13.. 1
Stady... June 18.. 1 || Lanark. July 15.. 1
Muddy ! June 19, 29 .. .. 2 (| Buford... July 17,18,19.. .. 3
Howard! ... June 20,21; July1,2..... .. ... 4 Montana.................. July20,22,23 ... ... ....o... 3
Gladys...ooeeeninnnannnn JUNO 24 et 1) Mondak........cnnn.... July 24,25,27. ccvennnnninninaen, 3

Assistant E. H. PAGENHART, Chief of Party; Assistant T. L. WARNER, Obsecrver; Season of 1912.

1 2
2 1
3 2
3 3
2 1
1 2
1 1
3 2

i This station was reoccupied.
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Stations occupied—Continued.

Assistant E. H. PAGENHART, Chief of Party and Observer; Season of 1912,

Days on which observations of Total ' Days on which observations of Total
Station. primary horizontal directions days Station. primary horizontal directions davs
- were made. g were made. y6.
Sept. 24 25, 26 3 3
Sept. 29, 30 2 2
Qct. 2. 1 2
Oct. 7, 2 1
2| Oet. 10,11 2 2
JOet 120 e 1 1
Oct. 14,15,16. ... .00 1000 3
Assistant C, V., HoDGSON, Chief of Party and Observer; Season of 1912,
4 (| Brightond... ............ Aug. 5,6, 8800 i 3
2 || Watkins astronomic. Aug. 10, ..o, 1
2 || Indian s . Aug. 15,16, 17,18; Sept. 20........ 5
2 || Morrisons Aug. 19 20 21 22 23; Sept. 23, 25, 10
Raggeds. . 3 26, 27 '&04 :
‘Whitaker 3. ..| June 10 11 12; 4 || Hilltop.... Sept.ﬁ 7, 8,10,12,165 6
Wadille.... | Tune 11,1517 July2 74 5\ Douglas. . .| Sept. 1%, 18! 2
Russells .. lIame2t’ LI 1| Willow.... .| Oct. 15,16, 1 3
Twin3.,__... ..| June 24,25, 26....... 3 || Manville........... .| Oet. 19,20, 21. 3
Warrena. ., ..} June 28 29 July1.. 3 || Cottonwood.............. Oct. 27 29 2
Dewey....... . Ju1y9 11 13 16, 19. 5 || Sullivan.................. Nov, 1
Horsetooth . . LTaly 22,230 Lo .., PRI D) SN Nov. 4, 5, 8.. 3
Boulderd........_........ July 27 29 Aug. 2. ..ol 3 || Cambria.................. Nov. 10, 11 12,714 4
Assistant C. V. HoDGSOK, Chief of Party; Assistant C. M, CADE, Observer; Season of 1912.
Greentopt................ June 19,20; Nov.22............... 3| Kirtley....vueeeuiennn.... Oct. 19,200 .. iiiiiiiii 2
Brighton6................ Aug. o8 1 || Provo east base.. ...l Oct.24.. 1
Aug.29,31.. 2 il Provo astronomic. 1
Sept. 16 17,18 3 (I Provo west base. .. 1
Sept. 22 23 24, 25; Oct. 4,5 . 6 5
Sopt. 26, 27,30 ... ... 3 2
Oct.1,2,3. ... 3 2
Oct. 14, 15 2 1
£ L 1

1 At this station some of the observations were made by Assistant T, L. Warner.
2 This is a reoccupation of station Alkali. The first occuxatlon was bv Assistant C. M., Cade.
3 At this station some of the observations were made by

ssistant C. M. Cade while with Mr. Hodgson s observing party.
4 This station was reoccupied.

& This station was also occupied by Assistant C. M. Cade while in charge of a second observing party.
6 This station was also occupied by Mr. Hodgson.

CONNECTIONS MADE BETWEEN THE ONE HUNDRED AND FOURTH MERIDIAN TRIANGULATION
AND STATIONS AND MONUMENTS OF OTHER SURVEYS.

The one hundred and fourth meridian arc started from Pikes Peak and Divide, two stations
of the thirty-ninth parallel primary triangulation.

Stations or monuments of the following organizations were connected with the triangulation
stations on the one hundred and fourth meridian arec:
The United States Geological Survey;
The Missouri River Commission;
The General Land Office;
The United States and Canada Boundary Commission.
Connections were also made with. monuments of the following boundaries between States:
Colorado and Wyoming boundary;
Wyoming and Nebraska boundary;
South Dakota and Nebraska boundary;
South Dakota and Wyoming boundary;
North Dakota and South Dakota boundary;
North Dakota and Montana boundary;
Northeast corner of Wyoming;
Southeast corner of Montana.
The connections were made by having the stations identical, by connections by subsidiary
stations or by an observed direction and a direct measurement.
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The data in regard to these connections may be found by consulting the index and illus-
trations at the end of the report, and the table of geographic positions and the descriptions
which. begin on pages 88 and 115, respectively.

The bench marks connected with the one hundred and fourth meridian triangulation for
the purpose of controlling the elevations determined by trigonometric leveling are referred to
on page 141 and 145, under the heading, “Computation, adjustment, and accuracy of the
elevations.”

CONNECTIONS MADE BETWEEN THE THIRTY-NINTH PARALLEL TRIANGULATION AND STATIONS
AND MONUMENTS OF OTHER SURVEYS.

The United States Geological Survey, and no doubt other organizations which have carried
on surveys in Colorado, Utah, and Nevada, have connected their work with the stations of the
thirty-ninth parallel triangulation. At the time the triangulation of the Coast and Geodetic
Survey was done in those States, the other organizations of the Government had not carried
on very extensive operations in them. Several connections were made, however, between the
stations of the thirty-ninth parallel triangulation, at the time they were established, and stations
of the United States Geological Survey and the General Land Office. Monuments of the
Colorado-Utah and the Utah-Nevada boundaries were also connected with the triangulation.
The geographic positions of the stations of other organizations and of the state boundary
monuments are given in the table beginning on page 88. The index of stations and the sketches
should also be consulted.

The bench marks connected with the thirty-ninth parallel trlangulatlon for the purpose of
controlling the elevations determined by trigonometric leveling are referred to on page 145,
under the heading ‘‘Computation, adjustment, and accuracy of the elevations.”

STATEMENT OF COSTS.

The following table gives a statement of the cost of the triangulation along the one hundred
and fourth meridian for each of the two observing parties, and also the cost of the entire work.
For comparison and for use in estimating the cost of future work, there are given similar data
for the primary triangulation on the ninety-eighth meridian, done later than 1901, and on the
Texas-California arc.

v Area in
N Stations Total | Cost per : Cost
Months | Primary Total | Cost per Cost per | main
Name of observer or arc. of obser- | stations 00%1516‘1 fleld ex- | station gg%’é}f‘ ggtgr gggegi mileof | scheme | (fl‘l’;r o
vations. |occupled.| . bh | penses. |oceupled.) pines | onined. progress, |in xfu géu'e ‘mile,
E.H, Pagenhart................ 5.5 49 8.9 {1813 550 $277 87 $156 330 $41 7800 $1.74
C.V.Hodgson......covvvnnnnnen 8.2 - 33 4.0 115300 464 80 191 300 39| - 9200 1.66
Total arc, one hundred and
fourth meridian . ....._........ 13.7 821 6.0 128 850 352 167 173 720 40 17 000 1.70
Ninety-exghth meridian triangu- 4 :
lation after 1001. ... ........... 30.5 265 8.8 78 187 203 849 109 1328 63 21 655 5.19
Texas-Californiaarc............. 16.7 94 5.6 38 384 408 262 147 1207 32 49 220 0.78

1 These amounts include the costs of measuring the Provo and Ambrose bases. (See pp. 13 and 15.)

During about two and one-half months there were two observers in Mr. Hodgson’s party.
The number of months of observations given in the table for that party is the sum of the times
of the two observers. The observations were made by that party between May 14 and Novem-
ber 23, 1912. The time this party was engaged on revision of reconnoissance and the measure-
ment of the Provo base line is not included in the number of months of observing.

There was no interruption to the work of Assistant Pagenhart’s single observing party,
as he had measured the Ambrose base line before observations were begun on the triangulation.

To make the ninety-eighth meridian triangulation comparable with the work of the other
two arcs, 9.3 months should be added to the number of months of observation, for during that
time there were two observers at work under one chief of party. Then the total observing
period would be 39.8 months, and the stations occupied per month would be 6.7.
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The total expenses include the cost of preparing and marking the stations and all salaries,
but not the cost of the reconnoissance.

The cost per mile of progress, which the writer believes is the fairest unit for comparison,
is practically the same for the two parties—$41 for Mr. Pagenhart and $39 for Mr. Hodgson.
In Mr. Pagenhart’s party there was only one observer, while in that of Mr. Hodgson’s there
was one observer for about half the season and two observers for the other half.

The cost per mile of progress is only about 60 per cent of that of the ninety-eighth meridian
triangulation after 1901, but it is 25 per cent greater than the cost per mile of the Texas-
California arc. The cost of the building on the one hundred and fourth meridian triangulation
was much less than that on the ninety-eighth meridian triangulation and only slightly less
than the building on the Texas-California arc. The weather conditions on the one hundred
and fourth meridian were not so favorable on an average as those on the Texas-California
arc. Considering the fact that no one of the observers on the one hundred and fourth meridian -
triangulation had ever done primary triangulation previously, it must be concluded that the
work was done in a remarkably rapid and efficient manner. The completion of a continuous
. arc of primary triangulation 720 miles (1159 kilometers) in length during one summer is an
exceptional and noteworthy performance.

There were 8 subsidiary stations occupied by Mr. Pagenhart and 12 such stations occupied
by Mr. Hodgson which have not been classed as occupied stations in the above table. At
each of these stations the amount of observing was much less than at a primary station, and
as a rule the additional time required in traveling for a subsidiary station was not so much
as for a primary station. It would seem to be advisable, therefore, to give a weight of one-

half to the subsidiary stations and then obtain the rates of progress and the costs per stations
occupied, which are given below.

: Stations
Months | Primary Total | Cost per
Name of observer. | of obser- | stations | °°CUPled | goig ex-

statfon
vations. |occupied. mgg{h. penses. |occupied.

E. H. Pagenhart
C.V.

..... 5.5 53 9.6 $13 550 $256
Hodgson....... 8.2 39 4.8 15 300 392

The following is a summary of the costs of the primary triangulation and other geodetic
work on the one hundred and fourth meridian:

...................................................................................... $2000
Observing, building signals, marking stations, observing azimuths, and measuring the Ambrose and Provo

DB, - . - ettt 28 850
Base meagurements at Tl Paso and Cheyennein 1918, ... ... . o it iiliii it 980
Determinations of § agtronomic Jongitudes. .. ..oovviiiii it 2100
Determinations of 25 astronomic 1atitudes. . ... ... c e oo ce et ie et 4970
Computation and adjustment of triangulation and astronomic observations at the office........................ 3200

Included in the above are all traveling expenses and salaries connected with the field and
office work, except the salary of the Inspector of Geodetic Work. There is also included the
entire cost ($2935) of the automobile truck, although that truck was in good condition at the
end of the season and will be used for future geodetic work.

STATEMENT OF ADJUSTMENTS.

No local adjustments were made, these having become unnecessary since the adoption of the
present method of supplying missing observations in broken series.!

The remeasurement of the El Paso base and the adoption of a new value for its length
(differing one part in 59 000) made the problem of adjustment a difficult one. The one hundred

18ee U. 8. Coast and Geodetic Survey Report for 1911, Appendix 4, p. 171,
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and fourth meridian triangulationa starts from the line Pikes Peak-Divide adjoining the Il Paso
base net which had been fully adjusted as reported in Special Publication No. 4, pages 101-114.

The length discrepancies developed in the triangulation along the thirty-ninth parallel
asstmbled on page 614 of Special Publication No. 4 disclosed the fact that the lengths in the
E1 Paso base net were too long by 85 in the seventh decimal place of logarithms (one part in
51 000) whea compared with the Salt Lake base and also too long by 92 in the seventh decimal
place of logarithms (one part in 47 000) when compared with the Salina base to the eastward.
This not only strengthened the decision to adopt the new measured length for the El Paso base
but also made necessary a readjustment of the triangles in and adjoining the El Paso base net
to distribute this length change without changing the standard positions along the parallel to
the east and west for any very great distance.

It was determined to readjust the triangulation of the thirty-ninth parallel from the line
Arapahoe-Monotony near the Colorado-Kansas boundary to the line Tushar-Mount Nebo of
the Nevada-California series, adjoining the Salt Lake base net. The geodetic positions already
adopted for these two lines were held fixed and by means of one adjustment the 191 conditional
or observation equations relating to the one hundred and fourth meridian were combined with
the 14 equations of the El Paso base net,! the 28 observation equations of the Rocky Mountain
series,? 27 of the observation equations of the Kansas-Colorado series,® 2 azimuth equations, 1
latitude equation and 1 longitude equation. The last-mentioned two and ene of the azimuth
equations were necessary to hold fixed the standard positions at the east and west ends of this
section of the thirty-ninth parallel. The extra azimuth equation was necessitated by the intro-
duction of the Laplace azimuth as the true geodetic azimuth at station Watkins. The total
number of normal equations solved was 264. .

Three Laplace azimuths were computed and adopted at stations Watkins astronomie, Provo
astronomic, and Mondak. The introduction of these into the adjustment made two other
azimuth equations necessary.

The fixed lengths in the adjustment were six, viz., the line Arapahoe-Monotony, with its
length as adjusted in the thirty-ninth parallel;* the El Paso base; the line Tushar-Mount Nebo,
with its length as ajusted in the Nevada series of the thirty-ninth parallel;® the Cheyenne base;
the Provo base; and the Ambrose base.

ABSTRACT OF HORIZONTAL DIRECTIONS AND ELEVATION OF TELESCOPE ABOVE THE STATION
- MARK.

All observed directions in the one hundred and fourth meridian triangulation have been
given equal or unit weight. Those directions were reduced to center where either the instru-
ment or the object observed was not coincident with the center of the station mark.

The horizontal directions are all reduced to sea level. The correction expressed in seconds
is given by _

eh sin2a cos’p
2psin 177

2 __h2
where 32=(a azb ), h=height of station sighted, p=the radius of curvature in a plane normal

to the meridian, ¢=the latitude, and @ =the azimuth counted from the south westward.

In the following table are also given the elevations of the telescope of the theodolite above
the station mark at each of the primary stations of the one hundred and fourth meridian and
at those primary stations of the thirty-ninth parallel where the data were available. These
elevations enable the reader to judge of the amount of building done and they permit the engi-
neer or surveyor who uses the stations to form an estimate of the probable amount of building
required to make any particular line clear.

The abstracts of horizontal directions and the condition equations in the thirty-ninth
parallel triangulation are reprinted, but the numbers assigned to the directions were preserved.
The table of corrections to the observed directions enables the reader to compare directly with
the corresponding corrections in the original adjustment.

1 See Special Publication No. 4, pp. 110-111, 3 Ibid., pp. 527-539. 5 Ibid., p. 501,
2 Ibid., pp. 560-563, 4 Ibid., p. 548.
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: Final Final
Statiém ) <>ct<;upiedf %Ium; (gil:sex"‘yed secf(;nds Statiém ) o%(;upiedr Ilfumf Obsarved Iseconds
and elevation of | ber o . N ection after and elevation of | ber o direction after
instroment above | direc-| OPiectobserved. | o5 0cqto | figure instrument above | direc- Object observed. | ,.4004 to figure
station mark. tion, sea lovel. adjust- station mark. tion. sea level, |adjust-
ment. ment.
o ’ " 1 L] ’ »n m
154 | First View..._.... 000 59.98 |  59.80 25 | Corral Bluffs...... 000 59. 90 00.03
Arapahoe, 12.68 me- 155 | Cheyennio Wells...] 33 03 37.83 37. 56 26 El Paso east base..| 27 2327.38 26. 88
picoe, 1atsme | ... Monotony......... 60 41 14.87 | 14.70 27 | Divide...... ...... 333542.043 | 41.31
ers. I McLane........... 106 32 46.02 |  46.33 28 | Holeolm Hills..... 544204, 94 05.17
...... Curlew............| 158 31 30.74 | 40.21 || Big Springs.........[{ 224 | Square Blufis.....| 138 5§ 19,89 20.46
: 225 | Cramer Gulch.....| 18803 38. 51 38.64
McLane........... 0 00 00.00 s9.70( e....- 2353757.079 [........
Curlew...ooeeennnn 27 57 07.25 06.76 66 27928 24. 430 25.01
Monotony, 12.68 me- Arapahoe......... 66 02 45.24 45.29 67 344 22 41. 480 41.04
ters. First View........ 135 50 58.10 |  58.84 . -
Cheyenne Wells...[ 147 15 48.65 48.08 15 | Holcolm Hills..... 00059.89 00.11
Landsman........ 163 46 19.23 19.41 16 BigPSprmgs ....... 3319 29.08 28. 50)
. 17 | EIPaso east base..| 464759.79 60. 56
Xonogﬁny ......... 70 00 00. 28 g(l) 4111 Divide, 1.45 meb ig %(irlr)al Bluﬂ‘st.l.).... 831411.32 11.21
rapahoe......... 1 09 20.69 . vide, 1.45 meters.. i1 Paso west base.| 984224.44 25.00
Cheyenne Wells..... First View... ... 160 18 2237 |  22.46 5 | Pikes Peak........| 1265020.22 | 20,33
andsman........ 212 27 29.72 28.83 65 | Bison..... -+ 16829 32,54 33.38
6 { Elbert 22901 44.02 43,54
169 | Xit Carson........ 0 00 00.06 59.97 7 | Hilltop....evvenntn 23046 25,14 23, 81
170 | Bureka........... 57 33 37.39 37.40 .
First View,9.62me- || 171 | Landsman_....... 993536.20 3684  fr...... Azimuth  mark, | 00000.00 [........
ters. 172 | Cheyenne Wells...| 147 25 30. 46 20. 04 Mount Rosa.
173 | Monotony......... 155 42 18.79 18. 64 55 | Plateau........... 024 12.57 12,52
174 | Arapahoe......... 205 12 52.89 52.99 50 | Mount Quray.....| 1071136.82 36.74
Pikes Peak, 1.33 51 | Mount Elbert..... 145 46 20.91 21,86
175 | Monotony......... 0 00 00.05 59.79 meters. 52 | Bison............. 17936 26.33 26.20
176 | Cheyenne Wells...| 15 56 56.61 57. 53 4 ngide ........ -1 28154 23.84 23.58
Landsman.......... 177 | First View........ 95 57 59.24 58.76 54 | Big Springs. ..13190136.65 37,08
178 | Kit Carsoni........ 148 12 39.99 39.74 1 Mgrnson. R -1 2114845.82 45. 85
179 205 13 38.86 38.92 2 | Hilltop.. .o 247431109 10.38
3 ) Elbert.....o...ooi.) 206347 48.56 48,40
180 0 00 59,93 .2&8) 38 Azimutt X
. 181 32 24 48.48 A | (R zimuth mark.... 000 00. 00
Sorw on AR ) B R BA) BE b | oleam M| rabat 2
g sandsman. ....... . 51. > ig Springs.......| 14117 47.24
184 | First View........ 137 08 34.21 | 34.dg || Bl Pasoeastbase-.. 3| Corral Bluffs..-.. | 2205710.61
4 | ElPaso west base.} 2824801.53
185 { Landsman........ 0 00 59.97 00.26 5 | Divide....c.vnn.nn 34058 34. 40
186 | First View........ 28 42 22.12 21. 66 L.
Eureka, 1.90 meters.{ 187 | Kit Carson 81 40 04.71 04. 89 6 | Divide............ 00000. 14
:1188 ‘groyi&..a. . 1137 lg 18. ?% (l)? 3_21 g gi)ll():olm II%]E ..... 5045 5(25. 473
89 | Overlan: .| 186 32 02. . N aso east base..| 6955 02.
ElPasowestbase... g [ Corral Blufls...... 14854 53.35
0 00 00.08 00. 51 ..| Bear Creek.. .-| 20233 37.97
69 40 19.90 18.93 ..| Glen Eyrie.. .| 21944 24.05
Aroya, 1.90 meters. . .| 115 08 24.66 24.74
.{ 167 53 52.18 52.15 10 | E1Paso west base.|  00000.01
.| 224 40 46.23 46.72 11 | Divid 15 36 52. 53
12 4800 18.10
.| 00000.00 |........ Corral Bluffs........ 13 | Holcolm Hills. 564011.19
.| 104 10 37.47 Big Springs 11206 29. 59
Overland, 1.75 me- .| 144 03 38.904 Bear Creek. 255 15 13. 89
ers, .] 182 06 29.09 Glen Eyrie.. .| 27518 41.66
.| 219 50 30.24
277 58 13.86 Reference mark...| 000 00.000
Pikes Peak........} 80507.647
0 00 59.97 3 Mount Quray. 81 58 58. 452
38 40 10.21 . Mount Elbert. 130 53 06. 876
Hugo, 1.91 meters...|[{ 202 | Adobe............ 86 51 30.29 30.08 56 | Divide...... .| 331 53 09. 941
203 | Square Bluffs..... 130 05 35.37 34.96 . I
204 | Holt..............| 166 31 20.55 20.43 61 | Pikes Peak.. 000 59. 714 59,91
62 | Corral Blufls 36 49 56. 694 56,62
...... MarK.eevvevaannan[ 00000.00 {--...... || Plateattc....c..vnne. 63 { Big Springs. 73 43 16. 683 18.07
207 | Hugo.... 4 35 07.30 06.97¢4  leee..s Dry Camp.. 98 1257.315 |........
Adobe, 5.61 meters 208 | Overland 39 35 56. 52 56. 36 60 | Mount Ouray..... 312 14 50. 449 50.93
»e ] 200 | AtOY8.cecrarnnnan.. 66 43 33.19 33.03
205 | Cramer Gulch..... 254 09 13.06 1244 )] Hfeeeeen Reference matk...] 00000.000 |........
206 | Square Bluffs..... 309 09 14.59 15.874  Heeel.s Azimuth signal....| 44302.772 [........
39 | Uncompahgre..... 73 3143.901 44,54
210 [ Holte.vsenannann.. 0 00 59.80 59. 85 40 | ‘Lreasury oun- { 134 01 13. 790 14.16
211 | Hugo.oeenennann.. 78 24 58. 62 59.92 4| Mount Ouray....... m.
Square Bluffs, 1.88 212 | Adobe............ 159 45 07. 59 06.78 41 | Mount Elbert..... 169 02 58. 555 48.15
meters, 213 | Cramer Gulch..... 228 06 18.44 18. 60 42 | Bison............. 217 35 12. 159 12. 56
214 | Big Springs....... 284 02 36.32 36. 42 43 | Pikes Peak........ 248168 47.931 47.65
2156 H(ﬁco m Hills..... 322 24 10.03 09.63 44 | Plateau........... 273 44 33.126 32.40
216 | Hugo...oeenuenn.. 0 00 00.02 5945 L ffeeeenn Azimuth mark....} 00000.000 |........
Holt, 1.83 meters....|{ 217 | Square Bluffs..... 65 09 15. 48 15.83 28 | Mount Ellen. ..... 17 57 20. 789 21.30
218 | Holcolm Hills..... 178 19 13.47 | 13.08 gg g‘lgunlfuzaas ...... ?f‘, gg (5)&11.822 59.81
‘ - vaputs......... .218 01.38
219 | Big Springs....... 0003089 | 58,53 | Uncompahgre....... 31 | Treasury Moun- |1223355.882 | 56.00
Cramer Gulch, 6.22 1] 220 | Square Bluffs..... 74 58 25,93 | 26,97 tain.
moters. 22t | Adobe.....uu..... 131 37 12.56 12.90 32 | Mount Elbert..... 142 52 07. 746 07.52
P | U Dry Camp........ 319 47 03.96 .eeunn.. 33 | Mount Ouray..... 175 40 48. 333 47,77
...... Holt..............| 000 00.03 Beaver............|  00000.000 |........
223 | Square Bluffs. ... 29 14 12.29 .| Pioche.,. ......... 27 52 18.310 18.40
20 | Big Springs. ...... 86 36 27.83 -\ Wheeler Peak.....!1 6717 11.020 12.29
Holcolm Hills...... 21 Corra{)Bluﬁs ...... 156 28 04. 86 . Ibepah............ 96 32 39, 837 39,44
22 1 El Paso east base..| 165 48 35.04 Mpunt Nebo...... 155 33 43. 204 43.20
23 | El Paso west base.| 181 38 58.18 Wasateh, . ....... 182 45 10. 509 10.56
24 | Divide...... ceanen 212 10 36.73 Mount Ellen...... 1938 4136.230 | 37.96
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Final Final
St,ati(tl)n . octc.upiedf It\)Ium; gpsertyed secands Statign ) ocgupledr I:ll‘)nm-f . gbserved secronds
and elevation of | ber o : irection after and elevation of | ber o irection | after
instrument above | direc- Object observed. | roquced to | figure instrument above | direc- | OPiect observed. | oq./00q to figure
station mark. tion. sea level. adjust- station mark, tion. sea level. |adjust-
ment. ment.
° ’ rr X ° ’ ” "
...... Azimuth mark..... 00000. 24b 0 00 59.96 58. 89
9926421181 | '4i.97 || Watkins astronom- { 24¢ 90 56 19.00 | 19.74
igi ég }g. %i ig % » S - 244 122 06 14.94 | 15.37
Mount Nebo. ........ | 2424045.8721 45.93 61 00050.97 | 59.69
.] 265 48 49. 516 49.37 62 27 11 38.18 37.95
20941 12.903 12.85 || Warren, 1.27 meters. 63 68 54 53.96 53.71
309 18 29. 602 29.47 59 239 23 26.51 27.35
350 55 13.503 13.83 60 291 59 14.69 14,57
000 00.000 |........ 45 | Horsetooth.. 00050.98| 00.79
98 42 01. 717 01.25 46 | Twin........ 41 11 10.44 10.32
1492904.862 | 05.08 || Dewey, 0.96 meter. . 47 | Warren. ...{ 610610.73| 09.72
Patmos Head....... Mount Ellen....))| 20709 05.278 | 0540 43 | Brighton..........| 283 57 46.45 | 45.99
12 | Wasatch. ... 95755 46.513 |  46.98 . 44 | Boulder........... 312 17 14,36 15.15
13 | Mount Nebo...... 297 05 30. 568 30.22 50 | DeWey.-.eenenn... 0 00 59.99 3950
. 51 | Brighton. 52 59 00.94 01.04
s | Aimuth mark... | 00000-000 |- i-55 || Horsetooth, 1.36 || 52 | Boulder. 93 51 37.90 | 38.12
Wasateh. ........... 7| Patmos Head. ... | 1411025 472 | 25.26 || eters. 48| Twin..... 260 21 54.73 | 55.31
8 | Mount Eilen. 228 92 19. 500 19.79 49 | Warren............| 293 41 48.62 48.13
5| Tushale...eeeenn.. 30249 50.306  50.53 33 | Horsetooth........[ 0.0000.04 | 00.30
. 34 BWEOY .. uovuaannan 38 25 45.65 45.08
...... Azimuth mark.... 00000.000 |........ 35 | Brighton..........| 73 16 02.22 01.27
19 | Mount Ellen......| 574934.078  34.25 || Boulder,1.26 meters|{ 35a | Watkins  astro- | 104 24 42.78 | 43,94
Mount W 20 | Patmos Head.....| 124 44 59.353 58.92 nomic.
ount Waas........ 21 | Tavapuis.......,.| 17533 49.680 | 49.70 36 | Indian. ........... 111 31 36.80 |  36.61
22 | Treasury Mountain} 239 14 21. 688 22.02 37 | Morrison.......... 161 17 19.55 19.82
23 | Uncompahgre..... 273 50 30, 935 30.86 20 | Indi 0 00 00.09 508
ndian............ . .
_______ Azimuth mark....] 000 00.(7)0(2 T Douglas, 1.40meters { }g %}illtpp..... ééi (1)8 (%i(lig (2)3. if;
| 14 | Tushar,..... .1 121 30 16. 78, 6. 90 orrison.......... . 4,
15 | Wasatch. ... 171 06 54.365 53.79 . —
Mount Ellen........ 16 | Patmos Head.....[ 2131751574 | 51.24 8 | Whitalker......... 00050.96 | 59.32
17| Mount Waas. . 26543 14. 464 14.96 Ragged, 1.40 meters gg Gr?m#ééb """"" 27')2 Tl) gzz&; gg ??
18 | Uncompahgre.....| 287 44 08.352 | - 08.65 ’ 84 | Notch.............| 262 80 14.41 | 14.31
...... Azimuth mark....| 00000.000 |........ 85 | Chugwater........| 294 23 52.26 51,82
34 1371355.336 |  55.70 67 | Greentop 0005901 | 350,61
P 35 .1 189 27 23.228 2171 I o8| Ragged. .. T ) =
Treasury Mountain.| 33 B 21T gg I\%ﬁ e(li{ ........... 13 26 37.85 |  38.30
taker......... 59 34 20.03 19.78
37 3134006.601 |  07.08 64 | Warren........... 235 21 02.62 | 02.35
38 3490227.958 | 2178 )| o oIl 1.38 moters 65 | Twin,.......oo... 300 05 14.17 | 14.23
Azimuath Xk 0 00 00. 000 (el " 636 (l}}lllssell ............ 337 35 33.48 33.51
, tor Treasuty marMOI-u-J-_ ‘| g0 o 0aa 50k a :grszx}ne west | 17 02 52.14 52,65
tain. 6! h 5
Tavaputs........... % | Uncompohgre...... 11824 50.937 | 49.89 % | Choyenno oast | 5903 18.14 | 17.90
26 | Mount Waas.. 168 13 53. 180 53.31 o o
27 | Patmos Head..... -1 246 38 30. 060 30.32 ’;("; &!Vaiilll ............ Gg (l)g (5)? 3% 59,07
win... . 08, 66
...... Reference mark...|  00000.000 ... Groentop, 128 me- |} 7 | Russeli.. 66 31 40.16 | 40,01
45 176 00 16.476 16.24 . 74 | Ragged 244 28 44,59 44,13
Mount Elbert....... 22 . ég? gg (2)3 (lizg g(% gg 75 | Whitaker......... 330 14 25.44 25,67
48 31314 35{1 165 :*{g: 5 70| WP o 03kt | oe
49 354 19 11.010 - Russell, 1.30 meters. ;g """""" %% (l)g 88 (lig o 00
17 0 00 00.05 58. 96 d 00.18
mand) &2 2 o@Ey| o
qo1 R X . . g
Hilltop, 1.34 meters.d 13 | Pikes Peak.. 193 34 17.30 17.27 g{i %,7]‘}’ I{g &1”2);&i %1’ %
15 B]gomlson" . ggg :132 gg gg 32 gg Twin, 1.42 meters... 55 234 59 37,06 37,98
16 | Dougles........... - - . 56 281 20 33.34 | 33.53
25 | Brighton.......... 0005004 | m45 57 320 49 06.91 | 06.41
24a Watkjins astro- 9 42 19.17 18.27 - 430 0 00 00,04 00,21
nomic.
Indfan, 1.10 meters.. %é %mt(l)p ____________ %g g;l; ié g(l) }S é; Cl}.‘iz‘ielxlrrllee tg_:?t base, (] 431 -89 53 02.02 | 02.14
ouglas. . . . X .
23 Mongison 201 24 37.08 | . 37.37 432 107 42 25.25 ) 24.96
24 | Boulder........... 318 55 25.92 26.03 435 | Wadill............ 0 00 00.20 00, 26
26 | Bould 0 00 5554 s C}iegfnne th'St base, 433 Cheyenne west | 120 10 12.51 12,23
oulder........... . . 55 44 meters.
27 | Brighton.......... g? 0(; 44.8}] 45.16 434 Whitaker ......... 180 38 03.19 03.42
27a | Watkins  astro- 57 34.2 32.50 T
Morrison, 1.42 me- nomic. 101 | Coleman 8(2) 8(; (5)%7) g? 00. 09
roon, 1. 28 | Indian. ........... 102 43 32.17 | 32.12 o 102 - 07.33
L 29 | Douglas. . 120 10 20.17 20. 96 || Haystack, 1.22 me- 103 94 24 04.24 03.93
30 | Hilltop 126 51 02.77 03.12 ers, 104 108 58 16,84 16. 36
] 99 | Chugwat. 294 26 05.31 05,77
31 | Elbert... 142 10 48.31 | 47,98 Noten 5
32 | Pikes Peak 181 52 16.56 |  17.63 100 | Noteh... - 825 36 07.76 | 07.85
e 107 | Haystack. 00050.99 | 50,40
11 | Hilltop..c..oueuen 0 00 59,94 59,18
s Dlvidg - 176 56 56.26 | 56,82 || Coleman, 1.31 mo- 108 %hug}water . 79111586 | 1592
Elbert, 1.36 meters.. aolPp 236 48 tors 109 otch... .| 111 25.05.23 05,29
ikes Peak. 36 48 00.36 00.91 g 105 | Willow. | 312 31 2806 27,55
10 | Morrison.......... 325 07 40.15 | 39.82 106 | Hobbs. . ......0 ] 32734 21.20 | 22,18
gg Indian............ 62 2(1) gg gg gg (4)9 8(73 Chgj%w}gter ........ 0 00 59.88 59. 51
ighton. 1. . : . . 09 aker 21 50 37.18 |  37.01
Brighton, 1.36 me- 1} 100 39 56.02 | 5582 || Notch, 142 moters..|{ 98 | Ragged. . | 14265185 2203
41 ] 166 31 25.21 25,10 94 | Coleman. .| 248 38 31.04 31,02
42 217 30 16.45 16.37 95 | Haystack.........; 282 49 36,62 36.72




PRIMARY TRIANGULATION.

45

Final . * Final
Stai:ionel occupiedf %Ium; git;sertyed secfcinds Staﬁl&m I octqupi%z} bNungf- C‘;Bserved secfonds
and elevation o er o ection after a elevation or ection after
instrument above | direc-| OPlect observed. | reguced to | figure instrument above | direc- | OPlectobserved. | 4 0 qs, | fgure
station mark, tion. sea level. adjust- station mark. tion. sealevel. |adjust-
ment. ment,
o ! " " ° ’ (X3 "
b AneE wn i aannl us
92 oleman.......... 5. X R .
Cl%ggw ater, 1.41 me- 93 | Haystack,........ 71 39 42.03 41.21 || Elk, 1.40 meters..... 178 116 49 38.08 38.31
TS 89 | Whitaker.. ... .0 219 21 18.01 | 18.11 174 247 24 02.20 | 01.68
90 | Ragged........... 256 19 55.49 |  55.86 175 40 27.31§ 27.17
80 | Greentop.......... 0 00 00.06 00. 70 182 0 00 59.90 00.26
81 | Ragged........... 19 32 24.87 24.59 183 72 54 00.28 59.60
82 | Notch............. 20 58.96 [ 59.02 || Cambria, 1.24 meters)y 184 1202022.73 | 22.90
Whitaker, 1.38 me- 83 | Chugwater........ 96 57 42.36 42,13 185 195 31 11.22 1115
ters. 79 adill............ 2069 19 52,31 53,07 186 241 17 58.26 58.38
- YIS 709 | Cheyenne east | 209 26 54.72 1  54.35
base. 180 000 00.01 | 5983
79b | Cheyenne west | 208 06 01.98 [ 01.43 [ crow, 19.28 meters..[{ 181 8110 47.84 | 48.25
L ase, 179 284 15 07.14 |  06.91
110 | Haystack......... 0 00 00.03 00.38 188 | Cambria. 0 00 00.00 00. 54
oo, 152 motas. | 111 | Coltnan- 1 BT 220 13| el ) e e
v a 1LOW. i . Laird, 1.19 meters...{ 1! undance. . . .64 4.82
113 | Rawhide. . 256 16 37.78 | 37.18 ! © 191 g‘erry. .| 187 07 35.74 Ili5.13
187 | Crow.a.ooevnnn.. 308 37 11,74 1.35
N SRER ER
117 | Manville . . 4 0059.94 | 50.06
Rawhide, 146 me- \/  y1g | Kirtloy. 93 00 51.88 | 51,72 &7 8l o008 | 00.63
ers. 114 Haﬁstach 255 11 35,13 | 34,79 (| Inyankara, 1.42 me- 105 57 00.82 { 00.39
115 | Hobbs.... ..| 316 53 58.85 | 59.67 ters. 161 21 15.42 | 15.03
205 01 33.54 | 33.75
119 | Manville_......... 000 00.07 | 00.17 8.5
10 Rt 107 04 4110 | 30,04 0N w1z 0
121 | Rowhide.......... . . 2628 14.73 | 14.44
Willow, 1.42 meters.|§ 125 | Fobbs............ 120 08 38.74 | 38.95 || erry, 1.62 meters.... 1 B2 021s| o0zoz
123 | Haystack......... 155 25 07.50 | 08.21 .| 118 54 04,121 04.11
124 | Coleman.......... 205 49 33.21 32.99 155 05 17.13 17.12
126 | Kirtley........... 000 00.01 | 00.66 206 | Inyankara.........| 00053.9%4| 50.00
127 | Rawhide.......... 7831 22,841 22.53 202 { Wymonkota......| 221 13 22.86 | 22,99
Manvige, 1.37 me- [{ 128 | Willow.......... .| 113 18 06,68 | 07.00 || Sundance, 1.37 me- |} 503 | Cgaitle...... 248 10 28.02 | 27.81
ters. 129 | Alkali............. 277 07 28.80 |  28.47 ters. 204 | Terry.. 304 00 44.73 | 44,
125 | Parker............ 321 46 21.80 |  21.46 205 | Laird...ceeneen... 325 26 05.38 |  05.36
134 | Rawhide.......... - 0000011 00.44 210 | Harding...........[ 00050.93 | 00.00
130 | Willow:..~7"10 wsmil s 211 | Moreau.. | 11243043 | 39.08
5 131 | Manville.......... 5. 3 1 . 33.35
Kirtley, 1.28 meters.\ 55 | Aficali........00000 113 38 26,69 | 26,50 || Costle, 1.82 meters...|l 202 . Y5 1612
133 | Parker............ 162 36 37.49 37.50 208 . 55, 54,70
209 3. 33.43
153 %ulllivan........... 5o (O)g gfl).gg g&lag;z
154 | Parker............ 2 . . . -
Cottonwood, 1.33 || 155 | Provo east base...| 88 4255.20 | 55.47 Loy SRNNE N
meters. 156 § Provo astronomic.| 94 16 19.06 19.25 )i mable, 1.31 meters 235 G4 48 04.49 04,53
157 | Provo west base...| 108 56 44.65 43.93 r T 238 104 14 39.12 | 39.75
152 | Alkalie............ 311 53 38.06 { 38.48 Sa7 165 58 52.50 |  52.41
172 | Alkalieecnoon..... 000359.98 30.60 00 00.03 .
Sulivan, 157 me- |} 173 | Blk 2221111110 B 2 e maeNRl %u
ers. 170 { Parker............ 8 3 b . X
171 | Cottonwood.. . . 274 4118.98 | 10,35 || Reve, 1.27 meters... iy 229 57145090 | oo
0 26.21 .
o . 109 | Parker........... 00900081 00.80 231 200 30 26 25.80
rovo east base 166 rovo west base._.| 245 2. .
9,70 meters, ’ 167 | Provo astronomic.} 251 21 54.32 54.88 218 0 00 00,03 00, 01
168 | Cottonwood....... 269 55 51.79 | 5191 219 3226 17.99 | 18.11
Harding, 1.38 me- 220 48 59 48.17 48.24
164 | Parker..... [P 0 00 00.07 f 00.18 ters. 221 85 01 09.45 | 09.20
Provo astronomic, 165 | Provoeastbase....| 56 03 54.33 54.33 222 122 42 50,92 51.13
.1.35 meters. 162 | Provo west base...| 224 42 18,72 18.25 223 184 34 52,02 | 51.88
163 | Cottonwood..... .. 260 11 14.61 | 14.98
2 . 06 .
160 | Provo astronomic.| 0 00 00.04 |  00.27 321 10 82855
Provo west base, || 161 ] Provoeastbase...., 526 53.74 | 53.36 || Moreau, 1.30 meters. s 935 1
4 14 meters. 158 | Cottonwood....... 230 09 21.21 [ 21.42 226 78 43.98
159 | Parker............ 325 13 07.02 | 06.95 :
140 i({{;(t(ixi]wmd ....... 000 22.0 gg A{g gg gg. %
141 . X . .
142 | Bullivan. . 16,96 || Vymonkota, 144} 315 68 26 38.10 |  37.84
143 | EL L 38,63 - 216 ..{ 143 56 17.40 | 17.10
Parker,1.33meters..}{ 135 | Provoeast base., 39.76 217 184 58 01.48 | 0171
136 | Provo astronomic. gzg gé gg 3§ gg ?g
137 | Ki 2 . . 238 0 .
138 33167 05.13 | 05.65 239 0050l B
139 - 845 49 50.78 | 50.47 || 1 oqge, 1.28 meters... E’i(l) 7703 6202 | 5208
112920 40.16 | 40.61
144 000 00.04 { 00.03 15
145 1737 42,20 | 4108 22 173 26 34.75 | 34.04
gl ou ”
147 ..| 871825 . 00 00.02 | 35.72
Alkali, 1.41 meters.. 148 | Parker. ... 1 102 21 52.04 52.62 | whetstone, 1.05 mo- 249 43 44 48,93 49.30
149 | Cottonwood. 133 53 28.96 | 28.38 tors, ’ 250 74 24 24.44 | 24.68
150 | KittleY.veeenn.oa..; 150 08 45.00 1 44,62 251 104 44 11.74 |  11.84
15t | Manville..........0 175 14 18,77 ) 19.76 252 156 09 28.72 1  28.30
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. Final Final
S(’.at:iém1 occupiedr ll;Tum} ggserged secg'nds Statgml octcupier} I!;Tum; gil;sex;ved secf:gnds
and elevation o er 0. . ection after and elevation o er O . ection after
instrument above | direc- | OPiectobserved. | yoqu00q 10 | figure fnstrument above | direc- | OPiect observed. | roquced'to | figure
station mark, tion. sea level. adjust- station mark. tion. sea level. |adjust-
ment. ment.
o ’ " n o ! " "
243 00059.98 | 00.09 317 | Jackson........... 000 00.03 | 00.04
244 52 25 12.90 | 12.46 318 | Montana.......... 820 03.62 | 03.44
Butte, 1.10 meters. .|[{ 245 198 gg é" gz %2. gg g;g gal?{vﬂle .......... gg §g }’2 ég 17.08
246 60 4. . nake............. . 54.78
247 223 21 05.67 | 05,99 || Buford, 1.24 meters.|¢ 5oy | iy 11 1IIII0 110 53 52.67 | 5271
322 | Williston. ......... 154 10 39.52 | 39,05
257 00059.98 | 00.29 315 | Sheep,...--ee-nuns 280 07 05.91 { 05.73
253 162 54 13.57 | 13.37 316 | Lovering.......... 334 12 44.71 | 44.81
Black, 1.15 meters. .[{ 254 206 49 32.60 | 33.30
255 263 20 52.96 | 53.29 000 00.07 | 50.62
256 300 15 57.14 |  56.00 11100 20 36.34 |  36.12
Cutoff, 0.98 meter.. . 188 41 28.57 |  28.55
258 0005398 00.73 208 97 31.54 | 31.97
. 259 51 44 02.%2 m.t}g 231 02 19.22 | 19.47
: 260 82 30 44. 4. .
Rainy, 1.08 meters..{ 57 135 50 52.53 | 52.77 00050.96 | 00.40
262 146 15 40.61 |  40.92 || Mondak, 1.25 meters. 223 14 56.04 | 56.16
263 176 00 05.90 |  05.04 274 20 67.65 | 07.13
264 00059.95 | 50.81 00050.98 | 50.77
Badiand, 1.22 me- 265 59 52 45.90 45.50 || Ferry, 0.28 meter.... . 8611 44,09 44,36
ters. 266 161 44 44.10 |  44.04 106 30 01.43 | 01.36
267 239 21 03.45 | 04.05
000 00.03 | 59.92
274 0000002 50.83 518 56.35 |  56.29
P 335 00,00 | 008 100 10 06.24 | 0% 50
: 76 61 19 00. X Montana, 1.18 me- . 08.28
Sentinel, 120 me- ] 977 102 47 22.58 | 22.83 ||  ters, 275 33 17.%6 | 17.48
i 278 110 37 51.39 |  51.54 200 54 53.26 | 52.91
279 137 00 08.21 | 08.04 313 51 32.05 | 31.69
273 316 08 09.11 | 09.34
. 0 000 00.01 | 0C.45
72 00059.97 | 59.63 || Bainville, 1.30 me- 135 12 00.52 | 50.99
268 227 58 11.52 | 11.80 r : .
Saddle, 1.28 meters. .|| 260 25734 5446 | 5420 10721 83.35 | 53.43
270 318 30 15.01 14,97 0 00 00.02 00.47
271 | Hump............ 320 06 21.73 | 22.09 || Lanark, 1.09 meters.{ g4g %![otntﬂana .......... §§‘% gg 33' g 43.10
46 | Cutofl...o.ounee... X .
| onin Ange| oo o e
283 | Saddle............ . . 'r 368 | Williston.......... 0 00 59.97 00.
Hump, 1.22 meters. . 280 | Sentinel........... 185 08 30.31 30.14 \) 369 | Buford....c.o..... 59 45 10.05 09?;}
281 | Blue..........once 308 28 04.85 |  04.99 | Bull, 1.32 meters....;{ 366 | Gladys............ 287 55 21.16 | 20.79
. i{ 367 | Bonetraill......_.. 305 24 33.83 34.06
285 | Hump............ 00000.02} 59.94 il 370 | Snake............. 116 48 35.36 |  35.32
286 Sﬁntmel ........... 9% 2%1) ﬁ& gg ig gg
. 287 | Blu@,eveeunn-n... 01 11. X 331 [ Bull.eorveannnn.. 000 00.04 | 00.19
Cook, 1.21 meters. .. 258 | Trotler............ 169 34 02.63 | 02.89 8 | Willision...... 41 00 48.35 | 48,49
T R . . Snake, 1.25 meters..s 333 { Buford............ 99 39 37.74 37.65
284 | Saddle............ 284 18 30.03 |  30.20 ! | 334 | Bainville.en....... 133 16 01.06 |  00.71
: KSON vevensnnee 147 18 30.80 .
(202 Flat............. 00000.04 | 00.18 385 | Jackson 89.97
293 | Trotter............ 2503 25.15 | 24.908 341 | Marmon........... 000 00.03 | 59,98
294 | Cook............~| 5936 26.54 | 26.86 336 | Buford............ 186 31 01.72 [ 02,23
Blue, 1.29 meters....|{ 295 | Hump............ 91 03 22.49 | 22.79 || Williston, 1.25 me- |} 337 | Snake............. 241 27 31.02 | 30.65
206 | Sentinel........... 100 13 17.39 | 16.86 || ~ ters, 338 | Bull.ccouonn.......{ 26320 08.16 | 08,11
290 | Lovering.......... 205 11 32.12 | 31.92 339 | Gladys...........- 304 26 15.67 | 15,56
291 | Sheep......ceene.. 344 45 22.85 |  23.01 31120 24.32 | 24.41
330 (f‘oolt(t .............. lg gg 'g‘g.z% gg. 91 [ 00000.01 | 00.29
301 | Trotter............ 35, 5. 36 ; 1.27 me- 85 29 01.71 X
Flat, 1.33 meters....|] 302 | Blue.............. 66 4113.790 | 13.60 || >goerraill, 1.27 me- | i3 0n0s | Soot
- 303 | Lovering.......... 147 15 41,71 41,94 i .| 231 51 54.47 54. 66
304 | Sheep....ccceun.-. 210 35 54.11 ] 54.06 |
00000.01 | 59,94
299 | Cook....cvunnnnnn. 0 00 59,97 00.00 . . 30 47 24.37 32%
Trotter, 1.26 meters.|; 297 | Blue....c......... 102 54 07.79 07.90 74 25 24,06 24.19
208 | Flate...ocenunnnn.. 208 09 05.79 | 05.64 || Gladys, 1.40 meters. 1116 1034.78 | 3467
114244 33.99 | 33,
305 | JacksOD...ceounen. 00000.01 | 59.65 209 42 46.29 ig %
: 306 | Buford............ 31 4516.96 | 17.08
Lovering, 1.23 me-
ors 307 | SheeP..cveeucen--- 06 55 04.02 | 04.18 00000.03| 0015
. 308 | Flato...ooooeeenoo. 124 33 05.20 | 05.03 4600 24.56 | 2370
309 | Blue......ccunnn.. 159 10 11.87 | 1210 || arornon 1,28 meters lgg gz 81‘ &2, o7 80
X 04. 28
310 000 00.02 | 59.96
ol §8 3(1) ‘4‘3' % ig' a 150 14 28,56 | 28.73
. 312 X .44 N
Sheep, 1.17 meters.. 313 | 116 21 25.84 2.35 0 00 00.00 59, 64
313a 114316 34.09 | 34.12 42 14 39.76 | 40,24
314 | Buford... .| 149 46 28.06 | 27.88 || Muddy, 1.42 meters. 77 24 40.43 | 40, 57
153 06 10.50 | 10,03
330 | Lovering.......... 000 00.01 |  00.29 179 45 31.34 | 3153
323 | Snake............. 102 48 .26.90 |  26.49
325 | Lanark............ 194 56 01.34 |  00.92 000 00.01 | 00,02
Jatckson, 1.30 me- ggé Ba%ng_ille .......... égg (l)g gg. (139 40.39 gg gg gg-%g 36,49
ers. utoff............. .60 | 53.83 . 50. 55
327 | Montana.......... 235 36 26.65 | 26,44 || [TOWard, 9.27 meters | 73303730 3713
328 | Buford............ 237 32 30.81 31. 46 1132 15 32,90 | 3,01
329 | Sheep.....c....... 304 14 39.43 | 39.12 187 33 13.56 | 13.53




PRIMARY TRIANGULATION.

bt b e e b pd e e
WX TS U WD

20.
21.
22.

23.

24,

25.
26.

27.
28.
29.

30

32,
33,
34.
35,
36.
37,
38,
39.

. 0=—0.05 —(23)-+(25) — (27)+(28) — (38) +(39)

=—0.96—(26)+(27) —(35)+(37) — (39)+(40)

. 0=—1.80—(41)-(42) — (43) +(45) — (50)+(51)
. 0=-0.10—(33)+(34) — (44)+(45) — (50)-+(52)

= —0.99~—(34) +-(35) — (40) +(42) — (43) +(44)

. 0=—1.03—(45)+(46) — (48) +(50) — (57) +(58)
. 0=+42.70—(46) +(47) — (56) +(57) — (59) +(61)
. O0=+41.04—(48)-(49) — (56) (58) — (60) +-(61)

= —0.33—(55)+(56) — (61)+(63) — (64)+(65)
= —0.0% —(53)+(55) — (65) +(66) — (71) +(73)
0=—+1.00—(53)+(56) — (61)+(62) —(72) +(73)
0=—2.20—(54) +(55) — (65)+(67) — (76)+(77)
0=—0.12—(66)+(67) —(70)+(71) — (76)+(78)
= —0.55—(67)+(68) — (74)+(76) — (87)+(88)
0=-+1.36—(68)+(69) — (79)+(81) —(86)+(87)
= —0.34—(74)+(75) — (80)-+(81) — (86)-(88)
0= —0.62—(81)+(83) —(85)-(86) —(89)-+(90)
0= —0.07 —(82)+(83) —(89)-+(91) —(96) +(97)
0=—0.41 —(84)-+(85) — (90)4-(91) — (96) -+(98)

0==-+0.52 — (91)+(92) — (94)(96) —(108) +(109)
. 0=—+0.62—(92)-(93) — (99)-(101) — (107)4-(108)
31.

0==—0.79 — (94)+(95) — (100)+(101) —(107) +(109)
0= -+1.00—(101)+(102) —(105)-+(107) ~(123) +(124)

= —0.52 — (102) - (104) — (114) +(116) ~ (121)+-(123)
0=-+2.06—(101)+-(103) — (106)+(107) ~ (110)-+(111)
0==—0.74—(105)+(106) —(111) (112) ~ (122)+(124)
0=-+1.10—(112)+(113) —(115)+(116) ~(121) +(122)
0=—0.25—(116)+-(117) —(119)+(121)~(127)-+(128)
0==+1.24—(117)+(118) — (126) +(127)+(131) —~(134)
0==-+0.05 —(116)+(118) — (120) +-(121)+(130) — (134)

Final ol
Statl;im . octcupiedt I‘;Tum- gbse?ired se%%nds Statgm . octcupiedr Ik;Ium; Observed SQ;‘,?&S
and elevation o er of . . irection after and elevation o er o irec
instrument above | direc. | OPiect observed. | o9 00qto | figure instrument above | direc-| OPJect observed. rgtlirueggio o gl‘t‘els;'e
station mark. tion sea level. adjust- station mark. tion. sea level. adijust-
ment ment.
o ’ " r -] ’ 12 "
399 000 59,97 | 5060 409 | Ambrose south- | 0005997 | 00.27
Stady, 1.37 meters 400 81 25 15,10 15,40 west base.
MRS -1y 397 .1 195 58 20.42 ! 20.74 || Ambrose, 1.35 me- i3 410 | Bowie............. 0 56 35.24 35.381
398 259 36 51. 57 51.32 ) ters. 411 | School............. 74 02 54,17 54,04
408 | Crosby............ 267 48 51,92 51.67
403 0 00 00.03 59,71 420 | School . 0 00 00.00 5
eemeeranaaan 3 9. 64
404 53 P 0701 3981 Bowie, 127 mabers..{ a1 ﬁmgrose ...... o] s 38, 84
. ) . 3 mbrose south- 25 26,13 26,05
Crosby, 9.25 meters. 406 17735 61.79 02.34 west base.
407 168 04 59,73 59. 65 —_—
401 | Muddy.,.....o00000 32112 26.24 | 2622 250 42 30,8 s
402 | Howard........... 358 46 49.88 49,67 i School, 1.15 meters.. 332 59 29, 94 24 29
418 | Stady....ceueenens 000 50,97 [ 00.20 .
4%2 };Iowgn‘d ........... 22(13 fig ;g gg ‘li.g .%z) 50 0(()) 00, 32 59.71
4 owie............. 5 S 3 40 38. 69 38.33
Norge, 6.35 meters.. |t i | Ambrose south- | 264 52 32.85 | 33.48 | Ambrose southwest 90 59 32.76 | 3257
west base. base, 9.25 meters. 176 51 47.79 48,22
417 | Crosby............ 324 41 52,95 52,37 235 26 00.16 00. 57
CONDITION EQUATIONS.
ONE HUNDRED AND FOURTH MERIDIAN.
No.
1. 0=-41.82~(2)+(4) = (5)+(7) —(12)+(14)
2. 0=—0.81—(6)4(7)+(8)~(11) —(12)+(13)
3. 0=+0.70—(3)+(4) —(5)+(6) —(8)+(9)
4. 0=—42.87 —(10)+(11) —(13)4(15) — (30)+(31)
5. 0=—0.33 —(1)+(3) —(9) +(10) —(31)+(32)
6. 0=-4-0.38—(15)(17) —(21)+(23) —(28)+-(30)
7. 0=—0.85—(19)+(20) —(22)-+(23) — (28)+(29)
8. 0=40.61—(16)+(17)+(18)—(20) —(21)-+(22)
9. 0=—0.62 —(23)+(24) —(26)4-(28) — (36)+(37)



75.
76.
77.
78.
79.
80.
81.
82,
83.
84,
85.
86.
87.
88.
89.
90.
91.
92.

U. S. COAST AND GEODETIC SURVEY SPECIAL PUBLICATION NO. 19,

. 0=—2.254(126) — (129) — (131)+(132) —(150)+(151)

. 0=—0.39—(125)-(126) —(131)-+(133) —(187)+(139)

. 0=-0.86—(132)--(133) —(137)-(141) —(148) +(152)

. 0=-}-0.39 —(140)-+(141) —(148)(149) —(152) +(154)

. 0=42.42 —(138)4-(140) — (154) +(157) —(158) - (159)

. 0=40.44—(155)--(157) —(158)---(161) —(166)-+(168)

. 0==--0.13—(135)4-(140) —(154)+(155) — (168) 4-(169)

. 0=-+0.92—(136)4-(140) — (154) +(156) —(163)}-(164)

. 0=-+0.01—(135)+-(136) —(164)--(165) — (167)+(169)

. 0=—0.41—(160)4-(161)--(162) —(165) —(166)+(167)

. 0=—1.81—(140)-}-(142) — (158)4-(154) — (170)+(171)

. 0=+2.15—(147)4-(149) — (152)+(153) — (171)+(172)

. 0=—2. 28 —(141)-4(143) — (146)--(148) —(174)--(176)

. 0=—1.33—(142)4-(143)-(170) —(173) —(174) +(175)

. 0=-1-96.54-7.31(2) —13.75(3) }-6.44(4) —0.45(5) — 68.67(6) 4-69.12(7) —92.35(12) —94.80(13) +-2.45(14)
. 0=—9.41+2.91(1) —10.22(2)-}-7.31(3) —1.38(9) —3.02(10)+4.40(11) +6.21(30) —7.68(31) 4-1.47(32)

. 0=—+15.8+1.73(15) —5.91(16) +4.18(17) +9.93(21) — 10.84(22)+-0.91(23)+6.70(28) —24.68(29) --17.98(30)
. 0=14.7+44.04(23) —6.46(24) +2.42(25)+1.90(26) —1.42(27) —0.48(28) — 0.40(38) —2.90(39)+3.30(40)
. 0=145.1-0.63(33) —8.03(34) 4-2.40(835)+3.39(43) —3.91(44) +0.52(45) +1.59(50) —4.02(51) 4-2.43(52)
. 0=—2.3+1.16(45) —5.81(46)+4.65(47) +3.20(48) —4.12(49) +0.92(50) +2.14(56) —2.56(57)--0.42(58)
. 0=—6.9—1.20(53)+3.21(55) —2.01(56) —4.10(61) --6.46(62) —2.36(63) —0.99(64)4-3.73(65) —2.74(66) ~ 2.89(71)

+4.92(72)—2.03(73)

. 0=—31.0—46.55(53)47.75(54) —1.20(55) —2.74(65)+7.85(66) —5.11(67) —0.91(76)-+-28.28(77) —27.37(78)

. 0=-412.047.57(67) —8.81(68)+1.24(69) —0.02(79) —5.91(80) +5.93(81)+0.58(86) —1.70(87)+1.12(88)

. 0=—0.240.47(81) —6.67(82) +6.20(83)+3.38(84) —4.33(85) -+-0.95(86) +3.10(96) ~5.25(97)+2.15(98)

. 0=-+1.6~—2.15(91)+2.85(92) —0.70(93) —3.48(99)+6.56(100) —3.08(101) +0.83(107) +3.34(108) —4.17(109)

. 0=-+-0.249.67(102) —17.77(103)-+8.10(104)+1.13(114) —3.38(115) +2.25(116)+4.94(121) —9.40(122) +4.46(123)
. 0=428.5—0.16(101)—9.67(102) +9.83(103)+7.83(105) —11.14(106)+3.31(107) +-3.92(122) —4.46(123) +-0.54(124)
. 0=—5.5-+2.98(116) —2.68(117) —0.30(118) —0.91(126) —3.03(127) --3.94(128) — 11.09(130) -+-5.53(131)+5.56(134)
. 0=—14.3—2.67(125)+2.41(126)+0.26(129)5.30(137) —5.55(139) +0.25(141) +1.91(148) — 6.41(150) +4.50(151)
. 0=-+19.6+4.47(135) —8.42(138)+3.95(140)+2.83(154) —8.54(155) +5.71(157) —0.19(158) —2.30(159) -+2.49(161)

+4.62(166) —4.62(168)

. 0=-}-53.5--21.65(155) —29.69(156)+8.04(157) — 1.76(158) —20.31(160)+22.07(161)--20.34(166) —26.61(167) +6.27(168)
. 0=140.24+7.70(135) ~19.73(136)-12.03(138)-3.03(159) —25.10(160) +-22.07(161)-20.34(166) —19.63(167) —0.71(169)
. 0==7.2+-0.92(140) — 6.48(141)+5.56(142)+-5.84(147) —7.83(148) +1.99(149) +1.89(152) ~3.53(153) +1.64(154)

. 0=—15.4—6.48(141)+17.19(142) —10.71(143) —4.91(146)H-12.74(147) —7.83(148) —4.67(174)-+-4.73(175) —0.06(176)

. 0=-+18.0—0.05(2)--0.05(3) —0.41(8)+0.41(9)-1-1.88(10) —1.88(12)-0.24(11) —0.24(14) +1.77(16) — 1.77(18)

+4.06(25) —4.06(26)+1.82(27) —2.78(54) —1.82(67) —2.91(1) 4+-2.91(2)+2.78(4) +-0.52(5) — 0.52(7) 4-2.34(12)
—2.34(14) —0.47(17)+0.43(21) —0.43(23) — 2.42(24) 4-2.42(25)4-0.48(26) — 0.48(28) +1.47(30) ~1.47(32) — 0.63(33)
+0.63(35)4-1.78(36) —1.78(37) —0.40(38) +0.40(40) — 1.71(41)+1.71(42) +0.52(43) — 1.68(45)+1.16(47) — 3.20(48)
+3.20(49)4-2.43(51) —2.43(52) ~1.32(54) 4-1.32(55) 1+-0.42(56) —0.42(58) +1.61(59) —1.61(60) — 0.81(61)--0.81(63)
" 4-0.99(64)—0.99(65) —3.68(75) +4.79(76) —1.11(77) —0.02(79) +0.02(80) —3.70(792)+3.70(79b) —2.30(692)

+2.30(69)+1.19(433) —1.19(434) —0.67(430) +-0.67(432)

0=-0.32— (145)+-(146) — (176)+-(177) — (185)+-(186)

0==—0.03—(177)4-(178) ~(179)+(180) —(184) 4-(185)

0==~2.28—(180)--(181) —(183)+(184) — (187)--(188)

0= —0.63—(144)+(145)4-(182) — (186) —(195) 4-(196)

0=-+4-2.70—(189)-(191) —(193)+(194) — (197)4-(198)

0=-+0.57 ~(189)4-(190) — (192)+(194) — (205)(206)

0==—0.53 —(192)+(193) —(198) -}-(199) — (204)+(206)

0=-+41.17 —(182)+4-(183) —(188)-+(189) — (194) +-(195)

0=-+0.03 — (199)-+(201) — (203)+(204) — (207) +-(208)

0=—0.69—(199)4-(200) — (202)+(204) — (216)+-(217)

0=—0.82(202)+(203) — (208)+(209) — (215) +(217)

0=-+0.97 —(209)+(210) — (213) -+(215) — (222)+(223)

0=-1.11—(209)4(211) —(214)4-(215) — (224)--(225)

0=—0.47—(210)-(211) —(221)}-(222) — (224)+(226)

0=-+0.57 —(210)4-(212) — (220)+(222) — (228) +(230)

0==-1-0.84 —(220)--(221) — (226) +(227) —(229) +(230)

0=-+-0.69—(218)4-(220) — (230)-+(231) — (236) +(237)

0=—2.36—(219)4(220) — (230)+(232) — (238) +-(239)



No.
93.
94.
95.
96.
97.
98,
99.
100.
101.
102.
103.
104.
105.
108.
107.
108.
109.
110.
111.
112.
118
114.
115.
118.
117.
118,
119.
120.
121.
122,
123.
124.
125.
126.
127,
128.
129.
130.
131.
132.
133.
134,
135.
1386.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147,
148.
149,
150.
151.
152.
153.

PRIMARY TRIANGULATION.

0= —2.28—(231)(232) — (235)--(236) — (238) +-(240)
0= —1.41—(234)4(235) — (240) +(242) — (248)--(249)
0= —1.78 —(233)+(235) — (240) +(241) — (246)4-(247)
0= 4-0.10 — (233) 4(234) — (245) (247) — (249) +(250)
O==-+1.16 — (244)+-(245) — (250)+(252) — (258)--(259)
0= —1.58—(243)+(245) — (250)+(251) — (256) -+(257)
0=+2.63— (251)+(252) — (255) +(256) — (258)~(260)
0= —0.34 —(253)-(255) — (260)+(261) —(278)+-(279)
0= 4-0.79 — (261) +(263) —(276) +(278) — (268) - (270)
0=+0.43 — (254) -+(255) — (260) --(262) — (264) -+(265)
0= —0.05 —(261)--(262) — (264) -+(266) — (277) -+(278)
0=—1.61—(266)-+(267) —(269) (270} —(276)~-(277)
0= +-0.48 — (270) +-(272) — (274) +(276) — (284) ++(286)
0= 41.92—(273) +(274) — (286 +(287) — (294) --(296)
0=-10.93 — (271)+(272) — (282) -+-(283) — (284) +(285)
0= 1052 —(273) +(275) — (280) +(281 ) — (295 ) +(296)
0= —0.95 — (274) +(275) — (280) +(282) — (285)-+(286)
0= —0.60 — (287) +(289) — (202) +(294) — (300)--(302)
0= —0.80 —(287)-+(288) — (293) +(204) 4-(297) —(299)
0= —0.62— (288) -+-(289) — (298) -+-(299) — (300) --(301)
= —1.16—(200)-+(292) — (302)+-(303) — (308) +-(309)
0=—0.22—(291) +(292) —(302)4-(304) — (310)+(311)
0=—10.87 —(303)--(304) ~ (307) +(308) — (310) +(312)
= —0.46—(306)+(307) — (312)+(314) — (315)+(316)
Qs —1.94 — (305) +(307) — (312) +(313) — (329) +(330)
0= —0.02 —(305)+(306) — (316) -+(317) — (328) +(330)
0= —0.52—(317) +(318) — (327)--(328) — (353) +(357)
0s=-1-0.03 — (3138)-(314) — (315) +(318) — (353) -+ (354)
0= —1.41—(317)+(320) — (323)+(328) — (333) -(335)
= —1.67 — (317)+(319) — (324)+(328) — (343) - (344)
0==+-1.75—(319)+(320) — (333) +(334) — (342) +(343)
0= 4-1.68 — (320)+(322) — (332)+(333) — (336)+(337)
0=—~1.15~(325)+(326) — (346) -+ (347) —(348) -+ (349)
0= —~1.73— (345) +(346) — (349} +(350) — (358) -+ (359)
O=-}1.75 — (321)--(322) — (336)-(338) — (368) -(369)
0=-4-0.17 — (331)+(332) — (337) +(338) — (368) +(370)
0=-+-0.82 — (326)-+(327)-+(348) — (350) — (357) --(358)
0=—2.28 —(338) +(339) — (366)-+(368) — (379) +-(380)
O 1057 — (330)+(341) — (377)-+(379) — (381)+(383)
0=4-0.80—(338)+(340) — (367) +(368) ~(871) +(372)
0= —1.05 —(350) +(352) — (356) --(358) — (363) +-(364)
0s=4-0.68 — (351)+(352) — (360) +(361) — (363)--(365)
O —1.67 —(350)--(351) — (355) +(358) — (361)4(362)
0= —~2.60 —(366)+(367) — (372) +(373) — (378) -(380)
0= —0.80 — (373)-+(374) — (377) +(378) — (382) +(283)
0= —1.04 —(376)-(377) — (383} +(385) — (386) -+-(387)
0= —0.08—(875)+-(377) —(383)--(384) — (395) 4-(396)
0=-}-0.30—(375)+(376) — (387)+(388) —(394) +-(396)
0= 4-0.22 — (388) +(390) — (393) -+(394) — (401) +(402)
O -1.62 — (388)+(389) — (302) -+(394) — (307)-(398)
0= 0.69 — (391) +(393) — (402) -+-(404) — (417)+(419)
0= 4-1.02— (392) --(393) +-(398) — (400) — (402) +(403)
0= —1.58 — (309) +(400) — (403) - (404) — (417)-+(418)
O==—0.09— (404)+(405) — (415)+(417) — (423)-+(424)
D= +0.08 —(405)+(407) — (408)-+(410) — (421) +(423)
0= —0.18 — (404) +(406) — (416)-(417) —(427) +(428)
0= —1.09 — (415)+(416) — (422) --(424) — (428)+(429)
Qs 4-1.35 — (409) -+ (410) — (421 ) -+(422) 4-(426) - (429)
0= +-2.83 —(413) +(414) — (420)-+(422)-}-(425) — (429)
0=-+0.30—(410)+(411) — (412) -+(414) — (420)(421)
0= —1.50--6.63(144) —8.63(145)+2.00(146)-+0.08(176)

—3.87(177)+3.79(178)-+0.54(179) —0.87(180)--0.33(181)

+1.68(187) —3.34(188)-|-1.66(189)4-1.45(194) —3.66(195) +2.21(196)

48310°—14—4
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No.

154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167. 0=
168.

169.

170.
171.
172,
173.
174.
175.
176.
177,
178.

179.
180.

181.

182.

U. S. COAST AND GEODETIC SURVEY SPECIAL PUBLICATION NO. 19.

0=-+3.60—0.60(192) —6.44(193)+7.04(194)+3.14(197) —4.23(198) +1.09(199) +5.37(204) ~ 8.43(205) +3.06(206)

0=3.00+1.41(199) —4.29(200)+2.88(201)-3.89(202) —4.16(203) --0.27(204) -0.84(207) —2.83(208) +-1.99(209)

0=-5.40-+-1.16(209) —10.43(210) -+9.27(211)+7.04(213) —8.70(214) +1.66(215) +3.07(221) — 2.72(222) —0.35(223)

0= —0.90-10.43(210) —12.51(211)--2.08(212) +2.90(220) —5.62(221)+2.72(222) +-2.53(228) — 14.65(229)
+12.12(230)

0=-18.50--3.31(218) —10.39(219) +7.08(220) 4-0.80(230) — 1. 85(231)+1 05(232)+2.56(235) —3.69(236) +1.13(237)
+3.55(238) —5.56(239) +2.01(240)

0=12.603.54(233) —4.53(234)--0.99(235) +1.63(240) —3.80(241) +2.17(242) +0.59(248) —3.55(249) -+-2.96(250)

0==—3.0041.95(243) —1.62(244) —0.33(245) +3.60(250) —5.28(251) +1.68(252) +-0.27(258) — 3.51(259) +3.24(260)

0=—1.5—2.19(253)+3.58(254) —1.39(255) —1.58(260)-}-13.04(261) — 11.46(262) — 1.22(264) -+-0.78(265) +0.44(266)
—15.20(277)419.54(278) —4.25(279)

0=-+6.20-11.46(261) —15.15(262) +3.69(263)+3.70(268) —4.87(269)+1.17(270) +2.38(276) — 17.67(277)
+15.29(278)

0=—7.104-11.25(270) — 14.77(271) - 3.52(272) +33.05(274) — 34.38(275)+1.33(276) +0.54(284) — 81.13(285)
+80.59(286)

0=—25.70—1.93(273)+33.05(274) —31.12(275) — 80.85(285) +80.59(286) +-0.26(287) —3.44(204) --16.49(295)
—13.05(296)

0=—4.30--2.29(287) —12.96(288) +10.67(289)+4.50(292) —7.56(293)+3.06(294) -+6.89(300) —8.68(301) +1.79(302)

=—1.50-0.99(290) —7.73(291) +6.74(292)+4.02(307) —7.07(308) +3.03(309) -+5.49(310) —5.53(311)+-0.04(312)

+7.80+3.66(305) —3.40(306) —0.26(307) +4.07(312) —7.26(313) +-3.19(314) -+-0.38(315) —4.36(316) +3.98(317)

0=-58.4--4.15(313) —22.63(313a) +18.48(314) +-0.07(315) — 14.36(317) -+ 14.29(318) +61.52(327) — 62.84(328)
+0.82(329)

0=+4.45—(136)+(143) — (162) 4 (164) — (174) +(178) — (179) 4 (181) — (187)+(191) — (197)+(201) — (207) +(212)
—(228)+(232) — (238) +(242) +(252) — (258)-+(263) — (268) -+(272) — (284) -+ (289) — (300) +(304) — (310) +(313a)
—(354)+(355)

0=-+21.7--0.51(317) —11.15(319) ++10.64(320) 36.29(323) —38.68(324) +2.39(328) +3.17(333) — 11 59(334)
+8.42(335)

0=—1.20-4.89(320) —7.13(321)+2.24(322) +2.77(331) —2.41(332) — 0.36(333)+-0.49(336) — 5.20(337) +-4.71(338)

0==-1-19.10+4-2.76(325) —38.45(326) 4-35.69(327) 1-2.92(345) —5.23(346) 4-2.31(347) 4-22.63(357) — 24.06(358) 1-1.43(359)

0=—1.50-1.89(338) — 17.01(339) +-15.12(340) +6.68(366) —8.18(367) +1.50(368) +4.34(378) —4.21(379) —0.13(380)

0=—8.90+-17.01(339) —18.87(340)+1.86(341)+-2.36(377) —6.57(378)+4.21(379) +-2.03(381) —13.84(382)
+11.81(383)

0=5.20-5.80(350) —10.91(351) +5.11(352) +-4.38(355) —4.97(356) +-0.59(358) —0.62(363) —5.69(364) +6.31(365)

0=-+0.7+2.94(375) —3.53(376)4-0.59(377)+1.75(383) —3.94(384) +2.19(385)-+-0.47(386) —2.99(387) +2.52(388)

0=—66.50-+0.54(388) —4.73(389) -+4.19(390) +-202.98(392) — 205.43(393) +2.45(394)+2.62(401) —98.91(402)
+96.20(403)

0=+0.40-10.54(388) —4.73(389)-+4.19(390) +3.26(391) —5.71(392) +2.45(394) +-2.62(401) — 3.68(403) -+1.06(404)
+2.97(417) —4.95(418)+1.98(419) ,

0=+6.90-1.51(404) —6.99(405)+5.48(406) +2.21(415) —4.74(416) +2.53(417)+5.73(422) — 6.19(423) +0.46(424)

0==-+22.50 —6.99(405)8.73(406) — 1.74(407)0.08(408) +127.83(409) — 127.91(410) — 148.32(421)+154.51(422)
—6.19(423

0=—-14.85-6.9)9(405)+8.73(406)—1.74(407)+0.08(408)+0.52(409)—0.60(411)-—1.63(412)+5.76(413)—4.13(414)
—3.89(420)--10.08(422) —6.19(423)

0=—1.40-4.47(135) —4.47(138) — 3.78(141)+3.78(143) —2.00(145)+2.00(146) + 3.43(148) — 3.43(149)+-0.38(152)

+0.99(154) — 1.37(157)+0.19(158) —0.19(159) +0.96(166) —0.96(169) —0.88(174)+0.88(176) —3.79(177)-+3.79(178)
+0.54(179) —0.87(180)4-0.33(181) —0.65(182) 4-0.65(183)+'2.05(185) —2.05(186)+1.68(187) —1.68(188) +-2.14(189)
—~2.14(191) ~0.08(192)+0.08(193) +1.45(194) — 1.45(195)+4.23(197) —4.23(198) —2.88(200) -+2.88(201) —0.27(202)
+1.69(204) —1.42(206) 4-0.84(207) —0.84(209) —1.38(210)-+1.38(212) —0.83(213)-0,83(215) +2.42(216) — 2.42(217)
—1.83(218) +1,83(220) +1.12(222) ~1.12(223) 4-1.79(228) —1.79(230) —1.05(231)-+1.05(232) —0.99(233) +-0.99(235)
+1.13(236) — 1.13(237)++0.48(238) —0.48(240) —2.17(241)+2.17(242) — 1.62(243) +1.62(244) -+1.08(246) —1.08(247)
+0.59(248) —0.89(250)-4-0.30(252) —2.19(253) +2.19(254) — 0.25(255) +-0.25(257) +1.66(258) — 1.66(259) —1.05(260)
+1.05(262) +1.22(264) —1.22(265) —0.46(266) +-0.46(267) --1.17(269) —3.55(270) -+2.38(272) —2.19(273) +2.19(274)
+3.10(277) —3.10(279) +0.48(284) —0.48(286) — 1.55(287) - 1.55(289) — 0.99(290) +0.99(292) +2.46(294) —2.36(296)
+0.91(300) —0.91(302) —1.06(303)+1 06(304)--0.26(305) —0.26(307)-+3.05(308) —3.05(309) +0.04(310) — 0.04(312)
—3.19(313)+3.19(314) 4-0.38(315) —0.38(317) —0.91(320) +-0.91(322) — 2.13(323) +-2.13(328) +1.43(329) —1.43(330)
—2.41(331)+2.41(332) +1.92(333) —1.92(335) +1.48(336) — 1.48(337) — 1.44(339) -+ 1.44(341) — 0.68(366) —0.38(368)
+1.06(370) —0.59(375)+0.59(377) +0.89(379) —0.89(380) -+ 1.41(381) — 1.41(383) —2.19(384) +2.19(385) +-0.47(386)
—0.01(388) —0.46(390) —3.19(391)--3.19(393) +1.46(395) — 1.46(396) 4 2.74(401) —2.74(402) —1.74(406) +1.74(407)
—0.08(408) —0. 52(409)-0.60(411)+-1.63(412) —1.63(413) —2.53(416) +2.82(417) —0.29(419)+0.15(427) —0,15(428)

183. 0=--2.49—(24c)+(24d) —(26)-(27a) — (358)+(37)
184. 0=—2.25—(23)-(24a) —(272)(28) — (24b)+(24c)
185. 0=—39.00.44(23) ~1.72(24)+1.28(24a) —0.07(26) ~11.00(27a)--11.07 (28)-15.49(35a) —16.86(36)+1.37(37)



No.
186.

259,
260.
261.
262.
257.

258.

187.
188.
189.
190.
191.
192.
193.
194,
195,
196.
197,
198.
199,
200.
201,
202.
203.
204,
205,
206.
236.
237.

238.
239.
240.
241.

242,

254.

207.
208.
209.
210.
211.
212.
213.

PRIMARY TRIANGULATION. 51

0=+4.81—(248)+(25) — (38)+-(42) — (43)+-(47) — (59)+(63) — (64)+(69) — (79)-+(83) — (89) -+ (93) — (99)+ (104)
—(114)+(118)+(183) — (134)+(136) — (137)+(162) — (164)

0=-1.50 —(692)+(69b) — (431)+ (432) -+ (433) — (435)

0=—0.28—(79a)+(79b) — (430)+-(431) — (433)+(434)

0=-+2.53—(79)+(79b) — (692 +(69) — (430)+(432) .

0=-11.530-0.023(692)+2.356(69b) —2.333(69) — 10.279(79) +10.316(792) —0.037(79b)-+-0.065(431) —0.065(432)

0= 4536+ (1) = (5)+(8) — (15)4-(17) — (19)+(23) — (29) +-(33) — (39)+ (43) — (50)+(4) — (5)+(7) — (12)+-(17) — (21)
+(24a)

0=-13.4—2.02(68) —0.28(69) —0.47(81)-+0.47(83) —3.38(84)+-3.36(85)-4.81(86) —4.81(87)+2.80(89) — 2.80(90)
—2.98(92)+2.98(93)-+0.82(94)-+1.33(96) —2.15(98)+0.96(99) —0.96(101) —4.16(102) +4.16(104) —1.93(105)
+1.93(107)+3.34(104) —3.34(109) —0.56(114) +0.56(116) —1.22(117) 4 1.22(118)+-0.65(119) —0.65(121)
+1.74(123) —1.74(124)+0.26(126)3.03(127) —3.03(128) - 0.26(129) —2.37(131) — 1.83(132)+ 1.83(133)
+2.37(134) —4.47(135)+0.25(137) -+4.47(138) —0.25(141) — 3.43(148)+-3.43(149)-+4.50(150) —4.50(151)
—0.38(152) —0.99(154)+-1.37(157) —0.19(158)4-0.19(159) —0.96(166)+0.96(169) — 1.19(433)-1.19(434)
+0.67(430) —0.67(432)+3.70(792) —3.70(79b)+2.30(69a.)

ROCKY MOUNTAIN SERIES.
0=10.68+(1)—(4) —(5)+(6) ~
= ~0.22— (1)+(2)+(5) — (8)—(14)+(15)
0=—+0.27—(3)+(4) — (6)-+(7) — (12)+(13)
0=—1.08—(7)+(8) — (11)-+(12) - (15)+(16)
0= —0.13 — (10)+(11) ~ (16)+(17) — (19)-(20)
0=—1.27—(9)+(10) —(20)+(21) ~ (26)+(27)
0=-4-0.19—(21)+(22) —(24)+(26) — (37)+(38)
0=—0.23—(22)+(23) — (29)-+(31) —(36)--(37)
0=-+-0.61—(24)+(25) — (30)+(31) — (36)(38)
0=-+0.47 — (17)+(18)+(19) — (23) — (28)-+(29)
0=-+0.61—(31)+(33) ~ (35)+(36) — (39)+(40)
0=—41.87—(31)+(82) — (34)+(36) — (48)+(49)
0=-+1.13—(32)+(33) ~ (39)+(41) — (47)+(48)
= —1.00—(41)+(42) — (46)+(47) —(58) +(59)
=~ 144 — (41)(43)— (46)+(47) — (50)+-(51)
0=—40.39 — (45)+(46) — (51)+(52) — (57)+(59)
0=-+0.76—(43)+(44)+(50) — (55) — (60)-(61)
0=—0.18-+(4) — (5) — (52) ~ (56)+(57) -+ (65)
0=+4-2.31—(54)+(55) —(61)+-(63) — (66)+(67)
0=—1.09—(4)-+(5)— (16)+(27)+(54) —(67)
0= —0.79-+5.52(1) —1.42(2) —1.43(3) +4.00(4) — 1.72(11) +4.30(12) ~2.58(13) ~ 1.79(14)-+4.11(15) —2.32(16)
0==—0.64—1.72(9)+3.05(10) ~1.33(11) — 1.45(16)+7.56(17) ~ 6.11(18) —1.78(25)+2.21(26) — 0.43(27) — 6.88(28)
+10.26(29) —3.38(30) : :
0=—0.18-+1.04(21) —4.09(22)+3.05(23)+3.15(24) —3.48(25)+-0.33(26)+-0.09(27) — 1.44(30)+1.35(31)
0=-2.44+4.11(31) —5.69(32)+1.58(33) +1.19(39) — 4.20(40)-+3.00(41) —0.10(47) — 2.42(48)-2.52(49)
0=-+7.68-1.86(41) —5.41(42)-+3.55(43) 4. 71(45) —4.87(46)--0.16(47)+0.67(50) —3.14(51) +-2.47(52)
0=—4.36—2.24(5) —0.14(16)+1.82(27)+3.55(42) —7.97(43)+4.42(44) -+2.88(56) — 3.37(57)--0.49(58)+-1.91(60)
© ~2.53(61)+0.62(63)+2.38(65)+0.99(66) —2.80(67)
0=-1-6.35--2.78(4) —0.14(5)-+0.24(11) —0.24(14) +1.91(16) — 1.77(18)+1.09(25) — 5.17(54)+-2.39(55) +-0.62(61)
—3.90(62)+3.28(63)—1.09(66) )
0=-15.76—1.42(1)+1.42(2) —2.56(4) —0.91(5)+0.91(6) —0.11(7)+0.11(8) —1.72(9)+1.72(10)+1.72(11) —1.72(12)
+1.79(14) ~1.79(15) —1.45(16)+1.45(17)+0.90(19) — 0.90(20) —3.05(22) +3.05(23) —0.34(24)+0.77(26) —0.43(27)
+0.09(20) ~ 1.67(31)-1.58(33) —1.63(34) +1.63(35)+2.97(37) — 2.97(38) - 1.19(39) —1.19(40) —3.55(42) +3.55(43)
—0.16(45)+0.06(47)+0.10(49)-+0.67(50) —0.67(52)-2.78(54) —2.88(56)--2.88(57) 4-2.04(58) —2.04(59) —2.38(65)
+1.82(67) ~2.78(4) +2.38(5) —0.81(3)+0.81(5)+-0.41(8) —0.41(9) — 1.88(10) —0.24(11)-}-1.88(12) 4-0.24(14)
—2.85(17)-+2.85(18) —3.17(25)+1.35(27)

EL PASO BASE NET.

0=—0.17—(4)+(5) — (6)+(8) —(17)-+(19)
0=—0.76—(3)+-(4)—(8)+(9)—(10)+(12)

0="+0.41—(8)+(5) — (11)+(12) — (17)+(18)
0=1.38-4(1)—(4) —(7)+(8)—(22)+(23)

0=+-0.38+(1)—(5) ~(15)+(17) —~ (22)+(24)
0=+0.07 —(1)+(3) — (12)+(13) — (21)+(22)
0="+1.24— (2)+(3) — (12)-+(14) ~(25)+(26)
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No.

214. 0=-2.124(2)—(5)—(16)+(17) —(26)+4(27)

215. 0=~2.60—(1)-4(2) — (20)-+(22) —(26)+(28)

243, 0=+4-7.79—1.60(3)+2.91(4)—1.31(5) —5.65(10)+7.54(11) —1.89(12) —1. 65(17)+7. 61(18) —5.96(19)

244, 0=+21.22—6.06(7)+6.47(8)—0.41(9)—1.89(10)-+15.95(12) —14.06(13) —12. 80(21)4-20.22(22)—7.42(23)

245. =~10.97—0.77(6)—{-6.06(7)—5.29(8)—1.98(15)+3.63(17)—1.65(19)—5.41(22)+7.42(23)—2.01(24)

246. O=—15.94—3.30(11)+4.33(12)—1.03(14)—8.79(16)+11.64(l7)—2.85(18)—4.06(25)+23.43(26)—-19.37(27)

247. 0=+1.59—3.30(11)+4.33(12) —1.03(14) —1.98(15)+4.83(17)—2.85(18) —0.40(20)+2.41(22) —2.01(24) —4.06(25)

+8.14(26) —4.08(28)
COLORADO SERIES.

216. 0=-+1.44-(20) —(28) —(214)+(215) — (223)+(224)

217. 0=--0.10—(213)--(214) — (219)+(220) — (224) -+ (225)

218. 0=—38.17 —(205)-(206) — (212)+(213) — (220)+(221)

219. 0=~1.594(210)—(215) —(217)+(218) — (222)+(223)

220. 0=—2.85—(203)+(204) — (210)+(211) — (216)-+(217)

221. 0=-+3.92—(202)-(203) —(206)-+(207) — (211)+(212)

9222, 0=—0.20 —(198)+(199) — (200)+-(202) — (207)+(208)

223. 0=40.28— (190)-+(192) — (197)-+(198) — (208)+(209)

224. 0=~2.21—(191)-+(192) — (197)+(199) — (200)+(201)

925. 0==41.00—(188)-+(189) —(192)+(193) — (195)(197)

226. 0=—1.59 —(181)-+(182) ~(187)-+(189) — (195)+(196)

9227, 0=~—1.03 —(180)-+(182) — (187)+(188) — (193)~-(194)

228, 0==~1.18—(169)-(170) — (182)+(184) — (186)+(187)

229, 0==—0.33 —(178)--(179) — (182)+(183) —(185)-(187)

230. 0=—0.42—(170)-+(171) ~(177)+(179) —(185)+-(186)

931, 0=—2.85—(163)+(164)(165) — (168)—(175)+-(176)

232, 0==-+1.57 ~(162)+(164) ~ (171)+(173) — (176)+(177)

933, 0=-+0.13 —(154)-+(155) — (166)+(167) — (172)-(174)

234, 0==—1.61—(154)+(162) —(173)+(174)

235. 0=—0.86—(155)+(163)—(165)+(166)

248, 0= —13.3—1.34(20)—0.21(28) —2.24(202)5.09(203) — 2.85(204) — 1.48(205)+2.93(206) — 1.45(207) — 0.98(216)
40.08(217)+0.90(218) —0.57(219)+-1.95(220) —1.38(221) — 3.76(222)+5.10(223) +2.03(224) — 1.82(225)

249, 0=-14.94-2.94(197) —2.72(198) —0.22(199)+2.64(200) —4.53(201)+1.89(202) -+ 1.11(207) ~4.11(208)+-3.00(209)

250, 0=-13.7-2.45(180) —3.32(181)4-0.87(182)-+1.44(187) —3.25(188) +1.81(189)+0.45(195) —2.69(196)+2.24(197)

251. 0=-+5.5--0.35(169)+2.33(170) —2.68(171) —2.40(182)-6.33(183) —3.93(184) —3.54(185)+-8.85(186) —0.31(187)

252. 0=--1.4—3.23(154)-+7.25(155)+7.42(163) —7.10(164) —1.90(171)-+3.22(172) —1.32(174) —7.37(175)-+7.74(176)
—0.37(177)

253, 0=—16.0—3.23(154)-7.25(155)+10.43(162) ~10.11(163) — 13.15(172)+14.47(173) ~ 1.32(174)

255, 0=—11.1+0.81(3)—0.81(5) —0.41(8)+0.41(9)-+-1.88(10) —1.88(12) ~1.45(13)+1.45(14) —1.77(16)-+2.85(17)
—1.08(18)--2.11(20) ~0.77(21)+3.17(25) —3.17(27)+1.18(154)+3.97(162) — 3.97(164) —0.35(169) +0.35(171)
—1.80(173)+1.80(174)40.22(175) —0.22(177)+1.36(178) —1.36(179)-+0.87(180) —0.87(182) —3.93(183)+3.93(184)
—0.31(185)+0.31(187)+1.81(188) —1.81(189)-0.78(190) —0.78(171) —1.38(193)+-1.38(194) —0.45(195)
+0.23(197)-40.22(199) —2.64(200)-+2.64(201)+2.24(202) — 2.24(203) +1.48(205) — 1.48(206) —1.11(207)
+1.11(209) —0.32(211)+0.32(212)+2.66(214) — 2.66(215)+0.57(219) —1.96(220)--1.89(221) —1.34(223)
—1.82(224)+1.82(225)

256. 0= —3.34-+(1)—(5)-+(8) — (15)4-(17) —(19)+(23) — (29)-(33) =(39) +-(43) — (50)+(54) — (67)-+(225) — (219) +-(221)
—(205)+(209) — (190)+(194) — (180)+(184) — (169)+(174) — (154)
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ACCURACY AS INDICATED BY CORRECTIONS TO OBSERVED DIRECTIONS.

The corrections to observed directions resulting from the figure adjustments indicated by
the preceding observation equations are as follows:

Table of corrections to observed directions.

ROCKY MOUNTAIN SERIES,

Number | Correction || Number | Correction || Number | Correction | Number | Correction
of direc- | to direc- || of direc- | to direc- || of direc- | todirec- | ofdirec-| to direc-
tion, tion. tion. tion. tion. tion, tion. tion,
7 ” n 143
1 +-0.038 21 =+-0.020 36 —0.120 51 -+0.945
2 +1.020 22 -+0.327 37 +0. 392 52 0,128
3 —0.263 23 ~0.080 38 —0.178 54 +0. 434
4 +0. 187 24 +0.060 39 +0.641 55 —0.049
5 -+0.225 25 —0.453 40 +-0.368 56 —~0.024
6 —0.307 26 +4-0.133 41 —0.410 57 —0. 445
7 —0.207 27 0. 261 42 +0. 404 38 +0.330
8 -+0. 289 28 +0. 510 43 -0.275 59 +0.139
9 —0.462 29 --0,006 44 —0.727 60 +0.476
10 ~+0.224 30 +0.159 45 —0.236 61 +0.199
11 +0.123 31 +0.121 46 —0.140 62 ~0.0064
12 +0. 467 32 —0.227 47 +0.139 —0.611
13 ~0. 352 33 —0. 555 48 +0.389 65 +0. 838
14 +0.120 34 +0.363 49 —0.153 66 +0. 583
15 ~0.576 35 ~0. 457 50 —0.081 67 —0.435
16 —0.336 '
17 -+0. 407
18 +0. 295
19 +0. 168
20 —0.434 )

EL PASO BASE NET,

" 1" " "

1] —0.623 1| ~0.362 2l | +0.510 25 | +0.137
2 | +0.998 | 12 | —~0.236 22 | —0.112 26 | —0.408
3| —0.332 13 | +0.027 23 | +0.101 27 | —0.727
4 | =—0.051 4 | +0.402 24 | —0.415 28 | +0.234
5 | --0.008 15 | +0.219
6 | —0.702 16 | ~0.583
7 | +0.678 17 | +0.774
8 | —0.3%3 18 | ~0.103
9 | -40.408 19 | +0.505
10 | +0.078 20 | ~0.360
COLORADO SERIES.
27 7 n 1"
25 | +0.131 205 | ~0.621 190 | +0.428 175 | —0.260
221 | +0.575 204 | —0.120 18 | —0.300 174 | +0.100
293 | +0.922 203 | ~0.414 188 | 400209 173 | —0.144
22 | —0.734 202 | —0.214 187 | +0.181 172 | —0.518
221 | +0.335 201 | +0.841 18 | —0.46 171 | +0.642
220 | -+0.036 200 | ~0.093 185 0. 286 170 | +0.010
219 | —0.369 199 | +0.144 184 | +0.274 160 | —0.089
218 | -+0.218 198 | —0.010 1 —0.034 168 | —0.884
217 | +0.352 197 | —0.082 12 | —0.161 167 | +0.095
26 | —0.570 196 | ~0.263 181 | +0.473 166 | +0.755
215 | —0.403 195 | -+0.211 180 | --0.552 165 | -+0.035
214 | +0.09% 194 | 40,403 179 | +0.060 164 | -0.413
213 | +0.158 193 | ~0.028 178 | —0.247 163 | —0.335
212 | ~0.811 192 | +0.079 177 | —0.477 162 | +0.979
21 | +1.298 191 | —0.973 176 | +0.924 155 | —0.475
154 | ~0.387
210 | —0.338
209 | ~—0.185
208 | —0.163
207 | —0.332
200 | +1.282
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Table of corrections to observed directions—Continued.

ONE HUNDRED AND FOURTH MERIDIAN.

Number | Correction || Number | Correction || Number | Correction Number | Correction
ofdirec- | to direc- || of direc- | to direc- || of direc- | to direc- || of direc- | to direc-
tion. tion. tion. tion. tion. tion. tion, tion.
" " " r
1 ~+0.025 73 ~0.479 151 +0.989 231 —0.410
2 —0.719 74 —0. 466 152 +0. 418 232 -+0. 668
3 —0.163 75 +0.221 153 —0.319 233 —0.332
4 —0.263 76 —0. 851 154 +0. 244 234 —0.239
5 -+0. 105 77 +1.249 155 +0.185 235 +0. 036
6 —0.484 78 —0.152 156 +0.188 236 +0. 629
7 —1,332 79 +0. 756 157 —0.716 237 —0.083
8 +0. 558 792 ~0.371 158 +0.211 238 —0,885
9 +0. 545 79b —0. 555 159 —0. 065 239 +0.511
10 —0.335 80 -+0. 632 160 +0.229 240 —0.272
11 —0.768 81 —0.285 161 —0.375 241 +0. 454
12 +0. 813 82 +0. 060 162 —0.471 242 +0.192
13 +1.142 83 —0.237 163 +0.365 243 +0.110
14 —0.031 84 —0.101 164 -+0. 108 244 —0. 440
15 —0.612 85 —0. 441 165 —0.002 245 +0.378
16 —0.217 86 —0.139 166 —0. 934 246 —0.367
17 —1.096 87 +0.246 167 +0. 550 247 +0,320
18 +0.35¢4 88 +0. 435 168 -+0. 114 248 —0.299
19 —0.222 89 -0, 100 169 +0.270 249 +0.373
20 —0.132 90 +0. 367 170 —0.045 250 —+0.238
21 -+0. 600 91 +0. 265 171 +0.370 251 +0.102
22 -+0, 382 92 -+0. 093 172 —0.381 252 —0. 414
23 +0.292 93 —0. 823 173 0. 056 253 —0.198
24 +0.109 94 —0.030 174 —0. 516 254 +0.706
24a ~0. 896 95 +0.095 175 —0.138 256 +0.330
24b —1.072 96 —0.375 176 +0.410 256 —1.143
24¢ 0. 648 97 —0.171 177 +0.015 257 +0. 305
24d +0.424 98 +0.481 178 +0.231 258 +0. 754
25 —0. 488 99 +0.468 179 —0.229 259 —0.570
26 —0.398 100 +0. 094 180 —0.174 260 +0.113
27 +0.338 101 +0.110 181 -+0. 402 261 +0.243
27a —1.774 102 +0.115 182 -0, 359 262 +0.312
28 —0.056 103 —0.310 183 —0. 590 263 —0. 853
29 +0. 792 104 —0.477 184 +0.173 264 —0.144
30 —+0.352 105 —0.514 185 —0. 065 265 —0.398
31 —0.327 106 +-0. 9 186 +0.123 266 —0.060
32 +1.073 107 —0.5%0 187 —0.401 267 -+0. 602
33 +0.263 108 -+0. 064 188 +0. 537 268 -+0.278
34 -0, 567 109 +0. 060 189 +0. 282 269 —0.259
35 —0.945 110 -+0. 355 190 +0. 184 270 —0.043
35a +1.162 111 +0.283 191 —0. 602 271 +0.361
36 -0.188 112 —0.042 192 +0.019. 272 —0.337
37 +0.275 [~ 113 —0. 596 193 —+0. 597 273 +0.230
38 —0.426 114 -0, 341 194 —0.433 274 —0.195
39 0. 800 115 +0. 817 195 —0.396 275 —+0.225
40 —~0.197 116 —0.094 196 +0.212 276 —0. 482
41 —0.106 117 —0.216 197 +0.493 277 +0.250
42 —0.072 118 —0. 166 198 —0.291 278 +0.144
43 —0. 457 119 +0. 106 199 ~0.173 279 —0.172
44 +0.789 120 —0.658 200 —0.014 280 —0.172
45 +0.807 121 —0.153 201 —0.015 281 +0.144
46 —0.124 122 +0,211 202 +0. 130 282 +0.004
47 —1.015 123 +0.710 203 ~0.214 283 +-0.024
48 +0.579 124 —0.216 204 +0. 133 284 +0. 169
49 —0.493 125 —0.337 205 -0, 015 285 —0.0:
50 —0.402 126 +0. 652 206 —0. 036 286 +0.273
51 +0.099 127 —0.308 207 +0.215 287 —0.376
52 +0.217 128 +0. 323 208 —0.318 288 —0,147
53 —0.025 129 —0.330 209 -+0. 361 289 +0.164
54 —0.249 130 —0.150 210 +0.070 290 0,207
55 +40.215 131 —+0.001 211 —0. 153 291 +0. 156
56 40, 186 132 —0. 192 212 -0,175 292 40,138
57 —0.506 133 +-0. 006 213 +0. 062 293 —0.176
58 +0.377 134 40,3356 214 +0.275 204 +0.318
59 +0. 842 135 —0.436 215 —0.261 205 +0.302
60 ~0.117 136 0. 055 216 —0. 302 296 —0. 531
61 —0.275 137 +0. 288 217 +-0.225 297 +0.110
62 ~0. 202 138 +0. 519 218 —0. 018 298 —0.144
63 —0.248 139 —0.312 219 +0. 124 299 +0.034
64 -0, 269 140 —0. 666 220 +0. 074 2300 —0.065
65 -+0.063 141 +0.278 221 —0.251 301 +-0.068
66 +0.041 142 ~0.335 222 40,213 302 —0.185
67 —0.302 143 +0.721 223 -0, 143 303 -+0, 229
68 -0, 449 144 —0.011 224 —0.051 304 —0.,047
69 —0,252 145 —0.229 225 —0.114 305 —0.355
69a +0. 508 146 —~0.339 226 +0.179 306 -+0.123
69b —0. 236 147 +0.075 227 —0. 01 307 ~+0.163
70 —0, 043 148 +0. 575 228 +0. 116 308 —0. 168
71 0. 283 149 ~0. 587 229 ~0, 024 309 +0.237
72 -0, 805 150 —~0.472 230 -0, 349 310 ~0.060
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1
Table of corrections to observed directions—Continued.

ONE HUNDRED AND FOURTH MERIDIAN—Continued.

Number | Correction || Number | Correction || Number | Correction || Number | Correction
of direc- | to direc- || of direc~ | todirec- |l of direc- | todirec- || ofdirec- | to direc-
tion. tion. tion. tion., tion. tion. tion. tion,
2] 123 r 1
311 +0.041 345 —0.631 375 —0.068 405 +0.294
312 —0,324 346 +0.182 376 ~0.173 406 +0. 558
313 40,503 347 +0.449 377 -+0.128 407 —0.077
313a +0.027 348 —0.449 378 —0.115 408 —0.247
314 —0.189 349 —0.212 379 —0.651 409 ~+0,302
315 —0.190 350 —0.019 380 +-0. 880 410 +0.074
316 +0.094 351 +0.431 381 +0.126 411 —0,128
317 -+0. 006 352 +0.249 382 —0.770 412 —0.310
318 —0.187 353 40,033 383 +0.275 413 +1.349
319 4-0.613 354 +0.216 384 +0.198 414 —1,039
320 +0.100 356 —0.359 385 -+0.170 415 —0.488
321 +0.041 356 —0.366 386 —0.358 416 +0.632
322 —0.477 357 —0.114 387 -+0. 489 417 —0. 586
323 —0.410 358 —0.067 388 +0.144 418 +0,222
324 +0.202 359 +0.656 389 —0, 463 419 +0.219
325 —0.420 360 +0.118 390 +0.188 420 —0.358
326 +0.226 361 —0.523 391 +0.014 421 +0.272
327 —0.210 362 +0. 405 392 +0.270 422 —0.078
328 +0. 648 363 —0.211 393 —0.091 423 +0.244
329 —0.315 364 +0.276 394 —0.175 424 —0.082
330 +0.279 365 —0.085 305 +-0.010 425 —0.310
331 +-0.151 366 —0.376 396 —0.020 426 —0.360
332 +0.135 367 40,225 397 +0.318 427 —0.184
333 —0.096 368 +-0. 436 398 —0.248 428 +0, 440
334 —0.356 360 —0.245 399 —0.370 429 -+0. 414
335 +0.166 370 ~—0.042 400 +0.300 430 +-0,167
336 +0.502 371 -+0. 334 401 —0.030 431 -+0.124
337 —0.374 372 —0.811 402 —0.208 432 —0.291
338 —0.051 373 +0.195 403 —0.319 433 —0.283
339 —0.109 374 +0.282 404 —0.220 434 +0.224
435 -+0. 058
340 +0.085
341 —0.053
342 +-0. 443
343 —0. 530
344 +-0.087
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The maximum correction to an observed direction for the different sections is shown in the

following table:

Maximum correction to an observed direction by sections.

Soction. Iglilrgféi(;l‘l Between stations. Correction.
1”
ElPasobaseMet.....cooeeernnenaiaens 2 | £l Paso east base and Big Springs...... 1.00
Rocky Mountain serie 2 | Tushar and Mount Ellen............... 1.02
Colorado series. ...... 211 | Square Bluffs and Hugo................ 1.30
El Paso to Cheyenn: 7 | Divide and Hilltop..................... 1,33
Cheyenne to Provo. 151 | Alkaliand Manville.................... 0.99
Provo to Ambrose.. 256 | Black and Whetstone.................. 1.14

The maximum correction to a direction on the ninety-eighth meridian triangulation was
1’7.96, and the average maximum correction for the 17 sections into which that arc was divided

was 07/.99.

The probable error of an observed direction is

d=0.674 %"f

in which 2 +* is the sum of the squares of the corrections to directions and ¢ is the number of

conditions.

The probable error of an

observed direction resulting from the new adjustment for each

of the three sections of the thirty-ninth parallel was found to be slightly larger than that result-

ing from the original adjustment.
El Paso base net, original adjustment, 40’/.40 became +0'/.44.
Rocky Mountain series, original adjustment, +0/.32 became +0’’.40.
Colorado series, original adjustment, +0".50 became 10".52.*

1 Only a part of the Kansas-Colorado series considered.
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The probable error of an observed direction resulting from the figure adjustment for the
entire one hundred and fourth meridian is +077.38. When considered as divided into three
sections by the base lines, the probable error of an observed direction for each section is as
follows:

Divide-Pikes Peak to Cheyenne base +0'/.41.!
Cheyenne base to Provo base 40’’.39.
Provo base to Ambrose base +07/.36.

ACCURACY AS INDICATED BY CORRECTIONS TO ANGLES AND CLOSURES OF TRIANGLES.

The correction to each angle is the algebraic sum of the corrections to two directions. In
order to make it possible to study the corrections to the separate angles, they are shown in the
following table for every triangle in the primary scheme. There are shown the corrections to
the angles resulting from the figure adjustment, the errors of closure of the triangles, the cor-
rected spherical angles, and the spherical excess for each triangle. The plus sign prefixed to
the error of closure of a triangle indicates that the sum of the angles is less than 180° plus
the spherical excess. The spherical excess is a convenient indication of the size of the triangle,
since it is proportional to the area.

Table of triangles.

ROCKY MOUNTAIN SERIES,

Correc- Correc-
tlonlto E oo tod tionlto E | co d
angles | Erroro orrecte angles | Error o rrecte
Station. trom |closureof| spherical SE)I:‘)@;;;:&I Station. from |closureof| spherical |Spherical
figure | triangle. angles. . figure | triangle. angles. eXcess.
adjust- adjust-
ment. ment.
r” o 7 ” ” 7 144 L 7 ” r”
113 25 30.46 Mount Elbert.............. +0.25 51 40 39.27
—0.68 |4 27 11 27.36 21.64 || Mount Ouray.... .e..| —1.06 —1.13 4 95 30 63.61 23.13
39 23 23.82 Uncompahgre............. —0.33 32 48 40.25
49 36 36.88 Mount Elbert.............. —0.29 92 45 10.58
-+0.22 |4 55 56 26.70 34.33 || Mount Ouray.............. —0.78 —1.89 |4 35 01 33.99 11.64
74 27 30.75 Treasury Mountain........ —0.82 52 13 27.07
Patmos Head 39 09 43.24 Mount Elbert.............. —0.54 41 04 31.31
‘Wasatch FU 5 —0.27 X 85 03 64.27 22.15 || Uncompahgre............. —0.35 —1.37 X 20 18 11.52 14.06
Mount Nebo............... -+0.45 55 46 34.64 Treasury Mountain........ —0.48 118 37 31.23
50 46 41.57 Bison...................... 45 54 08.24
} +1.08 |{ 42 10 57.45 33.55 | Mount Ouray.. +1.00 |{ 48 32 24.41 16.69
87 02 54.53 Mount Xlbert 85 33 44.04
66 55 24.67 Pikes Peak................ 38 34 45.12
3 } +0.13 14 55 25 23.72 } 48.71 || Mount Quray.. } +1.44 4 79 13 59.50 22.36
3 57 39 60.32 Mount Elbert. 62 11 37.74
Tavaputs.................. 3 78 24 37.01 Pikes Peak................ 72 24 49.46
Mount Waas.. . 3 +1.27 50 48 50.78 31.62 || Mount Ouray.. .- +0.05 [ 30 41 35.09 16.13
Patmos Head . 1 50 46 63.83 Bison........o.ocoiiiian..s 76 53 51.58
Uncompahgre............. —0.52 ’ 17 00 38.51 33 50 04.34
Mount Ellen.. .. —0.47 {1 19 00 53.69 35.59 —0.39 | 23 22 06.30 10. 46
Mount Waas 143 58 63.39 122 47 59.82
Uneom%hgre 31 54 61.57 47 45 08.98
Mount Waas.... +0.65 | 98 16 41.16 46.15 || Mount Ouray. .. —0.76 |3 25 27 44.75 17.95
Tavaputs 49 48 63.42 Pikes Peak................ 106 47 24.22
Treasury Mountain........ +0.51 57 48 40.15 41 30 13.05
Uncomgg,hgre . . +0.23 | 87 35 56.19 45.18 +0.18 {102 17 57.38 7.72
Mount Waas............... 34 35 68.84 36 11 57.29
Treasury Mountain........ —0.06 93 10 60.85 Big Springs........... e 64 54 16,03
Uncompahgre . —0.61 [{ 55 40 54.62 48.38 (| Plateau..... . —2.31 ¥ 73 43 16.16 7.63
Tavaputs.................. 31 08 52.91 Pikes Peak 41 32 35.44
Treasury Mountain........ —0.57 35 22 20.70 Big Springs................ : 49 12 60.27
Mount Waas...... ...| 4+0.31 —0.19 |1 63 40 32.32 49.35 [} Pikes Peak... .. +1.09 |< 37 07 13.50 5.60
Tavaputs.................. +0.07 80 57 56.33 Divide......oooooiiiiiii 93 39 51.83
Mount Ouray 4 —-0.27 60 29 29.62 Coral Bluffs....... 62 35 09.40
Uncompagfm, . {1 —0.68 |} —0.61 |{ 53 06 51.77 25.55 || Big Springs................| —0.45 [}. ... ... 80 31 35.02 3.87
Treasury Moun -+0.34 66 23 64.16 Plateau............. 36 £3 19.45

1 This probable error when computed after the introduction of the Laplace azimuth at Watkins astronomic was +0".56.
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Table of Mangies—Continued.

EL PASO BASE NET.

Correc- Correc-
tionlto - t] Corrected tlonlto
angles | Error o: ITecC angles | Brrorof | Correct -
Station. from |closureof| spherical Sg}l{xg;sigal Station. { rgm closureof sphl;aercieg,(li Spherical
figure | triangle. angles. . figure | triangle. angles. excess.
adjust- adjust-
ment. |’ ment.
7 r” o ’ r” ’” 143 ” ° ’ 14 »
Coral Bluffs...... +0.85 96 29 37.91 Holcolm Hills.............. +0.25 79 12 08.36
- Divide....... +0.48 4-0.47 |3 49 54 42,72 1.91 || Big Springs................ +0.73 } +2.60 |4 27 18 38.29 0.96
Big Springs. . —0.86 33 35 41.28 El Paso east base.......... +1.62 73 29 14.31
E1 Paso west base. +1.11 148 54 54.32 Holcolm Hills.............. —0.06 125 34 08.84 :
Divide... 40.67 +1.34 |1 15 28 13.79 0.19 [| Big Springs........ ..| +0.96 -+0.10 |3 21 06 23.86 1.09
Coral Blu ~0.44 15 36 52.08 Divide............. .. —0.80 33 19 28.39
El Paso east base —1.33 88 39 22.04 Holcolm Hills.. ..l —0.62 9 20 30.46
Big § rig%s —0.63 —1.24 {3 27 23 26.85 1.10 {| Coral Bluffs.. +0.26 ~0.07 8 30 563.35 0.16
Coral Bluffs. +0.72 63 57 12.21 E1 Paso east base ..l +0.29 162 08 36.35
E1 Paso east base +0.28 52 50 51.20 Holcolm Hills ...] —0.32 25 10 53.00
Coreal Bluffs...... { —0.31 +0.76 { 48 09 17.78 0.34 | Coral Bluffs........ .o b =0.05 —0.64 |¢ 56 40 11.13 0.72
El Paso west base..........| +0.79 78 59 51.36 El Paso west base..........| —0.27 98 08 56.59
El Paso east base.......... +-0.34 111 01 24.13 Holeolm Hills.............. —0.93 55 42 30.94
Coral Blufls.... 3 —0.41 { 32 32 2570 0.48 | Coral Bluffs................ -+0.39 ~0.86 |1 41 03 19.05 1.10
Divide......cooiiiaiinnan . 36 26 10.65 Divide.................. —0.32 83 14 11.11
El Paso east base.......... 58 10 32.903 Holeolm Hills.............. +-0.30 15 50 22.54
E1 Paso west base. +0.17 {{ 69 55 02.96 0.33 || E]l Pasoeast base.......... —0.57 —1.33 |{145 00 32.45 0.22
Divide..oooooiviiiiiiinnns 51 54 24.44 EI Paso west base.... ~1.06 19 09 05.23
160 19 13.83 Holeolm Hills.............. —0.30 46 22 00.49
+2.12 £ 13 28 32.07 0.33 || E1 Paso east base.......... —0.63 —0.38 £ 86 49 59.52 0.46
612 14.43 Divide..................... +0.55 46 47 60. 45
Holeolm Hills.............. X 69 51 37.90 Holeolm Hills..............] ~0.61 30 31 37.94
Big Springs.... +0.10 +1.43 £ 54 42 05.14 1.90 |} E1Paso west base..........| +1.38 +1.12 | 50 45 57.73 0.57
Coral Bluffs................ -+0.46 55 26 18.86 Divide..................... +0.35 98 42 24.90
COLORADO SERIES.
” tr °© ? ’ " ’ o ’ Iz 1
Square Bluffs.......... 38 21 33.21 35 15 04.09
Big Springs.... .. . —1.44 |4 84 16 15.29 2.76 —1.59 |3 39 53 0L.CO 2.07
Holcolm Hills.............. 57 22 14.26 104 51 56.98
Cramer Gulch..............} +0.40 74 58 20.45 57 00 59.18
Big Springs...... .| —0.44 —0.10 | 49 05 18.18 2.44 +0.33 | 41 18 58.04 } 1.85
Square Bluffs.............. —0.06 55 56 17.81 Eureka.... 81 40 04.63
Holt......ocovviiinnininnns 113 09 5§7.85 First View. 57 33 37.43
Square Bluffs.. 4-1.59 {4 37 35 49.93 1.70 {{ Kie Carson } ~+1.18 {4 69 28 41.44 2,10
Holcolm Hills... 29 14 13.92 Eureka.... 52 57 43.23
Hugo.o oo 36 25 45.47 Fiyst VieW. o ioeniiiannns 99 35 36.87
Square Bluffs..._.. +2.85 |{ 78 24 60.37 2.22 || Xit Carson... +1.27 |{ 28 09 43.40 } 1.25
Holte o vv i 65 09 16.38 Landsman......ceeeveiann. 52 14 40.98
55 00 03.43 First View....ccvuecaiaaae. 42 01 59.44
} +3.17 [{ 56 38 46.93 2.18 || Eureka.... . +0.42 [{ 28 42 21.40 1.00
68 21 11.82 Landsman.....oooeeenaee. X 109 15 40.16
55 25 51.10 Cheyenne Wells........... —0.08 52 09 06.37
—3.92 12 81 20 06.86 2.84 || First View..........o..... —1.16 —3.54 |4 47 49 53.10 0.70
43 14 04.88 Landsman........c.cooa.a. —1.40 80 01 01.23
58 07 43.77 Monotony..eeerueearacnnes -1.31 11 24 49.24
+0.20 [ 35 00 49.39 } 3.86 || First VIoW.. c.ccveveenancnn +0.37 —0.88 8 16 48.70 0.29
86 51 30.20 Cheyenne Wells........... +0.06 160 18 22,35
69 40 18.42 Monotony.....coevienuannns —0.56 27 55 20.57
—2.29 § 62 08 26.06 3.50 || First VieW.eeononvoananons —0.79 —1.57 I3 56 06 41.80 1.34
48 11 19.02 Landsman....... vesnsrenaa —0.22 95 67 58.97
115 08 24.23 Monotony..ceeueeeernannns 16 30 31.33
-0.28 K 27 07 36.67 2.12 || Cheyenne Wells. . - +2.85 {147 32 31.28 0.35
37 44 01.22 Landsman.....cocvenneeens 15 56 57.74
ATOYS e e enernennnnnnnannn- 45 28 05.81 Arapahe.......co.eeeee. ..} —0.09 33 03 37.76
Hugo.... . X +2.21 |1 38 40 11.18 1.98 || First View.....c.eceeennnn. -+0.62 —0.13 |7 57 47 23.05 1.83
Overland............ - +0.22 95 51 44.99 Cheyenne Wells........... —~0.66 89 09 01.02
BUreks . ou e aaeaaannnn —0.60 49 18 43.05 Arapahoe........... ...l +0.38 60 41 14.90
Alrloya?.... J =011 —1.00 { 52 45 27.41 179 || First VieW.eovauesianananss +0.25 |1 +1.61 {{ 49 30 34.35 2.80
Overland..veeeeuennnennees —0.29 77 55 51.33 Monotony...eevveveneanae. -+0.98 69 48 13.55
Kit Carso 1.03 32 24 49.58 Arapahoe.....cocoeenn.nn .| +0.47 27 37 37.14
o arson 30|} 4162 {uoo 32 20008 1.89 |f Cheyonne Wells. 111111 +0.72 |1 +0.86 { 71 09 21.33 1.2
Overland. +0.18 38 02 50.33 Monotony...covvvievnann. —0.33 81 13 02.79
Kit Carson, +0.39 67 39 53.67
roya. +0.52 } +1.03 { 50 46 54. 57 2.17
Bureka. . +0.12 55 33 13.93
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Table of triangles—Continued.

ONE HUNDRED AND FOURTH MERIDIAN.

Correc- Corree-
tionlto E tionlto
angles | Errorof | Corrected : angles | Error of | Corrected :
Station. from |closureof| spherical |SP he;;gal Station. from |closureof| spherical |SPherical
figure | triangle. |  angles. exCess. figure | triangle. angles. excess.
adjust- adjust-
ment. ment.
7 0 ©° ’ 7 144 7 ° ’ ? 7
Elbert....coovanaais —0.01 59 51 04.09 39 28 32.88
Divide... .1 —0.59 —0.70 <102 02 23.21 2.48 —2.70 {120 36 32.34 4.62
Pikes ’eak......ooiL.L. g —0.10 18 06 35.18 19 54 59.40
Billtop...vvoiiiiiiiaia.s +0.33 1 1822,139 78 39 26.82
Divide... -] —0.85 } +0. 81 1 44 40,274 } 0.06 —1.04 | 68 00 45.12 4.76
Elbert.coeeevenmaranaaanae. +1.33 176 56 57.646 33 19 52.82
B2 511 170) o SN —0.84 42 01 49.05 39 10 53.94
Divide.... ... —1.43 —1.82 [{103 47 03.49 5.74 || Dewey....... —1.03 { 41 11 09.53 7.75
Pikes Peak........ ... +0.45 34 11 13.20 Horsetooth 99 38 04.28
Hilltop.«vevreemniiiacnaas ~1.17 40 43 26.91 04 44 11.88
Elbert.... —-1.31 —1.93 14123 11 58.27 3.20 +40.33 {3 68 54 54.02 2.15
Pikes I’cak 5 16 04 38.02 46 20 56.25
Morrison.....oovenan... .| —0.68 15 19 44.86 36 02 15.11
Hilltop. . . ~2.87 {129 47 58.48 2.70 +1.35 {102 14 31.16 2.03
Elbert . 34 52 19.36 41 43 15.76
55 01 14.51 82 09 06.29
—0.61 |{ 89 04 31.57 10. 61 -+0.02 | 37 30 19.28 1.63
35 54 24.53 G0 20 35.08
39 41 29.65 46 06 51.18
. 88 } +0.33 | 88 19 38.91 11.11 —1.00 {{ 27 11 38.26 1.75
Pikes Peak........ ... ... —0.19 51 58 62.55 106 41 32.31
Douglas.coveemeavianacaans —0. 58 122 43 40.87 Greentop. ... ooceaenaaaan +0.70 66 31 40.94
Hilltop. - —0.62 |4 50 35 37.78 0.8 || Wadill ... . .ccaveeneannn. —0.33 } 40,12 { 22 24 26.10 0.98
Morrison. 6 40 42.16 Russell.......eoiennoennn. —0.25 91 03 53.94
11 58 04.27 Greentop.................. +2.10 62 16 09.59
—0.61 (3 26 45 32.34 0.19 || Wadill —0.36 +2.20 { 59 54 45.38 2.53
141 16 23.58 [0 71 « . 57 49 07.56
78 31 21.96 Greentop 415 31.35
Hilltop. - . —0.38 |y 77 21 10.12 3.08 || Twin...... —2.06 2 31 28.50 0.08
) 1035 G T0) ¢ VR +0.40 24 07 31.00 Russell 173 13 00.23
66 33 17.69 : 90 40 07.63
+0.85 |§ 95 59 55.55 2,08 . —1.15 | 59 34 20.17 1.20
17 26 48.84 . 29 45 33.40
90 56 20.85 Ragged.................... 5 23 39 48.16
+2.25 7% 17 40.90 1.37 . —1.36 {1110 12 31.52 1.16
10 45 59.62 1) || Wadill............oooll ) 46 07 41.48
‘Watkins astronomic +1.50 1220616.48) || Ragged.................... 74 41 55.29
Indian. —1.01 —0.86 X 50 46 52.24 1.39 +0.34 19 32 23.89 0.72
Boulder. .. —1.35 7 06 52.67 85 456 41.54
‘Watkins astronomic. ...... ~0.22 31 09 55.63 51 02 07.13
Morrison .. —2.49 |§ 91 57 32.95 4,46 +0.55 (4 13 26 38.69 0.76
Boulder.......cooooaoal. 56 52 35.88 115 31 14.94
49 45 43.21 107 42 24.75
+0.62 {4 27 30 48.68 4.44 —2.53 [{ 29 46 08.36 0.24
102 43 32.57 42 31 27.13
Brighton................... +1.23 64 41 56.60 Cheyenne east base -+0.51 60 27 51.19
Indian... .1 —0.78 +0.05 {1 68 35 22.08 5.64 || Cheyenne west base. —0.05 +0.28 { 89 53 01.93 0.20
i 46 42 46.96 Whitaker.......... —0.18 29 39 07.08-
Brighton................... +0.23 100 39 56.33 Cheyenne east base. . —0.17 179 21 56.84
Indian... ...| =0.60 +0.39 (1 41 04 33.42 5.09 {| Whitaker.......... —1.12 -1.31 007 01.29 0.00
Boulder.......coooo.o.....f +0.76 38 15 35.34 Wadilleeeoovnnennninan.a.. —0.02 0 31 01.87
Brighton................... 35 57 59.73 120 10 11.97
Morrison. s +0.96 {3 56 00 45.61 3.89 ~1.50 |{ 42 00 25.25 0.04
Bouldet.................... 88 01 18.55 L1 17 49 22.82
Horsetootheeoeeennn.. ... +0.12 40 52 37.08 ChUgWALRT e oo +0.27 36 58 37.75
Brighton... . —1.00 { 65 561 29.28 7.33 || Whitaker ..t +0.05 +0.62 1 77 25 17.54 3.29
Boulder. 73 15 60.97 Rogged.ooeeoveenniannann. 65 36 08.00
Dewey.oeueoiieae ... 28 19 29.16 “ || Noteh.ooeoweeieeeneiinn. 21 50 37.50
Brighton . +0.98 {116 50 20.55 5.90 || Chugwater .. +0.07 [1140 38 42.01 2.61
Boulder.................... 34 50 16.19 ‘Whitaker.................. 17 30 43.10
Dewey.................. . 76 02 14.80 NOtCH.eereeaeaeannnanss 44 26 22.52
Brighton. ... -+0.03 +1.80 [{ 50 58 51.27 7.52 || Chugwater. - -+0.41 [{103 40 04.26 4.28
Horsetooth.................[ +0.50 52 58 61.45 Ragged..c.oovoeemrnnnaanes 31 53 37.51
47 42 45.64 Noteh.oooonnovaeaeeenlu| +0.65 22 35 45.02 '
83 —0.19 [{ 38 25 44.78 8.95 || Whitaker .- 3 +0.96 |{ 59 54 34.44 4.97
93 51 38.53 Ragged...ooecacenmnnennnns 97 29 45.51
X 52 35 47,22 Coleman.......cccveevennns X 32 13 49.37
Dewey....... —1.82 —2.69 (X 61 06 08.93 7.61 || Chugwater................. —~0.17 —0.52 |{ 36 24 45.60 3.46
Horsetooth.................! 4+0.09 G6 18 11.46 Noteh..ooonoaaniinninass ~0,35 111 21 28.49
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Correc- Correc-
tionlto B o tod tlon] to
angles | Error o orrecte : angles | Errorof | Corrected :
Station. from |closureof| spherical Sg;‘:;;gm Station. from | closureof spheric?xl Spherical
figure | triangle. angles. . figure | triangle. angles. 6XCess. |
adjust- adjust-
ment. ment.
144 " ° ? ” ' 13 7 o ’ ” 4
Haystack._................. —0.37 31 10 02.08 Provo west base........... —0.28 95 03 45.53
. —1.93 I8 71 39 41.09 5.96 || Cottonwood............... —0. 96 —2.42 {1 56 53 22.09 1.37
A 7710 22.79 Parker.................... —1.18 28 02 53.75
Haystack.................. X 65 33 54.32 Provo east base............ +1.05 24 28 40.05
Chugwater. . 5 —0.62 [{ 35 14 55.49 6.33 || Provo west base........... -~0.59 —0.44 [1135 17 31.94 0.45
Coleman..............c..... . 79 11 16.52 Cottonwood............... —0.90 20 13 48.46
Haystack.......coveeeann.. . 34 23 52.24 Provo cast base............ +1.20 1114 32 48.44
Notch... A +0.79 X 34 11 05.70 3.83 || Provo west base........... —0.31 +1.85 [§ 40 13 46.41 0.74
111 25 05.89 Parker.....c.ooooiiieeaaan. —+0. 96. 25 13 25.89
. 53 10 21.67 Provo cast base............ +0.15 90 04 08.39
3 —2.06 [{ 94 24 03.84 2.73 j| Cottonwood............... —0.006 —0.13 {{ 36 39 33.63 1.66
. 32 25 37. 22 Parker................... —0,22 53 16 19.64
Willow..o..ooiiiiiniinnn. N f 25 16 29.26 Provo astronomie.......... +0.84 35 28 56.73
Hobbs. .. —0.39 —0.32 {142 26 34.70 0.56 || Provo west base........... 4-0.02 —0.05 [129 50 38.85 0.26
Haystack.......cooovivnn.. —0.43 12 16 56.60 Cottonwood............... —0.91 14 40 24.068
Willow..oooiiiinavnan.tn —0.43 75 40 54.04 Provo astronomic.......... +0.58 135 17 41.93
Hobbs... —0.32 } +0.74 |3 89 16 13.03 1.70 || Provo west base........... +0.30 +1.45 |{ 34 46 53.32 0.34
Coleman. . 15 02 54.63 Parker..................... +0.57 9 55 25,09
Willow.. —0.93 50 24 24.78 Provo astronomie.......... —0.26 99 48 45.20
Haystack -+0.01 —1.00 )3 82 07 07.24 3.87 |} Cottonwood............... X —0.92 |§ 42 12 57.41 } 1.45
Coleman. —0.08 47 28 31.85 Parker............oooeiiiln 37 58 18.84
. 61 42 24.88 Provo astronomie........ 155 52 39.35
A +1.94 | 14 34 12.43 0.51 || Cotfonwood. .. —0.80 533 23.78 0.16
N 103 43 23.20 Provo cast base. . 18 33 57.03
X 104 48 25.01 Provo astronomic 56 03 54.15
. G +0.52 |{ 26 51 09.03 1.31 arker. ... ...o.ooiiiinnl —0.01 i{ 15 18 00.80 0.37
. 48 20 27.27 Provo east base............ 108 38 05.42 :
X 43 06 00.13 Provo astronomic.......... —0.47 168 38 23.92
0 —1,10 {113 50 02. 10 0.24 || Provocast base............ +1.49 +0.41 5 b4 43.02 0.03
23 03 58.01 Provo west base........... —0.061 5 26 53.09
3 34 46 44.47 03 3 S +0.38 24 16 25.49
X +0.25 {{ 38 08 35.60 0.84 || Parker.........cocovivnnns. +1.06 +1.33 § 11 07 21.67 0.76
. 2 107 04 40.77 Sullivan.......ccoemeuenn. —0.11 144 36 13.60
Kirtley..oovivnnanniol —0.48 20 45 25.53 ElK.ooiiiiiiiiiiiiiiiaaaan, -+0.93 112 35 58.77
Rawhide .| =0.07 —0.05 [{ 98 00 51.92 2.00 {| Parker...................ll +0. 44 } +2.28 |1 29 07 53.48 4.01
Willow.coooooiiiiaiaan... . 61 13 44.55 Alkali....oooiiiiiiil +0.91 38 16 11.76
Kirtley.........ooool L 41 36 24.74 ) D)) +0.55 88 19 33.28
Rawhide. . . —1.24 1 59 52 16.32 2.93 || Sullivan................... +0.44 } +1.40 { 68 27 42.98 144
Manville.......coooeao.. .. 78 31 21.87 Alkalio..ooooiiiiiannis +0. 41 23 12 45.18
Kirtley.......oooooiiiotl 20 50 59.21 Cambria.........ooooooail +0.19 45 40 47.23
. —0.94 (3 45 50 56.22 D B & B I 1 R —0.40 —0.32 [{ 87 45 17.34 3.45
113 18 06.34 Alkalio.ooooiiinni -0.11 40 27 58.88
25 05 35.14 Crow...oovvvviiinnennnn +0.05 75 44 52.92
+2.25 |4 72 01 61.32 865 || Elkeooeeoimiiniiiininennns +0.22 +0.03 3 29 04 20.52 1.69
82 52 32.19 ambris.... ...l —0.24 75 10 48.25
Parker... ................. 20 46 14.29 Laird....ooooveiiinaninna. +0.93 51 22 49.19
Kirtley.. +0.39 [{121 00 12.32 5.81 1 CrOW. . ueeiimiianiiniennnnns +0.59 +2.28 {3 81 10 48.42 0.82
Manville 38 13 39.20 Cambri....c.ceiiennaannn. +0.76 47 26 23.21
Parker 83 15 08.97 Inyankara.........ccoennn. +0.04 55 24 14.64
Kirtley.. —0.86 |{ 48 58 11.00 11.97 aird.. ..ot -0. 26 —1.17 R 51 41 47.21 1.28
Alkali 47 46 52.00 Cambrig.......oooeieevennn —0.95 72 53 59.43
Parker. 62 28 54.68 Inyankara..........coeeeee +0. 60 43 40 18.72
Manville. +1.00 {4 44 38 52.99 14.81 || Cambria.. ... .....ocennnns +0.24 +4-0.63 {118 42 01.88 2.55
Alkali....oooooooiiiiil 72 52 27.14 Alkali..oeniinianiannnn, —-0.21 17 37 41.95
Cottonwood. .. vonnneon.. ~0.18 100 09 43.36 TOITY vt nveneannnnneenenn —0.78 26 28 13.83
Alkali . —0.39 { 31 3135.76 } 4.87 Alrd. ... ~0.89 —2.70 |{135 25 47.38 0.92
Parker 48 18 45.75 Inyonkars......oooceeenenn —1.03 18 05 59.71
Sullivan. .. 61 37 23.17 Sundance...........oceane —0.15 21 25 20.50
Parker. .. +1.31 [{ 66 19 17.56 2.85 || TOILYennenenmaaneaeenaens —0.66 |} —1.60 )} 62 38 01.41 2.2
Cottonwoo 52 03 22.12 Laird.....cooiimiiinniannn. —0.79 95 56 40.31
Sullivan . 146 56 03.42 Sundance..........oooennn -0.17 55 59 15.04
Parker. 5 ~0.45 {1 18 00 31.81 1.81 | Terry.ecnvmmeienmnancnannnn +0.12 +0.53 1 36 09 47.58 3.34
Alkali. X 15 03 26.58 Inyankara................. +0.58 87 50 60.72
Sullivan... —~0.75 85 18 40.25 Sundance...........c.ceeent —0,02 34 33 54.54
Cottonwood . —0.74 |+ —2.15 |{ 48 06 21.24 3.83 || Laird.....oovoiiineniint -0.10 |t —0.57 K 39-20 07.07 2.04
Alkali......... —0.66 46 35 02.34 InyanKkare.....cooensnennan —0.45 105 56 60.43
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Table of triangles—Continued.
ONE HUNDRED AND FOURTH MERIDIAN—continned.
Correc- Correc-
tion to tionlto - e
angles | Errorof | Corrected : angles | Error o orrected
Station, from |closureof| spherical Sg;‘:;;scal Station. from |closureof] spherical Sepherical
figure | triangle. angles. . figure | triangle. | angles. Xcess,
adjust- adjust-
ment. ment.
” r” o e’ 17 ” 17 17 ° ’ 143 ”
41 01 44.61 +1.45 50 44 04.29
-+0.69 [+ 56 15 62.09 8.57 .| ~0.14 +1.58 | 30 19 47.16 } 181
00 82 42 21.87 +0.27 98 56 10.36
31 42 38.58 59 52 45.69
~0.03 |{ 92 27 15.10 10.73 —0.43 | 63 35 56.77 2.45
55 50 17.05 56 31 19.99
68 19 17.31 7 50 28.71
00 ~+0.10 |1 36 11 13.01 9,58 +0.05 {161 44 44.23 1.09
75 29 39.26 10 24 48.15
A 36 36 38.73 34 12 45.21
Sundance. . ... —0.34 } ~+0.82 |{ 26 52 04.82 7.42 +0.82 {101 51 58. 54 3.68
Wymonkota............... —+0.49 116 31 23.87 43 55 19.93
Moreat.....cvvuvaennia.s —0.06 67 05 55.79 26 22 16. 50
3 —1.11 ¥ 61 06 05.85 4.69 +0.34 | 63 11 08.62 5.04
51 48 03.05 100 26 39,92
37 41 41.93 . 29 30 42,40
+0.47 |<130 53 39.91 1.12 {| Rainy... . . } —2.45 {7 29 44 24.12 2.28
11 24 39.28 Badland................... ~0.74 120 38 55.76
Harding.....oooooooonn. +0.11 99 33 42.68 Saddle......... ~0.32 90 32 03.17
Moreau.... ...| +0.29 +0.61 | 63 47 44.12 1.48 |} Rainy. -1.10 —0.79 |3 40 09 12.27 6. 80
Wymonkota. —+0.21 16 38 34.68 Sentinel. +0. 63 49 18 51.36
) 61 51 60.75 60 55 20.77
—0.97 |3 49 41 26.57 5.05 +1.61 [ 77 36 20.01 } 3.43
68 26 37.73 41 28 22.65
39 44 06.99 111 43 34,97
—0.20 [{ 45 16 54.07 5.06 -0.50 ({ 10 36 07.12 0.97
94 59 04.00 57 40 18.88
49 35 31.12 75 41 29.74
—0.57 |4 56 41 33.35 7.36 —0.93 {3 30 53 37.54 2.43
73 43 02.89 73 24 55.15
9 51 24,13 77 11 18,44
—0.84 {1134 07 16.09 1.18 ~—0.48 |¢ 41 29 44.66 3.45
36 01 20.96 61 18 60.35
61 44 12.66 129 48.70
: —0.69 |3 69 16 05.85 6.74 -+0.95 {1174 51 20.88 } 0.05
48 59 48.23 3 38 41.47
30 40 52.57 31 26 55.93
+2.36 {132 45 40.75 3.45 —0.45 {3 97 01 11.04 2.00
16 33 30.13 51 31 55.03
77 03 53.49 40 36 50.00
+2.28 |1 63 29 34.90 3.61 ~1.92 [{ 95 31 22.34 2.83
39 26 35.22 43 51 50.49
46 22 60.92 5 9 09 54.07
—0.77 |3 32 26 18.10 6.90 {| Hump... ... +0.31 —0.52 1123 19 34.85 } C.88
101 10 47.88 Sentinel.,.................. 0.00 47 30 31.96
62 55 11.42 102 54 07.90
} +1.78 |{ 52 16 47.96 4.19 +0.80 [{ 42 32 51.41 1.19
64 48 04.81 |} - 34 33 01.88
43 44 49.58 16 59 35.45
+4-1.41 {3 96 22 42.29 4. 80 +0.62 { 11 09 30.51 0.32
39 52 32.93 151 50 54.30
74 24 24.96 l 66 41 13.69
—0.47 {1 44 05 54.33 3.41 +0.60 ({ 53 42 21.92 2,29
61 29 44.12 I 59 36 206.68
30 39 35.38 49 41 38.24
—0.10 |3 24 55 31.88 2.80 ~0.82 [$105 14 57.74 } 0.78
124 24 55.54 25 03 24.80
51 44 00.96 34 37 07.07
—1.16 | 81 45 03.62 2.57 +1.16 |1 80 34 28.34 3.67
46 30 57.99 64 48 28.26
45 55 02.71 20 50 43.39
—2.63 | 82 39 43.42 2.59 +0.22 {143 54 40.46 1,02
51 25 16.46 15 14 37.17
96 39 07.00 89 01 49,48
+0.11 |{ 30 55 42.46 1.83 —0.87 { 63 20 12.12 2.45
52 25 12.37 27 38 00.85
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Table of triangles—Continued.

ONE HUNDRED AND FOURTH MERIDIAN—continued.

Correc- Correc-
tion to E p tod tion]to E
angles | Error of orrecte angles | Errorof | Corrected
Station. from |closureof| spherical Sé)}l{}:;sigal Station, irom |closureof| spherical Spherical
figure | triangle. angles. . figure | triangle. angles. excess.
adjust- adjust-
'] ment. | ment,
1 o ’ Ty r 1 o ’ i 2
68 11 06.09 Williston. . | —0.56 76 58 05.88
+0.07 {{ 49 33 51.09 5.10 || Buford. —~1.75 { 43 16 46.34 1.62
62 15 07.92 Buil.. 59 45 09.40
56 45 21.17 ‘Williston 22 01 37.46
+1.94 |4 27 19 36.91 2.61 || Snake —0.17 |3 41 09 48.30 0.67
96 55 04.53 Bull... 116 48 34.91
54 05 39.08 Bonetraill. . 77 24 18.17
+0.46 (¢ 60 44 38.44 4.62 || Williston. . —~0.80 I{ 48 00 16.30 0.82
65 09 47.10 Bull...............oo.. 54 35 26.35
79 52 54.31 Gladys..oveereneinan.... 26 33 58.67
—1.46 | 33 25 01.53 3.50 || Bonetraiil.. . —~0.48 [{146 22 52.62 0.14
66 42 07.66 Williston. ................. 7 03 08.85
Buford. .oeeerenneeeennnons —0.09 25 47 15.23 Gladys.................... 93 32 12.50
LOVETINE .« e e v evenennmnnnens +0.48 |+ +0.02 [{ 3145 17.43 1.49 || Bonetraill. . .. +2.60 |1 68 58 34.45 0.22
JACKSOML. v e v v cnenennneemens —0.37 122 27 28.83 Bull....o........o.L. 17 29 13.27
17:) 11 VPR +0.18 85170020y || Gladys.c...........l.L 66 58 13.83
gg}:)r?in.a. .................. 0.00 —0.03 |3 88 12 57.71 0.67 +2.28 X 40 57 07.45 0.90
SheeP.a.veneanmrnanrannes —0.21 G 29 53.76 72 04 39.62
Montana.. ... -eovereneenns —0.15 169 43 51.64 46 00 23.64
BUIOLA e e eaenrovmnnrnneenns -0.19 ¢ +0.52 { 8 20 03.40 0.06 —0.98 | 48 30 35.57 0.96
FROKEOM. o vv v mmmeeeeans -+0. 86 1 56 05.02 85 29 01.75
Montana..e.cooooveoencans —0.33 84 26 42.44 56 07 07.74
3 —0.91 1§ 26 55 07.77 2.89 ~0.57 |{ 55 33 44.42 1.31
68 38 12.68 68 19 09.15
78 09 17.37 10 06 44.10
+4-2.006 {3 61 10 17.93 0.82 <+0.89 1128 08 05,63 0.21
40 40 25.52 41 45 10.48 .
100 20 36.50 55 17 40.062
+1.15 14 37 17 652.91 0.47 +0.08 13 50 16 56.39 1.26
42 21 31.06 . 74 25 24.25
88 20 52. 43 Muddy X 42 14 40.60
+1.73 | 35 47 46.31 0.30 || Marmon,. . . . +1.04 [{ 94 07 20.84 1.43
55 51 21,56 (3106 N T 3 43 37 59.99
171 18 31.07 3 77 24 40.93
—0.82 5 18 56.87 0.05 +0.66 |3 43 50 24.45 1.16
Jackson.. 3 22 32.61 58 44 55.78
Mondak. +0.93 85 39 53.27 35 10 00.33
Cutof}. .. +0.45 } +1.67 |3 19 66 03.42 0.07 —0.30 {3 30 47 24.26 0.99
Montana.. -+0.29 74 24 03.38 114 02 36. 40
B 1) ¢ 2 +0.48 86 11 44.59 63 38 30.58
10151715 i SRR +0.27 +1.05 [{ 42 20 50.92 0.11 —1062 |y 75 41 29.4¢ 0.68
Montana.......oeoeenn.... -+0.30 51 27 24.60 40 40 00. 64
FeITY.cvoiiiiiinaninnan. +-0.14 106 30 G1.59 38 47 33.49
Cuto};t ..................... —~0.18 —0.68 { 22 24 47.50 0.06 +0.38 { 26 39 21.50 0.33
MondaK..ooeiveerirannnn.. ~0.04 51 05 10,97 114 33 05.34
L)) v oS ~0.34 20 18 17,00 37 34 23.45
Mon{ana ................... —0.01 —0.06 { 22 56 38.78 } 0.02 } —0.22 {102 20 50.96 } 0.99
MondaK..oeoeireaarneennns +0.29 136 45 04,24 40 04 46.58
Bainville......ccoooennnnn +0.61 62 09 53.44 113 10.04
Buford.....ooiiviiiaiia... +0.61 +1.67 { 76 25 17,04 } 1.55 } ~1.02 { 0 35 14.06 0.02
Jackson......ocveiiiiai. +0.45 41 24 51.07 178 11 85.902
Bnake. .overeiiininiaienn.t —0.26 33 30 23.006 35 18 07,83
Bxlllafo?d. hesmeraennnneeane —0.52 ¢ . ~1.75 { 11 11 37.70 } 0.30 } +1.58 { 63 16 36.77 } 0.40
135 11 59.54 81 25 15.80
Bnake 47 30 02.32 . 82 04 23.90
Buford.. +1.41 { 87 36 54.74 2.03 +0.09 |J 64 29 46.81 1.24
Jackson 44 44 04.97 33 25 50.53
Snake 14 02 39.20 46 46 16.07
Bainville. +1.49 1162 38 07.02 0.18 +0.13 {100 23 08.28 0.82
Jackson......ocoveiiiann. 319 13.90 32 50 36.47
57 03 25.51 Bowit..oooviiiiiiiiinn. +0.28 28 25 26.41
—0.10 {{ 23 16 57.03 0.90 i School.................. -] —2.39 —2.83 |{ 27 00 34.67 0.22
99 39 37.46 Ambrose southwest base...| —0.72 124 33 59.14
Williston. . .o..oooovvnntins —0.88 54 56 28,42 Ambrose.............iiieen —0.23 0 56 35.04
Bufosctlo. . X —~1,63 { 66 33 44.27 } 1.85 |} Ambrose southwest base...| —0.77 ~1.35 4178 14 37.76 0,01
Bnake..ovoieiiiieiieiia.s 58 20 49,16 |} . Bowie............oolell —0.35 0 48 47.21
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Table of tﬁanglé—Continued.

ONE HUNDRED AND FOURTH MERIDIAN-—continued.

Correc- Correc-

tionlto E e tod tionlto E :

angles { Error o. orrecte . angles | Error o Corrected

Station. from |closureof| spherical Sg}l{l:;sl;:al Station. from |closureof| spherical |Spherical

figure |triangle. | angles. . figure | triangle. | angles. excess.

adjust- adjust-

ment, ment,

” ” o ’ ” ” ” ” o ’ ” 7

Ambrose. 73 06 18.73 [0(0111) S ORN —0.63 50 29 57.31
Bowie —0.30 | 27 36 39.20 0.39 {| Ambrose southwest base...| -+0.17 +0.09 |§ 37 18 54.24 } 0.15
School.........oocevoaiss 79 17 02.46 Ambrose...c.ooveeiieenn... 4-0.55 92 11 08.60
Ambrose, 74 02 53.77 +1,12 43 38 44.09
Ambrose southwest base...] —0.05 +1.18 |3 53 40 38.62 0.18 —0.01 +1.00 [{ 77 47 03.68 0.30
School......coooieiiiinn.. +1.66 52 16 27.79 Ambrose southwest base...[ —0.02 58 34 12.35
Crosby.ceeeeeeneannenna. +0.26 16 46 02.91 NOIEe.eeeeervanraanneenenns —=0.09 83 28 02.98
Bowie..........oeoiiiaas. +0.32 +1.18 | 18 47 29.25 0.16 || Bowie —0.33 +0.09 | 58 59 34.61 0.54
Ambrose southwest base...; +0.60 144 26 28.00 Crosby -+0.51 37 32 22.95
Crosby..eeuneenennaaaaans —0.37 67 16 00.22 Norge...oooveevmnaeniannan —1.21 39 49 18.89
Bowie.... ... —0.03 —0.08 | 19 36 16.46 0.32 || Ambrose southwest base...| +40.62 +0.18 {3 85 52 15.65 0.40
Ambrose........o.......... 4-0.32 93 07 43.64 Crosby...coeeueeraananna +0.77 54 18 25.86

The maximum correction 2/7.39 to any angle is to the angle at School between Ambrose

southwest base and Bowie.
The statistics as to closures of triangles and the mean error of an angle for the sections
of the one hundred and fourth meridian are given in the following table. The mean error of

an angle a= 4 /%—?L—z, in which 3'4* is the sum of the squares of the closing errors of the triangle

and 7 is the number of triangles in the season’s work or in the section.

Number of triangles.
Average Maxij- | Mean er-
Season. : ith | closur mum ror of
Total, g[lg;l ;Vigus 0Sure. | olosure. |an angle.

closures. | closures.

"

I
Pikes Peak-Divide to Cheyenne base... 41 18 23 1.14 2.87 40,81
Cheyenne base to Provo base. 40 19 21 0.96 2.42 =+0, 68
Prevo base to Ambrose base.. 105 54 51 0.94 2.83 +0.69
For the whole arc........... ” 186 91 95 0.99 2.87 +0.71

The average closing error of a triangle for the 186 triangles of the one hundred and fourth
meridian arc is 0°7.99. This mean closing error indicates that the methods employed and the
number of observations made will give the accuracy called for by the general instructions, viz,
1’7.00 on an average. The instructions also state that the closing error shall seldom exceed
3’7.00. The one hundred and fourth meridian arc has no triangle with a closure as great as
3’7.00, and ‘there are only 23 of the 186 triangles which have closing errors greater than 277.00.
It is not desirable to cut down the standard number of positions, 16, selected in 1900. Nor is
it necessary to increase the number of observations in order to obtain greater accuracy. If
the triangulation of the Survey should consistently have much smaller closing errors than
177.00 on an average, then it would probably be advisable to reduce the number of observa-
tions if by so doing time and cost could be lessened. See under the heading “Discussion of
errors” the changes made in the method and time of observing in an effort to secure smaller
deviation of the triangulation in azimuth. '

Of the six definite arcs of primary triangulation in the United States the one hundred
and fourth meridian arc stands third in accuracy, using the average closing error of a triangle
as the standard.
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The comparison of the average closing errors is given below:

Average

closing
Bl'I[,()l‘
Texas-Callformin. . . v e e n it et e 0.90
Ninety-eighth meridian.. ... ... . i e e 0.92
One hundred and fourth meridian. ... e 0.99
Transcontinental triangulation. ... ... ... .. i 1.06
Eastern oblique. .. ... oo 1.19
Callornia-Oregon . [ o ...ttt ettt et aaea e 1.22

No attempt has been made here to set forth the agreement of the separate measures of
‘each direction as a criterion of accuracy, since it is well known that it is of little value for that
purpose. A close agreement of the separate measures of a given direction is of little conse-
quence, since such measures are usually subject to constant errors of considerable size, which
become evident as soon as the closures of the triangles are studied or an attempt is made to

adjust a figure.
ACCORD OF BASES.

As already stated, there are six bases which serve to fix the length in the triangulation
under discussion. Four of these bases are connected directly by the triangles adjusted. The
Salt Lake base determines the length of the line Tushar-Mount Nebo adjacent to the base net,
with little loss of accuracy. The Salina base is more remote from the line Arapahoe-Monotony,
which was the fixed length in this adjustment, and the outstanding discrepancy is consequently
somewhat greater than would have been the case if the intervening triangles had been readjusted.

In solving the normal equations of the figure adjustment the length equation was, as usual,
assigned to the last place, so that after all the conditions relating to triangle closures and ratios
of lengths had been satisfied the discrepancy in length became known. In the following table
the discrepancies developed between bases are given in terms of the seventh place of logarithms
and are also expressed as ratios. A plus sign before the discrepancy expressed in terms of
logarithms means that the first base mentioned is longer as measured than as computed through
the intervening triangulation from the second base mentioned.

Discrepancy in| Diserepancy

Bases. seventh place | expressed asa
of logarithms. ratio.
Arapahoe-Monotony t0 E1 Paso........cocvririiiiiiinaeaiieinananans + 31 1: 140 000
El Paso to Tushar-Mount Nebo (Salt Lake)...co.vvnevneniaaiannn. + 6 1:724 000
El Paso to Cheyenne........ .- +141 1:30 800
Cheyenno to Provo. .. ..ot +108 1:40 200
Provo to Ambrose ~ 40 1;109 000

ACCORD OF AZIMUTHS.

Laplace azimuths were computed at three stations of the one hundred and fourth meridian
triangulation, viz, at Watkins astronomic, Provo astronomic, and Mondak. It was reasonably
certain that the Laplace azimuths computed for these stations were more accurate than the
geodetic azimuth computed through the triangulation, and they were therefore introduced into .
the triangulation. The azimuth equations which reconciled the computed and the Laplace
azimuths were placed at or near the last of the group of normal equations so that after the con-
ditions relating to triangle closures and ratios of lengths had been satisfied, the discrepancy in
azimuth became known. ,

The azimuth computed to Watkins astronomic station, through the triangulation, from the
North American Datum azimuth at the edge of the Salt Lake base net, was found to be too large
by 5’7.05 when compared with the Laplace azimuth at Watkins. The azimuth computed to
Provo astronomic station, through the triangulation, from the Watkins Laplace azimuth, was
too large by 27/.37 when compared with the Laplace azimuth at Provo. The azimuth com-
puted to Mondak, through the triangulation, from the Provo Laplace azimuth, was too small by
1/7.08 when compared with the Laplace azimuth at Mondak.
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STUDY OF ERRORS.

While the primary triangulation done by the Coast and Geodetic Survey is sufficiently
accurate for geographic and geodetic purposes, at the same time it is well to search for the causes
of the larger errors and to try to eliminate them, if possible without an increase in the time and
cost of the triangulation. Or, if the causes of the largest errors can be found and removed, it
might be possible to obtain the present accuracy with fewer observations over each direction
in the scheme of triangulation. It is known to all observers of experience that large errors
are likely to occur in observations made on a heliotrope before the late afternoon, when the wind
makes the support of the instrument vibrate badly, and when a line passes close.to a steep slope
or a factory or heated stack. There must be other more obscure sources of error. In the text
below are given data which may help to discover some of the sources of errors in primary
triangulation.

Beginning with the season of 1904 -each observer on the northern portion of the ninety-
eighth meridian triangulation and on the Texas-California arc kept a record, called the error
book, in which he made notes of the weather conditions, the character of the line observed over,
and the appearance of the object observed upon. For each period of observations of primary
horizontal angles there were entered in the record the date, with the hour; the direction of the
wind; the strength of the wind; the station observed; the intensity, size, and degree of steadi-
ness of the image of the heliotrope or lamp; the character of the image, whether symmetrical
or asymmetrical; and the character of the line, whether high, low, grazing, or clear only at
night as a result of elevation by refraction. In a column of remarks notes were made regarding
the condition of the atmosphere, whether clear, hazy, or smoky. It has been impossible for
the author, in the limited time at his disposal for such work, to make an analysis of all the
accumulated data.!

High, low, grazing, and refraction lines.—As considered in the error book, a high line is
one with its greater portion elevated well above the ground and obstructlons This usually
occurs when the line crosses a depression or valley. A low line passes over a very flat country
or just over ridges, trees, houses, or other obstructions. Grazing was the term employed to
describe a line which was barely clear during the day. A refraction line was one which was
clear only at mght as a result of great refraction. A refraction line is, strictly speaking, a grazing
line.

The following table gives certain data regarding the number of high, low, and grazing or
refraction lines on the tr1angulat10n along the one hundred and fourth meridian and the aver-
age corrections to directions for the different kinds of lines:

P N Aver% C)
ercentage | correction
Number. of all, to a
direction.
n
AN HNGS s aveeienviniinareaarneaanan 420 100 0.32
High lines...oceeeieiiaieiiinnannn.. 352 84 0.31
Low lines........ freiceeeieeianaas 50 12 0.37
Grazing or refraction lines............ 18 4 0.41

The mean correction to a direction for high lines is about 17 per cent smaller than for
low lines and about 29 per cent smaller than for grazing or refraction lines.

1 Seo alse pages 224 to 231 of Appendix 4, Report for 1911, Triangulation along the ninety-eighth meridian, Nebraska to Canada and connec-
tion with the Great Lakes, and pages 59 to 63 of Special Publication No. 11, ¢ The Texas-California Arc of Primary Triangulation.”
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The following table gives the number of large corrections to all the directions and the
number of them on the several classes of lines:

Corrections greater Corrections greater
than 07.34, /!

than 0'/.49,
Number. | e(r)(ie:utfzge Number. Pe;creﬂxﬂfige
Onalllines...vcvevenrinaennnnianannns 151 100 80 100
On high lines. . 122 81 63 79
On low lines............. -- 21 14 11 14
On grazing or refraction 1 . 8 5 6 7

The evidence in this table is that the large corrections come on the low and the grazing
or refraction lines more in proportion than on the high lines.

Corrections to directions observed in a single pertod and in two or more periods.—The follow-
ing tables are similar to the preceding, except that the lines are classified with regard to the
number of periods during which they were observed instead of with regard to height. The
total number of directions and the total number of corrections exceeding a certain amount
may not be exactly equal in the different tables owing to the fact that a few lines may have
been omitted from a table when information was lacking for classifying the line in that
particular table.

P N Aver%ge
orcentage correction
Number. of all. to 8
direction.
H
AN NeS. et sree e e ianea e 436 100 0.32
Lines observed in but one period..... 194 44 0.31
Lines observed in more than one pe-
o (06 BN 242 56 0.33
Corrections greater Corrections greater
than 0"".34. than 07,49,
Percentage Percentage
Number. of all. Number. of all,
Onalllines. .eoeoeriiiiiniiinenannn. 156 100 82 100
On lines observed in but one period. . 62 40 34 41
On lines observed in more than one
period.. ..ol 94 G0 48 59

The data in the above two tables are slightly in favor of the observations made in only
one period.

Inasmuch as there were only four directions observed in daytime alone, no comparison is
obtained between day and night observations. The mean correction to the four directions
observed in the daytime only is 07/.34.

DEVIATION OF TRIANGULATION IN AZIMUTH.

In many cases the geodetic azimuth as computed through an arc of triangulation differs
from the Laplace or true azimuth by an amount much greater than can be accounted for by
the accidental errors in the observations of the triangulation. This deviation of triangulation
in azimuth has been studied for years by geodesists without any definite conclusion as to the
cause of the systematic errors. |

Tn the United States Coast and Geodetic Survey publication entitled ‘‘The California-
Washington Arc of Primary Triangulation” (Special Publication No. 13), the author, A. L.
Baldwin, made the statement:

Confronted with these values for twist (differences between the computed and Laplace azimuths), the writer

suggests that they may be caused by the unequal heating of the theodolite by the sun, even though the theodolite
is protected from the direct rays. On triangulation extending in a north-and-south direction, as this arc does. where

48310°—14—5
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the observations were mainly made in the late afternoon, the west side of the instrument is undoubtedly warmer than
the east side, and the resulting angles opening to the west and to the east should be subject to systematic errors of
opposite signs, and therefore twist would develop. If this theory is correct, an east-and-west arc should develop only
asmall amount of twist, well within the limits for the expected error. Arcs on which the observing was done at night
should develop no twist exceeding that allowed by the probable error, for the temperature of the east and west sides
of the instrument would be equal. It is expected that this theory will be tested in the near future on all of the arcs
of primary triangulation now existing in the United States.

In the following tables are given the data, for each section of primary triangulation in the
United States, which may throw some light upon this deviation in triangulation. It is believed
that if similar data for the primary triangulation of other countries were in print it would be
possible eventually to discover the cause or causes of deviation in triangulation, and with this
knowledge to carry on the work in such a way as to minimize or eliminate its effect.

The sections of triangulation between Laplace stations are arranged in two tables. In the
first are given data for the sections whose axes lie approximately in the meridian, while in the
second table data are given for those sections which run east and west or nearly so.

On page 74 are given the data for three sections of the Eastern Oblique Are.

Explanation of tables.—The data for any section are given in the direction south to north,
In columns 1 and 2 are given the names of the Laplace stations at the south and north ends of
the section, respectively.

Column 3 contains the correction necessary to make the computed and adjusted azimuth
agree with the Laplace azimuth at the northern end of the section in question. In each case
the triangulation started with a true or Laplace azimuth at the southern end and the difference
given is the amount of the accumulated systematic error or the deviation of the triangulation
in azimuth at the northern end. This correction results from the figure adjustment and the
adjustment for discrepancy in length between bases. It does not include the effects of any
adjustment for latitude, longitude, or azimuth.

Where the triangulation had been adjusted without equations for latitude, longitude, or
azimuth, the values for the corrections in column 3 were taken from the table on page 20 of
the ‘‘Supplementary Investigation in 1909 of the Figure of the Earth and Isostasy.”

Where an equation for latitude, longitude, or azimuth was used in the adjustment of the
triangulation to the North American datum, various expedients were adopted to obtain the
values for column 3, and the numbers given are subject to some error.

Column 4 contains the values of the probable error of the adjusted azimuth. The method
of deriving these values is explained below in the text relating to column 8.

In column 5 are given for each section the values of the ratio of the deviation itself (col-
umn 3) to the probable error of the deviation (column 4).

If the deviation of triangulation in azimuth were due to accidental errors alone and the
probable error in column 4 were free from errors of computation, then the values of the ratio
between the value and its probable error for any section should on an average be about unity
(theoretically 1.18), with few values as great as 2 or 3. It will be seen in the tables on pages
67 and 69 that the values of this ratio are frequently larger than 3 and the mean is 3.7 without
regard to sign.

In columns 6 and 10 is given the number of lines between tho Laplace stations at the
ends of the sections for the eastern and the western sides of the scheme of triangulation,
respectively.

In column 7 are given the corrections necessary to make the azimuth carried along the
eastern side of the scheme from the south agree with the Laplace azimuth at the second or
porthern station. The computation starts with the Laplace azimuth at the first station and
is carried through the observed directions. These directions are unadjusted, except for any
local conditions at the stations at which they were observed.

The above paragraph applies also to column 11, except that in this case the azimuth is
carried through the unadjusted directions on the west side of the scheme of triangulation.



Deviation data for north-and-south arcs.

Section of triangulation. Eastern side of triangulation. i Western side of triangulation. Accumulation per direction.
1) 2) , 3) 4) (3) (6) [©) ) (9) (10) (11) (12) 13) (14) (15) 16y | a7 18) (19) (20) (21)
: A Prob N 1mv- | Prob N s | Prob
ccum- | Prob- um- | cumu- { Prob- um- | cumu- | Prob-
. ulated | able ber of | lated | able ber of | lated | able Agx?tar- I;‘i?lb' In ad SI‘];—?E& g;lrggé
g N COITeC- | ITOT | Roij, | lines | correc-| errar | Ratio | lines | correc-| error | Ratio | Timeof |, - o | err:r Ratio | T ted | azie | azi | LRcon-
3 From (station)— To (station)— tion | of ad- (3)+(4) be- tion |ofob-| (V)= be- tion | ofob- | (11)+ | observ- ence | of con-| 42)+ J azi- | muth, { muth ver-
8 toad- |justed '’ 7%} tween| to ob- [served| (S). |tween| to ob- |served| (12). | ing line. | & con- "16). d 5 | gence.
% : ; ; A (7)— | ver- muth. | east west
- justed | azi- sta- |served | azi- sta- | served | azi- 1 ide. side
c azimuth.| muth. tions. | azi- |muth. tions. | azi- |muth. ). | gence. side. .
° muth. muth.
Z
” 7 ” ” 1 4 ” " r: ”n " "
1| Donna, Tex........... Allce TeXuiearounnonnn. + 1.73 ] 0.68 [+ 2.5 15 [+ L.47 | 1.40 ¢ +1.0 13 |+ 2.88 1,40 | +2.1 N. — 141 1,98 | ~0.71 [+0.062 {+40.052 [-+0.103 | —0.050
2 Ahce T Austm (capitol) Tex...| —10.51 | 1.14 |[— 9.2 15 | ~12.09} 2.23 | —5.4 16 (—10.65 ) 2.31 | —4.6 | D.&N. |~ 1.44 | 3.21 | —0.45 |—0.339 |—0.390 |—0.344 | —0.046
3 | Austin (capltol), Tex.. B?I‘Wl.e northwest base, + 2.4} 0.8 [+ 2.8 13 (— 1.45| 1.61| —0.90 16 + 2.55 | 1.83 | +1.4 |[D.&N.|— 4.00| 2.44 | —1.6 |+0.084 |—0.050 |+0.088 | —0. 138
ex.
4 Bgrwmnorthwest base, Sall{ina west base, | + 199 1.22 (4 1.6 24 |+ 2,22 2.48 | 4+0.90 22 |+ 4.45} 240 +1.9 | D.&N. |—2.23| 3.45] —0.65 |+0.043 [+0.048 [+0.097 | —0.048
ex. ans. .
5 Sailima west base, Pﬁebsouthwest base, | +11.09 | 0.97 |+1L.4 15 |+11.54 | 1.85] +6.2 17 |+ 4.72| 2.03 | +2.3 D. + 6.82( 2.75 | +2.5 |4+0.347 {+0.361 [+0.148 | 4-0.213
ans. ebr.
6 Plgg% southwest base, Dalt:gn ; g;stronomic + 6.62 1,28 |4+ 5.2 19 14+ 1401 2.50 | +-0.56 21 |+ 579! 2.63 | +2.2 | D.&N.|— 4.39| 3.63 | —1.2 [+0.166 |+0.035 {+0.145 | —0.110
e station), Minn
7 Da%t(;x} ) (iaf'tronomxc Stf%)hen 7 west base, | + 3.00 | 0.94 |+ 3.2 131+ 4.13} 1.81} 42.3 16 14+ 4,16 | 1.93 ) +2.2 | D.&N. |—0.03 | 2.65} —0.01 |+0.103 1--0.142 |+0.143 | —0.001
station), Minn.
8 | San D_iego’(astronomic Gazelle (astronomic | +11.91 | 1.68 |+ 7.1 22 |+14.50 | 3.30 | +4.4 22 + 8.83 | 3.33 | +2.7 D. + 5.62 | 4.69 | +1.2 [40.271 |+0.330 {+0.202 | +0.128
station), Cal. station), Cal.
9 | Gazelle (astronomic | Eugene  (astronomic | + 2.98 | 0.88 |+ 3.4 6 4+ 4.55| 1.76 | +2.6 6|+ 2.05( 1.76{ +1.2 D. |+ 250 2.49 | +1.0 |4+0.249 |40.379 {+0.171 | +0.208
station), Cal. station), Oreg.
10 | Eugene (astromomic | Tacoma  (astromomic | + 3.95 | 1.27 [+ 3.1 10 |4+ 1.06 | 2.49 | -+0.43 11 {+ 6.29 | 2.60 | +2.4 D. — 5,23 3.61| —~1.4 |40, 188 [4+0.050 (4+0.300 | —0.249
station), Oreg. station), Wash.
11 { Tacoma (astronomic | Port Towmnsend (azi- [ + 1.3 2.54 (+ 0.5 22 1.5 | 5.02 | 2.3 22 1— 8.85| 514 | =17 D. +20.14 | 7.19 | +2.8 |+0.030 |+0.263 |—0.194 | +0.458
station), Wash. muth station), Wash.
12 Wgtllgms (astronomic), Ptov]% (astronomic), | — 2.37 | 0.93 [— 2.5 12 (- 478 1.8 | —2.6 11 |~3.63| 1.8 | —1.9 [D.&N.|— 1.15| 2.63 | —0.44 |—0.103 {—0.208 |—0.158 | —0.050
olo .
13 Prsovo (astronomic), | Mondak, Mont......... + 1.08; 1.06 [+ L0 16 [+ 0.45 | 2.15 | 40.21 15+ 0.031 2.08 40.01 | D, & N. |+ 0.42 | 2.99 | 0. 14 |+0.035 (+0.015 (+0.001 | +0.014
14 Parkersburg, I.......| Willow Springs, TlL..... + 191 0.90 |+ 2.1 16 [+ 5.41 1 L74| +3.1 17 [~ 0.07 | 1.86 | —0.04 D. + 5.48 | 2.55| +2.1 |+0.058 [+0.164 |-0.002 | 4-0. 166
15 | Willow Springs, Ill....| Ford River (2), Mlch... — 130 1.82|— 0.71 26 |— 4.41} 3.8 | —1.2 26 |+ 2.93 | 3.4 | 4+0.85 D. -~ 7.34| 5.15| —1.4 |—0.025 {~0.085 |+0.056 | —0.141

‘NOILVIAHNVINI XYVINIIL
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Columns 8 and 12 contain the values of the probable error of the azimuths carried through
the observed directions on the eastern and western sides, respectively, of the scheme of
triangulation. These are the azimuths referred to in columns 7 and 11.

The probable error, e, of the azimuth as carried through one side of the scheme is com-
puted by the formula

gx = ¢ \/ (-i:
where ¢ is the probable error of a single observed direction and d is the number of directions
used to carry the azimuth.

As there are four independent ways for carrying the azimuth through a scheme of quadri-
laterals with the diagonals also observed, then the probable error of the azimuth carried
through the scheme which has been adjusted for figure or for figure and length conditions is
obtained by the approximate formula,

e =2
A ’J&‘
e, is the probable error of the adjusted azimuth, and e. is the same as in the preceding

paragraph. '

In column 9 are given the values of the ratio of the difference between the observed and
Laplace azimuth to the corresponding probable error of the observed azimuth. The observed
azimuth referred to is that carried through the observed directions on the eastern side of the
triangulation. Column 13 contains similar data for the western side of the scheme.

The time at which the observing was done is given in column 14, D standing for day and
N for night.

There are given in column 15 the apparent convergences of the two sides of the scheme
of triangulation. This is the value in column 7 minus the value in column 11.

In column 16 are given the values of the probable errors of the apparent convergences.
The probable error is the square root of the sum of the squares of the probable errors of the
corrections to the azimuth as carried by the two sides of the scheme of the triangulation.

There are given in column 17 the ratios of the apparent convergence to the probable error
of that convergence.

The last four columns—18 to 21—give the accumulation for a single direction, in the
adjusted azimuth, in the azimuth as carried through the observed directions on the eastern
side of the scheme, the same for the western side of the scheme, and in the convergence. The
figures are obtained by dividing the numbers in columns 3, 7, 11, and 15, respectively, by the
sum of the corresponding numbers in columns 6 and 10.



Deviation data for east-and-west ares.

| No. of section.

Do~ RN -

Section of triangulation. Northernside of triangulation. | Southern side of triangulation. ‘ Accumulation per direction.
1) (&3] 3) (4) 6] (6) W) ) ® (10) } (11) | (12) | (13) (14) 15 1 a8 | an (18) 19) 2v) (21)
N st | Prob v | Prob '
Accu- | Prob- um-{ cumu- | Prob- Num-| cumu- | Prob- .
mulated| able ber of | lated | able | . her of | lated | able i i A %g::r- I;I}';)lg' In ad- SI;.‘?S(; qlg.,f,’?d
) . correc- | eITor | poiio | lines | correc-| error | 4.0 | lines | correc-| error | Ratio | Timeof | oo | ot Ratio | suted | Tazic | agic | 1RCoD-
Frcm (station)— To (station)— tion {ofad- (3)=(4) be- tion | of ob- (1= (&) be- tion {ofobh-| (11)+ | observ- gence |of con- (15)+ J azi. | muth, | muth ver-
to ad- {justed [\ tween | to ob- [served %1 tween | to ob- | served; (12). | ing line, A (16). ? » | gence.
3 -+ A A (7Y ver- muth. | north | south
justed | azi- sta- §served | azi- sta- |served| azi- (11) ence side. side
azimuth.| muth. tions. | azi- |muth. tions. | azi- |math, - |penee. : : _
muth. muth.
” ” » ” L4 ” ” ” ” ” 4 ”
Mount Weather, Va__.| Parkersburg, Iil........ —2.31| 1.4 | -L6 26 |4+ 6.931 2.79 | +2.5 25 [— 6,47 2.99| —2.2 | D.&N. |+13.40 | 4.00{ +3.3 |—0.045 [+0.136 |—0. 127 | +0.263
Parkersburg, 11, . ... Berger, Mo...__......... +6.44 |1 1.36 | +4.7 13 [+12.66 1 2.66 { +4.8 14 4+ 2.8 | 2.76 [ +1.0 | D.&N. |4 9.80 ] 3.83 | -+2.6 |4+0.239 [4-0.469 |+0.106 | +0.363
Berger,Mo__.......... Knob Noster, Mo...... —4.66| 1.22| —3.8 9(-372] 2.57 | ~1.4 10 |— 4.84 | 2.33 [ —2.1 D. |+ L12| 3.47 | +0.32 |—0.245 [—0.196 |—0.255 | +0.059
Knob Noster, Mog...... Salina west base, Kans.{ —6.11| 0.96 { —6.4 M4i—297 1L95(—15 13 {-10.04{ 1.91; —5.3 D. + 7141 2,73 ) +2.6 ]—0.226 [—0.107 |—0.372 | +0.264
Salina west base, Kans. | Wallace, Kans......... —1.18| 1.27| —0.93 14 j+ 1.10 | 2.59 | +0.42 13 {— 0.41{ 2.49 | —0.17 D. 4+ L5111 3.59 | +0.42 |—0.044 |+0.041 |—0.015 | 0. 056
Gunnison, Colo......... —0.50{ 1.16) —0.43 13 §+ 3.18 | 2.41 | +1.3 12 |+ 0.71 2.23 | +0.32 D. + 2.47 | 3.28 | 4+0.75 |—0.020 |+0.127 |-+0.028 | +0.099
Salt Lake, Utah........| +3.69| 0.58 | +6.4 7{+4.81| 111 +4.3 71+ 3.53] 1.20]+3.0 D. 4+ 1.28 | 1.64 | +0.78 |+0.264 |+0.344 {40.252 | +0.091
.| Gazelle,Cal............ +5.88 | 1.05| +5.6 12 {4+ 9.83 | 172 | +5.7 15 [— 0.87 | 2.49 | —0.35 D. +10.70 | 3.03 | +3.5 {+0.218 |40.364 1—0.032 | 4+-0.39%
Donna, TeX.......c..... —2.881{ 0.43 | —-6.7 61— 3.591( 0.8 { —4.2 71— 1.43{ 0.8 | —1.6 N. ~— 2.16 { 1.21 { —1.8 {—0.222 :—0.276 {~0.110 | —0.167
Stanton, TeX.c..vauen.. +2.23 1 1.05} +2.1 16 [—2.08] 2.04| —1.0 18 |+ 6.64 | 2.15| +3.1 | D.&N.|— 872 | 2.96 | —2.9 [4+0.066 ;—0.061 |+0.195 | —0.256
Stanton, Tex.......... Jarilla, N. Mex......... +2.38 1 0.94} +2.5 16 |+ 4.86 | 1.87 | +2.6 16 |+ 2.20 | 1.87 { +1.2 | D.&N. |+ 2.57 | 2.64 | +0.97 |+0.074 |+0.152 |+0.072 | 0. 080
Jarilla, N. Mex.. San Diego,Cal......... +0.96 | 1.06 | 4+0.91 15 |+ 3.82 1 2,45 +1.6 111-2.36{ 1.8 | —1.3 | D.&N.|+ 6,18 3.04 | +2.0 {+0.037 |+0.147 |—0.091 | 40,238
Mannsville, N. Y.. Tonawanda, N. Y...... —0.44 | 0.99 | —0.44 9+ 151] 2.141 +0.71 11 )+ 1.66| 1.82 | +0.91 D. [—015] 281 | —0.05|—0.022 |4+0.076 |+0.083 | 0,007
Tonawanda, N. Y. Bunday, Mich.._.._.... —6.87 | L25| —5.5 22 |— 7.881 2.35| —3.4 21 |— 7.54 | 2.64 { —2.9 D. (- 0.34] 3.54| —0.10 [—0. 160 |—0. 183 [—0.175 | —~0.008
Bunday, Mich......... ‘Willow Springs, Ill.....} +8.04 | 0.86 | +9.3 11 |+ 4.551 1.57 | +2.9 13 |+12.08 | 1.88 | +6.4 D. — 7.53 | 2.45| —3.1 |+0.335 {+0.190 |+0.503 | —0.314
Ford River, Mich......| Minnesota Point, Minn.| +2.17 | 1.32 | +1.6 15 |+ 4.95] 2.50 | +2.0 16 |— 5.44( 2.79 1 —1.9 D. +10.39 | 3.75 | +2.8 |+0.070 |+0.160 (—0.175 | +0.335
Minnesota Point,Minn.| Dalton, Minn.......... 4560 1.16 | +4.8 20 [+ 8.18 | 2.31{ +3.5 20 1+ 8.04 | 231} +3.5 D. + 0.14 | 3.27 | +0.04 |+0.140 |+0.204 {40.201 | +4-0.003
Watkins, Colo.._...... Gunnison, Colo........ —1.48 ) 0.70 | ~-2.1 7({—2.32} 1.58}|—15 51— 101 123} —0. D.&N. |— 131 | 2.00 ) —0.65 |—0.123 1—0.193 |—0,084 | ~0. 109

‘NOILVINONVIAL XUVIIYd

69



70 U. 8. COAST AND GEODETIC SURVEY SPECIAL PUBLICATION NO. 19.

The explanation on pages 66 to 68 of the table giving data for the north-and-south sections
applies to the above table for the east-and-west sections of triangulation, except that for
eastern should be placed the word northern and for western the word southern. It is not
necessary to repeat the explanation. The azimuth is carried westward from the east end of
the section. The columns with the same number in the two tables contain similar data, except
as noted above.

Analysis of data in the above tables.—In order that one may fully comprehend and see the
bearing of the data in the above two tables, it was thought advisable to give the summaries
contained in the following six tables. The first three relate to the north-and-south arcs and
the others to the arcs which run in an east-and-west direction. )

_The correction to an adjusted or observed azimuth carried from one station to another
through the triangulation is positive when the azimuth is smaller than the Laplace or true
geodetic azimuth at the second station. As the azimuths are reckoned clockwise, a positive
correction indicates that the azimuth as carried through the triangulation has worked to the
left, or westward, looking north. If the azimuth had been computed southward, the correc-
tion would have been negative, showing that the azimuth had worked to the right, but again
westward. It is readily seen that the effect of systematic error in azimuth is to make curved
what otherwise might be a straight line. If either end of the curved line is held coincident
with the straight line, the other end will go to the westward. If the curvatures are reversed,
the line as actually observed will deviate to the eastward regardless of which end is held to a
Laplace azimuth.

The data for the north-and-south sections given in the preceding and following tables
were gotten by computing from south to north; hence a positive correction mdlcateq a
westerly deviation of the azimuth and a negative correction an easterly deviation.

Summary for all north-and-south sections.

Accumulated cor- Accumulated cor-
Accumu-| Tection to ob- . Accumu-{ Iection to ob-
latedcor-| served azimuth. | Converg- lated cor-|  served azimuth. | Converg-
rection to| ence rection to| ence
adjusted E —-W. adjusted E —W.
azimuth. | Eastern | Western azimuth. | Fastern | Western
side. side. side. side.
Number of sections.......... 15 15 15 15 Number of + ratios (corrn.
Number of + values......... 12 11 11 6 0P @) 12 11 1 6
Number of — values......... 3 4 4 9 Number of — ratios.......... 3 4 4 9
Mean value, sign not consid- " ’” " " Mean of ratios, sign not con-
ered.. ..ot 4,28 5,40 4.51 4. 556 sidered.......co.coooniain. 3.8 2.3 L9 1.2
Mean + value............... 4.17 5.30 4.07 6.83 || Mean of + ratios............. 3.7 2.2 1.9 0.9
Mean — value............... 4.73 5.68 5.72 3.02 Mean of — ratios............. 4.1 2.5 2.1 1.6
Mean value, sign considered..] +2.39 +2.37 +1.46 +0.92 Mean ratio, sign considered..| +2.1 +0.9 +0.8 +0.13
Weighted mean of accumula- Probable error of mean ratio. +0.79 +0.49 +0.36 +0.26
tion per direction. ......... +0.072 | 40,072 | 4-0.044 +0.028

There are 15 north-and-south sections considered in' this investigation, and in 12 of them
the adjusted azimuth deviates to the west. The mean values per section of the deviation
without and with regard to sign are respectively 4’/.28 and +2'.39.

The mean, without regard to sign, of the ratios between the correction to the azimuth as
adjusted and the probable error of the azimuth is 3.8. This means that the correction is on
an average much greater than the probable error of the azimuth and clearly indicates sys-
tematic error. This fact is shown also by the mean ratio with regard to sign of +2.1. If
there were no systematic or constant error in the observed horizontal directions, the mean
ratio without regard to sign should be close to unity and with regard to sign it should be close
to zero.

The third and fourth columns in the above table give data for the azimuths as carried
northward through the observed directions on the eastern and western sides of the scheme of
triangulation. The azimuth by each side deviates to the west, but the deviation is 62 per
cent greater for the east than for the west sides, 2’7.37 against 1’/.46. The rate of accumula-
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tion of the deviation is about 60 per cent greater for the eastern than the western sides, +0’/.072
against +077.044.

The evidence is strong that the western side of the scheme is less aﬁ’ected by systematic
error than the eastern side.

In the last column in the above table are given data regarding the convergence of the
two sides of the triangulation.

There is given below a summary of azimuth data for those north-and-south sections which
were observed entirely during the day.

Summary for north-and-south sections observed in the day.

Accumulated cor- Accumulated cor-
Accumu-| rection to ob- Aceumu-| Trection to ob-
lated cor-| served azimuth. | Converg- lated cor-| served azimuth. |converg.
rection to| ence rection to once
adjusted E -W. adjusted E -W,
" {azimuth. | Eastern | Western azimuth. | Eastern | Western
side. side. side. side.
Numnber of sections. .. 7 7 7 7 Number of + ratios (corrn.
Number of + values 6 6 5 5 70 Y - TP 6 6 5 5
Number of — values.. 1 1 2 2 Number of — ratios. . . 1 1 2 2
Mean value, sign not consid- " ” ” " Mean of ratios, sign not con-
ered....oiieiiiiiiieniat 4,92 7.58 4.78 7.59 sidered..... ... .cccenn.... 4.0 2.9 LG 1.8
Mean 4 value.... . 5. 52 8.11 4,97 8.11 || Mean of + ratios . 4.6 3.2 1.9 L9
Mean — value 1.30 4.41 4.31 6.28 Mean of — ratios 0.7 1.2 0.8 1.4
Mean value, sign considered..| +4.55 +6.32 +2.32 +4.00 Mean ratio, sign considered..| +3.8 +2.5 +1.1 +1.0
‘Weighted mean of accumula- Probable error of mean ratio.| +1.06 +0.61 +0.41 +0.44
tion per direction.......... 40,134 | +0.186 | +0.068 +0.118

Of the 15 north-and-south sections there were 7 on which all of the observations were made
during the day. The objects sighted upon were heliotropes, poles, and various kinds of targets.

The data given above show that the observations made during the day were much more
subject to the effect of systematic error than the mean of all of the north-and-south sections,
the data for which are summarized on page 70.

The above table shows also that the western side of the scheme carries the azimuth Wlth
much less systematic error than the eastern side of the scheme. The mean value for the accumu-
lation without regard to sign is 59 per cent greater on the east than on the west, while the mean
value with regard to sign is nearly three times greater on the eastern than on the western side,
6’/.32 against 277.32.

The values given in the last column of the table for the convergence show that the mean
of all sections has less systematic error than the mean of the day sections.

In the table below is given a summary of the data for 8 north-and-south sections observed
entirely at night or partly in daylight and partly at night.

Summary for north-and-south sections observed at night and both day and night.

Accumulated cor- Accutmulatgd colf-
Accumu-| Trection to ob- Accumu-| rection to ob-
lated cor-| served azimuth. | conver- lated cor-| served azimuth. | Conver-
rection 1o gence rection to gence
adjusted E ~-W. adjusted E ~W,
azimuth.| Eastern | Western azimuth. | Eastern | Western
side. side, side. side.
Number of sections.......... 8 8 8 8 Number of - ratlos (corrn,
Number of + values......... 6 5 6 1 to 1%) L3 T 6 5 6 1
Number of — values......... 2 3 2 7 Number of — ratios.......... 2 3 2 7
Mean value, sign not con- 4 " " " Mean of ratlos, sign not ¢
sidered....o.veivnnnnniannn. 3.72 3.50 4.27 1.88 sidered.........coceeannants 3.5 1.7 2.0 0.6
Mean + value .| . 281 1,93 3.31 0.42 || Mean of 4- ratios............. 2.7 1.0 2.0 0.1
Mean — value.. R 16.44 26.11 37.14 2.09 Mean of — ratios............. 5.8 3.0 3.2 0.8
Moan value, sign considered..| +0.50 —1.08 +0.70 —1.78 || Mean ratio, sign considered..] -+0.6 -~0.5 +0.4 —0.6
Weighted mean of accumu- Probable error of meanratio..] 1.07 +0.61 +0.64 +0.14
lation per direction.. .| +0.015| —0.034 | +0.021 —0.055
1 Only two values, —107.51 and —2'.37, : 3 Only two values, —10".65 and —3'/.63.

% Only three values, —12/.09, —1/*.45, and —4'".78.

The data given above for the 8 sections observed entifely or partly during the night show
less systematic error in the azimuth than the data given on page 70.
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That there is some systematic error present is indicated by the fact that most of the sections
have positive corrections to the azimuths, which shows that in general the line deviates to the
westward. This is the same direction of deviation as obtains when the observing was done
during the day.

The mean positive values of the accumulation of error to the azimuth are much smaller than
for day observations, and the positive accumulation is only 1//.93 against 8’/.11 for the day work.
The largest positive value for the adjusted azimuth is only 67/.62, this being the only positive
value greater than 4’’.00.

For the eastern side of the scheme the largest positive value is only 4/7.13.

The western side has three positive values greater than 4’/.00, with the largest one 5’/.79.

The negative values are all comparatively small except for one section. That value is more
than 1077.00 for the adjusted azimuth, the azimuth by the east side and the azimuth by the
west side. If that one section were not considered, the mean values for the negatlve azimuths
would be comparable with the mean positive values

The mean value of the convergence for the night observations is only about one-half that
for the day work and is of opposite sign.

Discussion of data for east-and-west arcs.—In the following table is a summary of the data
given in the table on page 69 for the sections of triangulation which run in an east-and-west
direction:

Summary for all sections of east-and-west arcs.

Accumulated cor- Accumulated cor-
Accumu-|{ rection to ob- Accumu-| rection to ob-
lated cor-| served azimuth. | Conver- lated cor-| served azimuth. | conver.
rection to, genoe rection to| gence
adjusted N -8. adjusted N -8.
azimuth. | Northern|Southern : azimuth. | Northern | Southern
side. side. side. side.
Number of sections.......... 18 18 18 18 Number of + ratios (corrn.
Number of + values....._... ] 12 8 <12 703y N - T TR 9 12 8 12
Number of — values......... 9 6 10 6 Number of — ratios.......... 9 6 10 6
Mean value, sign not consid- " " " " Mean of ratios, sign not con-

Y, SO 3.54 4.94 4.35 4.83 sidered.................... 3.6 2.5 2.1 1.6
Mean 4 vale...vieiiiaann.n 4.75 5,53 4,73 5.56 || Mean of 4 ratios............. 4.2 2.7 2.4 1.7
Mean — valug............... 2.94 3.75 4.04 3.37 || Mean of —ratios.. ... ereeeaan 3.1 2.2 19 14
Mean value, sign considered..| +0.61 +2. 44 —0.14 +2,58 || Mean ratio, sign considered..| 4-0.56 +1,07 +0.04 +0.63
Weighted mean of the accu- Probable error of mean ratio.] +0.75 +0. 52 3-0.43 +-0.33

mulations per direction, . +0.022 | +0.089 | —0,005 +0.094

One-half the sections in the above table deviate in adjusted azimuth to the south and
one-half to the north. The deviation is on an average 3.6 times the probable error of the
deviation, and therefore it must be concluded there is much systematic error in the adjusted
azimuth.

For the accumulated correction to the azimuth, as carried along the northern side of the
scheme through the unadjusted observations, there are 12 plus and 6 minus corrections. This
shows & decided tendency for the lines on the northern side of the triangulation to bend toward
the south. This is clearly shown by the mean value of the accumulation in azimuth with
regard to sign, which is +2’/.44. The value of the accumulation per direction is also com-
paratively large, +0’7.089.

On the south side of the triangulation the azimuth has 8 positive and 10 negative values,
with a mean value of only —07/.14, and a value of —07/.005 for the accumulation per direc-
tion, sign considered. It is true that the average value of the accumulation per section without
regard to sign for the southern side shows systematic error in azimuth; at the same time these
errors for many sections act as accidental errors.

The last column gives the data for the convergence, which naturally agree closely with
the values shown for the accumulated error in azimuth through lines on the northern side of
the scheme.

In the following table are given the data for the 11 sections on east-and-west arcs which
were observed in daylight only:
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Summary for east-and-west sections observed in the doy.

Accumulated cor- Accumulated cor-
Aceumu-| rection to ob- Accumu- rection to ob-
lated cor-| served azimuth. | conver- lated cor- served azimuth. | Clonver-
rection to| gence rection to gence
adjusted N —8. adjusted N -8.
azimuth. | Northern | Southern azimuth. | Northern | Southern
side. side. side, side.
Number of sections. . 11 11 11 11 Number of + ratios (corrn.
Number of + values. 5 8 5 8 L7035+ T 5% T 5 8 5 8
Number of — values. . 6 3 6 3 Number of — ratios.......... 6 3 6 3
Mean values, sign not con- " " " " Mean of ratios, sign not con-
sidered. ... ... ........ 4.10 4.78 5.01 3.89 sidered..... e 4.1 2.5 2.4 1.3
Mean + value .. 5,08 4,76 5.20 4.34 Mean of 4- ratios............. 5.5 2.6 2,8 1.4
Mean — value 3.29 4.83 4.86 2.67 Mean of — ratios..... [ 2.9 2.1 2.1 1.1
Mean value, sign considered..| -+0.51 +2. 14 —0.28 +2.43 || Mean ratio, sign considered..| +0.9 +1.3 +0. 13 +0.7
Weighted mean of accumula- Probable error of mean-ratio.| +1.04 +0.56 +0.67 +0.36
tion per direction.......... +0.019 | +40.079 | —0.011 +0. 090

For the sections considered in the above table, 5 have positive and 6 negative values for the
accumulated error in azimuth as carried through the adjusted triangulation, but the positive
values are the larger, and the mean value, sign considered, is +0’/.51. The mean value of the
ratio between the accumulated azimuth and its probable error (4.1) indicates the presence of
systematic error.

The accumulated azimuth carried by the observed directions in thenorthern side of the scheme
are mostly positive, 8 of the 11 sections having that sign. The mean value with regard to sign
is +2’7.14 which shows large systematic error.

The column giving data for the southern side has 5 positive and 6 negative values. The mean
value with regard to sign is —0’’.28, which is less than one-seventh of the value for the northern
side and is of the opposite sign.

The-values in the column headed ‘‘Convergence” follow closely those given in the column
for the accumulated azimuth for the northern side of the triangulation. :

In the table which follows there are given mean data for the seven east-and-west sections
which were observed at night or partly during the night.

Summdry Jfor east-and-west sections observed at night and both day and night.

Accumulated cor- Accumulated cor-
Accumu-| rection to ob- Accumu-| Tection to ob-
lated cor-| Served azimuth. | Converg- X lated cor-|  Served azimuth. | converg-
rection to ence rection to| ence
adjusted N —-8. adjusted N 8.
azimuth. | Northern | Southern azimuth. | Northern | Southern
side. side. side. side.
Number of sections.......... 7 7 7 7 Number of + ratios (corr’n.
Number of + values. . 4 4 3 4 R0 o N 30 P 4 4 3 4
Number of — values..... . 3 3 4 3 Number of — ratios.......... 3 3 4 3
Mean values, sign not con- ’"” ” " 4 Mean of ratios, sign not con-
sidered...eeevenenanen 2,67 5.18 3.29 6.31 sidered.eesneeineraneneaaan 2.9 2.6 1.6 2.0
Mean + value..oeeennvnenn... 3.00 7.07 3.93 7.99 Mean of + ratios... 2.6 2.9 1.8 2.2
Mean — value....o.....ooeun 2.22 2.66 2.82 4.06 || Meanof —ratlos............. 3.5 2.2 1.5 1.8
Mean value, sign considered..| 4-0.76 +2.90 +0.07 +2.82 Mean ratio, sign considered...| —0.03 +0. 69 —0.09 +0.50
Welghted mean of accumu- Probable error of meanratio..| +0.96 +0.78 30.48 +0.60
lation per direction.........| +0.027} -0.104 | 4-0.003 4-0,101

Of the seven sections considered in the above table there were three on which nearly all
the observing was done during the day. There were three other sections on which about 75
per cent of the observing was done at night.

The data in the above table, for the sections observed entirely or in part at night, show
definitely that the deviation by the observed directions on the southern side is much smaller
than for the northern side. The mean values per section are, respectively, 37.29 and 5'*.18,
while the means with regard to sign are, respectively, +0’/.07 and +2’7.90. 'While the southern
side carried the azimuth better than it did with the day observations, the northern side of the
sections, observed all or in part at night, did not carry the azimuth any better than the sections
observed entirely during the day. The sections in the above table are about equally divided
between positive and negative values.
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Deviation of eastern oblique arc in azimuth.—The axis of this arc of primary triangulation
runs in a northeast and southwest direction. The arc may be considered in three sections, ag
is shown in the small table below.

| hecumi- | probable
Eastern oblique arc. Lines.1 | rection to | SFrorof
adjusted a ijlgs fh
azimuth, | 8zlmuth.
" "
Cambridge, Mass.-Mount Weather,Va......... 25 —1.17 1.50
Mount Wesather-Atlanta middle base Ga...... 15 —3.76 1.53
Atlanta middle base-Fort Morgan, Ala. ... 20 —0.26 . 154

1 Values given are in each case one-half the sum of the lines on the two sides of the scheme.

The computation was carried from northeast toward the southwest, therefore the deviation.
of the triangulation in azimuth is toward the northwest. As all of the observations were made in
the day and the greater percentage of them in the late afternoon, when the sun was in the west,
it is seen that the deviation in azimuth is toward the sun. This is in agreement with what was
found for the sections running north and south and for those in an east-and-west direction.
The small deflection may be due to the fact that during the observing the sun was on an average
not far from the center line of the arc.

That the deviation for each of these sections is small is shown by the fact that it is com-
parable in size with the probable ervor of the section. The deviation of the triangulation in
azimuth as carried by the two sides of the scheme and the convergence of the two sides were
not computed.

It may be concluded that in tmangulatlon running north and south: (1) The work done .
in whole or in part at night carries the azimuth much better than the day work; (2) there
is very little difference in the size of the accumulated errors in azimuth as carried by the eastern
and the western sides of the triangulation for the night or night-and-day sections; (3) the
accuracy of the azimuth as carried by the observations in the western side of the scheme is much
greater than that in the eastern side in day work; (4) there is a strong tendency for the north
and south arcs of triangulation to deviate in azimuth to the westward and toward the sun; (5)
it seems to be probable that sections observed entirely at night would be almost free from
systematic error in the azimuth and that the convergence would also be of an accidental nature;
(6) as the day work shows the greatest effect of systematic error, the cause of that error must
be unequal heating of the different parts of the instrument by the sun; (7) the day observations
on the western side of the scheme give results freer from systematic error in azimuth than the
eastern side because the instrument on the western side is better protected from the heat of
the sun. Practically all the day observations were made in the afternoon.

The data given for the east-and-west sections justify the conclusions that: (1) The devia-
tion of triangulation in azimuth is less for the sections observed entirely or in part at night, than
for the sections observed during the day; (2) the unadjusted directions on the southern side of
the scheme carry the azimuth with less deviation than on the northern side; (3) the deviation
of the triangulation in dzimuth is in general to the south and toward the sun; (4) the data for
the east-and-west sections also indicate that the unequal heating of the instrument is a cause of
the deviation of triangulation in azimuth, but the evidence that this is true is not so strong as
that from the north-and-south sections.

The observer on the triangulation in Texas made observations for horizontal directions
only at night. This work is shown as section 1 in the table on page 67 and section 9 in the table
on page 69. The accumulated errors in azimuth for these sections are comparatively small.

A party which began observing on the arc of primary triangulation which extends from
Memphis, Tenn., to Huntsville, Ala., was directed to observe over the main-scheme lines only
at night. The results of that work are not available as this report goes to press.
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The writer, believing the unequal heating of the circle of the theodolite to be the principal
cause of systematic error in the azimuth, recommended to the Superintendent of the Coast
and Geodetic Survey, in October, 1913, that the theodolites be equipped with nickel-iron circles
instead of circles of brass. The former metal has a coefficient of only 0.000004 per degree centi-
grade, while the brass has a coefficient of about 0.000018, or more than four times as great.
One of the theodolites is now (May, 1914) equipped with a nickel-iron circle and it will be used
‘on the Memphis-Huntsville triangulation. The results should be of great interest.

The observer was also requested to change the circle about 180° in azimuth for each new
position by using the settings given in the table below in place of those shown on page 14 of
Special Publication No. 11.

Circle readings for initial directions.

Telescope | Telescope e Telescope | Telescope

Position. | ~gjract, reversed. || L osition. direct? reverseg.
o ’ ” o ’ " o 1 ” o 7 ”n

1 0 00 40 180 00 40 9 128 00 40 308 00 40
-2 195 01 50 15 01 50 10 323 01 50 143 01 50
3 30 03 10 210 03 10 11 158 03 10 338 03 10

4 225 04 20 45 04 20 12 353 04 20 173 04 20

5 64 00 40 244 00 40 13 192 00 40 12 00 40

6 259 01 50 79 01 50 14 27 01 50 207 01 50

7 94 03 10 274 03 10 15 222 03 10 42 03 10

8 289 04 20 109 04 20 16 57 04 20 237 04 20

While the deviation of triangulation in azimuth can at certain places be eliminated by the
introduction of Laplace stations into the scheme, it is nevertheless most desirable that this
error be minimized by changed methods of observations if practicable. For geographic pur-
poses the amount of remaining deviations at points between Laplace stations is of no impor-
tance, but in geodetic investigations, when the deflection of the vertical in the prime vertical
is wanted, the deviation of the triangulation in azimuth remaining after the adjustment is a
serious matter.

It is believed that with the theodolite equipped with a nickel-iron horizontal circle and
with the observations made entirely at night and the circle moved nearly 180° in azimuth
between each two positions or series the deviation will be much smaller than at present, and
possibly almost entirely absent. ‘

It is possible that these changes may add somewhat to the accuracy of the triangulation,
as indicated by the closing errors of the triangles and the probable error of an observed
direction.

It should be noted that the deviation of the triangulation in azimuth in the United States
is of the same order as that found in other countries carrying on triangulation of the highest
grade.

Effect of the deflection of the vertical.—A computation was made to determine the effect of
the deflections of the vertical at stations to the north of Pikes Peak, Colo., on the angles of
the triangulation. The results indicated that the greatest error caused by ignoring the deflec-
tions was 0°/.52 for one direction, that the accumulated effect was small, and that for an are
of triangulation so long that the station error undergoes several changes of sign the separate
values follow closely the law of accidental errors in their size and sign. It may therefore be
concluded that the effect of the deflection of the vertical on the deviation of triangulation in
azimuth is negligible in comparison with the much greater systematic effects from other causes.

The effect of twist in the instrument support.—For many years the observers of the Coast
and Geodetic Survey engaged upon primary triangulation shielded the signal (on which the
instrument was mounted) from the direct rays of the sun by canvas or other material. This
was done to prevent movements in the wooden structure which might cause a shift of the
instrument in azimuth and produce errors in the observed angles. Since the beginning of the
season of 1902 no screens have been used.
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In the report ! on the work done in 1902 its author, Prof. J. F. Hayford, in commenting
upon the possible effect of twist, stated that:

About two days were spent by computers at the office in examining the records after the close of the season for
evidence of twist. No convincing evidence that any systematic twist occurs could be found. Whatever twisting
of the tripod head in azimuth occurs, if regular and continuous in one direction for considerable periods, is so slow as
to be concealed by accidental errors in pointing and reading. There is possibly a very irregular twisting, with fre-
quent reversals or stops, the effect of which is to introduce errors of the accidental class into the results which can
not be separated from the other accidental errors. ‘

No further investigations for the effect of twist have been made. It is generally held
that the effect of the sun is to twist the signal in the same direction. If this is true and the
motion is continuous and constant in rate, then the mean of two series of observations made
in opposite directions and at uniform speed should eliminate the effect of twist. If the motion
is irregular, the effect can be eliminated only if many observations are made. After sundown
the signal should twist in the opposite direction for an indefinite time, and again affect a single
series of observations taken in the early part of the night.

It is probable that the effect of twist may increase slightly the sizes of the accidental errors,
but there seems to be no reason why it should cause a systematic deviation of triangulation
in azimuth.

EFFECT OF DRAG.

The observed angles or directions at a station may be affected by two sources of error
which are sometimes confused or not clearly distinguished. One is the twisting of the signal,
on which the theodolite is mounted, by the sun. If the signal is not protected by screens from
the direct rays of the sun, the material of the structure (assumed to be wood in this discussion),
is unequally heated or dried and as the sun changes in azimuth during the observations, the
structure may also change in azimuth. This changeis probably not at a uniform rate, but by a
series of jerky movements. The effect on the mean angles at the station is probably the same
as if the motion were uniform. The effect of this torsion will be made negligible by the method
of observing in which one-half of the observations in any position of the circle are made in a
clockwise direction and the other half immediately afterwards, counterclockwise. The direc-
tions or angles in one case will be too small and in the other too large, but the means should be
free from the effect. This will be practically true for the mean of the observations made in
16 positions of the circle. -

The other error has its source in the lost motion or nonelasticity of the materials forming
the structure on which the theodolite stands and the base of the theodolite itself. When the
alidade of the theodolite is moved in azimuth, the friction between the movable parts, even
though very small, will tend to drag the lower part of the instrument with it. The error due
to this may be termed the effect of drag. It tends to make the measured angle too small
whether the alidade is moved from left to right or from right to left.

When the motion of the alidade ceases the lower part of the instrument will assume its
previous position only if it and the support (all considered as one structure) are perfectly
elastic.

If the elasticity is not perfect then the telescope revolved through 360° should register 360°
minus the drag or effect of nonelasticity in the instrument and stand. The alidade of the instru- -
ment is assumed to move continuously in one direction. For instance, let it be assumed that the
theodolite is graduated clockwise, then if some object is sighted on and the reading of the circle
is zero or 360° the reading at the second pointing on the same object, after revolving the alidade
360° should be something less than 360° or zero. Also, if the first reading is zero and the instru-
ment is turned counterclockwise or right to left, the second reading should be greater than zero
or 360°. These differences in the readings will be the same in amount if the degree of pliability
is the same for the two directions.

It would also be reasonable to assume that in a series of angles all of the effect of drag
would appear in the first or left-hand angle for the first round of observations (made from left

1. 8. Coast and Geodetic Survey Report for 1903, Appendix 4, p. 824.
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to right), and on the last angle (the right hand one of the series) for the second round which
would be in a direction opposite to that of the first round. This assumption is based on the
idea that after the lower part of the instrument and the support have been dragged as a result
of revolving the alidade to the second direction the structure will be perfectly elastic to any
further strains due to the movement of the alidade to the third, fourth, and other directions,
That is, after the telescope has been turned to the second direction, all of the drag caused by
moving the telescope farther from the initial will be due to the flexibility of the materials
of the lower part of the instrument and its support and not to looseness of the parts. The
structure should act as if it were perfectly elastic and should recover the same position it had at
the second direction.

If the above theory is correct, one-half the total effect of drag should be present in the angle
which lies between the first or initial and the second directions and one-half in the angle formed
by the last direction and the initial one (if the horizon were closed in the round). If the hori-
zon is not closed then the first and last angles would each be affected by one-half the amount
of the drag. The intermediate angles should be free from the effect of drag.

To test these theories an investigation was made of the work done on the one hundred and
fourth meridian in 1912,

The observers in the United States Coast and Geodetic Survey work do not try to prevent
“‘overshooting’ the mark and therefore it may be assumed that in some cases the telescope
went beyond and had to be brought back, that is moved in the reverse order in which the direc-
tions were being made. One therefore will not get as definite an idea of the effect of drag as
if the telescope had always stopped exactly on the mark.

Of the stations occupied by Assistant E. H. Pagenhart, there were 17 at which he closed
the horizon in each one of the double measurements of the directions. In all the horizon was
closed for 297 such measurements. ' '

Of the 297 times the horizon was closed while revolving the telescope from left to right,
there were 146 cases where the last pointing on the initial was greater than the first, and in
136 cases the reverse was true. 'The sum of the plus closures was 244’/.2, while that of the
negative closures was 245’/.0. The averages were, respectively, 1/.67 and 1’7.80.

There seems to be no effect of drag in these observations.

Of the 297 measures closing the horizon when the telescope was swung from right to left,
106 had positive closures, with a total of 174’’.8 and an average of 1’/.65, and 172 had negative
closures, with a total closing error of 290’”.9 and an average of 1’/.75. The closure is considered
positive if the second reading passes the first one in the revolution of the telescope.

The evidence is strong that the right-to-left measures are affected by drag. Why there
should be drag in these measures and not in the left-to-right ones is not clear. The resultant
drag in each position—that is, the mean of the two measures of a position—is 0’7.20. The
sum of the angles at a station is affected by this amount, and averages only 359° 59’ 597/.80.

Values of first and last angles of a position, left to right, and the reverse.—If the drag is only
on the first angle of a series measured in any one direction, say left to right, then this angle
should be free from drag when measuring this series in the reversed order—right to left.

In the work of Assistant Pagenhart on the one hundred and fourth meridian triangulation
in 1912 he made observations at 49 primary stations and 8 subsidiary ones. Several stations
were occupied a second time. Of the 863 measurements of the first angle of a series (the angle
between the initial and second directions) the second half of the measurement was greater
than the first in 437 cases. The first half of the measurement is greater than the second in
426 cases. The sums of the differences are, respectively, 1079’/.2 and 1049’".1, and the aver-
ages are 2'/.47 and 2'/.46.

The first measure of the last angle of a series was greater than the second in 375 cases with
a total difference of 921/7.6 and an average difference of 2//.48. There were 400 cases in which
the second measure ot the angle was greater than the first, with a total of the differences of
985’/.7 and an average difference of 2'/.46.
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There is no indication in the above data that there is any systematic effect of drag in the
first and second measures of the first and last angles of a series.

Angles measured in series or singly.—In Mr. Pagenhart’s work there were 28 angles measured
partly in a series of angles and partly alone or singly.

The average of the single measures was greater than that of the measures in series in 14
cases and the reverse was true in the other 14 cases. The sum of the positive differences (series
minus single) was 11’.5 and an average difference of 0’/.82, while the sum of the negative
differences was 87,9 with an average of 0’/.64. Thirty-five of the angles measured by Assistant
C. V. Hodgson on the one hundred and fourth meridian triangulation were observed partly in
a series of angles and partly singly. In 18 cases the measure in series was greater than the
single measure, and in 17 cases the reverse was true. The sum of the differences when the
series was larger was 16’/.4 and the average difference 0’/.91. The sum of the differences when
the single measures were larger was 17’7.0 and the average difference was 1’/.00.

The above data do not indicate the presence of any systematic effect of drag.

If any errors of considerable size, due to drag, were present in the observed horizontal
angles these angles would be too small and the sum of the observed angles of the triangles should
on the average be less than 180° plus the spherical excess. The custom in the United States
Coast and Geodetic Survey has been to take, whenever practicable, the extreme left-hand object
as the initial direction, assuming that the observer is facing his scheme of triangulation. This
applies only to the side points of the scheme and not to those stations which are within the area
covered by the triangulation. Also in general the horizon is not closed, the initial station being
observed upon only once in a half series, left to right or right to left. Therefore the angle,
which is nearly always about 180°, necessary to close the horizon at stations on the sides of the
scheme is not measured.

With the methods employed the drag, if present to any extent, should appear in those
angles which form the triangles of the scheme.

The following table gives the data in regard to positive and negative closing errors for
several arcs of primary triangulation in the United States.

The plus sign indicates that the sum of the observed angles of a triangle is less than 180°
(plus the spherical excess of the triangle). The negative sign has, of course, the opposite mean-
ing, that is, the sum of the three.observed angles is more than 180° (plus the spherical excess
of the triangle).

o | Average

N&I{l}f’r Number | Sum of | Number | Sum of | Average | Average %ﬂ;’sﬁfr"ee closures

Are. angles of + + clo- of — — clo- + clo- — clo- ofall with re-

closed, | closures.| sures. |closures. | sures. sures. Sures. | riangles. gfsxirgnto

. ” " ” 1 ’” 7

. Ninety-eighth meridian, Canada to Alice, Tex...... 729 366 328.76 363 334.31 0.898 0.921 0.909 ~0.008
Texas-Californi,..........c.ocoiiviveiiinnnnan 183 99 84.01 84 79.83 0.858 0,950 0. 900 +0.028
California-Washington____................... - 148 72 75.81 76 105.07 1.053 1.382 1.220 —0.198
One hundred and fourth meridian.................. 186 91 86. 44 95 96, 87 0. 950 1,020 0.930 —0.056
Ninety-eighth meridian, Alice-Brownsville!........ 68 26 15.75 42 31.55 0. 606 0.751 0. 696 ~0.232
Sumormean...............eceean.. a—reemnaen 1314 654 591. 67 660 647.63 0. 905 0,998 0.943 —0.043

1 Field computations.

The above table gives evidence which tends to disprove the presence of drag in the angles
forming the triangles. As stated above, the effect of drag, if present at all, is to make the
angles too small, and therefore the triangle should close too small; that is, the sum of the three
angles should need a positive correction. This statement, of course, leaves out of account
errors due to other causes than drag.

Of the 1314 triangles for which data are given in the above table 654 have the sum of the
observed angles too small and 660 have them too large.

On four of the five arcs considered the average closing error with regard to sign is negative
(the sum of the observed angles being too large), and the average closing error with regard to
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sign for the 1314 triangles is —’/.043. This mean with regard to sign is so small that it can not
be attributed safely to any cause except the unbalanced effect of accidental errors.

Conclusion in regard to study of drag.—As a result of the above investigations to discover
the effect of drag in the observed horizontal directions or angles of the primary triangulation
by the United States Coast and Geodetic Survey, it must be concluded that there is no appreci-
able systematic drag. .

While the above data do not indicate the presence of any systematic error due to drag
there may be some errors of an accidental nature in the results due to that cause. It is believed
that the method of observing employed in India is somewhat preferable though probably
slower in operation than that used by the United States Coast and Geodetic Survey. There
the observer brings his cross wires up to the object but never overshoots it. The party of this
survey now at work on the arc between Huntsville, Ala., and Memphis, Tenn., has been instructed
to test the Indian method. After setting the circle for a new position, he will move the tele-
scope to the left of the initial direction and will then bring it up to the initial from the left as
will be done for the other directions. Similarly, when making the observations in the reversed
order, he will move the telescope from right to left for each of the pointings, including the first.
When using the tangent screw to make the contact he will not limit himself to the direction
in which the observations are being made.

ACCURACY OF THE PRIMARY TRIANGULATION IN THE UNITED STATES.

In the following table, 66 sections of triangulation in the United States, for which the re-
quired tabular values can be conveniently obtained, have been arranged in the order of accuracy,
the most accurate being placed first. Themost severe, and therefore the best, test of accuracy
is believed by the writer to be the quantity d, expressing the probable error of the observed
direction as derived from the corrections to directions resulting from-the figure adjustment
before the introduction of equations necessary to hold fixed positions of previously adjusted
triangulation. Accordingly the various sections of triangulation have been placed in the order
of the values of d. In the few cases in which d is the same to the nearest hundredth of the
second for several sections the next column, e, has been used to decide their relative rank. The
methods of computing d and a have already been explained fully on pages 55 and 62.

Sections of triangulation in order of accuracy.

Probable
Average | Maximum | Maximum | Discrep-
error of an Mean H >
No, Soction. obscrved | error ofan Jiﬁiiﬁ o | " ‘igc;“’n e‘r’!l_gi‘g X bt?tt:ggen
dlr:.c‘;lon angle=a. | %rjongle. | direction. | triangle. | basest
" 1 13 r”n ”n
1 | Nevada-California series............... +0.23 +0.42 0.57 0. 60 1.57 83
2 | Stephenville base net to Lampasas base. +0.23 +0.45 0.56 0.60 2.00 — 47
3| Yolobasenet..a.oooorenninnniannan.. +0.24 +0. 51 0.68 0. 64 2.60
4 | Point Isabel base net.................... +0.25 +0.40 0.50 0.60 1.61
5 | Eliff-Nolan to Laguna Madre base..... ... ..o oot +0.25 +0.62 0.85 0.62 2.23 + 73
6 | Dauphin Island basenet...... ... ...l +0.26 +0.51 0.83 0.49 1.25
7 | New England section....................... +0.26 +0.53 0.75 1.17 2.02 + 344
8 | Meades Ranch-Waldo to Shelton base net. . 4:0.27 +0.35 0.50 0.62 1.42 + 75
9 | Deming base net to San Jacinto-Cuyamaca +0.28 +0.57 0.77 0.80 3.01 + 72
10 | Shelton base net to Page base.... ceee +0.29 +0.44 0.60 0,87 1.77 — 18
11 | Olney basenet. ... ..cveeernnrarenarcanann -+0.29 +0.54 0.78 0.70 1.78
12 Bow?ve base net to Stephenville base...._.... +0.29 +0.63 0.90 0.70 2,50 - 77
13 | Eastern oblique arc to Augusta e +0.30 +0.60 0.78 0.74 2.73 85
14 | Rocky Mountain series........... e +0.32 +0.57 0.84 0.80 2.31
15 | Stanton base to Deming base +0.32 +0.64 0.87 0.72 2.91 — 59
16 | Salt Lake base net +0.32 +0. 66 0.81 0.84 3.18
17 | Shelton base net.............. +0.33 +0.45 0.80 0.88 2.07
18 | Stephen base net to Canada +0.33 +0.61 0.84 0.78 2.38 — 6
19 | El ?ieno base to Bowie base.. +0.33 +0.97 1.19 1,40 4.43
20 | Fire Island base net +0.34 +0.49 0.70 1.43 1.43 - 8
21 | Ilinois series........... . +0.34 +0.57 0.79 0.99 1.72
22 | Holton base net..... +0.34 +0.58 0.79 0.84 2.28 - 71
23 | Indiana Series ... ..ocevueeuemmeanneataaniar i eaannns +0.34 +0.60 0.80 1.31 3.20 + 2
21 [ Atlanta base net to Dauphin Island base net, IV +0.34 +0.63 0.85 0.93 2.19
25 | Fergus Falls to Stephen base......o...ocoiiiiiiiiiiiiriiiiaienn. +0.34 +0.63 0.85 0.90 3.07 + 24

1 The discropancy between bases 1n the last column of the table is expressed in terms of the seventh decimal place of logarithms. It is the
diserepancy remaining after the angle and side equations have been satisfled. A gylus sign before the discrepancy means that the first hase men-
tione(P i3 longer as measured than as computed through the intervening triangulation from the second base mentioned.

2 There were 3 bases connected by this section, Epping, Massachusetts, and Fire Island. The 3 discrepancies were 44, +3, and +41.
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Sections of triangulation in order of accuracy—Continued.

Probable : : :
Average | Maximum | Maximum | Discrep-
error of an Mean . . 1
closing correction closing ancy
No. Section. gllf:(ft‘]’gg error of ol | errorofa | toa error of a | hetween
ect ang " | triangle. | direction. | triangle. | bases.
4 ” ’” r” Iz

26 | Transcontinental triangulation to Anthony base.................... +0.35 +0. 54 0.79 1.39 1.98 + 41
27 | Missouri-Kansas series. ... oo oviieiiieninnnacanacancnn . +0.35 +0. 60 0.88 1.12 2,37 + 169
28 | Atlanta base net to Dauphin Island base net, V......... .. +0.35 +0.68 0.97 1.12 2.87 + 2
20 | PROVO BASE TO AMBROSE BASE.... +0.26 +0.69 0.94 1.14 2.83 — 40
30 | Anthony base net to E1 Reno base net..... +0.36 +0.69 1.05 0.84 2.17 + 7
31 | Brown Valley base net to Royalton base. +0.36 +0.70 0.96 0.98 3.84 + 98
32 | Atlanta base net to Dauphin Island base n +0.36 +0.77 1.10 0.84 2.69 + 2
33 | Royalton base net to Duluth........._._. .. +0.36 +0.86 1.16 1,22 4.41 + B0
34 | Kyle-McClenny to Stanton base. .....c..cuacieiaaoan. .. +0.37 +0.71 1.02 0.82 3.11 - 1
35 | CHEYENNE BASE TO PROVO BASE...............c....... +0.39 +0.68 0.496 0.99 2.42 -+ 108
36 | Versailles Base Net.ueeeaneneiearoenn ittt +0.40 +0.64 0.90 0.95 2.71

371 El Paso basenet............. +0.40 +0.68 0.94 0.93 2.60

38 | Seguin base net to Alice base +0.41 +0.78 1.04 1.09 3.25 — 144
39 | EL PASO BASE NET TO CHEYENNE BASE.. +0. 41 +£0. 8L 1.14 1.33 2.87 + 141
40 | Kent Island base net to Atlanta basenet, I......................... . +0.41 +0.88 1.14 1.48 3.60

41 | Yolo base net to Los Angeles basenet..............c.oooiiiiiiae, +0.41 +0.91 1.16 1.3 5.52 — 41
42 | Kent Island base net................. - +0.41 +0.91 1.33 0.75 2.97

43 | Page base net to Brown Valley base. - +0.42 +0.77 1.03 1.44 3.81 + 66
44 | Saling base net...... +0.44 +0.75 1.13 1.11 2.37

45 | Los Angeles base net.. +0.44 +0.01 1.39 1.22 3.09

46 | Lampasas base net to Seguin base.......................ooL +0.45 +0.82 1.13 1.96 3.31 - 7
47 | Ohi0 SeTIeS .. o et ittt ittt +0.45 +0.85 1.14 1.32 5.08 - 24
48 | Allegheny seTies.. ... ..o iioiiimii it +0.45 +0.98 1.37 1.37 4.03 + 1
49 | Epping base net. ... ... ... .ol +0.47 +0.63 0.90 1.25 2.63

50 | Fire Island base net to Kent Island basenet........................ +0.47 +0.86 1.29 2.02 3.35 + 46
51 | Sf. Albans base net...ceeeeiniimnien s +0.47 +1.04 1.38 1.53 4.94

52 | Kansas-Colorado Series.........oouveiioieiiiiiiiiinmiiaaa... +0.50 +0.75 1.00 1.43 3.92 92
53 | Los Angeles base net to Soledad-Cuyamaca.............ooooivunnn. +0.50 +0.82 1.18 1.15 2,53

54 | Epping base net to Canadian boundary..........occocooooiiiio. 20.51 +0.74 1.15 1.12 2,00

55 | Dauphin Island westward, I....oeoeivieenenaaniiii i +0.53 +0.78 1.12 131 2.80

56 | California-Washington are.......... +0.53 +0.97 1.22 2.03 6.35 +179
57 | Kent Island base net to Atlanta bas 4:0.62 +0.78 1.66 1.72 4.03

58 | Atlanta basenet................. .. +0.65 +1.00 1.19 1.31 4,35

59 | MISSOUTE SETIBS. eun st e e cae v e e eaeseeaacneam e cneaeannannannns +0.66 +0. 81 1,09 1.80 4.64 + 86
60 | Atlanta base net to Dauphin Island basenet, IT.................... +0.67 +0.78 1.03 1.84 2.88 + 2
61 | Const RANIE SETIeS. . ooomeunenieeeniarieieiaanaiieeieraaaeaaanes +0.67 +1.37 1.80 2.73 6.49

62 | Eastern Shore series.........ceeeeeeeiinenovenaaan.s +0.72 +1.22 1.75 1.85 5.24

63 | Kent Island base net to Atlanta base net, II........... e +0.72 +1.31 1.80 2.05 4.64 + 24
64 | Dauphin Island base net 10 New Orleans................ e +0.78 +1.20 1.50 2,65 5.40

65 | Atlanta hase net to Dauphin Island base net, I........ vees +0.79 +0.97 1.35 2.19 3.44 + 2
66 | American Bottom basenet.........co.oiiiiiiiiiiiiiiiiiiila +0.82 +1.59 2.22 1.80 6.36

1 The fixed length Mount Helena-Snow Mountain West of the thirty-ninth parallel triangulation, Willamette base, and Tacoma base, are con-
nected by this are with discrepancies of +79 and —19, respectively.

Of the 66 sections of triangulation tabulated, the three sections of the one hundred and
fourth meridian arc rank as numbers 29, 35, and 39. The mean value of d, 0’’.38, for the whole
arc comes between those for the sections numbered 34 and 35. The average accuracy as shown
by this value of d is only slightly lower than the average accuracy for all the 66 sections done in
the United States. ' ’

THE NORTH AMERICAN DATUM.

Early in the year 1913 the Superintendent of the United States Coast and Geodetic Survey
was notified by the director of the Comiséin Geodésica Mexicana and by the chief astronomer
of the Dominion of Canada Astronomical Observatory that the so-called United States Standard
Datum had been adopted as the datum for the triangulation of those organizations. They also
reported that the Clarke Spheroid of 1866, now used in the United States, would be used by them.

Owing to the international character of the datum now adopted by the three countries, the
Superintendent of the United States Coast and Geodetic Survey has changed its designation
from the ‘United States Standard Datum” to the ‘“North American Datum.”

EXPLANATION OF POSITIONS, LENGTHS, AND AZIMUTHS, AND OF THE NORTH AMERICAN DATUM,

The lengths, as already fully explained in connection with the adjustments, all depend upon
the Salina, El Paso, Salt Lake, Cheyenne, Provo, and Ambrose bases. The lengths as given are
all reduced to sealevel. If the actual length of a line simply reduced to the horizontal is desired,
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it may be obtained with all the accuracy ordinarily needed by adding to the sea level length as

mean elevation of the two ends of the line inmeters™
6 370 000

The maximum value of this correction does not exceed 1754 of the length for any portion of

the triangulation here published. The maximum error made in the use of the above approxi-

mate formula for the correction does not exceed yxgygy of the length for any portion of this

triangulation.

The positions—that is, the latitudes, longitudes, and azimuths—need special explanation.

All of the positions and azimuths have been computed upon the Clarke spheroid of 1866,
as expressed in meters, which has been in use in the Coast and Geodetic Survey for many years,

After a spheroid has been adopted and all the angles and lengths in a triangulation have
been fully fixed, it is still necessary, before the computation of latitudes, longitudes, and
azimuths can be made, to adopt a standard latitude and longitude for a specified station and
a standard azimuth of a line from that station. For convenience, the adopted standard posi-
tion (latitude and longitude) of a given station, together with the adopted standard azimuth
of a line from that station, is called the geodetic datum.

The primary triangulation in the United States was commenced at various points and
existed at first as a number of detached portions in each of which the geodetic datum was
necessarily dependent only upon the astronomic stations connected with that particular por-
tion. As examples of such detached portions of triangulation there may be mentioned the
early triangulation in New England and along the Atlantic coast, a detached portion of the
transcontinental triangulation centering on St. Louis and another portion of the same triangu-
lation in the Rocky Mountain region, and three separate portions of triangulation in California,
in the latitude of San Francisco, in the vicinity of Santa Barbara Channel, and in the vicinity
of San Diego. With the lapse of time these separate pieces expanded until they touched or
overlapped.

The transcontinental trlangulatlon of which the office computation was completed in
1899, joined all of the detached portions mentioned and made them one continuous triangula~
tion. As soon as this took place the logical necessity existed of discarding the old geodetic
data used in these various pieces and substituting one for the whole country, or at least for
as much of the country as i covered by continuous triangulation. To do this was a very
heavy piece of work, and involved much preliminary study to determine the best datum to
be adopted. On March 13, 1901, the Superintendent adopted what was known from that
time until 1913 as the United States Standard Datum, but is now known as the North Amer-
ican Datum (see p. 80), and it was decided to reduce the positions to that datum as rapidly
as possible. The datum adopted was that formerly in use in New England, and therefore its
adoption did not affect the positions which had been used for geographic purposes in New
England and along the Atlantic coast to North Carolina, nor those in the States of New York,
Pennsylvania, New Jersey, and Delaware. The adopted datum does not agree, however, with
that used in The Transcontinental Triangulation and in The Eastern Oblique Arc of the United
States, publications which deal primarily with the purely scientific problem of the determina-
tion of tho figure of the earth and which were prepared for publication before the adoption of
the new datum.

As the adoption of such a standard datum was a matter of considerable importance, it is
in order here to explain the desirability of this step more fully.

The main objects to bo attained by the geodetic operations of the Coast and Geodetic

Survey are, first, the control of the charts published by the Survey; second, the furnishing

- of geographic positions (latitudes and longitudes), of accurately determined elevations, and of

distances and azimuths, to officers connected with the Coast and Geodetic Survey and to other

organizations; third, the determination of the figure of the earth. For the first and second

objects it is not necessary that the reference spheroid should be accurately that which most

closely fits the geoid within the area covered, nor that the adopted geodetic datum should be
48310°—14—6

given a correction = (length of line as given)l:
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absolutely the best that can be derived from the astronomic observations at hand. It is
simply desirable that the reference spheroid and the geodetic datum adopted shall be, if pos-
sible, such a close approximation to the truth that any correction which may hereafter be
derived from the observations which are now or may become available shall not greatly exceed
the probable errors of such corrections. It is, however, very desirable that one spheroid and
one geodetic datum be used for the whole country. In fact, this is absolutely necessary if a
geodetic survey is to perform fully the function of accurately coordinating all surveys within
the area which it covers. This is the most important function of a geodetic survey. To per-
form this function, it is also highly desirable that when a certain spheroid and geodetic datum
have been adopted for a country they be rigidly adhered to, without change, for all time, unless
shown to be largely in error.

In striving to attain the third object, the determination of the figure of the earth, the
conditions are decidedly different.. This problem concerns itself primarily with astronomic
observations of latitude, longitude, and azimuth, and with the geodetic positions of the points
‘at which the astronomic observations were made, but is not concerned with the geodetic posi-
tions of other points fixed by the triangulations. The geodetic positions (latitudes and longi-
tudes) of comparatively few points are therefore concerned in this problem. However, in
marked contrast to the statements made in preceding paragraphs, it is desirable in dealing
with this problem that, with each new important accession of data, a new spheroid fitting the
geoid with the greatest possible accuracy, and new values of the geodetic latitudes, longitudes,
and azimuths of the highest degree of accuracy, should be derived.

The United States Standard (now the North American) Datum was adopted with refer-
ence to positions furnished for geographic purposes, but has no reference to the problem of
the determination of the figure of the earth. It is adopted with reference to the engineer’s
problem of furnishing standard positions and does not affect the scientist’s problem of the
determination of the figure of the earth.

The principles which guided in the selection of the datum to be adopted were: Flrst that
the adopted datum should not differ widely from the ideal datum for which the sum of the
station errors in latitude, longitude, and azimuth should each be zero; second, it was desirable
that the adopted datum should produce minimum changes in the publications of the Survey,
including its charts; and, third, it was desirable, other things being equal, to adopt that datum
which allowed the maximum number of positions already in the office registers to remain
unchanged, and therefore necessitated a minimum amount of new computation. These con-
siderations led to the adoption, as the standard, of that datum which had been in use for many
years in the northeastern group of States and along the Atlantic coast as far south as North
Carolina.

An examination of the station errors available in 1903 on the United States Standard
Datum at 246 latitude stations, 76 longitude stations, and 152 azimuth stations, scattered
widely over the United States from Maine to Louisiana and to California, indicated that this
datum approaches closely the ideal with which the algebraic sum of the station errors of each
class would be zero.!

The North American Datum, upon which the positions and azimuths given in this publi-
cation depend, may be defined in terms of the position of the station Meades Ranch as follows:

[¢] 4 144

$=39 13 26.686
A=98 32 30.506
a to Waldo =75 28 14.52

Points are then said to be upon the North American Datum when they are connected
with the station Meades Ranch by a continuous triangulation, through which the correspond-
ing latitudes, longitudes, and azimuths have been computed on the Clarke spher01d of 1866,
as expressed in meters, starting from the above data.

1 This is further borne out in the reduction of 765 astronomic stations in connection with the “ Supplementary investigation in 1909 of the
figure of the earth and isostasy,” by J. F. Hayford, published by the Coast and Geodetic Survey.
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The principal lists of geographic positions published on the adopted datum throughout
the whole United States are contained in the following publications of the Coast and Geodetic
Survey and of other organizations:

Appendix 8 of the Report for 1885, positions in Massachusetts and Rhode Island.

Appendix 8 of the Report for 1888, positions in Connecticut.

Appendix 8 of the Report for 1893, positions in Pennsylvania, Delaware, and Maryland.

Appendix 10 of the Report for 1894, positions in Massachusetts.

Appendix 6 of the Report for 1901, positions in Kansas and Nebraska.

Appendix 3 of the Report for 1902, positions in Kansas, Missouri, Nebraska, and Colorado.

Appendix 4 of the Report for 1908, positions in Kansas, Oklahoma, and Texas.

Appendix 9 of the Report for 1904, positions in California.

Appendix 5 of the Report for 1905, positions in Texas.

Appendix 3 of the Report for 1907, positions in California.

Appendix 5 of the Report for 1910, positions in California.

Appendix 4 of the Report for 1911, positions in Nebraska, Minnesota, North Dakota, and South Dakota,

Appendix 5 of the Report for 1911, positions in Texas,

Appendix 6 of the Report for 1911, positions in Florida.

Special Publication No. 11, positions in Texas, New Mexico, Arizona, and California.

Special Publication No. 13, positions in California, Oregon, and Washington.

Special Publication No. 16, positions in Florida.

Special Publication No. 17, positions in Texas.

Special Publication No. 19, positions in Colorado, Utah, Nevada, Wyoming, Montana, South Dakota, and
North Dakota.

Appendix EEE, pages 2905-3031, Annual Report of the Chief of Engineers, 1902, positions of points on and
near the Great Lakes.

Publications of the Massachusetts Harbor and Land Commission.

Various bulletins of the United States Geological Survey.

EXPLANATION OF TABLES OF POSITIONS.

In the tables of positions, the latitude and longitude of each point are given on the North
American datum (see p. 80), also the length and azimuth of each line observed over, whether
in one or both ways. Along with the latitude and longitude of each point the lengths and
‘azimuths are given of lines from that point to other points of the triangulation. No lengths or
azimuths are repeated, and for a given line the length and azimuth will generally be found
opposite the position of the last mentioned of the two stations involved.

For the convenience of the draftsman a column of ‘‘seconds in meters” is given, in which
is placed the length (in meters) of each small arc of a meridian or parallel corresponding to the
seconds of the given latitude or longitude. To facilitate further the use of the tables, a column
is given of the logarithms of the lengths. It must be remembered that it is the logarithm which
is derived first from the computation, the lengths given in this table being then derived from
the corresponding loganthms

The rule followed in recent publications of this office has been to give latitudes and longi-
tudes to thousandths of seconds for all points the positions of which are fixed by fully adjusted
triangulation. Points, the positions of which are given to hundredths of seconds only, are
marked by footnotes as being without check (observed from only two stations) or checked by
verticals only.

In the columns giving azimuths, distances, and logarithms of distances, the accuracy is
indicated to a certain extent by the number of decimal places given, it being understood that
in each case two doubtful figures aré given. In some cases there is very little doubt of the
correctness of the second figure from the right, while in a few cases some doubt may be cast
on the third figure from the right.

These tables may be conveniently consulted by using as finders the 11 sketches and the
index at the end of this publication. In the third column of the index will be found for each
point a reference to the pagoe on which its description is given, in the fourth column the page
on which its elevation above sea level will be found, and in the fifth column the number of the
sketch on which it appears.

The following conversion tables are inserted for the convenience of those who may wish
to convert the distances or elevations given in this publication from meters to feet or from feet
to meters.



Lengths—Feet to meters (from 1 to 1,000 units).

[Reduction factor: 1 foot = 0.3048006096 meter.]
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_//
Feet. Moeters. Feet. Meters. Feet. Meters. Feet, Meters, | “Feet. Meters, Feet. Meters. Feet. Meters. Feet. Meters. Feet. Meters. Feet. Meters.

0o 100 30.48006 200 60.96012 300 91.44018 400 121.92024 500 152. 40030 600 182.88037 700 213.36043 800 243.84049 900 274.32055
1 .30480 1 30.78486 1 61.26492 1 91.74498 1 122.22504 1 152.70511 1 183.18517 1 213.66523 1 244.14529 1 274.62536
2 . 60960 2 31.08966 2 61.56972 2 92.04978 2 122,.52985 2 153.00991 2 183.48997 2 213.97003 2 244.45009 2 274.93015
3 ..91440 3 31.39446 3 61.87452 3 92.35458 3 1£2.83465 3 153.31471 3 183.79477 3 214.27483 8 244.75489 8 275.23495
4 1,21920 4 81.69926 4 62.17932 4 92.65939 4 123.13945 4 153.61951 4 184.09957 4 214.57963 4 245.05969 4 275.63976
5 1.52400 5 32.00406 b 62.48412 6 92.96419 5 123.44425 6 153.92431 5 184,40437 b5 214.88443 5 245.36449 b5 275.84456
6 1.82880 6 32.30886 6 62.78893 6  93.26899 6 123.74905 6 154.22911 6 184.70917 6 215.18923 6 245.66929 6 276.14936
7 2.13360 7 32.61367 T 63.09373 7 93.57379 T 124.05385 T 154.53391 T 185.01397 7 215.49403 T 245.97409 7 276.45415
8 2.43840 8 32.91847 8 63.39853 8 93.87859 8 124.35865 8 15483871 8 185.31877 8 215.79883 8 246.27889 8 276 75895
9 2,74321 9 83.22327 9 63,70333 9 94.18339 9 124,66345 9 155,14351 9 185.62357 9 216.10363 9 246.58369 9 277.06376
O 3.04801 110 33.52807 210 64.00813 810 94.48819 410 124.96825 510 155.44831 610 185.92837 710 216.40843 810 246.88849 910 277.36855
1 3.35281 1 33.83287 1 64.31293 1 94.79299 1 125.27305 1 155.75311 1 186.23317 1 216.71323 1 247.19329 1 277.67336
2  3.65761 2 34.13767 2 64.61773 2 95.09779 22 125.57185 2 156,05791 2 186.53797 2 217.01803 2 247.49810 2 277.97816
3  3.96241 3 34.44247 3 64.92253 3 95.40259 3 125.88265 3 1566.36271 3 186.84277 3 217.32283 3 247.80290 8 278.28296
4 4.26721 4 34.74727 4 65,22733 & 95,70739 4 126,18745 4 156.66751 4 187.14757 4 217.62764 4 248.10770 4 278.58776
5 4.57201 5 35.05207 b 65,53213 5 96.01219 b5 126.49225 5 156.97231 b5 187.45237 5 217.93244 b 248.41250 b 278.89256
6 4.87681 6 35.35687 6 65.83693 6  96,31699 6 126.79706 6 157.27711 6 187.75718 6 218.2372¢ 6 248.71730 6 279.19736
T 5.18161 T 85.66167 7 66.14173 7 96.62179 7 127.10185 7 157.58192 T 188.06198 7T 21854204 7 24902210 7 219.50216
8 b5.48641 8 35.96647 8 66.44653 8  96.92659 8 127.40665 8 157.88672 8 188.36678 8 218.84684 8 249.32690 8 279.80696
9 5,79121 9 36,27127 9 66.75133 9 97.23139 9 127.71146 9 158.19152 9 188.67158 9 219.15164 9 249.63170 9 280.11176
20 6.09601 120 36.57607 220 67.05613 820 97.53620 420 128.01626 520 158.49632 620 188.97638 TR0 219.45644 820 249.93650 920 280.41656
1 6.40081 1 36.88087 1 67.36093 1 97.84100 1 128.32106 1 158.80112 1 189,28118 1 219.76124 1 250.24130 1 280.72136
2 6.70561 2 37.18567 2 67.66574 2  98.14580 2 128.62586 2 159.10592 2 189.58598 2 220.06604 2 250.54610 2 281.02616
3 7.01041 3 37.49047 3 67.97054 3 98.45060 3 128.93066 3 159.41072 3 189.89078 3 220.37084 3 250. 85090 3 281.33096
4 7.31521 4 37.79528 4 68.27534 4 98.75540 4 129.23546 4 159.71552 4 190.19558 4 220.67564 4 251.15570 4 281,63576
5 17.62002 5 388.10008 6 68.58014 “6  99.06020 5 129,54026 5 160.02032 5 190.50038 5 220.98044 5 251,46050 5 281.94056
6 7.92482 6 38.40488 6 68.88494 6 99.36500 6 129.84506 6 160.32512 6 190.80518 6 221.28h24 6 251.76530 6 282.24536
T 8.22062 T 38.70968 T 69.18974 T 99.66980 7 130.14986 T 160.62992 7 191.10998 T 221,59004 T 252.07010 7 282.55017
8 8.53442 8 39.01448 8 69.49454 8  99.97460 8 130.45466 8 160.93472 8 191.41478 8 221.89484 8 252.37490 8 282.85497
9 8.83922 9 39.31928 9 69.79934 9 100. 27940 9 130.75946 9 161.23952 9 191.71958 9 222.19964 9 252,67971 9 28316977
80 9.14402 130 39.62408 230 70.10414 330 100.58420 430 131.06426 530 161.54432 630 192.02438 T30 222.50445 830 252.98451 930 283.46457
1  9.44882 1 39.92888 1 70.40894 1 100.88300 1 131.36906 1 161.84912 1 192.32918 1 222.80925 1 253.28931 1 283.76937
2 9.75362 2 40.23368 2 70.71314 2 101.19380 2 131.67386 2 162.15392 2 192.63399 2 223.11405 2 253.59411 2 284.07417
3 10.05842 3 40.53848 3 71.01854 3 101.49860 3 131.97866 3 162.45872 3 192.93879 8 223.41885 3 253.89891 3 284.37897
4 10.36322 4 40.84328 4 71.32334 4 101.80340 4 13228346 4 162.76353 4 193.24359 4 223.72365 4 254,20371 4 284,68377
5 10.66802 5 41.14808 b5 71.62814 5 102.10820 5 132,58827 5 163.06833 5 193.54839 5 224.02845 5 254,50851 b5 284,98857
6 10.97282 6 41.45288 6 71.93294 6 102. 41300 6 132.89307 6 163.37313 6 193.85319 6 224.33325 6 251.81331 6 285,29337
T 11.27762 7 41.75768 T 72.23174 7 102.71781 7T 133.19787 T 163.67793 T 194.15799 T 224.63805 T 255.11811 7 285.59817
8 11.58242 8 42.06248 8 72.54255 8 103.02261 8 133.50267 8 163.98273 8 194.46279 8 224.94285 8 255.42201 8 285,90297
9 11.88722 9 42.36728 9 72,84735 9 103.32741 9 133.80747 9 164.28753 9 194.76759 9 225.24765 9 255.72771 9 286.20777
40 12.19202 140 42.67209 240 173.15215 840 103.63221 440 13411227 540 164.59233 640 195.07239 740 225.55245 840 256.03251 940 286.51257
1 12.49682 1 42.97689 1 73.45695 1 103.93701 1 134.41707 1 164.89713 1 195.37719 1 225.85725 1 256.33731 1 286,81737
2 12.80163 2 43.28169 2 73.76175 2 104.24181 2 134.72187 2 16520193 2 195.68199 2 226.16205 2 256.64211 2 287.12217
3 13.10643 3 43.58649 3 74.06655 3 104. 54661 3 135,02667 3 165.50673 3 195.98679 3 226.46685 3 256.94691 3 287.42697
4 13.41123 4 43.89129 4 74.371135 4 104.85141 4 135.33147 4 165.81153 4 196.29159 4 226.77165 4 257,25171 4 287,73178
5 13.71603 5 44.19609 5 74.67615 5 105.15621 5 135.63627 5 166.11633 5 196.59639 b6 227.07645 5 257.55662 5 288.03658
6 14.02083 6 44.50089 6 74.98095 6 105.46101 6 135.94107 6 166.42113 6 196.90119 6 227.38125 6 257.86132 6 288, 34138
7 14.32563 T 44.80569 T 76.28575 T 105.76581 T 136.24587 T 166.72593 7 197.20599 T 227.68606 T 258.16612 T 288.64618
8 14.63043 8 45.11049 8 75.59055 8 106.07061 8 136.55067 8 167.03073 8 197.51080 8 227.99086 8 258.47092 8 288.95098
9 14.93523 9 45.41529 9 75.89535 9 106.37541 9 136.85547 9 167.33553 9 9 228.29566 9 258,77572 9 289.25578
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50 15.24003 150 45.72009 250 76.20015 350 106.63021 450 137.16027 550 167.64034 650 198.12040 T80 228.60046 850 259.08052 950 289,56058
1 15.54483 1 46.02489 1 76.50495 1 106.98501 1 137.46507 1 167.94514 1 198.42520 1 228.90526 1 259.38532 1 289.86538
2 15.84963 2 46.32969 2 76.80975 2 107.28981 2 137.76988 2 168.24994 2 198.73000 2 229.21006 2 259.69012 2 290.17018
8 16.15443 8 46.63449 3 77.11455 3 107.59462 3 138.07468 3 168.55474 3 199.03480 3 229,51486 3 259.99492 3 290.47498
4 16.45923 4 46.93929 4 77.41935 4 107.89942 4 138,37948 4 168.85954 4 199.33960 4 229.81966 4 260.29972 4 290.779718
5 16.76403 b5 47.24409 & '17.72416 5 108.20422 b5 138.68428 5 169.16434 5 199, 64440 5 230._2446 b5 260.60452 6 291.08458
6 17.06883 6 47.54890 6 78.02896 6 108.50902 6 138.98908 6 169.46914 6 199.94920 6 230.42926 6 260.90932 6 291.38938
9 17.37363 T 47.85370 7 78.33376 7 108.81382 7 139.29388 T 169.77394 T 200.25400 7 230.73406 7 261.21412 7 291.69418
8 17.67844 8 48,15850 8 '78.63856 8 109.11862 8 139.59868 8 170.07874 8 200.55880 8 231.03886 8 261.51892 8 291.99898
9 17.98324 9 48.46330 9 78.94336 9 109.42342 9 139.90348 9 170.38354 9 200.86360 9 231.34366 9 261.82372 9 292.30378

680 18.28804 160 48.76810 260 79.24816 860 109.72822 460 140.20828 560 170.68834 660 201.16840 760 231.64846 860 262.12852 960 292.60859
1 18.59284 1 49.07290 1 79.55296 -1 110.03302 1 140.51308 1 170.99314 1 201.47320 1 231.95326 1 262.43332 1 292.91339
2 18.89764 2 49.37770 2 79.85776 2 110.33782 2 140.81788 2 171,29794 2 201.77800 2 232.25806 2 262.73813 2 293.21819
3 19.20244 3 49.68250 3 80.16256 3 110.64262 3 141.12268 3 171.60274 3 202.08280 3 232.56287 3 263.04293 3 293.52299
4 19.5072¢ 4 49.98730 4 80.46736 4 110.94742 4 141.42748 4 171,90754 4 202,38760 4 232.86767 4 263,34773 4 293,82779
5 19.81204 5 50.29210 5 80.77216 5 111.25222 5 141.73228 5 172.21234 5 202, 69241 65 233.17247 & 263.65253 6 294,13259
6 20.11684 6 50.59690 6 81.07696 6 111.55702 6 142.03708 6 172.51714 6 202.99721 6 233.47127 6 263.95733 6 294,43739
7 20.42164 7 50.90170 7 81.38176 7 111.86182 -7 142.34188 7 172.82195 7 203.30201 7 233.78207 7 264.26213 7 294.74219
8 20.72644 8 51.20650 8 81.68656 8 112.16662 8 142.64669 8 173.12675 8 203.60681 8 23408687 8 264.56693 8 295.04699
9 21.03124 9 b51.51130 9 81.99138 9 112.47142 9 142.95149 9 173.43155 9 203.91161 9 234.39167 9 264.87173 9 295.35179

70 21.33604 170 51.81610 270 82.29616 370 112.77623 470 143.25629 570 173.73635 670 204.21641 770 234.69647 870 265.17653 970 295,65659

1 21.64084 1 52.12090 1 82.60097 1 113.08103 1 143.55109 1 174.04115 1 204.52121 1 235.00127 1 265.48133 1 295.96139
2 21.94564 2 52.42570 2 82.90577 2 113.38583 2 143. 86589 2 174.24595 2 204.82601 2 235.30807 2 265.78613 2 296.26619
3 . 3 52.73051 3 83.21057 3 113.69063 3 144.17069 3 174.65075 3 205.13081 38 235.61087 8 266.09093 3 296.57099
4 22, 55525 4 53.03531 4 83.51537 4 113.99543 4 144.47549 4 174.95555 4 205,43561 4 235.91567 4 266.39573 4 296.87579
5 22.86005 .b 53.34011 5 83.82017 5 114.30023 5 144.78029 & 175.26035 5 205.74041 5 236.22047 5 266.70053 5 297.18059
6 23.16485 6 53.64491 6 84.12497 6 114.60503 6 145.08509 6 175.56516 6 206.04521 6 236.52527 6 267.00533 6 297.48539
T 23.46965 T 53.94971 7 84.42977 7 114.90983 7 145.38989 7 175.86995 7 206.35001 7 236.83007 7 267.31013 7 297.'79020
8 23.77445 8 54.25451 8 84.73457 8 115.21463 8 145.69469 8 176.17475 8 206.65481 8§ 237.13487 8 267.61494 8 298.09500
9 24.07925 9 54.55931 9 85.03937 9 115.51943 9 145.99949 9 176.47955 9 206.95961 9 237.43967 9 267.91974 9 29839980
80 24.38408 180 54.86411 80 85.34417 380 115.82423 480 146.30429 580 176.78435 680 207.26441 780 237.74448 880 268.22454 980 298.70460
1 24.68885 1 55.16891 1 85.64897 1 116.12903 1 146. 60909 1 177.08915 1 207.56922 1 238.04928 1 268.52934 1 299.00940
2 24,99365 2 55.47371 2 85.95377 2 116.43383 2 146.91389 2 177.39395 2 207.81402 2 238.35408 2 268.83414 2 299.31420
3 25.29845 3 55.71851 3 86.25857 3 116.73863 3 147.21869 3 177.69876 3 208.17882 3 238.65888 3 268.13894 3 299.61900
4 25.60325 4 56.08331 4 86.56337 4 117.04343 4 14%.52350 4 178.00356 4 208, 48362 4 238.96368 4 269.44374 4 299.92380
b 25.90805 5 56.38811 5 86.86817 5 117.34823 5 14782830 5 178.30836 5 208.78842 5 239.26848 5 269.74854 5 300.22860
6 26.21285 6 56.69291 6 87.17297 6 117.65304 6 148.13310 6 178.61316 6 209.09322 6 239,57328 6 270.05334 6 300.53340
7 26.51765 7 56.99771 T 87.47177 7 117.95784 7 148.43790 7 178.91796 7 209.39802 7 239.87808 T 270.35814 7 300.83820
8 26.82245 8 57.30251 8 B87.78258 8 118.26264 8 148.74270 8 179.22276 8 209.70282 8 240.18288 8 270.66294 8 301.14300
9 27.12725 9 57.60732 9 88.08738 9 118.56744 9 149.04750 9 179.52756 9 210.00762 9 240.48768 9 270.96774 9 301.44780
80 27.43205 190 57.91212 290 88.39218 390 118.87224 490 149.35230 590 179.83236 690 210.31242 TO0 240.79248 890 271.27254 990 301.75260
1 27.73686 1 58.21692 1 88.69698 1 119.17704 1 149.65710 1 180.13716 1 210.61722 1 241.09728 1 27157734 1 302.05740
2 28.04168 2 58.52172 2 89.00178 2 119.48184 2 149.96190 2 180.44196 2 210.92202 2 241.40208 2 271.88214 2 302.36220
3 28.34646 3 58.82652 3 89.30658 3 119.78664 3 150.26670 3 180.74676 3 211.22682 3 241.70688 3 272.18694 3 302.66701
4 2865126 4 59.13132 4 89.61138 4 120.09144 4 150.57150 4 181.05156 4 211.53162 4 242,01168 4 272.49174 4 302.97181
5 28.95606 & 59.43612 5 89.91618 5 120.39624 5 150.87630 5 181.35636 b 211.83642 5 242.31648 5 272.79655 5 303.27661
6 29.26086 6 59.74092 6 90.22098 6 120.70104 6 151.18110 6 181,66116 6 212.14122 6 242.62129 6 273.10135 6 303.58141
7 29.56566 7 60.04572 7 90.52578 7 121.00584 7 151.48590 7 181.96596 7 212.44602 7 242.92609 7T 273.40615 7 303.88621
8 20.87046 8 60.35052 8 90.83058 8 121.31064 8 151.79070 8 182.27076 8 212.75083 8 243.23089 8 275.71095 8 304.19101
9 30.17526 9 60.65532 9 91.13538 9 121.61544 9 152. 09550 9 182.57557 9 213.05563 9 243.53569 9 274.01575 9 304.49581

1inch = .02540 meter. | 4 inches = .10160 meter. | 7 inches == .17780 meter. | 10 inches = .25400 meter.

2 inches = .05080 meter. 5 inches = ,12700 meter. 8 inches = .20320 meter. 11 jnches = .27940 meter.

3 inches == ,07620 meter. 6 inches = .15240 meter. | 9 inches == .22860 meter. | 12 inches = ,30480 meter.
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Lengths— Meters to feet (from 1 to 1,000 units).

[Reduction factor: 1 meter = 3.280833333 feet.]

Moeters.  Feet. Meters.  Feet. Meters,  Feet. Meters. Feet. Meters. Feet. Meters. Feeot. Meters, Feet. Meters. Feet. Meters. Feet. Meters. Feet,

(1) 100 328.08333 200 656.16667 300  984,25000 400 1,312.33333 500 1,640.41667 600 1,968. 50000 700 2,296, 58333 800 2,624.66667 900 2,952.75000
1 3.28083 1 331.36417 1 659.44750 1 987. 53083 1 1,315.61417 1 1,643.69750 1 1,971.78083 1 2,299, 86417 1 2,627,94750 1 2,956.03083
2 6. 56167 2 334.64500 2 662.72833 2 990. 81167 2 1 318. 89500 2 1,646.97833 2 1,975.06167 2 2,303.14500 2 2,631,22833 2 2,959.31167
8  9.84250 3 337.92583 8 666.00917 3 994.09250 3 l 32:2.17583 3 1,650.25917 8 1,978.34250 3 2,306.42083 3 2,634,50917 3 2,962.59250
4 18,12333 4 341.20667 4 669.29000 4 997.37333 4 1 325.45667 4 1,653.54000 4 1,981.62333 4 2,309, 70667 4 2,637, 79000 4 2,965,87333
5 16.40417 5 344.48750 6 672.57083 5 1,000.65417 6 1,328.73750 5 1,656.82083 5 1,984,90417 5 2,312.98750 5 2,641,07083 5 2,969.15117
6 -19.68500 6 347.76833 6 675.85167 6 1,008.93500 6 1,332.01833 6 1,660.10167 6 1,988.18500 6 2,316.26833 6 2,644.35167 6 2,972.43500
T 22.96583 7 351.04917 7 679.13250 7 1,007.21583 7 1,335.29917 7 1,663.38250 7 1,991.46583 T 2,319 54917 T 2,647. 63250 7 2,9756.71583
8  26.24667 8 354.33000 8 682.41333 8 1,010.49667 8 1,338.58000 8 1,666.66333 8 1,994.74667 8 2,3922,83000 8 2,650,91333 8 2,978,99667
9  29.52750 9 357.61083 9 685.69417 9 1,013.77750 9 1,341.86083 9 1,669.94417 9 1,998, 02750 9 2,326.11083 9 2,654.19417 9 2,982,27760

10 32.80833 110 360.89167 210 688.97500 310 1,017.05833 410 1,345.14167 510 1,673.22500 610 2,001,30833 710 2,329.39167 810 2,857.47500 910 2,985.55833
1 36,08917 1 364.17250 1 692.25583 1 1,020.33917 1 1,348.42250 1 1,676.50583 1 2,004.58917 1 2,332 67250 1 2,660, 75583 1 2,988,83917
2 39.37000 2 367.45333 2 695.53667 2 1,023, 62000 2 13351.70333 2 1,679.78667 2 2,007,87000 2 2,335.95333 2 2,664, 03667 2 2,992, 12000
3  42.65083 8 370.'73417 3 698 81750 3 1,026.90083 3 1,354.98417 3 1,683.06750 3 2,011.15083 3 2,339.23417 3 2,667.31750 3 2,995, 40083
4 45.93167 4 374.01500 4 702.09833 4 1,030.18167 4 1,358, 26500 4 1,686.34833 4 2,014.43167 4 2,342.51500 4 2,670,59833 4 2,998, 68167
5 49.21250 5 377.29583 6 705.37917 5 1,033.46250 5 1,361.54583 65 1,689.62017 6 2,017,.71250 5 2,345.79583 5 2,673,87917 5 3,001.96250
6. 52.49333 6 380.57667 6 '708. 66000 6 1,036.74333 6 1,364.82667 6 1,692,91000 6 2,020.99333 6 2,349.07667 6 2,677,16000 6 3,005.24333
7 B5.7741T 7. 383.85750 T 71194083 T 1,040.02417 T 1,368.10750 7 1,696.19083 7 2,024.27417 7 2,352.35750 7 2,680,44083 7 3,008.52417
8 59.05500 8 387.13833 8 7T15.22167 8 1,043.30500 8 1,371.38833 8 1,699.47167 8 2,027.55500 8 2,355.63833 8 2,683.72167 8 38,011.80500
9 62.33583 9 390.41917 9 718.50260 9 1,046.58583 9 1,374.66917 9 1,702, 75250 9 2,030.83583 9 2,358,91917 9 2,687,00250 9 3,015.08583
20 65.61667 120 393.70000 220 721.78333 320 1,049.86667 420 1,377.95000 520 1,706.03333 620 2,034.11667 TR0 2,362.20000 820 2,690.28333 920 3,018.36667
1 68.89750 1 396.98083 1 725.06417 1. 1,053.14750 1 1,381.23083 1 1,709.31417 1 2,037.39750 1 2,365.48093 1 2,693,56417 1 3,021.64750
2 72.17833 2 400.26167 2 '728.34500 2 1,056.42833 2 1,384.51167 2 1,712.59500 2 2,040.67833 2 2,368.76167 2 2,69C. 84500 2 8,024,92833
3  75.45917 8 403.54250 8 '731.62583 3 1,059. 70917 3 1,387.79250 3 1,715.87583 3 2,043.95917 3 2,372.04250 3 2,700.12583 3 3,028.20917
4 78.74000 4 40A,82333 4 '734.90667 4 1,062.99000 4 1,391.07333 4 1,719.15667 4 2,047.24000 4 2,375.32333 4 2,703.40567 4 3,031.49000
5 8§2.02083 5 410.10417 5 '738.18750 5 ~1,066.27083 5 1,394.35417 5 1,722.43750 5 2,050.52083 b 2,378.60417 5 2,706. 68750 b5 3,034.77083
€ 85.30167 6 413. 38500 6 741.46833 6 1,069,565167 6 1,397.63500 6 1,725.71833 6 2,053. 80167 6 2,381. 88500 6 2,709.96833 6 3,038.05187
7 88.55250 7 41666583 T 744.74917 T 1,072.83250 7 1,400.91583 7 1,728.99917 T 2,057.08250 7 2,385.16583 T 2,713.24917 T 3,041.33250
8 91.86333 8 419.94667 8 '748.03000 8 1,076.11333 8 1,404.19667 8 1,732.28000 8 2,060.36333 8 2,388.44667 8 2,716.53000 8 3,044.61333
9 9514417 9 423,22750 9 '751.31083 9 1,079.39417 9 1,407.477150 9 1,735.56083 9 2,063, 64417 9 2,391, 72750 9 'z, 719, 81083 9 38,047.89417
80 98.42500 180 426.50833 280 754.59167 330 1,082.67500 430 1,410.75833 530 1,738.84167 630 2,066.92500 730 2,395.00833 830 2,723.09167 930 3,051.17500
1 101.70583 1 429.78917 1 757.87250 1 1,085.95583 1 1,414.03917 1 1,742.12250 1 2,070.20583 1 2,398.28017 1 2,726.37250 1 3,054.45583
2 104.98667 2 433.07000 2 761.15333 2 1,089.23667 2 1,417.32000 2 1,745.40333 2 2,073.48667 2 2,401.57000 2 2,729.65333 2 3,057.73667
3 108.26750 3 436.33083 8 764.43417 3 1,092,51750 3 1,420.60083 3 1,748.68417 3 2,076.76750 3 2,404.85083 3 2,732.93417 3 3,061.01760
4 111.54833 4 439.63167 4 767.71500 4 1,095.79833 4 1,423.88167 4 1,751.96500 4 2,080, 04833 - 4 2,408.13167 4 2,736.21500 4 3,064.29833
5 114.82917 5 442.91250 b6 770.99583 5 1,099.07917 5 1,427.16250 b 1,755.24583 5 2,083,32917 5 2,411.41250 5 2,739.49583 b6 3,067.57917
6 118.11000 6 446,19333 6 T74.27667 6 1,102.36000 6 1,430.44333 6 1,758.52667 6 2,086.61000 6 2,414.69333 6 2,742, 77667 6 3,070. 86000
T 121,29083 T 449.47417 T 71.55750 |. 7 1,105.64083 T 1,433.72417 7 1,%61.80750 7 2,089.89083 T 2,417.97417 T 2,746.05750 7 3,074.14083
8 124.67167 8 452.75500 8 780.83833 8 1,108.92167 8 1,437.00500 8 1,765.08833 8 2,093.17167 8 2,421.25500 8 2,749,33833 8 3,077.42167
9 127.95250 9 456.03583 9 784,11917 9 1,112.20250 9 1,440.28583 9 1,768.36917 9 2,096.45250 9 2,424,53583 9 2,752.61917 9 3,080.70250
40 131.23333 140 469.31667 240 '787.40000 340 1,115.48333 440 1,443.56667 540 1,771, 65000 640 2,099.73333 740 2,427.81667 840 2,755,90000 940 3,083.98333
1 134.51417 -1 462,59750 1 790.68083 1 1,118,76417 1 1,446.84750 1 1,774.93083 1 2,103.01417 1 2,431.09750 1 2,759.18083 1 3,087.26417
2 137.79500 2 465.87833 2 793.96167 2 1,122.04500 2 1,450.12833 2 1,778.21167 2 2,106, 20500 2 2,434.37833 2 2,762.46167 2 3,090.54500
3 141.07583 3 469.15917 8 797.24250 3 1,125.32583 8 1,453.40917 3 1, 781, 49250 3 2,109.57583 3 2,437.65917 3 2,765. 74250 3 3,093,82583
4 144.35667 4 272.44000 4 800.52333 4 1,128.60667 4 1,456.69000 4 1,784.77333 4 2,112,85667 4 2,440, 94000 4 2,769.02333 4 3,097.10667
b 147,63750 b 475.72083 5 803.80417 5 1,131.88750 5 1,459.97083 5 1,788.05417 5 2,116.13750 5 2,444.22083 5 2,772.30417 5 3,100.38750
6 150.91833 6 479.00167 6 807.08500 6 1,135,16833 6 1,463.25167 6 1,791.33500 6 2,119,41833 6 2 447. 50167 6 2,775.58500 6 3,103.66833
7 154.19917 © ¥ 482,28250 7 810.36583 T 1,138.44917 7 1,466.53250 7 1,794.61583 7 2,122.69917 7 2, 450. 78250 7 2,778.86583 7 3,106.94917
8 157.48000 8 485.56333 8 813.64667 8 1,141.73000 8 1,469.81333 8 1,797.89667 8 2,125.98000 8 2,454,06333 8 2,782,14667 8 3,110,23000
@ 160.76083 9 488.84417 9 816.92750 9 1,145.01083 9 1,473.09417 9 1,801.17750 9 2,129.26083 9 2,457.34417 9 2 185, 42750 9 3,113.51083
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GEOGRAPHIC POSITIONS.
One hundred and fourth meridian.

i Latitude Sec-
. Back Loga-
Station. an ondsin| Azimuth. : To station. Distance.
longitude. |meters. azimuth, rithm.
Principal points. o ” o 1 m o 1 m Meters,

39 14 02.936 00.5 | 343 07 56.47 | 163 10 20.77 | Divide...... verereceaertaaacnan 18933.89 | 4. 2772398
Elbert, 1912 .. coenoii e {104 34 33.167 | 7055 | 42 59 00.56 | 222 41 19.88 | Pikes Peak... .....0.oomeensrens 50573.16 | 4. 7750507
30 97 19.099 | 580.0 | 344 49 56.55 | 164 55 01.05 | DIVIAe....nerseeeninaniaanans 44705.34 | 4.6454747
Hilltop, 1912, ...ovvinieiiiinanan 104 38 45.755 | 1003.9 | 346 08 18.69 | 166 10 58.83 [ Elbert..... 25286. 81 | 4. 4028941
26 51 45.60 | 206 36 41.84 | Pikes Peak | 78407.25 | 4.8831345
39 40 09.669 [ 9298.2 | 205 34 22.98 [ 115 56 17.17 | Hilltop.. 54688.99 | 4.7373999
Morrison! (U. S. G. 8.),1912......... 105 13 09.104 | 217.0 | 310 54 07.84 | 131 18 39.47 | Elbert. . 73489.54 | 4. 8662255
350 35 37.49 | 170 42 17.31 | Pikes Pe 03241.38 | 4.9696087
39 31 17.498 | 539.6 | 346 31 08.07 | 166 31 54.95 | Hilltop......co..oiieeiiiiniianss 7560.25 | 3.8785359
Daugles, 1912 . ooiieannnnenen {104 30 59,472 ) 1220.5 | 109 14 48,04 | 288 53 40.82 | MOTTISOD. - oo noeronornoneenoones 50230.47 | 4.7000672
3039 18.826 ! 580.6F 1310 47.36 [ 193 17 27.20 | HMltoP.ee. civniinnnernavanes 22800.08 | 4.3581077
104 35 05.801 23 47 37.97 | 203 30 13.10 | Pikes Peak.......c.cvuerinnnnnn 98724. 61 | 4.9944254
Indiant (U. 8. (. 8),1912........... 138.3 | 95 17 51.63 | 205 14 44.49 | Douglas..... e eeeaeeteaenannans 16415, 27 | 4.2152479
50 47 00.64 | 239 12 22.83 | BISOM. . .oonvnonrormeierrnrnn 91149, 04 | 4. 0507564
91 51 09.32 | 271 26 51.98 | MOITISOD . ceveiteenrinnenncarnnen 54450. 86 | 4. 7360048
. . 39 44 43.813 | 1351.2 { 350 08 03.53 | 170 08 50.23 [ IndiAn. - ooueueeieiameniniiens 10173.11 | 4.0074536
Watkins astronomic, 1912.............. 104 36 18.915 | 450.4 | 81 04 24.38 | 260 40 52.38"| MOITISON- -0 oonrenrenrenninnnes 53325, 64 | 4.7260361
40 01 37.866 | 1167.9 | 340 19 54.87 | 160 26 31.41 | Indian...... .. ..ol 43841.69 | 4.6418873
Brighton! (U. 8. G. 8.), 1912......... {104 45 24.750 | 586.0 | 45 O1 51,47 | 224 44 05.02 | MOTTISOD - - nnrmnsonooneooeeis 56071.86 | 4. 7487449
Bond|um mova| e peeg wn | o

0. 963.9 | 291 47 49.68 1 5 vatkins astronomic............. 63635. 83 | 4. 80370
Boulder* (U. 8. G. 8.), 1912.......... 208 54 42.35 | 119 21 57.99 | TndiaN.evnvonoeenesniooroneens 61578.17 | 4. 8424730
348 40 25.56 | 168 43 19.41 | Morrison........ .00l 1 32051.10 | 45178699
4032 22.856 | 705.0 | 326 34 17.88 | 146 51 20.48 | Brighton........................ 68074.02 | 4.8320872
Horsetooth ! (U. 8. @. 8.), 1912.......... {ms 13 46.319 | 1090.0 | 7 96 54.96 | 187 23 06.04 | Bowlder......... LllI1IIIT 8480740 | 4.8120265
4030 25.868 | 707.9 | 17 58 02.72 | 197 50 11.75 | Brighton. ....................... 5600099 | 4. 7482655
Deweyl (U. 8. G. 8.),1912...... .....J8104 33 16.100 | 370.1 | 46 17 31.88 | 225 48 50.82 | Boulder......................... 87486.98 | 4.9419434
94 00 17.52 | 273 35 16.43 | Horsetooth.._ ... .1 1111710000 54499.50 | 4.7363949
. 4101 11.747 | 362.4 | 834 54 07.47 | 155 06 26.45 | DOWeV.reneninensuiunenannnn.. 62872. 61 | 4.7981160
Warren, 1912, oovveecnneneneeee e {104 82 07,850 | oo | 30 8t O AT 30 19 0497 B00G4, 56 | 4. 7736183
41 02 54.064 1 1667.9 | 275 14 57.94 | 95 30 30.81 33661.28 | 4.5271319
TWID, 1912 e e eeeeneeanaenns 105 16 02.530 | 50.1 | 314 43 30.82 | 135 11 27.05 85048, 51 | 4.9208667
353 54 24.76 | 173 57 12.15 56805.20 | 4.7543881
Wadill, 1012 : { 4115 12.609 | 380.0 | 344 22 09.52 | 164 25 33.83 | Warren 26931.76 | 4.4302648
PN 104 57 18. 432J 420.2 | 49 06 21,40 | 228 54 01.69 | Twin......... 34729.35 | 4.5406967
41 14 12,1777 375.7 | 266 22 19.71 | 86 36 40.68 | Wadill 30465.35 | 4. 4838061
Russell, 1912, .........oeeennnnn.. ...-[{105 19 04.365 | 101.7 | 302 24 34.82 | 122 42 18.07 | Warren 44737.06 | 4. 6506675
348 31 26.00 | 168 33 25.63 | Twin... 21344.32 | 4.3202824
: 41 21 0L.198 | 37.0 | 288 46 15.42 | 100 01 06.78 | Wadill 33207.90 | 4.5212413
Greentop, 1912. . ..vonrneneeeneneeans 105 19 48.921 | 1137.3 | 351 02 25.01 | 171 04 54.13 | Twin. -| 33040.92 | 4.5308208
355 17 56.36 | 175 18 25.77 | Russell 12660.57 | 4.1024531
Whitaker, 1912 41 23 56.362 | 1738.8 | 348 33 54.26 | 168 35 26.95 | Wadill 16484.04 | 4.2170637
B L RTTTTTELLPRPPPPR 104 59 38.801 | 901.3 | 79 14 01.89 | 259 00 42.02 | Greentop............... USRI 28636.04 | 4. 4569130
4126 20.835 | 42,8 | 27832 31.95.| 98 46 25,78 | Whitaker....................... 29%07.97 | 4.4713984
Rageed, 1912, ..ovenenenennn.. S 105 20 39.192 | 909.8 | 302 12 20.11 | 122 27 45.47 | Wadill........ R 38542.13 | 4.5850357
353 14 27.24 | 173 15 00.48 | Greentop...............00 10000 0929.70 | 3.9960363
. 41 17 56.459 ( 1741.8 | 108 18 18.15 | 18 20 02.62 { Whitaker....................... 11605.67 | 4.0680250
Cheyenne west base, 1913.............. {105 0 30,90 | "Feg 5 | M08 18 1810 ) 138 o8 Go o3 | WG 850141 | 3.9340644
41 16 49.077 | 1514.0 | 108 14 19.23 | 288 11 20.08 | Cheyenne wost base............. 6650. 437] 3.8228501
Cheyenne east base, 1913............. 104 57 45.442 | 1057.5 | 168 42 10.42 | 348 40 55.54 | Whitaker 13442.53 | 4.1284810
‘ 343 04 07.26 | 168 04 25.07 | Wadil... L. .1 lITIIIIIIIIINIT 3p41.67 | 3.4831115
41 4% 06.161 | 100.1 | 356 10 17.77 | 176 11 43.32 | Whitaker....................... 44827.99 | 4.6515425
Chugwater, 1912...................... {105 01 47.644 | 1100.0 | 33 08 55.52 | 212 56 23.95 | RAZEEA. .- -nmnominomisoonns 48041.56 | 4.6816171
42 02 21.540 | 664.6 | 316 36 50.15 | 136 48 59.78 | Chugwater. ...............eeuen. 36952.52 | 4.5503383
Noteh, 1912, .. oevennnennn.... R 105 19 46.264 | 1064.0 | 338 27 36.85 | 158 41 00.22 | Whitaker. 76309, 40 | 4. 8830905
103 21.67 | 181 02 46.44 | Ragged. ... 111 1100 66672.05 | 4.8230407
Coloman, 1912 42 92 03.568 | 110.1 | 353 10 06.76 | 173 13 45.38 | Chugwater.........cccvennnnn. | 83307.03 | 4.8014519
p 1912 e 105 07 13.823 | 316.3 | 25 23 56.13 | 205 15 30.66 | NOCH.eevrensnonnonrensonnnens. . 40340.54 | 4.8058386
' 42 90 20.575 | 912.6 | 28 44 34.16 | 208 28 40.87 | Chugwater................. ... 68300.04 | 4.8344267
Haystack, 1912..........ccuennn...... 104 38 04.961 | 113.8 | 59 54 36.24 | 239 26 36.36 | Noteh........... . .00 RSN 66491, 43 | 4.8227657
94 18 28.48 | 273 58 50.24 | Coleman. .. . . 1 0111 40130. 24 | 4.6034718
Hobbs, 1912 { 42 34 50.753 | 1566.1 | 8 44 32.82 | 188 42 32.32 | Haystack..........cvevvuennnn.. 26883, 46 | 4. 4204852
e RN se-~o-|\104 35 06.461 | 147.3 | 61 54 54.49 | 241 33 13.02 | Coleman...... ... .ll0000000 00 49987.22 | 4.6988590

1 Identical with a tertiary station of the U. 8, Geological Survey.
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Latitude Sec- Back Logs
Station. an ondsin| Azimuth. C To station, Distance.| 798%™
longitude. | meters. azimuth. rnhxp,
-
Principal points—Continued. o 4 " o 1 n o 4 Meters.

Wil 12 42 41 10.995 | 339.3 | 331 07 55.45 | 151 11 07.52 | THODDBS. oo oot immeeean e 13304. 48 |4. 1269258
fllow, 1912, .. ooennnnniiiieeee 104 39 50.037 | 1139.2 | 356 24 24.71 | 176 25 35.72 | Havstack. . ... womrmimooeenon, 38380.377 4.5841002
. 46 48 49.49 | 226 30 18.39 | Coleman..........oviovvnnons 51585,62 | 4.7125287
4235 12,227 | 877.3 | 23 22 31.80 ] 203 16 44.75 | Haystack. ... ooooneereenenannn. 20659.32 | 4.4721611
Rawhide, 1912.....oconeeieannnnne {104 20 30.902 | 704.6 | 85 04 56.68 | 265 01 09.62 | FTODDS. ... omommominooins 7680. 46 | 3.8853872
128 10 56.81 | 308 03 57.44 | Willow.... ... . 0 10Tl 17931.62 | 4. 2536195
Manville, 1912. .eucuennreeceanannenns { 42 50 58.350 | 1800.5 | 346 16 00.17 | 166 19 32.41 | Rawhide.. . .....oooveeeeenn. . 30050.12 | 4.4778463
104 34 43.766 | 993.7 | 21 02 44.64 | 200 59 16.67 | WilloW.o oo omomeenoneeiil” 19415.93 | 4.2881582
Ki 1012 42 51 44.682 | 1378.7 | 46 27 45.37 | 226 11 48.73 44350.40 | 4.6468975
irtley, 1912. . ooverueniueicniiiaans 104 06 00.914 | 20.8 | 67 13 10.90 | 246 50 12.%9 50102.43 | 4. 06998588
88 04 10.11 | 267 44 38.30 39141.23 | 4.5926345
Alkal, 1912, « o aneneeenemareaeaaneans { 43 38 12.937 | 399.3 | 339 50 18.69 | 160 06 11.43 91584.60 | 4.9618224
104 29 11.373 | 255.0 | 4 55 53.83 | 184 52 06.11 87796.36 | 4.9431765
' 12 43 23 56.397 { 1740.5 | 20 21 10.66 | 209 04 22,43 68298, 02 | 4.8344081
Parker, 1912........... temresanenreaes 103 41 26.178 | 580.1 | 50 07 24.95 | 229 30 59.10 04607.37 | 4.9759250
112 36 19.63 | 292 03 26.69 69568.86 | 4.8424149
Cottonwood, 1912. ... e { 43 15 14.290 | 441.0 | 143 50 57.64 | 323 35 02.45 52780.57 | 4.7224741
104 06 02.351 | 53.0 | 244 00 41.00 | 64 17 33.88 36056.39 | 4.5676896
Sullivan, 1912 43 35 33.573 | 1036.1 | 310 23 59.88 | 130 36 51.44 .| 33124.53 | 4.5201407
ullivan, 1912....ocooiiivnnnnnnanee 104 00 07.127 | 159.9 | 12 01 23.05 | 191 57 18.88 \| 38467.43 | 4.5850932
97 20 03.30 | 277 00 00.11 ‘| 39420.55 | 4.5957226
43 43 41,793 | 1280.8 | 321 29 23.15 | 141 44 13.11 46672.02 | 4.6690566
B, 10120 cnenreneenanananannnenns 104 02 57.536 | 1287.8 | 345 45 48.64 | 165 47 46.28 15543.90 | 4.1915509
74 05 21.92 | 253 47 14.93 36683, 60 | 4. 5044719
§ 43 10 23.438 | 723.3 | 121 01 36.87 | 300 54 03.00 | Cottonwood.......ooooveeoon... 17445. 44 | 4.2416820
Provo west base, 1912................ {103 54 59,622 | 1346.7 | 216 05 22.40 | 36 14 40,13 | Parker......oommreooniiill Il 31076.54 | 4. 4924327
43 12°14.546 | 449.0 | 76 26 17.66 | 256 19 08.81 | Provo west base................. 14559, 251 4.1631390
Provo oast base, 1912................. 103 44 33.014 | 745.3 | 100 54 57.71 | 280 40 14.63 | Cottonwood 17T 29619, 95 | 4.4715843
190 59 06.10 | 11 01 14.24 | Parker... .~ [ 070771 22061.98 | 4.3437035
. 1213 11 44. 153 lgggz 70 55 53.73 %gg ?2 lg. ’g grg;ro westd DASB. e imreaannans 7613.22 i gggﬁ%

3 49 41.05 .4 | 106 24 50.46 | 286 13 38. OLEONWOOA. . ... -unnnsnsnnnnns 23075. 88 | 4.36315
Provo astronomic, 1912............... 206 13 35.66 | 26 19 15.04 | PALKOT--...rrnrremon e onss 95200, 50 | 4. 4014107
262 17 20.81 | 82 21 00.68 | Provo east base. . ............... 7017.74 | 3. 8461975
Cambria. 1912 { 44 02 43.952 | 1356.7 | 341 44 39.20 | 161 50 39.26 | BlK.eumeueooioioeee .. 37108.73 | 4.5604761
ambrig, 1912....oooeiiiiiinen 104 11 36.919 | 821.9 | "27 31 26.43 | 207 19 16.05 | Alkali.... . 0 1101071771000 51147.53 | 4. 7088247
Crow. 1012 { 4403 19.230 | 593.6 | 10 58 38.10 {190 54 59.78 | BlK.cvuvroioiii i, 37013.47 | 4. 5683508
TOW, 1912, -eeeieiiiinn e 103 57 42.632 | 949.0 | 86 43 31.02 | 266 33 50.95 18604.16 | 4. 2696101
Laird, 1912 44 12 34,820 | 1075.1 | 347 52 24.18 | 167 54 19.44 17538.85 | 4. 2440010
AIG, 19120 cvvvenmenireinennnnenes 104 00 28.154 | 625.1 | 39 15 13.37 | 219 07 27.74 23530.07 | 4.3716232
44 12 47.667 | 1471.2 | 270 42 42.55 | 90 57 00.58 27320.84 | 4.4364040
Inyankara, 1912..cceeenonenininnnnnnn 104 20 58.646 | 1302.0 | 326 06 57.19 | 146 13 28.31 22431.32 | 4.3508548
9 47 15.91 | 189 41 34.10 64970.54 | 4.8127165
) 44 28 44.606 | 1379.6 | 310 07 33.02 | 130 26 07.65 | Laird...ooiuveieeecaeaeaanann, 46302.10 | 4. 6656007
Sundance, 1912.........oeianaienns {104 27 02,821 | 62,4 | 344 41 27.56 | 164 45 42,12 | Inyankara......o..omeemrnnen.s 30621, 32 | 4. 4860240
44 10 39.971 | 1233.7 | 46 30 02.25 | 226 22 47,96 | Ladrd..eeuvuineneneacacnnannnnn, 19042.37 | 4.2797210
TOITY, 1912, « - eevnecrmaranaanenannens 103 50 05.990 | 132.7 | 72 58 16.08 | 252 36 42.84 | Inyankarm........ococeeaennnn.. 43014.97 | 4.6336196
109 08 03.66 | 288 42 12.52 | Sundanee. ... . icii.iae..l. 51856.71 | 4.7148050
45 00 35.551 | 1097.6 | 345 13 31.72 | 165 24 05.75 | TOITY . o euuerecemrenneaenenionn, 78358.54 | 4.8940863
Wymonkota ! (U. 8. G. 8.), 1912. ... {104 0507.832 | 171.5 | 26 15 16.33 | 205 59 50.65 | Sundance. .. .. .22 110100000 65096.08 | 4. 8175454
45 00 36.830 | 1137.0 | 21 51 23.00 | 201 35 18.76 | TOITY uenernruernenrenenrnnnen. 81634.76 | 4.9118751
Castle, 1912.vunrnnenreeneenranansanns 103 27 14.300 | 315.3 | 53 34 01.58 | 232 51 55.47 | Sundance. ... ...l 98568.51 | 4.0037382
90 10 40.31 | 269 43 52.46 | WyMODKOtA .« envnvreeeneannnnn. 49785.14 | 4.6070097
45 22 14.317 | 442.0 | 319 33 43.52 | 139 52 06.88 | Castle. .......ocovvi i, 52508.52 | 4.7202132
Harding, 1912....... S RCRTTEPE {103 53 09.605 | 209.1 | 21 25 44.27 | 201 17 14,73 | Wymonkota. .....cevenveen, ol 43050.45 | 4.6330777
45 20 42.313 | 1306.4 | 331 05 41.20 | 151 16 46.16 | Castle. ... .coevueumecniiannn, ., 42472.10 | 4.6281037
Moreau, 1912, ... oeerin it 103 42 51.869 | 1129.3 | 38 11 36.99 { 217 55 49.41 Wympnkota .................... 47315. 27 | 4.6750013
i 101 59 21.11 | 281 52 01,59 | HATAINE-veeuenmenrannnnrannnnns 13742.23 | 4.1380573
45 34 51.060 | 1576.3 | 16 43 58.75 | 196 33 40.23 66190.86 | 4.8207050
Reva, 1012, . .enneieeneiiinnneananens 103 12 44.169 | 957.6 | 56 28 05.74 | 236 06 37.20 4791106 | 46740105
’ 66 19 20.87 | 245 50 40,63 57620.33 | 4. 7606436
45 53 50.506 | 1559.2 | 815 16 27.88 | 135 35 35.72 { R@VA.ceevviiiiiiiinnieniennna,, 49377.81 | 4.6935318
Table, 1912 .o evenraniniiniienians {103 30 26,017 | 580.2 | 17 00 40.54 ' 196 50 52.40 | Harding....nvveevenveoioinll 61193.14 @ 4. 736?327

1 Identical with a tertiary station of the U, S, Geological Survey.
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Latitude

Sec-

N : Back ; Loga-
Station. an ondsin| Azimuth. : To station, Distance.| ¥
longitude. | meters. azimuth. rithm,
PN ints—Continued. e 7 " o 7 1” e " Meters. |.
Principal points—Continue 45 51 15.997 | 493.9 | 1910 59.87 | 109 05 10.62 | Reva............................ 32186.90 | 4.5076702
Lodge, 1912, . emceneeenieaeiaaaannes 103 04 36.336 | 784.0 | 49 51 52.44 | 229 17 10.50 | Harding .| 82920.96 | 4.9186643
’ 96 14 53.36 | 275 49 52.66 | Table................. . 1100 45337.63 | 4. 6564588
46 12 27.924 | 840.6 | 328 18 13.75 | 14831 41.32 | Lodge..... ... ol 46074.28 | 4.6634585
Butte, 1012........oooniiiiiieeat {103 23 18.398 | 394.4 | 3113 25.17 | 211 01 47.85 | Table........................... 40278.12 | 4.6050692
46 13 24.320 | 751.2 | 1242 44.28 | 192 3; ?3% Lodge.........o.oiiiiie.. 420(3;?%3 4.6236240
______________________ 102 57 27.579 | 591.1 | 56 27 33.86 | 235 57 19. -| 65161.12 | 4. 8139885
Whetstone, 1912 { 87 07 09.24 | 266 48 20,63 3328778 | 4. 5229849
46 29 41,772 | 1280.8 | 348 48 51.35 | 168 52 12.86 | Whetstone. .. ......ooooeneon.... 30762.09 | 4.4880158
Rainy, 1012...coonveiiniannennnn. {103 02 06.026 | 128.5 | 40 32 52.31 | 220 17 31.64 | BULEO.eennmrmrmomenoinenns 41958.75 | 46228225
46 23 54.639 | 1687.1 | 251 10 37.89 | 71 28 34.77 | Rainy.................. 33477.75 | 4.5247562
Black, 1012« enunreneneamaneeenenenans 103 26 51.919 | 1109.1 | 207 05 40.60 | 117 26 56.40 | Whetstone. .. 42473.41 | 4.6281171
' 347 49 44.89 | 167 52 19.27 | Butte......... .. 21711, 48 | 4.3366893
46 42 00.620 | 19.1 { 314 51 31.01 | 135 04 31.54 32282.90 | 4.5089726
Badland, 1912....cceiiiiiiieriiinnns {103 19 59.087 | 1255.3 | 14 44 17.60 | 194 39 17.90 34667. 28 | 4.5399198
46 52 16,945 | 523.2 | 206 14 20.12 | 116 36 16.14 .| 42770.06 | 46311399
Sentinel, 1912, .. vueenereameneaennnns 103 50 04.820 | 102.1 | 304 04 48.83 | 124 39 43.39 74121.36 | 4. 8609434
? 330 27 05.33 | 150 43 57.97 60339, 54 | 4.7806020
46 58 57.800 | 1787.7 | 344 40 28.36 | 164 48 55.66 56207.90 | 4.7497073
Saddle, 1912, ..ieniemiiiiaien e 103 13 42.639 | 901.2 | 14 17 10.76 | 194 12 36.15 32409.96 | 4.5106785
75 12 31.53 | 254 45 57.47 47797.60 | 4. 6704061
46 57 09.936 | 306.8 | 265 23 39.72 | 85 48 38.65 43477.43 | 4.6352639
Hump, 1912 ......ooinaninannn {103 47 53.230 | 1125.6 | 17 07 14.69 | 197 05 38.59 9466.45 | 3.0761872
47 09 10.652 | 606.9 | 206 20 00.98 | 116 42 16.19 | Saddlen e ..o ooe e 43002.68 | 4.6334956
COOK, 1912 eeneeneninnaninenianaennns 103 44 06.248 | 131.6 | 12 01 30.72 | 191 58 44.57 | Hump... ... . -1 23037.92 | 4.3624433
’ 13 31 19.42 | 193 26 57.12 | Sentine] 32477.36 | 45115807
47 15 22.033 | 680.4 | 288 43 41,25 | 109 02 4176 | C00K.ovvee o oo, 34572.39 | 4.5387204
Blue, 1912. .o ce ettt caiieaaes 104 10 00.510 10.7 | 320 10 37.18 | 140 26 49.54 .| 43825.42 | 4.6417261
’ 320 20 31.25 | 149 35 06.63 49660.30 | 4. 6960093
47 18 52.318 | 1615.7 | 331 29 58.68 | 151 35 33.17 | COOK.eeev . oo, 20114.92 | 4.3035182
Trotter, 1912, . coooomniiaeieies {103 51 41.870 | 879.4 | 74 24 06.58 | 254 10 39.37 | BlU@enov....oouno oo T 23983.39 | 4.3799106
47 26 03.601 | 111.2 | 342 39 26.02 | 162 45 03.68 | COOK. ..o ...\ een . 32472.54 | 4.5115163
Flat, 1912 cceenieeeeeceeeeeacaennn 103 51 45.739 | 958.5 { 350 39 01.47 | 179 39 04.382 | Trotter..._ ... 13319.41 | 4.1244849
' 49 20 39.71 | 220 07 14.56 | Blue.............. .l 30342, 22 | 4.4820474
ing. 1912 47 42 43.969 | 1357.9 | 309 33 15.48 | 129 55 08.05 | Flat........_............. ... 48320.26 | 4.6842101
Lovering, 1912.........c.ocoinnnneee {104 21 23.935 | 499.0 | 344 10 22.55 | 164 18 46.30 | Blue....._.. . 1. 011 110N 52688.29 | 4.7217141
47 37 50.103 | 1547.4 | 13 18 21.80 | 193 15 20.17 22418.88 | 4.3506139
Sheep, 1912..ccveuenenrenananennnnes 103 47 39.515 | 825.0 | 34 09 05.19 | 213 52 37.39 50226.13 | 47019297
102 20 11.28 | 281 55 14.63 43195.98 | 4.6354433
) 47 55 37.687 | 1163.9 | 300 16 03.61 | 129 39 48.19 | Sheep...... . ....oooeenene.o... 51874,17 | 4.7149511
Jackson 1 (U. 8. G. 8.), 1912.......... {104 19 43.166 | 896.1 | 5 01 24.78 | 185 00 10.11 | Lovering. oo onmmmemneeonroon. 23988, 15 | 4. 3799968
48 02 48.713 | 1504.5 | 342 56 25.62 | 163 04 49.72 | Sheep........................... 48397.04 | 4.6848188
Buford, 1912........... oo 103 58 59.573 | 1233.8 | 37 02 04.70 | 216 45 27.54 | Lovering. .. || 46527. 14 | 4.6677064
62 49 19.93 | 242 33 55.95 | Jackson._........... ...l 29019.77 | 4.4626940
, : , 48 01 51.167 | 1580.3 | 251 06 16.65 | 7109 23.33 | Buford.......................... 5495.79 | 3.7400299
M?}mgna ;g(?go' River Com.and U. 8.} 104 03 10,628 | 2202 | 336 23 25.85 | 156 34 55.96 | Sheep...... .| 48537.78 | 4.6860799
-8.), 1912, 60 50 08.29 | 240 37 50.93 | Jackson..........0.1] .| 23595.47 | 4.3728287
: 47 59 50.607 | 1562.9 { 57 22 34.21 | 237 15 18.32 | Jackson.......... 14465.74 | 4. 1603406
Cu(}mgz) (Mo, River Com. and U. 8. {104 09 56.269 | 1166.5 | 246 04 03.14 | 66 09 04,66 | Montana. . ... 9194.39 | 3.9635227
. 8.), 1912,
; 48 06 20.308 | 627.3 | 801 52 27.07 | 122 00 26.22 | Montana. 15712.96 | 4.1962570
Lanarl ® (M10. River Com. and U. 8. )104 13 54,701 | 1131.6 | 337 40 13.38 | 167 43 10.71 | Cutofl.. 13000.91 | 4. 1142743
- 5., 1912, 20 01 44.44 | 199 57 25.41 | Jackson. 21121.00 | 4.3247144
Mondak. 1912 { 48 00 10.435 | 322.3 { 86 05 24.18 | 266 00 06.56 { Cutoff._...... 8881. 14 { 3.9484087
OnARK, 191 ceane e 104 02 48.867 | 1012.9 | 171 45 17.45 | 351 45 01,28 | Montana....... 3143.75 | 3.4074476
. 47 58 36.762 | 1135.3 | 10828 59.04 | 288 24 54.06 | Cutofl.... 7207.17 | 3.8577646
Ferry # (Mo. River Com.), 1912. ...... 104 04 26.550 | 550.7 | 194 40 43.63 | 14 41 40.06 | Montana. ..| 6207.25 | 3.7028089
214 59 00.63 | 35 00 13.21 | Mondak.._. ... .. 0 L 11111l 3531.67 | 3.5479803
Bainville, 1912 { 48 11 40.535 | 1252.1 | 319 06 06.03 | 139 14 36.97 | Buford.........cccoeeeeen . ..., 21708.24 | 4.3366246
p B 104 10 25.812 | 533.0 | 21 15 59.47 | 201 00 04.88 | Jackson.........oooooooiil..oo. 31899.61 | 4.5037854
48 15 46.468 | 1435.4 | 330 18 02.17 | 150 26 14.67 | Buford.......................... 27636.58 | 4.4414843
Snake, 1912........................... 104 10 00.691 | 14.2 | 3 54 25.23 | 183 54 06.49 | Bainville.. . .| “7613.90 | 3.8816071
17 57 04.49 ' 197 49 50.98 ' Jackson..... .. ...l 1111110 39232.37 ' 4.5036445

! Tdentical with a tertiary station of the U, 8. Geological Survey.
2 Identical with a tertiary station of the Missouri River Commission and the U. S. Geological Survey.

3 1dentical with a tertiary station of the Missouri River Commission,
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Latitude Sec-
. . . Back " . . Loga-
Station, and ondsin| Azimuth, A To station. Distance.
longitude. |meters. azimuth. rithm.
Principal points—Continued. o ¢ ” o r m o 1 Melers.
11, 191 { 48 20 13.441 | 415.2 | 353 41 04.07 | 173 43 12.60 | Buford............oooroenne ... 32464.61 | 4.5114102
Bull, 1912, ..o 104 0152.003 | 1071.0 | 50 44 29.58 | 230 38 24.71 | Snake........ .. .. T 13016.79 | 4. 1145040
48 15 12.182 | 876.3 | 37 10 24.51 | 216 50 58.94 | Buford.... .. ..oooeeooeeoeinns 28786. 18 | 4.4591840
Williston, 1912, ..o eiennnnerennnnns 103 44 59.761 | 1232.8 | 92 06 52.93 | 271 48 13.01 | Snake...... .. ... 30976.71 | 4.4910353
114 08 30.89 | 293 55 54.67 | Bull........ ... . ... ... 22844.69 | 4.3587853
. 48 25 00.000 0.0 | 342 05 14.19 | 162 08 46.69 | Williston........................ 19078.27 | 4.2805390
Bonetraill, 1912.......cooenrinnenenenn {103 49 44.219 | 909.2 | 50 20 32.36 | 230 20 28.32 | Bull........o...oolllII 17306. 74 | 4. 2404680
48 26 45.434 | 1403.4 | 308 25 37.52 | 128 28 06.81 | Bonetraill....................... 5237.51 | 3.7191251
Gladys, 1912..ccenvveneininnsnnnnnens 103 53 03.761 |  77.3 | 334 59 36.10 | 155 05 37.84 | Williston......oooooo o0 23618.45 | 4.3732514
- 41 57 50,02 | 221 51 15,05 | Bull........_.... . . . .. 1000 16260.66 | 4.2113784
48 27 27.934 | 862.8 | 30 47 32.53 | 210 39 22.26 | Williston_....................... 26436.68 | 4.4222069
Marmon, 1912 ..coeemiiaiiii et 103 34 03.685 75.7 | 76 47 56.17 | 256 36 12.44 | Bonetraill.. ... ... ... ...l .. ... 10864.58 | 4.2080793
86 54 40.27 | 266 40 27.04 | Gladys...........0.0 ... 1110 23463.31 | 4.3703892
1912 { 48 38 19.918 | 615.2 | 317 00 12.70 | 137 11 36.66 | Ma&rmon. ...........ooeeeeenn.... 27492.80 | 4.4302190
Howard, 1912...c.vveviiiinnnenennn. 103 49 16.219 | 332.0 | 12 17 53.32 | 192 15 02.79 | Giadys.....ooomoemeeonmo. 21053.82 | 4.3415101
48 40 27.449 | 847.9 1 102 17.03 | 181 02 01.11 24082.56 | 4.3817027
Muddy, 1912, . ceonrvnmiinennnaanennss 103 33 42.450 | 868.4 | 43 16 57.63 | 223 02 27.05 34800.99 | 4.5417039
78 26 57.96 | 258 15 16.92 19511.88 | 4.2902991
12 { 48 47 20.723 | 040.1 | 334 04 30.51 | 154 08 27.42 14100.38 | 4. 1519940
Btady, 1012..c.rnvmnierariennnnnn 103 38 45.669 | 932.2 | 37 43 10.09 | 217 35 16.28 - 21100.27 | 4.3242881
48 51 34.335 | 1060.6 | 0 47 50.49 | 180 47 48.92 ..| 20602.30 | 4.3130157
Crosby, 1912...ceciarieennenaarnnnns 103 33 28.392 | 578.7 | 38 22 22.94 | 218 10 30.34 .| 31258.44 | 4.4949673
30 35 32.98 | 219 31 34.17 10161.57 | 4.0069608
: 48 53 38.866 | 1200.5 | 282 41 42.89 | 102 52 00.75 17387.23 | 4.2402305
Norge, 1012..c.nvuvenarnenninennenss 103 47 20.556 | 418.7 | 317 59 50.72 | 138 06 18.37 15705.83 | 4. 1960608
446 06.79 | 184 44 39.81 28484.69 | 4.4546115
48 57-07.378 { 227.9 | 337 07 55.21 | 157 10 35.61 11163. 82 {.4. 0478126
Ambrose southwest base, 1912........ 103 37 01.232 | 25.1 | 63 00 10.86 | 242 52 24.00 14157.90 | 4. 1500088
48 59 56.626 | 1749.1 | 301 29 07.06 | 121 34 23.21 9998.09 | 3.9999169
Bowis, 1012..... e 103 44 00.295 6.0 | 320 16 36.31 | 140 24 32.70 20154.33 | 4.3043684
19 16 10.92 | 199 13 39.91 12360. 50 | 4.0920359
48 54 48.450 | 1407.0 | 27 42 20.31 | 207 40 32.92 | CroSDY .. cammmvieennserannnnnnn.. 6772.40 | 3.8307427
Ambrose, 1912..........iiiiial, 103 30 53.905 | 1097.6 | 110 53 37.91 | 209 49 00.97 | Ambrose southwest base........ 8620.45 | 3.9355299
120 50 12.95 | 300 40 10.85 | BowWi€..ceeivineeeivninnnnnnnn. 18616.36 | 4.2698948
48 50 24.331 | 751.6 [ 13 57 50.17 | 193 56 31.68 | AMbBIOS®.ce...ovuvoeeoennnna.... 8781.15 | 3.9435513
School, or Ambrose northeast base, 1103 29 09.836 | 200.0 | 66 14 17.96 | 246 08 22.35 | Ambrose southwest base........ 10470.177] 4.0203272
1912. 03 14 52.63 | 273 03 40.65 | BOWiOeeueeurrnneeiinnenannnnnn 18129.03 | 4.2583746
Supplementary points.
. 39 40 34.185 | 1054.2 | 452 58.9 | 184 49 31.0 | Pikes Peak............ccoeen. ... 93002.5 | 4.9689146
Denver 18%““7‘“5“3" observatory { 104 57 08.710 | 207.6 | 88 11 35.8 | 208 01 22.7 | MOITISON. .. 1wnveoomnimnenins 220025 | 43598826
omo, : 137 13 59.1 | 317 00 50.2 | Boulder............eeoeuenn.. 43060.8 | 4.06340818
Denver, Loretto Iloights school, [ 39 39 41.008 | 1292.4 | 93 02 05.8 | 272 54 44.4 16504.1 | 4.2175931
beliry, 1912. 105 01 37.646 | 897.4 | 145 27 26,0 | 325 17 09.4 49308,7 | 4.6053987
. 209 35 34.0 | 29 45 57.3 46714.6 | 4.6694524
30 44 32.976 | 1017.0 | 242 16.8 | 182 40 12.6 | PikesPeak........oeivvnnnna.n.. 100233.4 | 5.0010123
Denver, county courthouse, dome, |}104 59 21.160 | 503.8 | 67 41 44.4 | 247 32 55.5 | Morrison............ccoon ... 21330.0 | 4.3289915
1895. 132 63 03.9 [ 31241 19.4 | Boulder.ee...oovveemneeenaan .. 35613.9 | 4.5516104
212 05 04.2 | 3214 00.6 | Brighton.........cooooiieiiit. 37338.0 | 4.5721507
30 44 21.662 | 668.0 | 257 24.3 | 18255 00.0 | Pikes Peak..............eouu... 00899.4 | 4.9995629
. 104 59 03.598 | 85.7 { 68 58 36.5 | 248 40 36.4 | MoOITISON ... eoiuuaaineeinnaao.. 21580.9 | 4.8342500
Denver, State Capitol, dome, 1895.... 132 50 30,2 }3123834.4 | Boulder........................ 36157.8 | 4.5582017
21115 40.5 | 3124 25.5 | Brighton......c.cooeeeiiiio.. 37415.4 | 4.5730500
285 07 22.7 10522 41.1 | Indian...ccoeeenemciniiineean... 35506.6 | 4.5503095
. 39 46 35.932 | 1108.1 | 60 38 50.6 | 240 29 24.0 | MOYTISORc. o meeiiiieeaaai ... 24243.3 | 4.3845024
Denver, Grant smelter, chimney, []104 58 22.557 | 536.8 | 126 38 52.9 [ 306 26 30.5 | Boulder..............coocoi ... 34258.5 | 4.5347687
1912. 21331 25.3 | 3339044.2 | Brighton........coooooiii o .. 33394.5 | 4.5236753
291 56 01.4 [ 1121053.8 | Indian...cceveeioanaaainn . ... 35806.9 | 4.5550570
30 44 53.583 | 1652.5 | 65 34 21.7 | 245 25 46.4 | Morrison........................ 21115.6 | 4.3246033
Denver, Daniels & Fisher’s tower, J104 59 42.502 | 1011.9 | 132 40 59.8 {31229 28.9 | Boulder............... .. ... .. 34800.3 | 4.5416054
gilded dome, 1912. 21316 03.7 | 3395 13.8 | Brighton................ .ol 37077.3 | 4.5601086
286 13 25.4 {10620 08.8 | Indian............c.co..l..l, 36664.5 | 4.5642459
39 50 50.209 | 1548. g 139 {3 225{ 219 82 %g 13. Igorllréson 25479.1 | 4.4061833
. 105 01 53.135 | 1263. 19 14 34. 209 oulder................... 25772.7 | 4.4111601
‘Westminster schoolhouse beliry, 1912. 229 30 27.4 49 41 02.0 | Brighton 30817.3 | 4. 4887047
208 59 06.5 | 119 16 14.4  Indian.................... 43805.6 | 4. 6415290
Section 36, T. 48., R. 656 W.,southeast |{ 30 39 22.420 | 601.4 | 34 58 06 214 58 04 Indian..............ooooil. 135.251] 2.131140
corner stone. {104 35 02. 550 60.8
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Latitude

Sec-

. . Back . Loga-
Station. and ondsin| Azimuth. To station. Distance.[ it
longitude. | meters. azimuth, rithm.
Supplementary points—Continued. | « , » s 1 o 1 n Meters.
h mark G : { 39 44 47.559 | 1466.7 | 64 15 43.6 | 244 15 37.2 | Watkins astronomic............. 266.017] 2.424909
Benchmark Ga.oovvveeeneannnia.as 104 36 08,850 | 210.7
40 00 01,626 | 50.1 | 43 18 44.08 | 223 03 14.63 | MOTTiSON . .- vnnoeneenrennenannnns 50415.64 | 47025653
Brighton bench mark eccentric, 1912..{¢104 48 58.148 | 1379.4 | 83 56 25.13 | 263 37 58.40 | Boulder........cceevvecuuunonen. 41111.89 | 4. 6139674
239 35 22.18 | 59 37 39.39 | Brighton........ooveieeesiinnns 5867.25 | 3.7684346
Brighton bench mark Rz (U. 8. G. 8.). 1402 gg gili %g 132& g 89 22 269 22 Brighton bench mark eccentric. . 39. 832 1.60023
40 25 07.923 | 244.4 | 107 06 14.1 | 286 45 50.8 | Horsetooth........oocomeemenann. 46055.0 | 4.663277
Greeley toll tank,! 1012............... {104 40 35.853 | 845.3 | 226 31 58.3 | 46 36 43.7 | DOWOY. .. oounrronriineiioiies 14266.1 | 4.154304
; 40 25 06.241 | 192.5 | 107 09 04.0 | 286 48 48.6 | HorsetoOth.....ooveeneeenenn... 46108.7 | 4.663783
Greeley sugar factory chimney,! 1912. . {104 40 34,144 | 805.0 | 226 16 15.1 | 46 20 59.3 | Dewey..... | 142726 | 4.154504
40 20 46.859 | 1445.4 | 117 25 47.6 | 297 06 41.3 | Horsetooth. ...| 46852.8 | 4.670736
La Salle tank near coal chute,t 1912....{,00 32 16553 | 3423 | 315 32 150 | 35 41 06,1 Dewey... | 2107404 | 41302017
. . 40 24 10.606 | 327.1 | 2209 46.9 | 202 00 43.0 | Boulder.... ...| 53033.2 | 4.724548
Loveland red brick chimney......... 105 03 37.705 | 889.2 | 142 52 42.9 | 322 47 25.7 | Horsetooth, ... oovmvmoneonoons 19053.2 | 4.270969
40 24 10.770 | 332.2 | 221220.9 | 20203 15.8 | Boulder.......coeoeeeeeaneannnn. 53054.7 | 4.724724
Loveland tall white chimney, 1912...13105 03 35.817 | 844.7 | 83 31 06.9 | 263 31 05.7 | Loveland red brick chimney. ... 44.82 | 1. 651486
142 45 47.5 | 32240 29.1 | Horsetooth.eeeueeurnraaeenenenns 19076.1 | 4.280490
40 31 35.067 | 1081.6 | 92 11 42.8 | 271 52 37.9 | HOrsetooth. . womeneeneneenenss 41486.5 | 4.6179069
Eaton, sugar factory chimney, 1912...{104 42 24,722 | 581.9 | 162 31 11.7 | 342 27 05.8 | Dover bench mark eccentriec..... 20460.3 1 4,4692378
279 20 05.5 | 99 26 01.7 | DOWEY...oneuernrerrneanenenins 13090.5 | 4.1160546
40 42 23.296 | 718.6 | 6207 32.9 | 241 51 98.4 | Horsetooth.......veueeeneenenns 39440.1 | 4.5950378
Nunn schoolhouse, belfry, 1912....... 104 47 04.840 | 113.6 | 164 16 30.2 | 344 15 26.9 | Dover bench mark eccentric.....| 8114.8 | 3.9250455
318 33 48.0 | 138 42 47.4 BWRY . . e ceeenreercninanareanns 29484.3 | 4.4695911
40 46 45.871 | 1414.9 | 50 49 10.70 | 230 34 08.79 | Horsetooth....ovnenvenenvenn..-. 42024.1 | 4.6234982
Dover bench mark eccentric, 1912....y104 48 49,005 | 957.1 | 128 01 52,60 | 307 43 58.83 | WD - onemronrennn o000 48638.6 | 4.6860813
Dover bench mark Es, 1912........... {132 442 33 Zgg 149(33:3 240 38 03.8 | 60 38 04.1 | Dover bench mark eccentric.....|  10.44 | 1.01870
Dover bench mark reference mark, { 40 46 47.346 | 1460.5 | 330 42 36 150 42 37 Dover bench mark eccentric..... 52.180| 1.717504
1912. 104 48 43.183 | 1012.6 | 342 01 16 162 01 16 Dover bench mark Es........... 53.21 | 1.726027
41 01 33.472 | 1032.6 | 94 24 44.23 [ 274 09 1110 | TWin . ...oooemeonne e, 33291.34 | 4.5223313
Terry 2 (U. 8. G.8.),1912. . ..ceeen... 104 52 21.266 | 496.8 | 164 41 23.84 | 344 38 08.34 | Wadill. ... .. .. il il 26202.40 { 4. 4183411
. 334 56 47.95 | 154 56 56,75 | Warren.......c.eoooeeniinnnnnns 739.75 | 2.8690837
Colorado-Wyoming boundary monu- { 40 59 54.156 | 1670.6 | 208 52 14.81 | 28 53 02.26 | Terry........ccvvvveenncnennnss 3498.70 | 3.543907
ment, milepost 44, 191Z. 104 53 33.575 | 784.7 | 219 55 00.85 | 39 55 57.09 | Warren......ooovveinmeeennnnns 3121.06 | 3.494302
. . 41 05 27.677 | 853.8 | 202 56 50.6 | 113 04 49:0 | TOITY . ooomveneneiiaranaanannn- 18479.9 | 4.2666094
Otto, Union Pacific Railway black {105 01 20,681 | 602.7 | 204 26 00.4 | 114 34 07.6 | Warsen ... o1 Il 19037.2 | 4.2706026
water tanx, 1912. 7344 07.6 | 25336324 | TWiD..oooieiiiimieienaneinannns 168557 | 4.2267459
14; gg %g.ggs 728.8 | 350 33 42.5 | 179 33 4’5,.8 WAITD . . eeeenenrenenenanenes ég%gg 4.131093;
0 L0826 | 299.1 | 7019 17.3 | 250 03 37.4 | TWIR. . ooooomomoonns .8 | 4.54974
Fort D. A. Russell, water tank, 1912.. 103 28 58,7 | 283 11 17,3 | Russeli. .. 00l 38502.5 | 4. 5865020
119 19 07.0 | 299 00 55.0 | GreentoD.eeerseueenennaneanans- 44155.5 | 4.6449852
132 gg fgggg 781.8 %Z éfl; 29.8 197 og 123. g ) rIV‘Varren ......................... :3893.8 4, 1461§Og
: . 251.5 2.2 | 254 30 12. WIN . .o 38078.6 | 4.590825
Cheyenne, State capitol dome, 1912... 10431 18.0 | 284 11 37.8 | Russell..ooovmnormnrronrnonses 43146.6 | 4.6349462
118 44 58.6 | 208 24 46.8 | GreenoP..eeeseeuenennenennenns 48739.7 | 4.6878830
East Twin2 (U. 8. G. 8.)eeeervnnn.... u% gg (‘;’31 gzg 162% 276 08 40 960840 {Twin........................... 2.764] 0.44154
L 41 16 40.626 | 1253.3 | 17 23 13.7 | 197 2249.6 | Wadill..._...................... 2845.2 | 3.454117
KLpp’sigyghmm,square house, chim- {104 56 41.913 | 975.4 | 104 07 05.6 | 283 51 49.9 | Greentom......o.oovmoonenornoons 33248.4 | 4.521771
6y, 1912 163 00 13.5 | 342 58 16.7 | Whitaker..........coveeeeeneens 14057.4 | 4.147906
41 17 03.586 | 110.6 | 104 15 20.7 | 284 01 34.8 | Greentop........ovvvvveenranenns 30003.7 | 4.477175
Hog{)?g S\lﬁgigd’s,(llen,new barn, west {104 58 58.032 | 1350.5 | 175 44 47.6 | 355 44 20.7 | Witabear-<L. 1 12769.2 | 4.106165
gable, 1912. : 32553 11,4 | 14554 17.1 | Wadill..... ... ..oiiiiiii.as 4134.7 | 3.616439
4115 23.872 | 736.5] 60 0017.2 | 248 59 5L.5 | Wadill.......coveieenennaannn. 960.6 | 2.986584
Ritzke’s windmill, center, 1912....... 164 56 39.551 | 920.8 | 107 58 24.9 | 287 43 07.8 | GreentOpP..eceeeeeeeeeaernennnn- 33956.1 | 4.530918
165 14 45.4 | 345 12 47.0 | WhitaKer. . .coceveeceuranmanaes 16350.4 | 4.213520
41 15 46.185 | 1424.8 | 112 05 35.6 | 291 54 13.0 | GreentopP..eeceveeeemeoneneannnen 25043.6 | 4.414030
Tall new house, west gable, 1912......|{105 02 34.880 | 812.0 [ 195 08 05.1 | 15 10 01.4 | WhitaKer..ceoeemeocemeemon..an 15666.4 | 4.194968
277 58 27.8 . 9801 56.5 | Wadill.....oouininiiiiiionnns 7439.4 | 3.871538
Section 33, T. 17 N., R. 68 W., stone {f 41 23 38.222 | 1179.2 | 225 37 06 45 37 22 WhitaKer. «ceeeevrneenenin.... 800.12 | 2.903155
post, southwest corner, 1912, 105 00 03. 418 79.4 .
Bench mark ‘Denver” 6702 (U, S. {41 23 38.315 | 1182.0 { 239 5502 | 59 55 20 WhiteKer...o.oeuenieeennene.... 1110.82 | 3.045644
G. 8.). 105 00 20.178 | 468,8 |

! Checked by vertical angles only.

1 Jdentical with a tertiary station of the U. 8. Geological Survey.
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Latitude Sec- Back Lo
Station. longgl do. (;;1&50 lrlsl Azimuth. azimuth. To station, Distance., rithm.,
Supplementary points—Continued. e e+ Melers
42 02 gg ssl)s 13?1.9 12 :3(2) 2; }g ;93 gg gg. gg I(\:Ihug}vlvater ...................... 27736.64 | 4.4430538
. 104 57 26.898 | 618.6 | 88 50 47.50 | 26! .55 1 NOtCh. .o ee it i aiaeiinennss 30812.33 | 4, 4887246
Wheatland standpipe, 1912........... { 159 26 06.16 | 339 19 31.86 | Coleman . .....oomovrenononiill 3823268 | 4. 5824348
218 55 31.77 | 39 08 32.17 | Haystack. ... .......eveunnnn.. 42333.06 | 4.6266796
42 46 48.822 | 1506.5 | 59 18 47.09 | 239 00 54.90 | Rawhide,.......coocveennnno.... 41934.33 | 4.6225697
Nebms“ta'wy°m.m§9’f°undary mon- {104 03 09.368 | 2120 | 78 26 41.82 | 258 01 48.48 | WilloWewrronroomoneemeenennnes 51135.87 | 47087257
ument eccentric, 1912. 156 54 04.68 | 336 52 08.09 | Kirtloy...u.eeeeereeneenneannn.. 9926.49 | 3.9967957
Nebraska-Wyoming boundary mon- 42 46 48.332 | 1491.3 | 142 35 50 322 35 50 Nebraska-Wyoming boundary 19.052| 1.27994
ument 123, 1912. 104 03 08.859 | 201.4 monument eccentric.
43 01 44,498 | 1373.3 | 161 39 06.12 | 341 27 40.02 | Alkali........................... 71193.08 | 4.8524378
BlUuff, 1912, 00ee e ceveeeccaiaaannnns 104 12 31.590 | 715.2 | 225 30 51.08 | 45 52 08.38 | Parker...................o.ooo. 58841.43 | 4.7696832
334 23 28.75 | 154 27 54.92 | Kirtley.......coooemmviin ... 20519.31 | 4.3121628
South Dakota-Nebraska boundary { 00 06.456 | 199.2 | 27 43 49.60 | 207 39 45.45 Klrtley .......................... 17487.61 | 4.2427305
monument eccentric, 1912. 104 00 02 469 55.9 { 100 10 59.03 § 280 02 27.98 | Bluff.........c.oooiiiuiiina... 17231. 71 | 4.2363285
South Dakota-Nebraska boundary { 43 00 06.539 | 201.8 5 56 44 185 56 44 South Dakota-Nebraska bound- 2.572| 0.41027
monument, 1912. 104 00 02.457 55.6 ary monument eccentric.
South Dakota-Wyoming boundary { 43 03 30.992 | 056.5 | 10 06 12.02 | 190 04 15.44 | Kirtley..........cooeeeee oo . 22137.84 | 4.3451353
monument, 1912. 104 03 09.845 | 222.8 | 7533 42.76 | 255 27 19.34 | Bluff........................ ... 13132.82 | 4.1183579
. 42 46 29.82 | 920.1 | 232 10 53 52 16 13 Manville........................ 13527.2 | 4.131208
Jireh College, cupola,! 1912 ........... \104 42 34.38 | 7816 (3391034 | 1501226 | WIOWaurnroomoomoomoonooninl 10524.7 | 4.022208
Manville, C. & N. W. Ry. water { 42 46 54.90 | 1694.0 | 201 12 03 21 13 30 Manville...............o........ 8058.3 | 3.906245
tank,? 1912. 104 36 52.11 | 1184.5 | 20 53 39 200 51 38 WilloW,eueooomeeieaaiaaas, c...1 113576 | 4.055288
Manville Congregational  Church { 42 46 45.09 | 1301.3 | 21 24 59 201 22 58 WiloW. oo oiiiii i 11072.8 | 4.044256
steeple,? 1912, 104 36 52.44 | 1192.0 | 200 29 51 20 31 18 Manville. .........cceeuenein.... 8343.8 | 3.921363
. 43 35 33.447 | 1032.2 | 210 29 32 30 29 32 Sullivan...........ccooeeeiin.... 4,53 | 0.65610
Sullivan (U. 8. G.8.)eeeeeiinennnn.. {104 B A | 19322
; 43 38 12.066 | 372.4 [ 200 14 01 20 14 01 Alkall,o...o..oioiieil. 28.64 | 1. 45097
ATkl (U, 8. G 8.)ueenenennannenenn {104 e sl
43 43 41.826 | 1290.8 | 10 20 15 190 20 15 07| PN 1.035| 0.01494
Elk (U, 8. G 8.)eeeemincnenennnnnn. {104 03 oy, 528 | 1290.8
Crows Nost (U. 8. G 8.)vevenvnen.. {133 g:; }g %? gg? (1) 257 56 77 56 CrOW.aeee s eeie e aneeaaaaaaanns 2.016 0.30449
. 44 28 34.364 | 1060.7 | 118 16 24.4 | 298 16 05.6 | Sundance. 673.5 | 2.828328
Bear Lodge Mountain, highest peak, {104 2635082 | 705.2 | 205 24 57.6 | 2540 04.4 | Wymonkot 657270 | 4.817744
1912. 232 30 49.3 | 53 12 36,5 | Castle..... -1 08200.2 | 4.992510
44 14 39.77 | 1227.6 | 139 08 30.4 | 319 04 17.8 | Terry. ..| 12257.6 | 4.088407
Peak, south of Terry, 21912............. {103 440408 | 90.5 19433202 | 14 45185 { Castle. 1 87966.2 | 4.944316
45 00 36.784 | 1135.6 | 111 1 291 1 Castle. . cuuri e eenns 3.92 | 0.59329
Castle Rock (U. 8. G 8.)uveeernnnnn.. {105 O Ty | g 1110 0
45 03 46.269 | 1428.4 | 200 01.5 {181 59 54.9 | Castle....... 5851,6 | 3.767272
Haystack Butte, highest point, 1912.,{103 27 05.071 | 111.0 | 83 30 15.5 | 263 03 20.4 | Wymonkota 50312.2 | 4.701673
146 43 00.7 | 326 31 48.8 | Moreau........ .| 37560.8 | 4.574735
' 45 00 01.63 50.3 | 925832.2 [ 27246 54.5 | Castle..eeeiieiiiiiiiiiiiieaians 21635.8 335173
East Deer Ear Butte,? 1912........... {10390 9758 | 10304 | 132 32 25,3 | 513 00 90,0 | Movewri.. 1 I 568535 | 4.754757
44 50 55.20 | 1703.8 | 9333 39.1 {273 2213.9 | Castlec..oueeniviiinmnnaaiiiin 21260.4 | 4.327571
West Deor Ear Butte,? 1012........... {103 110542 | 118.7 | 132 56 57.7 | 312 34 25.6 | Moreatleeee.vewnreomnooomrronnss 36703.8 | 4753612
Montana, southeast corner eccentric, |{ 44 59 49.837 | 1538.3 | 347 28 17.6 | 167 87 01.9 | Terry......o.coevevennnniiannn. 76180.3 | 4.8818425
1012, 104 02 31.798 | 696.5 | 29 29 12.9 | 209 11 57.5 | Sundance........... R, 66047.1 | 4.8198540
Montana, southeast cormer mont- { 44 59 53,739 | 1658.8 | 63 40 49.9 | 243 40 42.0 | Montana, southeast corner ec- 271.066 | 2.434026
ment, 1912 104 02 20.681 | 453.0 centric.
Wyoming, northeast corner eccentric, |f 44 59 50.117 | 1824.8 | 346 45 45.3 | 166 55 02.4 | TeITY.ceeveiiriinvmanae... T6087.7 | 4,8847255
io12. 104 03 18.515 | 405.5 | 28 34 45.8 | 208 18 03.2 | Sundance....................... 65801.0 | 4.8182325
Wyoming, northeast corner monu- { 44 59 51.995 1605.0 | 215 18 11.2 3518 16.2 | Wyoming, northeast corner ec- 269.41 | 2.430414
ment, 1912, 104 03 25.623 | 561.3 centric.
North Dakota-South Dakota, mile- [ 45 56 49.625 | 1532.1 { 193 08 21.6 | 13 12 08.7 | Butt®...oooooceeieeiaaan . ... 29731.01 { 4.4732098
post 333 eccentric, 1912. 103 28 33.658 | 724.9 | 6837 01.3 | 248 29 12.0 | Table....ooeeeieeeeninann oo, 15124.01 | 4.1796671
North Dakota-South Dakota, mile- |f 45 56 43.386 | 1339.4 | 126 12 35.5 | 306 12 26.7 | North Dakota-South Dakota 326.07 | 2.513315
post 333, 1912. 103 28 21.443 | 461.9 milepost 333 eccentric.
45 55 26.182 | 808.3 | 7718326 257 11 17.6 | Mable...ceiueeeiaeaainn oo, .. 13383.3 | 4.126562
Eagles Nest Butte, cairn,21012....... {103 29 21.280 | 458.5 | 201 42 31.6 | 21 43 05.8 | North Dakota-South Dakota | 2773.0 3442056
milopost 333 eccontric

1 No check on this position.

2 Checked by vertical angles only.
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One hundred and fourth meridian—Continued.

Latitude Sec-
s : ; Back - 5 Loga-
Station. lon?i]t?l do. g;le%s erI;l Azimuth. azimuth. To station. Distance. rithm.
Supplementary points—Continued. | © o e e Meters.,
: 4610 57.962 | 1768.1 | 171 49 20.59 | 351 47 23.88 | BIACK. ... .eueenenenananans 24250.44 | 4.3847197
103 24 10.452 | 224.2 | 201 53 12.72 | 21 53 50.29 | Butte...... 111111110 2993, 58 | 3. 4761909
Bowman water tank, 1912 ........... 262 18 43,05 | 82 38 00.01 | Whetstone.__........... 34663.33 } 4..5398702
395 10 48.82 | 145 24 53.68 | Lodge............c..eonns - 44363.02 | 4. 6470211
31 57 28.41 | 211 46 28.71 | Table. ... .. oo iiiiieeennnns 37327.97 | 4. 5720262
Bowman longitude, 1912.............. lég ég ﬂg?g lggg
. 46 10 20.683 | 638.6 | 108 08 51.6 | 288 02 09.2 | BUtte.........eueeueeiiannannnn 12581.71 | 4.0997397
Butfalo Springs, 1012...........00-- {103 14 00606 | 14.9 | 254 59 20,9 | 75 11 17.7 |, WHOLStOR6. - onmsemomnnsnnsons 22035.78 | 4.3431284
Sentinel Butte schoolhouse flagpole,! |f 46 55 04.277 | 132.1 | 218 28 00.6 38290471 | HUMP.oeuioiri i eoeiiaaiannns 4957.0 | 3.695219
1912. 103 50 19.054 | 403.2 | 356 30 40.9 | 176 30 51.3 | Sentimel........onvmononrroenonss 5176.0 | 3.713904
. 46 54 40.726 | 1535.4 | 254 18 28.8 | 74 27 23.7 | HUMD.evenenenenneainannannns 16082.5 | 4.206354
Beach Catholic church, cross, ! 1912... {104 00 05.435 | 115.0 | 200 17 48.3 | 110 25 07.0 | Sentinel.... . ... 110111100 13561.9 | 4.132320
Schoolhouse north of Hump, chim- { 47 01 23.379 | 7219 18505 [184 18311 | Hump....oooooivieiiiniiiinnnns 78487 | 3.804707
ney, ! 1912. 103 47 25.308 | 534.5] 1119 16.9 [ 101 17 20.4 | Sentinel...... . . T..l.l10l00l0 17208.0 | 4.235730
North Dakota-Montana boundary |f 47 12 42.065 | 1209.1 | 326 54 36.05 | 347 05 25,00 | FUMD. .. ... o eeuerernaennnns 34322.2 | 4.5355757
monument eccentric, 1912, 104 02 39.376 | 828.5 { 118 04 30,63 | 207 59 06.78 | BIUE....o0.vmmnrmssnsssmnannaas 10512.3 | 4.0216980
North Dakota-Montana boundary |f 47 12 41.959 | 1295.8 | 179 39 41 359 39 41 North Dakota-Montana bound- 3.28 | 0.51587
monument, 1912. 104 02 39.375 | 828.5 ary monument eccentric.
Section 7, T. 143 N., R. 105 W, south- |f 47 12 40,981 | 1265.6 | 180 07 38 00738 | North Dakota-Montana bound- |  33.48 | 1.52479
west corner. 104 02 39.380 | 828.7 ary monument eccentric.
Section 22, T. 17 N., R. 60 E., south- [f 47 12 33.603 | 1037.8 | 180 08 56 00856 | North Dakota-Montana bound- | 261,31 | 2.417156
east corner. 104 02 30.408 | 820.3 ary monument eccentrie.
. 47 42 43.961 | 1357.7 | 265 14 85 14 LOVOriDg. eeeeeivrnrnnennanns 2.88 | 0.45039
Lovering (U. 8. G. 8.)cuuuremenennn.. {104 oo |t
; 48 01 49.033 | 1514.6 | 349 45 40.22 | 169 46 18.66 | FOITY .. oenemeneneenirnennennns 6034.53 | 3.7808436
Bench mark 132 (Mo. River Com.)...-1104 05 18270 | 378.6 | 57 37 05.53 | 237 33 38,89 | Cutoff.... ... 1 J111111111II 6824,39 | 3. 8340638
. 48 03 39.440 | 1218.3 | 10 50 19.99 | 199 48 48.55 | CUtof........oeuieureninennnnnnn 7513.15 | 3.8758293
Bench mark 132 (Mo. River Com.)..... {104 07 53.275 | 1103.1 | 123 37 51.17 | 303 33 22.23 | Lanark.....ooomvmmneomeeinens 8980, 07 | 3. 9532798
Bench mark 332 (Mo, River Com.).... {132 % 1. a7 315.6 760804 | 2560801 | MondaK........ooueeneniiiins 96.89 | 1.08628
48 01 02.300 | 71.0{ 214 20 55.0 | 34 21 32.0 1898.2 | 3.262027
Steihl’s house, chimney, 1912......... 104 04 00,418 | 87| 65220.0 (186 52 00.6 4527.7 | 3.655873
73 10 33.6 (253 15 09.1 7700.9 | 3.886544
. 1f48 02 17.694 | 546.5 | 346 1216.3 | 166 13 16.3 7026.2 | 3.846720
Snowden water tank,! 1912........... {104 05 47,337 | 080.6 | 126 39 11.6 | 306 33 09.0 12567.4 | 4009246
; . : 48 08 12.190 | 376.5 | 196 02 56.6 | 16 05 22.5 14609 | 4.164410
B‘s‘p‘”i;’e“}"mfzath°“° Church, highest [{,d3 08 12190 | 30021 08 91 5.2 | 26 43 5.0 7337.6 | 3. 865551
td .
: 4815 21.313 | 658.3 | 800 02 47 | 120 03 00 447.70 | 2, 650087
Section 13, T\ 155 N., R. 102 W, north-
O o nee. > : {103 45 16.617 | 342.8
48 26 44,321 | 1369.0 | 200 03 24 200325 | Gladys..ecsceieeiniieeannnnns 36.61 | 1.56360
Section 4, T. 157 N., R. 102 W., south-
O e , {103 53 04.372 | 80.8 _
48 24 53.802 | 1661.9 | 136 53 56,7 {316 51 50.2 | GIAAYS...uureuueenneennrrannennn 4793.8 | 3.674287
Bonetraill schoolhouse, belfry, 1912...14103 50 26.702 | 549.0 %g; :;g 832 1;&7) gg :;,gg . 2 gg;g’;g
48 54 47.587 | 1469.9 | 125 06 13.4 | 304 57 48,6 | BOWIe.erenrrerneenseenennannnn 16630.1 | 4.220895
Bilby (U. 8. and Canada boundary ||103 32 50.957 | 1037.5 | 130 18 54.6 | 310 15.46.0 6678.1 | 3.824650
survey), 1912. ) 207 43 56.3 | 27 46 43.1 9660.5 | 3.984099
26920 23.4 | 89 21 5L.7 2383.5 | 3.377214
|f 48 53 27.806 | 858.9 | 155 14 51.3 | 335 11 25.8 13290.4 | 4.121539
Jasper (U. 8. and Canada boundary 108 39 27787 | 506.0 | 23 43 259 | 4 51 ive | 16716.5 | 4.223145
survey), 1912, 252 59 58.6 | 73 04 57.6 8449.2 | 3.026818
48 57 11.468 | 354.2 | 2014 38.8 | 200 13 07.2 5062.4 | 3.704360
Ambrose Presbyterian Church stee- ||103 28 52.441 | 1066.9 | 89 19 23.0 | 269 13 14.4 | 0045.5 | 3.997625
ple. 1812, 105 32 35.3 | 285 21 10.4 1 19154.0 | 4. 282959
175 04 31.6 | 355 04 18.6 4110.5 | 3.614845

1 Checked by vertical angles only.
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Latitude Sec- Back L
Station. and ondsin| Azimuth. r To station. Distance,| 088
longitude. |meters. azimuth. rithm.

Principal points. e A Meters, | -
38 46 01519 | 46.8 | 201 13 23.16 | 21 18 21.15 | McLane....uononemneniienennnn.. 31530.12 | ‘4. 4987257
Arapahoe, 1801, ...........oceuenen... 102 05 43.882 | 1050.4 | 225 50 04.46 | 46 11 40,31 | Turtle. . . ...ooonvrmvrnemnenon, 40747.11 | 4. 6100068
_ 253 1217.04 | 73 24 03.41 | Curlew.. . 10000l 28396. 26 | 4. 4532612
39 01 44.752 | 1380.1 | 260 13 17.61 | 89 24 05.78 | MCLaN6... .. oevrrvrnernnnnnn.. 24759.27 | 4.3937378
Monotony, 1892, . ...o.coeuenenenennn. 102 14 58.626 | 14102 | 297 10 24.65 | 117 28 O1. 65 | CUTIBW. -~ voomomomononononns 45506. 54 | 4.6589319
335 16 03.18 | 155 21 51.53 | Arapahoo. .. .o.ooooomimemenenn, 32010, 98 | 4. 5052989
38 57 03.550 | 109.7 | 236 23 24.28 | 56 20 05.96 | MONOtONYeer-evnennsnennennsn... 15684.55 | 4.1954719
Cheyenne Wells, 1892................. {102 24 01683 | 40.5 | 307 32 45.61 | 127 44 14.39 | Arapahoe. ... ... .11 33427.32 | 4. 5241016
38 47 42,811 | 1320.2 | 216 36 11.70 | 36 41 46.63 | Cheyenne Wells................. 21552, 31 | 4.3334039
TSt Viow, 1802+ .« oomnennenenannnn. 102 32 55.360 | 1336.0 | 224 53 00.40 | 45 04 16.73 | MOROLONYnv. v nvmroneenonens 36702, 02 | 4. 5646899
274 23 34.75 | 94 40 36.62 | Arapahod. - oonooononoen, 39503.36 | 4. 5066341
38 56 52.445 | 1617.3 | 252 46 51.94 | 72 50 37.20 | MONOtORY..evvesneneneenn .. 30633.15 | 4.4861917
Landsman, 1802........cuereeruennsn. 102 35 15.085 | 363.2 | 268 43 49.68 | 88 50 53.00 | Cheyenno Wells........oooomen.. 16210, 55 | 4. 2100388
348 44 50.91 | 168 46 18.60 | Tirst VIew........oovoeomrorenss 17280.17 | 4. 2875479
. 38 42 07.623 | 235.1 | 220 49 17.49 | 40 50 31.89 | Landsman...................... 36101.18 | 4. 5575214
Kit Carson, 188l.........conomnnnnnne {102 51 35.083 | 847.7 | 248 59 00.89 | 69 10 41.73 | First View......... -1 28947.57 | 4. 4616121
38 58 40.110 | 1237.0 | 277 50 07.94 | 98 00 31.08 | Landsman. ... ... .| 24088.66 | 4.3818126
Bureka, 1881 .. .oooooeeeaenennennsn. 102 51 46.039 | 1108.7 | 306 32 20.34 | 126 44 10.16 | First View . | 33963.08 | 4.5310070
359 30 12.57 | 179 30 19,45 | Kit Carson. .| 30605.63 | 4. 4858014
A 1881 { 38 48 10.006 | 308.5 | 234 51 24.77 | 55 03 26.50 | Eureka. ... . 3383918 | 4.5204108
roys, 1881, .. oo 103 10 55.610 | 1341.9 | 201 38 19.34 | 111 50 25.78 | Kit Carson...................... 30160.10 | 4. 4795624
30 02 20.344 | 627.4 | 284 10 31.14 | 104 22 09.55 | Eurcka. ... .. e, 2754764 | 4.4400844
Overland, 1881, . .ouvneneinnnnnan.t.. 103 10 15.645 | 370.3 | 324 03 32,14 | 144 15 15,86 | Kit CArSOm-omvmmomoeo oo 46132, 24 | 4. 6640046
2 06 22.47 | 182 05 57.86 | ATOY8. ... .onoononsonioooons 26239. 18 | 4. 4189503
Hugo, 1580 . { 30 04 33.113 | 10212 | 277 45 10.33 | 97 58 07. 46 20936. 01 | 4. 4761939
50, 1880, . one 103 30 48.995 | 1177.7 | 316 25 21.51 | 136 37 51.55 41774.60 | 4.6209123
38 40 40.853 | 1250.8 | 184 35 08.04 | 4 36 40.53 44308.31 | 4. 6464851
Adobe, 1881, .. ..o 103 33 16.360 | 395.5 | 219 35 57.43 | 30 50 23.69 | 52005.98 ) 4. 7168042
246 43 34.10 | 66 57 33.13 35218. 28 | 4. 5467681
38 51 08.351 | 257.5 | 227 38 5191 | 47 50 45.42 | TIUEOw - ennenemnenainaaanan... 36906. 45 | 4. 5671023
Square Bluffs, 1880................... 103 49 43.645 | 1052.4 | 308 58 58.77 | 120 00 16,94 | AdODO. -~ oomromsormnsroeeens 30700.94 | 4. 4871516
Holt. 1880 ’ 3002 20.990 | 647.5 | 263 50 1225 | 84 16 30.80 | HUZO- - cneenenseneeaanaannn.. 30842. 50 | 4.6003466
3 1880, oo 103 58 17.376 | 417.9 | 320 08 28.63 | 149 13 51.55 | Square Bluffs. ... .11 24151, 46 | 4. 3829433
38 35 36.137 | 1114.3 | 197 16 18.69 | 17 20 10.50 | Square Bluffs_.................. 30108.03 | 4. 4786823
Cramer Gulch, 1880.................. {103 55 54.360 | 1315.6 | 253 55 05.62 | 74 00 13.51 | AdODG. v vmmreooemneoneomeeoens 34162.64 | 4. 5335514
. 38 45 06.471 | 199.5 | 253 00 32.12 | 73 16 28.40 | Square Bluffs. . ................. 38478.04 | 4.5852130
Big Springs, 1880.............coeennie {104 15 09707 | 234.4 | 302 05 50.30 | 122 17 52.24 | Cramer Guloh. .. .oonomomoonss 33004. 99 | 4. 5185706
30 00 08.200 | 252.0 | 262 05 24.21 | 82 18 26.48 | Holb. ... oooeeeeneeneenenoo... 30168.27 | 4. 4795504
Holcolm Hills, 1880. ... .............. 104 18 59,830 | 1439.7 | 201 19 38.13 | 111 38 01.61 | Square Bluffs ‘| 45460.73 | 4. 6576364
: 348 41 52.39 | 168 44 16.83 | Big SPrinES. ....oeomvmrimeononns 28353. 95 | 4. 4526136
Divide, 1879, e eneeoeeeeaanenn. 39 04 15.307 | 472.0 | 204 08 37.34 | 114 16 01,23 | Holcolm Hills........cceeeenn... 18585.24 | 4. 2091681
{104 30 44,631 | 1072.9 | 327 28 05.73 | 147 37 52.97 | Big SPrings.........covevmenons 41981, 08 | 4. 6230536
38 52 11.680 | 360.2 { 197 19 46.26 | 17 22 48.45 | DIvide.....ceeeeueneraenennennn. 23378.60 | 4.3688201
Corral Bluffs, 1879..._................ 104 35 34.310 | 827.2 | 238 23 05.31 | 58 33 30.29 | Holeolm Hills | 28100.32 | 4.4487113
< 203 49 24.17 | 114 02 11.69 | Big Springs...............0000 32325.13 | 4.5005403
3807 22,331 | G886 | 4057 08.07 | 220 2 11.90 %om(xil BIUS. e ieevnenennanans }348;333 4 igzgg}

104 27 41.954 | 1010.2 | 160 58 32.80 | 340 56 37. Ve ... oo : . .
El Paso east base, 1879............... 247 48 32.32 | 67 54 00.75 | Holcolm Hills 13568, 80 | 4.1325413
321 17 46.63 | 141 25 38.54 | Big Springs........c.onvoveuinss 20050.07 | 4. 4631471
3858 43.188 | 1331.9 | 212 48 00.30 | 32 51 02. 2 Iﬁixlrid?.,.}.{ s laigree | 4. gs;ggg%

35 10.202 | 464.4 | 263 34 07.03 | 83 44 23, olcolm Hills : 78 | 4.
El Paso west base, 1870............... 282 43'12.96 | 102 47 59.87 | El Paso oast base......... - 11288.98 | 4.0526549
143 03.62 | 181 42 54.18 | Corral BIUfIS .. eeenoenenennensn. 12078.20 | 4.0820023
P { 3823 32,404 | 999.2 | 176 25 50.15 | 356 24 83.57 | Corral BIUffS.....nvueueenennnnn. 53117.55 | 4.7250380
lateau, 1804........ovvmmienniennnns 104 33 17.232 | 418.2 | 213 19 18.60 | 33 30 36.67 | Big SPriNES- - ceveueeeneencnnnnns 47804.45 | 4.6794683
38 50 26.293 | 810.8 | 240 47 65.04 | 61 07 57.56 | Divido......oeoureueenienii.., 52672.80 | 4.7215864
Pikes Peak, 1895, . ouensivenrnenennns 105 02 37.268 | 898.8 | 277 55 08.54 | 98 24 52.70 | Big SPLINES. ... .vnooeenrrnonss 60422.24 | 48414986
319 17 43.98 | 139 36 02.44 | Plateal.........oovemeonnoons 65494, 52 | 48162049
' 30 14 18.521 | 571.2 | 282 00 5185 | 102 38 10.61 | Divide.........ceuuenen.. .| 87140.73 | 4.9402212
Bison, 1804......oonuiiiiiees 105 29 50,196 | 1203.8 | 318 12 49.14 | 138 29 57.66 | Pikes Peak 59100.81 | 4. 7715034
38 25 22.175 | 683.8 | 214 30 19.73 | 5 06 40.72 | BisoR..eo.oeeennnn.. 110376.78 | 5.0428777
Mount Ouray, 1894....ceravuenrneanns 106 13 27.238 | 660.8 | 245 20 54.82 | 66 05 08.20 | Pikes Peak 112774.26 | 5. 0522100
270 48 39.57 | 91 50 53.46 | Plateau. ... 145857.21 | 5.1639279
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Thirty-ninth parallel—Continued.

Latitude Sec- Back Lo
Station. and ondsin| Azimuth. by To station. Distance. | 088
longitude.- |meters. azimuth. rithm,
incipal points—Continued. e o e o e o . Meters,
Principal p 39 07 04.307 | 135.6 1260 24 53.98 | 81 00 48. gg Iggls{on.P...l.( .................... lggggg. 1 | 4018801
Elbert, 1804, ce.onenenenennnns 106 26 41.374 | 994.0 (283 47 00. 39 53. ikes Peak..........ooooomeons .23 | 5.0977889
Mount Elbe 345 58 38,02 |166 06 55.32 | Motunt OULRY oonvvvrsrmnnrrss 79503.96 | 4. 9003888
. 39 00 51.931 | 1601.5 (258 10 05.49 | 78 43 48.60 | Mount Elbert................. 57730.16 | 4.7614008
Treasury Mountain, 1893...........--- 107 05 54.688 | 1315.7 (310 32 32.57 |131 05 21.33 | Mount Ouray................. £ 100470.74 | 5.0020396
3804 18.385 | 566.9 |19 43 02.40 | 16 50 36.73 | Treasury Mountain............ 100320.81 | 5.0387028
Uncompahgre, 1895..ceeeememernennne. 107 27 41.694 | 1016.3 (217 01 13.82 { 37 39 17.29 | Mount Elbert.... 146050.03 | 5.1645017
249 49 54.07 | 70 35 51.71 | Mount Ouray................. 11511074 | 5.0611159
. 38 32 21.444 | 661.2 [253 25 16.87 | 74 45 16.88 | Treasury Mountain............| 102357.96 | 5.2841102
Mount Waas, 1893..............coenee 100 13 38.302 | 927.6 (288 01 25.71 |109 07 06.11 | Uncompahgre................. 162028.01 | 5.2119958
30 32 23.946 | 738.5 [288 55 11.50 |110 07 37.58 | Treasury Mountain............| 17457112 | 52419724
Tavaputs, 1891« «.uneenerneennennnnn. 109 00 19.148 | 457.2 |320 04 0450|141 02 07.68 | Uncompahgre......... 0o, 211051.71 | 5.3243889
953 07.92 (189 44 44.55 | Mount Waas.................. 112741, 40 | 5. 0520834
39 30 08.566 | 264.2 (267 27 41.99 [ 88 17 44.93 | TavVAPULS. . ....oeueuernarnnn.. 112789.12 | 5.0522672
Patmos Head, 18%0........ocovvnnen. {110 18 57.933 | 1384.2 (318 14 45.83 [138 55 53.77 | Mount Waas.................. 14255311 | 5.1539767
38 07 17.115 | 527.7 [195 36 02.45 | 15 54 46.15 | Patmos Head ...| 150283.92 | 5.2021719
Mount Ellen, 1891, ........occoenenn.. 110 48 50.657 | 1233.9 [251 01 26.17 | 72 00 29.10 | Mount Waas. -} 146290. 84 | 5.1652171
270 02 19.86 | 92 06 27.60 | Uncompahgre.. -| 204113.72 | 5. 4685153
h. 1890 39 06 54.362 | 1676.5 (245 58 14.12 | 66 41 27.72 | Patmos Head . ................ 107094. 46 | 5.0207670
Wasateh, 1890.....connineininnnnneen 111 27 11.915 | 286.3 (333 01 08.65 [153 25 05.00 | Mount Ellen.................. 123556.70 | 5.0918663
har. 1885 38 25 10.313 | 318.0 {226 52 38.43 | 47 28 39.41 | Wasatch.....o..ovooeennon... 113592.30 | 5.0553489
Tushar. 1885 .cecervenniancninenenes 112 24 42,963 | 1042.3 |282 49 05.13 [103 48 28.12 | Mount Ellen........cc.c...... 143690. 56 | 5.1574282
. 39 48 30,113 | 1206.2 (284 55 40.19 {105 51 10.96 | Patmos Head.......ceuen..... 120044, 46 | 5.1107394
Mount Nebo, 1887.............."c.... 111 45 56.918 | 1354.0 |340 42 14.83 (160 54 09.87 | Wasatoh.......o...vuvnonoonss 81793.11 | 4.9127167
20 05 35,64 (199 41 11.07 | TashaTe.......ooemenimomnnoins 164256.10 | 5. 2155215
h. 1880 { 39 49 42.450 | 1309.5 | 269 55 03.058 | 9117 47.585 | Mount Nebo . ......ouonen..... 181375.27 | 5.26570268
Tbepah, 1889.....-cvumeuomeenennneene 113 55 08.033 | 212.4 | 319 43 03.139 | 140 40 07.310 | Tushar................... 0000 203594.15 | 5.30876528
38 59 09.868 | 304.3 [ 109 4932.781 | 2004 33.597 ( Ibepate.e.eeeuerecnenennnn.... 99493, 31 | 4.99779388
Wheeler Peak, 1882..........ceueen.. 114 18 47.882 | 1152.5 | 246 32 42.518 | 68 09 44.147 { Mount Nebo.................. 237760.00 | 5.3761554
29013 19867 | 111 24 40.155 | TUSBATwve.enenonsnoneorrenonss 176948.00 | 5. 24784363
41 01 17.240 | 531.9 | 303 40 16.608 | 125 10 11.068 | Mount Nebo . ................ 237770.57 | 5.37615810
Pilot Peak, 1887, . emeenrmaenanans. 114 04 36.286 | 847.8 | 354 11 01.225 | 17417 09.146 | Ibepah._......ooovuovmenoonnon 133144.56 | 5.12432341
51102157 | 185 01 54.631 | Wheeler Deak................. 226894.56 | 5. 3558241
4112 00.762 | 23.5 | 356 19 41.727 | 176 24 12.048 | Mount Nebo. ................. 154587.31 | 5.18017385
Ogden Peak, 1884...0c.cvuenrnennnn. 111 52 53.072 | 1236.6 | 49 1512.481 | 227 55 46.194 | Ibepah..................... .. 230266. 11 | 5. 36223002
84 34 40.827 | 263 08 03.958 | Pilot Peal . ................... 185460.68 | 5. 26825184
40 27 35.301 | 1088.9 | 5757 42.014 | 23707 39.870 | Tbepah.......ccurerunrrunnnn.. 130623.69 | 5.11602105
Deserot. 1857 112 37 32.551 | 767.0 | 117 26 33.114 | 296 20 43.774 | Pilot Peak. ...oomvmmrmonon. 137517.73 | 5. 13835869
OSBIBL, 1857 evcvrerernrennranrinannns 21707 21.356 | 37 36 33.296 | Ogden Peak................... 103450.29 | 6. 01473172
314 14 12199 | 134 47 27.684 | Mount Nebo. ................. 102774.99 | 5.01188745
41 17 53.690 | 1656.4 | 283 24 00.525 | 103 45 17.134 | Ogden Peak................_.. 46376.98 | 4.6663025
Promontory, 1892. «..eueneeeneeensn.. 112 25 09.269 | 215.6 | 1039 17.631 | 190 31 11164 | Deseret........................ 94721.14 | 4.9764469
7805 12.534 | 256 50 45.105 | Pilot Peak.................... 142473.74 | 5.1537348
40 57 44.374 | 1368.9 | 31 59 11.068 | 211 43 07.688 | Deseret..........cooueueeeen... 65606. 11 | 4. 8175396
Antelope. 1892 112 12 55.547 | 1209.0 | 93 00 39.452 | 271 47 23.869 | Pilot PEak . ..nvovmrmooernns. 156760. 16 | 5. 1952357
Dielope, 1890.ccervnuceennncnrinennns i 155 25 23.294 | 335 17 20.670 | Promontory................... 41043.97 | 4.6132494
226 37 33°405 | 46 50 43.679 | Ogden Peak. ... ... 1 111100 38545, 88 | 4. 5850779
40 54 26.002 | 802.1| 5145 52.408 | 231 16 57.041 | Deseret..............co..oon... 70851. 41 | 4.9022826
Waddou, 1892 111 53 10.499 | 245.7 | 102 33 17.323 | 282 20 20.879 | ADtelope. ..o.o.wommonrnonons.. 28390.93 | 4. 4531796
8ddoup, 1890uceeecncericirireeanens 134 17 53.010 | 313 56 51.578 | Promontory................... 62373.68 | 4.7950014
180 42 54.072 | 043 05.518 | Ogden Peak................... 32539.90 | 4. 5124162
41 02 18.559 | 572.5.| 630523.746 | 242 5737.264 | Antelope................. 18646.39 | 4.2705948
Salt Lake southeast base, 1896........ 112 01 04.516 ; 105.5 | 212 30 28.051 | 32 35 51.240 %{den Peak 21307. 53 | 4.3285331
302 42 40.691 | 142 47 51.505 | Waddoup............. ..., 18312.03 | 4. 2627366
4106 38.431 1%3(5).3 28 06 g7.2§0 zog 02 00.309 %ntelopg... 183(7)2. 3 3.2711528
112 06 39. .9 | 128 57 24.386 | 308 45 13.306 | Promontory 33204.43 | 45211960
Salt Lake northwest base, 1896....... 242 37 43.650 | 62 46 47.505 | Ogden Peak.......... 21683.04 | 4.3361203
315 40 56.625 | 135 44 36.702 | Salt Lake southeast bas 11198.677| 4.0491667
Pioche. 1883 { 37 59 10.901 | 336.1 | 168 26 34.995 | 348 16 48.081 | Wheeler Peak . 113300. 72 | 5.05423265
10C0e, 1833, - vnverineeioeinaienes 114 03 04.823 | 117.7 | 250 58 56.0