\

~N Q
¥ W

-

DEPARTMENT OF COMMERCE .U3S
U.S. COAST AND GEODETIC SURVEY V10138
E. LESTER JONES, DIRECTOR / ? Z_?

MANUAL OF
TRIANGULATION COMPUTATION
AND ADJUSTMENT

BY

WALTER F. REYNOLDS

Mathematician

Special Publication No. 138

PRICE 50 CENTS
Sold only by the Superintendent of Documents, U. 8. Government Printing Office

‘Washington, D. C.

UNITED STATES
GOVERNMENT PRINTING OFFI
WASHINGTON
1928




National Oceanic and Atmospheric Administration

ERRATA NOTICE

One or more conditions of the original document may affect the quality of the image, such
as:

Discolored pages
Faded or light ink
Binding intrudes into the text

This has been a co-operative project between the NOAA Central Library and the Climate
Database Modernization Program, National Climate Data Center (NCDC). To view the
original document, please contact the NOAA Central Library in Silver Spring, MD at
(301) 713-2607 x124 or www.reference@nodc.noaa.gov.

LASON

Imaging Contractor

12200 Kiln Court
Beltsville, MD 20704-1387
January 1, 2006



FOREWORD

The purpose of this publication is to explain the methods used in
the United States Coast and Geodetic Survey in the computation
and adjustment of triangulation. It will not only serve as a guide
to the younger mathematician just learning to make triangulation
computations but will tend to standardize the methods of computa-
tion and adjustment of triangulation so that greater efficiency and
economy will result.

Beginning on page 215 will be found a number of suggestions and
general rules which have been formulated as the result of many years
of experience in the adjustment of triangulation. Those just starting
work on such computations will find it helpful to study these rules
and suggestions before attempting to study the volume as a whole.

Acknowledgment is gratefully made to C. H. Swick, Dr. O. 8.
Adams, mathematicians, and O. P. Sutherland, associate mathemati-
cian, of the division of geodesy of this bureau, and to R. N. Ashmun,
mathematician of the International Boundary Commission, who
have carefully reviewed the entire manuscript and offered many
valuable suggestions,
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MANUAL OF TRIANGULATION COMPUTATION
AND ADJUSTMENT

By Wavrter F. RevNoLps, Mathematician, United States Coast and Geodelic
Survey

GENERAL STATEMENT

For many years most of the computations and adjustments of
triangulation in the United States Coast and Geodetic Survey have
been more or less standardized, but, as there have been no printed
instructions for the work, the standard methods have not been used
as consistently as is desirable. This publication, giving the methods
of computation resulting from years of experience by the various
mathematicians, will tend to more consistency and thus to greater
accuracy and speed.

The theory of least squares as applied to the adjustment of tri-
angulation is not covered in this publication, since that is fully
treated in Special Publication No. 28, Application of the Theory of
Least Squares to the Adjustment of Triangulation. Instead, there
is shown, step by step, how the computation of the triangulation is
carried on from the time the field observations are received in the
office until the final results are published. Examples of each part of
the computation are given. The methods used in the computation
and adjustment of traverse are not shown in this publication, since
they are contained in Special Publication No. 137, Manual of First-

Order Traverse.
1



CHAPTER 1.—PRELIMINARY COMPUTATIONS
ABSTRACT OF HORIZONTAL DIRECTIONS

The instructions for field work require that the lists of directions
giving the observed horizontal directions or angles shall be made
out and checked in the field, so that ordinarily the office computations
should begin with the checked directions, and the mathematician
should not have to go back to the original field record books.

But occasionally, due to a rush of work or a shortage of personnel,
the field directions are not checked in the field, and this must be done
in the office. The method of computing the list of directions is
therefore shown here. As the methods of forming the lists of direc-
tions for triangulation of the first and second order (formerly precise
and primary) and for triangulation of the third order (formerly
secondary) are somewhat different, examples of both methods are
given.

Below 1s given a sample abstract of observed directions on tri-
angulation of the first order, as received in the office, from which
the list of directions is computed. This abstract and the instructions
for making out the list of directions for first-order triangulation are
taken from Special Publication No. 120, Manual of First-Order
Triangulation.

It is important that this form be made out carefully, because the
mean directions derived from the abstract of horizontal directions
constitute the basis for all the later computations. Every position
observed at a station, except observations on objects where only one
or two positions are taken, should appear on the abstract, the rejected
readings being indicated by the letter R. Sample forms are shown
in Figures 1 and 2.

Where more than one station is used as an initial, there will fre-
quently be different ways in which the observations can be combined
to give the directions from some one initial station. Figures 1 and
2 will illustrate the proper way to form the combined direction in
a number of typical cases.

At station Granite both South Base and Westedge were used as
initials in the observations, but South Base was chosen as the initial
for the list of directions. A supplemental abstract of directions,
Figure 2, was first made out for the observations in which Westedge
was used as initial, and the abstract, shown in Figure 1, was then
made out for such observations as had South Base for initial. It was
then necessary to transfer the observations made with Westedge

P



PRELIMINARY COMPUTATIONS 3

as initial to equivalent values with South Base as initial, marking such
transferred directions with the letter T on the abstract to show their
origin. For example, in Figure 2 the direction of Floyd from West-
edge, position 1, is 271° 11’ 4470, while the direction of Westedge
from South Base, position 1, is 17° 17/ 49”5, and the sum of the two

Boranmater o Soummnct ABSTRACT OF DIRECTIONS

LS - § o) 54 ) - T S
Sition ...Granila...... Cmudly .2 . W..u.—.-ﬂg.s__
oburser .. Co V. Cuteity PR Ik Not e

PopTIoN STATIONS ONSERVED

—;nlflfw Union @ya‘ N Baceldllinws Biiser
pyys

NrnaL ° . * ° » . . . 4 . *
O W' 7 /7 89 58 288 29 318 34 325 & 44 12

* Ld

0 495 o1s  3usT Higr 490. 520
000 530 004 35IT 46l 53.07T 545
00 496 596 24T M3 ST ser
00 515 598  363T 473 533 596
0w 508 02z 37T 42 SI3 583
000 570 028 ';:: 3”(2‘47& 578 60y
7 00 432  Zs 328 488 (;g)ﬁ
8 000 504 030 368 468 522 60.0
° 000 522 050 3856 458 530 545
1o 00  £20 o005 362 477 528 567
i 00 505 006 357 464 522 887
13 000 57 007 359 483 538 Se7
13 000 505 025 323 480  Sl0 65
u 000 507 038 354 472 340 5892
15 000 488 392 342 470 528 59
1 000 5.7 046 30T 470 S22 s78

o o o & ®

DO NOT WRITE IN THIS MARGIN

Bem, 8121 245 s608 7557 8363 9230
Man, 5076 0183 3563 41/9 5227 5769
o bt o, -0.26

Dirsction, S07¢ o012r 2508 4719 S227 578

F16. 1.—Sample abstract of directions

directions, 288° 29’ 33”5, is the direction from South Base to Floyd,
as shown for position 1, Figure 1. Similarly, the values for the other
positions for Floyd and Williams are transferred from the supple-
mental abstract to the combined one, using for each position the
corresponding value of the angle between South Base and Westedge.
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It is not necessary to transfer Frisco from the supplemental ab-
stract shown in Figure 2 to the combined abstract for the reason that
a complete set was observed on that station from each initial. The
mean of the directions on Frisco, with Westedge as initial, viz, 326°
55’ 07757, plus 17° 17’ 50776, the mean of the directions on Westedge

ST S ABSTRACT OF DIRECTIONS
Poem 670
St e SArIZONG..... R
Satin . Greon2ite........... Compuisd by L PAD....... M 21 Ly b
_o_:._.:__C’l/ Ao Cuisd by A T TR, It Ne (a2
W STATIONS OBBERVIED

CoprriaLy ° . ° . ° .
°'"°°' 37/" /” JOI” 17 326 &

. » L] * L] e . 4

¢ 0™ 440 595 072
8 00 427 ‘600 065
3 000 428 6.5 014
« o Ji5 090
s 000 465 oro
¢ 00 478 100
7 000 ~ 06.8
g 8 0.00 ~ 087
i v 2w % or
E 10 .00 059
f n o 9 \} 082
§ 12 000 080
8 [} .00 06.7
14 0.00 07_0
1 0.00 0./
16 0.0 Q 013
e, 1211
Yena, 0757
O fnam,
Otooen, 07.57

F16. 2.—8ample abstract of directions for missing signals

with South Base as initial, gives 344° 12’ 58”33, The mean of this
value of the direction to Frisco and that obtained with South Base
as initial, 344° 12’ 57789, is used in the list of directions shown in
Figure 8. If more than 10 or 12 acceptable positions are obtained
on any one night for a direction, that night should be given unit
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weight with any other night in determining the mean direction. In
general, where 10 or more positions of a direction have been meas-
ured on each of two or more nights no one night’s observations should
be rejected unless it is more than one-half second from the mean of all
the values for that direction. If the divergence from the mean is
greater than one-half second, that night’s observations should be
selected which will best close the triangles, provided that at least 12
acceptable positions are available for the retained direction.

It will be noted that since the angles were measured from South
Base to Westedge, from Westedge to Frisco, and from South Base
to Frisco, the proper value of the direction from South Base to the
other two points could be secured most accurately by a least-squares
adjustment (see pp. 8-16). In most cases, however, the results
obtained by this station adjustment do not justify the time required
to make the computation, but & mean value for the sum angles can
usually be obtained by arbitrary methods which will meet sufficiently
well the final demands for accuracy. When a number of sum angles
are measured, however, and especially when the means obtained by
different combinations vary considerably, a station adjustment may
be made. '

The direction to triangulation station Floyd, Figure 1, has two
acceptable values for position 6. In such cases the mean is taken
of all values for a position and that mean given unit weight in the
final mean, on the theory that a symmetrical distribution of the
readings around the circle is essential to accuracy. With an accu-
rately graduated circle it is probable that the variation due to the
graduation is not quite so large as that due to errors in reading, but
the rule of unit weight for each position is the safest to follow as a
uniform procedure.

REJECTION OF OBSERVATIONS »

‘The chief difficulty in making out the form lies in deciding what
observations to reject. The usual formule for the rejection of
observational quantities are too cumbersome to apply and are not
satisfactorily applicable to a short series of observations. It is,
therefore, customary to apply an arbitrary limit of rejection, deter-
mined empirically from previous experience with the instrument used
or with one of similar qualities. For observations with the type of
theodolite usually used on first-order triangulation the rejection limit
for the angular value of a direction on any one position of the circle
may ordinarily be taken as four seconds from the mean.

The following rules will be a sufficient guide to the rejection of
observed directions:

1. No reading should be rejected if it falls within the limit of
retention (in the sample this limit is 4”0 from the mean) unless
rejected at the time of taking the observation. The observer’s
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reason for rejection should then appear in the original record.
This rule will not apply to the case where one set of observations of
a direction is rejected in favor of another set of 12 or more positions,
as provided for on page 5.

2. If two or more readings have been taken for a single position, the
mean should be used if all readings come within the limit of retention.

3. If one reading of a position falls without the limit and one within
the limit, do not use a mean even though the mean be within the
limit. Use instead the single reading within the limit.

4. If both readings of a position fall without the limit, reject the
position entirely, using the remaining positions to compute the mean
direction.

5. In case the 16 readings seem to fall in two groups, the mean of
one group differing considerably from the mean of the other, extreme
care is necessary in making the rejections.

6. Before computing a trial mean any observations so far from the
approximate mean as to be very evidently the result of blunders
should be rejected. After a trial mean is obtained and the rejection
limit applied, the observations so rejected should not be again
included even though the new mean would bring them within the
limit of rejection.

7. The results obtained by applying rigorously the limit of rejec-
tion, even though the quantities rejected are just outside the limit,
will probably be but little different from those derived after long
consideration, and much time can be saved by a strict application of

the rule.
LIST OF DIRECTIONS

On the list of directions, Figure 3, the mean directions of all unre-
jected observations are arranged in order of azimuth from some one
selected initial. Not only the mean directions to the principal
stations as listed and computed on the abstract of directions should
be shown, but also the directions to intersection points and reference
marks,

The data on this form constitute the material upon which the
office computations are based, and these data should be so completely
checked in the field that there will be no need in the office to resort to
the record book or the abstract of directions. The only exception to
this rule is where there is not sufficient time in the field to make all
the eccentric reductions without delay to the progress of the party.

On the back of the form for the list of directions are instructions
for its preparation. (See fig. §.) Only two points covered by those
instructions need be emphasized here, viz, the number of decimal
places to be shown in the mean angle and the treatment of eccentric
directions. As regards the first, on first-order triangulation the
directions to main-scheme stations should be carried to hundredths
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of a second, directions to second-order stations and to sharply defined
permanently marked intersection stations to tenths of seconds, and
directions to other points, such as mountain peaks, to seconds. Di-
rections to near-by objects, such as witness or reference marks, need
be taken to the nearest 10 seconds only. In general, two uncertain
figures should be given; that is, the third digit from the right in the

ey-tignfd - LIST OF DIRECTIONS
e S} Ty 1.7 7. N—
Sotlon (ZLQLULE . Comprred by SLL2E e Sutinn Computed by

bt LN Crosmuity LB TR. Corrw e Checttdy
Seaxioms Ooonaras brveyvekosi sy Sramem Oremarae mmm
L »

Soulh Base 00 00 daco
Westedge 17 17 sam
M ] oea 6.738m. 28 30 03,
Wnrion 8 &8 oxr
Aor I Swrie alockt 92 49 226
o.020 . 703 o8
3 B 02, dsd 23708, 200 25 08
i 288 29 250 (Hothod! of recordssg eccentrithy
H N Base 318 34 4119 when Yheodoli¥e 1y eccerrtricand
a Williams S25 54 o227 eccentorc fpht 15 mare Yhen 0./ m
Fr/sco M4 12 58 Krom fhe Frve srarion)
Eccentric Lt
-1’ .
e Fove Shotrors .~
8ronits j
Lighd sccentio as gtsur abwe 3 >
whien Shewn B Unicr end I¥illems. (Position o Theocuh%e)
Mo sccantricily of light b athar shlions
No eccanprissly of Pheodolize. (Pecord mosk stete fo whet
sAarrors Fhe 95K wes shonr
V] dirosliens recind for eccerttreds. n above position.

Measuring the distance From
the frve station fo the eccentrec |
/b Wil give @ check on Fhe wafees
For fhe clomerto of the amol/vuinph)

Fia. 3.—Bample list of directions from horizontal directions
.

number denoting the direction should not be in error more than one
unit.

The second point to be emphasized in the preparation of the list
of directions is the computation of the eccentricity and the reduction
of the observed directions to center. If a direction has not been
reduced to center, the seconds pertaining to that direction should
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not be written on the form in ink, but in penecil. This rule should
be invariably followed, for otherwise an unreduced direction may be
used for a reduced one.

LIST OF DIRECTIONS FROM HORIZONTAL ANGLES

For making out the list of directions from observed horizontal
angles in third-order triangulation, the method is slightly different
from that used with observed horizontal directions. As shown below,
the angles at the station are siniply corrected for the closing of the
horizon. Since each angle was observed in the same manner, its
weight is unity, and the correction to each angle is obtained by
dividing the difference between 360° and the sum of all the angles by
the number of angles involved.

Observed angles, Vance Mt.

Final
Observed stations Angle C&‘g'ec' sec-
B | onds

-] ’ ” ” ”
Neal-Tomah Mt___.____._.... 22 18 41.5 -0.5 | -41.0
Tomah Mt.~Spruce Mt..._ ... 59 51 12.0 -~.5 1.5
Spruce Mt.~-Mt, Henry. . 116 54 371 -. 5 36.6
Mt. Henry-Brandy Hill 60 38 00.3 -5 50.8
Brandy Hill-Oak____._. - 45 23 46.2 L] 45.6
Oak-Neal .. . eeeaceannn. 54 55 46.1 -.6 45.5
30 00 03.2 [ —3.2 | 00.0

The corrections to close the horizon are usually applied in the
Horizontal Angle Record Book, and the list of directions is made
directly from that record on

State: Maine = Form 24A, as shown in Fig-

--------------------- ure 4. Complete instruc-
' ., dby o QaBsBa. i
Station ... Yance M! Computed by tions for m&klng out the

H.T.R. . . .
Observer .G ——  Chackedby list of directions, which are

mumuconum
uo.commmw

Brarions Ovssaven Dumyoriows Ayes  Fuise given on the back of Form
. s w »  24A, are given in Figure 5.

Yeal 0 00 00.0 STATION ADJUSTMENT, DI-
Tomah Mt. 23 18 4.0 RECTION METHOD

Spruce Ut. 82 g: :’: Under the present system
Ut. Hoary | 12':: © 5.9 of observing, no local ad-
Brandy H11 . ’ i are necessary, and
oax 306 04 14.5 justments are necessary,

all the computations, such as
the taking of means and the
closing of the horizon, are made in the record book in the field.
But as the mathematician has to deal occasionally with observations
made a number of years ago, when it was the dustom to measure as

¥1G. 4—Sample list of directions from horizontal angles
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many angles as possible, including sum angles, the method used in
computing the list of directions at a station where local adjustment
is necessary is given here.

As explained on page 8, the angles at each station must be cor-
rected for the closing of the horizon. If no sum angles are observed,
this is the only condition; but if sum angles are observed, new condi-

State: Kansas.
Station Chase ,  Computed by A, T. M.
This form, p]‘opgrly filled out and Obseiver A. T. M. Checked by A. R. L.
checked, must be ‘furnishod by field - =
parties. To be acceptable it must contai 8 Ossenven Dimeorions ATIER | FINAL
every direction observed. . — ~
It is to be used for observations with. Contral 0 00 00.00

repeating theodo'ites, as well as direction,

o
theodolites. White church spire, 8 miles ... 6 28 Ke.4 K
Start each new station at the head <
of a now column. Chase M. E. church, white spire...... 18 10 119 3
If a repeating theodolite is used, do . . 2
. . . arcneresnenennenssesassesinses) . 78

not abstract tho angles in tertiary tri- Little Rivor 18 20 10 g
engulation. The local adjustment cor- || Lyous, salt works, center Boist e 24 38 53.0 3
rections (to close horizon only) are ‘ g
to be written in the Horizontal Angle Lyons, whito 8pire, horfem.mm—-..- 27 19 3.7 5
Record, and the List of Directions is | ‘a
. ¢ SRS | 27 56 34.2 -
to be mado from that record directly. | Lyous, courthouse. =
Choose as an initial for Form 24a Lyons, white spite, slim Zmmmuceed | 28 02 543, | ¢
some station involved in the local ] E
adjustment, and preforably one which | GilmOre c e 53 33 834 | 3
has been used as an initial for a round , ] =
peen - . h 8350 67.33 | £
of dircctions on objects not in the main Bavage :
scheme. Use but one initial at & sta~ || Reference mark distant 66.65] 171 34 2
tion, Call the dircction of the initial moters. X - 5

> 00’ ", i - 8cction 3, T. 20, R. 10 W, NW. cor- 200 37 36
0 OOdOO. (lm' unt}l'byfixlp.plymg }:he cmil cnul? stone, distant 252.6 meters. E
rocted angles to this, fill in opposite eac Bossing 34 52 2361 Kl

station its direction reckoned eclockwise ——
around the whole circumference rogard-

less of the dircction of graduation of the instrument. The clockwise reckoning is necessary for
uniformity and to make the directions comparable with azimuths.

If & station has beon occupied eccentrically, reduco to the center and enter in this form, in ink,
the resulting dircctions at tho center. 1If the reduction is not made for some directions, they should
be entered in pencil, with a footnote to that effect.

Directions in the main scheme should be entered to hundredths of scconds in primary triangula-
tion; otherwise, to tenths only. Points observed upon but once, direct and reverse, should be carried
to tenths in primary and socondary triangulation, and in tertiary triangulation to even scconds only.
In general, but two uncertain figures should be given.

It is recommended thiat the following simple plan of observing be used with a repesting instru-
ment: Measure cach singlo angle in tho scheme at each station and the outside angle necessary to
close the horizon. Mensure no sum angles, Follow each measurement of every angle immediately
by a measurcment of its explement. Six repetitions are to constitute a messuremoent. The local
adjustment will consist simply of the distribution of the error of closure of the horizon.

[ -

In next to the last parsgrash above the designation "primary" should be
changed to "firat-order," "secondery" to “second-order® and "tertiery" to
"third-order. "

F1a. 5.—Back of Form 24A, giving instruotions for making list of directions

tions are imposed on the station adjustment. If all angles are
observed with the same accuracy, then the weight of each is unity;
but when the angles are measured with different numbers of sets,
they must be weighted accordingly. A set consists of six measures
of the angle with the telescope direct and six measures of the exple-
ment of the angle with the telescope reversed.
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In the example below the angles were measured with different
numbers of sets, and so are weighted.

Observed angles, Mag

Adjusted
Observed station Angle Weight v final
seconds !
o ? ”
115 58 09.8
Chamecook-Cooper ... 104h0.1... 4 n 10.1
10.2
l34 29 213
Cooper-Ry®e .. ocvueeeeae l 2(1)8 20.9_._ 3 vg 20.8
21,
Rye-Middlemiss . ___....... { 6 0 = 5}}28 7un 2 n 28.4
Middlemiss-Colling...._..... { 80 07 %gl}i 163 2 0 16.8
Rye-Mohannas —............ { 18 16 %g 06.1_._ 2 vs 06.3
Anderson-Mohannas ... { 1 59 %Z}OM 2 17} 05.6
83 23 443
Jollins-Chamcook ........_. { 2.3}43.9.. 3 0 43.9
126 08 44.8
Rye-Colling ceeoeonneenaooon { 22(4’ 45.1_. 3 vs 45.2
Anderson-Middlemiss ___..._ { 41 4 %g 2.8... 2 % 2.7
Mohannas-Collins - __..__._. {109 52 gg";}sg.ﬂ._. 2 v1o 38.9

This column i3 filled out after the adjustment is completed. (See p. 16.)

List of directions, Mag

A(gusted
Observed station Direction nal
seconds t
[ ’ " .
Chamcook..__._..... 6 00 00.0 00.0
Cooper... .. oeeeeae 116 58 10,140 10,1
RYO e cmccccacaee 150 27 31.04-v14-vs 30.9
Anderson.. 154 44 30.74vi+vatos—ve 3.6
Mohannas. 166 43 37.14-nm4-v3-4us 37.2
Middlemiss -} 196 28 59.74n-4-v3+03 59.3
Collins_.._.. 276 36 16.0+n4-vtvituy 16.1

1 This column s fillled out after the adjustment is completed. (See p. 16.)

The complete list of directions has been formed using six of the
angles, the remaining four not being necessary. As each of these
angles not used gives rise to a condition, there will be four conditions.
The equations expressing these conditions are formed as follows:
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-] ’ ”
Angle Collins—Chameook, observed, = 83 23 43.9+u
Angle Collins—-Chamcook, from list, = 83 23 44.0—vi—v3—v3—ty

Condition 1, 0=~ 0.1+ Ul+ Ug+ 1)3+ U¢+ U7
Angle Rye—Collins, observed, 126 08 45.1+ v
Angle Rye-Collins, from list, 126 08 45.0+ 3+ v,

Condition 2, 0=+ 0.1—v3—v+vg
Angle Anderson—Middlemiss, observed, = 41 44 26.8+
Angle Anderson—-Middlemiss, from list, = 41 44 29.0+F v;—vs+ v,

f

f

Condition 3, = —2.2—03 +v,—v°+ Yy
Angle Mohannas—Collins, observed, = 109 52 39.6+ vy
Angle Mohannas~Collins, from list, = 109 52 38.9+F vyt vi—uvs
Condition 4, 0=+ 0.7—vs— v+ vst vy0

After the condition equations are formed, they are tabulated in
correlates as shown below.

Correiate equations

a 1 2 3 4 | = ve Adgl]?“’d
P
1 41| ~0.02 0.0
2 +1| —oeaz| -1
3 Zg| —la2| -3
4 —1| +.80] 5
5 +2| 48] +.2
8 —1| —g52| -8
7 +1|  —.032 0
8 Fi| est| 4+
9 +1|  +s2| +e
10 +1 -, 684 -7

® This column is filled out after the adjustment is completed. (See p. 15.)
t Bee explanation of this column on p. 15.

a .
In the second column above, headed =, @ is some constant, and

p is the weight of a given ». It is best to take a as the least com-
mon multiple of all the weights, so as to make all the values in this
column integers, provided this can be done without making the
quantities too large. Thus, in the example above a=12. The val-
ues of the p’s are given in the table on page 10. The quantities in
the column headed =, are obtained by adding across algebraically
the quantities in columns 1, 2, 3, and 4, in the same horizontal line.

After forming the correlate equations, the normal equations are
formed as shown in the table below:

Normal equations

1 2 3 4 n Zn c*
1 +2 ~12 -6 —12 ~-0.1 -7.11 ~—0.0076
2 +16 +6 +12 +.1 +22.1 +. 0208
3 +24 | . +I12 -2.2 +33.8 +. 1417
4 +24 +.7 +36.7 -, 1140

® See p. 13 for values in this column.

58853°—28——2
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The normal equations are obtained by taking the algebraic sums of
g times the products of the various columns in the correlates. For

example, normal equation No. 1 may be expressed as:

a a a a
z —-1-1> z(~-1-2) z<~—-1-) z(-. .)+ +

[Z (% . I.Ec) +ﬂx], normal equation No. 2 as E(% . 2.2> +

p) (g . 2-3)+z (% - 2-4)+n2+[z <§ . 2-zc>+n2], normal equation

No. 3 as 2(% . 3-3) + E(% . 3'4)‘*'773‘*‘[2 (g . 3'Eo)+773]’ and

normal equation No. 4 as = (% . 4-4) +n4t+ [2 (% . 4-Ec> +774]’

in which the Z before each parenthesis indicates the sum of the
products in the parentheses and should be distinguished from the Z,
and the Z, of the preceding tables. n-is the constant term for
the corresnonding condition equation.

In each symbolized normal equation above, the part in the square
brackets should equal the corresponding Z, in the preceding table,
the Z, being the sum of the values in columns 1, 2, 3, 4, and 4, in the
same horizontal line, including the omitted terms as explained
below. This gives a check on the formation of the normals. In
obtaining the Z, it must be remembered that due to symmetry,
as explained below, certain coefficients have been omitted in the
preceding table of normal equations and that these must be taken
into consideration. The term in square brackets of the first nor-

mal equation is [E (% -1 'Ec)+m:|= —7.1. Adding the coeflicients
of the terms in the first normal equation as given in the table we have

+23—12—6—12—0.1=—"7.1, which checks the formation of this

equation.
In the same way the term in square brackets of the second normal

equation [2 (% . 2-20)-!-772 =22.1, and this checks the sum of the

coefficients of the terms in this equation, —12+16+6+12+0.1=
+22.1. The third and fourth normal equations are checked in the
same way.

In the preceding table of normal equations the coefficients occur-
ing before what is called the ‘“diagonal term” are omitted, as the
equations are symmetrical with regard to the diagonal line shown
in the table below. Thus the table above, if written in full, would
be as follows:
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Normal equations in full

1 2 3 < 7 Zn

-12 -6 —12 -0.1 —-7.1

2 —12 +16 +6 +12 =+0.1 +22.1

m 124 | 412 | —22 | +333
4| ~12 | 412 k 424 | 407 | 4367

It can be readily seen from this table that all the coefficients to the
left of the diagonal line may be omitted and each equation may be
read from the top down to the diagonal term and then across the

page.

+
8

)
|
>

SOLUTION OF NORMAL EQUATIONS

In the solution of the normal equations the Doolittle method is
used. As a full discussion of this method is given in Adjustment of
Observations, by Wright and Hayford, second edition, page 114 et
seq., no attempt is made here to discuss it or give any of the theory
concerning it. A complete solution of the preceding normal equa-
tions is given below, followed by an explanation of the computation.

Forward solution

1 2 3 4 n Za
+23 —-12 -6 -12 ~0.1 —-7.1
8
(4} +. 5217 ~+. 2609 +. 5217 +.0043 -+, 3087
+18 +6 +12 +.1 +22.1
1 —6. 260 —3.131 —6. 260 -, 052 —3.703
+90. 740 -+-2. 869 +5. 740 +-. 48 +18.397
L Cs -, 2046 —. 5803 —. 0049 —1. 8888
+24 +12 -2.2 +-33.8
1 -1, 565 —3.130 —. 026 —1.8562
2 —. 845 —1, 891 —-. 014 —5.419
+21. 590 +7.179 —2.240 -+26. 529
4.1 '] —. 3325 -+. 1038 —1.2287
KA
+24 +.7 +36.7
1 ~8. 260 —. 052 —3.703
2 ~3. 383 —.028 —10. 842
3 —2.387 +. 745 —8.821
5
+11.970 +1, 365 -+13.334
BTNy Cy —. 1140 —1.1140
7

Back solution (compulation of C’s)

4 3 2 1

—0.1140 | 40,1038 | —0.0040 | -+-0.0043

+.0379 | 40072 —. 0595
—. 0417 +. 6370
+0. 1417 +.0107
+0. 0208
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EXPLANATION OF SOLUTION

The forward solution is computed as follows:

Normal equation No. 1 is written down and divided by its diagonal
term, + 23, all the signs being changed. C, is thus given in terms of
(., C;, Oy, and the constant term. Normal equation No. 2 is next set
down, and since it has a coefficient of —12 for (), the divided coeffi-
cients of equation No. 1 are multiplied by — 12, and the products are
placed under equation No. 2. The quantities in each column are
then added algebraically and are divided by the new diagonal term,
+9.740, all the signs being changed. C; is thus given in terms of
(s, Oy, and the constant term. Normal equation No. 3 is then written
down, and since it has a coefficient of —6 for €, and +2.869 for C,,
the divided coefficients of equation No. 1 are multiplied by —6 and
those of equation No. 2 by +2.869, giving products which are set
down under equation No. 3. The quantities in each column are
added salgebraically and these sums divided by the new diagonal
term, all the signs being changed. C; is thus given in terms of C,
and the constant term. Normal equation No. 4 is then set down,
and since it has a coefficient of —12 for €, +5.740 for C;, and
+7.179 for (s, the divided coeflicients of equation No. 1 are multi-
plied by — 12, those of equation No. 2 by +5.740, and those of equa-
tion No.3 by +7.179. The quantities in each column are then added
algebraically and these sums divided by the new diagonal term, all
the signs being changed. The value of C; is thus obtained.

As can readily be seen from the forward solution, ;= —0.3325C;
+0.1038; C,= —0.2946(C;—0.5893C,—0.0049; and C,=+0.5217C;
+0.2609C,+ 0.5217C;+ 0.0043. These (’s can be obtained most
conveniently by arranging the back solution in the form shown on
page 13. There will be as many columns as there are (s to be
determined, and they will be headed in reverse order from the for-
ward solution. Thus, in this particular solution, the columns will
be headed 4, 3, 2, and 1.

On the first line is written the constant term for each divided
equation of the forward solution; that is, the quantities in the column
headed . Then the value of (;, —0.1140, is multiplied into each
of the quantities of the divided equations in the column headed 4
of the forward solution, these products being placed in the second
line of the back solution beginning with the column headed 3. The
quantities in the column headed 3 of the back solution are then
added algebraically to give (5. The value of (5, +0.1417, is then
multiplied into each of the quantities of the divided equations in
the column headed 3 of the forward solution, these products being
placed in the third line of the back solution, beginning with the
column headed 2. The quantities in the column headed 2 of the
back solution are then added algebraically to give C;. The value of
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C;, +0.0206, is multiplied into the quantity of the divided equation
in the column headed 2 of the forward solution, this product being
placed in the fourth line of the back solution in the column headed 1.
The quantities in the column headed 1 of the back solution are then
added algebraically to give ..

COMPUTATION OF v's

After the (s are determined, the next step is to compute the 2’s
by substituting the values of the ("s in the correlate equations
tabulated on page 11, taking into account the weights as shown in

the column headed %' It can be easily seen from this table that

=30, n=40, 15=6 (C\—~ C,—Cy,— (), »,=6 (C,— C;--C), vs=
6 (03+ 04), Vg = "603, U= 40’1, ?)3 402, 7)9"'—'603, and 2)10':604.

The »’s are best obtained by means of a table as shown below,
which has a column for each ». The values of 0, (;, C;, and C, are
placed in the different columns to correspond with the set of corre-
late equations on page 11. These are then added algebraically in
each column, and each sum is then multiplied by the corresponding
weight for that v to give the final v.

As the constant terms of the condition equations are carried to the
nearest tenth of a second, it is customary to round off the ¢'s to the
nearest tenth of a second. Occasionally, when the ¢’s are substi-
tuted in the condition equations, one or more equations may fail
by a tenth of a second due to this dropping of hundredths of seconds
in the v’s.

For instance, if in condition equation (1) we substitute the values
of the ¢’s computed to the nearest tenth of a second, we have 0=
—0.1+0.0+0.0—0.3+0.5+0.0, or 0=+0.1; and in equadion (3)
we have 0=—~2.240.3+0.24+0.94+0.9, or 0= +0.1.

In order that the equations may check exactly and the results be
consistent, it is customary to adopt a set of ¢’s, a few of which may
not be the same to the nearest tenth of a second as the computed
values., These adopted v’s are shown at the bottom of each column
in the table of v's below. In this set of adopted ¢’s, v; has been
given the value —0.1 instead of 0.0, and v —0.8 instead of —0.9,
in order that equations (1) and (3) may be satisfied.

Computation of v's

1 2 3 4 3 6 7 8 9 10

-—0.00% —0.008 | —0.008 [ —0.008 { 40.142 | —0.142 | —0,008 | +0.021 | 0. 142 —0.113

4] —02L| —o021| — 114 6 4 4
— 142 +.114
—.024| —.032| +.114 4+.028| —.852| —.032| +.084| +4.852| —.684
.0 -1 +. 085 6| —8 .0 +1 +.9 -7
—. 057 6
6 +. 168
1.510 +.2
~.342 .5




16 U. 8. COAST AND GEODETIC SURVEY

The adopted values of the »’s are substituted in the table of
observed angles and in the list of directions on page 10 to give the
values in the column headed ““ Adjusted final seconds” in each table.

It will be found now that if the list of directions is formed from
the corrected observed angles, it will be consistent; that is, the
direction at each station will be thé same no matter from which angles
it is computed.

The list of directions after the local adjustment should appear in the

following form:
List of directions, Mag

Direction after

Observed station |11 diustment

Final seconds

Middlemiss ... .. 196 28 :59'.3
Collins.._____.._. 276 36 16.1

STATION ADJUSTMENT, ANGLE METHOD, OBSERVATIONS OF EQUAL
: WEIGHT

The method of station adjustment explained on pages 816 is used
in" cases of first-order triangulation, and particularly where the
observations are of unequal weight and the adjustment is involved.
When the observations are of equal weight and the number of sum
angles observed is not great, the adjustment can be much simplified
by using the method shown in the example below:

In the record book of horizontal angles, at the end of the observa-
tions of angles for each station, there is always given an abstract of
the observed angles. Where the station adjustment is made by
the angle method, the corrections are applied directly to the observed
angles in this abstract, and the list of directions is made directly
from the abstract.

The following example illustrates the method. The abstract
below is found in the record book:

Station Cora

Observed stations Observed angle segéﬁﬁgx
[ ’ ” ”

(1) Deeiston—Mae. ... .._.....__ 16 11 53.6+4n 53.5
(2) Decision—Nation_..__..._..._ 9 42 50.6-4-ps 50.9
3) Mac—Nation. ._.__. 83 30 57.6+4m 87.4
4) Howard—Nation._.. 74 11 11040 11.1
5) Mac—Howard._..____ 9 19 46.14vs 46.3
6) Nation—Decisfon. ..._...__._. 260 17 08.8-4vs 00.1

ll’g‘his column is filled In after the adjustment is completed. See
p 18.
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In the above table v, v3, v, vy, v5, and v; Tepresent corrections to
be applied to the angles to make them consistent in themselves.
Angles (2) and (3) are sum angles, and angle (6) gives a horizon
closure with (2). There are, therefore, 3 condition equations, which
are formed in the following manner:

1st - (@2)+@B) gives 0=+0.6+v,—v,+ ;.
2d —@B)+ @)+ () gives 0= —0.5—v3+ v+ v;.
3d (2)+ (6) gives 0= — 0.6+ v, + v,.
The correlate and normal equations below are formed in the same

manner, as explained on pages 11-13. The normals are solved and
the corrections computed in the manner explained on pages 13-16.

Correlate equations

1 2 3 o pe Adg;;ted
1 [ ) T SRR NI -H —0. 062 —0.1
2 ool N SRS +1 0 +.331 +.3
3 +1 =1 foeeeoens 0 ~. 208 -2
[ 3 I b O KO —+1 +. 146 +.1
e b N EI +1] . 146 +.2
[ FORERRSNN PR +1 +1 +. 269 +.3

* T'his column is filled in after the adjustment is completed.
1 See explanation of this column on p. 15.

Normal equations

1 2 3 L] Za (4]
1 +3 ~1 -1/ 408 +1.6 | —0.0616
2 48 |eeeenae —.5 4151 41462
3 +2| -6 4.4 | 42002
Solution of normal equations
1 2 3 1 Za
+3| =1 ~1 +0.6 +1.8
G| +.3333 +.33833 -2 —. 53333
-5 +1.5
1 -@3333 ~.3333 +.2 +. 5333
+32. 8667 3333 -3 +2.03334
Cs +.125, +.1125 —.7635
+2 -8 +.4
1 —.3333 +.2 +. 5333
2 —.0417 —0375 | +.2542
+1. 6350 ~. 4378 | +1.1875
[ +.26028 | —.73077
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Back solution

3 2 1
-+0. 26023 +0.1125 —0.2
+. 0337 +. 0897
———— ~+. 0487
+. 1462
—. 0616

Computation of corrections (v's)

1 2 3 4 5 6
—0. 062 0. 062 —0. 062 +0. 146 +0.146 | +0. 269
|~ ——— +. 269 -, 146
—. 062 -+. 146 -+. 146 -+ 269
-1 4. 331 —. 208 +.1 +. 2 +.3
+.3 -2

. After the final seconds are placed on the observed angles in the
abstract in the record book, the directions are made out on form
24A. (See fig. 6.)

DEPARTMENT OF COMMERCE
U, & COAST AND GEODETIC SURVEY
Form A

Station .....00T8 Computed by .02 B 8, .
Observer. DoYaHa .. Checkedby ... Ne s Ro

Dirgcrions Arrer  FinaL
LocAL ApsusT™ENT SECONDS

° 4 ”” s

BraTioNs Obsznvep

Decision 0 00 00.0
Jllao 16 11 53.8
Howard 25 31 39.8
Yation 99 42 50.9

F16. 6.—List of directions resulting from
station adjustment by angle method

REDUCTION TO CENTER

When a station is not occupied centrally, the directions or angles
observed at the eccentric point must be corrected to what they
would have been if the instrument had been centered over the station
mark. Also, if the signal observed upon is eccentric, the directions
and angles involving this station must be corrected to what they
would have been if the station itself had been observed upon. The
computation for the reduction to center is made on Form 382. The
instructions given on that form are repeated below, and examples of
the two different cases of eccentricity are shown. .

First are given a list of directions for a station occupied eccentrically
(fig. 7) and the computations necessary to obtain the corrections for
reducing the directions to center.
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INSTRUCTIONS

The required reduction to center is, in seconds, c=swd3?11:11(1;”
which d is the distance from the eccentric station to the true station,
and ¢ is the length in meters of the line between the true stations
involved, and, therefore, log s is taken directly from the computation
of triangle sides. a is the direction of the distant station involved,
reckoned in a clockwise direction as usual but referred to the direc-
tion from the eccentric to the true station, or center, taken as zero.
This definition of ¢ is true for the case in which the object pointed
upon is eccentric, as well as for the case in which the instrument is
eccentric. .

in

(BImANTMIT oF COMMERCE LIST OF DIRECTIONS
Fom s State:.
Station Ken EcCe C d by QP . Station KeB. . ... Computed by .._Q;B.._L._._
Obuerver ..C.o Ya K. Checkod by . JlaKaBu...  Observer CaVeBeo ... Checked by 7% 7% : TS
SratioNs Osservap E;::fx’;:,;:ﬂ:; ‘:".::. StaTions Onszrvap P;::ﬂ?’:"::?& 5:::::'
° ’ ” Co’_ I/f\or . ’ ” ”
Chevy 0 00 00.00eccentr. Ohevy 0 00 00.00
Tank west of & Dulce 29 03 37.0 «62,5 Tank west of & Duloce 29 02 34.5
Ken (center) 3.469 m. 176 42 Forest Glen Standpipe 313 B8 01,
Yoreet Glen Standpipe 313 24 53.0 +128.6. Home 326 32 09,
Hone 328 51 30.20 +a9. 8 P 95,5504 " amp 17358
Pu. of Stasd. wireless 152 17 20.8 413.0 Rew 367 2 54.78
‘Reno 357 B 48.63 +6.18

Fi1c. 7.—Lists of directions before and after reduction Ibt eccentric station

Carry o to minutes only and all logarithms to five decimal places
only. Do not in any case carry the derived reductions to more than
two decimal places. There is no advantage in carrying them to
more decimal places than the directions to which they are to be
applied are carried on Form 24A.

REDUCTIONS FOR AN ECCENTRIC INSTRUMENT

If the instrument is eccentric, the first column of Form 382 should
contain the names of the stations observed from that eccentric
position of the instrument.

The values in the fifth column are derived by subtracting those
in the fourth column from those in the third. The values in the
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fourth column may need to be derived by successive approximations
from the triangle side computations if the eccentric reductions are
large. The values in the sixth column are obtained from those
in the fifth by adding log smmdl 7 derived as indicated in the heading
of the form, if d is expressed in meters. If d is expressed in feet, to
the other two logarithms add also 9.48402 to convert to meters.
To obtain a direction as shown on Form 24A, subtract the reduction
¢ for the station which is the initial on Form 24A from the reduction
¢ for the required direction and apply the difference to the observed
direction. Similarly, the correction to any angle is the difference
of the reductions on this form to the two directions involved in that
angle.

D wanossat amee REDUCTION TO CENTER
FORM 30X
=0,
Eocentric Station: Ken Log d 54020
Cologsin1"=15.31443
d= 3.469 maters Sum —5.8 6 463
STATIONS a Loa e Loas b el R
Center 0 00 [
Chevy 183 18 | 8.76015| 3.7508K 5,009, o,aﬂg .3
Tank west of & Duledzd2 22 | 9.72863| 3.7398% | 5.5898% 181 | -,
Yorest Glen standpipel36 43 9.83608 3.4335% 6.4038 3.258 $ +181.:
Eome § L 49 50 | 9.70u8] 4086 5.64988 1.503§§ +31.
Bu. ot'&imdg;e 175 35 | 8.88654 | 3.98487 | 4.90167 | 0.75630 | +6.71
Beno 180 47 | 8.12881 | 3.9263% | ¢.20048 | 0.064 -1.16

Fic. 8.—Reduction to center of eccentric station

In order to compute the corrections to the directions due to
eccentricity, it is necessary to know the logarithm of the distance
from the station itself to each of the other stations. For this purpose
preliminary triangles are computed. (See fig. 9.) The logarithms
of the distances from Ken to Home, Reno, and Chevy are computed
from the triangles Ken-Home-Reno and Ken-Home-Chevy. In
computing these triangles it is not necessary to use the angles at Ken
eccentric, as in each triangle the other two angles are known, and
the concluded angles at Ken may be computed and used. This
method of computing the logarithms of the lengths will give values
which are more nearly the true values than if the eccentric angles
were used.

However, as the other three stations observed from Ken eccentric,
namely, ‘“Tank near Dulce,” “Forest Glen Standpipe,” and ‘“Bureau
of Standards wireless pole,” were not occupied, it is necessary to use
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the eccentric angles at Ken for the preliminary triangles used in
computing the logarithms of the lengths.

After the logarithms of the lengths have been computed, all the
data necessary to compute the eccentric corrections are known, and
the computation can be made as shown in Figure 8.

The corrections thus determined are now applied to the corre-
sponding directions observed at Ken eccentric, as shown in Figure 7.
As it is desired to keep the initial direction (in this case to station
Chevy) 0° 00’ 0070, the correction at Chevy is subtracted algebrai-
cally from each of the other corrections and these differences applied
to the other directions. The following corrections are therefore
applied: At Chevy, 0700; at Tank, west of Dulce, —69786—
(—7"31) = —62%5; at Forest Glen Standpipe, + 181726 —(—7"31)
= +188"6; at Home, +31791—(—7"31)=+39"22; at Bureau of
Standards wireless pole, +571—(—7"31)=-+1370; at Reno,
—1716 — (—7731)=+6"15. The corrected directions are shown
in Figure 7.

When the eccentric corrections are large, the logarithms of the
lengths computed by the use of the eccentric angles are usually not
sufficiently accurate to give the exact corrections. In this case the
triangles must be recomputed by using the corrected list of directions
(see p. 19) and more accurate logarithms of the lengths obtained.
These logarithms are then used to compute new eccentric corrections
which are applied to the directions in the list of directions to give the
final corrected directions. Ordinarily the first computation of the
eccentric corrections is sufficiently accurate, but occasionally two and
sometimes three computations are required.

REDUCTIONS FOR AN ECCENTRIC OBJECT OBSERVED

If the object observed is cccentric the heading ‘“Eccentric station
” on Form 382, should be changed to “Eccentric observed
object at station ——,” the first column should contain the names
of the stations from which this eccentric object was observed, and in
each case @ is the direction from the eccentric object to the distant
station involved, reckoned in a clockwise direction as usual but
referred to the direction from the eccentric object to the true station,
or center, taken as zero. (No distinction need be made between the
direction from the eccentric object to the distant station and the
direction from the true station to the distant station except when the
eccentric reduction is more than one minute.) The remainder of
the computation on Form 382 is made in the manner indicated.
above with reference to an eccentric instrument. The reductions to
directions are, however, to be applied to observed directions, at the
stations named in the first column, to the eccentric object at the
station named in the heading. The directiohs to which these reduc-
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U, 5. COAST AND GEODETIC SuRvEY
Form 25

U. 8. COAST AND GEODETIC SURVEY

COMPUTATION OF TRIANGLES

State: .. Marylend
NO. ETATIONS OBSERVED ANOLE CORR'N SrEImL Srmewn TLANE ANOLES LOGARITEM
2-3 Home-Reno 45. ’ 3.7722%%
¢ 1 Xen 30 56 g +3.5 48.8 0,288868
2 Home 47 09 $7.7 +3.4 61l.1 9.865,
3 Reno 101 58 06.7 +3.4 10,1 9.99056\3\
1-3 Ken-Reno 3,9263
1-2 Ken~Home 4.051616-
49.7
2-3 Home-Chevy 3.860903
50.6 15
¢ ! Ken 33 27 5% +2.3 52.9 0.258501—
2 Home 25 20 54.6 +2.2 56.8 9.651538'
3 Chevy 121 11 08.1 +2.2. 10.3 9.93221‘%\
1-3 Ken-Chevy 3.75093.95-
1-2 Ken~-Home 4,05186
53.3
2-3 Xen-Reno 3.9263%8-
¢ 1Tank near Dulce (11l 29'7 0.020
2Ken a 545 0715888
3 Reno 37 18 26.6 9.78 2‘5}%%
1-3 Tenk~Reno 3.675568
1-2 Tank~Ken 3.739%3‘
2-3 Reno~Xen 3. 92633%
o 1foresglen .o 2 28, 0.0614
2Reno 16 09 4.2 9.444605
3Ken 8—26:5 5.84509%
1-3  Yorest Olen Standpipe - Ker 3.429 65;
1-2  Forest Glen Standpipe - Reno 3.83008%
2-3 Reno-Ken 3.926328—
Bu. of Stand. 14.8
¢ 1 wireless pole (3l 22 96:8) 0.283
2 Reno 143 26 24.2 9,776001
3 Ken 5 11 B 8.956
1-3 Wireless pole-Ken 3.984868.
1-2 Wireless pole-Reno 3.16

F1a. 9.—Preliminary computation of triangles for reduction of eccentric station
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tions are to be applied are therefore found in various of the lists of
directions on Form 24A, not all in one list, as is the case when the
instrument is eccentric.

On page 24 is given an example of a computation for reduction to
center, when the observed object is eccentric as seen from several other

WS e e LIST OF DIRECTIONS
State:... MRRYABRA. ... oo N e
Station . Home _ . Computed by - Station_Baxle . Computed by QePaSay
Observer 8aNaBe.. . Checked by« Observer Qalialba . Checked by .1l

Direcriona Arrer  Fivan

Direcrions Arrer - FinaL STATIONS OPARRVED
Sratione Onserven LocaL ApiustMENT SECONDS Locaw Apjustuent Seconos
o 4 // o 4w ”

Park 0 00 00.0 Cedsr 0 00 00.0
Cedar 47 07 49.6 Wallace 44 45 54.8
Gerst 187 42 15.9 {Home 116 24 38.6
Oarfield 152 25 42.7 Home Ego 116 26 12.1
Home Ece. 2.79 m. 222 55 20, Reno 173 33 8.9

Station _Cedar. ... Computed by QePaSa ...
Observer GaliaGae oeeeeceee Checked by .. WeZeBe ...

Direcrions Arrzr  Finas

SramioNs OBarnvEn T.ocAL AbyusTMENT BECONDS

o s u ”
Tallace 0 00 00,0
Home 43 02 10.8
{Home Eeo 43 02 07.4
Takoma 58 59 17.8
Park S8 29 .6

Station ... GOEBY oo Computed by ... QuBeSa ... Station..Garfleld . Computed by OP.S. .

Observer Galte®se s Checked by B Re . Observer .Qakeea . Chocked by .. ZaFaBRuuuee
8TaTi0NS ODSERVED Pt A SaaL BramioNs OpsERvED e Tt Sreawss
' 9 ’ ” ” o ’ s ”

Garfield 0 00 00.0 Insane 0 00 00.0
Stanton 12 13 22.0 Home 62 58 17.2
Home 46 21 38.0 Home Ege 62 87 25.9
Home Rog 46 20 53.2 Stanton 88 40 09.C
Potomag 93 11 08,1

Fia. 10.—Lists of directions for eccentric observed objoect

stations, Station]Home is eccentric as seen from stations Park,
Cedar, Gerst, and Garfield.

In Figure 10 there is given a list of directions at station Home,
showing directions to stations Park, Cedar, Gerst, Garfield, and
Home eccentric, and also lists of directions at stations Park, Cedar,
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Gerst, and Garfield, at which station Home is seen eccentrically.
The computation is made in the same way as where the station is
occupied eccentrically. The directions used in the computation are
obtained from the lists of directions at station Home, using Home
eccentric as initial, remembering, however, that 180° must be added
to these directions, since the directions are taken at the station itself
and not at the eccentric station.

As in the case of an eccentric instrument, the approximate loga-
rithms of the lengths are obtained by a preliminary computation
of triangles. As the details of this computation are given on pages
20-21, it is not necessary to repeat them here.

After the eccentric corrections are determined, they are applied,
not to the directions observed at station Home, but to the direction
Home eccentric in each of the lists of directions for stations Park,
Cedar, Gerst, and Garfield. (See fig. 10.)

DEPARTMENT OF COMMERCE REDUCTION TO CENTER

§. 0. COAST AND GLOBETIC SUAVEY

observed object at

Logd =0, 445 680
anmtrwAStaetan: Home

Cologsin1’==5.31443

d=2.79 meters Sum =5, 76 003
BN G LooantTaM o7 | mynuorion

BTATIONS a Loo six a Loas < ¥:g¥gg;¢:’: -
Center o
Cedar 4 12 8.86474 4.12189 4.74285 | 0.50288 | 43.18
Gerst 94 48 9.99850 4.10683 6.89167 | 1.68170 M44.84
Garfield 109 30 | 9.97438 | 4.03427 | 5.96008 | 1.71011 (&1.30
Park 317 06 | 9.83297 | 3.62200 6.21097 | 1.97100 (-93.54

Fi16. 11.—Reduction to center of eccentric observed object
REDUCTION OF HORIZONTAL DIRECTIONS TO SEA LEVEL

In case the elevation of a triangulation station is very great, a
correction must be applied to the observations upon that station
to reduce them to sea level. It is only necessary to compute this
correction for triangulation of the first order, as it usually amounts
to only a few hundredths of a second. The correction, expressed in
seconds, is

e2h sin 2a.cos® ¢
/ 25 8in 1"

2__}2 ~
where ¢2=% azb , h=the height of the station observed and a=its

azimuth reckoned in a clockwise direction from south, p = the radius of
curvature of the earth in a plane normal to the meridian at the station
from which the direction is measured, and ¢=the latitude of the
station from which the direction is measured.
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Below is given an example of the computations required to obtain
the corrections by means of the formula. The computations are
arranged in a table for convenience.

Computation of sea-level corrections using formula
[Station Bull, latitude 48° 20/]

Log Log
Observed station | & a 2a Lozgasln Logh | efcosig | correce C&‘gg"'
Zesin 17| tlen
m' -] ’ o ’ ”n
Snake....._.___. 813 50 45 101 30 9. 991 2.910 5. 684 8, 585 +0. 04
Gladys. ......... 761 221 62 83 44 9, 997 2.881 5. 684 8. 562 i. 04
Bonetrail. 740 239 21 118 43 9. 043 2. 869 5. 684 8.496 . 03
Williston.. 723 203 57 227 b4 9, 870 2. 869 5. 684 8.413 —-.03
Buford.......... 7 353 42 MU 4 9. 339 2,879 5. 684 7.902 -.01

Since ¢ is a constant for a particular station, ¢* does not vary,

and p does not vary enough for any given latitude to affect the
2 2

result, the same value of the factor 28}; (s}i()i?_i(i’)" can be used for all the
directions at any given station. The values of A are obtained from
the vertical angle computations, and the values of ¢ and « are
obtained from the geographic position computations which, neces-
sarily, must be made before the sea-level corrections can be deter-
mined. To obtain the corrections to the directions it is necessary to
e cos® ¢
2psin 17/
which, as was stated, is the same for all directions at any given station.
The sign of each correction is determined by the sign of sine a.

Since the sea-level correction is always small and since a large part
of the above formula may be considered a constant for a given
station, it is possible to make use of a table which greatly facilitates
the computations. Such a table is given on page 26.

add the sum of log & and log sin 2a for each direction to log
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Correction to horizontal direction for elevation of mark

[Corr.= +_§1_n—1_” co8? ¢ sin 2a; m—l-ﬂ cos? ¢ sin 2a is tabulated below for the sizth decimal place. It is

to be mu]tlplled by h in meters. The sign of the correction i3 + for azimuths in the first and third quad-
rants and — for azimuths in the second and fourth quadrants.}

Azimuth of directlon

° ° ° ° ° ° ° o ° ° °

0 5 10| 12.5 16| 17.5 20} 22.5 25| 21.5 30
90 85 80| 77.5 75| 72.5 701 67.5 65 62.5 60

90 95 100 [102.5 | 105 |107.5 110 J112.5) 115 117.56) 120 | 122.5 | 125| 1301} 135
180} 175 170 {167.5 | 165 162.5 160 (157.5 | 155 152,56 | 150 | 147.5 | 145| 140 135

180 | 185 190 |192.5 | 195 |197.5 200 |202.5 | 205} 207.51 210 212.5| 215 | 220 | 225
270 | 265 260 (257.5 | 255 1252.5 250 1247.5 | 245 | 242,65 | 240 237.5| 235 | 230 | 225

270 | 275 280 |282.5 | 285 287.5 200 1202.5 | 205 | 297.5( 300 | 302.5 | 305| 310 | 315

+ 35| 40 45
+
iaeo 355 | 350 [347.5 | 345 [342.5 | 340 (337.5 | 335 332.5| 330 327.5| 825 | 320|315
¢

2

21

2

23

24

25

55 50| 45

N o
en

oo

0

0

0

0

0

0
261 0 15 30 37 44 51 57 63 68 72 77 80 83 87
271 0 15 37 43 50 56 61 67 71 75 7 82 86| 87
28| 0 15 36 43 49 55 60 65 70 74 it 84 85
291 0 15 29 35 42 48 54 59 64 69 73 76 79 84
B} 0 14 28 35 41 47 53 58 63 67 71 74 77 81| 82
311 0 14 28 34 40 46 52 57 62 (] 70 73 76 80
210 14 27 33 39 45 61 56 60 64 68 71 74 879
3|0 13 26 33 38 44 49 59 63 67 70 72 76
410 13 26 32 33 43 48 53 58 62 85 71 4 75
3B 0 13 25 31 37 42 47 52 56 60 64 67 72
3| 0 12 25 30 36 41 48 51 55 59 62 85 67 1| 72
371 0 12 24 30 35 40 45 49 53 57 60 63 60 69
a8 0 12 23 29 34 39 44 45 52 56 59 62 64 671 68
31 0 12 23 28 33 38 47 51 54 57 62 651 68
40} 0 1 22 27 32 37 41 45 49 53 56 58 60 631 64
411 0 11 21 26 31 36 40 44 48 51 54 56 59 61| 62
210 10 21 26 30 35 39 43 46 50 52 55 57 60| 60
43| 0 10 20 24 29 34 38 41 45 48 51 53 56 58| 59
4“4 0 10 19 24 28 32 36 40 43 46 49 61 53 56 57
45| 0 10 19 23 27 31 35 39 42 45 47 50 51 54| 56
61! 0 9 18 22 26 30 34 37 40 43 46 48 521 53
47 0 9 17 22 25 29 33 36 39 42 “ 46 48 51
481 0 9 17 21 25 28 31 35 38 40 42 44 46 48 | 49
49| 0 8 18 20 24 27 30 33 36 39 41 44 47
80 0 8 15 19 23 26 20 32 35 87 39 41 42 45| 45
511 0 8 15 18 22 25 28 31 33 36 38 39 41 431 43
521 0 7 14 18 21 24 27 29 32 34 38 30 41| 41
581 0] 7 14 17 23 25 28 30 32 34 36 37 39 ) 40
54| 0 7 13 16 19 22 24 27 29 31 33 34 36 37 ] a8
85 0 6 12 15 18 21 23 26 28 29 31 33 34 35 36
56| 0 6 12 14 17 20 22 24 26 28 30 31 32 34
571 0 ] 11 14 18 19 21 23 25 27 28 31 32| 32
58| 0 5 1 13 15 18 20 22 24 25 27 28 29 31
9| 0 5 10 12 15 17 19 21 22 24 25 26 27 201 29
60| 0 5 9 12 14 16 18 19 21 22 24 25 26 27 27
617 0 4 11 13 15 17 18 20 21 22 23 24 25| 26
62| 0 4 10 12 14 15 17 18 20 21 22 23 231 24
6 0 4 10 11 13 14 16 17 18 20 20 21 2 23
64| 0 4 i1 12 14 15 16 17 18 19 20 210 21
651 0 3 10 11 13 14 15 16 17 18 18 19 20
86 0 3 9 10 12 13 14 15 18 16 17 18] 18
671 0 3 10 11 12 13 14 14 15 18 8f 17

0 3

v 2

0 2

0 2

] 2

0 2

(1] 1

0 1

WRWR B RO IR D
W Zn GBI oo

8

8 9

7 8
70 6 7 8 9 10 10 11 12 12 13 13
7 61 7 7 8 9 0] 1 nyp unf 1y 12
72 5 6 7 7 8 9 9 9| 10 10{ 10
73 5 5 6 7 7 8 8 9 9 9
74 4 5 5 6 [} 7 7 8 8 8 8
75 4 4 5 5 6 6 6 7 1 7 7
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The arguments used in this table are the latitude-of the station at
the left and the azimuth of the direction at the top. For conven-
“ience the computation should be made in tabular form as shown
below.
Computation of sea-level corrections using table

[Station Bull, latitude 48° 20’]

.

— e

i

: ) €2 sin 2a cm% A -

i Observed station h « “oasin 17 ¢ {’lr(rr"l(

| m. o ’ ”
Snake ... ... 813 50 45 0. 000047 +0.04
Gladys.._ 761 221 52 . 000048 +. 04
Bonetrail 740 239 21 . 000042 +.03
Williston_ . 723 203 57 . 000036 -3
Buford_________.._. 756 353 42 . 000011 —. 01

In the first and sccond columns are given the name and height of
the station observed, in the third column the azimuth of the observed
station from the occupied station, in the fourth column the factor

GO ARTMENT OF COMMENCE LIST OF DIRECTIONS
State: NARIADNKOIM... c..ovcenvermnecnneanacn
Station .. Bull Computed by QePs8s Station... Bl Computed by QBB ...
Observer..... A YeHs Checked by —.eEsRe, Observer .G YsHe Chocked by s aBe ...
Brations OnssRvED &Sfﬂﬁi.ﬁﬂﬂ il 8 o Locu. Awua‘:n!:r Sfé::;s
Williston o 00 m Milliston 0 00 00,00
Buford 69 45 10.0& Buford 59 45 10,08
Snske 116 48 35.3§\ Snake 116 48 35.39
Oladys 27 55 2118 Sladys 287 65 2,19
Bonetrail 305 24 33.3\& Bonetrail 305 24 33.86

Fiu. 12.—List of directions corrected for sea-level reduction

e? sin 2a cos’ ¢
T 2psin 177
column the sea level correction which is obtained by multiplying the
tactor in the fourth column by the height in the second column.
The correction is plus for azimuths in the first (0° to 90°) and third
(180° to 270°) quadrants and minus for azimuths in the second (90°

to 180°) and fourth (270° to 360°) quadrants.

After the sea level corrections have been determined, they are
applied to the corresponding directions at sthtion Bull. The list of
directions is then rewritten to make the reading of the initial station,
Williston, 0° 00’ 00700. (See fig. 12.)

The sea-level corrections may also be determined by means of the
nomogram shown in Figure 13 which was designed by H. S. Rappleye,
associate mathematician of the division of geodesy of this bureau.
Directions for using this nomogram are given on the figure,

58853°—28——3

as taken from the table on page 26, and in the last
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LIST OF DIRECTIONS, ALL PRELIMINARY CORRECTIGNS APPLIED

After all corrections have been applied to the observed directions
or angles as the case may be, the list of directions is made out on
form 24A, as shown in Figure 12. The directions are arranged by
glvmg the initial direction a value of 0° 00" 00700 and continuing
in a clockwise direction around the horizon.

The list of directions should then be checked and initialed by tHe
checker before it is used in taking out the angles for the triangles.
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CHAPTER 2.—ADJUSTMENT OF A QUADRILATERAL
SKETCH

Before starting the adjustment of a net of triangulation the
mathematician should make a good clear sketch showing all the lines
over which observations were made. The unobserved directions
should be shown by dotted lines. A sketch of a typical quadrilateral
is shown in Figure 14. In this figure C and A can not be seen from D.

TRIANGLES

After the figure is drawn the triangles should be written out in
clockwise order on Form 25. In the quadrilateral above with the
line AB fixed the four triangles should be written as follows starting at
station C: CAB, DAB, DAC, and DBC; or starting with station D,
DAB, CDA, CDB, and CAB. That is, at each
station not on the fixed line all the triangles B ¢
formed by connecting it with stations on the
fixed line or previously named stations should
be written in clockwise order. R Za o

After the local conditions, that is, those aris- . Y
ing from the relations of the angles at each o W= Typioal drndilatersl
station to one another, are satisfied (see pp. 8-18) there are general
conditions arising from the geometrical relations of the various parts
forming a closed figure which must be satisfied.

To illustrate the method of adjusting triangulation, it seems well
to start with a simple quadrilateral, and give in detail the various
steps of the adjustment. The adjustment of a larger figure or net
of triangulation, involving all the various conditions which enter
into such an adjustment, is shown on pages 50-109.

In the sample given below, a quadrilateral of first-order triangula-
tion was selected for illustrating the methods. The adjustment of
triangulation of the lower orders is similar except that the angles,
lengths, and logarithms are not carried to as many decimal places.
In the adjustment of triangulation of the first order, the angles are
carried to hundredths of seconds, and the logarithms are carried to
eight places in the equations and to seven places in the final lengths
used in the triangles.

There are given below the lists of directions for stations Roman,
Spencer, Yellow, and Fairview, the four stations making up the
sample quadrilateral. These directions are assumed to have been
corrected for sea-level reduction and for any local adjustment re-
quired and to have been checked. In the adjustment, the method of

29
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directions is used; that is, an angle is considered as the difference of
two directions. The geographic positions (latitudes and longitudes)
of stations Roman and Spencer are considered fixed and also the

U. 8. COAST AND GEODETIC SURVEY

Yellow
F1a. 15.—-Quadrilateral used for sample adjustment

directions

length and azimuth of the
line joining them.

The sketch showing the
relative positions of the
stations is drawn and the

numbered as

shown in Figure 15. It is
notnecessary to spend much

time in making the sketch

absolutely toscale, although

it should be approximately correct in order to give an idea of the
relative size of the angles, the sketch being used as an aid in forming

the equations.

LIST OF DIRECTIONS

State:.....QreEon
Sation ROmMED _____ Computed by TeleBa .. Station_._Spencex. ... Computed by . ifaleRa......
Observer QeBaKReBCH .. Checkedby QsBeSe . . Observer QB TRERSK ... Checked by . QePs8s .

S8ramnons Osssaven

Dirzcrions Arrea  Fivav
CAL ADJUSTMENT Szconps

. P ”

Brations Onssavzo

Dimzcrions Arran  Finvar
l.ocAL AvjusTMENT BxcoNDs

° . ’” ”

Spencer 0 00 00,00 53.38 Peterson 0 00 00,00
Fairview 31 04 11,58 11.86 1Iwin 1 08 19.38
Tellon 65 12 45.72 46,48 Falrview 131 12 05,33 04.92
Msry 291 34 34.04 Yellow " 197 26 26.30 26.80
Peterson 321 25 23.53 " Roman 251 46 38.49 38.3)
Twin 330 41 33.42 Ranch 270 37 26.91
Mllanette South Dase 311 51 09,89.
lary 318 12 01,16
Ridge 319 15 00,47
Willamette North Base 328 26 41.12

Station.. YeX3OW
ObserverQeBergneh

8ratioNs OnszrVED

Computed by A EaRa
Checked by V.25 T
Dirxcrions Arrer  FinaL

AL ADSUSTMENT BrcoNpa

° [ ’”

Station .. Fadrview ...
Observer .QaB Erench.....

StaTions O9SERAVED

Computed by .....leKaRa......
Checked by ..-__QAEJ.S.‘.......

Directions Arrsr  FiNaL
Locas ApjusTMEnT SBeCOoNDS

° ’ ” .

Teite 0 00 00,00 Talte 0 00 00,00

Roman 178 40 38.63 38.69 Scott 23 26 03.35

Spencer 239 06 47.30 47.@52 Yellow 54 53 23.68 23.22

Fairview 297 46 08.74 09.96 Roman 81 39 24.54 24.90

Scott 337 15 43.07 Spencer 110 00 45.96 46.06
Black 310 44 85,62

F16. 16.—~Lists of directions for statlons of quadrilateral

The triangles are then written out in clockwise order on Form 25 as

described on page 29.

(See fig. 17.)
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EXPLANATION OF TRIANGLES

In the first column of Form 25 is given the designation of the angle,
in the second the name of the station, in the third the observed angle
at the station, in the fourth the correction to the angle as determined

DEFARTMENT OF COMMERCK
U, 3, COAST XD GEODIYIC SURVEY
Form 93

COMPUTATION OF TRIANGLES

— _];m . 2 State: ....Qr.egnn .............. P e P . 8

NO. STATIONS OBSERVED ANGLE  CORR'N SFAZ®L Spmewn  FLANE ANOLES LOGARITEM
2-3 Roman-Spencer 4,7176307
«445 1 Yellow 60 26 09.17 -0.34 08.83 1,95 06.88 0,0605813
~142 2 Roman 65 12 45.72 -0,20 45.52 1.96 43.56 9.9580218
-11412 3 Spencer 54 21 1219 0,68 11,51 1.85 09.56 9.9098872
1-3 Yellow~-Spencer -1.22 5.86 4.7362338
1-2 Yellow-Roman 4.6880892

.08
2-3 Yellow-Roman 4.6880992
-7+ 1 Tairview 26 46 00.85 +0.83 01,68 2,19  59.49 0.3464441
=446 2 Yellow 119 05 31.1) +0.16 31.27 2.19 29.08 9.9414345
~243 3 Roman 34 08 34.14 -0.52 33.62 2.19 31.43 9.7491538
1-3 Fairview-Roman +0.47 6.57 4.9759778
1-2 Fairview-Yellow 4.7836971

06.10
2-3 Yellow-Spencer 4.7362338
=743 1 Fairview 55 07 22.27 +0.57 22.84 2,39 20.45 0.0859876
~546 2 Yellow S8 39 21.94W +0.50 22.44 2,39 20,05 9.9314862
~10+411 3 Spencer 66 13 21.07 +0.82 21.89 2.39 19.50 9.9614757
1-3 Fairview-Spencer +1.89 7.17 4.7537076
1-2 Fairview-Yellov ' 4.7836971

05.28
2-3 Roman-Spencer 4.7176307
849 1 Fairview 28 21 2142 -0.2621.16 2,15 19.01 0.3233636
=142 2 Roman 31 04 11,58 +0.3211.90 2.15 09,75 9.7137133
-10412 3  Spéncer 120 34 33.26 +0.1433.40 2.16 3l.24 9.9349838
1-3 Fairview-Spencer +0,20 6,46 4.7537076

1-2 Fairview-Roman v 4.9759778 -
06,28

Fra. 17.—Triangle computation for stations of quadrilateral

by the adjustment, in the fifth the adjusted spherical angle at the
station, in the sixth the spherical excess or difference between the
plane and spherical angle, in the seventh the plane angle, and in the
eighth column the logarithms of the distances and the logarithms of
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the sines of the plane angles (cologarithm of the sine of the first
angle).

It is apparent that to begin with, we have only the data in the first,
second, and third columns. The other columns are filled in after the
adjustment is completed. The first and second columns can be filled
in directly from the sketch. The observed angles in the third column
are obtained from the lists of directions, an angle being the difference
of two directions. For example, the angle at Yellow, between Roman
and Spencer, is obtained from the list of directions for station Yellow
(fig. 16) by subtracting the direction to Roman from the direction
to Spencer.

To obtain the angle at Roman between Peterson and Fairview, it
is necessary to add 360° to the direction to Fairview before subtracting
the direction to Peterson; (31° 04/ 11758+360°)—321° 25’ 23753
=69° 38’ 48705. In other words, if a direction is less than the one
which is to be subtracted from it, then 360° must be added to it
before the subtraction is made.

As an angle is obtained by subtracting the direction to the left hand
station from the direction to the right hand station, it is designated
by the two numbers representing these directions on the sketch, the
number of the left hand direction having a minus sign because that
direction is subtracted from the other. For example, the designation
of the angle at Yellow between Roman and Spencer is —4+5, 4 and
5 being the designations of the directions from Yellow to Roman and
to Spencer, respectively.

SPHERICAL EXCESS

The total spherical excess for each triangle as given on Form 25
is obtained by the formula (see Special Publication No. 8, p. 7)

_Sll b1 SinﬂCl“(l_"‘ez Sinz d))z

2a* (1—e%) sin 177

=q, b;sin Oy Xm,

where ¢ is the spherical excess; a,, b, and () are the two sides and the
included angle, respectively, of the corresponding triangle; ¢ is the
eccentricity and a the semimajor axis of the spheroid of reference; and
¢ is the mean latitude of the three vertices of the triangle. The
letter m is used to designate that part of the expression above which
depends only on the latitude and the dimensions of the spheroid and
the values of log m are given with the latitude as an argument in
the table on page 234.

To compute the spherical excess of a triangle it is necessary to make
& preliminary computation of the triangle to obtain the logarithms
of the sines of the angles and the logarithms of the lengths. In this
preliminary computation, the logarithms need be carried out to only
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4 places of decimals. (See fig. 17a.) As an example, the spherical
excess of the triangle, Yellow-Roman—Spencer, is computed in the
following manner:

In this triangle the length Roman-Spencer may be called a,, and
Yellow—Spencer ;. Then the angle at Spencer will be ;. Log m is
taken out of the table for latitude 43° 49/, which is approximately the
mean latitude of the three vertices. We then have

log a, = 4,7176

IOg b1 = 4,7362

log sin Ci= 9.9099—10
19,3637

logm = 1.4041—10

log € = (.7678

€ = 5”859
o Sty ) COMPUTATION OF TRIANGLES

State: ...Qregon

oroumEy pve srvice

No. STATION ODSERVED ANGLE  CORWN SITINL Sremmn  PLANE ANQLY LOOARITRM
2.3 Roman-Soencer 4.7176
1 Yellow 60 26 09.17 ] 0.0606
2 Roman 68 12 45.72 9,9580
3 Snencer 54 21 12.19 9.9099
1-3 Yellow-Swencer 4,7362
1-2 Yellow-Roman 4.6381

Fia. 17a.—Preliminary triangle computation to obtain lengths for spherical excess computation

One third of the total spherical excess for the triangle is applied to
each of the three angles as shown in the sixth column of the triangle
computation in Figure 17. In like manner the spherical excess for the
other three triangles of the quadrilateral can be obtained and applied.

The total spherical excess of a quadrilateral should have the same
value when computed by adding together the sperical excesses of
either pair of triangles which cover its area. In the preceding ex-
ample, the sum of the spherical excesses of the two triangles, Yellow—
Roman-Spencer and Fairview—Yellow-Spencer, should equal the
sum of the spherical excesses of the two triangles Fairview~Yellow—
Roman and Fairview-Roman-Spencer, that is, 5.86-+7.17=6.57
+6.46.

In computing the spherical excesses, it is sometimes found that these
sums fail to check by 0701, due to the dropping of the third decimal
place. They should always be made to check by arbitrarily changing
the spherical excess of one of the triangles by 0201.

1 This sum can be obtained directly from the triangle computation without recopying the individual
values,
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CLOSURESJOF TRIANGLES

The sum of the three angles of a triangle should equal 180° plus the
spherical excess of the triangle. This rarely happens when the ob-
served angles are used, and consequently a triangle closure arises.
The triangle closure (closing correction) is obtained by subtracting the
sum of the three angles of the triangle from 180° plus the spherical
excess. For example, the sum of the three angles of the triangle
Yellow-Roman~Spencer is 180° 00’ 07708, and 180° plus the spheri-
cal excess is 180° 00’ 05786, so the triangle closure is 180° 00’ 05786 —
180° 00’ 07708 = - 1722,

In a similar manner the closures are obtained for the other three
triangles of the quadrilateral. The closure for the whole quadrilateral
should be the same when computed by adding together the closures of
either pair of triangles which cover its area. For example, the alge-
braic sum of the closing corrections of the two triangles, Yellow~
Roman—Spencer and Fairview—Yellow—Spencer should equal the
algebraic sum of the closing corrections of the two triangles
Fairview—Yellow—Roman and Fairview—Roman—Spencer, that is,
—1.2241.89=+0.47+0.20. This check should always be applied
before beginning the adjustment.

NUMBER AND SELECTION OF EQUATIONS

After the first, second, third, and sixth columns of the triangle
computation (see fig. 17) are filled in as already explained, the quad-
rilateral is ready to be adjusted. The first thing to be done is to
determine the number of equations in the adjustment. In a simple
quadrilateral where the length and azimuth of only one line are fixed,
we have two kinds of equations, angle and side equations.

Condition equations must be included in the adjustment to elim-
inate the closing errors of the triangles, that is, to make the sum of the
angles of each triangle exactly 180° plus the spherical excess of the
triangle. These are called angle equations. A condition equation
must also be included to insure that the lines at the pole (the point
around which the equation is formed) pass through the same point
(see Special Publication No. 28, p. 14). Thisis called a side equation.

The formulas to be used in computing the number of equations in
the adjustment of a triangulation net are

number of angle equations=n’—8"+1,
number of side equations =n-—28+3,

in which 7 is the total number of lines, n’ is the number of lines sighted
over in both directions, 8 is the total number of stations, and 8’ is
the number of occupied stations. In using these formulas allowance
must be made for lines or triangles fixed by previous adjustments.
(See p. 59 for another method of determining the number of
equations.)
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In the quadrilateral Ronlan-Si)encer-Fairview-YelloW (see fig. 15
n=6,n"=6,8=4,8 =4. Therefore

number of angle equations=6—-4+1=3,
number of side equations=6—-8-+3=1.

The number of equations in a net having been determined, it is
necessery te carefully select the equations so that all discrepancies
will be eliminated by the adjustment. In forming the side equations
it is necessary to select the pole so that the small angles will be used
in the equation, as their tabular differences are proportionately much
less affected by the dropping of decimal places than those of the larger
angles. On the other hand, the triangles with the large angles should
be used in forming the angle equations. (This rule in regard to angle
equations need not be followed for a simple quadrilateral.)

The corrections to directions are designated by vy, v, . . . . . Vn, but
for convenience it is customary to drop the ¢’s, and simply write
1), @), 3). ... cte., in which the numbers are not quantities but
subscripts of the corresponding »'s.

ANGLE EQUATIONS

The angle equations then for the quadrilateral shown in Figure 15
are formed as follows:

Angle equation 1, -+ @)—@W+GB)-A1)+(12)=~1.22, or
as usually written 0= 41.22—(1)+ (3)— (4)+ (5)— (11)+ (12),

angle equation 2, =—047T—-2)+B) - W)+ Y- (M +(B),

angle equation 3, =—1.80—(5)+ (6)— (7)4 (9)— (10) + (11).

Since there are four closed triangles (see fig. 17), one might suppose
that there could be four angle equations. However, by studying
the formation of the angle equations, it can be seen that the fourth
equation would not be independent but would be a combination of
the other three. For example, the fourth angle equation of the
quadrilateral would read

0=-020—(1)4+2)—(8)+ (9)—(10)+ (12).
But equation 1is, 0= +1.22—(1)+(3)— (4) + (5)— (11) +(12),
and equation 2 is =—047—-2)+@B)— @)+ (6)— (7) +(8).
Therefore equation 1—equation 2 is,
0=+1.69— 1)+ @)+ G)—B)+ () —(8)
— (1) + (12).
But equation 3 is,
= 1.8~ (5)+(6)— (7)+(9)— (10) + (11),
therefore equation 1~ equation 2+ equation 3 is,
0=—-020—-(1)+2)—®)+H)—(10)+(12)
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which is identical with the fourth equation above. This shows that
the fourth equation is simply a combination of the first three and so
will necessarily be satisfied by any values of the v’s that satisfy the
other three.
SIDE EQUATIONS

In order to include in the side equation the small angles of the
quadrilateral, designated by —7+8 and —8+9, respectively, the
pole must be taken at Roman. The equation is formed by expressing
the condition that the lines Roman-Spencer, Roman-Fairview, and
Roman-Yellow meet in a point; that is,

Roman-Spencer Roman-Fairview A Roman-Yellow

Roman-Fairview ” Roman-Yellow Roman-Spencer

For the sides of the triangles the sines of the opposite angleq may
be substituted, and the equation becomes

sin[—8+9] sin[—4 +6] sin[—11+12] _

sin[—10+12] sin[— 7 + 8] sin[—4+5] =1

Or for computation by logarithms ! we have

log sin[ — 8 + 9]+ log sin[ — 4 + 6]+ log sin[ — 11 + 12] =log sin[ — 10+ 12]
+log sin[—7 + 8] + log sin[ —4 + 5]

For convenience in computing, the equation is arranged in tabular
form as shown on page 37. The designations of the angles are placed
in the first and fifth columns, the angles themselves in the second
and sixth columns, the logarithms of the sines of the angles in the
third and seventh columns and the tabular differences of the loga-
rithms of the sines for 1 second of the angles in the fourth and eighth
columns. The sums of the logarithms in the third and seventh
columns are then taken, and the constant term of the side equation
is obtained by subtracting the sum in column 7 from the sum in
column 3 and pointing off this difference in units of the sixth decimal
place. The quantities in columns 4 and 8 are the coefficients of the
quantities in columns 1 and 5, respectively, and the rest of the
equation is formed by multiplying together the quantities in columns
4 and 1 and those in columns 8 and 5, and changing the signs of the
latter products.

The designations of the angles in the first and fifth columns are
taken directly from the sketch (see fig. 15), and the angles them-
selves in the second and sixth columns are obtained from the triangle
computation (fig. 17). Each value in the fourth and eighth columns
is the amount of change in the logarithm of the sine of the angle
corresponding to a change of 1’” in the angle and this multiplied by

Cintis customary in all the computations to designate logarithm by log, sine by sin and cosine by cos.
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the v applying to the angle gives the change in the logarithm of the
sine of the angle produced by the ». In the work of the United
States Coast and Geodetic Survey, the tabular differences of the
logarithms are'taken in units of the sixth place of decimals.

’ Side equation —
1 2 3 4 5 6 7 8
[ e 7 r” o 7 ”
~8+4-0 28 21 21.42 | 9.67664586 | -1-3.90 || —104-12 120 34 33.26 | 9.93498007 | -1.24
—44-6 119 05 31.11 | 9.94143208 | ~1.18 -~74-8 26 46 00,85 | 9.65356160 | -+4.18
—u+12) 54211210 ) 9.90989120 | 151 —4+5 60 26 09.17 | 9.93042144 | +1.19
9. 52796914 9. 52796401

4. S0 ld = 4 5.1342.37(4y—1.19(5) — 1.18(6)+4.18‘Z§) —8.08(8) +3.90(9)
—1.24(10) — 1.51(11) +2.75(12)

EXPLANATION OF COMPUTATION

The equations can now be entered in the table of correlates as
shown on page 38. This table is arranged like that shown on page 11,
except that there is no column for weights as all the directions were
considered as observed in the same manner and therefore of equal
weight. The formation and solution of the normals and the com-
putation of the »’s are also made in the same manner as shown on
pages 11-16. After the ¢’s are determined, the extra decimal places
are dropped to give the adopted values. In first-order work the
adopted s are taken to hundredths of a second.

As a check to insure that the (’s were properly substituted in the
correlates in computing the »’s, the »’s on all directions around a
point are added together. The sum should equal zero, unless there
is at the point a fixed direction to which no correction is applied. For
example, at Roman the corrections on directions (1), (2), and (3) are
(see p. 38) —0.039+0.284 —0.245=0; at Yellow on (4), (5), and (6)
they are +0.056—0.282+40.226=0; at Fairview on (7), (8), and (9)
they are —0.4664-0.362+0.104=0; and at Spencer on (10), (11),
and (12) they are —0.317 +0.498 —0.181 =0,

As was the case for the station adjustment (see p. 15) the adopted
’s are not simply the computed »’s taken to the nearest hundredth
of a second. In order to satisfy all the angle equations exactly, it
is necessary on some of the directions to adopt the hundredth above
or below the computed value. In doing this it is well, if possible, to
change those values which involve the smallest change in the thou-
sandth decimal place. (See the adopted value of v on p. 38.)

The full solution, both forward and backward, of the four normal
equations, is given on page 38. The computation of the v's is given
on page 39. As a solution similar to this was fully explained on
page 14, it is not necessary to explain this one.
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Correlate equations
——
Wl ! 2 3 4 z, v (g
( \
3|l —1.00 | —0.039 | —0.04
2 -+. 284 +. 28
3 +k —. 245 —. 24
4] - +.056 | +.06
5| 1 ) 282 =28
6 41| 41| -148 +.82 +.226| +.22
7 -1 -1 +4.18 +2.18 —. 406 —. 47
8 +1 —8.08 | ~—7.08 +.362 | 4.8
9 W A1 4390 4.9 +4.104 | +.10
[ i s -1 =124 =22 —.317| =—.32
1 R M 43 s LM 4.498 | +.50
g L I SR, 4+2.75 |  +43.75 ~ 181 | ~.18
Normal equations
2 3 4 n Za C
1 +6 42 -2 -+0.70 4122y <4792 0. 03928
3 +6| +2 —15.81 —i 47 —6.28 ~. 28422
3 +6 —.54 —1.89 +3.57 +. 41561
4 +117.7744 | 4513 | +107.2544 | —.08003
Solution of normal equations
2 3 4 n Zn
+2 =g +40.70 +1.22 +7.92
—. 33333 +.33333 —. 11667 —.20333 ~1.32
+6 +2 —15.81 - % —6.28
—. 6667 +. 6667 -, 2333 -, 4067 -2. 64
-5, 3333 +2. 6667 ~16. 0433 . 8767 . =8.92
0 —. 50001 +3. 00814 +. 16438 +1. 67251 .
+6 -, 54 -1.80 +3. 67
1 —. 6667 +. 2333 +. 4067 +2. 64
2 -1, 3333 +8. 0217 -+. 4383 +4. 46
44,0000 +7.7150 | —1.0450 +10.67
Cs —1. 92875 +. 26125 —2.6675
+117. 7744 +5..13 +4-107. 2544
1 —. 0817 —. 1423 —. 9240
2 —48, 2605 ~2.06372 —26. 8326
3 —14. 8803 +2.0155 —20. 57%
~+54. 5519 4. 3660, +58. 9189
Coef’ | 7080037| —1.08008
Back solution
4 3 2 1

(<0.08003° | +0.26125 | +0.16438 | —0.20333

+.15436 | —.24079 | 00933
—. 20781 +. 13854

+. 41561 +. 00474
~, 28422
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Ih the forward and back solutions of the normal equations for a
simple quadrilateral it is not necespary ordinarily to use as many
decimal places as are used in the example above. Three decimal
places for the multiplied terms, four for tbe division terms, and four
for the back solution are usually sufficient. In some cases two, three,
and three decimal places, respectively, may be used and the desired
accuracy still be obtained.

Computation of corrections (v's)

1 2 3 4 5 6 7 8 ¢ 10 11 12

—0.039 |40.284 |40.039 |—0.030 |+0.039 |—0.284 +4-0.284 |—0,284 |-1-0.416 ;—0.416 {—0.039 | +0.030
- 04 | +4.28 | ~.284 | +.284 | —~. 416 | +.416 | —. 416 | +.646 | —. 312 | +. 000 | +.416 | ~.220
~.180 | 4,005 | +.094 | ~.334 — 4.121
—. 245 -+.362 | +. 104 | —. 317 —. 181
—.24 | +4.056 | —.282 | 4-.226 | —.466 | 4-.36 | +.10 | —.32 | 4.408 | —~.18
+.06 | ~.28 | +.22 | —.47 +. 50

COMPUTATION OF TRIANGLES

After adopting values for the »'s the next step is to substitute
these values in column 4 of the triangle computation. (See fig. 17.)
For instance, in the triangle Yellow-Roman-Spencer, the correction
to angle Yellow is —4+5=—(+0.08)+ (—0.28)= —0.34; the cor-
rection to angle Roman is —143= - (—0.04)+ (—0.24)= —0.20;
and the correction to angle Spencer is —11+12=— (40.50)+
(—0.18)=—0.68. These three corrections should sum up to the
closure of the triangle, —1%22, and we find this to be the case for
~0.34—-0.20—0.68=—1.22. Likewise, the corrections to the angles
in each of the other three triangles should sum up to the closure of that
triangle. The corrections should always be written in the triangles
in pencil until it is certain that all the results will check.

DISTRIBUTION OF SPHERICAL EXCESS

The spherical angles in column 5 (see fig. 17) are next computed.
The spherical excess of each triangle is then distributed among the
three angles, one-third of it being placed on each angle. If it is not
exactly divisible by 3, the spherical excess is so distributed that the
small angles will have their correct share as nearly as possible, since
changes in the small angles affect the lengths to a greater degree
than changes in the large angles. That is, if the spherical excess of
the triangle were only 0702, then 0701 should be placed on each of
the two smaller angles and 0700 on the largest. If the total spherical
excess were 0704, then 0702 should be placed on the largest angle,
and 0701 on each of the two smaller angles; or if the spherical excess
were 0705, then 0”702 should be placed on each of the smaller angles
and 0701 on the largest angle.
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COMPUTATION OF LOGARITHMS OF LENGTHS

The plane angles in column ¥ (see fig. 17) can now be computed
and finally the logarithms (or co-logarithms) of the sines of these
angles are placed in column 8. (In the case of the first angle of each
triangle the co-logarithm of the sine of the angle is used.) In each
triangle, the logarithm of the length 2-3 is added to the co-logarithm
of the sine of angle 1 and the logarithm of the sine of angle 2 to give
the logarithm of the length 1-3; and the logarithm of the length 2-3
is added to the co-logarithm of the sine of angle 1 and the logarithm
of the sine of angle 3 to give the logarithm of the length 1-2.

After the logarithms of the lengths for each of the four triangles
are computed, the logarithm of each length will appear in two different
triangles. These should be the same except possibly for a difference
of 1 in the last place of decimals, which may be due to accumulation.
In a flat triangle, however, having one or two very small angles the
discrepancies in lengths may amount to several units of the last place
of decimals used.

Where there is a difference of one or more in the last place of deci-
mals in the adjusted logarithms of the lengths, the logarithms should
be made consistent before going ahead with the work. The question
. naturally arises: To which logarithm should the correction be applied?
Other things being equal, the correction should be applied to that
logarithm which was computed through the smallest angles. How-
ever, in taking out the logarithms of the sines, one more decimal place
than is necessary should be taken out and placed in small figures to
the right of each logarithm. It can then readily be seen where the
adding or dropping of units in this decimal place has accumulated
enough to change any particular logarithm of a length one in the last
decimasl place used, and the correction can be applied accordingly.

CORRECTIONS TO DIRECTIONS

After the correctness of the ¢’s has been checked by the closures of
the triangles and the agreement of the lengths, the corrections should
be applied to the directions and the final values placed in the list of
directions. (See fig. 16.)

The first step is to put the computed and adopted values of the ¢’s
in the columns intended for them in the table of correlates. (See
p. 38.) Then using the sketch, Figure 15, for the designations of the
directions, the corresponding corrections should be applied to the
directions in the list of directions.

If the v to be applied to a direction is negative it sometimes happens
that the minutes of the final direction will be one less than the minutes
of the observed direction. Where this occurs a bar should be placed
over the value in the final seconds column. For example, in Figure
16, in the list of directions at Roman, the observed direction at
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Spencer is 0° 00’ 00700 and the final seconds are 59.96, that is, the
final direction is 359° 59’ 59796.

At station Yellow the directions to Roman, Spencer, and Fairview
are numbered 4, 5, and 6, respectively. In the table of correlates,
page 38, we find the values of the adopted ¢’s for 4, 5, and 6 are
+0.06, —0.28, and +0.22, respectively. Then in the list of direc-
‘tions at Yellow, Figure 16, we apply these corrections to the direc-
tions Roman, Spencer, and Fairview as follows: To Roman, 38763+
0706 =38769; to Spencer, 477800728 =47"52; to Fairview, 09774 +
0722 = 09796.

The values of the final seconds in the list of directions should be
checked by using them to verify the corrected angles in the triangle
computation. The directions at Yellow should be checked, therefore,
by the adjusted angles at Yellow in the various triangles. In the
triangle Yellow-Roman-Spencer, Figure 17, the spherical angle at
Yellow is 60° 26’ 08783. From the list of directions at Yellow the
final angle between Roman and Spencer is 239° 06’ 47752 —178°
40’ 38769 =60° 26’ 08”83 which checks the adjusted angle in the
triangle. In the triangle Fairview—Yellow—Roman, the adjusted
spherical angle at Yellow is 119° 05’ 31727. From the list of direc-
tions at Yellow the final angle between Roman and Fairview is
297° 46’ 09”96 —178° 40’ 38"69=119° 05’ 31727 which also checks
the angle from the triangle. In’ the triangle Fairview-Yellow-
Spencer the adjusted angle at Yellow is 58° 39’ 22744. From the
list of directions at Yellow the final angle between Spencer and
Fairview is 297° 46 09796 —239° 06’ 47752 =58° 39’ 22Y44, which
again checks the adjusted angle from the triangle.

In the same manner all the adjusted angles at Roman, Spencer,
and Fairview in the triangles will be found to be checked by the
angles from the lists of directions, and this shows that all the angles
are consistent,

It is important not to omit the placing of the gorrections in the
list of directions after an adjustment is completed. The final values
in the list show that the adjustment has been made, and they are
the values of the directions thataust be used if other adjustments
are made depending on this one.

COMPUTATION OF GEOGRAPHIC POSITIONS

After the adjustment is completed and all the triangles are com-
puted and made consistent, the geographic positions of the two new
points, Yellow and Fairview, can be computed by starting from the
fixed positions of Roman and Spencer and the fixed azimuth, Roman-
Spencer.

Since all the angles and lengths in the quadrilateral are now con-
sistent due to the adjustment, any triangle may be used in the com-



POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. . .
- Soman to Spencer 261 o4 53.49
z Spescer & Yellow te | 12 | es.e2
« |2 Bommn to 1. Teliow ®s | 17 | 301
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180
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B . .
1328 | 4 | 4987
N I P
Yellow v 1z | 4 | osses
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= 0,003
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Do uot write in this maryin.

Do not write in thia margin,

Dararruent ar Couer
B L et ve qmare .
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. Spencer w0 Boman 81 AN 9.2
F3 Tallow & Howan _64 21 a6
a | 3 Speocer %o 1. Yellow 27 0 27,74
44 - 12 | 46,64
180
« |1 Yellow 0 8. Spencer 206 57 41,10
. . -
Spencer !tz l 05 | 41248
ad + 118 28, 320
Yellow i 123 | 24 09,568
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cose | 9,949 2049 sn'a| 9.31925 6y 6,3928 | i 86,7917
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socs’| 0.139 1754 iai] 22 fegan 3|
i ;
5.004 6688 corr} =31 | 2.884 5891
- a1l 4 1108,3196 =2« 1 (760,635
2. 00}
+766, 637

FiG. 18.—Position computation for new stations of quadrilateral
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. . -
A4 Tellow to Spencer 208 57 41.10
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180
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. Spencer to Yellow 27
Z Fairview & Tellow -~ 66
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se +
180 ‘
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3.202,1132 ‘,co"_ -4 3,0421 953
- 2l pezems | —ae | o3302,0%
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-1102,036

F16. 18.—Position computation for new stations of quadrilateral—Continued
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44 U. 8. COAST AND GEODETIC SURVEY

putation and the position of the point computed should be the same.
It is best, however, to use the triangle with the shorter lengths, as
there will be less trouble in making the computation over the two
lines to the new point agree.

The positions for first-order triangulation are computed on form
26. The formulas used in the computation of geographic positions,
the development of these formulas, and the tables used in the position
computation, are found in United States Coast and Geodetic Survey
Special Publication No. 8, and are not repeated here.

The computation of the geographic positions of stations Yellow
and Fairview are given on pages 42 and 43.2 (See fig. 18.)

It should be noted that the angles used in the computation of the
geographic positions are the spherical angles, the seconds of which
appear in column 5 of the table of triangles (fig. 17). The first
angle of the triangle, although not used in the actual computation
of the position, should always be written down in its proper place
on the form since it is used as a check on the computed azimuth.

For example, in computing the geographic position of station
“Yellow,” the angles used are 60° 26’ 08783, 65° 12’ 45752, and
54° 217 11751. After the computation is finished the azimuth 1 to
2 plus the first angle of the triangle should equal the azimuth 1 to 3;
that is, 146° 31" 32727 +60° 26’ 08”83 should equal 206° 57’ 41710,
which they do.

Care should be taken to make sure that the latitude and longitude
of the new station as computed from the two different stations
check and that the azimuths as computed from the two stations
differ exactly by the amount of the first angle of the triangle. Occa-
sionally these values will fail to check by one unit in the last place
of decimals used, due to accumulation in the next decimal place,
but if the discrepancy is greater than one the computation should be
checked over to see whether a mistake has been made.

If no error has been made in the computation and the latitudes
(or longitudes) fail to check by one unit in the last place of decimals
used, then the two values should be made to agree by adding one
unit of the last place of decimals to one value or by subtracting one
unit from the other value. Which value should be corrected depends
upon which one should be changed to make the next position com-
putation check. (See p. 77.)

In the same manner if the azimuth of station 1 to station 2 plus
the first angle of the triangle fails to check the azimuth of station 1

2 After the manuseript of this publication was prepared new forms with the same numbers (26 and 27)
a8 the old forms were prepared for the computation of geographic positions of the first and third orders,
Although there has been no change in the formulas used for the computation, the different terms of the
formulas have been rearranged in a more compact form, which, it is believed, will expodite the computa.
tions. These new forms have not yet been finally adopted by this bureau, but are at present being tried
out in the division of geodesy A copy of each of these forms with sample computations of geographic
positions are shown in Figure. 10 and 26,
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POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
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Fi6. 19.—Sample position computation, third-order triangulation, new form
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F16. 20.—Sample position computation, first-order triangulation, new form
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ADJUSTMENT OF A QUADRILATERAL 47

to station 3 by one unit in the last decimal place, a correction must
be applied to one of the azimuths to make the result consistent before
proceeding with the next position. (See p. 43.)

LIST OF GEOGRAPHIC POSITIONS

After the geographic positions of the stations are computed a list
of these geographic positions, together with the azimuths and loga-
rithms of the distances to the other stations, is made on Form 28B.
(Sce fig. 21.) The azimuths from each station to the other stations
should be arranged in clockwise order. The names of the stations
in the first and sixth columns of the list of positions can be filled in
most easily in proper order from the sketch, since this shows the
arrangement of the stations in regard to azimuth. For each station
the azimuth and logarithm of the distance to each of two stations
can be obtained directly from the position computation and should
be written in the list before the other azimuths and logarithms of
distances which are obtained from the tables of triangles are entered
on the form. In case the quadrilaterals are complete, that is, all
the lines are included, it is possible to get a check on the computation
of all extra azimuths in the list.

At station Fairview, for example, the azimuths and back azimuths
to Yellow and Spencer are obtained directly from the position com-
putation, but the azimuth and back azimuth to Roman must be com-
puted from the triangles by using the two triangles Fairview—Yellow~
Roman and Fairview—Roman—Spencer. They are computed in the
following manner: The azimuth, Fairview to Yellow already in the
list (fig. 21) is 86° 08’ 05705 and the angle at Fairview from Yellow
to Roman in the triangle Fairview—Yellow-Roman is 26° 46’ 01768,
so the azimuth of Fairview to Roman as derived from the first
triangle is 86° 08’ 05705-+26° 46’ 01768=112° 54’ 06773. In a
similar manner the azimuth Fairview to Spencer already in the
list is 141° 15" 27789, and the angle at Fairview from Roman to
Spencer in the triangle Fairview—Roman—Spencer is 28° 21’ 21716,
so the azimuth of Fairview to Roman as derived from the second
triangle is 141° 15’ 27789 —~28° 21/ 21716 =112° 54’ 06”73, which
checks the value above.

The back azimuth Roman to Fairview is computed as follows: The
azimuth Roman to Yellow already in the list (fig. 21) is 326° 17’
39701, and the angle at Roman from Fairview to Yellow in the triangle
Fairview—Yellow-Roman is 34°08’ 33762, so the azimuth of Roman to
Fairview as derived from the first triangle above is 326° 17’ 39701
—34° 08’ 33762=292° 09’ 05"39. Again, the azimuth Roman-
Spencer already in the list is 261° 04’ 53749, and the angle at Roman
from Spencer to Fairview in the triangle Fairview—Roman—Spencer
is 31°04’ 11790, so the azimuth Roman to Fairview as derived from
the second triangle is 261° 04’ 53749+ 31° 04’ 11790 =292° 09’ 05”39,
which checks the other value.
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The extra azimuths, that is, those computed from the triangles,
should always be checked in every possible triangle, as this will show
whether or not the adjustment has made all the angles consistent.
It should be borne in mind that the angles used in the computation
of the azimuths are the spherical angles. One can readily tell whether
to add or subtract the angles in the computation of the szimuths by
referring to the triangulation sketch an which the relative positions
of the stations are shown.

After all the azimuths and logarithms of distances have been
entered in the list of positions, the other columns are filled out. The
quantities in the column headed ‘“Seconds in meters’” are obtained
by means of the tables in Special Publication No. 5, entitled ‘““Tables
for a polyconic projection of maps,” in which the value in meters
corresponding to 1 second of either latitude or longitude is given for
all latitudes from 0° to 90°. Next, under the general heading
‘““Distance,” the column headed “Meters” is filled out by taking the
antilogarithms of the values in the preceding column, and finally the
one headed “Feet” is obtained by conversion of the meter values.

In the first column of the list of positions, in addition to the name
of the station, there should be given the year of the first establish-
ment of the station, the date when the station was last visited, and
letters to indicate whether the station is described and marked or not.
If the station is described but not marked the letter “d’’ is used; if it
is marked and not described the letters ““m. n. d.” are used; and if
it is described and marked the letters “d. m.” are used. Other letters
used in this column are: ““n. d.” which means that the station is
not described, but whether or not it is marked is not known; “r’’
which means that the station was recovered but no description was
furnished of its condition; “r. d.” which means that the station
was recovered and described; and “r. d. m.” which means that the
station was recovered, described, and marked.

The column headed ‘‘Seconds in meters” is ordinarily not filled
out for first-order triangulation. The values in this column are
computed for the convenience of the draftsman in constructing charts
along the coast but as first-order triangulation is mostly in the
interior of the country it is not used in making the charts.

The adjustment of the quadrilateral which has been given in detail
on pages 29-41, fully illustrates the various steps that are necessary
in an adjustment when only the geographic positions (latitudes and
longitudes) of two initial stations, and the distance and azimuth
between these stations are fixed. Where a number of connected
triangles and quadrilaterals are to be adjusted, but the only fixed
conditions are those given above, the steps in the adjustment are
exactly the same as shown for the single quadrilateral, the only
difference being in the number of equations, both angle and side.



LI GEOGRAPHIC POSITIONS

- docession No. of Computation: 35.607
Locality  Bogene Datum Forth American State  gregon
DISTANCE.
BTATION. A P AT Sgcone o AZIMUTH BACK AZIMUTH. TO STATIOY.
Loaanrrax (msTRzs). MzrEna, Frer.
Yellow 43 322 48.846 1507.5 146 A 32.27 326 17 39.01 Roman 4.688 0892 48763.99 159986.5
1904 a.m. 123 24 09.568 214.8 206 57 41.10 27 10 27.74 Spencer 4.736 2338 54479.59 1%78738.5
Fairview 43 35 10.453 322.6 86 B 05.05 265 37 03.54 Yellow 4.783 6971 60771.10 199379.9
1904 &s. 122 39 .64 193.2 112 54 0673 292 09 05.39  Romem a3 9me dsar  ammy
141 15 27.89 320 57 05.8% Spencer 4.753 7076 56716.26 186076.6

F16. 21.—List of geographic positions for new stations of quadrilateral
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CHAPTER 3.—ADJUSTMENT OF A NET OF TRIANGULA-
TION BY THE DIRECTION METHOD

CONDITIONS INVOLVED

In the adjustment of the single quadrilateral just considered, only
angle and side equations were required. The adjustment of a net
of triangulation is given on the following pages for which are required
not only angle and side equations, but condition equations to elimi-
nate the closing errors in length, azimuth, latitude, and longitude.
The direction method will be used, as first-order triangulation is
always adjusted by that method in thig bureau. On pages 110-146
is shown a net of third-order triangulation adjusted by the angle
method.

Gorgora

Fia. 22.—Triangulation net used in sample adjustment

As shown in the sketch of this net (fig. 22), the lines Garcena-
Gorgora and Palo-Pedro are fixed in length and azimuth and the
stations Garcena, Gorgora, Palo, and Pedro are fixed in position
(latitude and longitude). The angle and side condition equations
for this net are formed in the same manner as explained on pages
35-37 for the single quadrilateral.

The length equation is formed by starting with the fixed length
Palo-Pedro and computing through the observed angles of a single
chain of triangles the length of the line Garcena-Gorgora. This
computed length will usually differ from the fixed length of the line
and the length condition is thus obtained.

The azimuth equation is formed by starting with the fixed azimuth
of the line Palo-Pedro and computing through the observed angles
of the triangles an azimuth for the line Garcena-Gorgora. This
computed azimuth will usually differ from the fixed azimuth of the
line and the azimuth condition is thus obtained.

The latitude and longitude equations are formed by starting with
the fixed position (latitude and longitude) of cither Palo or Pedro

50



ADJUSTMENT OF NET BY DIRECTION METHOD 51

and computing through the observed angles of a single chain of
triangles the geographic position (latitude and longitude) of Garcena.
This computed position of Garcena will usually differ from the fixed
position and the latitude and longitude conditions are thus obtained.

All the steps in the adjustment of this net of triangulation are
given in detail on the following pages. Although the net is only a
small one all the conditions that would appear in a large net are
present, so that an understanding of this small adjustment will
enable one to adjust a large net.

The formation of the equations representing all the conditions
considered above are shown below in detail. If the lists of directions
at the various stations have not been made out in the field they are
made in the form shown on page 7, with the column ‘“Final seconds”
left blank.

A sketeh (fig. 22) is then drawn showing the relative positions of
the stations and all the observed directions between the stations, full
lines representing directions observed from both stations at the ends
of the line and lines dotted at one end representing directions observed
from the station at the full end of the line but not from the other
station. The directions are numbered in clockwise order on the
sketch as shown in Figure 22.", The triangles (fig. 24) are next written
out and the angles filled in from the list of directions in Figure 23.
Particular attention should be paid to the order in which the tri-
angles are written. (See p. 29.)

As full instructions for determining the spherical excess and triangle
closures, and for checking+the triangle closures are given on pages
32-34 for the single quadrilateral, they will not be repeated here.

NUMBER OF EQUATIONS

After the closures of the triangles have been determined, the next
step is to determine the number of equations in the net. The
formulas for computing the number of equations to be used in the
adjustment of a triangulation net are given on page 34. In the net
considered here, n=29, n’ =29, s=13, and s’=13. The number of
angle equations is therefore n’—s’+1=29—13+1=17, and the
number of side equations is n—2s8+3=29—26+3=6. Since there
are fixed azimuths and lengths at the two ends of the net, there will
also be one azimuth and one length equation. In addition to these,
due to the fixed position (latitude and longitude) at each end of the
net, there will be one latitude and one longitude equation. Alto-
gether then there are 17 angle, 6 side, 1 azimuth, 1 length, 1 latitude,
and 1 longitude equations, or a total of 27 equations.

* Another way of determining the number of angle and side equations

in & net is to build up the figure point by point, starting from the

fixed line at one end, and count the number of equations at each
(Text continued on p. 59)
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Palo 140 50 53,52 53,15
Pedro 188 51 03,46 03.08
2
e I e s,
Station ._.._Garcia c d by AsGoDe
Oburver....Q.-.!-_EL_lg_lL Checked by W,...f_ﬂ_-.ls.a.-_._...

8rartone Ossearvep

DingcTions Arrer  IfNan
LocaL ApjusTMENT SECONDH

. o ”
Lomment 0.00 00.00 00,46
corpus 51 15 33.50 33.51
Pancho 89 53 49,28 49,12
kltoro 160 46 14,32 14,39
Fordyoce 192 06 27,73 27,35

Station ... Momument, Lot dby .. AnCels .

Observer . 0oVoH. 1917

8tamioxs Opazrvep

Hingold
Grande
Hebron
Corpus
Panoho
varola

Checked by o TF.Re

Dinzcriona Arrer  FiNAL
Locat AosustMeENT Brcosva

. ’ o

59,62
27,85
59,97
48,61
54, 61
03,26

0 00 00,00
26 00 27,23
31 47 59,65
80 32 48,42

118 19 55,00
179 58 03,72

Station .. PedrQ .. .
Observer ..C_'v'g.',.]'gl?v

SrtaTioNs OBSEAVED

Fordyce
R toro
Palo

Station ... E1EOXQ

U. 8. COAST AND GEODETIC SURVEY

LIST OF DIRECTIONS

Corrputed by ... CaDa. ...
Checked by Mo FaRac

Direcrions Arren TiNav
Tocat AnjusTieNnt BecoNps

° . ’e P

0 00 00,00 00,29
26 37 19.81  19.61
70 32 18.94 18.86

Computed by _AeGaDa

Observor .. G.eNoHa 3907, .

Stations Osservep

2

Palo
Pedro
Fordyce
Larcia
Pancho

Station ... Bangheo. . .
Observer .. CeVeHs 1917

8TaTioNs OBSERVED

iLltoro
Fordyce
Garcia

wWonument
Corpus

Station ... COPTUS
Onserver CoV-By 1917

SraTioNs UssERVED

Pancho
uarcia
hooument
Grande
Hebron

Fi6. 22.—Lists of directions for stations of net

Checked by ...

Direcrtona Arrer  FINaL
LocAL ADJUSTMENT SrcoNDs

° ’ ” ’”

0 00 00,00 00, 43
36 27 36,43 35,47
77 47 14.58 14,28

149 39 01,51 01,57

194 18 20,42 20,19

Computed by .. Aa@ela..... .o
Cheked by .. TaFaBe. .o

Dirzerions Arrer Fixan
Locat AnsusTHENT SBEcoNDN

o , I ’”

0 00 00,00 00,43
Q0 &3 46,79 46,52
64 28 16,62 16,92
92 56 19,84 19,79
142 14 9,23 58,83

Coamputed by A'C-D~
Chocked by . NeFoRe

Dinecriova Arren  Final
Locat ApjusTsent SEcoNDs

. . . ”

0 00 00,00
63 3b 03,71
92 54 15,91
139 12 15,04
186 42 58.48

00, 68
03, 37
16,83
15,25
58,00



ADJUSTMENT

DEPARYMENT OF COMMERCE
V. 5. COAST AND GEODETIC SURVEY
Fomm taa

Station . GRARAE. oo .
Obsorvor .. CeYaBa 2937 .

StaTioNs OBSERVED

Ringold

Hebron
Corpus
Momments

Observer CeVaHs. 1907

BrarioNs OssErved

State:.... Texas

OF NET BY DIRECTION METHOD

Computed by e CoRe
Checked by .‘...N.'In.n.‘..._....

DirecTions ArrEr  FiNAL
LocaL Apjustygnt Seconoa

° . ” .

0 00 00,00
63 08 11,31
162 41 08,92
230 b0 49,08

00,09
11,49
08,87
48,82

Computed by IO W o 7 s P
Checkod by o TeBeBe .
Dirxcrions Arrzr  Frwat
LocaL ApsustMenT Secosos

° . . ”

Gorgora 0 00 00,00 00,03
Garcena 4119 43,99 44,21
Hedbron 70 44 38,44 38,50
Grande 140 13 45.67 45,83
onument 165 04 06,90 06,45
Station ... 30T 50rA. Computed by .. AeCeDe

Obaerver .Qsl 9'...1917.

8rations Onsxrven

varsens
liebron
Ringold

Chocked by ... NeFeRe

Direcrions Arren  Fivai
l.ocaL ApyusTient Lzconps

° ’ ” .

0 00 00,00 00,57
6 02 24,09 24,18
43 44 32,07 31,41

Station ..... HEDTOB

LIST OF DIRECTIONS

AeCeDe

C d by

Obsecver ..QaYoHa 2917 .

Srations Osserveo

Checked by .....L’:n.lc.........

Dixecriona Arrer  Fivap
Local ADIUsTMENT Beconps

Corpus 0 00 00,00 00,56
lonument 37 26 30,556 30,03
Grande 42 56 20,48 20,61
Ringold 90 19 02,33 02,02
uorgora 161 52 16,28 16,58
Garcena 173 35 47,89 47,73
Station .. 3BT CONA ¢ d by

Observer .. Coliale 1917

SraTions Opssaven

Liebron
Ringold

Gorgora

Checked by .....Te= arke
Dirzcrions Arren FivaL
Locat ADJUATWENT SkcoNpe

. . ” ”

0 00 00,00 00,16
67 18 20.19 20,28

162 14 05,66 06.43

Fia. 23.—Lists of directlons for stations of net—Continued
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DEPARTMENT OF COMMERCE
U, 5, COAST AND GEODETIC SURVEY
Form 25

U. 8. COAST AND GEODETIC SURVEY

COMPUTATION OF TRIANGLES

State: .. Texas
P —
NO. STATION OBSERVED ANGLE
23 Palo - Pedro
-1506 1 TFordyce /* 48 00 09.94
-45 2 Palo U 61 27 B31.53
=143 3 Pedro { 70 22 18.94
1-3 Fordyce - Pedro
1-2 Fordyce - Palo
00.41
23 Palo - Pedro
-748 1 I'Eltoro 36 27 6,43
=446 2. Palo 99 37 25.08
~243 3 Pedro 43 54 59.13
1-3 Eltora = Pedro
12 Eltoro -~ Palo
00.61
23 Palo -~ Fordyce
-749 1 Eltoro 77 47 14.58
-546 2 Palo 38 09 B83.52
«14415 3 Fordyce 64 02 53.85
13 Eltoro - Fordyce
12 Eltoro - Palo
01.95
23 Pedro ~ Fordyce
-849 1 Elton 4 19 38.15
-142 2 Pedro 26 37 13.81
~14416 3 Fordyce 112 03 03.79
13 Eltoro ~ Fordyce
12 Eltoro = Pedro
iy 01.75
23 Eltoro ~ Fordyce
-20421 1 Garcia 31 20 13.41
-9410 2 Eltoro 71 51 46.93
~12414 3 TYordyce 76 47 59.67
1-3 Garcia - Fordyce
1-2 Garcia - Eltoro
00.01

Ny BPUERL SeHEr’L
CORR'N “voie mxcess

-0.01 09.93 0.08

+0.23 31.76 0.09
~0.,37 18.57 0.09
=0.15 0.26

-0.39 26.04 0.09
-0.07 24.98 0.09
40.12 598,25 0.09

~0.234 0.27

~0,73 13.85 0,07
-0.30 53.22 0,07

-0.71 53.14 0.07
~1.74 0.21

-0.34 37.81 0.07

-0.49 15.22.0.06

-0.72 08.07 0.07
-1.56 0.20

=0.45 12.96 0.09
+0.36 47.29 0.09
40.26 60.02 0.09
+0.26 0,27

PLANE ANGLE
AND DISTANCE

09.85

31.67
18.48

35.95
24.29
59.16

13.78
53.15

53.07

37.74
19,26
03.00

12.87
47.20
59.93

F1a. 24.—Triangle computation for stations of net

LOGARITIIM

3.9781520
0.1289079

9.9437288
9.9744497

4,0507887
4,0815096

3.9781520

" 0.2260226

9.9938449
9.8411144

4.1980195
4.0452890

4.0815096
0.0099416
9.7909368
9.9528377'
2.8823870
4.04538821

4.0507887
0.1802208
9.6513775
9.9670100
3.8823870
4,1980195

3.8823870
0.2829287
9.9778678
9.9883711
4.1441935
4.1546968



ADJUSTMENT OF NET BY DIRECTION METHOD 55

DEPARTMENT OF couu:ne:

e aE COMPUTATION OF TRIANGLES
State: ....20XBA
av———————— .
No, FTATION OBSERVED ANOLE  CORR'N STEsl Srmmmy  FLANE ANGLE LOGARITAM
23 Eltoro - Fordyce 3.3823870
-22+23 1 Pancho 20 23 46.79 -0.70 46.09 0.08 46.01 0.4577868
-S4112 Eltore 116 31 -05.84  +0,07 05.91 0.08 05.82 9.951722L
-13+14 3 Fordyce 43 05 08.33  -0.07 08.26 0.09 08.17 9.8244761
13 Pancho - Fordyce ~0.70 0.28 4.2918957
1.2 Pancho - Eltoro 4.1746517+1
00.96
23 Eltoro - Garcia 4.1646968
-224241 Pancho 64 28 16.62 -0.13 16.49 0.13 16.36 0.0446159
«10411 ; ZEltore 44 39 18.81 -0.29 18.62 0.12 18.50 9.8468552
-184203 Garcia ?0 52 25.04 +0.23 25.27 0.12 25.14 9.9753391
13 Pancho ~ Garcla =0.19 0,38 4.0461679
12 Pencho ~ Bltore 4.1746518
00.57
2.3 Fordyce - Garcla 4.1441935
~23424 1 Panclo 44 04 20,83 +0.57 30.40 0.13 B0.27 0.1576402
~12183 2 Fordyce 23 42 51.34 40.42 51.76 0.13 51.63 9.7443342
<1943 3 Garcla 102 12 38.45 -0.22 38.23 0.13 3.10 9.9900620
13 Pancho ~ Garcla +0.77 0.39 4.0461679
1.2 Pancho - Fordyce 4.2918957
59.62
23 Pancho - Garcla 4.0461679
«314-321 Monumnent 61 33 08.72 -0.08 08.54 0.08 03.58  0.0558446
—241:252 Pancho 28 B8 03.22 -0.3502.87 0.03 02.82 9.6782082
-1M193  Garcis 89 53 49.28 ~0.62 48.66 0.08 48.80 9.9999993
1.3 Monument - Qarcia -1.08 0.17 2,7799207
1.2 Yonument -~ Pancho 4.1017118
01.22
2-3 « Pancho ~ Garcla 4.0461879
-33+341  Cornus 63 35 03.71 ~1.02 02.69 0.07 02.62 0.0478917
«24426 2 Pancho 7?7 486 42.6) ~0.70 41.51 0.07 41.34 9.9900438
-18¢19 3  GOarcia 38 38 15.78 -0.17 15.61 0.Q7 13.54 9.7954581
13 Corpue ~ Qarcia ~1.89 o.2 4.0341034
12 Corpus ~ Pancho 3.8395177
02.12

F1a, 24.—~Triangle computation for stations of net--Continued
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U. 8. COAST AND GEODETIC SURVEY

DEPARTMENT OF COMMERCE
U, 8. COAST AND GRODKTH JURVEY
Form 28

No.

23
-33+25 1
-C5426 2
~20451 3

13

12

23
-34435 1
-17418 2
-30432 3

13

12

23
-404411
~IB4362
-28+303

1.3

12

42443 1

-354372

-294303
13
12

23
-424+44 1
~36+37 2
~39+03

1-3

12

COMPUTATION OF TRIANGLES

BTATION OBSERVED ANGLE

Pancho - Monument
Corpus 92 54 13.91
Pancho 49 18 239.29
lorwnent 37 47 06.58

Corgpus - lLonunent

Corpus - Pancho

01.83

Gareia ~ Monument
Corpus 29 19 12.20
Garela 51 15 33.50
Honunent 99 25 15.30

Corpus - ionument
Corpus - Garcia
01.00
Corpus - Monument
Grande 78 09 40.13
Corpus 46 " 17 59.13
Honument 68 32 21.19
Grande - Monument
Grande - Corpus
00.48

Corpus - Monument
Hebron 37 26 30.55
Cornus 93 48 42.57
Monmunent 48 44 48,37

Hebron - Momument

Hebron - (hf'ptu

01.99

Corpus ~ Grande
Hebron 42 56 R20.48
Corpus 47 30 42.44
Grande 83 32 57.61

He.ron - Grande

Hebron - Corpus

01.53

gy SPEER'L Bruen’t
CORR'N Taix’ sxcrms

-0.76 15.15 0.07
~0.35 39.04 0.06
-0.58 06.00 0.06
-1.69 0.9

+0.26 12.46 0.08
~0.45 33.05 0.05
~0.66 14.64 0.05
~0.85 0.15

-0.1339.95 0.05
+0.3059.43 0.04
~0.4320.78 0.05
-0.21 0.14

-1.07 29.48 0.09
-0.40 42,17 0.10
-0.23 ,48.64 0,10
-1.70 0.29

=0.42 20.06 0.06
~0.70 42.74 0.06
~0.23 57.38 0.06
-1.35 0.13

PLANE ANOLE
AND DIBTANCE

15.08

38,98
05.94

12.41

33.00
14,59

239,90

£9.39
20.71

29.239
42.07
48.54

20,00
42.68
57.32

F1a. 24.~Triangle computation for stations of net—Continued

LOQARITHM

4,1017118
0.0005881
9.8798168

- 9.7872478

3.9820867
3.8895177

3.7799207
0.3100800
9.8920860
9.9941028
3.9820867
4.0841035

3.9820867,
0,0093379
9.8551173
9.9161972
2.8508419

3.9076218

3.9820867
0.21613%4
9.9990382

9.8761043
4.1972863
4.0743223

2.5076218
0.1667139
9.8677132
9.9999866
3.9420489
4,0743223



ADJUSTMENT OF NET BY DIRECTION METHOD 57

DEKPARTMENT OF COMMERCE
U, B, COAST AND $80DETIC SURVEY

COMPUTATION OF TRIANGLES

State: .. Texay
O R i
No. STATION OBSERVED ANGLE  CORR'N STANSL frmman  PLANKANOLE LOGARITIN
2.3 Monument - Grande 3.8505419
~434441 Hebron 5 29 49.93 +40.65 50.53 0.01 50.57 1.0136334
-284292  Monument 6 47 32.32 -0,20 32.12 0.0 32.11 9.0728735
-394413  Crande 167 42 37.74 -0.41 37.33 0.01 37.32  9.3280810
13 Hebron - Grande 40.04 0.03 3.9420488 Y
12 Hebron - Monument 4.1972663
55.5%
23 Hebron - Grande ’ 3.9420489
-50461 1 Rineoid. 69 29 07.23 4-0.1007.33 0.08 07.28  0.0284539
=44+45 2 Hebron 47 22 41.35 -0.4441.41 0.04 41.37 9.8667328
-38439 3 Grande 63 08 11.31 490.0911,40 0.05 11.35  9.9504064
1-3 Ringold - Grande -0.25 0.14 3.8372856
1-% Ringold ~ Hebron B.9208002
00.39
23 Hebron - Momument 4.1972863
-50462 1 Ringold 95 19 28.46 -0.5127.95 0.09 27.86  0.0018779
~43#45 2 Hebron 52 52 31.78 40.2A31.99 0.09 31,80 9.9018361
~3M29 3 Momument 31 47 59.55 40.7860.33 0,08 60.24 9.7217750
13 Ringold - Monument +0.48 0.7 4.1007703
1.2 Ringold - Hebroa - 3.9209092
59.79
23 Grande - Monument P 3.8505419
-51-52 1 Ringold 25 50 21.23 -0.61 20.82 0.03 20.59 0.3506682
+38-41 2 Grande 129 09 10.85 +40.32 11.?’/ 0.04 11.23 9.8895802
-27428 3 Momument 25 00 27.23 +40.98 28.2 0,03 28.18 9.6260755
13 Ringold « Momument 40,68 0.10 4.1007703
1.2 Ringold - Grande 3.8372356
wa
23 Hebron - Ringold 3.9209092
=53+54 1 Garcena 67 18 20.19 ~0.10 20.09 0.03 20,06 0.0349980
-45¢47 2 Eebron 83 16 45.66  40.15 45.71 0.08 45.68  9.9970085
~46450 3 Ringold 29 24 54,45 -0.16 54.29 0.03 54.26 9.6911991
13 Garcia - Ringold =-0.11 0,09 3.9520127
12 Garcis - Hebron S,6470063
00.20

F16. 24.—Triangle computation for stations of net—Continued
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U. 8. COAST AND GEODETIC SURVEY

DEPARTMENT OF COMMERCE
U & COAY M0 SEODITIC

NO.

-56+67
-53465
w4 €447

«54+55
=48+49

~5158
-45846
43450

23

1.3

12

23

2

3
1-2

COMPUTATION OF TRIANGLES

BTATION OBSERVED ANGLE

Garcena ~ Hebron

Gorgora 6 02 24.09
Garcena 162 14 05.66
Hebron 11 43 31.61

Gorgora ~ Hebron
Gorgora - Garcena
01.36

Garcena - Ringold

Gorgora 43 44 32,07
Garcena 94 55 45.47
Ringold 4 19 43.99

Gorzora - Ringold
Gorgora ~ Qarcena
0.53

Hebron - Ringold

Sorgora 37 42 07.98
Hebbon 71 33 13,95
Ringold 70 44 38.44

Gorgora - Ringold
Gorgora - Hebron
00.37

Sraxn’y, Symmat
CORR'N iyua wxewes

-0.48 23.61 0.01
-0.39 05.27 0.01
-0.46 31.15 0.01
-1,33

~1,23 30.84 0.07
-0.29 45.18 0.07
4019 44,18 0.06

~1.33

-0,75 07.23 0,08

+0.61 14.58 0.09
40.03 38,47 0.09

-0.11

PLANE ANGLE
AND DIBTANCE

Fiu. 24.—~Triangle computation for stations of net—Continued

LOOARITHM

3.6471063

23.60  0.9773983

05.26  9.4844665

31.14  9.3079664

0.03 4.1094711

3.9329710

3.9529127

30,77  0.1602639

45.11  9.9983908

44.12  9.8197944

0.20 4.1115674

3.9329710

3.9209092

07.15  0.2135649

14.47  9.9770934

38.38  9.9749970

0.26 4.1115675
41094711
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point. The rules to follow in this case are: At each point the number
of angle equations is one less than the number of full lines (observed
at both ends) and the number of side equations is two less than the
total number of lines, counting both the full lines and those dotted
at one end.

For example, in the net to be adjusted, start at the fixed line
Palo-Pedro. Then at station Fordyce there are 2 full lines to sta-
tions already -considered and so there are one angle and no side
equations; at station Eltoro there are 3 full lines to stations already
used and so there are 2 angle and 1 side equations; at Garcia there are
2 full lines and therefore 1 angle and no side equations; at Pancho there
are 3 full lines and therefore 2 angle and 1 side equations. Continu-
ing this process of building up the figure point by point until the final
point, Gorgora, is reached, we have the following number of angle
and side equations:

Number of angle and side equations in net

Fquations

Station e
Angle | Side
Fordyce..___..__. 1 0
Eltoro._. 2 1
Garcla_. 1 0
Pancho._.. 2 1
Monument 1 0
Corpus.___.. 2 1
Grande 1 (1]
Hebron 2 1
Ringold 2 1
Garcena........_. 1 0
Gorgora. ......... 2 1
Total .. ... 17 6

A total of 17 angle and 6 side equations is thus obtained and this
agrees with the number of equations determined by means of the
formulas. In a complicated figure for which it is difficult to deter-
mine the correct number of equations the number should be checked
by using both methods.

FORMATION OF CONDITION EQUATIONS

The angle equations, which are shown on page 60, are obtained
in the same manner as in the adjustiment of the single quadrilateral.
(See p. 35.) The side equations are also formed in the same manner
as the one used in the adjustment of the single quadrilateral. One
should be careful at all times to choose the pole in each side equation
so that the two smallest angles will be included for, otherwise, the
final adjusted logarithms of the distances in the triangle computation
may not check.

58853°—28——5



60 U. 8. COAST AND GEODETIC SURVEY

The angle and side equations should be formed by building up
the figure point by point in the same manner as for counting the
equations and writing out the equations at each new point as the figure
is built up. In this way not only will the correct number of equations
be obtained, but the introduction of ““identical’” equations will be
avoided. ‘‘Identical” equations are sometimes introduced acci-
dentally and not discovered until the solution of the normals is
considerably advanced. (An illustration of an “identical”’ equation
is given on p. 181.)

Angle equations

0=+40.15— ()+ B)— @+ B)— (15)+(16)
0=40.34— 2+ @)— D+ ©®— N+ &
0=+41.74— B)+ 6)— (D+ (9— 14+ (15
0=—0.26— (9)-+(10)— (12) + (14)— (20) +(21)
0=+0. 19— (10)+ (11)— (19) + (20)— (22) 4 (24)

=—0. 77— (12) + (13)— (19) 4 (21)— (23) + (24)
0==+1. 05— (17) 4 (19)— (24) + (25)— (31) 4 (32)
0= 1. 89— (18) + (19— (24) + (26)— (33) + (34)
0=-1. 69— (25) 4 (26)— (30) + (31)— (33) + (35)
10. 0=+0. 31— (28) + (30)— (35) +- (36)— (40) + (41)
11. =—0. 69— (27) + (28) + (38)— (41) — (51) + (52)
12. 0==-+1. 70~ (29) + (30)— (35) + (37)— (42) + (43)
13. 0=+1. 35— (36) +(37) — (39) + (40)— (42) -+ (44)
14. 0= +0. 25— (38) 4 (39)— (44) + (45)— (50) + (51)
15. 0=4-0. 11~ (49) + (50)— (45) 4 (47)— (53) + (54)
16. 0==+1. 33— (48) 4 (49)— (54) + (55)— (56) + (58)
17. 0=+0. 11~ (45) + (46)— (48) + (50)— (57) + (58)

OGO

Side equations

Symbol Angle Logarithm de?fgle'}f’cZ Symbol Angle Logarithm (;Ii‘ggrl:alg(‘;e
o r ” o ’ r”

—15+16 | 48 00 00.94 | 9.87109231 41.90 —4+45 | 61 27 31.53 | 0. 94372863 +1.15
—849 141 19 38.15 9.B81978015 +-2. 40 —142 1 26 37 19.81 | 9, 65137982 +4.20
~54+6 | 38 00 53,52 | 9. 79093675 42,87 [ ~14-415 | 64 02 53.85 | 0. 85383853 —+1.02
—243 | 43 5 59,13 | 9.84111431 +2. 19 —748 136 27 36.43 | 9.77397878 | 4-2.85

9. 32202352 9, 32202676

118, 0=—2.2444.20 (1)—6.39 (2)-+2.19 (3)+1.15 (4)— 3.82 (5) +2.67
(6)+2.85 (7)— 5.25 (8)+2.40 (9)+1.02 (14)—2.92 (15)41.90 (16)

—~204-21 | 31 20 13.41 | 0.71606319 +3.46 || —12+414 [ 76 47 059.67 | 0. 98837099
—224-24 | 84 28 16.62 | 9. 95538436 41.00 || —19420 | 70 52 2504 | 9. 97533004
—~13414 } 43 05 08.33 | 9. 83447846 +2.25 || —224-23 | 20 23 46,79 | 9. 54221776

9. 50392601 0, 50502779

19. 0=—1.7840.49 (12)— 2.25 (13) +-1.76 (14)+0.73 (19)—4.19 (20)-!-3 46
(21)4-4.66 (22)— 5.66 (23)+1.00 (24)

+3
3

b Th;s equation is formed with the pole at the intersection of the two dlagonals. (See explanation on
p. 185
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Side equations—Continued

Tahular
difference

Tabular

‘
difference| Symbol Angle Logarithm

S8ymbol Angle Logarithm

o ’ . o ’ »
—34+35 | 20 19 12.20 | 9.63091918 +3.74 | —30432 | 99 25 15.30 | 9.99410258 | ~0.34
—244-26 | 77 46 42.61 | 9. 99004413 -+.45 | —33+-34 | 63 35 03.71 | 9.05210943 { +1.05
—314-32 { 61 38 08.72 | 9. 94445563 4113 | —24-+25 | 28 28 03.22 | 9.67820974 | +3.89

9. 62441804 9. 62442175

20.  0=—2.81-3.44 (24)— 3.89 (25)+0.45 (26)— 0.34 (30)— 1.13 (31) +1.47
(32) +1.05 (33)— 4.79 (34) +3.74 (35)

—28+20 1 6 47 32.32 | 9.07287722 ‘ +17.68 || —43-4-44 | 5 20 49.03 | 8 08135262 | 4-21.
—b1+562 | 25 50 21.23 | 9. 63933451 +4.34 || —274-28 | 26 00 27.23 | ©.62607119 | 4.
—44+45 | 47 22 41.85 | 9. 86678373 +1.93 || —50451 | 69 20 07.23 | 9. 97154607 4

8. 57800546 8. 57896988

e

121. 0=-125.58+4.52 (27) — 22.20(28) +17.68 (29) 4-21.88 (43)— 23.81(44)
+1.93(45) +0.78(50)— 5.12(51) +4.34(52). (Thisequation should be divided
by 5 before entering it in the correlates.)

—44--45 | 47 22 41.85 | 9.86678373 4193 || —~50451 | 60 20 07.23 | 0.97154607 | -+0.78

—36-37 | 47 30 43.44 | 9.86771468 +1.93 || —424-44 | 42 56 20.48 | 0.83328715 | -+2.27

—28-+30 | 55 32 21.19 | 9. 01619788 +1.45 || —-35--36 | 46 17 58,13 | 9.85011681 | +42.01

—b51+62 | 26 50 21.23 | 9.63933451 +4.34 || —27428 | 25 00 27.23 | 0.62607119 | --4.52
9. 20003080 9. 20002122

2 22. 0= 9.58+ 4.52(27) — 5.97(28)+ 1. 45(30)+ 2.01(35) — 3.94(36)
+1.93(37)+ 2.27(42) — 4.20(44)+ 1.93(45)+ 0.78(50) — 5.12(51)
+4.34(52).

—484-49 | 41 19 43,90 | 9.81979414 +2.30 || —56+58 | 43 44 32.07 | 9.83073804 | -
—45+47 [ 83 16 45.56 | 9. 99700544 —40+4-50 | 28 24 54.45 | 9. 60119075 | -+
—56+567 1 6 02 24.09 | 9.02211142 | 419.90 || —46--47 [ 11 43 31.61 | 9.30797112 | 41

8, 83891100 8. 83800981

+

™

o
S
I

123. 0=+1+1.19—0.25(45)+ 10.14(46) —9.89(47) —2.39(48)+ 6.13(49)
. —3.74(50) —17.70(56)+ 19.90(57) — 2.20(58). (This equation should
be divided by 5 before entering it in the correlates.)

1 The coeflicients of the different equations of a net should he approximately the same size. If the coef-
ficients of an equation are too large, they should be divided by a factor to bring them to the proper size.
2 In a central émint figure with one diagonal observed, which requires 2 side equations, one of the side
equations should be written with the pole at the center and should be carried entirely around the figure,

EXPLANATION OF AZIMUTH EQUATION

In the formation of the azimuth equations differences between
forward and back azimuths are used and it is necessary, therefore,
to make a preliminary computation of the geographic positions of the
various stations to determine these azimuths. This same compu-
tation is used in determining the latitude and longitude closures
and an explanation of it will be found on pages 66 and 69. We shall
consider here that these positions have already been computed.
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Starting with the fixed azimuth, Palo-Pedro, and using the observed
directions and the differences between the azimuths and back azi-
muths through the shortest route, the azimuth of the line Garcena-
Gorgora is determined. It is well to go through the angles in a
clockwise direction, wherever possible. The angles will then be
added instead of subtracted.

Computation of azimuth equation

° ’ " Final
seconds *
Palo-Pedro (fixed azimuth) _______._______________ 12 02 25.00 25 00
e S o T +99 37 2505 24.98
Palo-Eltoro__. . _ . ___ o _o_-_ 111 39 50.05 49.98
— 2 4512 4511
Eltoro-Palo. ... . ... 291 37 04.93 04. 87
ey o § 4194 18 20.42 19.76
Eltoro-Pancho___________ ... 125 55 25.35 24.63
— 3 14.32 14.32
Pancho-Eltoro_ . __ . ______ 305 52 11.03 10.31
— 224+ 26, . +142 14 59.23 58. 40
Pancho-Corpus._ . ... . e 88 07 10.26 08 71
— 2 04.55 04.55
Corpus-Pancho._ . ________________________.___ 268 05 0571 04.16
— 334+ 37 e +186 42 58 48 57.32
Corpus-Hebron._ ... ___ ... ___ 94 48 04.19 01.48
- 3 10.09 10.09
Hebron-Corpus_ - _ .. . 274 44 54.10 51.39
— 42447 o +173 35 47.89 47.18
Hebron-Garcena. . _ - .. .o 88 20 41.99 38 57
— 1 11.31 11.31
Garcena-Hebron. .. ... . _________.___.. 268 19 30.68 27.26
o1 B 1 T +162 14 05 66 05 27
Garcena-Gorgora (computed azimuth) .. ___________ 70 33 36.34 32.53
Garcena-Gorgora (fixed azimuath) _________________ 70 33 32.53 32 53
Closing error . _ . . e +3.81 0.00

24. 0=43.811— (4) +(6)— (N + (11— (22) +(26)— (33) + (37) — (42) + (47)
— (53) + (55)

The azimuth equation above is made up as follows (see p. 50):
Starting with the azimuth Palo-Pedro, 12° 02’ 25700, and adding
the angle at Palo from Pedro to Eltoro (designated by —4+6), 99°
37’ 25705, we get 111° 39" 50705, which is the azimuth of
the line Palo-Eltoro. Now in order to carry the azimuth ahead, it
is necessary to obtain the back azimuth of this line or the azimuth

* This coluinn is filled out after the adjustment is corupleted.
$The azimuth constant should be corrected by the atnount 8in ¢m (\a—As’), where ¢ Is the mean latitude
and Mu~Ay' i8 the discrepancy in longitude.
$a=26° 40’ 49 and A—Ns'=~—07006
log 0.006= 7, 7782-10 (negative).
log sin 26° 40’ 49/'= 0.6523-10

log correction= 7. 4305-10 (negative).
correction=—07003.
This correction is not large enough to affect the azimuth constant,
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Eltoro-Palo. This is obtained by adding 180° and (algebraically)
the difference of azimuth due to convergence of meridians as com-
puted on page 71, to the azimuth Palo-Eltoro. That is,

[+ ’ 144

Azimuth, Palo-Eltoro= 111 39 50.05
180 00 00.00

Difference of azimuth and back azimuth = 2 45 12

Azimuth, Eitoro-Palo= 291 37 04.93

Then using the azimuth Eltoro-Palo as given above, and adding the
angle at Eltoro from Palo to Pancho, we obtain the azimuth Eltoro-
Pancho.

In this manner, as shown on page 62, the azimuth is carried along
until the azimuth Garcena-Gorgora is determined. It must be
remembered that the observed angles are used in forming the azimuth
equation. They can be obtained from either the list of directions
or the triangle computation. The designation of each angle used
should be placed to the left of the corresponding angle as shown on
page 62. At the end of the equation the fixed azimuth of Garcena-
Gorgora should be placed directly under the computed azimuth.
The azimuth equation may then be written by placing the fixed
azimuth equal to the computed azimuth plus all of the v’s denoted
by the designations of the angles in the computation of the azimuth
equation. For convenience all terms are transferred to the right side
of the equation, and the difference of the two azimuths (computed
minus fixed) is used as the constant term of the equation.

EXPLANATION OF LENGTH EQUATION

The specifications for horizontal control for first-order triangula-
tion (see Special Publication No. 120, p. 2) require that the closure
in length upon a measured base or a line of adjusted triangulation

1
‘must not exceed that represented by an error of 5zggs after the

angle and side equations have been satisfied in the adjustment. The
closure in length can easily be expressed as a ratio by dividing the
discrepancy in the logarithm by 0.4343, which is the modulus of the
common system of logarithms. For instance, in the following length
equation the discrepancy in length is 2.27 in the sixth place of loga-
rithms and therefore the closure in length before adjustment is
. 2 . . .
(—)*%Q%g%g—l or approximately {57500 11000- After the angle and side
equations are satisfied in the adjustment the discrepancy in length
is 7.25 in the sixth place of logarithms (see p. 91), that is, the closure

. . . 0.00000725 . 1
in length after adjustment is 04343 °F approximately 60000
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The length equation is formed as shown in the table on page 65.
It differs from a side equation in that it involves the logarithms of
two lengths. Starting with the line Palo-Pedro the length is
computed through the best chain of triangles (see fig. 22) until the
computed length of the line Garcena-Gorgora is obtained. The
angles turned through in carrying the length through the scheme are
indicated by small arcs near the vertices of the triangles in Figure 25.

In most cases it will not be necessary to compute the ZR (see
p- 236) in order to get the best chain of triangles. An experienced
mathematician will be able to tell from an inspection of the triangles
which is the strongest chain. The beginner, however, when in doubt
about the best triangles in any particular quadrilateral of the chain,
should compute the TR for that quadrilateral. A good general
rule to follow is to avoid the small angles in the formation of the
length equation.

Garcena  Hebron Corpus

Pedro
F1a. 25.—Triangulation net, showing triangles used in forming latitude and longitude equations
The logarithms of the fixed lengths are written in the first line of
the length equation computation in the columns headed ““logarithm.”
The logarithms of the fixed lengths used in the length equation must
be corrected for the difference between arc and sine. A table of
these corrections is given on page 231, This correction is — 16 in the
eighth place of logarithms for the length Palo-Pedro and —13 for
the length Garcena-Gorgora. These corrections should be placed
just above the logarithms of the lengths themselves. (See p. 65.)
The arc-sine correction may be explained as follows: In the forma-
tion of a length equation it is assumed that small arcs are proportional
to their sines. Similarly, in the derivation of the position computation
formulas it is assumed that small arcs, s and A\, are proportional to
their sines. As this assumption introduces a slight error in the com-
putations a correction must be applied to take account of the error.
In the length equations we are concerned only with the corrections
corresponding to log s, which are always negative. In the case
of the position computation, however, the differences are taken out
for both the arguments log ¢ and log A\, the first with a negative,
the second with a positive sign, and their algebraic sum is applied
as a correction to log AX. A table similar to the one on page 231 is
given on page 17 of Special Publication No. 8, sixth edition, but as
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it is only carried to seven places of decimals it can not be used for
first~order work, which should be carried to eight places of decimals.

Columns 1 and 5 of the length equation, headed ‘‘symbol,”” can be
filled out directly from Figure 22. After determining through which
triangles the length is to be carried, the following rule can be used
in filling out these columns: In the first column is placed the desig-
nation of the angle adjacent to the starting length but opposite the
side through which the length is next carried, while in the fifth
column is placed the designation of the angle opposite the starting
length. For instance, in Figure 25 the line Palo-Pedro is the starting
length and the line Palo-Fordyce is the line through which the length
is to be .carried next, so —1-+3 is placed in the first column, and
—15+16 in the fifth column. Palo-Fordyce now becomes the start-
ing line and Eltoro-Fordyce becomes the next line through which
the length is carried so —5+6 and --7+9 are placed in the first and
fifth columns, respectively. In a similar manner, the rest of the first
and fifth columns are filled out.

The remainder of the computation is handled in exactly the same
manner as for a side equation. The constant term for the length
equation is obtained by subtracting the sum of the quantities in the
seventh column from the sum of the quantities in the third column.
The quantities in the fourth and eighth columns are the coefficients
of the quantities in the first and fifth columns, respectively, as in a
side equation. It must be remembered that the coeflicients from
the eighth column change sign, the right side of the table being
subtracted from the left side.

Computation of length equation

4 8
1 2 3 Tabular 5 [} 7 Tabular
S8ymbol Angle Logarithm | differ- Symbol Angle Logarithm | differ-
ence enoe
. —16* —13*
Palo-Pedro 39781520 (.._o..._... QGaroena-Gorgora 3.9329710 ... ...
o ’ ” o ’ ” ’
—143 | 70 32 18,94 | 9. 97445004 40.74 1 —154-16 1 48 00 09.94 | 9.87109231 | +1.90
—-54-6 1 38 00 53.52 | 0. 79003675 +2.67 —74+9 | 77 47 14.58 | 0. 99005871 +. 45
~124-14 | 76 47 50.67 | 9. 98837099 +.49 || ~204-21 | 31 20 13.41 | 9. 71606319 | +3.46
—10+411 | 44 39 18 91 | 9. 84685008 +2,13 || —22424 | 64 28 16.62 | 9. 95538436 | ~+1.00
—17419 | 88 53 40.28 | 9. 99080930 .00 || —314-32 | 61 38 0872 | 9.044455683 | +1.13
—25426 | 49 18 39.39 | 9. 87081740 +1.81 || —33435 | 92 54 1501 | 9. 90044177 —. 11
—28-+30 | 556 32 21.19 | 0. 91619788 +1.45 | —404-41 { 78 00 40.13 | 9. 99066223 +.45
—364-37 | 47 30 43.44 | 9. 868771468 +1.93 || —42-444 | 42 56 20.48 | 0.83328715 | +2.27
—38+4-39 | 63 08 11.31 | Y. 95040642 +1.06 || —50-+51 | 69 20 07.23 | 9. 97154607 +.78
—454-47 | 83 16 45,56 | 6. 99700644 +.25 || —534+54 { 67 18 20.19 | 9. 96500209 -, 88
—484-49 | 41 19 43.99 | 9. 81979414 42.39 || —56-+58 | 43 44 32.07 | 9.83973804 | +2.20
3. 00970105 3. 00970332
* See p. 64.
25, =—2.27— 0.74(1) +0.74(3) — 2.67(5) +2.67(6) +0.45(7)— 0.45(9)

~—2.13(10) +2.13(11)— 0.49(12) 4-0.49(14) 4+ 1.90(15)— 1.90(16)
-+3.46(20)— 3.46(21) 4-1.00(22)— 1.00(24)— 1.81(25) + 1.81(26)
— 1.45(28) +1.45(30) +1.13(31)— 1.13(32)— 0.11(33) +0.11(35)
— 1.93(36) +1.93(37)— 1.06(38) +1.06(39) +0.45(40)— 0.45(41)
+2.27(42)— 2.27(44)— 0.25(45) {-0.25(47)— 2.39(48) - 2.39(49)
+0.78(50)— 0.78(51) +0.88(53)~ 0.88(54) +-2.20(56) — 2.20(58)
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LATITUDE AND LONGITUDE EQUATIONS

The angle, side, azimuth, and length equations having been
formed, the latitude and longitude equations should now be formed.
The development of condition equations for latitude and longitude
closures is given very fully in Special Publication No. 28. Only
the actual mechanical operation of forming these equations will be
given here.

Until a few years ago the usual practice was to adjust a net of
triangulation for only angle, side, length, and azimuth conditions
at first and then, using the adjusted angles and lengths, to compute
the geographic positions and determine the latitude and longitude
closures. A new adjustment was then made to ecliminate the dis-
crepancies in latitude and longitude. In this second adjustment, it
was necessary to hold the constant terms of all the equations, except
the latitude and longitude equations, to zero, since all closing errors
except in latitude and longitude were eliminated by the first adjust-
ment. ’

The present practice is to adjust the latitude and longitude equa-
tions along with the other equations. When this is done it is neces-
sary to compute preliminary positions through a selected chain of
triangles in order to determine the latitude and longitude closures.

In this chain of triangles the observed angles are used for the length
angles (the angles in each triangle through which the length is carried).
The azimuth angle in each triangle is concluded by subtracting the
sum of the two length angles from 180° plus the spherical excess.
This angle should in every case be placed in parentheses to show
that it is concluded. However, if one of the length angles is not
observed, then the observed azimuth angle must be used, and the
unobserved length angle concluded.

The chain of triangles through which the preliminary positions are
computed is shown in Figure 26. It should be noted particularly that
since the azimuth angle is concluded, it should be designated by the
concluded correction symbols. For instance, in the triangle Fordyce-
Palo-Pedro (see fig. 26), the angle at Palo and its correction symbol
are obtained as follows:

o ’ rr

—15+16 Fordyce : 48 00 09.94
—1+3 Pedro 70 32 18.94
—1+43—15+ 16 sum of Fordyce and Pedro angles 118 32 28, 88

180° 4-spherical excess 180 00 00.26
+1—-3+15—16 Palo 61 27 31.38

The concluded azimuth angles of all the triangles and their corre-
sponding correction symbols are obtained in a similar manner, These
triangles are given in Figure 26,
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State
IOTRENMONT IRV orTIeE |
NO. BTATIONS
2-3 Palo~Pedro
B-1546 1 Fordyce 48
C 2 Palo (a1
A =143 3 Pedro 70

1-3 Fordyce~Pedro
1-g Fordyce-Falo

2.3 Palo-Fordyoe

B ~7+9 1 Lkltoroe ™
A -5+6 2 ~Palo 38
C 3 Fordyoe @4.
1-3 Eltoro~Fordyce, '
1-2 Bl toro-ralo
2-3Rltoro-Fordyce
B -0 1 Garola 31
C 2 Eltoro (m
A4 3 Fordyoe 76
1-3 Garcla~Fordyocs
1-2 Garoia-Kltoro
2-3 Bltoro«Garcia
® %224 1 Pancho 64
A <10 2 Eltoro 44
(& 3 Garoia ('IO
1-3 Pancho-Garcis
1-2 Panoho~-Eltoro
2-3 Pancho-Garcia
$-M32 1 lonument 61
C o Pancho (28
A48 3 Garola 89
1-3 Monmument-iarois
1-2 domumeng-Pancho

Fia. 26.—Triangle computation to obtain latitude and Jongitude closures of net
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COMPUTATION OF TRIANGLES

ANOLN  xxcrss AND DISTANCES

OBSERVED ANGLE CORR'N Srazws Brmmat
00 09,94 , 0,08
27 31,38) 0,09
32 16,94 0.09

0,26
47 14,58 0,07
09 53,52 0,07
02 62,11) 0,07

0.21,
20 13,41 0,09
51 47.19) 0,09
47 59,67 0,09

0,27
28 16.62 0,13
39 18.91 0,12
62 24,85) 0,13

0,38
38 08,72 0.06
28 02,17) 0,05
53 49,28 0.06

0,17

FPLANE ANOLES

09,86
31,29
18,85

14,61
53.45
62,04

13,32
47,10
59,58

16,49
18,79
24,72

08,66
02,12
49,22

LOGARITEM

3,978
0,128
9, 943
9.974

4, 060
4,081

4,081
0,009
9.790
9,953
3,882
4,045

3,888
0,283
9,977
9,988
4,144
4,154

4,154
0.044
9.846
9,976
4,046

4,174

4,046
0,086
9,678
9,999
3,779
4,101

1620
9079
7283
4500

7882
6099

5099
9414
9366
8366

3879
2879

3879
9371
8678
3710
1928
6960

6960
6158
8669
3388
1677

6606

1677

20656
9993
9176

7114
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NO.
2-3
B ~83425 1
A 26426 o
C 3
1-3
1-2
2-3
R0
C 2
A8e30 5
1-3
1-2
2-3
Brizas
ABe3T o
c 3
1-3
1-2
2-3
Booa 5
«C 2
A=2839 3
1-3
1-2
2-3
) £5354 4
A4BAT 2
c 3
1-3
1-2

State: ..T9X88

STATION

Pancho~ijomiment
92
49

(a7
Corpus-Monument’
Corpuas-Panoho

Corpus
Pancho

Monument

Corpus-lonuments

Graande 78

(s
58

Corpus
Momument

Grande-Monumens
Grande-Corpus

Corpus~Grande
Hebron 42

a7

les

Corpus
Grande
Hebroa-Grande
Hebron-Corpus

Hebron-Grande
Ringold
Hedron

Grande
Ringold-Grande
Bingold-Hebron

69
(47
63

Hebron-Ringold
Garcena &7
Hebron 83
Ringold (29
Gercena-Eingold

Garcena-Hebron

b4
18

47

09

by
32

-1
30

29

08

18
16

SURVEY

COMPUTATION OF TRIANGLES

OBSERVED ANGLR

15,91
39,39

04,89)

.13
68.62)
21,19

20.48
43.44
56, 26)

07,23
41,60)
1,31

20,19
46.56
54,34)

oy SPEER'L BrEEa’y
CORR'N lvax sxcres

0,07
0.06

0,08
0.19

0.06
0.04
0,08
0.14

0.06
0,08
0.08
0,18

0,08
0.04
0,06
0,14

0,03
0,03
0,03
0,09

PLANE ANGLE
AND DISTANCE

16,84
39,33

04,83

40,08

58,78
21,14

20,42
43,38
56,20

07,18
41,66
11,26

20,16
45,63
54,31

LOGARITHM

4,101 7114
0,000 5582
9,879 8174
9,787 2448
3,982 0870
3,889 5144

3,982 0870
0,009 3378
9,869 1161
9,916 1978

3,850 5409
3,907 6226

3, 907 6226
0,166 7130
9,867 7146
9,999 9866
3,942 0602
4,074 3221

3,942 0502
0,028 4539
9,866 7831
9,950 4064

3,837 2872
3,920 9105

3,920 9106
0,034 9979

9,997 0054
9.691 1992
3,968 9138

3, 647 1078

Fi6. 26.—Triangle computation to obtain latitude and longitude closures of net—Continued
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After the preliminary triangles have been computed, the preliminary
geographic positions are computed to determine the latitude and
longitude closures.  As the full explanation of the computation of
geographic positions and the development of the formulas for com-
puting them are given in Special Publication No. 8, it will not be
necessary to repeat the explanation here. The actual computation
of the positions are shown in Figure 27,

FORMATION OF LATITUDE AND LONGITUDE EQUATIONS

The formation of the latitude and longitude equations from the
preceding preliminary positions is shown in Figure 28, form 496
being used for this purpose.

The formulas for the latitude and longitude equations are as follows
(see Special Publication No. 28, p. 31):

Latitude: 0=7238.24 (¢n"¢n")”+z[(¢n”—¢c), 84 (vA)— (¢n'—¢c),
88 (wp)]+Z[£a; (A=)’ (v0)]

Longitude: 0=7238.24 (\,—Aw) " +Z[0—N) 84 Wa)— =N’
63 (1)5)]'*'2[:}:0’2 (¢n*¢c), (UC)]

In these equations v,, v5, and v are replaced by their correction
symbols, care being taken to use vg= —wvs—wvp, if the azimuth
angle has been concluded in carrying the position computation through
the chain. For convenience in computing, it is important to arrange
the computation in the form of a table as shown on page 81.

EXPLANATION OF COMPUTATION, LATITUDE AND LONGITUDE EQUATIONS

In the column headed ‘““station’ is placed the name of the station
corresponding to the (' angle of each triangle of the preliminary set
of triangles. (See p. 67.) The values in the columns headed ¢, and
A. are obtained directly from the position computations, as also the
values for ¢, and X\, in the upper right-hand corner of the form.
The columns headed ¢, — ¢, and A\, —\, are self-explanatory. In the
column headed 8, is placed the tabular difference of the length angle
adjacent to the starting length in each triangle, and in the column
—dz is placed the tabular difference, with minus sign, of the length
angle opposite the starting length in each triangle. If the position
computations are carried through the same triangles as the length
equation, as they should be, then the values in the columns headed
6, and —§, can be taken directly from the columns headed tabular
difference in the length equation computation (see p. 65) by simply
changing the signs of the quantities placed in the column headed — 8.

In the columns headed A, B, and C are placed the designations of

the angles of the various triangles passed through in forming the lati-
(Text continued on p. 80)



POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

« Palo to Pedro 12| o2 | 2.0 |
¢ Pedro & Fordyce + 61 27 | 3L38
« {2 Palo to1.  Fordyoe 73| 29 | 56,38
ae - 3| o484
180 |
« |1.  Fordyos to 2. Palo 263| 86 | 6156 |
First Angle of Triangle 48 00 09, 9%
. . . . . .
e [ 26 |29 | 30,951 |2 Palo 1) % | 7| 48,8
ar| = ar |+ 6 | 56.9%
P TR Fordyoe o e 45,238 |
s | 4081 5099 s | 8.15302 | ~u | 2.0467
cose| 9,453 3675 sinte | 9.96347 oy 40947 | o, | 81265
B 8,611 8063 c 1.10025 p | &2%21 E 5.8511
b | 2046 6867 9,22674 | | 63868 6,0243
1st term. | 4111, ;;we U +0, 00:)2 (ady
2dterm. |+ 0,1686  |kum| -0.0001 F
+111,5174
oo htarm |+ 0,0001 R 4,081 6099
—ar |HLETE  |sine| 9,981 7347 Am{ a1 |R.620 1257
Hory) | 2618 4329 | o 8.509 4379 M N NER
soc e’ 0,047 4432 ] B sec (o 1)
2,520,1257  Joorr) O 2,266 70
- al 416, 9901 ’ o« |4184,83
L]

Dy not write lu this argin.

Do not write in this margin,

DEmanTeonT or Comummcs
% & CouT_amm Gmormic somay
Torm ¢

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. Pedro to Palo 192 | 01 | 53,36
4 Fordyos & Palo -7 | 32 | 18,94 !
¢ |8 pedro to 1 Fordyae 121 | 29 | s44l |
ae - 2 | 32,95 |
180 ‘
¢ |1 rorayes to 3. Padro 01 | 27 | on48 \
. ' M
Peiro 1] 98 | 8 | 59,72
ai| + 1 5 | as.51
Fordyse l & 98 % 2 E 45,238
s | 4,050 7882 s 1 8,10183 | —h 2,2906
cose | 9,717 9972 sinte | 985160 el 45507 | e simral 7,963
B | 6.511 8134 c | 1093 p | 229 E 5.8497
b | 2280 5988 I 9,00135 I | o650 65,0935 |
" i B |
It torm. | - 190,800 | Wime | <0,0007 (az) |
2d term. 40,1153 Juum . 40,0001 F
~ 190, 6937 ‘
Mol wem. |+ 0.0008 B 4,050 7382
—ae | =130.6929 .m.i 9,930 7388 larg at | 2,838 4881
te+9) [26 16 22,08 A E 8,309 4379 ‘ s -2 ad(r+9) 9, 643 0134
ot 0047 w32 | 4 lecitan
' 2,538 3381 ‘lCcrr 0 2.184,4815
Ll 4t 1, a45,5160 { —ae 1, 182,928

F1G. 27.—Preliminary position computation to obtain latitude and longitude closures of net
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. . .
- Palo to  pordyce 3| 29 58,38
2] roryoe & Elwro Fsal09 |s3s2
« ]2 Palo to 1. Elsoro 111 | 39 49,90
As - 2 45, 12

180
« 1. Eltoro to 2. Palo 291 | 3 | 04,78
First Angle of Triangle 77 47 14,58
falo i 9 | 27 | 48,240
al +{ 6 |12,087
Eltoro r 98 I 3 |oo.ao5
s 4,045 2879 I 8,09058 —h 2,143
oose! 9,567 2154 sin’s| 9,93637 (3e)| 4. 2477 | Paive| 8,0270
B 8,511 8083 c 1.10026 p | 2.2921 E 5,8511
2,1243116 9,12720 I I 6.5398 6,0024
1st term. | ~133. 1409 U | 40,0003 (aiy
od term. | + 0.1340 b ierm | 40,0001 ¥
=135.0069

Momi i e |+ 0,0004 s 4,045 2379
~ap |=133,0086 sine| 9.968 1866 Arg a1 |2.570 6090
Yio+9) |26 20 45,456 | A" | 8.509 4365 s ] =2 Jagpsr)9.647 1776

socp’| 0.047 6930 ai] # soc 45 9)
2,670 po%0 corr] 0 2,217 7866

b al i, 72,0566 ~as |4268,115

Do uot writa tn thls margin

Do not write in this margln.

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

- Fordyce to Palo 253 4% |51,54
[4 Eltoro & Palo — 64 02 52,11
a | 3. Fordyce to 1 Eltoro 189 23 |bv, 43
' + 119,93
180
« | 1. Eltoro to 3. Fordyce 9 24 |19,35
. . -
fordyse 1 98 34 45,233
N
sltaro v 98 I 5 l 0, 305
s | 3,382 3879 £ [ 7,70473 -k 2,3833
cosa| 9,994 1291 sin'a | 8.42610 (39)) 47766 | pginta| 6.1%09
B | 3,511 8102 c (1,099 D | 2.2918 E 56,8509
2,388 8272 | 7.23033 [ 7,034 4,4298
- : "
1st term. | -244,5872 Uem | 40,2012 (aty
sdtorm. |+ 0:0080 |y 0,090 ¥
t
~244, 5252
Hadithrerm. |+ 0,0012 s § 3,332 3879
~Ap ik, 5e40 sine ¥, 213 0430 Arg a2 1,562 570
lr+9) 26 39 49,69 A’ 8.593 4345 s | -2 lini(p+9)] 9. 646 3405
secy’l 0,047 8990 ai] © sec i(a #)
3
1,652 5704 Corr] -3 1,299 5109
. al ! - 44,9335 —as« - 19,920

F16. 27.—Preliminary position computation to obtain latitude and longitude closures of net—Continued
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. Eltoro to Pordyoe 9 | 24 |19.36
4 rordyce & carola s {4719
« {2 BEltoro to 1. Garois 81 | 16 | 06,55
- - 3 45,95
180
« [ L garcia to 2. Eltore 281 | 12 | 20,60
First Anglo of Triangle 31 20 13,41
. . " . , "
v | 26 sz | 51,957 2. Eltero 1 9@’5«. !oo.sos
apl= | 3 110,685 [, Al +| 8 28,973
s ]2 |20 |42 |y carems vl oo 1 2 | 2n.2m
¢ 4,154 6960 s E 8, 30939 | —h 1.6478
cose| 9,181 2846 sina | 9, 98987 @rit! 3,6987 | #sin e | 8,2993
B | 8.511 8060 c !1, 10095 D ; 2,295 E |5.8517
1,847 7966 9.40021 5,991 5,9908
18 torm. wo.;w 5 torn. v»o.oool. a8y
2d term. |+ 0,2513 it rm. E ~0,0001 F
+70, 6850
Uwiidrm|  0.0000 s 4,154 6950
—ap | +70.6860 sine 9,994 9374 Arg) Al |2.706 6946
te+e) |26 22 16,60 A | 85094369 | s | -4 fiie+e)] 9,647 5200
x;ecyw| 0,047 6243 (a1 ] M dseci(aw)
2.706,6946  Corr} © 2,354,0046
e sl + 508, 9728 —8¢ | 225 946

F16. 27.—Preliminary position computation to obtain latitude and longitude closures of net—Continued

Do uot write in this margin.

Do not write in this margin.

OEPaRTaIwY O Comtmence
U8 CousT_am_GRooeTIC Susver
Form 26

POSITION COMPUTATION, FIRST-ORDER

TRIANGULATION

"

- Pordyce o Eltero 109 | 23 | 59.43 |
3 Garoia &  Eltore - 76 1 47 53,87 '
« | 3. Fordyoe to 1. Garela 12 | 3B 0 53,76 |
Ae S 25,75
150 !
i !
< {1 Garcia to 3. Fordyce 292 | 32 | 34,01 l
. , . . . .
v | 26 |11 | 47,433 l3 Fordyce i 1] 98 I 34 | 45,238 |
sel+ 12 ! sasm 5= sl o+ 7 44,040
s l2s |20 | arem (1. darcia { v lss | a2 2327
s 4,144 1923 #j 828099 T —h i 22407
! i !
cosa| 9.584 6639 cinta| 9,9080 (e 404303 | gana’ 82250
B | 8.511 8102 ¢ | 1,039 b 2ens| g | 5356
B } 2,240 6663 ]f 9,31354 ls.7m21 56,3103
et term, | ~174,0871 Wi, | 10,0008 (ai)
2 term. | +0.2083 [y |»r.1 40,0008 F
-173,8388 I
Sl i |+ 0.0008 ¢ 1 41441928
—a¢ | -173,83%0 |sina 9,986 3008 ?Arg. at | 2,666 6549
fe+s) [2619 18,36 | & 8.509 4369 s | =8 lasere) 9,646 7901
soc ¢’ 0.047 6243 INREEL] sec 3(a ¢)
| 2668 5548 corr] 41 2,313 3450
e ar +454,0396 | —as | 208,752

Gl

DILHAOED NV L8VOD 'S "Nl
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DemasrurnT oF Comuenc
NS, COMST N0 GEOOTIC SubveY
Form 26

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION POSITION COMPUTATION, FIRST-ORDER TRIANGULATION
B . M . . .
“ Rltoro to  Garols 81| 16 | 06,55 a Garoia to Eltord 261 | 12 ;20,60
2 Garola &  Panoho tulz lwa ’ Panoho & Eltoro ' ~7% | 52 2486
2 i i
« kltoro to 1. Pancho 125 | 85 25,46 « | 3. varcts to 1. Panoho 1% | 19 65,75
ae - 3 | 1e32 « ! 32,01
| 180 l 180 ‘ H
« 11 Paseho 1 2. Kltoro 308 | 52 | 1L1s « | 1. panono to 3. Garota 0| 20 !27 76
First Anglo of Triangle 64 28 15,62
s 2 - ’ ” . s . N " {_l. 4 . , " - N »
6 { 21 l 51,957 |2 toro | 98 ’ 34 !o?.aos i H g v 26 | 20 | 4n271 3 Garoia L4 98 | 42 | 29,278
134 _+I_‘j 835 (= ad| 4 | 7 (38877 1 2 H arl o+ 5 55,521 21 - 1 11,99
e | 26 | 26 | 38792 !y Pancho v pes | a | 17.282 | ; 3 K 26 . 26 36,792 Pascho e} e . 41 | ameez
N § B
s | 4,174 6506 L 8,34930 —h | %4649 5 H s 4046 1677 . 8,09233 | - | 2.,5509
cose! 9,768 4220 sin"e | 9,81675 (toy| 49092 | g gipra | 8.1660 B el 9.992 9000 sinte | 8.50742 (a,;)"‘ 6.3017 | gy 6.5998
B | 8.511 800 c 1,1009 p | 2-2925 5.68517 ! ! : |
i E i B . 85118072 ¢ | 20087 D, 2.2923 E = 5.853
2,454 8786 9,26700 | |20 6.4725 s 205 o7 } rroz || 7.5 5.0020
1ot term, ‘“‘;‘;-:z "'ﬂ: :2-2::: (asy Iotterm. | -365.6289 | sium | 40,0025 (asy
o term. . i - ¥ 2d term, | + 0.,0050 ““,l] 0,0000 F
-264, 8373
-355, 5239
Ndidem| + 0.0019 . 4,174 6606 - ol b orm, | 40,0085 s | 4046 1677
- -2 i
ae 84, 6354 sine 9,908 3770 |arg] ar | 2,640 4581 —oy | 36,6214  faine 9,253 1118 Arg ai 1.867 3102
26 24 14,37 . 0,509 4349 -+ | 9,648 0648
e+ A o067 9567 ] - e §(p+9) tio+v) | 26 25 39,03 | A’ 8,509 4349 s «2  jEi(e+e)} 9,647 9148
wcy’ . a2 sec §(4 #) secp'|  0.047 9957 ai] O leciaw
2,640 pre corr] -1 2,268 5229 1667, E o -2 1.505 2249
e al + 436,9768 —as [+ 194,322 1o al - 71,9963 —aa - 32,006

F1G. 27.—Preliminary position computation to obtain latitude and longitude closures of net—Continued
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

« Pancho to Gardia v |W 27,76
< Gareia & Monument ts |28 02,17
« |2 Pancho to 1. Mosument 38 48 29,93
ae - | 2 07,02
180
¢ |1 Monument to 2. Panoho 218 |46 22,91 |
First Augle of Triangle 61 38 08,72
e} 26 l 26 | 36,78 |2 Pancho 1] e | @ |imzez |
er] -1 85 1 2,109 I,= N S 4 jas680 |
o | 26| 21 | 16688 |y, Momment o 1 98 | a6 |o2.962
¢ | 4,01 M4 | 8.20342 -h 2.5052 |
coss| 9,691 §751 sin'e | 9.59414 (50106 | pgnra| 77976 |
B | 8511 8012 c | 110250 p |2.2954 E 5,8529
2,505 1877 8.90006 l 7, 3040 6,1557
st tarm. | 30,0276 Uilom +0,0020 {axy
sdterm | +0.079%  f[uun| =0.000% ¥
+320, 1072
i itk em | + 0.0019 . 4,101 T114
—ay | +920,2090 lan.| 9797074  |arg al 2,456 8805
tere) (26 235674 | & 8,509 4367 s | =5 faie+s)]| 5,647 9902
scp'| 0,047 8612 ar ] 4 beciaw
L]
2,456, 8807 -2 2.203 8706
e a +286, 6805 —as 427,020

‘Do not write in this margin.

Do not write in this margia,

DEPaxreewy OF Commtnc
@k COMT D GEooETXC SueveT
Form %

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

%

. Garcia to  Pasaho 1% { 19 ~5s.75
Z Konument & Fancho ~89 | B3 |49.28
e |3 Garcia to 1. Xomament 0o | 26 100.«7
sa -1 s
180 i
¢ 1.  konumeat to 3. Garcia 280 | 24 |31.63
. ' " . . -
i e 26 lao t 41,271 | 3. Garols I 1 98 ‘ 4 ] 29,278
se ]l 4+ 36,412 ls= [ ai + 1 3 | 83,684
o) e jon | 183 |1 sommens P ] s 46| ozse
+ | 3,779 9178 s | 7.56963 ’ ~h 1,5497
cosal 9,257 9717 sin®a | 9.96553 by 3,0983 | o sin'«| 7,5453
B ] 8,511 8072 ¢ | L1057 p ‘ 2,2923 E 5.8513
b \ 1,549 6966 8, 64591 I ! 6.3906 4.9463
18t term. | - 36.;566 W vm. o.ooo; a2y
2d term, | + 0,0442 e} 0,0000 F
- 35,4124
Haad th (e, 0, 0000 . 3,779 9176
~a¢ | - 3%.4124 ]sine l 9,992 1570  |Amg A 12,329 7726
tlr+e) {2620 58,98 | A’ 8,509 4367 e | -1 Jisje+s)9. 647 2352
m,,' 0,047 6612 ] B eeran
' 2,329 7726 o] O 1,977 0077
pry at * 213,6842 —as ] 4 94,844

Fi1G. 27.—Preliminary position computation to obtain latitude and longitude closures of net—Continued
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9——8C—o£988¢

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. Pancho to Momwent 8 8 | 29,93
< Momnens & Corpns ‘49 | 18 | 3.3
- |2 Pancho to 1. Corpus a8 o7 09,32
as - 2 | 04,55
180 l
< j1 Corpus o 2 Panabo 260 { 05 | o477
First Angle of Triangle 92 54 15.91
v 26 zs' lu.-rs; | 2. Panobo 1 93. 41 | 11,232
av| - ’ loa. 315 ],= ar] « 1 & | 39,786
o] 26 | 26 |28.007 |, corpms v | %0 | & |s6ses
s | 3.689 5144 £ | 777903 ~n | 0,974
coss| 8,616 1292 sin « | 9, 99963 (o] 1.8428 | joginra| 7.7786
B | 8.511 8012 c |L10280 D | 2,2934 E 5,8529
0,917 4448 8.88106 | 4.1362 4.5489
st term. 4&.26.00 3 lom. o.oo.oo (aiy
2d term. | _40.0760 wue| 0.0000 -
+8,3448
Nasl i | 0.0000 B 3.889 5144
—ay 48,318 sine 9,999 7660 |Arg at | 2,446 7024
Ho+y) |26 28 2,62 A 8,509 4350 e | 1 Jajieren| 9600 505
soc e’ 0,067 9670 || 1  lecyan
2,446 7024 fCorr] © 2,095 3629
bl ai 4279,7064 ~ae | 4124,653

Do not write in this raargin,

Do not write in this margin.

ORPANTHENT OF CommMERCE

-

& Cout_ww Grooex surar
Form s

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

N Monument bl Pancho 218 |46 |22,91
4 Corpus & Pancho — 37 147 04,89
« |3 somment tot  Corpus 180 | 59 S 18,02
Aa + . 02,66
)
180
« | 1. Corpus to 3. ¥omment 0 | 59 20,68
. . ,. B .
’ 26 16,683 | 3. lomoent 1 98 | 46 | 02, 96%
ar | + 11,764 |- Al - l | 05,974
!
v 447 ] 1. Corpus b 98 l 45 ! 56, 968
5 3,982 0870 s 7. 96417 —h &,4938
cosa| 9,999 9354 sin*e | 6.47352 (3¢)*] 4. 9877 £ sin’a | $.4377
B | 8.511 8066 c | 1.10076 p | 2.2%24 g | 6.8516
2.493 8290 5.53845 I I 7.2801 27830
st term. | =31L7662 | nim | 40.0019 (a1y
24 term. 0,0000 Y. 0, 0000 F
=311, 7662
Ui fiom. |+ 0.0019 . 3,982 0870
-y =311, 7643 sine 8,236 7617 Arg. al 0,776 2706
jle+y¢) |26 23 52,56 A’ 8,509 4350 s -2 milr+9)| 9,647 9722
secy’ 0,047 9870 al O lseci(as)
[
0. 776,270% L)on -2 0,424, 2427
e at| <s9m i -as | 2658

F1G. 27.—Preliminary position computation to obtain latituce and longitude closures of net—Continued
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

- Corpus to Horument 0] 59 | 20,68
z omument & GCrande + 46| 17 | 58,82
« 2. Corpus to 1. Grande 4T | 17 19,80
se - 1 36,34
180
¢ jL Grande to 2. Corpus 227 15 4,16
First Angle of Triangle 18 09 40,13
’ 25 Corpus
oy bl
¢ 26 Grande
s | 3,907 6226 s | 7.81525 ’ —h | 2.2508
cose| 9,831 4244 sin'a | 9,73232 (%¢)'] 4.5019 | g'sin'« | 7.5476
p | 8.511 8013 o | 110240 b i 2.2934 g | 58529
b | 2.250 ass3 8, 64997 I | s1983 5. 6513
1st term. | +178,1756 don | 40,0006 (a1y
sdterm | +0.0447  {inum| 0.0000 F
+178,_ 2203
Sadtim | +0.0008 s | 3,907 6226
—ay | ATR2209 |, ] 9.866 1502 Arg o |30 0173
flors) |26 246938 | o 8,509 4359 o 1 s yy|2 08 2558
socg| 0047 8008 ail ® feeian
2,331,0173 lorr] © 1,979 2728
L ai . 214,2976 —ae | + 95,339

Do not write in this margin,

Do ot write in this margte.

. somment to Corpus 10| 69 | 18,02

£ Grande & Corpus — 55 32 | 2119

e [3. Momment to 1.  Grande 25! 26 56,83

se - 1 | s2.58
180

« |1, Gresde to 3. Nomunent 205 | 25 | 24,29

. "

Mormment 2 98 , 46’ ! 02, 962
at + 3 28,324
Grande v | % { ] l 31,286
[} 3,850 5409 L3 ¥,70108 —h 2,1258
oosa | 9,763 4128 sin"e | 9.82192 (2¢)1| 4. 8512 s sin’ o | 760230
B | 8.511 8066 c | 1.10076 D |2.2924 E | 5.8515
2,126 7603 8, 62376 I 6, 5436 5,5003
15t term. | =133, 5;63 LY w.oor;s (a2
2d term. [+ 0.0421 i lerw, 0,0000 F
=133, 5437
Sl 1tk erms. | 4 0, 0003 s 3.850 5409
—ay [~133,6434 sine | 9,910 9608 Arg. Al 12,318 7382
Ho+yy |26 22 23,85 | A’ | 8,509 4369 s | e1  failr+s) |9, 647 6950
sece| 00047 8008 sl B lecian
2,318 7382 oorr] © 1,966 3322
Vet Al | 4 208,3236 ~as 1 492,641

Fi6. 27.—Preliminary position computation to obtain latitude and longitude closures of net—Continued
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. Corpus to Grande a7} 17 | 19,50
3 Grande & Hebron tar| 30 | 4344
s {2 Corpus to 1. Hebroa 94| 48 | 02,94
ae - 3 | 10,09
180
¢ J1 Hebroa to 2. Corpus 274! 44 | 52.85
First Angle of Triangle 42 55 20,48
. . - . . .
v | 2 Corpus 1] 98 | 45 | 56,988
sl ¢ NE 7 | 06.826
¥
PR Hebron v | 98 | 53 i 03,814
«1
+ | 4,074 3221 ¢ | 8.14854 ~hn | 1,5088
cose| 6,922 6842 sinta | 9 99695 (300128 | s, | 8,2486
B 8,511 8013 ] 1, 10240 p |2.293 E 5,8629
b | 1.508 8076 2,24799 I |s.aoaz 65,5073
1ot term, | ~52,2706 Murm | 0.0000 (aip
2 term, | * & 3770 W | 000000 ¥
~32,0936
Nttt |_0-09%0 , | AOT4 321
—ae | ~32.0936 sine| 9-998 4737 Arg a1 | 2690 2512
Po+r) |26 26 44,49 | A’ | 8,509 4348 s | =3 Jastgey) 9.648 7008
secy’| 0.048 0206 st ¥ lecitan
2,630 2512 cor] 0 2,278 9520
i at |, 4268263 —ae | 4 190,087

F1G. 27.—Preliminary position computation to obtain latitude and longitude closures of net—Continued

Do not write in this rargin,

Do not write fn this margin,

Bumsnruanr or commece

[y

& Cot . G sty

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. Grande o Corpus 221 |
Z Hebroo & Corpus — 8% }
« |3, Crande to 1. Hebroa 137 ‘
as = E
180 !
« | 1. Hebroa to 3. Grande 317 |41 {13,383 %
. , -
1] e l 49 |31.286
i+ 3 532,529
i | 98 | 53 |03,815
s | 3,942 0602 ¢ | 7.88410 -h 2,323
cosa| 9,869 1069 sin'a | 9.66582 (a,)"c.m £ sin’ o | 7,539
B | 8.511 6043 c } 1.10246 p |2.2928 £ |5.8521
2.322 9614 8, 64138 I l6.9386 57150
1at term. -210.;691 % fern. 40.0039 (ady
sdterm, | + 00838 | 1 40,0001 F
=210, 3153
Mand i o, |_ + 00010 s | 3942 0502
~ay | -210.3143  laina| 9,827 9122 Arg ai 2,327 4178
le+9) | 25 25 15,38 | A’ | 8.509 4348 s {-l i d{e-re)| 9,648 3234
secy’| ©.048 0206 al ] +1 sec 4(A @)
2,327 4178 iCorr] 0 1.975, 7422
n- ad | 4 2125208 —et t, 94,567

dOHLEW NOILLOHYIA A9 LIN 40 INHNISArav
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. Hebron to Grande 37 |41 | 13,38
y, orsate rY Rizgold Yer 122 460
« |% Eedron tol.  Hingold § |03 | 54,93
aa - 11,81
- (
« {1 Bingona 102 Hedroa 185 |03 43,22 |
First Angle of Trisngle 69 29 07,23
Hedron 1| %8 jss |oses |
Al . ! 26,546 ]
Ringold » ) 98 |83 .30 |
s | 3,920 9105 ¥ | 7.84282 | _n | 2.4310
cosa} 9,998 3007 sin'e | 7.89183 (boy)4.8620 | oina| 5.7336
B | 8.511 8008 ¢ | L10257 p  2.29% g | 5.86%
b | 2,431 0120 6,83622 | {7.1555 4.0176
» v
1st torm. | 4269, 7014  trw +0,0014 {aly
sdterm, | + 00007 Lo 0. 0000 P
4269, 7621
Neidum | T OOM 1 5520 9108
—ay | 4269783 Jeine| 6,945 9131 A,,* ar | 1423 9983
Ho+s) B6 26 45,65 A | 8509 4363 ] 2 Jayres 9-048 297
secy’| 0,047 7305 |22 0 ecian
1423 goed rf <1 1,078 1956
- at 1, 26,8459 —ae | o 11,809

F16. 27.—Preliminary position computation to obtain latitude and longitude closures of net—Continued

Do ot write o this woargin,

Do not writs i this margin.

. Grande to Hebroa 137 | 4 | 47.90
£ Ringold &  Hebros ~63l08 |11,3
o 13 crane to1. Blagold e | 3 | 36,59
e - } 1 laeseg |
| w0 | i
l & j1. Binxold to 3. Grande 254 ‘ 32 ]50.35
. , . . .
¢ |28 23 ‘ 0,225 | 3. Graode 1198 |49 |31.2%
av | = | 59,489 Y= a1} 4 | 3 59,075
¢ | 2 T—a_z. 30,757 |1. BRingold 1] e 1 53 i 30,361
s |} 3,837 2872 s 757487 ~h {1,7739
cosa| 9.424 7936 e 9,36814 el 3.5486 | ot gin’ o {7,427
s | 8.511 8043 c | Lue b ‘;‘z.zszs g [s.8521
% | 1.773 8850 1 3, 74417 ' }5.64.14. 5, 8687
Ist term. | +59,4136 Ui ! 40,0001 (as)
2 term. |+ 0.0558 1 era % 09,0000 F
+69,4690
Sl e, | 40,0001 s | 3,837 2872
—ay | +69.4691 sina| 9,93 0Tid ‘{ArgAl at | 2,378 6336
tle+s) | 26 23 00,49 A’ 8,509 4353 ‘ s -1 ai(r+v)| 9,647 7515
scp| 00477386 i M lecyag
[ 231688 oo © 2,024 2851
el ar! + 2350747 ‘ —ae T 406,239

82

‘g0
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Form ¥
POSITION COMPUTATION, FIRST-ORDER TRIANGULATION POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. . . . . .
. Hebron to Bingola 5 o 5493 - Ringold ©  Hebron 165 | 03 | aaa2
¢ Blogold &  Garcena ‘a3 16 45,58 < Garcena &  Hebroa ~ 29 |24 s34
« |2 Hedroa to 1. Gargens 88 20 40,49 « | 3. BRingold to 1. Garoena 155 f 38 1 48,78
" - 11 lna ae L

180 [ 180
< |1 Garcena to 2. Bebroa 268 [19  |23.18 @ |1 Garcena t 3. Riggold 6 |3 a3

First Angle of Triangle 67 18 20,19

. . . = ] . , B
2. Eebron { 5 . E
= 3 i
1. Garoens H H
H H
s | 3,647 2076 ¢ | 222 3 % s | 3952 9138 & | 7.90583 1 -h | 2,4242
cose| 8,460 7250 sinte | 9.99964 (sppie264d | psinra | 72939 4 4 cosa) 9,959 5286 sin'a | 9, 23055 (3914,8484 | o'sin"a| 7,1364
B | 8.51 8008 ¢ | 110257 p 2.29% ® 6.8530 B | 8.511 8053 c {11015 p 2,202 E 5,8619
0,619 6334 8,39643 I [3.6379 3.7668 b | 2,428 2477 8,23753 ‘ 1 7,1410 5,4125
1t term | VA01682 » Y | 0-0008 (ary tetorm, | -265.6120 | siim | +0.0014 a1y
24 torm. |+ 0, 0849 Wwm| 0,0000 ¥ storm, | * %0173 |y | 9.0000 F
41901 -265, 5947
sl ftem | 0.0000 . | S.647 1076 Unitnne|  +9-0014 - 3.952 9138
—ap | 441901 sine | 9,999 8187 !Arg a1 2,204 3T74 ~s¢ | -265,5933 |swa| 3,615 2756 Arg &% 12,125 6403
joes) (26268004 | a0 | 8.509 4348 - 0 iy yi0. 648 7599 : Yie+v) 12624 43,55 | A | 8,509 4343 ls ¥ -2 |eie+e)i9, 648 1885
soce| 0.040 0163 il 9 lecton wcel 008013 i 0 leyan
’ 2,206 % iG] 0 1,863 3373 | 2126 6405 loore) -2 1,713 8288
e all 4 160,049 | ~as 4 71,308 L) ad i 4 133,5489 r 8¢ g 59.406

* Fixzed position,

F1G. 27.—Preliminary position computation to obtain latitude and longitude closures of net—Continued
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80 U. 8. COAST AND GEODETIC SURVEY

tude and longitude equations. In columns A and B are placed the
designations of the length angles, that of the adjacent angle in A and
that of the opposite angle in B, and in column C is placed the desig-
nafion of the azimuth angle. It should be noted particularly that the
designations in column C are of the concluded angles. (See p. 67.)
The symbols in columns A and B may be taken directly from the
column headed symbol in the length equation computation. The
signs of the symbols in column C depend upon whether the azimuth
angle is turned to the right or to the left in computing through the tri-
angles. If it is turned to the right, then the symbols in column C are
the combined symbols of columns A and B but with opposite signs.
If the azimuth angle is turned to the left the symbols in column C are
the same as in columns A and B combined and with the same signs.

As a guide in obtaining the correct signs for the symbols in column
C, it is well to indicate to the left of each name in the ‘“station”
column the direction in which the azimuth angle is turned, denoting
the right or clockwise turn by +, and the left or anti-clockwise turn
by —. The directions of the turns are easily obtained from Figure 25.

The quantities ¢; and a, are obtained from the table on the right-
hand side of form 496, using as argument the computed latitude, ¢,,
of the fixed point at the terminal of the arc, which in this case is
26°.45. ‘

The quantities in the three columns headed ‘“Lat. equation’ and
in the three columns headed ““Long. equation,” in Figure 28 are, as
indicated in the headings, simply products of quantities in other
columns previously filled out. The three columns headed Lat.
equation (p,—¢.) 84, Lat. equation (p,—¢.) (—85) and Long. equation
(@rn—¢) @, respectively, should be filled out at the same time, since
each of the three products contains the multiplier (¢,—¢.), which
can be set up on a multiplying machine and used without change for
the three multiplications. In a similar manner the three columns
headed Liong. equation (A,—A,) 84, Long. equation (A\,—2\,;) (—85) and
Lat. equation (\,—\,) a,, respectively, should be filled out at the same
time, since they contain the multiplier (A, —X,).

This completes the table on form 496 and the latitude and longitude
equations themselves can now be formed.

In forming the latitude equation from the table it should be noted
that the quantities in the column headed Lat. equation (¢,—¢.) 64 are
the coeffictents of the symbols in column A, the quantities in the
column headed Lat. equation (@,—¢.) (—8&z) are the coefficients of
the symbols in column B, and the quantities in the column headed
Lat. equation (\,—X\.) a; are the coefficients of the symbols in the
column headed C.
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+ 0+ 0
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Corpus
Grande

Bebron

Gercena

26. .

4

Ce [0t %

98 27180
98 34.75
98 34,01
98 L2.19
9% 11,29
98 46.05
98 45.95
98 19.52
98 53.06
98 53.51

+7.28
+9.15
+5.07
+6.25
+0.33
+5.66
4047
+3.%%
-0.07
+4.u3

28 19165
26 17.79
26 21.87
26 2.8
26 26.61
26 21.28
26 26.47
26 23.50
26 27.01
2 22,91

Gpt=
*0

0 = +36.191 + §7.%0 (1))
- 38.57 K1) « 6664 (15)

+ 28,54 (26) + 17.80 (26)
- 5.2 (Ez + 159 (40) ~
(hi s equation shou

0 = L3420k - B7.73 (1)
36.01 (15) - 36.01 (16) - d
15.28 (3) + 15.55 (31) -

$22.15 (Uf) - 22.15 (W) +
(fute equation shou)

&, = 26F 26* 561350

(g1} = ;
T2

436.18120

+27.93
+20 .98
+21.T2
+13.24
414,44
+5.68
49.78
+6.21
+2.67
+2.22

5y

- W70
b 66.6% (
- 17.%0 (
18.69 (Y
N4 be aiv

+31.13
7 (1N
15.55 (32
$.81 (45)
14 be atv:

LATITUDE AND LONGITUDE ADJUSTMENT u:.26°.2600% . 98° 55073
5. cqumtien Fy—

+h LI Rt | I R bt w ol fsibs rar S - S v v 1 W w94 <+R£_L\':’(":.‘—w(;“i% :,(V -
Py R iR
iy EE S
0.7 1,90 | +5.39 | -1+ 3 | +20.67 |-13.85 [-15+ 16} -53,07 | +52.79 15 - gs -17.06 » 5 %”1 %?
+2.67 0.5 U3 |54 6 | 456,02 -822 T +9 | -9 439,65 e gh 22181 i ' M,L i
40.%9 S3.46 | +2.48 212 & 24| 4106 [17.5% L2 4 21| -75.15 | +B41.05 +20 - it -11.86 it gg: i
+2.13 | ~1.00 [+13.31 .10 + 11| +28.20 {- 6.25 (-22 4 24| -13.24 | +25.02 E s bianee i i ?i:
o0 a3 |0 larew] o ot bnes agse vera HiHion EE
~ 208 x
+1,81 +0.11  [+10.24 |.25 + 26| +17.52 [+ 0.62 [-33 + 35| + 1.06 | +18.30 F33+ -13.24 (! B Fa ;2
+1.45 0.5 [ +0.68 [-28+ 30| 41428 - 0.22 MO+ 41) - WO | 41848 [+ E -1.10 |! Z 35 i
+1.93 2,27 | +6.64 [-36 + 37! +11.99 |- 7.80 |-42 & B4| ~1L.20 | +N1.TH *s: ~8.05 || 2 ,: iz
+1,06 0.78 | <0.07 |-3s¢ 391 +2.83 lo 0.05 |=50 @ 51| ~ 2.08 | + 5.05 %;i +0.16 || 55 g;.j é'::
+0.25 0.88 | +1,11 (45 ¢ U7 +0.56 (= 3.90 |=53 + | - 1.95 | + W20 |58 « -10.37 ! f u ::
IR
5.43-55!»9910 IR if
- i | E G, s
rhat) < 9006 B
wI2hE2l 8y w234 AT
i3, hogkl HRE
317 8
3) - 64.08 (5) + Bu.08 (6)|~ 35.53 [1) + 35-53 (9) - $8.33 (10) + 3833/ (11} + 36.57 (12) HESIE
§6) + 27.p9 (17) - 27.29 (25} + 56.59 (20} - p8.59 (21) - 18.77| (22) + 15.77 (2N}~ 28.5% [25) RS
ko) + 27.66 (31) - 27.66 (32) - 18.9p (33) + 28.92 (35) - 18.38| (36) + 1¥.38 (37)|+ 5.12 (38) HEGR
1) - 3.93| (42) + 393 (84) - 5.31 (W) + 5,31 (87) + 5.00 (50) # 5.00 (5) - 0-30{ (53) + 0p30 (). R
flasd by before pntering it in the correlates.} E :: ::
ol tal 4%
] .. ]
(3) = 3461 (5) + .61 (6)) + 30.85 AT) - 30.B5 (9) - 13.58 (10) + 13.56 (11) ~ 22.50 (12)}+ 22.50 Qh) & :5 i
+ 0.77 (19) + 63.29 (20) -[63.29 (21) + 27.88 (22) - 27.86 (N} - h.28 {25) + 4,28 (26) -|15.28 ( g -:5 Eﬁ
+12,18/(33) - 12,18 (35) |~ 3.9% (36) + 3.9 (57) - 2.67 (38) 1+ 2.67 (39) + 3.30 (ko) - 3.30 (W) 8| R iE
- 9.81 (87) + 2.2% (D) - 2.24 (51)]+ 12,32 {53) - 12{32 (%), Al moee
ded by 1? befare ¢ntering §t 4n the/correlates.) l ,%xw-mu

F1G. 28.~Formation of latitude and longitude equations of net
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Correlate equations

1
2
3
1
5
6
7
8
9
10
1
12
13
"
15
. .378| —.38 .1420
1 462 +. 46 .2134
1 +.010] 401} 0001
18 —158| —. 16| .0250
1 1068 -+.07 .0046
” —.381] —.38 .1452
2o +.430] +. 43| .1849
e et M N e { R A A R e o P o Do ot S it St R s I A A M — 71| —27 o734
A e +.300 .30 .0900
] — 054 —.05 .0029
- —.404] —.40| .1632
% — 358 —.36) .1282
z +.615 -+ 62| .3782
3 4421 +.42 1772
» +.100 -+ 19| .0361
. —.306| —.39] .1568
3 _lae| 47 228
2 + 676] -+ 68| .4570
34 3420 —.34] .1170
3 ittt N O O IO T e T Y A A - 077 —.08 .
fd 1.93) —1.84 +.2190 +.22
—1.63 -1 .219) +.22] .0480
4 +1.93 +1.84 —.476| —. 48] 2266
S 1068 +.51 +.096 +.00| 0092
» +1.06] —. 51 +.184] +.18 .0330
.45 +1.87 —.0490 —. 05/ 0024
41
4 45 —1.87 — 21| — 23 o534
2 25— 39 +.554] +.55 3069
8 —.516] —.52 2663
o +.133) +.13 o177
—.310] —.31 .os61
46
s +.208] +.30] .0888
yid — 159 —. 16| .0253
b 4028 +.03| .0008
= 4219 +. 22 0480
1 +.056] +.C6] 0031
5
2] +.154] +.18| 0237
2 —. 436 —. 45| 2079
A +161) +.16 .0250
e +.067| +.06| 0045
— 227 ~ 23| o515
56
x +.571] +.57 .3260
14 Ot ot o e i +.086 +.09 .0074
| N N O M vl —.657] —. 66| .4316

*In the Z, column the sum of the values for ali directions around each point (except the points at which somme of the directions are not nﬁmbered, due to baving been fixed by

a previ j i s A
ﬁx?f‘éfm“f’l%?‘? is equal to zero. For example, (1)+(2)+(3)=+3.43—7.39+3.96=0. The same thing applies to the v column, in which the corresponding values are

a8
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84 U. 8. COAST AND GEODETIC SURVEY

In the same way in forming the longitude equation the quantities
in the column headed Long. equation (A\,—\.) 8, are the coeflicients
of the symbols in column A, the quantities in the column headed
Long. equation (A\,—X\,) (—¥8g) are the coefficients of the symbols in
column B, and the quantities in the column headed Long. equation
(@n—¢c) @ are the coefficients of the symbols in column C.

The absolute terms for the latitude and longitude equations are
obtained by taking the products 7238.24 (¢,—¢,’) and 7238.24
(A\»—\."), respectively, as shown on page 69, ¢, and A, denoting the
computed latitude and longitude, and ¢,” and \,” the fixed latitude
and longitude of the terminal point.

If there is room on form 496 the latitude and longitude equations
should be written on it directly below the table.

FORMATION OF CORRELATE AND NORMAL EQUATIONS

After all the equations have been formed they are tabulated as
shown on pages 82-83. In order to have the coefficients in the differ-
ent equations of about the same size, it is usually well .to divide some
of the equations by a constant factor before entering them in the cor-
relates. For example, equation 21 on page 61 is divided by 5, and
equations 26 and 27 on page 81 are divided by 10. When dividing
a correlate equation by a constant factor, one should be careful to
divide the constant term of that equation by the same factor before
using it in the normal equation.

" The table of correlate equations should be checked by another
mathematician, especially if the set is large, before it is used for
forming the normal equations. The normal equations are formed
in the same manner as for the station adjustment on pages 11-13.
As stated there the equations are checked automatically by the
values in the Z, column. This does not apply, however, to the
constant terms in the ‘“n” column which should be checked by
another mathematician. 1t should be remembered that the con-
stant term of a divided equation (see p. 61) must be divided by
the same factor before entering it in the table of normal equations.
The table of normals is given on the folded page facing this page.

SOLUTION OF NORMAL EQUATIONS

The solution of the normal equations is shortened considerably if
the equations are taken in the proper order. In a net of triangulation
composed of simple quadrilaterals, the rule is to eliminate the three
angle equations and the one side equation of each quadrilateral in
order. If the net is more involved, the order of solution should be
such that each succeeding equation will introduce the fewest new
terms,



Normal equations

-
t
1 4 o i ¢ A -«
213 1011 (12)13|14}15}18]17 18 19 20 21 22 23 2 | % %6 7 n Zn C
- — ;

146 42 -2\ —4.99 | —20.m —3.12 [H0.15

2 +6 |42 |- +2.96 45 02 4415 | 484

3 +6 1~2 +5.85 | 430,44 4211 41T

4 +6 —7.62 | —u6 w2 —6.44 | —.26

5 +5.72 | 420.01 +3.30 | +.19

6 —3.97 —-5.11 —6.95 | ~.77

7 —-3.07 | =157 —. 60 1.05

8 2,92 +4-.13 42,08 41,89

9 43852 | 41403 ~1.55  [+1.69

10 — 04 | —11.03 4393 | +.%

1 —1.2% | 466 ~1.9% | —.69 -

12 +1.00 —1.44 .02 170 -

13 ~—1. 4 46,84 —3.60  |4+1.35 -

14 42,58 —2. 91 4+3.30 | 425 . —.

15 —2, 87 +1.62 —4. 2 +.1 —4,64 | —~. 36726
18 +1.26 —. 03 +1.23  |+1.33 | +15.60 | — 52368
17 . +122 | 1o =76 {411 | +5.60 |4 16843
18 +140.0338 | 41,7952 |- | ol 47.3852 | +13. 4924 | 412067 |—2.94  [4161.8033 | 4. 01377
19 +93.2120 | +3.4400 | -...._.|.. | —292.1867 | —53.6049 | —35.2072 |—1.78 | —19.3916 | —. 01822
20 +-68. 7h5R 47,0244 +1.2803 | 417.3235 | —15. 5804 |~2.81 70. 2246 | . 06951
21 +76.7316 | 4-80.4347 | —.1320 |....___. 4180583 | —0.3613 | 4-18.0000 {-+5.116 |+169.4373 | —. 01198
22 +153.6386 | —.6815 | —,34 | 41,1156 +.7959 | 4287425 |40.58  [4+297.7402 | —. 03962
2 +38.9152 | —1.98 | —3.8006 | —1.3070 | +1.7264 | +.238 | +31.8776 | . 06360
% 12 44,30 | +23.20 —5.88 381 | +47.52 | 4 20643
25 +116.2130 [+117. 4082 (-+121. 6126 |~2.27  |+40L 0159 | +. 12416
28 +451.5432 | 401 8144 |+3.6191 |4-641, 4826 | —. 01684
# ' +235. 2684 |—4.3420 |+429.2015 | —. 01628

58853°—28, (Face D. 84.)



ADJUSTMENT OF NET BY DIRECTION METHOD 85

The solution of the normal equations is given in full on pages 8692,
The method used is the same as for the adjustment of the quadri-
lateral on page 38, and it is therefore unnecessary to describe each
step of this solution.

The check furnished by the = column in the forward solution make
any errors comparatively easy to find. However, there is no corre-
sponding check on the back solution, and an error is not likely to be
detected until the v's are substituted in the triangles. As consider-
able recomputation is then required to correct for the error, it is well
worth while, especially in the case of a large set of equations, to be
particularly careful with the back solution. The back solution, or
computation of the (s, is shown on page 93.



Solution

of normal equations

i 1
i ! f « 1 ® by
1 2 j 3 ‘ 18 1 4 5 6 19 2% 25 2% 27 n za
e i o | N o
2 . T R e t ________________________ +1 —4.99 ~29.21 ~3.12 +.15 —32.33
ot i -+. 33333 . 1 4 i —.16667 | +.83167 +4.86833 +. 52 ~.025 +5. 38533
+3 +2.96 +5.22 +4.15 +.34 +27. 67
| 3333 | +1.6633 +9. 7367 +1.04 —.05 +410. 7767
42,6667 | +4.6233 14,9567 +5.19 +.29 438, 4467
—.50001 | —. —2. 80440 —. 97313 | —.05438 —7. 20880
+2 +5.85 430,44 +2.11 +1.74 +46.48
+4.3333 | —1.6633 —9.7367 —1.04 +.05 —10. 7767
: —1.3333 | —2.3117 —T7.4783 —2. 505 —. 145 —19. 2233
‘ +1.0000 | +1.8750 +13. 2250 —1.5250 1.645 +16. 4800
—.25 —. 46875 —3.30625 +.38125 | —.41125 —4. 12000
-1.33 +7.3852 +13.4924 +1.2067 | —2.24 +161. 8033
13600 | —1.796% —10. 5156 ~1.1232 +. 054 —11. 6388
—1.3600 | —2.3579 —7.6280 —2. 6469 —. 1479 —19. 6079
—. 0050 —. 0094 —. 0661 +.0076 ~. 0082 —. 0824
—2.3350 | +3.2215 —4.7173 —2.5558 | —2.3421 +4130. 4742
+.01683 | —.02321 +. 03399 +.01842 | 01688 —. 940232
i ____________ —7.62 —26.82 ~6.44 -2 —29.60
¥50 +.9375 +6.6125 —.7625 +.8225 +8.24
| Zom | 18 —. 0466 o2 | —.0231 +1. 2881
! 4.4769 | —6.6507 | —20.231 . ~7.2207 +. 5394 —20, 0719
= ~.00564 | +1:33374 | 44.06170 | +1.44845 | —.10817 +4. 02525
a 3 ¢ A =
5 6 19 7 8 9 20 % 25 26 27 n .
+6 +2 —8.58 -2 R 2 — +3.44 +2 +5.72 +20.01 +3.39 +.19 +28.17
4 —.802 | +.8022 R o . TN IR IO NN IR +.1913 —2. 6675 —8.1236 —2.8989 +.2163 —8. 0505
+5.1978 | 428022 —5.3482 | —2 B R +3. +2.1013 +3. 0525 +11. 8864 +. 4911 +.4063 | +20.11984
Cs | —.53011 41.02804 | +.38478 | 38478 | . —. 66182 | —. 42158 —. 58727 —2 28681 —. 00448 — 0717 | —3.870754
—3.97 —5.11 —6.95 -7 —.71
4| —.s02 +2. 6675 +8.1236 428989 —.2163 +8.0505
‘ 5 | —1.5107 —1. 6456 —6. 4081 —. 2648 —.2190 | —10.8466
+3.6871 —2.0481 —3.3045 —4315 | -1.2083 | —3.5061
! Cs +.79957 +. 92064 +1. 17054 +. 32690 +. 95091
| —22. 1867 —58, 6049 ~35. 2972 -1.78 —19.3916
| 3 +.8250 +5. 8190 —. 6710 +.7238 +7. 2512
18 —. 0419 -+. 0613 +.0332 +. 0305 —1. 6962
4 +10. 7470 4327201 +11. 6794 —.8716 | +32 4347
5 +3. 1408 +12 2303 +. 5053 . 4181 | 4+20.7015
6 +5.0385 5. 8014 +7.3762 +2. 0600 +5.9922
—2.4773 —1.9638 —16.3741 5808 | -+45.29187
+.03925 +.03111 —+. 25941 —. 00919 = 717543
—~3.07 —15.73 —.60 +1.05 —21.35
411745 +4.5736 +.1890 . 1563 +7.7415
—. 7370 —. 8486 —1.0790 —.3013 —. 8765
—.0295 —. 0234 —.1952 +. 0069 +. 5399
| —2.6620 | —120284 —1.6852 +.0119 | —13.94513
i +. 53337 +2. 41007 +. 33765 — 18271 | +2.79415
+2.92 +.13 +2.08 +1.89 +5.92
+1.1745 4. 5736 +.1890 +.1563 +7.7415
—.7370 - —1.0790 —.3013 —. 8765
—. 0205 —. 0234 —.1952 +. 0069 +. 539
+.5285 42,3881 +.3346 —.1810 +2. 7687
+3.8565 +6.2197 +1.3294 1.5709 | +16. 09365
—. 80441 —1.29734 —. 207" —.32167 | —3.35687

&
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Solution of normal equations—Continued

a 1 [ A )
9 20 10 12 1 13 22 2 2 25 2 27 n »
+6 2 . +2 +3.52 +14.03 —1.55 +1.69 +28.49
71 —.8015 —4.8201 —. 6753 +.3654 | —b5. 5883
8! —1.198 —3.1099 —. 6647 —.7854 | ~—8 0467
+4 +8. . +6.1000 | —2.89 +127 +14.855
Cy . y . .25 —. 13125 | —1.525 +.7225 —.3175 | —3.71375
+17.3235 | —15.5804 | —2.81 +70. 2246
5 —7.8666 —. 3250 —.2689 | —13.3153
6 +1.4506 | +1.8558 +.5183 | +1.5076
19 +.1328 | +1.1077 — 0392 | —3.0639
71 —7.1316 —. 9991 +.5407 | —8.2682
8! , ! +8.3059 | +1.7945 | +2.1205 | 4217243
9 —17.1810 | +4.1150 —12.6422 | +5.9805 | —2.6321 | —30.7870
: ;
+37.8371 . +.0650 I —.3286 | —6.1660 | --2.5707 | +38.0221
Co| —.0072 | +.00868 | +.16296 | -+ 06704 | —1.0048990
b6 D —11.03 +3.23 +.31 1 =370
9. —1 +3.05 —1.445 4.635 | +7.4275
20 —. 0001 -+. 0006 -+.0106 +. 0044 —. 0653
+4.9999 —7.9794 | +1.7956 +.9494 | +3.6622
Cuo +1.50501 | —.35913 | —.18988 | —.73245
‘ ~14 , +.9 +1.70 +8.03
; ! 9 +3.05 —1.445 +.635 +7.4275
5 i 20 -+. 0006 +. 0106 +. 0044 —. 0653
! | 10 +1. 5058 —. 3591 —. 1899 —. 7324
|
! +3. 2064 —.8735 | +2.1495 | +14.6598
| —~.66801 | +.18198 | —. 44782 —3.05419
|
|
1
1 13 14 22 21 15 17 3 24 25 % b J Za
+_6, 8000 —‘:- ??83 —_-*(_) 2998 —1.04
— . . 37! +1. 4649
033 +. 0728 —.1791 —1.2217
5. 1667
+ Cn —. 4589 —. 4893 ~. 79685
+4.08882 |  +.00470 | 4. 15416
+6 - —4.76 42
10 —.8 R A R I R e e —1.29 +6. 84 —3.60 +1.35 +3.94
ol s TS0 | HLTe . 410868 | —3.1918 | +.7183 | +.3798 | +1 4649
i ime + —.6088 | —1.6082 +.4368 | —1.0749 | —7.3299
. --. 2505 +.2324 —. 0888 —. 0947 — 1542
+3.8064 | —2.3871 +.5362 | —3.2i81 |._ +1.0 2.0605 | + 7
+.5362 | 381 | . -2, 2 9774 | —2.5337 +.5602 | —2.0092
Cs +.62713 1087 | +.86121 —. 26272 | +.54133 | —.50831 | -.66564 | —.14717 | 54624
+6 +.23 +3.98 -2 -
nl Tz Toon " 8461 2 +0.70 . w28, R, | 13 +.25 +6.10
B ] L4970 | +.3363 4627 | —Lzom | fldm2 | —Loes | .30 | —1309
. . . -1 +.3513 | —1.3089
+3.7288 +.4686 | +L2781 | —2 ~2 +.70 +.6271 +.7868 1. 0469 7
. . . -1 1.5335 . 4119 .48
Cis - 12867 | —.34276 | +.53637 | 453637 | —. 18773 | —.16818 | —.21101| -+ 28076 +—. 41126 J-f. 11046 ﬁ 20:3237
0 4.7959 | 4928.7425 | +9.58  |4+297.7402
2 —. 8540 +. 4046 —. 1778 —2.0797
20 +. 0509 +. 9556 +.3084 | —5.8925
1 - +2.7767 —. 6247 —.3304 | —1.2744
12 + +. 6534 —.1780 4.4380 | +2.9873
. 13 T T | Tome | —ome | T
14 2513 ‘ 0880 - +.1316 | —.1927 | —.0518 | —. 5640
+151.7000 | +59. 0974 —. 8987 —.8987 | —.7695 —.3880 | 440.8407 | +3.2924 | +29.4418 | + 7
59 . . . , . 9,7536 |+291. 178910
Can 38957 | +.00592 | . 00502 I +.00507 | 4-.00256 | —. 26922 | —. 02170 | —.19408! —.06430 +-1. 91%940
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Solution of normal equations—Continued

i

|

1 ¢
{ 21 25 26 27 Kl Za
i
D 4767816 +18.0583 | ~0.3813 | -+13.0000 | -+5.116 +169. 4373
10 | —3.9428 — 1926 | 70358 —1.5M3 = 8431 ~3. 2521
12 = 0007 +. 0146 +. 0387 —. 0105 +.0250 +.1768
1 —. 5393 —.4182 3880 — 1483 — 1581 —.2573
13| —z2sm —1.7745 | +1.9613 —2,1820 +.4824 ~1.7906
14 —. 4381 —. 2597 - 3588 —. 525 —~. 1412 —1.5383
2 | -—-202% —15.9102 | ~1.2824 | —114696 | —3.8000 | ~—113.4315
4460150 7954 +.3825 —. 9% —.8311 +2. 0695 +.6819 +49. 34430
Cn | — 01729 —.00831 | +.01076 | +. 01806 —. 044 —. 01482 —1.07235
N +2 —2.87 +1.62 —4.20 +. 11 —4,64
1 | —Lov2r +.3364 +.4220 —. 5615 +. 8225 +.2209 +2.4071
22 | —. 0053 —.00% +.2419 +.0195 +. 1714 +.0578 +1.7250
21 | —.0138 ~.0036 —+. 0085 . 0144 - —.0l18 —. 8529
+4.9032 +23275 | —2.1976 | 10924 —3. 2389 +.3769 —1.360812
Cis Samm | tame | Sl 465000 | —.07679 +. 277332
P4 |42 | -zer Lo +Lr22 | 4103 -6 1 41 +5.€0
1 ¥33%6 +.4220 —. 5315 +.8225 | 42200 +2. 4071
2 = 002 + 2118 +/0195 41744 +.0578 +1.7:
21 ~. 0038 +.00%5 +. 0141 —l0353 — 0118 — 8529
15 — 4307 +.4033 —. 2021 +.5%3 | — 0597 +.2519
+4.7401 | 423701 | —1.5853 —1032 | 422090 +.3003 +. 8001 072 +9. 131105
1 Cyr | —.30000 | +.33402 | +.02057 | ~—.48501 | —.63 —. 16883 | —.03431 —1,92625
i +6 +4.81 +1 +1.95 —03 +1.2 +1.33 +15.€0 i
: 15 | —.8150 | —14418 +.9131 —. 8355 +. 4151 13188 +. 1536 5546
17 | —11350 -+ 7916 +.0515 | —1.1495 -~ 1501 — 1002 —1536 —4.5654
+4 +4.16 +2.00 —.7850 +.2650 —.49 +1.33 +10.48
Cie | —104 =5 419625 | —. 06625 +.1225 —.3325 —2.62
1
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ADJUSTMENT OF NET BY DIRECTION METHOD

Solution of normal equations—Continued

91

a ¢
2 24 25 2 27 ” Zu
+-38. 9152 -1.08 ~3. ~1, 3979 +1.7264 -+-0. 238 +31.8776
—. 1314 -, 1177 —. 1477 -+. 1965 —. 2879 - 0773 -, 8425
—. 0039 ~—. 0020 +. 2072 +-. 0167 +. 14493 -+. 0495 +1.4770
—. 0001 . ~. 0008 —. 0013 . 0033 +. 0011 4. 0775
—2. 5502 +1.6777 -1, 5841 -+, 7874 —2.347 —+. 2717 ~, §811
~. 5289 . 0345 +. 7670 . 1003 +. 2674 +. 1028 +-3. 0498
—4.3264 —2.08 4. 8164 ~. 2766 . 5096 —1.3832 —10. 8992
+31. 3743 —2. 5359 —3. 7417 —. 5739 -+4.0334 -. 7978 +23. 759186
Cas +. +. 11926 +. 01829 -, 00106 . 02542 —. 75726
+12 4. 30 +23. 20 —5.88 -+3.81 -+47. 62
1 —. 1667 +. 8317 -4, 8683 +. 62 ~. 025 5. 3883
2 ~1.3334 —2.3117 —~7.4785 ~2. 5950 —. 1450 —19, 2237
3 -, 2500 ~—. 4688 —3. 3062 +.3812 —. 4112 -4, 1200
18 ~—. 0303 +. 0542 —. QT84 -~. 0430 ~, 0304 +2.19%
4 —. 0450 +-. 6361 -+1.9371 +.69 —. 0516 -+1. 9196
5 - -1, 2869 —5.0111 -, 2070 -. 1713 —8, 4820
8 -. 5111 —1. 0976 —1, 2638 -1, 6068 —. 4487 -1. 3053
19 ~. 0020 -, 0141 —. 0112 —. 0033 <. 0033 . 2
7 ~. 0402 -+, 2644 41, 1847 +. 1674 -, 0906 +1, 3851
8 —1. 1987 —1. 9284 —3. 1101 —, 6647 —, 7855 —8. 0474
9 -, 2500 ~. 1312 —1. 5250 +.7225 —. 3175 -3.7138
20 -~ 0000 —. 0019 -+, 0002 -+. 0036 -+. 0015 -, 0218
10 ~. 0500 —~. Q217 -+. 7970 —. 1796 -, 0840 —. 3662
12 —1. 2000 —. 6068 ~—1. 6032 +. 4368 —1.0748 —7.3209
11 . 6000 . 0000 . 0000 . 0000 . 0000 . 0000
13 -, 2627 +. 5413 —. 5Y83 +. 6658 —. 1472 -+. 5462
14 ~. 1056 ~—. 1323 + 1761 —. 2579 —. 0693 —. 7548
22 —. 0010 4. 1045 . 0753 +. 0249 +. 7447
21 ~, 0032 . 0041 + 0069 —, 0172 —. 0057 —. 4102
16 -1, 1037 41,0421 —. 5180 -1, 5359 —. 1787 +. 6455
17 —. 0022 -+. 0501 +. 0065 -+. 0174 -+. 0067 ~. 1988
16 -1, 0000 . 3925 -, 1325 -+. 450 —. 6650 — 5. 2400
2 ~. 2050 -—. 3024 —. 0464 -+, 0027 —. 0645 +1. 9203
+3. 2060 —, 0828 47 5124 —8. 0799 —. 9305 -+3. 708771
Cu +. 02511 —2. 27863 +1. 84418 -+. 28496 —~1. 124423
~+1186. 2130 +117. 4082 -+121. 8126 ~2.27 -+401. 0159
1 ~4. 1500 ~24, 2030 —2. 5048 +. 1248 —26. 8878
2 —4., 0078 ~12. 9656 -4, 4991 -, 2614 -~33. 3284
3 —. 8789 —6. 1992 +.7148 -, 7711 ~17.7250
18 —. 0748 -+, 1095 -+, 0693 +. —3.0289
4 -8, 8703 ~27.0137 —9 6399 -+. 7194 26, 7707
] —1.7926 ~6. 9805 . 2884 - ~—11. 8154
8 —2. 3572 -2.7141 —-3. 4509 -, 9637 -2
19 —. 0072 -. 0771 -, 6428 -+, 0228 +1. 7775
7 —1.4168 —8.4156 —. 8988 <. 4864 —17. 4380
8 —3.1022 -~ 5. 0032 —1. 0694 —1,2637 —12. 9458
9 -. 0689 -, 8006 +-. 3793 -, 1687 —1. 497
20 -, 2765 . 0281 -+. 5271 -+.2198 —3. 2508
10 —, 0084 -+. 3462 —=.0779 —. 0412 -—. 1389
12 -—. 3068 —. 8106 -+, 2208 —. 5434 -3, 7063
11 —. 322 -, 3009 —. 1150 ~. 1226 —. 1905
13 —1. 1154 +1.2328 —1.3718 +. 3032 ~1. 1258
1 —. 16690 +. 2200 -, 3 —. 0869 —. 9470
22 ~10. 995] —. 8862 -7 —2. 6261 -—78. 38068
21 —. 0053 —, 0089 -, 0221 -+, 0073 +. 5279
15 -, 9840 +. 4891 —1.4502 -+.1688 —. 6004
17 —1.1150 —. 1456 -, 3882 —. 1490 —4.4284
16 -. 1541 +. 0520 —. 0962 -+, 2610 +-2. 0567
23 —. 4462 —. 0684 +. 0040 ~, 0951 +2.833¢
24 -, 0021 . 1887 -~ 1527 -—. 0236 -+. 0031
473, 4932 +25. 9941 +88. 5543 —7.2452 -+180. 79024
—. 356369 —1. 20403 . 00858 2. 46004

58853°—28——7
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Solution of normal equations—Continued

® A .
26 27 g Zn
4515432 | 0L 8144 +3.6191 +641. 4826
1| ~142.2030 | —15 1802 +. 7302 — 157, 3031
2 | —4L0446 | —14. 5548 —.8133 —107. 8198
3 | —43.7282 | +5.0420 —b. 4388 — 54. 4870
18 —. 1603 —. 0869 —. 07 +4. 435
4 | —82.2670 | —29.3573 +2. 1909 —81. 5278
5 | —27.1810 | —1.1230 —. 9292 —46.0002
6 ~31251 | —3.9734 —1,1007 ~3,2279
19 —. 0611 —. 5004 +.0180 +1, 4091
7 | —289803 | —4.061 +2. 1077 ~33, 6092
8 80691 | —1.7247 220380 20, 8787
9 —9.3025 | -+4.4072 —1. 9368 —22. 6530
2 —~. 0029 —. 0535 —. 0223 +.3302
10| —127344 | +2.8656 +1. 5151 +5. 8445
12 —2.1419 . 5835 14359 ~9.7930
1 2702 +. 1067 +.1137 +. 1851
13 —~1,3626 | 15159 3352 +1. 2440
4 —. 2939 4305 +.1156 +1. 2600
22 —. 0714 —. 6300 ~ 2117 ~6.3104
21 ~. 0150 +.0374 +.0123 +.8912
15 — 2431 +. 7200 . 0839 +.3020
17 —. 0190 - 0507 —. 0195 ~. 5785
16 —.0176 +.0325 . 0881 —. 6043
23 —. 0105 0006 —. 0148 +. 4348
24 | —17.1180 | -+13.8538 +2. 1407 —8. 4472
25 ~0.1930 | —3L3211 +2. 5625 —63, 0465
4210080 | -+18.7666 +. 6502 40, 433047
Ca —. 89327 —. 03138 —1. 02465
+235. 2684 —4, 3429 +429. 2015
1] =L 224 +. 0780 —16,8116
2 | —50505 —. 2822 —37.4137
3 —. 5814 +. 6272 46,2830
18 —.0471 . 0431 +2.4030
4 | —104762 +.7818 —20. 0933
H - - 1. 9009
6 | —b 0518 —1,4169 —4.1040
19 | —4.2478 +. 1505 11, 7489
7 —. 5600 +.3079 —4. 7087
8 —. 3688 - 4356 —4. 4626
9 | —2.0886 +.9176 +10. 7327
2 | -1008 ~. 4189 “+6. 1962
10 —. 6449 —.3400 —~1.3152
12 —. 1500 +.3012 +2. 6678
1 —. 0408 —.0435 —. 0707
138 | —1685 +.3729 —1,3840
14 —. 6307 1604 —1.8457
2 | —57141 —1, 8931 —56. 5106
21 —. 0831 —.0307 —2. 2108
15| —213m1 +. 2487 - 8982
17 — 1352 —. 0510 —1.5418
16 - -+ 1629 1, 2838
23 - +. —. 0253
2 | —11.2121 ~1.7325 6. 8364
25 | —106. 7017 +8. 7207 ~217. 8471
26 | —16.7636 —. 58 =36, 1101
+58. 1384 +. 0462 50, 08156
Cx —. 01628 ~1.01628
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Back solution

27 26 25 24 23 16 17
—0.01628 —0.03138 0. 09858 +0. 28496 +0. 02542 —0. 3325 —0. 06481
+. 01454 +-. 01962 —. (63002 ~+. 00002 —. 00199 +.00275
-+. 00596 . 03837 —. 00031 -+, 00112 +. 00107
—. 01684 |—————o| -.00312 +. €1481 —+.02437 ~. 06022
: +.12416 +. 02398 —. 14822 -+. 00645
+. 20643 —. 06646 +. 02134
+. 06390 +. 26185
—. 52368
+. 16843
15 21 22 14 13 1 12
—0. 07679 ~0. 01482 ~0. 06430 —0. 11046 -0. 14717 +0. 09470 —(). 44782
—. 01074 +. 00073 ~+.00316 +. 00670 —. 01084 —. 00145 —. 00296
. 00375 ~. 00030 +. 00037 -, 00473 +-. 01008 . 00391 +.01125
+. 05550 =+. 00133 -—. 03343 —. 02620 —+. 06721 +.03110 —. 03139
-. 14057 —. 00246 -+, 00076 —. 04085 —. 07788 0 —. 14822
+. 04606 -+. 00010 ~+. 00032 —. 01200 —. 01032 —. 00387 -~ 00014
-~. 21339 . 00201 -+. 00100 +. 08866 +.01262 —. 00438 —. 01826
—~. 03117 -+. 00635 —. 00217 —. 19699 -, 18158 ~. 11206 -+. 16893
+. 00467 —+. 00411 - ~—. 08539 +. 00479
—~. 36726 -. 01198 -+.01126 —. 33785
—. 080G2 ~.05744 ~. 46382
—. 28050
10 20 9 8 7 19 6
~(. 18088 +0. 06794 —~0.3175 —0.32767 —0. 18271 —0. 00919 +0. 32690
-+. 00585 -, 00265 ~. 01176 -+. 00451 —. 00550 ~. 00422 —. 01906
-~ 02688 —. 00015 —+. 02568 +. 02185 —. 04050 -, 00052 . 01550
~. 00539 —. 01061 —. 01630 -, QYUB8 +. 06022 +. 00487 -+. 09927
—. 02064 —. 0007 —. 07411 ~—. 14823 —. 02044 +. 00169 +.11036
+. 01064 +. 01389 -+. 01255 +-. 09383 -+. 04121 -, 00470 ~. 02089
+. 03119 —+. 00080 —. 23191 -+ 44608 —. 35751 ~. 00011 —. 00238
~. 13514 -+. 00046 —. 13474 ~+. 00189 ~. 00604 —. 12661
~. 02208 —. 14406 —. 00851 +.03114
+. 09275 —+. 06951 ~. 50643 ~. 01822 |}————
—. 89216 +.37423
~. 26048
5 4 18 3 2 1
—0.07817 —0. 10817 -+0. 1688 —0. 41125 —(0. 056438 -0.025
. 00154 —. 02360 —. 00030 —. 00621 +. 01584 —. 00847
+. 03851 —. 06840 —. 00057 +.£5568 -+. 04723 —. 08198
~. 07292 +. 16560 —. 0288 —. 05820 —. 10763 -+. 10326
~. 12497 —. 02835 -+. 00404 ~. 07411 —. 14822 —. 04041
~. 04600 -+. 02044 -+. 00024 —. 00802 -, 00702 4. 00488
~—. 00366 -. 15010 —. 00459 —. 23238 +. 36729 —. 24485
—. 19486 —. 28117 ~. 00007 ~. 03770
. 01875 +-. 01377 +. 11311
-. 20175 —. 46475 -, 73456 —. 3319
-, 70103

After the (’s are determined, the next step is the computation of
the »’s, that is, the corrections to the directions. These corrections
are obtained, as is the case of the single quadrilateral, by substituting
the values of the (s in the table of correlates. A set of v's is then
adopted to make all the equations consistent. (See p. 15.)
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Computation of corrections (v’s)

1 2 3 4 5 6 7 8 9
+0.0614 | —0.0880 | —0.0614 | —0.2064 | +0.0563 [ —0.0663 | —0.0601 | —0.0728 | -H.05CI
—.0798 | —.1i31 | +.0798 | +.0188 | 1079 | —.1079 | +.058 | + 1131 —. 0508
—.0019 40019 | — 131 | —.3315 | 43315 | +.0659 —. 0550
+.0578 | —.2011 | 40302 | 43392 | —.0526 | +.2964 | —.2064 | 0408 +.0330
+.3302 | —.20 +.1131 +.7346 | -+ 0368 0393 | +.04 +. 4648
—~.3302 | —.0545 | —.3302 | —.7346 | +4.7346 —.7346
4. 2867 —.05 41181 | — 1131
+.29 —. 0866 +.1755 —. 3024
~.08 +.18 — 1210 | +.4300 —.30
—12 .43
10 11 12 13 14 15 16 17 18
+0.0221 | —0.0221 | 40.0366 | 40.0410 | —0.0366 | —0.0886 | 4-0.0586 | +0.0013 | -+0.0095
+.0645 | —.0645 | —.0650 | +.3742 | +.0650 | —.1122 | +.1122 | —.0460 | -+.01
—. 2646 | +.2045 | —.0608 +.0608 | +.2359 | —. 2350 | -+ 5064
4.7010 | 4.2064 | —.0080 | +.4152 | ~—.0321 | —.0402 | +.0262
~. 4648 | —.7010 | —.3742 | +.41 +.0140 | —.7346 | —.3302 | +.4617
+. 4648 —. 4648 | +.3392 +.46
+.0583 | —.2267 +.7348 —~. 3781
-08 - —. 0075 —.3705 | —.38
—.01 +.3409 | —.37
+.34
19 20 21 22 23 24 2 2 27
—0.0013 | ~0.1031 | -+0.1031 | —0.0454 | +0.1031 | +0.0454 | +0.0070 | —0.0070 | —0.4051
+.0460 | —.0987 | +.0987 | 4.0317 | —.3742 | —.0317 | +.0480 | ~—.0480 —. 0108
~.0133 | +.4206 | —.4206 | 41242 — 1242 | —.2247 | 2247 +. 0874
—0095 | -+-.0763 | —0630 | — 2064 | —.2711 | +.2391 | —. 2704 . 2064
—.5004 | —.7010 | +.3742 | —.0849 | —.27 —.0182 | +.8022 | 0313 —. 3585
—.3742 | +.4648 | —. 4648 | -+ 7010 4.0005 | —. 5064 | —.8922 | —.36
+. 7010 . 5064 ~. 0095
+.0679 | —.3814 | 4302 +.3742 | —.0543
— 1577 | 407 —.38 . —.7010 | —.05 - 4043
—.16 - 40
+. 2995
+.30
P 2 30 31 32 33 24 35 36
+0.0249 | —0.0424 | —0.0249 | —0.0254 | 40.0254 | —0.0199 | —0.3330 | +0.C169 | -0.0063
—.0300 | -+.4638 | +.0300 | —. 0466 0466 | +.0318 | —.0095 | — G318 | 40810
~. 1800 +.1800 | 41463 | —. 1403 | —.0137 |— +.0137 —. 2306
45350 | 4.a214 | — 1200 | —.o786 | +.1022 | — —.3425 | ~. 1001 +. 3531
+.0532 | .42 —0236 | —.8022 | —.5064 | +.0730 | —.34 +. 2000 +.3378
—. 0574 —. 4638 | . 5064 48022 +. 4638 —. 2695
+. 2605 —. 295 —.4725 | +.0006 +. 2005
+.8922 | —.3061 | ~ 47 ~.8922 | 42191
+.6152 —.39 +. 6765 +.22
+.62 +. 1905 +.68 —~.0772
19 ~.08
37 5 29 40 41 42 43 44 45
—0.0063 | +0.0044 | ~0.0044 | —0.0054 | +0.0054 | —0.0361 | ~0.0524 | +0.0301 | —0.0160
—.0310 | —.G086 | +.0086 | —.0315 | +.03156 | +.C066 | — 4638 | —.0066 | -+ 0089
+.2306 | —.1316 | +.1316 | +.0559 | —.0559 | +.2818 —. 2818 —. 0310
+.2064 | 4.2805 | —.2805 | —.3378 | -4.0674 | —.2064 | —.5162 | +.3764 ~. 0032
—~1730 | —.0574 | +.3378 | -+.2605 | —.2606 | —. 2034 | —.52 +.0570 —. 1730
—.3378 +.3378 +.2805 ~. 0046
—.4638 | 4.0063 | +.1241 | —.c403 | —. 2311 | . 4638 —.3378 | —. 1684
+.09 +.18 —.05 - 23 +.3673
—. 4750 +. 5541 +.1328 —. 2895
— 48 +.55 +.13 —
—. 3005

—-.31
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Computation of corrections (v’s)—Continued

46 s 48 49 5 51 22 | ® 5

+0.1297 | +4-0.0160 | —0.2967 | +0.2067 | —0.0036 | +0.0036 | —0.3890 | —0.0200° 0. 86280
- 5

+.1684 —. 0089 —. 0307 +.0786 —. 0084 ~+. 0084 —. 0104 -+. 0005 .

e ——! . 0310 —, 1684 —. 5237 +. 0968 —. 0968 —. 0574 -+.1003 —. 1003
+. 2081 -+, 2064 -+. 5237 -+.3673 —. 0479 +-. 4589 ~. 2064 ~+. 5237
+.30 ~ 125 e e et (609 +.0122 —. 4568 +-. 3673 -, 3673

—. 3673 +.0279 +. 2189 —.0018 -, 2895 —. 45
———— +.03 +.22 +. 1684 +. 0574 . 1607 +. 0660
—. 1583 —. 3673 +.16 +.06
-.16 . 2805 +.1542
- +.16
+. 0558
. 06
55 56 57 58
+C. 2064 +0. 2732 +0. 2543 ~0. 2732
. K237 —. 2262 —. 1684 —. (2281
+. 57 |1 4. 1084
-. 2273 —+. 0859 —. 5237
~.23 -+. 5707 - +.09
+.57 —. 6566
—. 66

As a check on the computation of the »’s they should be summed
up around -each point to make sure that each sum equals zero (except
where one or more directions at the point are not numbered, see p. 37).

COMPUTATION OF TRIANGLES

The adopted values of the v’s can now be substituted in column 4 of
the triangle computation (see figz. 24) and the final triangles can be
computed as explained on page 39.

In a complete quadrilateral each line is a part of two different
triangles. The logarithm of each length appears therefore in two
different triangles. The agreement of these two values in all cases
furnishes a check on the adjustment and computation. Another
check on the work is that the length as carried from the first fixed
line to the second fixed line of the arc must agree with the fixed value
of the latter. The elimination of the azimuth discrepancy can be
checked before the positions are recomputed by substituting the
adjusted angles for the corresponding observed angles on page 62.

When it is certain that all the angle, side, azimuth and length
equations are satisfied, it i3 necessary to recompute all the geographic
positions, beginning with the fixed line Palo-Pedro and ending with
the fixed position Garcena. These recomputed positions are shown
in Figure 29.

If the latitudes of the various stations have been only slightly
changed by the adjustment, then in the recomputation of the geo-
graphic positions the second, third, and fourth terms of the A¢ may
be taken directly from the preliminary computation of the positions
and only the first term need be recomputed. In a great many cases

the recomputation of positions may be made by merely correcting
(Text continued on p. 107)



POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

| Pao to Pedro 12| o2 | 2500
2 | pearo & Pordyoe +e1| 21| sL7e
« §2.Palo to 1. Pordyce 73| 29| 5676
™ - 3| 04,83
180
] ¢ {1 yorayoe to 2. Palo 253 | 26| 5,93 )
@ 00 0993
- u.u;
+ | 6 |569%
9 | 3 | 45238
s | 4.081 5096 & 9,16%02 i _n | 20467
cose| 9.453 3648 diore| 996347 o] 40987 | o) 0228
B | 8.511 8083 c 1,10025 B ‘iz.zm E 5,8511
b | 2,046 a327 9,22674 v‘ } 6.3868 56,0243
Ist ferm. | ¥ m.'ml 34 tom, 40.0502 (a2
sdterm, |+ 03686 [ | -0.0001 r
+ 1115167
Nl |t 90901 B 4,081 5096
car |+2108168 Jane| 9,961 79 Arg. a1 | 2620 1266
to+e) 6204329 | A | 6,609 4379 o b3 lapiprs) 608 675
vocy’ 0,047 432 ol + sec §{a 9}
2,620 1266 ° 3,266 7831
o-- al + 416,9900 —ae | 4284,835

Do not write in this roargin.

Do not write in this margin.

- Pedro to Falo 192 01 53,38

4 Fordyoe & Palo —~ 70| X2 18,87

« 13 Pedro to 1 Fordyce 121} 29 0,718

an - 2 2,92
l 190

« } L rordyoe o 3. Pedro 1) a7 01,86

Pedro
Fordyoe
. 4.050 7887 L 8,10158 —h 2,200§
coss| 9,717 9384 sin"e | 9,86160 (e 4.6607 | suine| 7,9632
p | 86118134 c 1.09865 p | %291 E 5.8497
» | 8280 6006 9,06183 ( 6.8518 16,0936
1st torm, | ~190,8097 U form. 40,0007 (ady
sdtorm, | +0.2383 1. | 40,0001 F
-190, 6944
Nl tem, |+ 9.0008 R 4,060 7887
—ay | =190.6936 |une| 9.9% 7983 Arg ar | 2,530 4681
Ho+y) |26 16 12,08 | o | 8,509 4378 e | -2 faite+e)| 9,606 0234
socy'| 0,047 4458 al 3 lecilar) -
28 uer ol o 2,184 4325
b sl L | o« | qise. 926

FiG. 29.—Final positicn computation for stations of net
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

« Palo to FPoragoe 73| 29 | se.76
¢ Fordyae & Eltoro taw| o9 | 5322
<z reao to1.  Kltoro ur| 39 | 49,90

ax - 2 45,11

5
180
<11 Blure 02 Palo 291 | 37 | od.87

First Anglo of Triangle A

Palo
Rlworo
o | 4,045 289 | 8.0%68 —b ]2,1243
come| 9.567 2158 sinte | 9.93687 ooy 42470 | e [8,0269
B | 6.511 8083 ¢ | 1.100e8 pi22m | g |[ses1
b | 2124 313 9,12720 | lesme 6,0023
e torm, | 1330004 |y | 40,0003 (a1y
sdrarm | * 01390 | gum] 00002 ¥
-133,0074
Neniigiom | + 0.0004 , 1 046 28%0
oy |-133.00%0 |, | 9.960 1868 arg a1 |2.57 6100
osvy (2820 6,08 | 4. | 0509 w38 | 2 s 0T 3TTE
wc e’ 0,047 6980 ] ¥ oc 404 7)
2,570 6)00 corr] © 2,217,7876
T a2 | 4 372,0674 ~as | 4168,115

Do mot write in this meargin.

Do mot writs in this margin,

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. Pordyos o Falo 253 | 26 lsz.s;

¢ Eltoro & Pelo - 64 | 02 i53. 14

a 13 Fordyse to 1. Eltore 189 23 ]58.19

ae + 119,93
I 1%

¢ |1. Eltoro to 3. Pordyoe 9| 24 |18,72

Pordyoe
Eltoro
’ 3,882 3870 £ | 7.76477 -h 2,3883
cose| 9,994 1295 sin® « | 8.42608 (bey| 47766 | sroin | 6.1508
B | ©.511 e102 c |1.0mes pl2ens| g 5.8506
2,308 3267 7.29050 | [r.0se e
isttorm, | 245289 || s0.d02 (aiy
. .
24 torm. 0.0020 |4 0000 -
-244,5249
dwdthom| + 00012 | . 3.882 3870
—ar | 24,5237 |gn.! 9,213 0398 Arg. a1 | 1,662 5611
tle+e) |26 19 49.70 | &' | 0,509 4365 s | 1 faiipern] 9 040 9408
soc | 0,047 6980 ar] O lueam
Lesz gaF  lom] 2 1,299 6017
-
- al - 44,9326 ( —ae - 19,930

F16. 29.—Final position computation for stations of net—Continued
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. . .
N Bltoro t Fordyoe 9 | 24 |18.,72
Z Fordyos & Garcia 1§ 51 | 4n.29
« 12 Eltoro to £ varsis 82 16 06,01
ae - 3 45,95

180

< j1 Garoia to 2. Eltoro 261 | 12 | 20,06
First Anglo of Triangle 31 20 12,96
o . -
’ Eltoro 1 98 ko 00,306
av Ny S , 8 | 23,974
v Garola | g8 ] a2 I 29,279

s | 4154 698 P [8,30939 -h | 1.8478

wsa| 9,181 2921 sin’ « |9, 96987 (| 346987 | i | 8.2993
g | 8511 8060 ¢ [1.100% p | 2.2%25 £ 5.8517
b | 1647 949 9,40021 t 5,9912 5.9988
1ot torm, | 470,430 Wi | 49-0001 (aiy
sdterm. | ¥ 0,2513 1 . |0+ 0001 " R

470, 8873

Quﬂ:. ww| 0000 | . 4,154 6968
ayp |¥70.0873 sine| 9% 9372 Arg. a1l |2.706 e952
Je+y) 6 21 16,61 A’ | 8.509 4359 s ] 4 laypssn)o.687 3000

secy'| 0.047 5243 al] # sec §(5 #)
2,706 §952 lcore] © 2,354 0052
- atl 4 508,973 A% 1 4 225,946

Do nut writs in this margin,

Do not write in this soargin.

Basawrmint ov Coummmce
U a coqy we Gmems sy
Vorm 36

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. . .
« Tordyse to Eltoro 189 |23 [68,79
Z Garols & Eltoro ~-76 |48 00,02
« §3. Forlyos to 1. Garois 112 |55 58,77
ae - 3 |25,
180
< | 1. 7 Garoia to 3. Fordgoce 292 |32 |33.02
. . M
3. Fordyos, 1 9% k3 45,238
o= arl + l 7 ’ 44,041
1. varcia v |98 ‘ [ i 29.279
s | 4144 1935 s | 8.28833 —b | 2.2407
cose| 9.561 6588 sinta | 993060 (49){ 44803 | o ginv e | B.2190
B | 8.611 8102 ¢ | 109988 D |2.2918 g | 5.8506
b | 2.240 6525 9,31864 I [s. 7721 6,3103
15t tarm. -174.0454 Py 10,0006 (ary
od torm. [+ %2083 bty | ¥0-0002 ¥
=-173,8371
Sl flh . [+ 0,0008 s | 4148 1936
—ap |-173.8363 sine | 9.965 3017 Arg) a1 | 2.666 5565
Hp+y) |26 19 34,35 | o | 8,509 4369 s | -3 ia j(p+9)| 9. 646 7901
secy’'| 0,047 6243 al +4 sec 4(5 #)
2,666 6563 i I 2,313 3466
nss Al 4am.042 ~ae {4205, 753

F16. 29.—Final position computation for stations of net—Continued
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

Dersaruner or Conutnca
UK COuT Me oo Sener
Form 86

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. . . -
- Eltoro to Garois 81 16 { 06,01 « Garcia Eltore 26122 20,06
p Garoia & Panoho +44 39 | 18,62 ¢ Pancho & &ltoro - 70562 25,27
« |2 ltoro t01. Pancho 125 | 55 | 24.63 213 carcia o1,  Pancho 190 |19 54,79
ae - 3 |1,32 ne +« |0 |:o0

180 180
< 11 Pancho, t0 2. Bltore 308 52 | 10,32 ¢ }1. Paocho to 3. carola 10|20 26,80
First Angle of Triangle 6% 28 16,49
Sltoro 2y % 3 00,305 $ g Carola 2] %8 4z | 29,279
al - ' 7 ‘15.979 é H al - ‘ 3 l 11,99
Fancho e |17--'3“‘.1 H F Pancho v s o | e
¥ ¥
. 141N 818 & | 8.34930 —h | 2.4849 3 3 + 14,046 1679 £ | 809233 -h ] 2,5509

caal9.768 4195 ein e | 9.81676 @992 | | 82660 A A cosa | 9932 9004 sine | 8.50740 (,,‘,).!5.1011 o sin e | 65997
B |9.511 8060 ¢ | 1.1009% p |2.2985 g | 5-8517 . g | 8.511 8072 c | 110057 p [2.2923 g | 5.8518
b |2.454 8773 l 9,26701 |7.2011 5.4727 b | 2,650 8755 7.70030 I f7.3940 5,0019
Lot term. | 265,021 | uym | 40,0015 (aiy ret term. | =366.5293 | yim | 40,0025 a1y
sdvorm, |+ 0-1349 @ l 40,0003 ¥ sdterm. | +0-0050 It 0000 P

L284, 8364 -355, 5243

Sk i e | + 0. 0019 | 4174 6518 Mool fharme | 4040025 . 4,045 1579
—ay |-284.835 sinu| 9,908 3788 Arg, a1 2,840 4507 —ap | -355,5218 sina | 9.253 7007 Arg) Al L8567 2989
tr+s) P8 24 10,30 A | 8.509 4349 P ] iastr+e) 9,648 0648 Hr+e) 6 23 39,03 A | 8.509 4349 s} 2 liiesy)B.647 9148

soc pe| 0047 9957 2l P leeitan socy'l 0.047 9957 si] 0 lecian
2.6% 408 Corr} -1 2,288 5255 Lo57 2998 o] 2 R.506 2137
- ar | 4436,9791 —2e | na0a.324 s 21 o 79944 —ae | 32005

F1G. 29.—Final position computation for stations of net—Continued
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. . N
- Pancbo to Garola 10 | 20 26,80
< Garaia & Momment +28 | 28 |o287
o l2 Pancho w1 Momumentg 36 | 48 29,67

- 2 |o7.02
Ae
180
« §1 Moaupent to 2. Panoho 218 | 46 22,65
First Angle of Triangle 61 38 08,64
Pancho 2 % 42 ' 17.2&';
] * ‘ 4 | 45,680
1. Mommest o | 98| 46 [ozos
s | 4101 M5 - 8.20342 —n | 2.5082
7.7976
conal 7+891 6756 sinte | 95904 oy 50006 | ...
2,293 5.8529
p | MSu 8012 ¢ 110260 b £
b | 2505 1886 8, 90006 | [r.%00 6, 1557
1ot term, | 4320.0285 o | 40,0020 (arp
sdterm, | + 0914 H, 1 -0.000 r
+ 320.1079

Nmitdiam| + 0-0029 . &101 718
—ap | 4320.1098 ] .| 9,797 0708 Arg a1 2486 se03
Yr+e) O 23 5674 A | 8,509 4357 a1 w547 9201

8 4
vecy’ 0,047 6512 Ak sec 4( & ¥)
2,455 8805 core] 2 2,103 8704

1 ad | +285,6803 ~ae |+127.019

Do oot writs in this margin,

Do not write in this margin.

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

« Garcia to Pancho 1% 4 54,79
2z komumens & Fancho - 89 53 48, 66
« | 3. Garcia to 1. ~opument 1007 | 26 06,13
- 2 34,84
as
180
« {2 looument t0 3. Garcia 280 { 2¢ | 3,29
. . -
Garota 1 9% 42 129,279
al + 3 133,686
Komumant o | 98 | 46 [oz.966
. 3.779 9207 P 7.55964 —-h 1,5487
coae| 9-257 9677 sinra | 9.98551 (bor] 3.0983 | ogora| 7.5454
B 8,511 8072 c 1, 30057 p | %923 B 5.8513
IS 1,549 6956 8. 64592 , 5.3%6 4.9464
18t term. | =35.4535 Miws | 0.0000 (a1y
21 term. +0,0443 i e, 90,0000 ¥
-35.4122
Snd 11h lerme. 0000 s 3.779 ROT
—ay | =35.4122 sinw | 9,932 7571 Arg] ar | 2,329 1957
B(r+y) | 86 20 58,98 | A 8,509 4367 N =1 [si(p+9) 9,647 2352
secy| 0,047 5612 ai] #1 s 4o ¥)
2,329 77857 corr] © 1.977,0109
11 al + £13, 6858 —ae | 494,84

Fic. 29.—Final position computation for stations of net—Continued
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

- rancho to Mopument 3B 48 29,87

Z Hunument & Corpus +49 18 33,04

« |2. Ponemo w1 Corpas 88 | 07 | 08,71

ae - 2 | 04,55
180

PR Corpus w0 2. Paneno 268 05 04,16

Firt Anglo of Triangle 92 54 15,15

Pancho
Corpus
s | 3,889 5177 » 7.77%04 _h | 0.917
coaa| 8.515 1683 sin' e 9.9v953 (a9 1.8428 o sin’ . 7.7786
. . 858!
B 8,511 8012 c 1, 10250 D 2.2934 E 5, 9
0,917 4872 8,88107 I l 4,1362 4,549
= 48,2657 Niew | ©0.0000 (a1y
, 0760 0, 0000
24 term. 0.9 4 trn P
48, A57
ok i lrme. 0000 . 3,889 5177
—ap | 48,3457 sina| 9.999 7660 Arg a1 | 2448 7087
- 9, 648 5606
tosor|Eo26 32,62 | | 8.509 4350 ot ek
0,047 9970 +1
soc e’ a2 eec ${2 9)
2,446 70687 o] © 2,095 3662
- ad + 279, 7065 —ae +124,55¢

Do not write in this margin

Do not write in this margin,

DeranTiger o Cowpme
& Coan v Qe Suw

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. Komment Pasono 2181 46 | 2,68
. Corpus & Paacho o s | a7 | os00
« |3 Sonunent to L. worpus 180 59 | 16,68
™ + 0z, 86
180
< |1 corpus to 3.  jooumeat 4 59 | 19,31
3. iomument ] 9; 46' 02.9;6
.= a] - 06,972
1. Corpus Iy 98 45 56, 993
* | 3,982 0867 £ 9517 -h [2,4938
cone| 9.999 9354 sinta| 6.47313 (.,,-) 49877 | ¢ sin’ « |4.4374
p | 85118065 ¢ | 31007 p |2.2924 g |5.8615
n | 2493 8287 5,53813 | | 7.2801 2, 7621
ttorm, | 3117680 [y | 40,0029 (aiy
2 torm, .0000 | . 1 0.0000 P
«311, 7660
Niiiiom| *+0-0019 . 3,982 0367
_ap | "BNLTAL  [gne| 6.236 5945 Arg, al | 0,776 1019
Hpre) | 8623 62,66 | A 8.509 4360 o | -2 |faile+e)| 9,647 9722
sece'| 0-047 9570 o « sec §( s #)
0.775"1032 Corr] =2 0,424, 0741
- ai| =8.9718 —ae | 2,668

FiG. 29.—Final position computation for stations of net—Continued
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. . .
. Qorpus o Momment o 69 | 19,31
< Mommont & Grande + 46 17 | 59.43
PR ES Corpas o, Creote 47| 11187
as - 1] 3.3

180
¢ j1 Grande to 2. Corpus f-44 15} 43,40
First Angle of Trisngle ki:} 09  39.9
. . . . . »
e | 26 26,446 |3 Corpus 1] 98 |4 56, 994
ar 69,821 |, ar] + I H ‘ 34,297
o Grande o) s i Py ] 31,291
. 3,907 6218 & 7.81524 _n | 2.2508
sea| 9,831 4261 sint e | 9.73231 pep] #5019 1 L] nsans
B 8,511 8013 ¢ 1. 10240 p | 2293 - 5,8529
b | 2.250 8492 8, 64995 | [ 5.6513
78.17 x
1at term. H78. 1760 U tew 40,0006 (a1
40,0447
24 term. . 90,0000 P
4178, 2207
40,0008 3,907 6218

i 4 loems. s
—ay 78,2213 |, | 9,866 1568 Arg. a1 |33 01
to+e) | 26 20 59,34 | A | 8,509 4369 2| 2 Lagpry) 9040 2556

socy’| 0,047 8006 1] P heciasn
2,331 0151 lcorr] © 1,979 2706
- ai 4214, 2965 —ae | 495,39

Do not write in this margin

Do not write in this margin,

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

F1G. 29.—Final position computation for stations of net—Continued

« Nomment o Corpis 180 59 16, 66
Z Grande X Corpus - b5 32 20,76
« | 3. Komment to 1, Graode 125 26 55,89
ae - 1 32,64
180
¢ f1. Grande o 3. Monumsn$ 305 25 | 23.36
° B
8. Homument 1 98 | 46 02, 966
- al +| 3 |
1. Grasde v 98 I 49 | 31,29
s 3,850 5419 s 7,70108 —h 2,1268
ecnal 9,763 4101 sinta| 9.88192 (o] 42612 | g gipee| 7.5230
B | 8.511 8066 c | 110078 D |2.2924 E | 5.8516
» | 2.125 7586 8. 62376 | fesems 5,5003
1st torm, -153.'.;)853 Ut -00.00:73 (a2
od torm. 40,0421 b, 0,0000 ¥
~133, 5432
Molihm| + 0.0003 s | 3.850 5419
—ay | 1335429 .. 9.910 se2s Arg] &b |2,318 7407
tere) [2622 23,48 | & | 0,509 s s | <1 |faite+9)]9. 647 6340
socy’| 0. 047 8006 a9 sec 4 ¥)
2,319 7407 lcore] © 1,966 3347
n- al | 4 2083247 —as | 492,541

01
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. B .
. Corpus to Grande 47 17 18,74
¢z Grande & [Bedroa +4Y | 0 | 2.4
« l2 Corpus to 1. Hebron 9 48 01.48
ae - 3 | 10.09

180
<« |1 Hedron ©w 2. Corpus 274 LY 51,39
First Anglo of Trisngle 42 56 20,06
‘ . -
Corpus 1 98 | 45 56,934
i al +1 7 06,827
¢ | 26 | 27 | cos3 |1,  Hebrom i 98 isa | 03,821
e | 4,074 3223 & | 8.14804 _h 1,5088
conx| 8:922 6476 9,99595 (py| 0128 | L 18,1456
B | -8.511 s0i3 ¢ | Liozwo p | 2% E 5,8529
1,508 7712 9.%4799 l 5.3062 5,5073
Lat torm, | ~32.2679 stw | 0,000 (aiy
.17 0.0000

2d term. +0.1770 ik term. ¥

Umithirm| 4.074 3223
—ar e | 9,998 4739 Arg a1 | 2.6%0 2516

. 120 26 4,49 ' 9,509 4348 | -3 | 9,648 7008
tr+r) R (o9
0.048 0406 | 3
secy’ ; ol sec (a9}
| 2.830 2516 core] 0 2,278 9524
e a4 l +A26,8267 —aec | H190,087

FiG. 29.—Final position computation for stations of net—Continued

Do not write In this margin,*

Do not write in this margio.

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

o . -
- Grande to Corpus 271 1B} 4.0
¢z Hebroa & Corpus - 89| 32 57,38
« 3, Graode o1 Hebron 137 42 46.02
s -l 1 st

180 »
< | 1. Hebroa to 3. Grande 317 4l 11,45
. . M
Grande H 9% 49 31,291
al + ‘ 3 32,530
Hebron v 98 ( 53 i 03,821
s | 3,942 0483 s 7,88410 —h 2,3230

cose| 9869 1033 e | 9.65583 oy 0458 | Lo | 7,5399
B 8,511 8043 C 1,10146 D i 2,2928 E 5,.85z1
h &, 322 9535 8, 64133 I | 6,9386 5,7150
it term. | 210,356 Juum | 0,008 (ady

aterm, | ¥ 00838 1, | +0.0001 F
«210, 3130
Ul fhtorge | +0.0020 . 3,962 0439
—ar =210, 3120 sine 9,827 9167 Arg, al 2,327 4210
ferp) |26 26 25,38 | o0 | 8.509 4348 s 1 o1 e 9,640 334
scpr| 00880206 .| B heyan

| 25274210 ‘Com) O 1,975 7a44

] al + 212,534 | —ae 494,568

JOHLANW NOLLOHEYIA Ad ILEN 40 INHWLSNLAV

€01



POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

« Hebron Grande ar (& |,
¢ Grande & Ringold +41 | 22 41,4}
« |e. Hebron to 1. Ringold 5 03 52,86
se - 11.81

180

e 11 Ringnld o 2. Hebron 186 | 03 41,05
First Angle of Triangle 69 29 07.33
. . f -
'3 &6 ¢. Hedroa i 9 | 53 03,821
Ay - = Al + 26,543
o | 28 ;. Biopla MIEICHEES

& | 3,920 9092 & | T.84182 -h |[2.4310

cose| %998 3010 sin'e | 7.69173 G| 48620 | uyinta | 65,7338

B | 8.511 8008 c | 110287 p | 2.29% E |5.85%
2,431 0110 6,83612 I 7. 1556 4.0176
Iat torm, |+269.7608 dom | ¥0-0018 (aty
o tarm, | 40,0007 o 0090 ¥
4269, 7818
it | 400014 , | 3920 %092
YU FTERTT I T R T a1 [L423 9476
toepy 26200568 | | 85094363 . i br+g|+ 548 2973
sogr| 0-047 7388 Y L e (e )
;]
1423 79 lCorr) -1 1,072 1449
[ sk | ‘26,5429 —ae | 411,807

Do not write in this margin.

Do not writs in this margin

. Grande [ Hebroa W37 42 | 450
P Ringold & Eedron - 63] 08 | 1,4
« 8. Graode to 1. Ringold 74| 34 34,62
ae -1 1] 4624
180
|t Ringold to 8, Urande 2541 xR 48,38
. . .
3, Orssde 1 98 t;s l 31,291
= sl o+ 1 3 |59.0m
1. Ringold 1 93 ;53 | 30, 364
s | 3,937 2858 & | 7.87487 [ ~-h | L7739
cosa| 9.424 8085 sine s | 996814 (o] 35486 | e | Took27
B | 6.511 8043 c l 1,10146 D } 2,2928 E | 5.82
v | L7753 8984 3.74417 | 50414 5,2607
1st term. -059.&;53 % tom, 40.00(;1 {ad)
2 torm, | + 0.0555 W | 0.0000 F | -
+59,4708
Moo i | + 00001 , 1 3.637 2856
—ay | 4594709 sine | 9,988 0708 lars a1 |2.378 6308
tiotyy | 2628 00.09 | .1 6.509 4363 e |71 g %587 13
secy| 0047 7385 sl e 42 1)
[ 2,37 5308 - 2,025 2821
- 4 ad l +239,0732 =ar | 206,239

F16. 20.—Final position computation for stations ¢f net—Continued
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. Hevron o Ringold 5 | 03 | 62,88
y] Ringold & Garoens 83 | 16 | 46,71
« f2 Hebroa 1. Garcens a8 20 38,87
ac - 1 | 1.3
180
¢ 1. d Garcens’ to 2 Hedron 268 19 | 27,26
* First Angle of Triangle 67 18 20,09,
Eedron 2 98 (53 | oa.ezl
al o+ ‘ 2 | 40.095
Garoena v | % Jes | assis
P 3,647 1063 £ 7.29421 _h { 0,6198
coac| 8,460 8649 inta | 999964 Goy| 128 | pipe .| 702938
p | 85118008 c | d.1027 p | 229% g | 5-96%
» | o.619 7720 8.39642 | [ss3m 35,7666
Lot tarm, | 441685 Num | ©.0000 (a1
adterm, | 40,0249 G| 04999 r
44,1914
Sodidtom| 0.0000 s 1 3.847 2063
ne | *A1914 sina| 9999 8186 s ar |2.208 3180
Hospy | 2O 26 50,06 | 4, | 8509 4348 R 0 lasirspy| 68 7099
nocy’ 0.048 0163 al 0 soc (& #)
2,204 3760 oore] 0 1,683 1369
[ ak +160,0944 ~as | 471,808

Do not write in this marein,

Do ot writs in this margin.

Porm
POSITION COMPUTATION, FIRST-ORDER TRIANGULATION
. .
. Ringold % Hedron 185 | 03 | 42,05
Z Garcens & Hebron - 29 24 | 54,29
« |8 Riogold tolL Garcens 156 | 38 | 46.76
as - 59,41
180
¢ |1  cercens 3  Bingold 36 | 37 | 47.36
. N
Ringold 1] % l 83 ‘ 30.364°
Al +1 2 | 13682
Garcena v | 98 | 86 | 43,916
s | 3,962 9127 | 7.90683 ~h | 8,402
cona| 90989 26T sin® « | 9+ 23087 ey |48488 | i | T.1364
p | 8.611 8053 c |3.30118 p |2.2926 £ | 6.8619
n | 424 2047 8,23766 | {7.1420 56,4126
ot torm. | 266,602 |y | 40,0014 a1y
24 term, | ¥0-0373 wm| (%0 ¥ .
-265,5929
uniim | + 00016 |, o 3962 o1
—ay | “B65,6916 |sine | 9,615 2850 Arg ai | 2,125 &8
Hiory) (26244585 | A' | 8,509 4348 o | =2 |air+e)| 9,048 006
secy’, 0.048 0183 ai] 0 lecian J
2,125 4188 -2 L 713 o87.
- a1 ] 138,558 —as | 459,007

F16. 29,—Final position computation for stations of net—Continued
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. Hebron Ringold 5] 03 | 52,86

P Ringold & Gorgora A EEN

. e Hedroz o1 Gorgora 76 | 3v | or.42

ae -1 3 |an
180

@ | 1. o Gorgora o 2. Hebron 256 | 33 46,31

First Angle of Triaogle_

37 42 07.23

. , .
Hebron 1 98 53| 03,821
a2 ¢| v I 31,723
Gorgora i 99 I 00 l 3%b.544
s | 41094711 &} 8.218%4 _h 19857
cona| 9v364 4196 einra | 9-97609 oo 39732 | e |801950
B | 8.511 8008 c | Llozs7 D | 2.-9% g |5.85%
b | 1.985 &34 9.29760 I l 6.2667 6,0337
1ot term, | +96.75% Mo | $0-0002 (aly
Mierm, | 401984 m._l ~0,0001 -
496, 9574
+ 0,0001 4,109 4711
Madthtem [+ 0T 1o }
—ny | 496,958 sine! 9,998 0466 At a1 2654 8722
L . . -3 . 9.646 563%
i) | ©° 26 12,06 | . | 8,509 4353 s astrsv)
.047 5191
ey’ 0.047 91 ad i jsec §( & »)|
2,654 a72k Corr] 42 2,303 4357
L 2t | 446l 230 ~a« [4201,12

Do vot writs in this margin,

Do not write in this margin.

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. . -

- Ringold to Hedron 85 | 03 | 4.05

z Gorgora & Hebron - | # | .47

. 3.' Eingold to L. Gorgers 14 19 0268

™ - 3 09,04
180

< 1. Gorgora & &  Ringold 294 15 53,54

| ¥ 1 7 |os100
Gorgora 1 93 [ [++] | 35.544
s | 4111 5674 s 8,22313 -h | 2.23%0
cosa| 9614 6767 sin*e | 9.91930 (or| 8.4752 | 5 ginv e | 6.2424
p | 8511 8083 c 1.20115 p | 2.2926 E 5,8619
n | &238 0434 9,24368 ' l 6.7678 6,233
istterm. | -173,0013 | %iwx| 40,0006 (a2
dterm. | + 0.1782 || 40,0002 F
-172,6261
Mo ham | + 0.0008 . 4111 5674
—ae | =172.8253 |iine! 9.959 510 Arg] al |2,628 6728
tlo+y) | 26 2367.07 | A | 8.509 4363 e | =3 [Rilr+e)] 9.647 9918
sce| 0.047 9191 ar] ¥ lscitan
2,528 5728 lowe] © 2.276,5646
b a1 4 w5,1000 —ae | q09,06

Fi1G. 29.—Final position computation for stations of net—Continued
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ADJUSTMENT OF NET BY DIRECTION METHOD 107

the preliminary computation. Compare the positions in Figure 29
with those in Figure 27.

The computed position of Garcena should agree with the fixed
position. Such being the case all the equations are now satisfied.
The values of the (’s should now be placed in the proper column in
the table of normals, facing page 84. The values of the ¢’s and the
adopted v’s are now completely checked, and they should be entered in
the proper columns in the table of correlates, pages 82-83. Next, using
the sketch for the designations of the directions, the corresponding cor-
rections should be applied to these directions in the list of directions,
Figure 23. The final seconds in the list of directions should be
checked by the angles in the triangles. (See p. 41.)

PROBABLE ERROR OF A DIRECTION

In the table of correlates, pages 82-83, the last column to the right
contains the squares of the adopted »’s. The probable error of an
Nond
observed direction is computed from the formula, p.e.= * 0.6745\/ z Z s
where Z ¢* is the sum of the squares of the corrections to the direc-
tions, and ¢ is the number of condition equations used in the adjust-

ment. For the arc here given,

Dot =5.9667
c=27

Therefore the probable error = +0.6745 J =%0.""32.

5.9667
27

The last operation in the adjustment of an arc is making out the
list of geographic positions with the azimuths and logarithms of the
distances on form 28B. (See fig. 30.) The columns headed ““Sta-
tion” and “To station” are filled out first by using the sketch to
pick out the proper order of the stations in regard to azimuth. The
list of geographic positions for the present arc is given in Figure 30.
For the method of computing the azimuths which can not be obtained
directly from the position computation see page 47.

Statistics showing accuracy of triangulation

When a net of triangulation has been finally adjusted a table of
statistics similar to the one below should be prepared, showing the
accuracy of the observations:

Total number of triangles_ __ . __ . ____________________ 23
Number of triangles with plus closures.._____________ __ 5
Number of triangles with minus closures.__________..__ 18
Number of concluded triangles___ _____________________ 0
Average closure of triangles without regard tosign________ 0782
Maximum closure of a triangle______ . __ . _____________ 1789
Meanerrorof anangle_ .. ________ . _______________. +0%59
Probable error of an observed direction. . _________.___ + 0732

58853°—28——8



Locality Rio Grande River

1917
Eltoro
1917
Garcia
7

Pancho
1917

Monument
m7

Carpus
1917

STATION.

d.m.

d.m.

d.m.

4.m.

d.am.

LATITUDE ano
LONGITUDE.

° . ”

26 17 L7.u34
98 3% U5.238

26 21 51.958
98 3% 00.305
26 20 W.270
98 42 29.27%

26 26 36.192
98 41 17.285

26 21 16.682
98 46 02.955

26 26 28.446
98 45 56.99%

GEOGRAPHIC POSITIONS

Datum Forth American
Stconos AZIMUTH BACK AZIMUTIL TO STATION.
1459.8 253 26 %1.93 73 29 56.76 Pulo
125%.9 301 27 01.86 121 29 34.78 Pedro
1529.0 291 37 0Oh4.87 111 39 49.98 TFelo
8.5 328 04 L40.91 148 06 SH.10 Pedro
9 24 18.72 183 23 53.79 Fordyce
1270.1 261 12 20.06 81 16 06.01 Eltoro
811.8 292 32 33.02 112 35 58.77 Fordyce
1132.3 305 52 10.31 125 55 24.63 Eltoro
478.9 326 15 56.40 146 18 .53 Fordyce
10 20 26.%0 190 13 5%.79 Garcia
513.4 218 46 22.65 38 48 29.67 Pancho
g.2 280 24 31.29 100 26 06.13 Gercis
g15.8 268 05 Ok.16 §8 07 08.71 Pancho :
1579.1 331 W 06.85 151 41 39.18 Gercia
0 59 13.3 180 53 16.65 Monument

F1c. 30.—List of geographic positions for stations of net

4 ion No. of Computati
State Texas

OISTANCE.
Locamtraw {3xTRRS). MsTsas. Fasr.
1.5815096 12064.51 39561.6
4.0407337 11240.58 36878.5
Y4.0452800 11099.13 348414,
4.1980195 15776.82 51761.1
3.8823870 7627.58 25024 .8
4.1546968 J14278.97 u6846.9
4.141935 13937.78 u5127.5
41746518 14950.37 4g0kg .7
%.2918957 19583.74 64251.0
4.0u61679 11121.62 36488.2
%.1017118 12638.97 Likse.y
3.7199207 co2k.50 19765.4
3.8895177 5385 25439.1
4.0841034 12136.78 39818.8
3.9820867 9595.92 31482.6
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Locdlity

Grande
1917

Eebron
1917

Ringold
1917

Gercena

1917

Gorgora
1217

Rio Srande River

STATION.

d.m.

d.m.

d.m.

d.m.

26
og

26
99

GEOGRAPHIC POSITIONS

LATITUDE axn
LONGITUDE.

° ’ »”

23 30.225
9 31.291
27 00.337
53 03.821
2 30.754
53 30.364
26 56.345
55 13.916
25 23.579
00 35.54%

Bxcowoe i
Msreas,

930.2
867.3

16.5
105.8

946.5
su1.7

1734.0

1216.7

725.6
ask.9

274
3ne
7

135
2o
280

268
335

250
256
204

03
32
23

19
31

N
33
15

Datum

%3.%
23.35

51.39
20.87

1.5

41,05
48,38
09.00

27.26
47.35

22.70
%6.31
53.54

Forth American

BACK AZIMUTH,

N7
125

94
132
137

S8EFw

X

155

)
76
1k

,

17
26

43
1%
L3

03
34
26

2
38

33
5
19

”

1574
55.89

01.48
28.01
%6.02

52.86
34,62
27.68

38.57
k6,76

32.53
07.%2

02.58

TO STATION.

Corpus
Komument

Corpus
Monument
Grands

Hebron
Grande
Nonument

Hebron
Ringold

Garcena
Hebron

Ringold

F1G. 30.—List of geographic positions for stations of net—Continued

4 ion No. of Compulati
State Texas
DISTANCE.

LocaztTax (uxrans). Mxreas. Farz,
3.9076218 8083.92 26522.0
3.8505%19 7088.30 23255.5
4 .0743223 11866.49 38932.0
4.1972563 15749.12 51570,2
3.9420L89 8750.82 28710.0

3.9209092 8335.07 27346.0
3.837285% 6875.20 22556.4
4.2007703 12611.60 %1376.6
3.6471063 4437.17 W557.6
3.9529127 8972.49 29437.2
3.9322710 8569.51 28116.1
4.1094711 12866.82 42213.9
L.1115674 12929.07 L2hs.a

(IOH.LE[W‘NOI\LC)HHI(I Ad LEN A0 ILNUNLSArav
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CHAPTER 4.—ADJUSTMENT OF A NET OF TRIANGULA-
TION BY THE ANGLE METHOD

EXPLANATION OF METHOD

In the adjustment of triangulation of the first and second orders it
is the practice in the United States Coast and Geodetic Survey to use
the direction method, and to include all the observed lines of the main
scheme. As these classes of triangulation serve as control for all
other surveys, it is necessary to make the adjustment of them as
rigid as possible.

Alberta

Lat

Enter Flores

Fia. 31.—Triangulation net used in sample adjustment by angle method

However, for third-order triangulation which is fitted in between
fixed points and lines of triangulation of the first and second order
such a rigid adjustment is not required. Consequently in adjusting
third-order triangulation the angle method should ordinarily be used.

A sample adjustment by the angle method of the arc of third-order
triangulation shown in Figure 31 is given on the following pages.
This small scheme requires all the different kinds of equations needed
for a complete adjustment, and if these are understood, a larger
scheme, which differs from this only in the number of equations, can
be readily adjusted.

110



ADJUSTMENT OF NET BY ANGLE METHOD 111

In Figure 31, all observed lines are shown. For the angle method
of adjustment, however, it is customary to omit one diagonal in each
quadrilateral and use only a chain of triangles, those of the best shape.
In the example given, the diagonals Fog-Alberta, Dug-Nan, and
Lat-Flores are omitted. The lines actually used in the adjustment are
shown in Figure 32. After the chain of triangles has been adjusted
and all the conditions are satisfied, then each omitted diagonal is
computed by using the two sides and included angle of the triangle in
which it occurs (see p.139). Instructions for field work call for the
observing of both diagonals of each quadrilateral in order that there
may be a check on all lengths,

Enter Flores
7 8

F16. 32.—Triangulation net showing the triangles used in adjustment by angle method

The lines Alberta-Fish and Enter-Flores are fixed in length and
azimuth, and the four stations at the ends of these lines are fixed in
latitude and longitude.

The lists of directions for the various stations are given in Figure
33. The column headed ““Final seconds” is filled out after the adjust-
ment is completed. If the lists of directions have not been made out
and checked in the field they should be computed from the horizontal
angle record books in the manner shown on page 8.

The triangulation sketch (fig. 32) is numbered and lettered as
follows: Starting with the fixed line Alberta-Fish and building up



112 U. 8. COAST AND GEODETIC SURVEY

the sketch point by point, each point added is given a consecutive
number, Nan being 1, Fog 2, Gura 3,etc. In each triangle the angles
are given the letters a, b, and ¢. The angle adjacent to the starting
line but opposite the line through which the length is next carried
is called @ and the angle opposite the starting line is called 5. These
are the length angles. The azimuth angle, or the angle between the
two lines through which the length is carried, is called c.

The following triangles (fig. 34) are laid out in exactly the same
manner as for adjustment by the direction method.

As was the case for the direction method, it is necessary to compute
a set of preliminary triangles (fig. 35) in order to be able to compute
the geographic positions (fig. 36) and determine the latitude and
longitude closures. To compute the positions properly the triangles
should be closed and this is done by concluding the ¢ or azimuth
angle in each triangle. If one of the length angles is not observed,
however, then the observed azimuth angle must be used, and the
unobserved length angle concluded. As the triangles and positions
are computed in exactly the same manner as when the direction
method is used it is not necessary to explain the computation here.

NUMBER AND FORMATION OF EQUATIONS

As the figure to be adjusted is simply a chain of triangles, it
is obvious that there will be just as many angle equations as there are
closed triangles, 8 in this case, and that there will be no side equations.

Angle equations

0=—2. 3+ (1a)+ (1b)+ (1c)
0=—2. 7+ (2a)+ (2b)+ ()
0=+ 0. 1+ (3a)+ (3b)+ (3¢)
0= 1. 0+ (4a)+ (4b)+ (4¢)
0=- 5. 4+ (5a)+ (5b)+ (5¢)
0= 2. 9+ (6a)+ (6b)+ (6¢)
0=—0. 1+ (7a)+ (Tb)+ (7c)
0= 3. 3+ (8a)+ (8b)+ (8¢)

PP OO

Since there are two fixed azimuths, namely, the azimuths of the
lines Alberta-Fish and Enter-Flores, there will be one azimuth equa-
tion. This equation which is shown on page 125, is formed in ex-
actly the same manner as if the direction method were used, except
in the way the angles are designated.

(Text continued on p. 126)
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LIST OF DIRECTIONS

State: Alaska
Station...Adberta__ . Computed by .. QsPaSienr. StationFigh . .. Computed by .QuPuSamen
Observer . L.T.Y Checked by —iieileB Obaerver ... CaY. X Checked by MeeBe
& o Arr Finan 8 o D Ayran  Foean
LOCAL ApJusTMENT BEcowDs locaL ApsusTusNT SxcoNDs
o s w ” « 4 u ”
Tish 0 00 00.0 00.0 Yog 0 00 00.0 39,7
Fog 40 09 09.1 09.1 Yan 24 5% 03.9 oO2.2
Fan 67 22 26.5 26.4 Alberta 118 48 46.6 47.5
Station .. an c dby . DaP:Se .. Sution. Fog. Computsd by - eBalianr e
Observer... a1 Checked by .. JLTaR Observer LaT.H, Checkod by wMuXaRaeee .
& o Arrgx Frvaw 8 o Asrzr Foia
Locu. AojusTRNT Sxconps Locu. Apyustusrr 8roonps
« o ” « s u ”
Alberta 0 00 00.0 59.0 Dug 0 00 00.0 .1
Tigh 28 42 47.6 47.4 Qura 65 49 45.3 44.5
Fog 109 26 24.4 <2b.5 Yan 129 24 59.9 69.4.
Dug 129 52 16.6 17.0  Alberta 182 45 14.9 15.7
Qura 171 17 11.1 11.1 Fish 203 47 17.6 13.9
Station .. PATA ... Computed by ...QaRafar....  Station g Computed by 0.2.8
Chocked by —MaFeRoeur.. Observer o BoYaBe . Checked by . BMaXaRar...e

Obssrver ....... LV,

& o Locu. vanglllu,"r 5:;::;- Sramions Opasavao &Tﬁ"ﬁ’&%ﬁf-‘ﬁ Bf;:#m
Yan 0 00 00.0 59,9 lat 0 00 00.0 02.0
Tog 54 33 58.8 59.4 Oura 61 35 02,7 OL.7
Dug 93 03 00,7 0Ol.1 Nan 107 07 08.4 06.4
Mond, 109 08 46.2 46.9 Yog 137 16 156.5 15.6
Lat 172 30 45.7 44.0
Station._ Lak . . Computed by ... QaPaSa . Station... . MOBA..oe......  Computed by ._QeBaSe ...
Observer —_L.T.K Checked by wLuER. Observer [R5 Checked by —JaaBa

s o D Arrsz  Fivax & o D Arrax  Frvan

LooaL ADJUSTMENT f.ocar Ansustusnt Bxconps

« o+ . . o o

Gura 0 00 00.0 01.1 Flores 0 00 00.0 04.7
Dug 38 87 17.8 18.6 Inter 20 54 53.5 50.8
Mond 60 10 2.4 27.7 lat 118 25 02.3 00.6
Tlores 94 89 06.6 09.3 Oura 171 52 38.3 36.9
Inter 109 18 30.8 8.7
Statlon .o ERLOD ... Computed by ....QsReSa . Sution.._.Jloxas . Computed by ..QaPafa

Obaerver...Colalle— .

8ramons Onaxnvzo

Lat
Mond
Tlores

Checked by otLoiZaBRa ..

Observer ... Ge Vol

Chocked by .. JMaloBa

DITONe v Sacar 8 o gyt e
. ta ’” ” ° ’ ” ~
© 00 00,0 ©B7.5 Inter 0 00 00.0 §9.1
36 21 46.8 47.3 Lat 65 2/ 2.7 16.0
100 12 19.5 2.6 Nond 95 14 37.7 38.6

Fia. 33.—Lists of directions, angle method of adjustment
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DEPARTMENT OF COMMERCE
W % COAST AND GLODITIC JUAVEY
‘orm 26

NoO.

19
a
4

2 b

<
a
3 b
a
c
4 v
[J
a

State: . Alasga

STATION OBSERVED ANGLE
23 Alberta~Fish
1" Men 28 42 47.6
2 Alberta 57 22  26.5
3 Tish 93 54  43.7
13 Nan~Fish
1.2 Nan-Alberta
57.8
23 Nan-Fish
1 Fog 74 22 17.7
2 Nen 80 43 36.8
3 Fish 24 54 02.9
1.3 Fog~Fish
12 Fog-Nan
57.4
23 Nan-Fog
1 Gura 54 33 58.8
2 Nen 61 50 46.7
3 Fog 63 35 14.6
13 Gura-Fog
12 Gura~Nan
20.1
23 Gura~Fog
1 Dug 75 41 13.8
2 Gura 33 29 01.9
3 Fog 65 49 45.3
13 Dug-Fog
12 Dug-Gura
01.0

COMPUTATION OF TRIANGLES

CORR'N SrREML BrPRER'L

ANGLE

+0.8 48.4
-0.1 26.4
+1.6 45.3
+2.3

.8 19.5
+1.3 28.1
-0.4 02.5
$2.7

-+0.7 53.5
~1.1 45.6
40.3 14.9

=0.1

+0.1 13.9
-0.2 O01.7
0.9 4.4
-1.0

xXCESE

0.1

0.1

0.1

0.1

0.0

0.0

LANFE ANOLE
L DISTANCE

=
7

48.4
26.4
45.2

19.5
38.0
02.5

59.5
46.6
14.9

13.9

0l.7
4.4

F16. 3/.-~Triangle comuputation, angle method of adjustment

LOGARITHM

3.669907
0.313371
9.925419
9.598986
3.913697
3.937264

3.913697
0.016360
9.994287
9.624330
3.524344
3.554387

3.554387
0.043955
9.945312
9.952121
3.504654
3.595463

3.538654
0.013694
9.793998
9.960151
3.396343
3.562499
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DEPARTMENT OF COMMERCE

U, . COAST AND GEODFTIC SURVEY
Yorm

No. STATION
2-3
5 v ! Lat
2 Gura
a 3 pug
1.3
1-2
2.3
6 v 1 nomd
e 2 Lat
3 Oura
1-3
1.2
2-3
7 v 1 Eater
a 2 Lat
¢ 3 Momd
13
1.2
23

8 % ! Flores
c 2 Enter
a 3 Mond
1-3
1.2

Fia, 34.—Triangle computation, angle method of adjustment—Continued

State: ... Alaska

OBSERVED ANOLE

Gura-Dug
38
79
61

Lat-Dug
Lat-Gura

Lat-Gura

56

60

63

Mond-Gura
Mond-Lat

‘Lat-Yond

36

49

94
Enter-Nond
Enter~Lat

Enter-Yond
95
63
20

Flores=-Mond

Flores-Enter

57

35

10
21

08
30

14

28

17.8
45.0
02.7

36.0
27.4
59.5

46.3
03.4
08.3

00.0

37.7
33.1

82.5

03.3

115

COMPUTATION OF TRIANGLES

my SPRER'L BraER’t  PLANE LB,
CORR'N Txqix  xxcuss  AND DISTANCE

«0,3  17.5 17.5

-2.1  42.9 0.1 42.8

-3.0 59.7 69.7

5.4 0.1

+0.3 36.3 36.3
~0.3 26.6 26.6
—2.4 57.1 7.1
-2.9 0.0

+2.5 49.3 49.3
-2.4 01.0 01.0
0.0 09.8 0.1 09.7

+0.1 0.1

+1,8 239.5 39.5
+1.3 34.4 34.4
6.4 46.1 46.1
-3.3 0.0

LOGARITIIM

3.562499
0.201551
9.992613
9.944240
3.756663
3.708290

3.708230
0.079094
9.938290
9.951283
3.725674
3.733667

3.738667
0.227012
9.878658
9.953853
3.244337
3.964337

3.844337
0.001822
9.553077
9.552603
3.798236
3.398762
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Preliminary triangles

Form 85
State: ... Alaaka
MNO. STATION OBBERVED ANGLE
23 Alberta-Fish
1 1 Yan 28 42 47.6
2 Alverta 57 22 26.5
3 M (93 54 46.0
1-3 Nan-Fish
12 Nan-Alberta
23 Fan-Fish
2 b 1 7P 74 22 17.7
2 g (80 43 29.5)
a 3 P 24 54 02.9
13 " Fog-Fish
12 Tog~Nan
23 Yan-Fog
3 b 1 gura 54 33 5.8
a 2 ¥en 61 50 46.7
3 Tog (63 5 14.5)
1-3 Gura-¥Yog
1-2 Gura-Nen
23 Gura~Yog
¢ v 1 Dug 75 41 "13.8
2 Gura (38 29 00.9)
a 3  Fog 65 49 45.3
1-3 Dug-Fog
1-2 Dug-Gura

SrEn'L Srman's
CORR'N Tyor sxcaas

0.1
0.1

0.1

0.1

PLANE ANGLE
AKD DISTANCE,

45.9

39.4

COMPUTATION OF TRIANGLES

LOGARITIM

3.669507
0.31337¢
9.925419
9.998987
3.913700
3.987263

3.913700
0.016361
9.994288
9.624332
3.924349
3,554393

3.554393
0.038956
8.945314
9.952121
3.548663

3.595470

3.588663
0.013694
9.753593
9.950152
3.396350
3.562509

Fia. 35.—Triangle computation to obtain latitude and longitude closures of net, angle method
of adjustiment
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DEPARTMENT OF COMMERCE
U. & COART A0 un’-am vty

COMPUTATION OF TRIANGLES

State: ...Alagka
mno. - STATION OBSERVED ANGLE  CORR'N STSENL Srmzan  FLANK ANOLE LOGARITAM,
23 Gura-Dug 3.562609
5 b 1 lat 38 57 17.8 0.201550
2 Qura (79 27 39.6) 0.1’ 39.8 9.992611
a 3 Dug 61 35 02.7 ' 9.944244
13 Lat-Dug 0.1 3.756670
12 Lat-Gura 3.708303
23 Lat-Gura 3.708303
6 Y 1 Mond 56 27 38.0 0.079054
2 tat (60 10 24.5) 9.938287
& 3 gurs 63 21 59.5 9.951285
13 Mond-Qura 3,725684
1.2 Mond-Lat 3,738682
2-3 Lat-Yond 3,738682
7 % 1 Enter 36 21 46.8 0.227019
2 Lat 49 08 03.4 9.873662
3 Vond (s4 30 09.9) 0.1 09.8 9.998688
1-3 Enter-!‘ond 0.1 3.844363
12 Enter-Lat 3.964359

F1a. 35.~Triangle computation to obtain latitude and longitude closures of net, angle method
of adjustment-—C'ontinued



POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

°

« 12 plverta 03 Fish z 256 ; 0z 14.8
gy Tiex & Nan L B - 26.5
« |2 sverte ol  Wan | s3 2 a.3
Aa - 6 05.8
180 00 | 90.00
o (2 gan o3  Alberta 223 18 35.5-1
Fmsr AngLE oF TRIANGLE =2 42 .8
. . P o , .
4 55 ‘ 31 ’ 40.715! 2 Alberta A ' 123 | 1 33.444
a¢ - 3| 07.393! s a i+ 7 23.898
{ ;
¢ 55 ‘ 28 | s:s.szzf 1 Ean | 133 | 18 57.342
o ¢ ¥ | 3.937268
e +e) 9.775293

i .
Ist term {137,

Mand X terms |+

| s 30 07.0|Cosa

1686

B | 8.509672
b ] 2.272233

] a 2.647283

Sin} (w49 |_9.516!
2.647:33 ; 2.563287

+ 445.8978 I ~la + 365.34

BO NOYT WRITE IN THIB MARGIN

B0 NOT WAITE (N THIS MARGIN

Yorm 7 .
POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
. , .
|
- 13 Fish to 2 Alberta 176 | 02 29.9
31z Hen & Alberta -.. 93 54 46.0
« |8 Fish to1 ¥Nan 82 | o7 | 43.9
ae | i - [ 20.9
: | |
E l 1850 l 00 | 00.00
@ 1 Yon 03 Tish 62 [ 23.0
¢ | 55) 20 | 05866 |3  Fuen las | o | s
by = ‘ | 3g.5eq 1= a4 " ? 42,299
, | : | .
vl 55 | 2 | 33.322 11 Han » 1133 | 18 i snaa
o 4. 1 i ss13700 | €| 7.82740 { i ‘
Yete)| 55 = 51 G:C“'i 9.136543 |'¢} g 59178 h‘ 3.120
;
1st term I-‘-ss‘aou ‘
Hand M terms | + 0. ! 0.2425 0.0000
—ap 26.5439 i
s 3.913700
Sina | g.555839
A’ 8.508727 a 2.664523
soc g’ 0.246607 Sin § (¢ +#")
! 2.654928 | 2580818
] & [+ 462.2050 -2 | 4 zs0.51
-

FiG. 36.—Preliminary position computation to obtain latitude and longitude closures, angle method of adjustment
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POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

{2  Bam 03 Pish 252
s Fish & Tog +_80
o l2 an to1 Tog 342
As ! +
,
E 180 00 00.00
¢ 1 g to2 Fan 1 162 | 48 52.3
. , Fizer AxeLE or Truawae 7: ZZI 17.7
. .
=E55‘zs‘:sz.azz‘2 Xen » 133}19]57.3411
s e 1 _m.!'- . i
vl | | wsals re v 1w i1 | seas,|
I e«
Mote)| 55 27 38.00ce 4.083
! | .
| Isttem $110.6835 6.451
{24208 3 wmms |+ 0,0045 0.0042 0.0003
1.697245
f
-49.80
L =

DO NOT WRITE IN THIE MARGIN

DO MOT WRITE IN THIS MARGIN

8

| 2.604083
4
401.9398

2.519867
+231.08

F16. 36.—Preliminary position computation to obtain latitude and longitude closures, angle method of adjustment—Continued

TForm ¥
POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
o . .
s |38 Mo o3 ¥an 82 o7 43.9
3y Yog & ¥an - 24 _54 Q2.9
= [3 FHan to 1 Tog 57 13 4.0
e - 5 | 3.0
180 00 006.00
« |1 Tog to3 Pish 227 08 10.0
o . . . , .
v | 55 | 2 | 09.366 :3 Hah P2 s | 1| as.oa
H 1 1
b | = | 2 | fam aL+ 6 [ 41.840
; ;
[ 55 [ 26 42.63¢ |1 7yog PNV 133 17 | 56.882
L€ ] y.84a70
[Si'a]  9.p4942
¢ |1 sesm
;
(. §.26370
0.1835

JOHLAW HTIHDNV Ad LIAN A0 ILNIRILSALdV
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O ey e Gamnt bovay
Yorm

POSITION COMPUTATION, THIRD.ORDER TRIANGULATION POSITION COMPUTATION, THIRD-ORDER TRIAMGULATION

031

. , . . , .
,
« |8 xm 38 Yoz b2 45 | oa.5 Y Yog to 2 ¥an f 162 45 | s52.3
ry Fog & Bura L+ 6 50 46.7 8¢z Gura & ¥an !; 63 | 35 | _14.5
« (8 ¥a 1 Gura w“ 35 | 49.2 « 18 Yoz to 1 Gure. ( 95 10| 3.8
As - 2 09.6 e [ 2
{180 | oo | 00.00 . 180 | 00 | 00.00
@ (1 ours to 3 Xaa Y 33l 29.6 K BY Gura to3 Yog 9 o7 | .4
. , R Tmsr AXoLE Or TRIANGLE f" ,33 5'8 -8 R , R . . .
- 55 | = { 33.322 |2 Kan ( LRI &~ BN 11 57.341 z z v 55 2 | 42.63¢ |3 Fog > 1oyl 17 | s6.832
lael - _a 20.740_ o= {AXEL ‘ 2 | 3.3 % g ¢ t_;___!__lg,_g‘g_ia- n1+ z
o | 88 | 2o | oz.562 |1 ours faviim !l oa | mne| 3 H v | s | 2 lossez |1 oura Pyl s! a lams
1 4 .
‘ i £
e ., 7assd || } ; 3 | . i * | 3.533663 '.r' t 7.17733 i
wwli’ 55 27 48.0 Coss 9.65282 ‘h; 3.015, 3 g 5""')& 55 26 52.530‘“" 9.202727  Sin’s| 9. 9a431 b 2.602
o, 1.5654 D | ! { , B lasmere  C | i.cee2 D2
'i 1st term "1-90.7119 | os.ds0 | ezl { 1ot term I_go_oolg b | 1301088 | | a.73106 { 4.966
'2dund M e+ _0.0283 0.0281 0.0002 24 and M terms | + 0, 0538 0.0538 0.0000
| -2 %4-90.7402 -ap
. 3.595470 s 3.533663
Sine 9.846409 Sina 9.994405
A 2.196835 A a } 2.343124
ey’ soc ¢’ 'Sind (e+e)
. 2.338124 2.253846
a o |+ ;7.3m:2 s 4194

»—

FiG. 36.—Preliminary position computation to obtain latitude and longitude closures, angle method of adjustment—Continued

ATAYAS DILAJOTY UNV ISVOD '8 '



T
POSITION COMPUTATION, THIRD-ORDER TRIANGULATION POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
. .
« |2 Gura o3 TYog 279 o7 38.4 .« |3 Yog to 3 Gura 99 10 7.8
I Yoz & ug +38 |2 00.9 8z g £ Gura 65 49 [ 8.3 |
. |8 ows o1 Dug a7 | % |93 |8 me o1  Dug 33 2 | sa8
Ae + 1 |55.3 Ae - 1 04.1
180 00 00.00 180 00 00.00
« |1 Dug to2 Oura 137 38 | 34.6 o |1 Dog w3 Tog a3 19 “.4
Frasr Axaix or Tmavarx % a 13.8
. . . . , . . ’ . . .
e | 55 ‘ 2 | 02.582 |3  Ouwa L] aju.m z z . 55‘ 26 | 42.634 |3  rog | o1l Iss.es2
ao | - 1| 227 |- e 2 | 19.979 § § a | - 1| or.ms |em ol + 13 as4
els | =l 35.345,"[1 g v 1| 1 ieme H Plel s8] 5] masit e x| 1|15 heoss
z z
£ £
H H
; E W | 3,656
D
7.83791 6.020
0.006% 0,00

2.06173?
.
-115.22

1.306942

a + 77.8544 + 64.11
p- nay

F1G. 36.—Preliminary position computation to obtain latitude and longitude closures, angle method of adjustment—Continued
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POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

. . .
2 Sura to8 Dug 217 36 g 39.3
LA Dug & Lat + 29 2 39.6 |

!
le Ours o1 Lat 37 04 ¢ 18.9 ‘
j . 2 | i
f 180 00 i 00.00
B lat to 2 Sura a7 0 | s4.8
First ANcLE or TmiaNGLE 8 5 17.8
o . . o . .
| s | 27 1 02.582 [ 2  Gurs A ] 133 a | x.ns
20 Lo 2 | 11.836 | e= s+ 1 2 s5.042
i
56 24 | 50.746 |1 lat Y l 133 | 24 | 2.757
[ * 1 as03m03 | % (‘ 7.41661 i ! j
Heted! 55 25 56.7 Cosel g.9om9gr [Sin'e 9.56037 | 4.200 i
P
; B | _g,500a78 ¢ | 1.zasm (D
Lo 1 .
i lsttem (4 131.8008 | b | 2215018 | 8.54159 | ' 6.604 |
2dand 3d serma | + 0.0348 0.0004

—dy

3.708303
9.730186
8.508728

2154754
4 144,24

A 175.0423 —be

anr

DO NOT WRITE IN THIS MARGIN

B0 HOT WRITE (R TMIS MARGIN

Form §T
POSITION COMPUTATION, THIRD-ORDER TRIANGULATIOM
i 1
! a ;8 Dug to 2 Jura 137 38 4.6
i
3‘Li Lat & Gura =61 | 35 | 027
« '3 Dug to 1 Lat 76 | 03 3n.9
20 ! - 4 19.4
‘
i i 180 | 60 | 00.00
i1 Lat 03 g 256 | 59 12.5 2
- . . o , .
vl s | o= ‘35.345 3 e b ‘ we |19 | 14,736
0 | o i {44,600 &= a |+ S { 15.02L
i —_— . t
vl s | oo Lsorss 11 1a v iz o | oms
o e s 1 3.756670 ( R EN : E
Hotedl 55 25 13.0 Co%¢l gzarssz 15'e] g gra03 b 3.296 |
f B | ! C i yseeca | P _2_&‘
1st term }1’44,4359 b |y e48282 l ] 9.05200 | s5.560
Wand 3 terms |+ 0.1127 0.0000
;
~se  |4as.5996
. 3.756670
Siae 9.947015
A 8.508728 ’ o 2,498339
Sin § (o +v’)
2.498339 23017
AN + 315.0207 ~As 4 259.27
iy

F16. 36 —Prelimipary position computation to obtain latitude and longitude closures, angle method of adjustment—Continued
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683 o LSRRG

=t ri
POSITION COMPUTATION, THIRD-ORDER TRIANGULATION POSITION COMPUTATION, THIRD-ORDER TRIANGULATIONR
. , . . . B
c |2 Lat w3 Gura 27 [ 1 54.8 e i3 Gura to 2 Lat | 37 04 4.9
: i i
ey Sura & Mond + 60 10 [ 24.5 3z Mond & Lat =& ¢ 21 | 59.5
. | oy
« |2 Lat tol Mond g 12 19.2 « i3 Gura to 1 Mond I 333 | 42 19.4
e : + 4 143 Sa i+ 1 50.2
180 | oo | 00.00 J[ 180 | 00 | 00.02
|1 Nond to32 Lat 9?7 18 ; 33.6 ! a1 Mond to 3 Sura i 153 44 09.6
Fmer Averxy or TRuNaz 58 - 36.0 *
° ! - @ . . ° » »
x I w3 | s | 257 H z el [z | ozm2'? Sura L 133} a | suns
a - 5 1 08.908 E £ low - 2 | 34,165 = - |2 13,363
- ! ;
. -4 H i | ;oL i
¥ 1 |1 | s i Fleiss e | mar 1 Mond Paiya 19t sz
z z
H |4
e : : H H ; ¢ ;
3.728582 | 7.47736 | : .. ¢ | aressaa | 7.45137 | }
sz (Seiggemi  |%|2.esa | g § "‘*"); 55 25 45.5 0°¢ gasasee S0l gzmze P
i H i ! ;
c | D i "B lasomsra 0 © |__1.zesm D
1.346750 'g,mgo | siose | 1st term 1-0-154 1438 E bl zaeezs || s.30018 || ero
0.1084 0.0000 2and 34 tems |+ 0,0209 0.0204 0.0008
—s¢ 154.1647
| @ { 2.126661
Sin!(v-‘rv’)! :
2126661
~254.20 a -133,8631 et -110.23
— L

FI16. 36.—Preliminary position computation to obtain latitude and longitude closures, angle method of adjustment—Continued
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POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

B , ’
« |2 lat to 8 Nond t m ‘ 12 : 19.3
s ¥ond & oter };As__m_
e |2 lLat 1l  Fater | s 2 1 227
As | I . 3 | 8.4
| 180 00 % 00.00
o |1 Enter o8  lLat ! 146 2% | @
. s . Fmsr Avorx or TriaNeLE 3?, 2? 45"8
v | 55 » % 150746 |2 Lat fx 123 |24 | 2.757
s | - 4 [ 08.033  |a= - |4 e
¢ | 55 ! 20 i42.71:5 1 Enter Y i 133 1 19 ‘40@
Fized . S5 20 42.730 i3 19 40,049
[ ve o W * | 3.964359 1{ “ | Tz | 1
ww)i s 22 467 |90 9.920800 15‘“"] 9.48744 {h’iq.ves
| | | B : 8.50968} i C | _1.56443 }D;_zln
1 1st term b | 32,394340 | 8.98059 i 7.153
!Zdnd)durm + 0.0970 0.0956 0.0014
} ¢ 248.0332
P } 3.9¢4259
Sine | 9.743720
& | 8308730 [ & 2.461979
secy’ }Sin}(v-#-v’) 9.9
l 2.461979 2.377344
an _29_7.203 ‘ —de -238.4'2
orre— — — T

DO NOT WRITE (N THIE MARGIN

DO NOT WAITE IN THIS MARGIN

. DEPARTMENT OF COMMEACE

(3 e Capmcre:
[X. %] oo sy

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

°
-

| | !
<3 Mond to2 Lat } 9 |1 | 3.6
3c| Enter & Lat |- g4 30 . oo
|
« '3 Mond to 1 Enter l 2 545 23.7
a0 o 15.8
i
! I 180 | oo 00.00
i
PR Enter 03 Mond ‘ 182 ‘ % 7.9
. , . o , .
LA ;‘ 2 3.7 '3 ond | w3 | 19 | 20,852
-7 | a 45,708 - ° ax +
; i [
v 1 55 1 20 | 42.714 121 Enter o 1ss |19 | ao.037 t
(TR S g e "1 768373 !
Hete): 55 22 356 O g.sssanr  [SPel 7.36939 b gm
|

! |

. B | gsgesar 0 C | _1.56433 D| 2.2a4
H i . ! i i
| tsttema 2257018 | b | 2353535 0 | 6.62245 7.0711

0.0004

S 3.344383
Sine ! g 34697
. i
A1 8.508730 ‘

secy’ \L_Lm mi<v+v>
i
1.282960 i
7
M ‘+ 19.1849 ~2a |+15.79

F1G. 36.—Preliminary position computatton to obtain latitude and longitude closures, angle method of adjustment—Continued
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9.

ADJUSTMENT OF NET BY ANGLE METHOD 125

Azimuth equation

Final

° ! 7 seconds !
Fish-Alberta. ... ...__. 176 02 29.9 29.9
s %L SR e e —93 54 43.7 45.3
FisheNan_.. L0 82 07 46.2 44.6
- 6 20.9 209
NinsFishi .. oli Uil 262 01 253 238.7
o SRR L +80 43 36.8 38.1
Nan=Fog, o coood o 342 45 02.1 01.8
“p 49.8 49.8
Hog=Nam’.. - . Yo - 162 45 51.9 51.6
et | O gt e i —63 35 146 14.9
Fogetiore. ... 2. 99 10 3% 8 *38. 7
— 2 59.4 59.4
ClaraFop. ... 8L i 279 07 37.9 .37.3
+4aupde. L8 Luil +117 56 46.9 44.6
TR Y R e 87 04 PR 219
=2 241 241
LateChrra .. . ot . 217 02 007 &L 8
S0 +60 10 27.4 26.6
YatsMontd. s - . . 7 12 B8 T 2.1
o 14§ 14-8
MotLat. . 2 i L 97 16 42.4 387
g S R T —94 30 09.8 09.8
Mond-Enter._....___. 2 46 32.6 289
— 15.8 15.8
Enter-Mond.__________ 182 46 '16.8 13.1
HBE. S +63 50 33.1 34.4
Enter-Flores (computed) 246 36 49.9 47.5
Enter-Flores (fixed)._.. 246 36 47.5 47.5
+24 0.0

0=+2.4—1c)+ (éc) —(3e)+ (4e)+ (5e)+ (6e) — (7e)+ (8e)

Since there are two fixed lengths namely, Alberta to Fish and
Enter to Flores, there will be one length equation. This equation,
which is shown below, is formed in exactly the same manner as if

the direction method were used, except in the way the angles are

; e
designated. eV
Length equation y g
™ 1.W——. -
. Fish-Alberta ‘| 3.669907 Joooecoe-- Enter-Flores S0 L. a
° ’ ” ° ’ " \ ;
1a | &7 22 2.5 | 9.0254194 | +1.3 1b | 28 42 47.6 | 9.6816265 | +3.8 L
20 | 24 54 020 | 96243321 | +45 || 2b | 74 22 17.7 | 0.9836394 | -+.6 o
33 | 61 50 46.7 | 9.9453135 | +1.1 3b | 54 33 58.8 | 9011042 | +1.5 i
4a | 65 49 453 | 0.0601516 | +.9 | 4b | 75 41 138 | 0.0863060 | +.5 Jd
5a | 61 35 027 | 9.0442440 | +1.1 Bb | 38 57 17.8 | 0.7084497 | +2.6 o ;
6a | 63 21 50.5 | 9.9512868 | 1.1 6b | 56 27 36.0 | 9.9200088 | +1.4 S oy
7a | 40 08 03.4 | 0.8786625 | +1.8 || 7b | 36 21 46.8 | 0.7720807 | +2.9 I
8a | 20 54 525 | 9:5526388 | 5.5 || 8b | 05 14 37.7 | 0.9081786 | -—.2 ¢ v
2,4519542 |\ 24518020 | 1o f Ho' N
. Vi
10.  0=-+61.3+1.3(1a)—3.8 (1b)+ 4.5(2a) —0.6(2b)+ 1.1(3a) — 1.5(3b)

+0.9(4a) —0.5(4b)+ 1.1(5a) —2.6(5b)+ 1.1(6a) — 1.4(6b)
4 1.8(7a) —2.9(7b)+ 5.5(8a)+ 0.2(8b)

1 The values in this column are filled in after the adjustment is completed.




+* ey,

9¢I

[ — , .
U3 Coutt 10 Grvuet Sumev LATITUDE AND LONGITUDE ADJUSTMENT v:55%.20a70. . 133229467
e tii2 .
Sramox v ~ oo | AN e LN st 51 VS vocks o o o) IRNP R P ] v w wrGp [ =
- ¥

s
3888

2. a, 0 = ~86.8589 + 42.2 (1 a) -~ 0.7 (1 1) = 25,8 (2 8) + 29.4 (2[b) + 2U.} (3 &) +/29.6 (3 }) - 25.1] (4 a) - 22.4 (4 b) - 25.5 [5 a)
k8.4 (5b) - 20.6 [6 ) - 8,5 (6 1) $ 14,5 (7a) +13.0 (T B).
(Thie eguation should de fHvided by 10 before enteripg it in the correlates.)

S

@ $?IR2 B33 SELEE TBLXY EA8E sasme @

2

Ha 58 29016038 1l2s g5 | g2 | 43 | -3.8 |-110 | 1a 4109 | 4321 | 1b [ -32.0 | +10.1 Rla+ 1| +31.3 I
¥an 55 28.56133 18.94 ~7.85 | +0.1 | +4.5 0.6 {~35.3 2a +3.2 |+ W7 2y [-0.4 +0.9 }e. -2 | +29.0 tal T4
Yog 56 26.71033 17.99 -6.00 | 41,72 {411 [ -15 [-6.6 |3 +1.9 | +9.0 | 33 -2.6 [+22 paaedv | e22.2 RIS
Curs 55 27.0433 22,58 -6.33 | ~1.91 | +0.9 0.5 |- 5.7 4s -1.7 |+ 3.2 by |+ 1.0 - 2.3 tia - Nb| +23.4 -
Curs 55 27.04 P33 21.54 «6.33 | ~1.91 | +1.1 -2.6 |-T.0 Sa -2 | 4165 5b |+ 5.0 .23 Foe-5 | +23.4 i ;3‘,; ;Eg
Lat b5 2485 0133 2450 <4.a% | -N.83 | 1.1 I 18 T S W4 6a =53 [+ 58 6 [+ 6.8 ~ 5.8 (6a-6b{ +15.3 |1 B{ i&; ¥
Mond 55 24,47 133 19.39 -3.76 | +0.32 [ +1.8 |29 (=68 |Ta +0.6 | +109 TV (0.9 | *Od pTa+TH| 4133 |1 Rl AR D
Enter 55 20,71 33 19.6 f SE :
Blas i

o =551 D U3 Ay = 133°.19! Y0037 f ::; f

DR I R Mo =433 19 Y.0ky = . HIREl

Con—g,1) = 0.017  (\gdyt) = +0.012 ap = ~3.70 N i

«123,0 -86(85888 3ol i

Q. e 0 = -}23.0501 4+ 0.9 (1T)!~ 42.2(1b) - 36.2 (24} + 3.8 (2 D) - U5 (3a) 4112 (3 ) - 3.4 [La) 55 (b)) + 4.7 (59 -1
+18.8 (§1) + 1.2 (6a) +/12.6 (6) - 6.4 [7a) +11.3 (TH ! i

(This eqpation should be divided by 10 befors entering it in the correlhtes.) I 1\ HESI

Zaz BYTY BISYE RERIR WErwy BINIS FEEYY ISIEX TEALL euEEY BHELY

2iu w9618 sEERR 85

M
X100 =T238,
X0 -1238.24

F16. 37.—Formation of latitude and longitude equations, angle method of adjustment
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ADJUSTMENT OF NET BY ANGLE METHOD 127

Since the lines Alberta-Fish and Enter-Flores are fixed in position
(latitude and longitude) there will be one latitude and one longitude
equation. These equations, which are shown in Figure 37, are formed
in exactly the same manner as when the direction method is used,
except in the way the angles are designated.

In the adjustment of this net of triangulation there will be 8 angle,

- 1 azimuth, 1 length, 1 latitude, and 1 longitude equations, or a total
of 12.

As the correlate and normal equations are formed exactly as in

the case of the direction method (see p. 84), they are given below

without explanation.
Correlate equalions

a { ¢ A |Ad0pted

12|34 5]|6]7]8|9] 10 1 12 To | v v | o
et oo 413 —0.00 | 4422 ] 46.43 |-0.202] —0.1! 0.01
I a8 a2 | —07 | 41.35 | 4778 +.8( .64
PR T O A D N DO ) AU SO O TR 0 |+16z] +L6| 256
20 oo [ e e o] 4.5 | —3.62 | —2.58 | ~0.70 | —.425 —. 4 .16
b LT ) =6 38| —294 | =216 |+L821 | +LB| 3.4
S N U A O ORI N SO o T S IS SO +2.00 |4+1:302 | +1.3[ 1.69
3a [ e AL .45 | 4241 | +4.06 [—1.063 | —L1| 1L.21
. . j +.70 .49
+3] o9
-0} .81
+1f ot
-2 .04
-3.01 8.00
— .3 o9
—2.1| 441
—2.4| 576
+.3] .ov
— 81 .64
—2.4| K78
+2.5| 625

o {0
—6.4 [ 40.96
+1.8 | 3.24
+1.3 1.69
Total. } 88.84

pe~:{:0674-J—-—--:i:0(v74 8‘;;4
==1483
Normal equations
L] Za C
|

—2.3 +5.48  [4-0.8125
-2.7 —~3.56 |42 1131
+.1 +¢x 73 —. 5449
+1.0 +. 6186
+5.4 +4 92 ~1. 3028
+2.9 -+4. 97 -—. 0205
-1 -+4. 04 —, 7967
:}'_-3.3 113‘% +2.14gg

2. 12 —. 81
10 o-o|+94.34) —46.7380 | —5.7790 |+61.3  |4+107.3230 |~1.5670
1 +39. 7168 | --5.3068 {—12.3050{ —0.0764 |~1.4152
12 +72.7274 | —8. 6858] 57,2693 | -+, 2360




128 U. 8. COAST AND GEODETIC SURVEY

SOLUTION OF NORMAL EQUATIONS

The solution of the normals is much simpler than when the direc-
tion method of adjustment is used. This is due to the fact that no
two angle equations involve the same 2’s and the first 8 equations in
the example below are eliminated by simply dividing by 3 in each
case, There are only 4 equations which are much involved.

Solution of normal eqiiations

1{2|3|4|5|6|7]8| @ 10 11 12 n Za
-1 —2.5 +4.13 4,15 -2.3 +5.48
Tl 4-.33333] 4833330 —1.37667] —1.38333 | +.76667| —1.82667
+1 +3.9 —3.24 —5. 52 —~2.7 —3. 56
| —.33333] —1.3 +1.08 | +1.84 +.9 ~+1. 18667
—1 —4 +.66 | +4.37 +.1 +6.73
J| +.33333) +.13333) ~—.22 —1. 45667 —.03233  —2.243334
+1 +.4 +.21 —4.75 +1.0 +.86
| —.33333] - 13333) —.07 | 4158333 ~.33333| —. 286606
+1 —~15 +1.41 —4.39 +5.4 +4.92
—.33333] +.5 —.47 | +1.46333| —18 —1.64
+1 —.3 4128 | —2.901 +2.9 +4.97
Co|-mm-looo| —.333330 4.1 —.42667) +.97 —. 96667 —1. 65667
3. =1 —11 +2.75 -1 +4.04
Cri-eo ] 433333 +.366670 —. 16333 —. 91667 +.03333  —1. 34667
43 +1 E3 A S AU +3.3 -+13.00
Cs| —.33333( —L9 —1.1 —4,33333
! +8 _ .4 +12.40
1| —.3333 . . —. 7667 | +1.8267
2| —.3333 . 1.84 .9 +1. 1867
3| —.3333| - . . -+.0333 | 42,2433
4| —.3333| — : . 583 —.3333 —. 2867
5| —.3333( + . . —1.8 -1, 64
6! ~—-.3333| +.1 —. 4267 .97 —. 9667 | —1.6567
71 —.33331 —.3667 | +.1633{ -+ 9167 —.0333 | 13467
8| —3383 | =19  Jeormeoofecacamooes ~11 —4,3333
+5.3336 | —4.0066 | -+1.8733 | +9.6133 —~1.6667 | +11.08679
[5} +.76245)  —. 35122) —1.80240 | 4. 31240; —2. 078098
+94. —46.7380 | —5.7790 | +6L3  14107.3230
1 | —2.0833 | +3.4417 | +3. 4583 —~1.9167 | +4. 5667
2 | ~5.07 +4.212 | +7.176 +3.51 +4. 6280
3 —~. 0533 +. 088 +. 5827 +. 0133 +. 8973
4 —. 0533 —.028 | . 6333 —. 1333 —. 1147
51 -7 +.705 | —2.195 +2.7 +2. 460
6 | —.08 4. 1280 | —. 201 +.2000 | +. 4970
7 —. 4033 . 1797 | +1. 0083 —. 0367 +1. 4813
8 (—10.83 foooo o feeooo o . ~6.27 —24.70
9 | —3.1006 | ~+1.4283 | +7.3206 | —1.2708 | --8.4532
‘ +71.9662 | —36.5833 {-+11.9232 ( -+58. i858 (4105, 40189
} Cio . 50834] —. 16568 —. 80852 —1. 465886
[ +39.7108 | +5. 31 —12.3060 |. —9. 0764
! 1 —5. 6856 | —5. 7132 +3. 1663 | —7. 5441
l 2 —3.4992 | —5.9616 ~2.016 —3. 8448
| 3 —.1452 | —. 9614 =022 | —1 4808
{ 4 . 0147 | 43325 —. 070 —. 0602
‘ 5 —. 6027 | +2.0633 ~2.538 —2,3124
i i -, 5461 1.2416 ~1,2373 | —2.1205
! 7 —. 0800 | —. 4492 +.0163 | —. 6549
§ 9 — 6579 | —3.3764 45854 | —3.8040
| 10 | —18.5968 | +6.0611 | +29.5783 | -+-53. 6260
49,8316 | —1.4565 | +14.2580 | --22.6331
1 Cu | + 14814 | —1450220 —2. 30208
, w, +72.7274 —8, 6858 | +57. 2603
1 1 —57408 | +3.1817 | —7.5807
‘ 2 |~—10. 1568 —4,968 | —6.5504
3 | —6.3656 — 1456 | —9. 8034
4 | ~7.5208 | +1.5833 | -+1.3616
5 | —6.4240 | +7.002 | 471908
6 | —2.8227 | 42813 | +4.8209
7 | —2.5208 +. 0917 | —3.7033
9 1—17.3270 | +3.0041 | —19,9830
| 10 | —1yrs4 —9, 6402 | —17. 4777
11 —. 2168 | 42,1122 | +3.3530
+11. 6577 —2.7517 | -8, 908960
‘ Cis +.23004] -, 76306
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The back solution, as well as the forward solution, is much shorter
than when the direction method is used, as only 4 of the (s are
carried back through all the equations.

A

Back solution

12 1 10 9 8 7 6 1 4 3 2 1

-+0. 2360| — L. 4502, —0. 808540, 3125/ —1.1  {-+0.0333|—0.9667|—1.8 | —0.3333{~0.0333/4-0.9 1 +0. 7667
. 2

+.0350 —. 0301 —. 4254 ______.. —. 2163 ~+.2280| . 3454 +.3737| —.3438| 4. 4342| . 3265
el = TI04) 4 4971 __ . 2311} 4. 6038] . 6651 +.0091| +-. 3113/ —1, 5284{-1. 9483
—1.4152 ~1. 104814-2, 9773| —. 5746 —. 1567 ~—. 7835 +. 2089| —, 2080|+-2. 0371/ —1. 30568

—1.5670 +.2702) —. 2702} +.2702| +.2702| +.2702| —. 2702| +. 2702} —. 2702

-—. 8106

+2. 1475 —. 7967| —. 0205|—1. 3028 . 6186 —. 5440/4-2. 1131| . 8125

The (s determined by the back solution are substituted in the
correlate equations to determine the ’s, which in this case are cor-
rections to the angles and not to directions. The adopted #’s are
obtained in much the same manner as when the direction method is
used and consequently may not be the same as the computed values
to the nearest tenth of a second. It is necessary to adopt »’s which
may differ slightly from the computed values in order to make the
triangles consistent. Compare the computed and adopted values for
8a in the following table:

Computation of corrections (v’s)

1a b c 2a b c 3a b c 4a b [
-+0. 812 140, 812 1+0.812 |4+2.113 |42, 113 |+2. 113 |—0. 545 |~0. 545 {~0. 545 |4-0. 619 |4-0. 619 | 0. 610
—2.087 [+5.065 | +.811 |—=7.052 | 4+.040 | +. 811 [—1.724 (+2.350 | +. 811 [~1.410 | +. 784 ~. 811
+.127 |—5. 972 +56.123 | —. 538 4. 637 [—1,571 ~+. 481 | ~. 778
+.906 { —. 017 |4-1.623 | —. 600 { —. 694 |41.302 | 4, 569 | +.463 | -+.206 | —. 502 | —. 520 —-. 192
+1.6 +1.3 4.3 -2
—. 102 | +.718 —. 425 |+1.821 —1.063 | +. 697 —. 902 | +.008
—.1 +.8 —.4 +1.8 -1.1 +.7 -0 +.1
I
58 b [ 6a b ] Ta b (4 8a b 4

—1.303 [—1.303 {—1.303 {—0.020 |—0.020 {—0.020 |—0.797 [—0.797 |—0,797 |+2.148 [42.148 | $2.148

—~1.724 |44.074 | — 811 [~1.724 [+2.194 | —. 811 |~2.82]1 |44.544 | 4. 811 |—8.618 | —. 313 | —.811
+. 665 |—2. 661 —.170 |—1.642 +.908 |—1. 500
—. 6802 | — 434 |—2.114 | —. 486 | —. 201 | —. 831 | 4-.342 | +.307 | 4. 014 |—6.470 |+1.835, +1. 337
-2.1 —.8 .0 (~6.4 [+1.8 +1.3
—2.964 | —. 3 —2.400 | +4-.331 —2.370 |42.455
-3.0 -3 —-2.4 +.3 —-2.4 |42.5

COMPUTATION OF TRIANGLES

The adopted ¢’s or corrections are now substituted in the column
headed “Corrections” in the triangles in Figure 34, and the triangles
are computed in the manner already explained. If the computed
length of the fixed line at the end of the scheme agrees with the fixed
length, the length equation is satisfied.

Next the corrected angles are substituted for the observed angles in
the formation of the azimuth equation (p. 125) to see if that equation
is satisfied,
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After making sure that the angle, length, and azimuth equations
are all satisfied, it is necessary to recompute the geographic positions
of the stations using the data of the corrected triangles. (See fig. 38.)
This recomputation can usually be made quite easily and quickly by
simply correcting the preliminary positions as explained on page 95.
It is only after obtaining the corrected position of Enter and compar-
ing it with the fixed position that one can be certain that the adjust-
ment is correct, that is, that the latitude and longitude as well as the
other equations have been satisfied.

CORRECTIONS TO DIRECTIONS

The angle, length, azimuth, latitude, and longitude equations are
now satisfied and the corrections can be applied to the directions in
Figure 33. Since the corrections determined in the angle method of
adjustment are corrections to angles and not to directions, the manner
of applying them is somewhat more complicated.

The sample below with the explanation following it shows in detail
how the corrections arc applied at station Nan. The list of directions
before adjustment is given in the first two columns.

Station Nan

: Prelimi- -
; Observed direc- Final
Station f nary sec-i .
tion onds seconds
o ’ r” ” ”

0 00.0 00.0 59.0

28 42 47.6 48.4 47. 4

109 26 24.4 26,5 25.5
129 52 16,6 | _o)ecoo_. .-

171 17 1L1 12.1 111

The corrected directions which go in the column headed ‘Final
seconds”’ are determined as follows: From the adjusted triangles,
Figure 34, using the angles at Nan, we have

(] !’ "

Triangle 1, angle Alberta to Fish.______ ... 28 42 48 4(A)

Triangle 2, angle Fish to Fog_______________ 80 43 381
Angle Alberta to Fog__.___.______ 109 26 26. 5(B)

Triangle 3, angle Fogto Gura___.____._______ 61 50 45.6
Angle Alberta to Gura_____._____. 171 17 12. 1(C)

The values of the seconds for the angles (A), (B), and (C) wre
placed in the column headed “Preliminary seconds” in the table
above. Opposite the initial station, Alberta, is placed 00.0. As the
direction “Dug” was not included in the adjustment, there is no
correction to be applied to it.

In this method of applying the corrections, the direction at Alberta
remains unchanged and so does not receive its share of the correction.

(Text continued on p. 138)
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Form 27
POSITION COMPUTATION, THIRD-ORDER TRIANGULATION POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
. . . . . ;
! i l | ‘ :
« |2 Aberta 08  pyen © o6 | ooz | 148 « |3 Fia 08  Alberta © o1 | ooz 2.9
i : : |
L Meh & Yan it s 22 2.4 a4 Nan & Alberta |z 98 | s4 45.3 ;
« |2 Alberta 0l ¥ L e |3 mam to1 ¥ L ez o | 46 <
1 i
e - 6 . 953 e - g 20.9 %
‘ ‘
| 150 | o0 | 0000 | 180 | 00 | 00.00 | 2
¢ |1 Ben 2 Alberta ' 233 18 | 354 4 o |1 Fen 03  Fgh ! 262 ] o 23,7 ! =
Fmat AxcLe or TriaNeGLE = 42 48.4 z
. ’ . o ' . o , . . . . =
¢ | s 3 2 1 w.ns |? lverta L S I L SR = VY H r |"e ] 55 ] 20 |o09.866 |% i | > fws| nlsoe o
- - 3 | or.aez |- sl + 7 230 H § se | o | L - | o ¢ 7| _42.206 =
| | , i i ® ; [ | | |
¢ | 55| 2 | 38328 |1 ¥ ¥ l 133 ' 18 | 57.338 i Folel s | 2 | 5332 |1 ¥en w13 | 1 ! srase |
H H =
: =
o oo |t mserzee | 0] 797458 - . : | = v - l * sz | ¢ =
Yore)| o5 50 o0 (Ol g.msass |SWel g.aomss N 4504 § I te+e) g5 m s1.6 |0 g.136537 ;-S‘i"" 9.99178 =
) B 509672 c 1.56626 | D | 2.363 g B C | 1.s6588 >
{ : | ‘ L.
D st term li1871668 | b | 2.27229 | s.s015 | .07l Isttem |4 3300 | b | 1.559910 || s.aaams g
l2dend Muerme |+ 0.2047 0.2239 0.0008 ;iza..aum[ + 0. 0.2425 g
| -ae [187.3916 [
=
0 =
. 3,913697 <
Sime | g seesg9 =
‘ =
2.647278 ] : o 2.664919 ~
9.91.6004 Sin} (w49 9,91
2.563283 . 2.530814
+ 265.83 & | 4 462.2959 -8s | 4 380.50

]

Fi1G. 38.—Final position computation, angle method of adjustment
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POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

.« {2 Yen 3 Fish | 262 [01 . 2.7
2 Fish & Tog LL‘L,_&L
.2 Yan 1 Fog | 22 |45 © ovs !
2 4 9.8 ‘{
. 180 00 | 00.90 |
o {1 Yor tog ¥an | 162 145 | sus |
R , R Firar ANGLE OF TRIANGLE 74‘, 22’ 19_'5
v | 55 l % | 323 [T ¥a 2 Jaes 113 ! s7.am |
ae - __LJ 50.687 | &= l a . 1 00.458 !
¢ | 85 1 26 | azess It Tog l viws T | 56.880
R I R e A
Ko+ehi 55 27 3.0 [C95¢| s.gscore  Si™'e| glgams i"’E‘LOBB i
| B | 5.500676 ¢ !1.sest4 | Dl2.363 |
1st term l’»no_éggg ‘ h 2.044077 i 7.61836 ‘ t6.4v5]. t
2and M terms |_+ 0.0045 | 0.0042 0.0008
—se  Mo.cses |
T

FiG. 38.—Final position computation, angle method of adjustment—Continued
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DAPANTMENT OF COMMERCE

V. 5 GRasT ame GROOETIC SuavEY
Form 51

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

« |3 Fish to 2 ¥an 82 o7 4.6
81z Yog & Han - 24 54 2.5
. (3 Tish tol Yog 57 13 42.1
I - 5 31.0
180 00 | 00.00
o §3 Fog 3 Fish 237 08 u.1
° ’ . o . .
¢ ! 55 [ 29 | 09.366 I3 Fien ‘ x ‘ 15 | 1 (15042
™ |l 2 127230 lem a4 6 (41837
¢ 55 26 ]42.636 1 Fog ‘ 1Y l 133 17 156.879 3
7.84869 !
9.84342 |} 4335
1.56558 D | 2.363
9.26369 6.698
0.1835 0.0005

. 3.924344

9.924711

8.508727-

0.

2.604050

.
A +401.8370

cel
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POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

. , .
e |2 Ban to3 Tog 342 45 01.8
s Fog & tura + 61 50 45.6
« [ 2 Ban tol Gura i 35 47.4
. i
s [ 2 | 9.6
180 00 00.00
¢ |1 Gura " to2 Nan 24 33 7.8
Fizs? AnoLE or TRiANGLE 4 3 9.5
. . . o , .
. 55 ‘ 3 |33 |2 ¥an | 13| 18 |s7.33
s | - 1 | 30.740 | = a |+ 2 lman |
¢ | 55 2 ‘ 02.583 |1 Gura » I 133 | 2 |34.709
o v » * 3595463 | ¢ I
$e+ed| 55 2 48.0 le 9.952522 ‘S‘“" b ‘ 3.915
i B | 8.509676 c 2.363 |
i
1st term | +90.7112 b | 1.957661 6.278 i
24 amd 34 teems | + 0.0281 0.0002
Ry 90.7395 '

2.196323

2.19654
’
an + 1522708

ol

DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

B , .
« {3 peg to 2 ¥an l 162 | 45 51.6
3, Gura & Nan l - 63 | 35 | 14.9
a |3 Tog to 1 Gura ! 99 10 36.7
4 - 2 59.4
180 00 00.00
o {1 oura to3 Yog @y | o7 37.3
. , .
8 Tog I a3 | 17 | s6.8a0
- AN
1 Gura ¥ | 133 2 34,709
3.583654 | ramm |
9.202M13 Sin’s| 9.98881 L1 2,602
c D | 2.364
1.301045 8.73104 4,966
0.0538 0.0000
a 2.333114
Sind (p+v") | 9.915722
2.338115 2.253836
Y .
& | 4 217.8286 -2 | +179.4

Fi1G. 38.—Final position computation, angle method of adjustment—Continued
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L g
Form *T
POSITION COMPUTATION, THIRD-ORDER TRIANGULATION POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
- f B . . v
|8 Gura 3 Foz g o7 37.3 « |3 Fog tog Oura 59 10 35.7
L V4 Fog & g + 38 29 01,7 1842 ‘Tug & Gura - 4 4.4
« |2 Gura to 1 g 317 26 39.0 « i3 Fog to 1 Dug 33 EY 52.3
Aa i+ 1 55.3 4a - 1 4.1

180 oo 00.00 130 o0 00.00

¢ il g 3 Gura 17 | 38 | a3 <1t Dug. to3 Yoz as 19 1 4.2
N Fiast AxoLE OrF TRIANGLE I a 13.9
’ Ll ' . ° . [
55 Sura sl a ] sa09 z x 3 Fog M|z | a7 | sé.ss0
a - 2 19,57 § § a= s + 1 2
. .
Dug » l 133 | 19 14.7:3 H i 1 Dug % I 133 19 | 14.733
z z
£ £
- H 3 . #
. 3.3562499 ?7.12500 i § o . 3.298343 6.79268
s.e63399  |Se| ¢ se7sy b H H Hete)| 55 25 05.0 %4 g.9z8se
c 5 Ip B | 8.509678
l—m— .
1.940578 8.34754 l 1st term l§57,m<)5 h 1.827389 7.83748 6.020
0.02:3 2dand 34 terms | +0.0070 0.0069 0.0001
-t
‘ 2.502459 *
Sime | g.az785 Sina
A 8.508728 a A a 1.891274
secy’ Sin § (w+¢”) sec e’ Sin}(e+e)
2.145054 2.061727 1.991275
» . . L
a -129.5761 —as -115.22 o | 77.8520 -ta
S s = Lad

Fi16. 38.—Final position computation, angle method of adjustment—Continued
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POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

« (2 Gura o3 Dug a7 36 29.0°
2y Dug & Lat | 79 22 i 42,9
ta |8 Gura 1 Let 37 04 21.9
Ba - 2 24.1

180 00 | 00.00

LAY § Let to2 Gura 227 a 57.2 |

o , . Fmst Axore or TriANGLE 3.3 57, “.‘5

* |55 |2 02.583 * [az3 a 34.709
se | - 2 [11.em o 4 2 55.040

o | 55 24 l 50.752 |1 Lat » | 133 % 29.749
Het+e) 4.240

8.
1st term 2.119900 6.604
Uowmd Mienms | + 0.0352 0.0004
—ap

L]
Sina

I
secy’

o

L=

DO NGT WRITE IN THI3 MARAIN

DO NOT WRITE IN THIS MARGIN

« 13 g to 3 Gura ! 127 28 34,2
3z Lat & Gura " 51 24 59.7 |
a 13 Du tol Lat | 76 [+ 34.6
2a - 4 19.4
180 00 | 60.00
o’ i1 Lat to 3 Dug 255 59 15.24
o . . N . .
? 55 25 | 35.349 ls Dug > | 133 19 | 14.723
d _.-_t‘l_u-&l_ L a4 5 | 15.016
¢ 55 24 | 50.752 '1 Lat » ‘ 133 ; 24 | 29.749 |
e o« o . *|3mseees | | 7.muz82
dete)| 55 25 13.1 1Cose| 9.z81359 Sie'al g 97403
: B | 8.509680 | € [ 1-.36463
1st term }4-44.4;39 b | 1.643202 | 9.051¢3
0.1122
£ 3.75666Z
Sine 5.987016
A 2.493332
Sing (s +¢") 9.915579
2.413910
a | + 315.0163 l ™ +25;.36

F16. 38.—Final position computation, angle method of adjustment—Continued
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POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

° ’
<1t e to 3 Gura ar [ 57.8
¥ Gura & Mond + 60 10 6.6 |

- |2 Lat to 1 Mond 27 12 288
Ae + 4 14.3
180 0o | 00.00

¢ 1 Mond to 2 Lat o 16 5.7
. , . FirsT ANaLy oF TmiaNeLE 55° 2"7 :25-3

»| 55| 2 | s0.782 I’ Lat M| o) o2 | 29.749

!
il . - 5 | c.sen

— ! v‘- AN
P 24 ] 33420'1 Yond x'{ 133 | 19 20.856

[P * | 3.730667 ® | 747733

He+e)| 55 24 39.6 10« o.oseara (S| g.gem
i B | g c

[ Laeez | 9.0087

0.2084

Tt

B0 NOT WRITE IN THIS MARGIN

DO NOT WRITE iN THIS MARGIN

pari -y
POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
N B .
« |3 Gura e Tat a7 M 2.9
8z Mond & Lat — & la | s |
. 33 Gura tol Mond. 333 42 “A.8 [
sa | -+ 1 50.2 '
150 90 | 00.00 1
2 |1 Mond to3 Gura 153 44 15.0 !
. , o . .
v 5 | 2z l 02.583 | 8 Qura A l 13| & | w4209 '
do | = | 2 34.163 ) 4= - S ) 2 1 13.9583
v 55 24 28.420 (1 Mond v il o1 20.856 l
;e * | a.7zse7s ® | 7.4m85
9.952569 [5™°| 9.29274 1) a7
8.509573 c 1.56301 by
2.157921 i 8.30910 l 6.740
0.0204 0.0005

F16. 38.—Final position computation, angle method of adjustment—Continued
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U et w0 GeoerTE: sy
Form 87

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

« 12 Lat o3 Mcnd « [3  jona to 2 Lat i 97 16 3.7
add Mond & Enter 8t Enter & Lat R 30 0a.8
«l2 Lat tol Enter & |3  lond tol Enter 2 46 8.9
" s l - 15.3
Euter Yond | ts0 | oo | 00.00
1 Enter to2 Lat e |1 ‘103 % Pga i owb | 131
. , . Frasr ANGLE OF TRIANGLE o , . . R .
e 55 ‘ % ' 50.752 | 8 Lat M| owsl e | moe ! ox : v s | 2 [ B.420 |3 Mond > i 183 |19 20.856
S| - | & ! oomje al o e 000 F $ 141 - | 3! 45690 e a4 19.194
¢ 55 2 | 42730 11 Enter 1y l 188 019 40.043 | § 5_ ¢ | 55 | 2 | s2730 il Enter P 133 |19 40.050 |
e . ] sessm | fopsmer | : ; 5 3844337 | © | 7.68067
Hete)| 55 22 46,7 |O%¢|  ggamaes (Siv'e| g.asmez B 47ms | g g 9.999461  |S¥'%] 7 36985
B | s.50068 ¢! 15608 D] g £ L e.0ee | C | 156423
15t term Jrz,;v,_g'z” b 2.394321 | s.ososz | '7.153 2.353509 [ p—
2dand 3 terms | + 0.0956 0.0014 0.0004

a
Sin § (49"

arve——— ey

FiG. 38.—Final position computation, angle method of adjustment—Continued
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A mean correction is therefore computed by taking the differences
between the directions in the column headed ““Observed directions”
and those in the column headed ‘Preliminary seconds.”

At Alberta, the correctionis_ .. _________________________ 0.0
At Fish, the correction is....__________ . ___.__.... +0.8
At Fog, the correctionis_ ... ... . .. ______ +21
At Gura, the correction is. ... ______________.________. +1.0

Total . . e +3.9
Average correction_ .. . _______.____ +1.0

The average correction -+ 170, with sign changed, is then applied
to each of the directions in the ‘Preliminary seconds” column to
obtain the values in the “Final seconds’ column.

The rule to be followed, then, is: Keeping the seconds of the initial
station 00.0, compute the seconds of the other directions by adding
the adjusted spherical angles of the triangles in the proper order.
Place these values in a column headed *‘Preliminary seconds.”
Take the algebraic sum of the differences between these values and
the values in the preceding column and divide this sum by the number
of directions involved. Add algebraically with opposite sign the
mean thus obtained to each of the values in the column “Preliminary
seconds,” and place the resulting values in the ‘“Final seconds”
column,

A

B ; ¢

FiG. 39.—Triangle as lettered for computa-
tion using two sides and included angle

In order to see whether the corrections have been applied properly,
check these final seconds from the triangles. For example, the angle
at Nan between Alberta and Fish as taken from the ‘‘Final seconds”
column is 28° 42’ 4874, which checks the angle at Nan in triangle 1.
Similarly, the angle at Nan between Fish and Fog is 80° 43’ 38”1,
which checks the angle at Nan in triangle 2, and the angle at Nan
between Fog and Gurs is 61° 50’ 45”6, which checks the angle at
Nan in triangle 3.

CORRECTIONS TO DIRECTIONS OMITTED IN ADJUSTMENT

After the final seconds have been determined for all directions in-
cluded in the adjustment, the corrections to the directions for the
diagonals omitted from the adjustment are computed. The three
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diagonals omitted were Alberta-Fog, Nan-Dug, and Lat-Flores.
These are computed by the two-sides-and-included-angle method.
(See pp. 141-143.)

TRIANGLE COMPUTATION BY TWO-SIDES-AND-INCLUDED-ANGLE METHOD

The diagonal Alberta-Fog is computed as follows. The formulas
used are

tan (45°+¢) = % where a>b

tan 1/2 (A— B)=tan ¢ tan (90°—g)

1/2 (A+B)=90°——-§

in which ¢ and b, the two sides, and C, the included angle, of the tri-
angle are known, and ¢ is an auxiliary angle.

The logarithms of the sides Fish-Alberta and Fish-Fog (see fig. 31)
are given in the triangles, Figure 34, as 3.669907 and 3.924344,
respectively. The angle at Fish between Fog and Alberta is the sum
of the two adjusted angles between Fog and Nan, and between Nan
and Alberta, namely, 24° 54’ 0275 plus 93° 54’ 453, or 118° 48’
47"8.

The triangle, Alberta-Fish-Fog, is written as shown in Figure 40.
The asterisk is placed opposite the fixed angle and the logarithms of
the fixed lengths are placed in the last coluinn. As there is 071
spherical excess, this is applied to the large angle making the plane
angle at Fish 118° 48’ 4778 — 0”1, or 118° 48’ 477.

The problem then is to determine A, the angle at Alberta; B, the
angle at Fog; and ¢ the line Fog-Alberta. The computation is shown
in Figure 40.

These angles A and B as thus determined are placed in the triangle
Alberta-Fish-Fog on the lower part of the form (fiz. 40) and the
triangle is computed in the usual way. The logarithm of the
length, Alberta-Fog, is thus obtained. The computed logarithm of
the fixed length, Alberta-Fish, should check the given value probably
within one in the last place.

The value of the final seconds for the direction on Fog at station
Alberta is now obtained from the triangle by simply adding theangle
at Alberta between Fish and Fog, 40° 09’ 0971, to the fixed direction
Fish, 0° 00’ 0070. At station Fog, the final seconds for the direc-
tion on Alberta are obtained by subtracting the angle between Alberta
and Fish from the fixed direction on Fish; that is, 203° 47’ 18”9
—-21° 02/ 0372=182° 45’ 1577,

58853°—28——10
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In order that the length, Fog-Alberta, as determined from the two
sides and included angle computation, may have a check the triangle
Fog-Nan-Alberta (see fig. 40) is also computed. The three angles
of this triangle are fixed by the computation of the first triangle and
can be taken out directly from the lists of directions at the three
stations, The logarithm of the length, Alberta-Fog, should agree in
the two triangles.

In the same manner the diagonals Nan-Dug and Lat-Flores are
computed, using first a triangle with two sides and the included angle
known and then a second triangle, whose angles are fixed by the
computation of the first triangle, to check the length of the line in
question.

COMPUTATION OF THE LENGTH AND AZIMUTH OF THE OMITTED DIAGONAL BY THE
METHOD OF APPROXIMATION

If the diagonals omitted in the adjustment have been observed it
may be advisable or expedient at times to resort to the method of
approximation in computing them after the adjustment has been
completed.

An example of this method is given on page 144. (See fig. 41.) In
the quadrilateral Lat-Mond-Flores-Enter (see fig. 31) the diagonal
Lat-Flores was omitted in the adjustment. It may be computed
from the triangle Lat-Mond-Flores in the following manner: The
logarithms of the lengths Mond-Flozres and Lat-Mond and the angle
at Mond between Flores and Lat have been fixed by the adjustment.
The observed angles at Lat and Flores are obtained from the lists
of directions. (See fig. 33.) The sum of the two observed angles at
Lat and Flores and the adjusted angle at Mond equals 179° 59’ 520,
so in order to close the triangle 470 must be added to each of the angles
at Lat and Flores.

Using the fixed logarithm of the length Mond-Flores, 3.799236, the
logarithm of the length Lat-Mond as computed to seven decimal
places through the approximate angles at Lat and Flores is 3.7386565.
This value differs from the fixed logarithm of Lat-Mond, 3.738667,
by 10.5 in the sixth place of logarithms. The tabular differences of
the logarithmic sines of the angles at Lat and Flores for one second
change in angle are -+3.03 and +3.68, respectively. The discrepancy
in the logarithms of the length divided by the algebraic sum of these

two tabular differences, that is, é%'%=l’.’ 6, is the correction which

must be applied to the angles at Lat and Flores which were used in
the preliminary computation.

This correction is applied with the negative sign to the angle at
Lat and with the positive sign to the angle at Flores. The triangle
is then recomputed, using the corrected angles, and the final logarithm
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DEPARTMENT OF COMMERCE
V. 3 CORST AND GEODETIC WURVEY
Form 868

TRIANGLE COMPUTATION USING TWO SIDES AND INCLUDED ANGLE

[% =tan (45°+¢) (Cali longer side a) : tan ¥ (4,—B;) =tan ¢ tan §-(4;+B;) : c-"__"“_a’] ¥

sin 4,
G 18 43 47.8 Loge 3.924344 Logm 1,408
Sph. execss 0.1 Logb 3.669907 Log sin 0, 9,943
Co 118 48 47,7 Logtan 45+¢) 0.254437 Log a 3.924
3G 59 24 23.85 U +9) 60 53 54.88 J9ED 3,670
90°~4Co=4(4+B) 36 35 26,15¢ 15 53 54.88 Logsph.ex.g g4
4 (Ao~ By) 9 33 32.92Logtend 9.4545867  SPhexes 009
Sum= A4, 40 09 09,07 Loztank (Ah+B) 9 7717656
Diff. = B, 21 02 08.23 Logteni (4,—B)  g,2263523
Co ! (Sketch)
Loga 3.924044 (Fayj 8 ¢
Log sin €, 9.942601 A (Alberta)
Colog sin A4, 0.190558 a b
Loge 4,067508 C (Fish)
CHECK COMPUTATION
No. STATION SPHERICAL ANGLE Srmrmoa PLANEANUE LOGARITHM
2-3 Figh-Fog 3.924344
1 Alberta 40 09 09.1 09.1  0.190558
2 yien 118 48 47.8 0.1 47,7 9.942601
3 rog 21 02 03.2 03,2 9.555004
-3 Alberta-Fog 4,057503
1-2 Alberta-Fish 3.669907
23 Nan-Alberte 3.987264
1 Tog 53 20 16.3 16.3 0.095733
2  Yen 109 26 26.5 0.1 26.4 9.974508
3 Aberta 17 13 17.3 17.3  9.471389
1-3 Fog-Alberta 4.057503
1-2 Fog-Nan 3.554387

'.The subscripts s and p on this form refer to spherical and plane angles respectively.
F1g. 40.~Triangle computation using two sides and included angle
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TRIANGLE COMPUTATION USING TWO SIDES AND INCLUDED ANGLE

[%-un (45°+4) (Call longer side a) : tan § (4,~ B,y =tan ¢ tan ¥ (4,+B) : c-'fs_isli_“ac.:_'] *

& 129 24 59.3 Loga 3.554387 Log m 1.403

gl gxeess 0.0 Logb 3.396343 Logsin G, 9.888

G 126 24 59.3 Log ten (45-+¢) 0158044 Log e 3.554

30, 64 42 29.65 U5°+4) 55 12 09.93 Log? 3.396

90°~30,~3(4,+B) 26 17 30.35 ¢ 10 12 08.93 Logsph.ex. 8,241

} (4,—-B,) 4 s1 28.90 Logten¢ 9.2562076 Sph. excess 0.02

Sum =4, 30 09 09.25 Logtan}(4,+B;) 9,6744220

Diff. ~ B, 20 25 51,45 Logten}(4,—B) 8.9206296

'S (Sketch)

Log o 3.554387 (Duy} A c

Tog sin €, 9.887927 8 Wan)

Colog sin 4, 0.299033 b

Log ¢ 3.741347 T (Fo g )

CHECK COMPUTATION

¥o. STATION SPHERICAL ANOLE Sracaca  RLANE ANV LOGARITHA
23 Pog-Tug 2.396343
1 Fan "2 2% 5.5 0.0 51.5 0,4857077
2 pog 129 24 59.3 0.0 59.3 9.837927
3 g 30 09 09.2 0.0 09.2 9.700967
1-3 Nan-Dug 3.741347
1-2 ¥an-Tog 3.554387
23 Gura-Nan 3.595463
1 pg 45 32 04.7 0.0 04.7 0,146500
2 oura 93 03 OL.2 0.0 0.2 9.999384
3  Yan 41 24 54.1 0,0 54.1 9.820538
3 Dug-Yan 3.741347
12 Dug-Gure 3,562499

*The subscripts s and p on this form refer to spherical and plane angles respectively.

F1a. 40.—~Trlangle computation using two sides and included angle--Continued
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DEPARTMENT OF COMMERCE
V. 1. COABT AND GEOORTKC 3URVEY
Form 488

TRIANGLE COMPUTATION USING TWO SIDES AND INCLUDED ANGLE

[% =tan (45°+¢) (Call longerside a):  tan 4 (A,—B;) =tan ¢ tan § (4p+55) : c-.“gis;"_f’] >

c 115 2% 85.9 Loga 3.795236 Logm 1.403
Sph. exoce 0.1 Logh 3.728667 LogsinC,  9.956
Cy 115 24 55.8 Log tan (45+¢) 0,060569 loga 3.799
3G 57 42 2.9 Wr+e) 48 58 s56/98 Logd 3.739
90°-40,=§(4,+B) 32 17 321 ¢ 3 58 56,98 Legsph.ex. g gg7
3 (4,-By) 2 31 09.5 Logtang 8.84273z7  Sph.excess 0.08
‘Sum =4, 34 48 41.6 Logtani(4,+B)  $,8007064
Diff. = B, 29 46 22.6 Logtani(4,-B)  8,643439)
G (Sketch)
Loga s.rs0me  (Flores) B < A lat
Log sin C, 9.555793
Colog sin 4, 0. 243456 a
Log ¢ 3.998485 C (/Wand}
CHECK COMPUTATION
No. STATION SPHERICAL ANGLE AL AN A LOGARITHEM
2-3 Mond-Tlores 3.799236
Lat 34 48 41.6 41.6 0.243456
2 Mond 115 24 55.9 0.1 55,8 9.955793
3 Flores 29 46 22.6 22,6 9,695975
1-3 Lat-Flores 0.1 3.998485
1-2 Lat-Nond 3.738667
2.3 Enter-Lat 3,964337
1 TYlores 65 28 16.9 16.9 0.041076
2 IEnter 100 12 23.7 23,7 9,993072
3 Lat 1 19 19.4 19.4 9.3933360
1-3 Flores-lat 0.0 3.998485
1-2 Flores-Enter 3.398763

*The subscripts s and p on this form refer to spherical and plane sngles respectively.

F1a. 40.—Triangle computation using two sides and included angle—Continued
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of the length Lat-Flores is thus obtained. The computed logarithm
of the length Lat-Mond should now agree with its fixed value.

The rule to be followed in this approximation method may be stated
briefly as follows: Write the triangle which includes the omitted
diagonal and fill in the data fixed by the previous adjustment; that is,
the logarithms of the two sides and the value of the included angle.
Put in the observed values of the other two angles as obtained from
the list of directions. If the sum of the three angles, after applying
the spherical excess, does not equal 180°, apply one half of the triangle
closure to each of the observed angles to close the triangle. Then,
starting with the logarithm of one fixed length compute the logarithm
of the other fixed length through the triangle, taking out the tabular
differences with their proper signs for the logarithms of the sines
corresponding to a change of 1 second in the two angles yet to be fixed.
Next divide the discrepancy between the computed and the fixed

DEPARTMENT OF COMMERCE
U 5. COAST AND GEODETIC SURVEY

COMPUTATION OF TRIANGLES

SALE: conn e cmnmren e ta———————e e

Sevmmm— rerrmn covwy

No. STATION ODSERVED ANGLE ~ CORR'N STRENL Ermemn  PLANE ANOLE LOGARITUM
e

23 Vond-Flores 3.739236

+3.031 Lat 34 48 39.2 . 41.6 ‘4%-:-8 0.2434510
2 Yond 115 25 02.3 ~6.4 5.9 0.1 55.8  9.955793

43.68 3 Flores 29 46 17.0 22.6 gﬁg 9.6959225
46,71 1-3 Lat-Flores 3.998485

12 Lat-Mond 3.738 62’616

Fi6. 41.—Triangle computation using two sides and included angle, method of approximation

logarithm of the second fixed length by the algebraic sum of the tabu-
lar differences, and apply this quotient with the same sign as a cor-
rection to the approximate angle which appears as the third angle in
the triangle and with the opposite sign as a correction to the approxi-
mate angle which appears as the first angle in the triangle. Finally,
recompute the triangle using the corrected angles.

The probable error of an observed angle is determined by the same
formula as that used to obtain the probable error of a direction.
(See p.107.) Inthe table of correlates on page 127, Zv? =88.84, and
since there are 12 equations,

p.e.= 0.674 \/§§§i‘f—¢1”83

After the adjustment has been completed and the omitted diagonals
have been computed, the list of geographic positions is made out on

form 28B in exactly the same manner as the list on page 108. (See
fig. 42.)
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1907
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F16. 42.—List of geographic positicns, angle method of adjustment
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Alverta
Fieh

Fan
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Yog
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3.913097 B8197.8
3.554387 3584.2
4.057503 11415.7
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2.595463 3939.7
3.558654 3873.4
2.562499 3651.7
2.741347 S612.5
3.296343 2450.8
3.708290 5108.5
- 3.756663 5710.4
3.9908485 9865.2
3.564337 $211.8
3.799236 6298.5
3.5844337 6987.7
3.733667 5478.6
2.725674 5317.1

11981
18086
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16760
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30222

22925
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Statistics showing accuracy of triangulation

Total number of triangles ____ . _______________.._._____ 8
Number of triangles with plus closures.. . ________________ 3
Number of triangles with minus elosures.____________.___ 5
Number of concluded triangles.._ ... . __ . ______________ 0
Average closure of triangles without regard to sign___..___ 272
Maximum closure of a triangle__________________________ 574
Mean errorof anangle___._ ____________________._____.. +176
Probable error of an observed angle__.____.______________ +1"8

COMPARISON OF DIRECTION AND ANGLE METHODS OF TRIANGULA-
TION ADJUSTMENT

Comparing the direction and angle methods of adjustments it is
seen that each has its advantages and disadvantages. The direction
method gives a more rigid adjustment by making use of all the direc-
tions observed, and when the adjustment is completed the azimuths
and lengths of all the lines are immediately available. There is no
necessity for two-sides-and-included-angle computations. The dis-
advantage of the method is that the solution of the normals is more
laborious, especially where the scheme of triangulation is much
involved. However, for first-order and second-order triangulations,
the adjustment should be as rigid as possible, and the direction method
should, therefore, always be used. .

The angle method of adjustment has the advantage that the number
of equations is reduced considerably, there being one less angle
equation in each full quadrilateral and no side equations at all. The
solution of the normal equations is very simple as all the angle equa-
tions are independent of each other, and the azimuth equation does
not, ordinarily, involve the same »’s as the length equation. The
disadvantage of this method is that a number of two-sides-and-
included-angle computations must be made after the adjustment is
completed to obtain the azimuths and lengths of the lines omitted
in the adjustment. However, the advantages of this method far
outweigh the disadvantages in the adjustment of third-order trian-
gulation and it should ordinarily be used for this class of triangulation,



CHAPTER 5.—COMPUTATION AND ADJUSTMENT OF ELE-
VATIONS FROM ZENITH-DISTANCE OBSERVATIONS

GENERAL STATEMENT

In connection with the observation of horizontal directions for
triangulation it is customary to observe zenith distances, in order that
the elevations of the stations may be determined. These elevations
are needed for reducing the horizontal directions to sea level and, in
some cases, if precise elevations are not available, to reduce the base
lines to sea level. As there are usually two or more lines observed
to each station, a rigid adjustment of the observed differences of ele-
vation should be made in order to remove the inconsistencies and
obtain the best possible elevations from the observations. .

‘\&\ .\gs'{? Monument

Gammill

Benton

Cashion

Cube
F16. 43.—Triangulation net used in sample computation of elevations

A sample computation and least-squares adjustment of elevations
based on zenith distances is given on the following pages. The tri-
angulation stations at which the zenith distances were measured are
shown in Figure 43. Arrowheads pointing away from each station
denote the lines over which zenith distances were observed from that
station. Arrowheads at both ends of a line indicate reciprocal
observations or that zenith distances were observed in both direc-
tions over that line. Where only one arrowhead appears on a
line, zenith distances were observed only in the direction in which
the arrowhead points. All the stations shown in Figure 43, except
“Hastings high school,” are main scheme stations. The elevation
of Hastings high school is computed after the elevations of the other
stations are fixed.

All zenith distances are abstracted on Form 29 and checked in the
field. The abstracts, Figure 44, therefore, contain the starting

147
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data for the office computation. It is sometimes necessary, however,
to compute in the office the values in the column headed ‘‘Reduction
to line joining stations.”” This column is used only when the observa-
tions are reciprocal Each value in the column is an angle which in

seconds equals t 1,,’ t being the height of the telescope above the

station mark, o the helght of the object above its station mark, and s
the horizontal distance between the stations concerned. This really
represents a vertical eccentric reduction which is applied as a correc-
tion to the observed zenith distance to obtain the zenith distance
referred to the station marks. Only four places of logarithms should
be used in computing the values.

If the observations are nonreciprocal, that is, are made in one
direction only over a line, then the vertical eccentric reduction is not
needed. In this case, the difference t—o, is applied as a correction
to the computed difference of elevation, as indicated on Form 29 B
(see fig. 47).

As the development of the formulas for the computation of eleva-
tions from reciprocal and nonreciprocal observations is fully shown
in special publication No. 28, it is not given here.

The formula for the computation of elevations from reciprocal
observations is

hy—hi=s tan(&—;—&)AB(] (1)

in which %, is the elevation above mean sea level of station 1 and A,
that of station 2; s is the horizontal sea level distance between the
two stations; ¢ is the zenith distance of station 2 as observed from
station 1; {; is the zenith distance of station 1 from station 2; and
A, B, and C are correction factors whose values are close to unity
and whose logarithms are given in the tables on pages 232. The
station designated 1 is the station whose elevation is already com-
puted.

The formula for the computation of elevations from non-reciprocal
observations is

hy hl—scotl:g‘l (0.5— m) 1,,]ABO (2)

in whlch h;y and h; are elevations of the two statlons, s the horizontal
distance between the stations, {; the mean corrected zenith distance
at the station occupied, m the coefficient of refraction, p the radius
of curvature of the earth’s surface in the mean latitude of the stations
and in the azimuth of the line observed (see table on pp. 220-222),
and A, B, and C the correction factors.

All but three of the main-scheme lines in Figure 43 are observed
from both ends and the differences of elevations for these lines are,
therefore, computed by formula (1). The three lines Benton-Keels,
Bailer-Thornberry and Thornberry-Gammill are observed from one
end only and these differences of elevations must be computed by
formula (2). (Text continued on p. 159)
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ABSTRACT OF ZENITH DISTANCES
State Qklahoma

Observer .. B.0.Ha Instr t.¥.0.-108 [
3
Date Hour OBFXCT OBSERYED 3&2‘&,’, T;‘.‘:‘:ﬁ“ 5:5‘-"5 ﬂl‘l::;lg Olns:aﬁm Conl:)c:‘n'gmu
-0 -t Y ghimons
1923 Mt Meters Veters . L L
5/18 1:16 Benton 1.17 2,115+ 0.945 ~11.8 90 10 20.5
2:19 90 10 19.0
2:29 90 10 15.4
18.2 90 10 06.5
1:24 Hastings 1.24 2.11540.8756 -8.6 S0 08 01.7
13135 90 08 05.0
1:35 80 08 12.6
1:39 90 08 05.8
2:09 §0 08 11.1
7.2 90 07 58.6
1:42 Keele 1,92 2.115+0,198 -2.0 90 08 23.4
1:46 90 08 23.9
1:49 $0 08 25.2
1:61 S0 08 32.7
1:54 S0 08 22.3
25.5 90 08 23.8
2:52  Cupolp of 2,115 90 04 49.4
2:66 Schoolhousc 90 04 38.3
Hastings. 53.8
Station .....RentoR State Oiclahoma,
Observer . E:0.Be Instr 4. V.C. 109
|3
Datr Tov Orzxcr Onszaven 3,:‘;:':;:‘ T:‘:‘:"E:- g "ﬁ?‘) Oasxpven Txwri C"“ﬁ'{:"‘wm
=0 - 0 dimon
1923 Moars Maters Meters . « v w PR
5/2 1:14 Kesle 1.92 2.375 -0.5484+7.4 90 O1 56.7
1:18 (Helio) 80 02 02.5
1:4 90 01 56.2
1:29 80 01 88.0
g0 01 58.4 90 0205.8
1157 Cube 9.37 1375 -7.998458.2 90 06 41.0
2109 (Hello) 90 06 _35.6

38.3 90 07 368

F16. 44.—Abstract of zenith distances for sample computation of elevations
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DEPARTMENY OF COMMERCK
U.S. COAST ANO GEODETIC SURVEY

Date

1923
5/8

5/29

5/

5/29

5/8

5/29

Form 29

Hour

2:08
2:08
2:10
3:33
3:38
3:44

2:18
2:26
3:32
3:37
307
3112
3120
3:25

2:56
31
3133
3:46
4:02
4:12
4:22
4:34

ABSTRACT OF ZENITH DISTANCES

Oarxct Onszavep

Keele
(Helio)

Byers
(Belio)

Hastings
(Hello)

OsJECT

Meters

1.92

3.61

1:24

‘TELESCOPE
Bramon
-t

Dirr.or
HEionts
t-o

ADOVE

Metera Mdes

9.57547.655

9.575+5.965,

9.57548.335

Repue-
TION 10
Linx

ZxNitu ZeNirm
DISTANCE Distancs

JOINING
Bramioxs

3 . v ” . .

~79.2 90 04 30.6
90 04 29.9
90 04 29.1
90 04 18.2
80 04 08.9

90 04 15.2

21.6 90 03 02.4

=79.5. 01 09.0
01 07.3
01 04.1

01 09.1

0 07.0

01 02.2

90 00 56.2

90 00 51.7
90 01 03.2 83 59 43.7

80
90
90
90
90
90

-61.3 90
90
90
90
90

06 37.9
06 34.5
06° 30,1
06 37.4
06 07.4
90 06 07.0
90 05 55.4
90 06 O1.1
90 06 18.8 99 05 17.5

Fia. 44.—Abstract of zenith distances for s{unple computation of elevations—Continued
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DEPARTMENT OF COMMERCE
U. 8. COAST AND GEODETIC SURVEY

Form 29
ABSTRACT OF ZENITH DISTANCES
Station ... Keele State ...Oklaboma ... . .
Observer E+0:H. - A.F.B. Instrument, .. . V+Cs 108
e wn omeomme S5 R M ED  copmae oz
-0 -t STaTioNs
1923 Metera Meters Meters . ’ ” . ‘ »”
5/22 2:06 Byers 3.61 2,126 -1.488 4+20.2 90 O} 33.8
2:09 (Helio) 90 01 36.4
2:112 90 01 33,0
34,4 90 O1 54.6
2116  Hastings 1.24 2.126 +0.885 -15.6 90 02 37,8
2120 (Helio) 90 02 30.0
2:28 90 02 37,0
2140 90 02 32.8
34.3 90 02 18.7
2:46  Cuve 9.37 2,125 -7.245 +74.9 90 06 04.9
(Hello) 90 05 52.8
90 05 54,9
90 05 57,5 90 07 12.4
3:02  Momument  1.91 2,125 40.215 -2,2 90 02 03.4
3:10  (Bello) 90 02 04.6
90 01 58.6
02.2 90 02 00.0
4: 07 Cupola of 2.125 90 00 32.8
Schoolhouse 90 00 26.4
Hastings 29.6

F1a. 44.—Abstract of zenith distances for sample computation of elevations—Continued

1
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Station ... Hastings.

Dare

1923
5/24

5/26

s/24

5/26

B/24

5/25

Hour

1:27
1:34
1:40

1:47
1:50
1:52

2:06
2:12
2:15

2:22
2:25
2:27

2357
3:04
3119
3:30

4:48
4:54
3:26
3:30

U. 8. COAST AND GEODETIC SURVEY

ABSTRACT OF ZENITH DISTANCES

State

OpJECT OBSERVED

Momument
(Hello)

Keele
(Hello)

Bailer
(Hello)

Byers
(Heldo)

Cube

Lee

(Helio)

Cupola
Schoolhouse
Hastings

OBmcr
AROVE
8ramioN
-0

Metere

.21

1.92

.22

3.61

9.37

1.09

Instrument..

Rrpuc.
TION 10
LiNe
JOINING

Dirr, o
HeioR?s
t—o

Meters ’

-0.466+4.5

1.445 -0.4758.4

1.445 +0.235 2.7

1.445 -2.1654€7.7

1.445 -7.925 +58.3

1.,44540.356 ~3.1

1.445

OBSERVED ZENITR

CORRECTED ZENMITH
DisTANCE DISTANCE

BraTioNs

. v ” . . "

50 02 32.3
80 02 41.5
90 02 32,1

35.3 90 02 39.8
03 26.1
03 26.8
03 27.8.

26,9 90 03 35.3
04 7.9
04 43.9
04 44,2

42,0

90
90
90

90
90
90
90 04 39.3

90
90
90
90
80
90
90
90
90

02 16.4
02 24.8
02 16.7
02 13.4
02 03.4
02 11.9
02 23.2
02 15.7
02 12.8
15.4
07 41.3
07 39.0
o7 47,6
42.6 90 08 40.9
04 60.1
04 53.6
04 56.2
o4 50,3
' 54.8
53 05.9
89 52 59.0
89 52 5L.3

89 52 53,5
89 52 57.4

90 02 43.1
90
90
90

90
90
90
90
90 04 Bl.?

89

F1a. 44.—Abstract of zenith distances for sample computation of elevations—Continued
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ABSTRACT OF ZENITH DISTANCES

153

Station ... BYersa.... State Texas

Observer ... AeFeBs = E.QuHe .

Dare

1923
5/30

5/31

6/4

5/31

6/4

Hour

1:23
1:31
1:37
1:43

1:53
2:00
2106
2:1)
2:13
3:15
1:35
1:40
1:45

2127

1:56
2:00
2104

2:43

2:56
3:03

2:33
2138
2:44

ORBrECY ‘TELESCOPE Drrr. o gg:v,%

ODIECT OBSIRVED . gha Ve avovE HEiGATY LINE
STATION Br.:r:on t—0 JOINING

-° SraTioNg

Meters Meters Meters .

Onstln)lun Zexrr

TSTANCE

. ” .

Cube 9.37 3.815 -5.555+74.1 90 06 58.6

(Helio)

90
90

07 05.7
06 54.8

£0_06 55,7

90

Baller 1.21  3.815 +2.608 -33.2 90

(Helio)

Thoraberry 3.01 3,815 +0.806 -9.0
(Hello)

Keele 1.92 3.815 41.895 -25.8
(Helio)

Hastings 1.24 3,815 42,576 -32.9
(Helto)

Lee €.12 3.818 =2,305 +21.0
(Top of stand)6.2 ~2,395 +21.8
(Hello) 6.2

90
90

90
90
20
90

90
90

90
90
90
90
90
90

90
980
90

90
90
90

90
90
90

06 58.6 90

05 42.5
06 33.4
05 25.3

05 38.1
05 30.4
05 39.4
08 44.4
05 47.8
05 45.6
33.2 90
04 33.0
04. 36.7
04 36.5
04 20.5
04 6.8
04 35.3
32,0 90
06 02.1
06 06.3
06 01.5
03.3 90
08 47.7
05 43.2
05 47,3
47.9 90
04 40.7 90
04 46.8 90
04 51.8 90
90

Instrument.... NeQe 209 .

CORRRCTED ZENITH
Distance

8 12.7

05 05.0

05 37.5

056 15.0

05 01.7
05 08.6
08 13.6
05 08.0

F1a. 4.—Abstract of zenith distances {or sample computation of elevations—Continued
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DEPARTMENT OF CONMERCE
U. 8. COAST AND GEODETIC SURVEY

Form g8

Station ... Baller

Observer

ABSTRACT OF ZENITH DISTANCES

State OK1IANOMA .- ceomeeeaeaareenoea

A.¥.3,

1923

6/2 2:20
2:3
2138

2:42
2:46
2150

2155
3:00
3:05

3:12
3:17
321

Onirct UBSERVED
Thornberry

{Hello)

Byers
(Helio)

Hastings
(Belio)

Lee
(Helio)

Osrecr
ARQVE
Bramon
-0

Meters

3.01

3.61

.24

1'09

Rrouo-

TELESCOFE  poy.or  fION 7O

e gem Lee

- Eramions
Meters My 4

1.415 -1.598 +25.7

1.415 -2,195 +28.0

1,415 40.175 =2.0

1.41540,325 -10.2

Instrumont.... VS, 108 . ...

OnszryEd TRNITR CORRECTED ZEWCTR
Disrance Disrance

90 01 16.8
90 01 18.1

90 01 19.3
18.1 90 Ol 43.9

90 02 24.6
90 02 29.2
90 02 25.2
26.3 90 02 54.3

90 05 01.5
90 04 59.7
80_04 55,1
90 04 58.8 90 04 56.8

89 53 56.1
89 58 51.8

89 58 48.9
52.3 89 58 42.1

FiG. 44.—Abstract of zenith distances for sasmple computation of elevations—Continued
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COMPUTATION AND ADJUSTMENT OF ELEVATIONS 155
ABSTRACT OF ZENITH DISTANCES

Observer .AcFsB.

Darte

1923
6/5

Hour Onszor OBSERVED

2:10 Byers
2:15 (Helio)
2:18

2125 Baller
2;29 (Hello)
2134

2143 ?gxgﬁ%%

OBIECT
ABDVE
STATION
-0

Meters

3.61

.21

9.23

218 (Top of stand)9.14

2:52
3:00
4:00

3:13  Willis

3:25  (Hello)
3:31

3:50  Thornberry

3152  (Hello)
3:56

4:10  Eastings

4:13 (Hello)
4:28
4:34

5:33  School House

9.14
9.14

9.14

1.77

3:01

1.24

5:40 top, Hastings

State ... [0): 0 -1, Tt T WU,
Instr t..... V0. 100
R
it BramioNs
Meters Afeters L . . ” . . ~
6.415 42.805 -25.6 90 06 15.5
90 06 21.3
90 06 20,7

6,415 +56.205 ~164.0 90

S0
90

6.415 -2.815 +45.7 89
-2.725 +44.2 89

6.415 +4.645

6,415 +3.405

6.415 45.175

6.415

-65.8

-49.3

-46.7

19.2 90 05 53.6

0? 53.2
07 55.2
07 59.4_
55.9 S0 0511.9

68 47.0 89 59 32.7
58 43.4 89 59 27.6
89 58 35.5 89 59 19.7
89 58 23.5 89 59 07.7
89 58 33.5 89 59 17.7
33.5 89 59 2.1
90 00 23.1
S0 00 8.2
90 00 29.4
26.9 89 59 2.1
90 04 2.5
90 04 21.1
90 04 27.6
29.4 90 03 40.1
90 07 25.4
90 07 33.3
90 07 23.2
90 07 35.3
<9.3 90 06 43.6
90 05 41.4
90 05 43.1

42.2

F16. 44.—Abstracl of zenith distances for sample computation of elevations—Continned
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U. 8. COAST AND GEODETIC SURVEY

ABSTRACT OF ZENITH DISTANCES

Station ... Thormberzy State Texas .
Observer ... A«¥.B. - B.0.H. Instrument..... V-Ce 109
Repnve
1923 - Mrters Maers Meters . : ° "
6/1 1:53  Byers 3.61 3.218 -0.395+4.4 90 04 34.4
1:56  (Helio) 90 04 35.5
2:02 90 04 31,0
3.6 90 04 38.0
2:07  Lee 1.09 3.215 +2.125 -30.8 90 04 47.4
2:11 (Hello) 90 04 44.7
2:19 90 04 48.3
46.3 90 04 16.0
2:29  Cashion 1.16 3.215 +2.055 -37.5 90 02 28.3
2134 (Hello) 90 02 4.8
2:37 90 02 26.6
2:48 90 02 35.3
3:23 90 0218.2
2.6 90 01 51,1
3:00  Gammill 9.23 3.215 -6.015+71.8 90 00 01.3
3:08 (Helio) S0 00 05.9
3:12 90 00 14.1
3:20 90 00 04.2
06.4 90 01 18.2
3:30  Willis 1.68 3.215 +1.535 -35.0 89 55 39.1
3:45 (Top of stand) 89 55 37.3
3:50 89 55 40.3

39.2 89 55 04.2

F1G. 44.—Abstract of zenith distances for sample computation of elevations—Continued



COMPUTATION AND ADJUSTMENT OF ELEVATIONS

DEPARTMENT OF COMMERCE
U. 8. COAST AND GEODETIC SURVEY

157

Form 29
ABSTRACT OF ZENITH DISTANCES
Station Willia State Qklahoma
Observer ... E+Q.H. = A.F.B. Tostrument........ VeCs 109
b omacws G HR MRS HE ommame gz
-0 -t BEATIONS
1923 Meters Muems e . L LA
6/6  1:55 Gammill 9.23 1.975 -7.255 4147.6 90 01 21.7
2:01 (Helio) 90 01 4.0
2:05 90 0L 22.3
22.7 90 03 50.3
2112 Lee 6.21 1.975 -4.235+60.0 80 06 48.1
2:19 (Helio) 80 06 40.4
3:09 S0 06 58.1
4.9 90 07 48.9
2:55 Cashion 1.16 1,975 +0.815 -20.8 90 08 22.0
258  (Hello) 90 08 2.8
3:02 90 08 22.8.
22,2 90 08 Ol4
6/7 8110  (Light) 1.26 1,975 +0.715 -18.3 30 07 56.7
8:20 90 07 50.9
8:26 90 07 46.9
9:15 90 07 45.9
50.1 90 07 318
29.6
8:40 Thornberry &.11 1.975 <1,135425.9 90 07 54.1
8:45 (Lizht) 90 08 01.0
8:52 90 08 16.7
9:00 90 08 13.5
9105 S0 08 13.6
9:08 90 08 08.8
90 08 08.0 90 08 33.9
2.6
90 09 03.5

F16. 44.—Abstract of zenith distances for sample computation of elevations-—('ontinued
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DEPARTMENT OF COMMERCE
U.S. COAST ANO GEODETIC SURVEY
Form 290

U. 8. COAST AND GEODETIC SURVEY

ABSTRACT OF ZENITH DISTANCES

Station .....Gexmill State. Qklahome.
Observer ... AeEsRe. = BeQolla Instrument... Vo8 209 ...
TE 2C01 Repyc-
Date 1fouR OBIECT OBIERVED ,:’Z;;‘;ﬁ T:{'i‘;,"ul: Bocan aas OBSERVED 7ENTI C"’“‘Bf::“’"cz‘“““
e
1923 Meters Aleters Meters . . 4 ” . 4 ”
6/18  4:49 Lee 6.12 9.435+3.215 -53.8 90 07 26.9
5:12 (Top of stend) g0 07 28.%
5:14 90 07 21.7
29.0 90 06 35.2
5:26 Willis d.66 9.43547.756 -157.8 90 03 36.3
5:30 (Top of stand) S0 03 36.2
5:31 90 03 33.8
35.4 90 00 57.6
‘Station:. Cashion State: Texas
Observer: A F: B.-.Eolut. Instrument:. V.. §. 109
11818 N
Omzcr  TELESCOPE yypr A
DatE Hour OBsECT O “i""’ K‘“’;":". n%{—;{rz :(:l;;?;gz Onsn’vﬁ_xz’.zcnlxrm Conl«)mczllm
MErezs Mrrms  Mzyers STATIONS
1923
6/11 1:07 Willis 1.77 1.3656 -~0.4064+10.3 89 56 21.3
1:10 (Hello) 89 56 14.0
1:14 89 56 16.0
17.1 89 56 27.4
1:25 Garmill 9.23 1,365 =7.865492.2 90 01 43.1
1:35  (Hello) 90 01 53.0
1:40 90 01 45.0
1:49 90 01 36.0
90 01 42.2
43.9 90 03 16.2
4:26 Thornberry 3.01 1.365 -1.645-+30.0 90 04 01.5
4:36  (Helio) 80 03 59.6
4:41 20 04 00.7

90 04 00.6 90 04 30.6

Fia. 44.—Abstract of zenith distances for sample computation of elevations—Continued
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COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIP-
ROCAL OBSERVATIONS

Form 29A is used in computing differences of elevation from
reciprocal observations. (See fig. 45.) The coefficient of refraction,
m, which is needed in computing the nonreciprocal observations is
also obtained on this form. The computations for all the reciprocal
lines are given in Figure 45.

OEPARTMIENT OF COMMERCE
U. $ COAST AND GEODETIC SURVEY
Form 99 A

COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIPROCAL OBSERVATIONS.

Station 1, occ. Monument Cube Momument Cube Keele
Station 2, obe. Keele Keele Hastlogs Hastings Hastings

© 4 w © t w s 0t e e 4 P
5, 90 08 23.5 90 03 02.4 ) 90 07 58.6 BO 05 17.5 |90 02 18,7
I 90 03 00.0/90 07 12.4 90 02 39,8 BO 0B 40,9 |90 03 38.3
s - 6 23.5| +410.0 - 518.8| +323.4| + 116.6
} (=t0) - 311.8] +205.0 - 22394 +14.7| + 0383
§ (64—t in secs. - 191.8] + 125.0 - 1594 | + 2017 | + 383
og ditto 2.28285,, | 2.09601 2.20249,, | 2.00732 [1.58320
P ] 4.68857 4.68557 4.68557 4.68557 |4.68557 |
logs 4.20550 4.29977 4.22395 4.44750 |4.06840 |
"log[rtan§ G~ty] | |127392,. | 1.08228 1.21200 , | 1.14039 (0.33717 |
Tog A + 2 + 2 + 2 + 2 + 2
log B o 0 0 0 [+]
log 0 0 0 0 "] |
| log (ha—y) 1.27394,, | 1.08227 1.21203,, | 1.14041 |[0.23719
bty -18.79 +12.08 -16.29 +13.82 | +2.17
M ] 329.90 298.80 329.90 298.80 | 210.99
A 311.11 310,88 313.61 312.62 | 313.18
210ge 8.6110 8.5995 8.6479 8.8950 | 8.1368
| 10g =92 108 s 0.3890 0.4005 0.352) 0.1050 | 0.8632
| of (hyhy) 2 2-51" , 2B , Lz L7200
« snd meoan ¢ 38.7 34.2118.5 34.0 1.6 34.2 2.2, 34.1139.1 34.1
£+ 5a-180° 10 23.5] 10 14.8 10 38.4/ 13 58.4] 05 54.0
FebFa=180° in . 623.5 614.8 638.4 838.4 35420
og ditto 2.79484 2.78873 2.80509 2.92345 | 2,54900
Yog » l 6.80394 6.80334 6.80496 6.80314 | 6.80394
colog s ’ 5.69450 5.70023 | 5.676056 5.35250 | 5.93160
[ L 4.28454 4.28454 .28454 4.23454 | 4.38454 |
Jog (0.5—m) 9.67782 9.67684 9.67064 9.66263 | 9.66508 |
1 (@.5~m) 0.4762 0.4752 0.4684 0.4609 | 0.4687
pof (0.5-m) 4.08 3.98 4.45 7.85 1,37
PO —— 310,99 313.19 [

Fi6. 45.—Computation of elevations and refractions from reciprocal observations
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DEPARTMENT OF COMMERCE
U. 5. COAST AND GEODETIC SURVEY
m 29 A

U. S. COAST AND GEODETIC SURVEY

COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIPROCAL OBSERVATIONS,

Btation 1, occ. Keele Cube Hastings Byers Hastings

| Station 2, oba. Byers Byers Byers Bailer Batler

: ° [ S S ® 4 ¥ s 4 m . r
t 90 01 54.6 89 59 43.7]90 02 43.1 90 05 05,0 90 04 39.2
t 80 05 37.5/90 08 12.7/90 06 15.0 90 02 54.3 90 04 56.8
L +3 42.9| +8 29.0] +2 2.9 -2 10.7 + 0 17.5
4 ¢6-t0 +1 51.4 +4 14.5| +1 16.0 -1 05.4 +0 08.8
$(2.—4,) in secs. + 111.4] + 254.5] + 76.0 -  6B.4 + 8.8
log ditto 2.04689 | 2.40569 | 1.88081 1.81568,,] 0.94448 |
o } 4.68557 | 4.68558 | 4.68557 4.68557 | 4.68567 |
| tog s 4.18110 | 4.18949 | 4.20738 4.20903 | 4.25792 |
' tog {s tan 3 (5,-£,)] 0.91356 | 1.28076 | 0.77376 0.71018_,| 9.88797
10 4 l +2 42 +2 +2 +2
log B o o] (¢} ‘0 0 |
log € J 0 0 0 0 0 |
log (hy—hy) 0.91358 | 1.28078 0.77378 0.71020,, | 9.88799 |
b=ty +8.,20 | +19.09 -+ 5,94 - 5.13 + 0,77

. } 310.99 298.80 313.19 318.73 313.19
b, 319.19 317.89 319.13 213.60 | 313.96
g 8.3622 8.3790 8.4148 8.4181 | 8.5168
' log p=0—21og s ! 0.6378 0.6210 0.5852 0.5819 | 0.4842
ot b * 4.34 4.18 3,85 3.82 | 3.08
o and mean ¢ 6875 3471 (3072 3470|2407 a4l k3’5  34.180.8 34.2
b Fem150° 7' 3201 | Ov's64] o7 s o' se.3 o9’ 361
it b2 180° i acc. 52,1 476.4 4781 47903 576.1
log ditto ] 2.65523 | 2.67797 2.67952 2.6806) | 2.76050

log o { 6.80438 | 6.80365 6.80348 6.80409 | 6.80511
colog # 5,81890 | 5.81051 5.79262 8.79097 | 5.74208

log 25" 3 38454 4.38454 | 4.28454 4.38454 4.38454 | 4.28454

log (0.6—m) 9.66355 | 9.67667 9.66017 9.66021 | 9.69223
©5=m) 0.4608 | 0.4750 0.4573 0,4573 | 0.4923 R,
pof (05-m) 2,30 2.39 2,60 2.62 3.28
F— 87 T Tstne

Fia, 45.—Computation of elevations and refractions from reciproeal observations—Clontinued
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DEPARTMENT OF COMMERCE

Us 5. COAST AND GEODETIC SURVEY
Form 99 A

COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIPROCAL OBSERVATIONS.

161

Station 1, occ. Byers Hastinzs | Bailer Byers Lee
Station 3, oba, Lee Lee Lee Thornberry Thornberry|
; o 1w e 1 M o t ° D S
& 90 05 08.0,90 04 51,7 | 89 58 42.1 90 04 23.0{90 03 40.1
t 90 05 53.6 /90 06 43.6 | 90 05 11.9 90 04 38.0/90 04 16.0
t—h +0 45,6/ +1 Bl.9( + 6 29.8 + 015.0) +0 35.9
$ (E~£0) +0 22.8| +0 56.0| + 3 14.9 + 007.5|/+ 0 18.0
3 (5. =) in soce. + 22,8} 4+ 56.0] 4+ 194.9 + 7.8 + 18.0
Tog ditto 1.35793 | 1,74819 | 2.28981 0.87506 | 1.28527 |
T ] 4.68557 | 4.68567 | 4.68567 4.68557 | 4.68567 |
log # 4.35434 | 4.36805 | 3.,81606 4.26766 | 4,183 |
oglstand-to) | | 0.39784 | 0.80181 | 0.79144 9.82829 | 0,09412
" og A } + 2 + 2 + 2 +2 + 2
log B l 0 0 0 0 o
log C 0 0 [*] 0 0 |
o (hy=hy) 0.39786 | 0.80183 | 0.79146 9.82831 | 0.05414 |
ho=hy + 2.50 | 4 6.34 + 6,19 +0.67 +1.24
M } 318.73 313.19 313.76 318.73 320,01
b 321,23 319.53 319.95 319.40 321.25
2log s 8.,7087 8.7361 7.632 8.5353 8.3066
Yog p=9-2 log ¢ 0.2913 0.2639 1.3679 0.4647 0.6934
pof (hy—hy) 1.96 1.84 23.23 2,92 4.94
(] L3 o ° o ° » ° (-4 -

o and moan ¢ 47.2 4.1 8B.2 24.2 56.5 34.2 86.2 4.1(7.5 34.1
fi = 180° 11 o1lg 1'z503 03’5400 09’0150 o7's6.1
foa=180° i sec. 661.4 695.3 234.0 541.0]  a761
Jog ditto ) 2.82060 | 2.84217 | 2.36922 2,73320 | 2.67770
log s l 6.80423 | 6.80516 | 6.80455 6.80515 | 6.80317
colog s I 5.64566 | 5.63195 | 6.18394 5.73234 | 5.84672
log 251" = 758454 4.38454 | 4.38454 | 4.38454 4.38454 | 4.38454
log (0.5~m) 9.65503 | 9.66382 | 9.74325 9.65628 |9.m213 |
©8-m) 0.4519+"] o.4611 | 0.5524 R 0,4521 | 0.515¢ R|
pol (0.5 -m) 5.11 5.45/ 0.43 3.43 2,08 !
BAUERARFNT ERIVTOAG OETIE v v T s llb;ﬁi‘w

. / 320,01 320.56

F1a. 45.—Computation of elevations and refractions from reciprocal observations—Continued
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U. 8. COAST AND GEODETIC SURVEY

ORFARTMENT OF COMMERCE
.3 COAST AND GEODETIC SURVEY

¥Form 39 A

COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIPROCAL OBSERVATIONS.

F16. 45.—Computation of elevations and refractions from reciprocal observations—Continued

i

Station 1, occ. Lee r'l'hornberry Lee Willis
|
i Station 2, oba. Willis : Mllts Gammill Gammil)
|
2 " . [ . " . 1
6 89 59 21,1 89 55 04.2 89 59 21.1{90 03 50.3
f, 90 07 48.9190 09 03.5 90 06 35.2 90 00 57.6
-t + 8 27.8{ +13 59.3 + 7141 -2 52.7
Gt + 4 13.9| + 6 59.6 +337.0 -1 26.4
3 €.-1) in secs. + 253.9 + 419.6 + 217.0 - 86.4
log ditto 2.40466 | 2.62284 2.33646 | 1.93651,,
T 4.68558 | 4.68559 4.68558 | 4.68567
logs 4.16315 | 3.95628 4.10401 | 4.00605 ‘\
lloglotand (=) | © 1.25339 | 1.26470 1.12605 | 0.62813 |

loga l + z + 2 + 2 + 2

| log B 0 0 o o
log C l ! [¢] 0 4] [+]

! log (he—h) | 1.25341 | 126472 | 1.12607 | 0.6%815,,
hy—hy +17.92 | +18.40 +13.37 | - 4.25
I } 320.01 320.56 320,01 338.67
h 337.33 338.96 333.38 334.42
2logs 8.3263 7.9126 8.2080 8.0121

! log p=9—2 log s 0.6737 1.0874 0.7920 0.9879
pof (hy=hy) 4,72 12.23 6,19 9.73

U & o [ . o . 3
«snd raean 4.1 34.10s6.2 34.1 87.1 34.2(14.7 34.1
FebEy150° o710l 0a’ o7y 05'56.3| 04’4779
f14£0—180° in e 430.0 24707 35643 287.9
log ditto ] 2.63247 | 2.39393 2,55182 2.45924
log » ( 6.80411 | 6.80483 6.80515 6.30326
cologs 5.83685 | 6.04372 5.89599 5.99395
tog %5 T.38454 4.38454 | 4.38454 | 4.38454 4.38454
Yog (0.5—m) 9,65897 9.62702 [ 9.63750 9.64099

| ©.5=m) 0.4560 0.4237 0.4340 0.4375

pof (05—m) 2,12 0.82 1.6 1,03
s
338.67 334.02

i
i



COMPUTATION AND ADJUSTMENT OF ELEVATIONS 163

JEPARTMENT OF COMMERCE
U. 5. COAST AND GEODETIC SURVEY

COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIPROCAL OBSERVATIONS.

;

Station 1, oce. Thernberry] Willis !I

i Station 2, oba. Cashion l Cashion '{
o i+ M o + K |

f 90 01 51.1 90 08 01.4 \

f 90 04 30.6 |89 56 27.4 i

tmty + 2 39.5 |~ 11 34,0 |

-t {+1 19.83 |- 5 47.0

4 (f2=1,) in sece. 4 79.8 347.0

tog ditto 1.90200 2.54033 )

T 4.68557 4.68558 '

log 2 4.05336 3.9078 1

! \og 1o tan 3 (7251 0.54092 | 1.13319,, !

ilogA + 2 + 2 1

log B 0 [¢] |

log C 0 0 |

log (hy~Hy) 0.64094 1,13321 ,, i

by + 4.37 - 13.59

,., ] 320,56 338.67

A 324,93 | 225.08

2logs 8.1067 ?7.8146

log p=0—2log s 0.8933 1.1854

pof (h—hy} 7.82 15.32

wand mesn ¢ g7 3420 (1602 34.1

fbr=180° 06'21.%7 | 04’ 8.8

£14 3~ 180° iz sec. 381 ,'7 268.8

log ditto ] 2.58172 | 2.42943

Tog p 6.80489 6.80329

colog + 5.94665 6.093723

log 221 ~ 7 38434 4.38454 | 4.38454

log (0.5—m) 9.71780 | 9,709%8

(0.5-m) 0.5222 R| 0.5128 R

pof (0.5—m)

#01EENNENT PREFING SFFIOR 113040

325,03

F16. 45.—Computation of elevations and refractions from reciprocal observations—Continued
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EXPLANATION OF COMPUTATION

The mean corrected zenith distances, {; and {; are taken from
Form 29. (Sce fig. 44.) Log s, the logarithm of the length of the
given line, @, the azimuth of the line, and “mean ¢’’ the mean latitude
of the two stations concerned, are obtained from the list of geo-
graphic positions. If the list of positions has not been made out, log s
can be obtained directly from the triangle computations and « and
“mean ¢’’ from the position computations.

The following rules should be observed: Carry all angles to tenths
of seconds only, and all logarithms to five decimal places only except
“2logs” and ““9—2 logs”’ which should be carried to four decimal places
only. If the zenith distance is to some indefinite object, such as a
mountain peak for which there was no well-defined point on which to
sight, the angles should be carried only to even seconds. The
quantity h,—#; should be carried to centimeters only. Log (0.5—m)
should be computed to five decimal places and (0.5—m) to four
decimal places. The weights should be carried to two decimal places.

To convert 14 ({,—¢;) from minutes and seconds, to seconds, use the
tables at the bottom of pages 2-185 of the Vega Logarithmic Tables.
The logarithm of the value in seconds and the corresponding value of
T are found on the same page as the conversion, in each case, and
should be taken out at the same time. Log [s tan 14 ({;— )] is the
sum of the three logarithms next above it. Log 4,log B, and log C are
obtained from the tables on page 232, which are self-explanatory.
The sum of these three logarithms and log [s tan ¥4 (f,—{1)] gives
log (h;—hy). The elevation &, in each case is obtained from preceding
computations.

The relative weights to be assigned to the various values of h,— R4
in the least squares adjustment are inversely proportional to s?, and
for convenience are computed by the formula log p=9—2 log s, as
shown on the computation directly below h,.. By this formula a
line 31.6 kilometers long is given unit weight,

After the value of &, and its weight, p, have been determined, the
coefficient of refraction is computed by the formula,

0.5—m= & + $o— 1833),9 sin IZ
8
in which m, the coefficient of refraction, is the ratio of the mean angle at
the two stations, between the tangent to the line of sight and the chord
joining the two stations, to the angle between the lines of gravity at
the two stations. The azimuth « of the line and the mean latitude,
¢, of the two stations are taken out to the nearest tenth of a degree
only. The radius of curvature, p, is taken from the tables on pages
220-222 with « and “mean ¢’’ as arguments. The relative weight,
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P, to be assigned to cach determination of (0.5—m) is proportional
to s*. The logarithm of s? (or 2 log s) has already been taken out
for use in computing the relative weights of (h;—#h,). As the numbers
corresponding to (2 log s) would usually be large quantities, it. is
customary to divide them by a power of 10. For example, in the
computations shown above they are all divided by 10%. The value
of (0.5—m) is only for use in computing elevations from nonreciprocal
observations and need not be computed unless such observations are
made. All values of (0.5—m) which are greater than 0.5 or which are
nearly 0.5 should be rejected.

After the elevation of a given station has been determined from
two or more stations, the weighted mean should be taken before it
is used in determining the elevation of some other station. For
example, the elevation of Keele (fig. 45) as determined from Monu-
ment is 311.11 meters with a weight of 2.45, and as determined from
Cube is 310.88 with a weight of 2.51. The elevation to be used for
Keele is found as follows:

2.45X311.11=762.2195
2.51 X 310.88 =780.3088

496  1542.5283
~ «
1"?%& =310.99 meters.

This elevation is placed at the bottom of the computation for Keele.
The elevations of the other stations are obtained in a similar manner.

After the elevations of the various stations connected by reciprocal
observations have been determined and the value of (0.5 —m) obtained
at each, the differences of elevation for the nonreciprocal observations
are computed.

COMPUTATION OF ELEVATIONS FROM NONRECIPROCAL OBSER-
VATIONS

The formula for computing elevations from nonreciprocal observa-
tions is given on page 148. This formula may be rewritten in the

form
ha—hy=s cot ((;—k) ABC=¢ tan (90°—¢§,+k) ABC

where k= f_(;: hiqt’)’ 5.
distance of the object sighted, no vertical eccentric reduction being
made in the casc of nonreciprocal observations. The other quan-
tities in the formula have already been defined.

The quantity, {, is the mean observed zenith



166 U. S. COAST AND GEODETIC SURVEY

Form 29B is used for computing differences of elevation from
nonreciprocal observations. (See fig. 46.) The quantities {; and
(t—o0) are obtained from Form 29. (See fig. 44.) The quantities
log s, « and mean ¢ are all obtained from the list of geographic
positions, or from the triangle and position computations. Colog p
is determined by subtracting the value of log p as taken from the
tables on pages 220-222 from 10. Log 4,log B, and log C are obtained
from the tables on page 232. The value of (0.5—m) is obtained
from the computation of the reciprocal observations involving the
same station. For example, for the observations on station Keele
from station Benton the (0.5—m) used should be a weighted mean
of the (0.5—m)’s as determined in the computations of the reciprocal
observations involving Benton. Tt happens in this case that the
elevation of Benton was fixed to start with and as there were no re-
ciprocal observations from this station there are no computations
of (0.5—m). The log value, 9.63246—10, given on page 63 of
Special Publication No. 26, was therefore issued.

In the computation of the nonreciprocal observations on Thorn-
berry from Bailer, the log (0.5 —m) is obtained as follows: In Figure
45 it is seen that (0.5 —m) was determined three times in the computa-
tion of the reciprocal observations involving station Bailer. In the
Hastings-Bailer computation the value determined is 0.4923, and in
the Bailer-Lee computation it is 0.5524.  As the value is very close to
0.5 in one of these computations, and in the other it is greater than
0.5, these values are rejected. In the Byers-Bailer computation the
value is 0.4573 and this is the one used, the logarithm being 9.66021.

In the computation of station Gammill {rom Thornberry, the value
of (0.5—m) is obtained as follows: The value of (0.5—m) for station
Thornberry is determined four times in the computation of the recip-
rocal observations in Figure 45. TFor the Lee-Thornberry line the
value of (0.5—m) is 0.5154 and for the Thornberry-Cashion line
it is 0.5222. Both of these values are rejected since they are greater
than 0.5. For the Byers-Thornberry line (0.5—m) is 0.4521 with a
weight of 3.43, and for the Thornberry-Willis line it is 0.4237 with a
weight of 0.82. The weighted mean value is then

(0.4521 X 3.43) + (0.4237 X 0.82)
3.430.82

=0.4466.

The log of this value, 9.64992— 10, is used in the computation of the
elevation of Gammill from Thornberry.
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Station 1, oce. Benton Bailer Thornberry
Station 2, obs. Keele Thoruberry | Gemmill
Object mighted Helio Relio Hello ;
° " . ' " o P}
f 90 01 58.4{90 01 18.1 (40 00 06.4
o and mean ¢ 88.1 34.1{34.9 34.1(38.9 34.1
log (0.6~-m) 9.63248 9.66021 9.64992
log s 4,18146 4.10702 4.23756
colog p 3.19485 3.19620 3.19606
colog sin 17/ 5.31443 5.831448 5.314483 5.31443 5.31443 5.31443
log (k in secs.) 2.32320 2.27736 2.39797
Fin socs, 20.5 189.6 250.0
@e-fthines | 4+921 (41118 | +243.8
log ditto 1.96426 2.04727 2.38668
T 4.68557 4.68557 4.68558
log s 4.18146 4,10702 4.23756
log [+ tan (00° -1 +8)}| | 0,33129 0.83986 1.30982
log 4 + 2 +2 +2
Jog B [+ 0 0
log C 0 0 4}
log (Bs—hi) 0.83131 0.83988 1.30984
| hy—hy + 6,78 + 6.92 +20.41
L -0.54 -1.60 -6.02
Corrected (hp = By )} +6.24 + 5,32 +14,39
log p=9--21log s 0.6371 0,7860 0.5249
» 4.34 6.11 3.38
Feighted mean eleration ofsla, obe.
At—iMs

F16. 46.—~Computation of elevations from nonreciprocal observations

LEAST-SQUARES ADJUSTMENT OF DIFFERENCES OF ELEVATIONS

After all differences of elevations have been computed, both from
the reciprocal and the nonreciprocal observations, and their weights
determined, the next step is the adjustment of these differences of

elevation by the method of least squares.

An example of such an

adjustment, from the formation of the equations to the determination
of the final elevations, is given in detail on the following pages for the
differences of elevation represented in Figure 43.



168 U. S. COAST AND GEODETIC SURVEY

The adjustment of vertical observations is made by means of
observation equations. Elevations in even meters approximating the
final values are first assumed for the different stations. To these
assumed values are added «’s to be determined by the adjustment.
Then observation equations are formed by comparing the differences
of the assumed elevations with the differences determined by
computation.

In the first one of the following tables are given the stations already
fixed in elevation and their elevations. In the second table are given
the names of the stations whose elevations are to be fixed by the
adjustment and in the second column of this table their assumed ele-
vations and correction symbols. The last two columns of this table
are filled in after the adjustment is completed.

If any of the stations of the scheme have been determined in ele-
vation directly from first-order leveling their elevations should be
held fixed in the adjustment. The mathematician making the adjust-
ment should be very careful at the start to ascertain whether there are
any direct connections with first-order leveling.

Fized elevations

Elevation

Station e e
Meters Feet
329. 90 1,082.3
301. 40 088. 8
208. 80 980.3
333.35 093, '{

1,003,
324. 65 1, 065.

Assumed and adjusted elevations

Elevation
Station Adjusted
Assumed,
plus cor- |— -~

rection Meters Feet

Metrers
Keele. .____.._._ 31141 310. 41 1,018.4
Hastings 313413 312. 81 1,028.3
Byers. 319413 318.47 1,044. 8
Bailer. 314424 313. 60 1,028.9
Tee .. 320425 319.75 1,049.0
Thornberry _.. .. 3214z 319. 90 1,049. 5
Willis...___...__ 339427 338.05 1,109.1

1 This column is filled in after the adjustment is completed.
FORMATION OF OBSERVATION EQUATIONS
There are just as many observation equations as there are computed

differences of elevation. They are tabulated in the form shown
below.



Formation of observation equations

CWIDN  R WRD—

; Assumed | Observed | Adjusted !
. . : difference | difference | Assumed difference | Adjusted
Station 1 t Station 2 Weight | of of minus Symbol of minus DY r2
D : elevation | elevation | observed elevation | observed
1 i oha—My ha—hy ha—hy r
{ : '
2.45 | —18.90 —18.79 —0.11 +n —19.49 —0.70 —1.72 0. 4900
1.45 -+9. 60 --6. 24 +3. 38 41 -+9.01 +2.77 +4.02 7.6729
2. 51 +12.2 +12.08 +.12 +11 +11.61 —. 47 —1.18 L2209
2.25 -16.90 —16.29 —.61 412 —17.09 - —1.80 . 6400
7.30 +2.00 +2.17 —.17 | =11tz +2.40 +.23 +1.68 0529
1.27 +14.20 +13.82 +-.38 +13 +14. 01 +.19 +.24 . 0361
3.85 +6. 00 +5.94 +.06 | —z:413 +5. 66 - 28 —1.08 . 0784
4.34 -+8. 00 +8. 20 —.20 | —T1t13 +8. 06 —-. 14 —. 61 . 0196
4.18 +20. 20 -+19. 09 +1.11 +13 -+19. 67 +.58 +2.42 .
3.05 +1.00 +.77 +.23 | =23ty +.7% +.02 +.06 . 0004
3.82 —5.00 ~5.13 +.13 | —z3+14 —4.87 +.26 +.99 . 0676
1.84 +7.00 +6.34 +.66 | —zat1s -+6. 94 -+. 60 +1.10 . 3600
23.33 +6. 00 +6. 19 —.19 | ~z441s +6.15 —.04 ~—. 03 . 0016
1.96 +1.00 +2. 50 —1.50 | —z3trs +1.28 ~1.22 —2.39 1. 4884
4.94 +-1.00 +1.24 —.24 | —z5t1s -+.15 -1.09 —5.38 1.1881
16 | Bailer!.____.__________.___ Thornberry. ... ______. 2.04 +7.00 -+5.32 +1.68 | —z+zs +6.30 .98 +2.00 - 9604
17 | Byers......._._..._... Thornberry._.._._..__.___ 2.92 +2.00 +.67 +1.33 | —13-t18 +1.43 +.76 +2.22 . 5776
Lee i 4.72 -+19.00 +17.92 +1.08 | —x5+17 +18.30 -+.38 +1.79 . 1444
12.23 +18.00 +18. 40 —.40 | —Zed-17 +18.15 —.25 —3.06 . 0625
6.19 +13.35 +13.37 —-.02 ~I5 +13.60 +.23 +1.42 . 0529
1.12 +12.35 +14.39 —2.04 —Is +13. 45 —.94 —1.05 . 8836
9.73 —5.65 —4.25 —1.40 —z7 —4.70 —.45 —4.38 . 2025
15.32 —14.35 —13. 59 —.76 - —13.40 +.19 +2.91 . 0361
7.82 -+3.65 +4.37 - 72 ~Is +4.75 +.38 2.97 . 1444
Z pr?

1 Computed from nonreciprocal observations. Weight used here is one-third of that determined by the computation on p. 167.

SNOIILVAHUTHE 40 INTWISALAV ANV NOILVIAANOO

691
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The data in the second, third, fourth, and sixth columns are
obtained directly from the computations of the differences of eleva-
tions in Figures 45 and 46, except that where the difference of ele-
vation, h;—h;, is determined from nonreciprocal observations the
weight, p, used in the adjustment is one-third of the weight determined
in the computations. The quantities in the fifth column are obtained
from the data given in the tables of fixed and assumed elevations on
page 168.

The observation equations are formed in the following manner:
First, take the equation for the difference of elevation of Monument
and Keele.

(1) Monument, fixed elevation =329. 90
(2) Keele, assumed elevation + correction =311  +x;
hs—hy (assuﬁled) = — 18, 90 +x,
—h; (observed) =—18. 79+
assumed — observed =—0, 1142, ~2,~0
ry=—0.11+ux (1)

For the difference of elevation of Benton and Keele, we have

(1) Benton, fixed elevation =301. 40
(2) Keele, assumed elevation + correction =311  +x,
he—hy (assumed) = +0,. 60+,
—h, (observed) =+6.24+n,
assumed — observed =+4+3.36+x,—0v,=0
=+4+3.36+ux, (2)

The other 22 observation equations are formed in a similar manner.
The constant terms of the equations (—0.11 in equation 1, +3.36 in
equation 2, etc.) are placed in the column “ Assumed minus observed”
and the symbols for the unknown corrections (+; in equation 1,
+x, in equation 2, etc.) are placed in the column “Symbol.”

After the first eight columns of the preceding table of observation
equations are filled in, the table below in which the observation
equations are written in horizontal lines with the ’s in their respective
columns is made out for convenience in forming the normals. In
the second column of this table are given the weights, p, and in the
third column the constant terms, N, of the observation equatlons
In the last column the products, pN are given.
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Data for formation of normal equations

P N 1 2 3 4 5 6 7 nN
1 2,45 —0. 2695
2 1,45 +-4. 8720
3 2.51 +4.3012
4 2.25 —1.3725
b 7.30 —~1. 2410
6 1.27 +. 4826 |
7 3.85 +. 2310 44
8 4.34 —, 8630
9 4.13 +4. 6398
10 3.05 +.7015
11 3.82 +. 4966
12 1.84 +1. 2144
13| 43.33 —4,4327
14 1.96 —2. 9400
16 4.94 —1. 1856
16 2.04 +3. 4272
17 2.92 +3. 8836
18 4,72 +5. 0976
191 12.23 —4. 8920
20 6,19 -, 1238
21 1.12 —2,2848
22 9.73 | —13. 6220
28 15. 32 —~11. 6432
24 7.82 —b. 6304

FORMATION OF NORMAL EQUATIONS

The normals are formed in the same manner as for condition
equations (see p. 11), except that the pN values are multiplied by
the coefficients in each numbered column in turn and the sums taken
for the constant terms in the normals. For example, the constant
term of the first normal equationis (+1X —0.2695) + (+1 X +4.8720)
4+ (+1X +0.3012)+ (—1%X —1.2410) + (—1 X —0.8680) = — 0.2695 +
4.8720+0.3012+1.2410+0.8680 = -+ 7.0127.

The constant terms of the other normal equations are obtained in
a similar manner. The complete set of normal equations is given
below.

Normal equations

1 2 3 4 5 6 7 L] z
+18.05 -7.30 —4,34 +7.0127 +13. 4227
+-19. 56 —3. 85 -4, 2778 -, 7578
+21.07 +2. 5628 +6. 7426

+2. 2038 +2. 20368
—9. 465 —3. 7565
418, 9324 +27. 8724
+42.00 | +26.4708 +50. 5208

AN -

58853°—28——12

AW
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SOLUTION OF NORMAL EQUATIONS

These normal equations are solved in the same manner as the
normal equations for the adjustment of horizontal directions. (See
p. 38.) The complete forward and back solutions are given below.

Solution of normal equations

1 2 3 5 6 7 4 n =
418,05 | ~7.30 s 7%~ S SO PR (R I +7.0127 |+13.4227
T | +.40443 | 4+ 24044 o — 38851 | —. 74364
+19.56 —3.85 _ —4.2778 | —.7578
1| —~2.9523 | —1.7552 |....._..._. - +2.8361 | +5. 4286
+16.6077 | —5.6052 | —1.84 —~3.05 —1.4417 | 44.6708
z3 | 433751 -+ 11079 +.18365 | +.08681 | —. 28124
Feoro7 —1.96 , | a8z 12.5626 | +6, 7426.
1| =roass | I ! AR +1.6%61 | 432274
2 | —1.8918 | 6210 Z1.0204 —.4866 | +1.5764
+18.1347 | —2.5810 2 | | —4.8404 | 43.7621 |+11.5464
zs | 414232 o102 | LT 4. 26741 | —. 20745 | —. 63670
4298 3,04 —1.72 —23.33 —0.0465 | —3. 7565
2 | =203 ... ... —.3379 —. 1697 | +.5175
3 | —.3673 | = aise |l 110 —. 6002 +.5354 | +1.6433
+42.4088 | —5.3556 | —4.72 —24.3581 | —0.5708 | —1.5957
zs +.12629 | . 11130 +. 57436 +. 22668 | . 03763
+31.07  |—12.23 —2.04 T18.932¢ |+27.8724
3| —4r02 (... —. 7808 +.6057 | +1.8502
5 1 —g764 | T7B061 | —3.0760 | —1.2086 | —. 2015
+29.9234 |—12.8261 | —5.8068 | +-18.3205 |+29.53010
ze | +.42463 4. 19706 —. 61255 —. ORO8I6
Fazoo ... 25, 4708 |4-50. 5208
5+ —.5253 —2.7110 -1. 0652 —. 1776
6 | —5.4976 | —2.5276 | +7.8566 |+12.6576
4350771 | —5.2385 | 432.2622 |-+63.0008
27 +.14561 | —. 89674 | — 175113
43224 42,2036 | +2. 2036
2 —. 5601 —. 2648 | -+.8578
3 | —1.2068 | -1.0060 | 43.0876
5 | —13.0003 | —54971 | —. 9165
6 | —L1620 | +3.6120 | +5 8183
7 —.7628 | +4.6976 | 49,1733
+14.4680 | +5.7573 420 22513
PX —. 30793 | —1, 30793
Back solution
4 7 6 5 3 2 1
—0.30793 | —0.89674 | —0.61265 | +0.22868 | —0.20745 | +0.08081 | —0.38851
—. 05794 —. 07842 —. 22858 —. 10641 —. 07308 —. 12656
—. 39703 —. 40920 —. 10626 —. 17715 —. 02748 —. 07740
—.40 —. 95468 —. 13894 —. 03531 —. 17764
P —.95 —1. 10047 —. 59246
E —1.10 —. 24808 —. 52632 —. 10139 —. 59
Tg - 25 —. 53 —. 19 I)
xs I3 r

The values of the «’s obtained from the back solution are the quan-
tities to be added to the assumed elevations to give the adjusted
elevations which are placed in the third column of the table on page
168. These elevations which are in meters are then converted to
feet for the last column to the right of the same table.

After the final elevations of the various stations have been deter-
mined, the remainder of the columns in the table on page 169 are
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filled out; that is, all the columns to the right of the one headed
“Symbol.” The column headed ““Adjusted difference of elevation
hy—h,” is filled out from the data in the tables on page 168. Each »
in the next column is simply the adjusted (h;—h,) minus the ob-
served (h,—h,) and is obtained by subtracting the quantity in column
6 from the corresponding quantity in column 9.

The column headed pv is obtained by multiplying column 10 by
column 4, and the column headed p#? is obtained by multiplying
column 12 by column 4.

As a check on the computation the sum of all the pv’s for any sta-
tion in columns 2 and 3 should equal zero, except for a possible dis-
crepancy of a few hundredths due to dropping decimal places in
adopting values for the x’s. In computing this check the sign of
the # must be taken into account. For example, for station Keele,
correction symbol z,, we have

ZSpr=(+1X—1.72) + (+1X +4.02) + (+1X —1.18)+ (—1 X + 1.68)
+(-1X—0.61)=—-1.72+4.02—1.18—-1.68+0.61 = +0.05.

For station Hastings, correction symbol x,, we have,

Zpo=(+1X —1.80)+ (+1X + 1.68)+ (+1X +0.24)+ (—1 X — 1.08)
+(=1X40.06)+(—~1X +1.10)=—1.80+1.68+0.24+1.08—0.06
—1.10= +0.04.

All the remaining x’s can be checked in a similar manner.
COMPUTATION OF PROBABLE ERROR

The probable error of an observation of unit weight derived from
the adjustment is determined from the formula:

_ 2po*
Probable error= :|:0.6745\/ N.—N,

in which N, is the number of observed zenith distances, N, is the
number of unknowns, and 2 indicates as usual “the sum of.”

Z p?=36.3529 (See p. .169)
N,— N,=24—7=17 (See Fig. 43.)

log 36.3529 = 1.56054
colog 17 =8.76955— 10

Zpv*
og W, =(.33009
zZpvt
log N, 0.16504

log 0.6745=9.82898 — 10

log probable error=9.99402— 10

Probable error (observation of unit weight)= +0. 99 m.
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This means that the reciprocal observations over a line 31.6 kilo-
meters (1924 miles) long, this being the length of line corresponding
to unit weight, determined the difference of elevation of two points
with such a degree of accuracy that it is an even chance whether the
error is greater or less than 0.99 meter.

It is the general practice in the United States Coast and Geodetic
Survey to compute the probable error of the elevation for that station
of the net which is the farthest away from a fixed elevation and whose
elevation, therefore, is least accurately determined. The probable
error of this elevation can be very readily determined if the equation
involving it is eliminated last in the solution of the normals. For
example, in the net here considered the elevation of station Bailer
is assumed to be least accurately determined. The correction to the
elevation of Bailer is designated by «, in the adjustment, so the equa-
tion containing &, is eliminated last. (See p. 172.)

The formula used in computing the probable error of the elevation
of any particular station is

(]7. e-)s= i\/j(—i;(,—g)';’

in which (p. e.), is the desired probable error of the elevation, (p. e.),
is the probable error for an observation of unit weight and O, is the
weight coeflicient of the elevation for the station in question.

The weight coeflicient for any x is the corresponding diagonal term
before division in the solution of the normal equations. For x,, the
correction symbol for station Bailer, it is +14.468. (See p. 172.)
The probable error of the elevation of Bailer is therefore

(©.99)?
14468

log 0.99=9.99402~10 (See p. 173.)
log (0.99)%2=9.98804 — 10
log 14.468 =1.16041

+

(0.99)* B
(0.99)*_ _
log/ 5765 = 941382~ 10

Probable error of elevation of Bailer = + 0.26 meter.
COMPUTATION OF ELEVATIONS OF INTERSECTION STATIONS

Figure 43 shows that Hastings High School was not occupied, but
was sighted upon from four stations, Monument, Keele, Hastings, and
Lee. After the final elevations of these main scheme stations have
been determined, the elevation of Hastings High School may be com-
puted from the non-reciprocal observations on it from the four stations.
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(See fig. 47.) The values of (0.5—m) used in this computation are
obtained in the manner explained on page 166. For the final elevation
of Hastings High School a weighted mean of the elevations deter-
mined from the four stations is taken.

DEPARTMENT OF COMMERCE
. 8. COAST AND GEODETIC BURVEY
Form

COMPUTATION OF ELEVATIONS FROM NONRECIPROCAL OBSERVATIONS.

Station 1, occ. Momment Keele Hastings Lee
Station 2, obs. Cupola H.S.| Cupola H.S}Cunocla H.3{ Cupola H.S.
Hastings Hastings Hastings | Hastings
Object aighted Top Top Top Top
6t o« 6 1 W e IV 0 1 u
[ ’ 90 04 53.8 PO 00 29.6 {89 B3 57.4 90 05 42.2
aand mesa ¢ 86.8 34.2 19.5 34.2 [20.8 34.2(78.9 34.2

Tog (0.5-mJ}] , 4 9.67403 9.67367 | 9.66502 | 9.65706

log ¢ g) 4.26195 | 4.19443 | 3.78252 | 4.41427
colosa)L 28 3.19485 | 3.19663 | 3.19660 | 3.19491
*
n 1

mﬂ_ _ 5.31443 5.814438 5.31448 5.314483 5.81443 5.31448
log (¢ in .gmq 0/3% 2.43528 | 2.37016 | 1.95887 | 2.58067
bin secs 272.4 2394 90’9 330.8
(900 —5u+4) in seen. -2 | +208'8 | L3t | +zete
Tog ditto 1.33041,.| 2.32081 | 2,71054 | 1.58659
T 4.68557 | 4.68558 | 4.68558 | 4.68567

g ] 4.25195 | 4.19443 | 3.78252 | 4.41427
log (s un 00°~5+b]) | 0.26798_ ) 1.20182 | 1.17864 | 0.53643
log A 2 2 2 2
log B 0 0 0 0

j. Yog C 0 0 o 0

;‘ Tog (hy—hy) 0.26795 | 1.20184 | 1.17866 | 0.68645

1 h=hy -1.88 +15.92 | +15.09 +4.86

e l 329390 310,41 312.81 319.75

Yia +2,12 + 2,12 +1.44 | _+ 6.42
Corrected elevation 330,17 328.45 | 329.3¢ | 331.03
log p=0-2Tog s 0.4961 0.6111 1.4350 0.1718
» 3.13 4.08 7.3 1.48

Waightad mean elorstion ofala, oba. 329,38

Y s

F16. 47.—Computation of elevation of intersection station

As the final step in the computation of elevations from zenith dis-
tances, a table is prepared giving the elevations of the stations, both
in meters and feet. The elevations in feet should be given to one
less place of decimals than the elevations in meters. The table should
be placed at the end of the computation where it may be readily found.



176

U. 8. COAST AND GEODETIC SURVEY

Table of elevations

Elevation
Station e

Meters Feet
Monument 329, 90 1,082.3
Benton. .. 301. 40 988. 8
Cube.___. 298, 80 080, 4
Gammill. 333.35 1,093.7
Cashion_. ... ... 324. 65 1,065. 1
310. 41 1,018. 4
Hastings_ 312. 81 1,026.3
Byers._. 318. 47 1,044.8
Bailer. _ 313. 60 1,028.9
100 - oo eeln 319.75 1,049.0
Thornberry 319. 90 1,049. 5
1131 SR, 338.05 1,109. 1

Hastings High School cupola___.__.._ 329. 4 1,081




CHAPTER 6.—SPECIAL PROBLI.:'.MS CONNECTED WITH THE
COMPUTATION OF TRIANGULATION

LIST OF DIRECTIONS WITH SOME DIRECTIONS PREVIOUSLY FIXED

It frequently happens that in making out a list of directions for
a particular station, some of the directions from the station have
already been fixed from previous adjustments. Care must be taken
to correct these directions before they are used with the other
directions in another adjustment, since the new adjustment will
not be consistent with the old one if the observed directions are used.
Below is an example of the method used in applying corrections to
the observed values of these adjusted directions to make them
consistent. At station ‘“Monument’” the angle from Grande to
Corpus as fixed from a previous adjustment is 55° 32’ 21”88 and the
angle from Corpus to Garcia is 99° 25’ 16720. The observed values
of the three directions involved are given in column 2 of Figure 48.

Computation of mean correction, station Monument

1 2 3 4 5
Pretimi-
: Final
Observed nary Diflerence N
Station direction corrected (3-2) (cl‘l’m{c,“d
direction rection
o ’ ” ” ’” ”
Grande.._..._. 25 00 27.23 27,23 0.00 26. 47
Corpus......... 80 32 48.42 49.11 +. 69 48,35
Garcia. . __...._ 179 58 03.72 05. 31 +1. 59 04. 55 l

Using Grande as an initial and adding successively the two fixed
angles given above we obtain the values given in column 3. The
differences between these values and the observed seconds are placed

4
F28_ ey
This mean is then applied with opposite sign to each of the values in
column 3 to obtain the final values in column 5, which are the values
to be placed in the final seconds column of the list of directions at
Monument. (See fig. 48.) As a check on the computation the
direction to Grande should be subtracted from the direction to
Corpus and the direction to Corpus from the direction to Garcia,

177

in column 4. The mean of the three differences is
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using the values in the final seconds column. The angles thus
obtained should be identical with the fixed values given above.

, BEPARTMENT OF CouMERCE Thej rule to be follqwed
Fomm 244 States eeeecenee then in making the diree-
e Momament Computed by ..AeGaBa... tions already fixed consist-

.H. 1917  WaFaBao_. fﬁnt with the new directions
Oerer G0 Ghockedbx - is as follows: Take the ob-

Brations OpsxavaD e pan simat  gserved direction at one of
o s u v the fixed stations as an ini-

tial and add the fixed angles

Ringold 0 00 00.00 - in order to obtain a set of
Grande 28 00 27.23 26.47 preliminary corrected direc-
Hebron 31 47 59.55 tions for the fixed stations.
Corpus 80 22 48.42 48.35 JTake an algebraic mean of
Pancho 118 19 55.00 the diffel_"ences obtained by
sarcla 179 58 08.72 04,55 subtracting the observed

Fia. 48.—List of directions, with some directions previ- (IlI‘GCthIl.S fI‘ Om thOSG COI‘—V

ously fixed rected directions and apply
it with opposite sign to the latter to obtain the values for the final
seconds column.

NUMBER OF EQUATIONS IN ADJUSTMENT OF UNUSUAL FIGURES

Itfrequently happensthat the mathema- Marsh
tician in forming equations for an adjust-
ment makes a mistake in using either too
many or too few. Figure 49 is an example
where the number of equations necessary
to adjust it is not at once apparent.

There are only two triangles in this fig-
ure and both have one concluded angle.
It would appear at first as if there were
only one side equation and no angle equa-
tions. There is an angle equation, how-
ever, due to the fact that the sum of the
interior angles of a quadrilateral must
equal 360° plus the spherical excess of

Surf

Rail

the quadrilateral. This equation is Tide
F1a. 49.—Flrst example of unusual
formed as follows: triangulation figure
-] ’ X4
Angle at Tide, Surf to Rail (fixed) 61 09 52.0

Angle at Rail, Tide to Marsh (+ 5) 135 09 30.6
Angle at Marsh, Rail to Surf (—143) 53 44 33.5
Angle at Surf, Marsh to Tide (—4) 109 56 13.2

Sum — (1) +(3)— (4) + (5) 360 00 09.3
As there is no spherical excess in this quadrilateral, we have
360° 007 0070 = 360° 00’ 0973 — (1) + (3) — (4) + (5)

0=+9.3—(1)1(3)—4) +(5)

or
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4 cols 0 Ceopeic soney COMPUTATION OF TRIANGLES
State:
No. BTATION OBSERVED ANGLE ~ CORR'N SINENL BFREwy  BLANE ANGLE LOOARITHM
23 Rail ~ Tide 3,437932
=142 1 Marsh 16 25 20.7
+5 2 Rafil 135 09 30.6
+1-2-5 3 Tide (3 25 08.7)
1-3 Marsh ~ Tide 0.0
1.2 Marsh ~ Rail
23 Tide - Surf ) 3.644409
~24+3 1 Mareh 37 19 12.8
+2 - 3+4 2 Tide (32 44 34.0)
-4 3 surf 109 56 13.2
13 Marsh - Surf 0.0
12 Mareh - Tide

F1G. 50.—T'riangle computation for Figure 49

Or the equation may be formed in another way. The sum of the
two concluded angles should equal the fixed angle at Tide. That is

1"
Angle at Tide, Marsh to Rail (+1—2—5) 28 25 08.7
Angle at Tide, Surf to Marsh (+2—3+44) 32 44 34.0

Angle at Tide, Surf to Rail (+1—34+4—5) 61 09 427
Since the fixed angle at Tide, Surf to Rail, is 61° 09’ 52”0, we have
61° 09/ 42”7 +(1)— (3) +(4) — (5) =61° 09’ 52”0
or
0= 4+9.3—~(1)+@B)— 1) +(5)

In Figure 51 is given another example, occasionally encountered,
in which the proper number of equations for the adjustment is not
very apparent. Ordinarily one would think that there are two angle
and one side equations in the quadrilateral ¢ D F E and two angle
and one side equations in the quadrilateral 4 B D C, or a total of
six equations. However, if the figure is built up point by point, it is
seen that there are seven equations, as shown below:

Number of equations

Station
Angle Side
[ . 1 0
Do 1 1
B 1 0
A 2 1
Total 5 2
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The additional angle equation is obtained by the closure of either
of the two quadrilaterals A D F Cor A D E C. If the latter one is
used then the equation is, angle C A D +angle A D E +angle D E ¢
+angle E C' A— the closure =360°+ spherical excess.

A 8

——-—=21D

)

£ F

F16. 51.—Second example of unusual
triangulation figure

SIDE EQUATION IN FORM OF LENGTH EQUATION

It frequently happens in the adjustmoent of an intersection station
from three fixed points, that the length and azimuth between two
of the fixed points are not known. In this case the side equation
will take the form of a length equation. An example of such an
adjustment is given below. (Sec fig. 52.)

Wagoola flag 0916
Baker L. H, /e e~/

Eastern Point

1
Halfway Rock

Fi1a. 62.—Triangulation figure requiring length equa-
tion instead of ordinary side equation

Side equation

; —2
Baker L.H.~HalfwayRock{ 3.58840L" |, oveeee... Baker L.H.~EasternPoint| 4,045264
© ’ ” R -] s ”
IZ 47 46 56,1 9, 8605797 +1.91 —213 22 43 2.5 9. 5868966 +5.03
~143 | 150 14 08.0 | 9.5406001 | —b. 56 1| 13 44 189 | 9.3756498 | +8.61
3. 0077308 3. 0078100

0=—79.2—-3.06(1)+ 6.94(2) —10.58(3)
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Correlate equation

v Adopted v
1 ~3.06 —1.430 —1.4
2 +6. 94 +3. 244 +3.2
3 —10. 58 —4, 945 —4.9

Solution of normal equation

0=—79.2+169.4636 C

C=+0.4674
DEPANRTMENT OF COMMERCE
e e g e COMPUTATION OF TRIANGLES
State:

No. STATION OBSERVED ANGLE ~ CORR'N SIgant fraxai  BLANE ANGLE LOOAKITHM
23 Eastern Polnt-3-ker L.M. 4.045264
IMaznolia flag pols 159 14 06.0 3.5 02,5 0.450320

41 2 Eastern Polnt 13 44 18.9 1.4 17.5  9.375637

-3 3 Baker L.H. 7 01 35.1 +4.9 40,0 9.087606
1-3Magnolia flog role-Baker L.H. 3.871221
1-2 Maznolla flog vole-Zastern Point &.583190
23  Halfway Rock-3aker L.H. 2.588491
1 Megnolia flag pole 22 43 22.5 -8.1 14.4 14.4 0.413144

+2 2Halfway Rock 4;? 46 55.1 +3.2 658.3 58.3 9.869536

~3 3 Baker L.H. 109 29, 42.5 +4.9 47.4 0.1 47.3 9.974356
1-3 Magnolia flag vole-Baker L.H. 0.1 3.37122
12 Magnolia flag pole-Halfway Rock 3.975991

Fia. 53,—Triangle computation for Figure 52

IDENTICAL EQUATIONS

One must be very careful in the selection of equations for an
adjustment, especially if the scheme is much involved, to avoid what is
known as an ‘‘identical equation,” which often is not discovered until
the solution of equations is made. In the solution, the diagonal term
of the identical equation will become zero, or nearly so, and the error
in selecting the equation thus becomes known.
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Below is given an illustration of a set of five equations, three angle
and two side, in which one of the side equations is an ‘“‘identical
equation.” The solution of the equations is carried as far as the
diagonal term of the identical equation. It is seen that the diagonal
_ term of the fifth equation is practically zero, and this means that
the fifth equation is not an independent equation.

U. 8. COAST AND GEODETIC SURVEY

Collins

Chamcook

Cooper

F16. 54.—Triangulation figure for which ‘“‘identical equation”
was selected

Angle equations

L. 0=43.7—(1)+(2)+(5) — (6)
2. 0=—24—(2)+(3)+(6) = (7)
3. 0=4+11-B)+@W+D—(®
Side equations
° ’ ” o ’ ”
-7 27 53 43.7 | 9.6701159 +3.98 +6 25 57 29.1 | 9.6411809 | +4.32
-8 16 52 35.5 | 94628623 +6,94 8 12 39 55.0 | 9.3400495 | -+9.37
8 37 22 42.4 | 9.7832437 +2.76 +7 50 13 35.2 | 9.9340024 | -1.25
8.9162219 8. 0162318
4, 0=-9.9—11.26(6)—5.23(7) —12.13(8)
s i
243 —8
Rye-Chamcook L4047 L...vnivae Rye-Colling ASIA0NEE L..i...
+8§ 12 39 55.0 | 9.3409495 +9.87 || 42—4"[ 150 27 310 | 9.6028029 | —3.72
—243 | 126 08 451 | 9.9071522 —1.54 -7 27 53 43.7 | 9.6701159 | +8.98
36776051 | (% 3. 6775921 ,_MW"

5 0=+ 13.0+5.2t")4(2) —1.54(3) —3.72(4) 4-3.98(7) +9.37(8)
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Correlate equations

1 2 3 4 5 Za
1 —-1.00
2 +5.26
3 —1.54
4 —2.72
5 41.00
6 —11.26
7 —1.25
8 —3,76
Normal equations
; — o
1 2 3 4 b 7 Za
1 +4 -2 |eeeeo- -+11.26 +5.26 +3.7 +22.22
2 +4 [T22 —6.03 —10.78 —2.4 | —19.21
3 +4 46.80 - —7.57 +1.1 +2.43
4 43012774 | —134.4735 —0.9 | +169.0339
5 +147.5149 | +13.0 | -+12.9514
Solution of normal cquations
1 2 3 4 5 ” S
+4 =2 iciecemaenae +11, 26 +5.26 +3.7 +22.22
(4] B T PO, —2.815 -1.315 —. 925 —5. 555
+4 ~2 —86.03 —10.78 —-2.4 —19.21
1| =1 | +5.63 +2.63 +1.85 +11.11
+3 -2 —. 40 —8.15 —. 56 —8.10
C +. 66667 +.13333 +2, 71667 - 18333 +2.70
+4 +6.90 —~7.57 +1.1 +2.43
2 —1.3333 —. 2667 —5. 4333 -—. 3667 -5.40
-+-2. 6667 +6. (333 ~13.6033 —+. 7333 —2.97
Cs —2.4875 +4. 87625 —. 2750 +1. 11375
+301. 2774 —134. 4735 -9.9 -+169. 0339
1 —-31. 6969 --14. 8069 —10, 4155 —62. 5403
2 —. 0533 —1.0867 —. 0733 ~1.0800
3 -16. 5003 -+-32. 3456 —1.8242 +7. 3878
+253. 0269 ~118.0215 —22,2130 -+112. 7924
Cy -+. 46644 -+.08779 —. 44577
+147. 5149 +13.0 -+12. 9514
1 ~6. 9169 -4, 8855 —29. 2193
2 —22.1409 ~1, 4941 —22.0050
3 ~03. 4073 -+3. 5759 —14. 4825
4 —55. 0500 ~10. 3611 +52. 6104
—. 0002 —. 1448 —. 1450

183
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DEPARTMENT OF COMMERCE
U 5. COASY AND GEODETIC SUAVEY

State: ... Maine

COMPUTATION OF TRIANGLES

;:.- ETATION OBSERVED ANGLE CORR'N STHENL BrEEML  PLANE ANGLE LOGARITAM
2-3 Coope r-Rye 4.1307270
142 1 Mg 24 29 20.9 0.1
+5 2 Cooper 25 52 15.7 0.1
-6 3 Rye 119 38 27.5 0.2
1-3 Mag-Rye 3.7 0.4
1-2 Mag-Cooper
2-3 Cooper-Colline 4.5286319
=143 1 Mag 160 38 06.0 0.1
+5 2 Cogper 6 09 35.8
-7 3 Collins 13 12 19.7 0.1
13 Mag-Collins -1.3 0.2
12 Mag-Cooper
2.3 Rye-Collins 4.3145841
-243 1 Mog 126 08 45.1 0.1
+6 2 Rye 25 57 29.1 0.1
-7 3 Collims 21 53 43.7 0.1
13 Mog-Collins +2.4 0.3
12 Mog-Rye
23 Collins-Chamcook 4.2624872
“3a 1 Mg 83 n2 43.9 0.2
+7 Z Collins 59 13 25.2 0.1
-8 3 ghamcook 37 22 42.4 0.1
1.3 Mag-Chamecook ’ -1.1 0.4
12 Uag-Collins
23 Chamcook-Cooper 4.5299291
+1-4 1 MNag 115 58 10,1 0.3
+8 2 Chamcook 29 11 30.8 0.3
-5 3 Cooper 24 50 17.6 0.3
13 Meg-Cooper +2.4 0.9
1-2 Meag-Chamcook
23 Chamcook-Rye 4,4295047
+2-4 1 Yog 150 2 31.0 0.1
48 2 Chemcook 12 39 55.0
~6 3 Rye 18 52 35.5 0.1
13 Mag-Rye -1.3 0.2
12 Mag-Chameook

Fia. 55.—Triangle computation for Figure 54
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A careful inspection of the side equations on page 182 will show
that both equations relate to the quadrilateral Rye-Mag-Chamcook-
Collins, and they differ only in that Mag is the pole in the fourth
equation and Rye in the fifth. The fifth equation should have been
formed for the quadrilateral Mag-Chamcook-Cooper-Rye, with the
pole at Mag. Although it is easy to see in a simple figure such as the
one above when an ‘‘identical equation’ is selected, it is much more
difficult to see in the case of more complicated figures and all equa-
tions should therefore be selected very carefully.

ADJUSTMENT OF QUADRILATERAL WITH POLE AT INTERSECTION
OF DIAGONALS

In the adjustment of quadrilaterals it fraquently happens that it is
impossible to include the two smallest angles in the formation of the
side equations by taking the pole at any one of the four vertices.
In such a case the pole should be taken at the intersection of the diag-
onals. An example of such an adjustment is' given below. (See
fig. 56.)

The angle equations are formed in exactly the same manner as
in the ordinary quadrilateral. (See p. 35.) The side equation is
formed as follows: Call the intersection of the diagonals O. (See

fig. 56.)
Then

O-Tall __ O-Ridge O-Stump, O—Muketeo L. H. .,
O—Muketeo L. H.” O—Tall ™ O~ Ridge O~ Stump T

Substituting the sines of the angles opposite the sides for the sides
we have
sin (—3+4)_sin (—=6+7) sin (—9+ IO)xsin (—2)_
sin (—5+4+6) " sin (—8+9)" sin (—1+4+2) "sin (+3)
The equation is then tabulated as explained on page 36 except in
one particular. In the example given there the designation of the
angle in the denominator appears on the same horizontal line in the
tabulated equation as the designation of the angle in the numerator,
and the angles corresponding to these designations are taken from
the same triangle. In the example given here, however, this is not
true, that is, the angle designated by (—5+6) is not in the same
triangle as the angle designated by (—3+4), ete. It is best, however,
to arrange the tabulated side equation so that the two angles from
the same triangle are on the same horizontal line. This can be done
as follows: With the pole at the intersection of the diagonals there
will be 4 lines for the tabulated equation. Put the designation of the
angles in the numerators of the first, second, third, and fourth frac-
tions on lines 1, 2, 3, and 4, respectively, of the left side of the equa-
tion, and the designations of the angles in the denominators of the
same fractions in lines 4, 1, 2, and 3, respectively, of the right side

X 1.
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of the equation. That is, in the example given here (—3-4),
(—6+7), (—9+10), and (—2) are placed in lines 1, 2, 3, and 4,
respectively, of the left side of the equation, and (—5+6), (—8-+9),
(—1+2), and (+3) are placed in lines 4, 1, 2, and 3, respectively,
of the right side of the equation. The two angles in the same
horizontal line in the side equation can then be taken out of the
same triangle. ’

Ridge <2 -
0
Stump 3 &
Muketo L.-H.
Fic. 56.—Quadrilateral with pole at intersection of diagonals

The remainder of the adjustment of the quadrilateral is similar
to the one previously adjusted on pages 20-41,

Angle equations

1. 0=4+4.9—-1)+@)—@+10)

2. 0=-2.0—-(2)+@)—(5+(6)

3. 0=434-B)+@DO-B+D—-8)+(9)

Side equation
~3+4 | 130 26 09.8 | 0.8131L13- | —25 —849 16 513 | 9.4420320 +7.3
—647 7 26 41.4 | 9.1125095 | +416.1 —142 80 24 45.5 | 0.9938914 +.4
—9+10 76 04 52.1 9. 9870570 +.5 +3 11 53 0L8 |9 3137156 410, 0
—2 11 37 25.5 | 0.3042404 | +10.2 || —546 17 03 20.9 |9.4673165 +6.9
8. 2169182 8, 2160564
4. =—38 240 4(1)—10. 6(2)—7. 5(3)—2. 5 (4)+6. 9(5) —23. 0(6) +16. 1(7)

+7.3(8) —7.8(9)+0.5(10) (This equation should be divided by 5 before
entering it in the table of correlates.)

Correlate equations

1 2 3 4 = » Adoé)ted
1 -1 | |eeaaos ~+0.08 -0.92 -+2. 202 +2.2
2 ... -1 .. -2.12 —3.12 —2. 541 ~2.6
3 B o2 S P —1 —1.50 -1, 50 ~. 801 —.8
4 oo_._. +1 +1 —. 50 +1.50 ~. 242 -3
[ 20 -1 —1 +1.38 —. 82 +. 543 +.5
6 (... 41 —4.60 -3.60 +. 243 +.2
S AU SO +1 +3.22 44,22 ~. 786 - 8
- J RN DO, -1 +1.46 +. 46 +2. 386 +2.4
9 —1 |eo ... +1 —1. 56 —1.86 . 245 -2
10 B = S U B +.10 +1.10 —2.141 -2.1
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Normal equations

Zn

03D b

aen| ~2
+6

+0. 08

—4.36

—. 18
+-45. 0088

|41+
SN
gwo©

+6. 08 —2.1752
—. 36 -+1.8162
+9. 22 —1.8869
+32. 9088 +.3420

Solution of normal egquations

+4 . -2 +0.08 +4.9 +86.98

Cy

+6 ~.18
1 -1 +. 04
2] ~1 +2.18

+4 +2.04

Cs -. 51

-—4.7524 —
—1. 0404 -

-+39. 2144 -1
Cu

o by =

++45. 0088 -1,
—. 0018 —. 098 —. 1306

Back solution

+0. 3420

—-1.7125 +06. 8

-. 1744 +.37128
—+. 9434

—1.225
—. 434

+4-1.8162

—2.1752

Computation of v's

187

10

+2.175
+.027

—1.816
-. 728

—2.178
+1.887

+2.202
+2.2

~2. 541
-2.6

—. 513

+1.816
—1.887
~.17

~1.818 | +1.818
+1.887 | —1.573

1. 887
+1. 101

&

4. 243

—. 801
~.8

- 242

-, 543 +.2

§?s ++
I’
882

~. 786
~-.8

4-2.175
—1. 887
—. 533

~2.175
+. 034

~—. U5
-.2

-2 141
-21

588539—28——13
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28

NO.

~9410

-1

-5+6

-2

-5+ 7
3 -3+4
-84 9

4 ~142
-840

U. 8. COAST AND GEODETIC SURVEY

State: ... Massachugetts ...

: g EPNEN'L BPAERL
BTATION OBSERVED ANOLE  CORR'N SRmLb Sinted

2.3 Muketeo L. H. - Stump
1 Ridge 76 04 52.1 -1.9
2 Muketeo L.¥, 11 53 O01.8 -0.8
3 Stump 92 .02 11.0 -2.2
13 Ridge ~ Stump -4.9
1-2 Ridge - Muketeo L.H.

04.9
23 Muketeo L.H. ~ Stump
1 Tall 17 03 20.9 -0.3
2 Muketeo L.H. 151 19 11.6 ~0.2
3 Stump 11 37 25,5 #2.6
13 Tall - Stump +2.0
1.2 . Tall - Muketeo L.H.

88.0
23 Muketeo L.H. ~ Ridge
1 Tall 24 30 02.3 -1.3
2  Muketeo L.H. 139 26 09.8 +0.5
3 Ridge 16 03 51.3 «2.6
1-3 Tall - Ridge =34
1-2 Tall - Muketeo L.H.

03.4
2:3 Stump - Ridge
1 Tall 7 26 4l.4 ~-1.0
2 Soump 80 24 46.5 -4.8
3 Ridge 92 08 43.4 -4.5
1-3 Tall - Ridge -10.2
1-2 Tall - Stump

: 10.3

Fia. 57.—Triangle computation for Figure 56

COMPUTATION OF

20.6
11.3
8.1

01.0

10.3
48.7

40.4
40,7
38.9

TRIANGLES

LOGARITING

35.526870
0.012944
9.213708
9.999726
2.8535.2
3.539540

3.526870
0.532685
9.681169
9.304267
3.740724
3.363822

3.539540
0.282263
9.813110
9.442014
3.734918
3.363822

2.853622
0.887508
9.993890

9.999696
3.734918

3.740724
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ADJUSTMENT OF QUADRILATERAL HAVING ONE TRIANGLE WITH
TWO CONCLUDED ANGLES

It sometimes becomes necessary to make an adjustment of a
quadrilateral in which one triangle has two concluded angles. Insuch
an adjustment the thing to be particularly  song it
careful about is the proper designation of 3~~~ Ten Pound Island L. H.
the angles. In the following example (see § o~y
fig. 58) the triangle, Ramparts flag-Bond
Hill-Ten Pound Island L. H. has two con-
cluded angles, one at Ramparts flag and
the other at Ten Pound Island L. H. In
triangle No. 4, Figure 59, the angle at Ten astern Point L B
Pound Island L. H. is the sum of the two g s Quadrilatersi having one
angles at Ten Pound Island L. H. between  trisngle with two concluded
Eastern Pt. L. H. and Bond Hill, and be-  ****

tween Ramparts flag and Eastern Pt. L. H. In trlangles Nos. 1 and 3,
+3—5 (Ten Pound Id. L. H. between Eastern Pt. L. H. and ° ¢ "
Bond Hill)=104 53 111
—1+42 (Ten Pound Id. L. H. between Ramparts flag and
Eastern Pt. L. H)= 16 09 19.0

‘,‘» Ramparts flag

—1+4+243—5 (Ten Pound Id. L. H. between Ramparts flag and
Bond Hill)=121 02 30.1
The angle at Ramparts flag in triangle No. 4 is obtained by sub-
tracting from 180° 00’ 00”’.0 plus the spherical excess (which in this
case is 070) the sum of the angles at Bond Hill and Ten Pound Island
L. H., using the proper designations as shown below.

o ’ r

—3+4 (Bond Hill) : =30 52 02.6
—14+2+4+3—5 (Ten Pound Id. L. H.)=121 02 30.1
—14+2+4+4—5 (sum of 2 angles) 151 54 32.7

180 00 00.0
+1—2—4+4+5 (Ramparts flag) 28 05 27.3

After these angles have been computed and properly designated, the
adjustment of the quadrilateral is exactly the same as that of any
other quadrilateral, and so no further explanation is necessary here.

Side equation

o+ m o+ n
—~1432+43-5 {121 02 30.1 9. 9328756 —-1.3 —3+4 |30 52 2.6 9. 7101620 +3.5
—4| 13 &8 30.0 9. 3820144 +8.5 +6 70 5 353 9. 9756521 +0.7
~5+8 | 40 43 19.0 9. 8145064 +2.4 —14+2 116 09 19.0 9. 4444218 +7.3
9. 1302064 9. 1302359

0==+-60. 518, 6(1) —8, 6(2) 2. 2(3)—12 0(4)—1. 1(;S)+’1. 7(8)
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Correlate equation

’ v Adopted v
1 +8.6 -1.73 -~1.7
2 —8.6 +1.73 +1.7
3 +2.2 —. 44 —. 4
4 -~12.0 +2.41 +2.4
5 —1.1 +.22 +.2
6 +1.7 -, 34 —.3

Solution of normal equation

0==+-60. 5+-300. 86C
C=-—0.2011

UEPARTMENT OF COMMERCE
V. & COAST AND GLODETIC Y

State: .. Massachasatts ... .. . . ...

FLANF ANGLE

5 - o iy FPARR'L Remen’n
No, STATION OBSERVED ANGLE  CORR'N f[RERM frmemh  DLANE ANOLR

23 Zastern Pt. L.H.- Bond Hill

43-5 1Ten Pound I4.L.E. 104 53 11.1 -0.6
1. +5 2Eastern Pt.L.H.- 30 16 16.3  +0.C
«3 3Bond Hill 44 50 22.6 +0.4
13  Ten Pound Id.L.H.-Dond Hill
12 fTen Pound Id.L.H.-Eastern Pt.L.H.

23  Fastern ®t.L.H. - Bond Hill
+4~6 1 Ramperts flag 95 01 54,7 2.7
2, ¢6 2 ZFastern Pt,L.H. 70 59 35.3  -0.2
~4 3 Bond Hill 13 53 30.0 -2.4
13 Ramparts flag - Bond Hill
12  Ramperts fleg - Eastern Pt.L.E.

23 Eaetern Pt.L.H.-Ten Pound I4.L.E.
-2 .
+56 1 Ramperts flag (123 o7 22,0 ) -2.9
3, -5¢6 2 Zastern Pt,L.H. 40 43 19.0 -0.5
=142 3 Ten Pound I4.L.H.16 09 19.0 +3.4
1-:3  Ramparts flag-Ten Pound Id.L.H.
1-2 Ramparie flag-“astern Pt.L.R.

2.3 Bond Kill - Ten Pound Id.L.H.

+1-2

~4+5 1 Remparts flag (38 . 06 2.3) -5.6
4. -3+4 2 Bond Hill 30 52 02.8 +2.8

142

43-5 3 Ten Pound l4.L.R(121 02 30.1) +2.8
1.3 Ramparts flag-Ten Pound Id.L.H.
1-2 ' Ramparts flag-Bond Hill
F16, 59.—Triangle computation for Figure 58

10.5

16.5
33.0

57.4
5.0
27.6

18.1
18.5
22.4

2.7
05.4
32.9

COMPUTATION OF TRIANGLES

LOOAR{TIM

3.517770
0.014826
9.702512
9.848288
3.235108
3.380384

3.517770
0.001677
9.975652
9.232894

'3.495099

2.902341

3.3808B4
0.077010
9.814505
9.444447
3.272399
2.902341

3.,235108
0,327119
9.710172
9.922872
3.272399
$.495099
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THREE-POINT PROBLEM

A triangulation station is sometimes determined by means of
directions observed at that station to the three fixed points of a
triangle, the sides and angles of which are either known or can be
computed. This is called the “three-point problem.”

The computations are made on Form 655 as shown in Figure 61.

Three cases are illustrated on this
form, depending upon the location
of the point, designated P, with
reference to the sides of the triangle.
If P is on the circumference of the
circle which passes through the
vertices of the fixed triangle, the
problem is indeterminate, since
any point on this circumference
would have the same values of the
angles P’ and P’’ (or the supple-
ment of one of the angles).

The formulas used in the com-
putation are as follows: From the Awe
known sides a, b, ¢, and the known
angle A of the triangle A B C,
and the observed angles A P =P’ and A P B=P’’, the problem
is to find the angles A B P and A O P,

Fi16. 60.~Quadrilateral, three-point problem

For cases 1 and 2, let $=180°—"/; (4 +P’ +P'"),
and for case 3, let S='/, (4— P’ —P");
_Csin P/
Let tan Z_5§15P77
and tan e=cot (Z +45°) tan §

Then angle A B P=S8 +¢, and angle A ¢ P=_8—¢ if tan ¢ is positive,
and angle A B P=8—¢, and angle 4 0 P=38 +¢ if tan e is negative.

After the angles A B P and A C P are computed all the angles
of the triangles can be obtained, and since the length of one side in
each triangle is known all the remaining lengths can be computed.
As each computed length is obtained in two different triangles, the
agreement of the two values for the logarithm of each length within
one, or possibly two, in the last place of decimals gives .a check on
the computation.

The example given below is for case 1 on Form 655. In the
triangle Tide-Apple-Surf all the angles and sides are known and at
Edwards the angles Apple to Surf and Surf to Tide are observed.
The starting data are: P’=21° 38’ 068, P’'=84° 12’ 5779,
A=86° 29’ 4273, log ¢=4.109221, and log 5=3.644409. The
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problem is to find the angle at Apple between Surf and Edwards
and the angle at Tide between Edwards and Surf. After these
angles have been determined, the logarithms of the lengths are
computed on Form 25.

DEPARTMENT OF COMMERCE
U. §. COAST AKD GEQDETIC SURVEY
¥orm 653

COMPUTATION OF THREE-POINT PROBLEM

Case 2 Case 3

%4
13

7’
N

RN 2
PP
\tl/’
P
Cages 1 and 2 Case 3
P’ 21 38 06.8 P’
pr 84 12 57.9 P
A 86 29 42.3 e e
Sum
Sum 192 20 47.0 A
%Sm 96 10 23.5 S —
A—sum
SleQ“—%lum- 83 49 36.5 8=14 (A—sum) =
Loge = 4.108221
Logsin P’ =  9.566668 -10
Cologh =~  6.355591 -10
Colog sin P”=  0,002217
Sum=log tan Z=  0.033697
z- % 13 140
Z+45°= 92 13 14.0
Log cot (Z+45°) = 8.588556, 10
Log tan S= 0.965928
Sumw=log ten e= 9.654484,-10 (sign o )
o "
] 19 43 22.1
S 83 49 36.5
(Tan «+) 64 08 15.4 (Tan «—)
S4¢=angle ABP 103 32 57.6 8~ ¢=angle ABP
S~e¢mangle ACP S+ e¢=angle ACP
BPA 84 12 57.9 APC 21 38 06.8 PCB 29 18 51.3
ABP 64 08 15.4 PCA 103 32 57.8 CBP 44 50 04.0
PAB 31 40 48.7 CAP 54 48 55.6 BPC 3105 51 04.7

(For explaoation of this form see Special Publication No, 26, 2d edition, paragraph 108, page 57)

SOTIRNNENT BTN ST 11=~-210

Fia. 61.—Computation of three-point problem



DEPARTMENT OF COMMERCE
U & COAST AND GRODETIC SUKVEY
Yot 25

eoTmom— rasty crrie

NO. STATION

SPECIAL

State: ... NAIO®. . .. ...

OBSERVED ANOGLE

2.3 Apple-Surf

1 Tide
2 Apple
3 surf
13
1-2

2-3

1 Xdwards
2 Apple
3 Surf

13

1-2

23

1 Edwards
2 Apple
3 Tide

1-3

12

1 Edwards
2 Ssurf

3 Tide
13

1-2

74 14
19 16
86 29

10.9
12.3
45.9

Tide-Surf
Tide-Apple

Apple-Surf

84 12
64 08
31 40

Edwards-surf
Edwards-Apple

Apple-Tide
105 51 04.7
44 50
29 18

Edwards-Tide

Edwards-Apple

Surf~Tide
21 38 06.8
54 48
103 32

Edwarda-Tide
Edwards-Surf
Fid, 62.—Triangle computation for three-point problem

PROBLEMS

g SrEER'L SrMEea’t
CORR'N EXCESS

ANGLE

-4.6
-0.9

193

COMPUTATION OF TRIANGLES

~3.5 42.4 0.1

-9.0

15.5
46.8

04.1
51.4

0.1

0.1
0.1

0.2

0.1

0.1
0.2

7.7 01

0.1

PLANE ANOLE
AND DISTANCE

06.3
11.4
42.3

57.9
15.4
46.7

04.?
04.0
51.3

06.8
68.6

7.6

LOGARITHM

4.109221
0.016651
9.513537
9.999187
3.644409
4,125069

4.109221
0.00221?
9.954045
9.720299
4.065483
3.831737

4.125069
0.016837
9.848226
9.689841
3.990122
3.831737

3.644409
0.433331
9.912382
9.987742
3.900122
4.065982 +)
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ADJUSTMENT OF A FIGURE WITH AN z-CORRECTION ON ONE
DIRECTION

In the adjustment of triangulation,cases sometimes arise where it
is possible to obtain an approximate value for an unknown direction
which is needed in the adjustment. By designating the correction to
* this direction as “x,”’ it is possible to make an adjustment in which
the x is eliminated and new values of the observed directions are
obtained which will make the lengths consistent, as computed in the
different triangles. An example of such an adjustment is given below.
_ In Figure 63 the triangles Tide-Apple-Surf and Rail-Tide-Surf
(see triangles 1 and 2, fig. 64) are fixed and the angles and lengths
are known. At station Edwards directions have been observed on
stations Apple, Surf, Rail, and Tide, but no directions on Edwards
have been observed at any of the four fixed stations. It is desired
to make an adjustment of the
figure so that all the lengths will
be consistent.

The triangles Edwards-Apple-
Tide  Surf, Edwards-Apple-Tide, and
Edwards-Surf-Tide (triangles 3,
4, and 6) are first solved by means
of the three-point problem (see
p. 191). Next the directions at
Edwards are numbered as in an
ordinary adjustment and one of
the unobserved directions at one
of the fixed stations is designated

7 Edwards “z.”” In this example, the direc-

F1a. 63.—Triangulation figure for which an ‘" tion to Edwards from Surf is des-

direction is used ignated “x.”’ By using the fixed

angles of the triangles Tide-Apple-Surf and Rail-Tide-Surf and the

angles in triangles 3, 4, and 6 computed by the three-point problem,

it is possible to obtain the angles of the triangles Edwards-Surf-Rail

and Edwards-Rail-Tide. Care must be taken in computing these
angles to obtain their proper designations.

The angles of the triangle Edwards-Surf-Rail are computed as
follows:

Apple

o ’ 44

Angle at Surf, Tide to Apple, 86 29 42. 4
Angle at Surf, Rail to Tide, 37 52 36.0
Angle at Surf, Rail to Apple, 124 22 184
Angle at Surf, Edwards to Apple (—z) 31 40 46.8
Angle at Surf, Rail to Edwards (+x) 92 41 31.6
Angle at Edwards, Surf to Rail (—2+3) 18 18 16.0
Sum (—2+43+12) 110 59 47.6
180° +spherical excess, 180 00 00.1
Angle at Rail, Edwards to Surf (+2—3—2) 69 00 12. 5
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State: ..."
"'"":;"""" STATION OBSERVED ANOLE ~ CORR'N &/Ruw. Srxexi
23 Apple-Surf
1 Tide 74 14 10.9 4.6
1, 2 apple 19 16 12.3 -0.9 )
3 surf 86 20 45,9  -3.5 42.4 0.1
13 Tide-Surf =9.0 0.1
12 Tide-Agple
2-3 Tidc-Surf
1 Reid 80 57 35.0 -3.0
2. 2 Tide 61 09 53.5 -1.5
3 Surf 37 52 36.7 -0.7
13 Rail-Surf «5.2 0.0
12 ‘Rail-Tide
23 Apple-Surt
«1%2 1 Edwards 84 12 57.9 +0.1 58.0
3. +1-24x 2 Apple 64 06 15.5 +2.9 13.4 0.1
=x 3 Surf 31 40 46.8 ~3.0 43.3 0.1
13 Edwards-Surf
1-2 Edwards-Ajple 0.2
23 Anple-Tide
=144 1 Edwards 105 51 04.7 -0,2 04.5
4.+1-24x 2 | Aople 44 50 04.1 42,9 07.0 0.1
+2-4-x 3 Tide 29 13 b5l.4 =2.7 43.7 0.1
13 Edwards-Tide 0.2
1-2 Edwards-Anple
23 Surf-Rail
~243 1 Edwards 18 18 16,0 0.0 16.0
5, 4+x 2 Surf 92 41 2.6 43.0 24.6 0.1
4+2-3-x 3 Rail 69 00 12.§ 2.0 09.8
1.3 Edvards-Rail 0.1
1.2 Favards-Suarf

195

COMPUTATION OF TRIANGLES

F16. 64.—Trigngle computation for Figure 63

PLANE ANGLE
AND DISTANCE

06.3
11.4
43.3

32.0

52.0
36.0

58.0
18.3
43.7

04.5
06.9
48.6

16.0
24.5
03.8

LOGARITHNM

4.109221
0.016651
9.518537
9.999187
3.644408
4.126059

3.644409
0,005430

9.942508
9.788143

3.592347
3.437982

4.109221
0.002217
9.954048
9.720289
4.065486-1
3.831727

4.125059
0.016837
9.348223
9.639831
3.990129-1
3.931727

3.592347
0.502979
2.959520
9.970159
4.094846
4.065485
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D:raw‘rulm or CoMMERCE

N orm g Y COMPUTATION OF TRIANGLES

State: .. MAine
B a— .
~o. sTATION OBSERVED ANGLE  CORR'N JIKL Srasi  PLANE ANOLE LOOARITIN
2-3 Surf-Tide 3.544409
244 1 Edwecrds 2 38 06.8 -0.2 06.5 06.5 0.433333
€. +x 2 Surf 54 48 55.6 +3.0 58.6 58.6 9.912386
+3-4-x 3 Tide 103 32 57.7 2.7 55.0 0.1 54.9 9.987743
13 Edwerds~Tide 0.1 3.990128
12 Edwerds-surf 4,065483
23 Rail-Tide 3.437982
344 1 Edwards 319 50.8 0.3 50.6 1.235832
% -2424x 2 Rafl 1 57 19.5  +3.0 22.5 9.316316
42-4-x 3 Tide 164 42 49.7 -2.7 47.0 9.421033
13 Edwards-Tide 0.0 3.990130_2
1.2 Ednards-Rail 4,094847_;

Fi16. 64.—~Triangle computation for Figure 63—Continued

The angles of the triangle Edwards-Rail-Tide with their proper
designations may be obtained in the same manner. In this triangle
the angle at Edwards is an observed angle, the angle at Rail is ob-
tained by subtracting the angle at Rail in triangle No. 5 from the
fixed angle at Rail in triangle No. 2, and the angle at Tide is obtained
by adding the angles at Edwards and Rail, and subtracting this sum
from 180° plus the spherical excess of the triangle.

To make sure that the angles of the triangles have been correctly
taken out they are checked as follows before the adjustment is made.
The angles in triangles 3, 4, and 6, determined by the three-point
problem, are checked by computing the lengths. (See fig. 64.)
The other two triangles are checked by adding the angle at Tide in
triangle No. 6 to the fixed angle at Tide in triangle No. 2 to obtain
the angle at Tide in triangle No. 7.

] ’ rn

Angle at Tide, Surf to Rail, 61 09 52.0
Angle at Tide, Edwards to Surf (+2—4—z) 103 32 57.7

Angle at Tide, Edwards to Rail (42—4—z) 164 42 49.7

This checks the angle obtained by the computation of triangle 7,
and as triangle 5 was used in computing triangle 7, both triangles are
verified by this check.

After the angles in the triangles have thus been checked the ad-
justment can be made, the ‘@’ correction being treated just the
same as the numbered corrections in forming the equations. Since
there are four lines from station Edwards, there will be two side
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equations, one involving directions 1, 2, 4, and z, the other 2, 3,4, and 2.
As both these equations contain @, it is possible to eliminate the z
and combine the two equations into one équation involving direc-
tions 1, 2, 3, and 4. (See below.) From this point the adjustment
is similar to that of any other quadrilateral and so no further expla-

nation is needed.
Stde equations

-3
Surf-Tide 3.644400 ... .. Surf-Appie 4109221 {.. ...
o r " -] ’ ”
L 54 48 55.6 9. 9123816 +1.48 —24-4 | 21 38 06.8 9. 5666685 +-5.31
+-2—4—1 29 18 51.4 9. 6898412 +3.75 [|+1—24x| 44 50 04.1 9. 8482267 +2.12
—-14-2 84 12 51.9 9. 9077834 ~+.21 .~z 31 40 46.8 9. 7202996 +3.41
3. 2444152 3.2444155

1. 0=-0.3-2.33 (1)+11.39 (2)—9.06 (4) —0.98 (x)
Or (z)=—0.3061—2.3775 (1) +11.6224 (2) —9.2449 (4)

|
Tide-Rail 3.437982 .. ....... Tide-Surf 3.644409 . ...
24341 11 57 19.5 9. 3162360 +0.94 —34-4 3 19 50.8 B.7641784 | +36.18
—244 21 38 06.8 9. 5666685 -+8.31 +z 5 48 55,6 9. 0123816 +1,48
2. 3209365 2. 3200690

2. 0=—32.5—15.25 (2)+46.12 (3) —30.87 (4)1-8.46 ()

Multiplying equation 1 by g—;g (=8.633) and adding to equation

2 we obtain the combined equation with the = eliminated.

0=— 2.59—20.11 (1)+98.32 (2) —78.21 (4) —8.46(x)
2. 0=—-32.5 —15.25 (2)146.12 (3) —30.87 (4) +8.46 (z)

0= —35.09—20.11 (1) 483.07 (2) +46.12 (3) —109.08 (4). (This equation
shoud be divided by 10 before entering it in the table of correlates.)

Correlate equation

1 » Ad(:}pmd
1 —~2.01 ~—0.033 0.0
2 +8.31 +. 136 +.1
3 +4.61 +-.076 +.1
4 ~10.91 —. 179 —.2
z -+3. 008 +3.0

Solution of normal equation

0==213.3764 C—3.509
C=4-0.0164

If an approximate value for the direction designated by “z” in
Figure 63 can be obtained by inverse computation from the fixed
data and the field computations it is not necessary to solve the
three-point problem, For example, if a field position were available
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for Edwards, the approximate direction for Surf to Edwards could
be obtained by an inverse position computation between Surf and
Edwards instead of by the three-point problem. It is only necessary
to know this direction closely enough so that the tabular difference
of the logarithm of the sine will be practically the same for the approx-
imate angle as for the final angle. If the z-correction obtained by the
adjustment is large, it is no indication that the observations are
poor but only that the computed direction is considerably in error,
" In some cases involving very small angles it may be necessary to
make a second adjustment unless the changes in the small angles
necessary to make the lengths check are estimated and the tabular
differences are corrected accordingly before the solution of the equa-

tions. . :
ADJUSTMENT OF INTERSECTION STATIONS

Observations are sometimes made upon an intersection station
from four or more main scheme stations. Only three of the observed
lines should be used in the adjustment but these three should be
selected to give the strongest intersection at the new station unless
the field computation indicates that a more accurate result can be
obtained by using some other combination of three lines. In forming
the side equation the pole should be so selected as to include the two
smallest angles in the adjustment. In Figure 65 are shown four
examples of intersection stations. The way in which the pole is
selected in each is explained below.

In case No. 1, the smallest two angles being 2 4 ¢ and P B C, the
pole should be taken at P. In case No.2, A P B and A B P are the
smallest angles, and so the pole should be taken at A, the fixed
lengths A ' and A B being used in the formation of the equation.
In case No. 3, C P A and C A P are the smallest angles and so the
pole should be taken at C, the fixed lengths ¢ B and C A being used
in the formation of the equation, as in case No. 2. In case No. 4,
the smallest angles are P B C and P A B, and so the pole should be
taken at P.

It should be noted that in all examples like cases 3 and 4, where
one of the four points is inside the triangle formed by the other three
points, the pole should always be taken at the inside point, since the
smallest angles will then be mcluded in the equation.

The size of the corrections to the angles to be expected in the
adjustment of intersection stations depends largely upon the instru-
ments used, the manner in which the field work was done, and upon
the size and definiteness of the point observed. For example, in the
computation of mountain peaks {from angles observed by sextants,
large corrections must be expected. The number of decimal places
used for the angles and logarithms in the adjustment will depend
upon the nature of the work,
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SOLUTION OF NORMAL EQUATIONS INCLUDING TERMS USUALLY
OMITTED

In the forward solution of normal equations a check on the work
is obtained each time an equation is eliminated. The column
headed Z is for this purpose alone. For example, in the second line
of the solution on page 201, the quantity — 1.32 in the Z column should
equal the algebraic sum of all the other terms in that line, that is,
—1-0.33333-0.33333 —0.11667 — 0.20333 should equal —1.32, which

Case 1 Case 3
B

Case 2 Case 4
B

Fi6. 65.—Typical figures in adjustment of intersection stations

it does, exactly. When making this check for the ‘“divided” line,
or the last line in the solution of each equation, one must always
remember to include the —1 obtained by dividing the diagonal term
by itself and changing the sign, as this quantity is never set down in
the solution.

In the solution of the second equation of the following example
the line containing the sums of the terms in the various columns
should be checked before it is divided by the diagonal term. The
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sum of +5.3333+2.6667 —16.0433 —0.8767 should equal the —8.92
in the Z column, which it does, exactly. In the mext line, after
division by the diagonal term, we have —1-—0.50001+ 3.00814+
0.16438, which equals +1.67251 and checks exactly the value in the
Z column.

If the line containing the sum terms does not check exactly but the
discrepancy is so small as to indicate that no blunder has been made in
the computation then the quantity in the £ column should be made to
agree exactly with the sum of the other terms before the line is divided
by the diagonal term. For example,in the elimination of the fourth
equation in the line containing the sum terms we have +54.5519+
4.3660 and their sum equals +58.9179. But as the quantity in the
Z column is +50.9180 this should be changed to +58.9179 before
the division is made. In the same way the quantity in the Z column
of the divided line should always be made to check the sum of the
other terms in the line.

In a great many cases when a blunder has been made and the solu-
tion fails to check it is possible to find the trouble by inspection,
especially if the mistake i1s a wrong sign on some term or the trans-
position of a decimal point. Sometimes, however, an error is difficult
to find. In such cases, each line in the elimination of an equation
can be checked. To illustrate this let us take the solution of the
fourth equation on page 201 where all the usually omitted terms are
shown in bold-faced type. In the second line of the solution we find
that the sum of —0.70—0.2333 +0.2333 —0.0817 —0.1423 = —0.9240
which checks the value in the = column. Likewise, in the third line,
+16.0433 4 8.0217 —48.2605 —2.6372 = — 26.8327 which checks the
value in the Z column within 1 in the last decimal place. In the fourth
line, —7.7150— 14.8803 +2.0155= —20.5798 which checks exactly
the quanty in the 2 column.

It should be carefully noted that all the quantities shown in bold-
faced type on page 201 appear in the solution as ordinarily carried out
and that it is not necessary to carry along this part of the solution
to get the check on each line. For example, in the second line of the
elimination of the fourth equation, the term +0.2333 appears also in
column 4 in the second line of the elimination of the third equation;
—0.2333 appears also in column 4 in the second line of the elimination
of the second equation; and —0.70 is —1 times the term +0.70 in
column 4 and equation 1. It is seen, therefore, that all the terms
used in the checking of the individual lines in the elimination of
equation 4 are given either in the lines themselves or in column 4.
For the first line of the solution of equation 4 all the omitted terms
except one are given in column 4 in the first lines of the solution of the
other equations. The one exception is the quantity in column 4 in
the first equation which must be multiplied by —1.
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In the same way, for the second line of the solution of equation 4,
all the omitted terms except one will be found in column 4 in the sec-
ond line of the solution of the other equations. The exception is the
quantity in the sum line of equation 2 which must be multiplied by
—1. The omitted terms for the third line of the solution of equa-
tion 4 are obtained in a similar manner.

Particular care should be taken in the solution of normal equations
to guard against compensating errors since they usually cause a
great deal of trouble and may not be found until the triangles are
computed. For example, if a mistake is made in one of the constant
terms in the n column and s counterbalancing mistake in the Z col-
umn, the solution will check and the errors will not be discovered
until the triangles are solved.

Solution of normal equations, including terms usually omitted

1 2 3 4 " Za
+6 +2 —2 +0.70 +1.22 +7.92
-1 ¢ | —.33833 +. 33323 —. 11667 —. 20333 ~1.32
+2 +6 +2 —15.81 —. 47 —6.28
—2@1)| ~—.6667 +. 6667 —. 2333 —. 4067 -2, 64

0 +5.3333 -+2. 6667 —16, 0433 —. 8767 —8.92

0 -1 | = 50001 +3.00814 | 4.16438 | 167261
-2 +2 +6 —.54 ~1.89 +3.87
+2 +.6667 (1) | —. 6667 . 2333 +. 4067 +2. 64

0 -2.6667 (2) | —1.3333 48,0217 4. 4383 +4.46

0 0 4 +7.7150 ~1.0450 | +10.67

i 0 -1 s —1. 92875 +.26125 —2. 8675

+.70 [-15.81 —.54 +117. 7744 +5.13 4107, 2544

—70 ) —.2333 +.2333 21 —. 0817 — 1423 —. 9240

0 |+16.0433 +8.0217 2§ ~48, 2605 —2.6372 | —26.8326

0 0 | —7.7180 (3) | —~14.8808 +2.0185 | —20.5768

0 0 0 154, 5519 +4.3060 | 458 918970

0 0 0 -1 —. 08003 —1. 08003

INVERSE POSITION COMPUTATION

It sometimes becomes necessary in the adjustment of triangulation
to compute the azimuths and length of a line joining two stations’
which are fixed in position, but which have not been directly con-
nected by the observations. In order to compute this line an inverse
or back computation must be made. This computation can be made
on Form 26 or Form 27 (see Special Publication No. 8, p. 141), but
it can be made more easily and simply on Form 662.

An example of an inverse position computation on Form 662 is
given in Figure 66. The formulas for the computation are given at
the top of the form. The table for the correction of arc to sine is given
on the back of the form. (Do not confuse this table with the table
given on page 17 of Special Publication No. 8, sixth edition, which is
an entirely different table.) Triangulation stations Spencer and
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Peterson are fixed in position (latitude and longitude) and it is de-
sired to determine the azimuth, back-azimuth, and length of the line
Spencer to Peterson. The form is self-explanatory and needs no

DEPARTMENT -OF COMMERCE

U N e ga INVERSE. POSITION COMPUTATION

% s (a+ ) eo. A oot dy
A
# cos (a+ 2) A"';"' 3
a
~Aa=A\ 8in ¢, BCC -2— +F(Ax)'
10 which log A\ =log (\’—)) —correction for arc to sin®; log Ag;= log (¢’ ~¢) ~correction for arc to ain®; and log swlog a4+

correction for are to sin®,
" NAME OF STATION

° ’ L4 ) o ’ »
E PP 43 89 00,715 | Spencer A 123 05  41.248
A 44 30 38.293 | Peterson ¥ 122 58 05.537
Ap (m¢/—4) + 3 37.578 AN (=N -7  3%B.711
AO AN

+ 15 48.789 ‘T ~3  47.856
o.(-o+ ) 44 14 49.504 .
A¢ (secs) + 1897.578 A (secs) ’ -455.711
log 44 3.2781597 Jrogan 2.6586896 ,,
cor. arc—sin - 15 . cor, arc—sin — 1
log oo . 3.2781982 Jog &% 2.6586895 5

A .

log cos 3 9.9995597 Jog cos ¢ 9.3551177
eolog B. 1.4894742 colog A, 1.4905902

log {s, eol(g+‘;—")} 4.7676721  (opposite In sign to As) lo'{n, sin ¢+4;) 4.0047974

togs, con (ot )] 47676721 m

stoger| 7.976 |loptan (a+y) | 9.2871258 .
g F |_7.848 Yar e 189 47 . 40,69

log 21 26536896,

log sin $a 9.8437024
a9

tog se0 % 0.0000046  llogb | 5.824 |togsin (a+5) .| 9.2207483
log s 2.5022966 log cos (a+y ) |_9.0936230
s -317.98 log 8, 4,7740491
b 0.00 cor., arc~sin + 16
[ ]

~aa (sees.) -3_17 .'93 logs 4.7740507
- : . -158.99 | s 59436.15

- 2 38,99

* ey 189 47 40.69 * Use the table on the back of this form for sorrection uf
tostn, -
adton 189 45  0L.70 proted '
4a + 5  17.:8
15

o (3tel) 9 50 19.68

Nore.—For log #up to 4.52 .nd for A$ or AX (or both) up to 10/, omit all terms below the heavy line oxcept those printed
1n heavy type or those und d, if using logarithms to 6 decimal places,

F1a. 86.—Inverse position computation, Form 662

detailed explanation. It should be noted, however, that the quadrant
in which the angle (a+%‘¥) occurs depends upon the algebraic signs

of the quantities sin (a+A2a> and cos (a +-A; ) In the following ex-
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ample the sine and cosine are both minus and therefore the angle is in
the third quadrant. Log sis obtained in two ways, first by subtracting

log sin (a +%c—l> from log { 8 sin (a +é2a»> } and second by subtracting

A
81 COs <a+ ;)}-

Table of arc-sin corrections for inverse position computalions

log cos (a +%a_> from log

Arc-stin Arc-sin Arc-sin
carrection correction correction
log 5 in units of l"%rA" log 3, in units of logorAw log 8 in units of log 44
€ B seventh log AX B & seventh log AN R 5 seventh 1 or N
decimal of ¥ decimal of vg decimal of og A
logarithms logarithms logarithms
4. 177 1 2.686 o 5. 223 124 3.732 5. 525 497 4. 034
4, 327 2 2. 836 5.234 130 3. 743 5. 530 508 4. 039
4, 416 3 2. 924 5. 243 136 3. 762 5, 534 519 4. 043
4.478 4 2. 987 5. 2563 142 3 762 5. 539 530 4. 048
4, 526 5 3. 035 5. 260 147 3. 769 5. 543 541 4,052
4. 506 ) 3. 075 5. 269 153 3.778 5. 548 553 4. 057
4, 599 7 3. 108 5.279 160 3. 78% 5. 553 565 4, 062
4, 628 8 3.137 5. 287 166 3. 796 5. 557 577 4..066
4, 654 9 3. 163 5.294 172 3. 803 5. 561 588 4,070
4. 677 10 3. 186 5. 303 179 3.812 5. 566 600 4,075
4. 697 11 3. 206 5. 311 186 3. 820 5. 570 613 4.079
4.718 12 3. 225 5. 318 192 3. 827 5. 676 0625 4. 084
4,734 13 3.243 5. 326 199 3. 835 5. 879 0637 4. 088
4. 750 i4 3. 259 5. 334 206 3. 843 - 8. 583 650 4. 092
4.765 15 3.274 5. 341 213 3. 850 5. 587 663 4. 096
4.779 16 3.288 5. 349 221 3. 858 5. 591 674 4.100
4. 792 17 3. 301 5. 356 228 3. 865 5. 596 687 4, 104
4,804 18 3.313 5. 363 230 3. 872 5. 600 702 4,109
4. 827 20 3. 336 5. 369 243 3.878 5. 604 718 4.113
4. 857 23 3. 366 5. 376 251 3. 885 5, 608 729 4. 117
4.876 25 3.385 6. 383 259 3. 892 5. 612 743 4. 121
4. 892 27 3. 401 5. 390 267 3. 889 5. 616 157 4,126
4.015 30 3. 424 5. 396 215 3. 905 5. 620 mn 4,120
4. 936 33 3. 445 5. 403 284 3. 912 5. 624 785 4,133
4. 955 36 3. 464 5. 409 292 3. 918 5. 628 800 4. 137
4. 972 39 3. 481 6. 415 300 3. 9024 5. 632 814 4. 141
4. 988 42 3. 407 5. 422 300 3. 931 5. 630 829 4. 145
5.003 45 3. 512 5. 428 318 3. 037 5. 640 . B45 4. 149
5. 017 48 3. 528 5. 434 327 3. 943 5. 644 861 4. 163
5. 035 52 3. 544 5. 440 336 3,949 5. 648 877 4. 157
5. 051 56 3. 560 5. 446 345 3. 955 5, 652 893 4. 161
5. 062 59 3.571 5. 451 354 3. 960 5, 656 909 4, 165
5. 076 63 3. 585 b. 457 364 3. 966 6. 660 925 4. 189
5. 090 a7 3, 599 5. 462 373 3.971 5. 683 941 4,172
5. 102 71 3.611 5. 468 383 3.977 5. 667 957 4. 176
5114 78 3.623 5. 473 392 3. 982 5. 871 973 4,180
5.128 80 3,837 5. 479 2 3. 088 5. 674 989 4, 183
5. 139 B84 -3.648 5. 484 412 3. 903 5. 678 1005 4. 187
5. 151 89 8. 660 5. 489 423 3. 998
5. 163 %4 8.672 5. 495 433
5.172 3. 681 8. 500 443 4, 009
5. 183 103 3.602 8. 505 453 4,014
5.108 1 8.702 5. 510 464 4,019
5. 114 8.714 5. 518 474 3
8 214 119 3.723 5. 520 486 4. 029

F1a. 87.—Arc-sine corrections for inverse position computation, back of Form 662

The values of « and log s determined by this inverse computation
may be checked in the following manner. Starting with the azimuth,
Peterson to Spencer, 9° 50’ 19768, the logarithm of the length,
Peterson to Spencer, 4.7740507, and the fixed latitude and longitude
of Peterson, 44° 30’ 387293 and 122° 58’ 05”537, the laticude and
longitude of Spencer are computed on Form 26. (See fig. 68.)
The values thus obtained should check the fixed values of the latitude
and longitude of Spencer within one in the last nlace of decimals.

58853°-—28 14




204 U. 8. COAST AND GEODETIC SURVEY

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

° ' "
a to
Z£ & +
a |2 Peterson to 1. Spencer ) 50 19.68
Aa - 5 | 17.98
180
¢ 11 Spencer to 2.  Ppeterson 19| 45 | oi,70 °
First Anglo of Triangl'e
o . N . ‘ "
’ 44 | 30 {38.283 |2 Peterson 2 122| 58] 05.537
ap | - ‘ 31 137.579  |e= A1| + 7\ 35,711
s | 48 l 59 loo.’zu_n l;, Spencer Py | 133[ osl 41,248
s 4.7740507 s 9.54810 -h 3.2731
cosa| 9.,9935651 sin'a 8.46537 (%¢)*! 6.5564 | o'sin"«| 8.0L35
B §,5105058 C 1.39664 D | 2.3928 B 6,2020 _
h 3.2781213 9.41011 8.9439 ?.4936.
1st term, +1397'.'2358 Him +°.0;89 a2y | 7.976
2d torm. +0.2572 Lubtm.| ~0.0031 F 7.343
+1897.4929 5.819
Madihbrm.] 40,0858 ] 4.7740507
-4y -+1897.5737 sina 9,2326831 Arg| Al 2.6586899
Fo+9) |44 14 49.53 | A’ 8.5090166 ] =63 }mf(ﬁﬂ 9.8437025
sec e’ 0.1429454 Al +4 lsec(av) 46
2.65;863%% Corr] =59 2,5023970
Rl e e 41 ¢ assme 1 o—ae | yair.079

F1a. 68.—Position computation to check inverse computation

LAPLACE AZIMUTHS

A triangulation station at which both astronomic longitude and
astronomic azimuth observations have been made is called a Laplace
point, and the azimuth is called & Laplace azimuth.

The geodetic determinations of latitude, longitude, and azimuth
at a station are referred to the point on the celestial sphere defined
by the normal to the Clarke spheroid at the station; while the astro-
nomic determinations of latitude, longitude, and azimuth at the
same station are referred to the point on the celestial sphere defined
by the plumb line at the station. These points of reference on the
celestial sphere are called the geodetic and astronomic zeniths, re-
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spectively. By a comparison of the astronomic and geodetic deter-
minations of latitude, longitude, and azimuth at a station, it is
possible to determine the deflection of the plumb line from the
normal to the Clarke spheroid. This deflection of the vertical may
be expressed by the angular distance between the geodetic and the
astronomic zeniths and the azimuth of the line joining them, or by
the components of the deflection along the meridian and the prime
vertical. .

At each Laplace point the prime vertical component of the deflec-
tion of the vertical should be the same, except for errors of observa-
tion, whether derived from the observed longitude or from the
observed azimuth. This relation may be expressed as follows: If
¢o is the geodetic latitude; N\, and A\, the astronomic and geodetic
longitudes respectively; o, and o, the astronomic and geodetic
azimuths, respectively, then '

€08 ¢o(\s—Ng)= —cot ¢G(aA—aq)’

or (a,—ag)+sin ¢, M\a—2Na)=0,

or ag=sin ¢ (M —2e) +ay,
which is known as the Laplace equation, since it was first used by
Laplace. (For full development of this equation see Spec. Pub.
No. 110, pp. 90-91. )

The accuracy of all the data used in determining the true geodetic
azimuth at a Laplace point has been thoroughly considered in the
various investigations of the figure of the earth and isostasy. It
is shown from these investigations that the astronomic longitudes
and the astronomic azimuths are each subject to probable errors
which are, upon an average, not greater than +0750. The geodetic
longitude anywhere in the United States is subject to a probable
error of less than & 0750, due to all causes other than errors in geodetic
azimuth. However, the geodetic azimuths as computed through
the triangulation are subject to probable errors as great as +5.”

It is clearly seen then that at each Laplace point all the quantities
used in the formula for computing the true geodetic azimuth are
known with a much higher degree of accuracy than the geodetic
azimuth at that point is known. Therefore the true geodetic azimuth
computed by the formula above is more reliable than the geodetic
azimuth as computed through the triangulation, and consequently
is the one held fixed in the adjustment of the triangulation.

If there were no deflections of the vertical or station errors, as they
are sometimes called, the determination of the correct relative posi-
tions of different points on the surface of the earth would be a simple
matter and could be done by astronomic observations alone.

However, the relation between the difference of astronomic and
geodetic longitude and the difference of astronomic and geodetic
azimuth, as expressed by the Laplace equation, makes it possible to
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correct for the deflection of the vertical and to determine the true
geodetic azimuth at a Laplace station, and hence to obtain the
accumulated error in the geodetic azimuth as carried through the
triangulation.

The method followed by the United States Coast and Geodetic
Survey in determining the true geodetic azimuth is to establish
Laplace stations; that is, make astronomic observations for both
longitude and azimuth at various stations along the continuous arcs
of triangulation. Then at each Laplace station the observed azimuth
is corrected for the deflection of the vertical by means of the Laplace
equation, and the true geodetic azimuth obtained. The true geo-
detic azimuth is then held fixed in the adjustment of thi triangulation,
and in each case the discrepancy between the true geodetic azimuth
and the geodetic azimuth as carried through the triangulation is
distributed by means of an azimuth equation. (See p. 62.)

An example of the computation necessary to obtain the true
geodetic azimuth from the observed azimuth and longitude is shown
below. The astronomic longitude of triangulation station Parkers-
burg and the astronomic azimuth of the line Parkersburg to Denver
have been determined by star observations, and the geodetic longitude
of Parkersburg and the geodetic azimuth of the line Parkersburg to
Denver have been computed through the triangulation. It is desired
to obtain the true geodetic azimuth of the line Parkersburg to Denver,
and hence determine the accumulated error developed in the geodetic
azimuth as computed through the triangulation {from the next pre-
ceding Laplace azimuth.

The observed astronomic azimuth of the line Parkersburg to Denver
is 143° 16’ 15755; the observed astronomic longitude of Parkersburg
is 88° 01’ 48730; the geodetic longitude (that computed through the
triangulation) of Parkersburg is 88° 01’ 49700; the geodetic latitude
of Parkersburg is 38° 34’ 51752; and the geodetic azimuth of the line
Parkersburg to Denver is 143° 16’ 15764.

The computation necessary to obtain the true geodetic azimuth of

the line Parkersburg to Denver can best be arranged as follows:
o] ’ 17

Astronomic longitude of Parkersburg, A\, = 88 01 48.30
Geodetic longitude of Parkersburg, Ag = 88 01 49.00
AA — kg == -0.70

Sine of geodetic latitude of Parkersburg, sin ¢ = +0. 624
. 8in ¢g (M —Na) = —0.44
Astronomic azimuth, Parkersburg to Denver, ay = 143 16 15.55
Laplace azimuth, Parkersburg to Denver, ag = 143 16 15. 11
Geodetic azimuth, Parkersburg to Denver = 143 16 15.64

Correction to geodetic azimuth = -0, 53
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+ The true geodetic, or Laplace, azimuth of the line Parkersburg to
Denver, 143° 16” 15"11, is the azimuth to be held in the adjustment
of the triangulation, and — 0753 is the accumulated error developed
in computing the azimuth through the triangulation, or the discrep-
ancy which must be distributed through the triangulation by the
azimuth equation in the least-squares adjustment. (See p. 63.)

COMPUTATION OF LONG DISTANCES

The formulas on Form 662 (see fig. 66) may be used in computing
distances up to approximately 200 miles between points whose lati-
tudes and longitudes are known. When it is necessary to compute
distances much greater than this, such as distances between widely
separated cities, the following method should be used. (See pp. 88
and 89 of the Figure of the Earth and Isostasy from Measurements
in the United States.) Let ¢, \, and ¢’, A’ be the latitudes and longi-
tudes of the given stations. It is required to find the distance, s,
in meters between the stations (# being the arc distance) and the
azimuth ar and the back azimuth as of the line joining the stations.
Let, a=90°—¢, c=90°—¢’,x=3% (a—c) ¢’ sin® } (a+¢),

a'=a—x, ¢ =ctw, B=\ X,
tan 3 (A’—C")=sin § (¢’ ~¢") csc } (@’ +¢’) cot § B,
tan 3 (A’+C')=cos } (a’—¢") sec } (a’+¢’) cot } B,
sin b=sin B sin &’ csc A’ =sin B sin ¢’ csc ¢,
and b=¢
Then ap=180°— ",
ag = 1800 + A,,

~and s (in meters)= (§ in seconds) <ji)

or ¢ (in miles) = (6 in seconds) (ﬁ)x 0.00062137

In the formulas above ¢ is the eccentricity of the spheroid (log €=
7.83050), and A is a factor whose logarithm is tabulated for each
minute of latitude in Special Publication No. 8. Log A should be
taken out for the mean latitude of the two stations.

In making the computation the work should be arranged in a
convenient form as shown in the example below. Taking the latitude
and longitude of Mexico City as 19° 27’ 20?0 and 99° 08’ 3770,
respectively, and the latitude and longitude of Washington, D. C.,
as 38° 537 2370 and 77° 00’ 3470, respectively, the distance and
azimuths between the two cities are computed as follows.
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Sample computation of long distance

o ’ 1 -] 4 "
¢ 19 27 20.0 | 5 (A'—C") —44 30 55
A 99 08 37.0| % (A'4+C") —84 28 33
¢’ 38 53 23.0¢ 4’ ~128 59 28
N 77 00 340 | C —39 57 38
a=90°—¢ 70 32 40.0} ar=180°-—-C" 219 57 38
¢=90°—¢’ 51 06 37.0 | ap==180°+A’ 51 00 32
5 (atc)=14(a’"+¢ 60 49 38.5 (logsin B 9. 57608,~10
14 (a—¢) 9 43 015 | logsin o’ 9. 97433-10
B=N~A —22 08 03.0/logcsc A’ 0. 10944,
14 B —11 04 OLS5 S
14 (a—c) in seconds 34981. 5 | log sin 8 9. 65985-10
log 14 (a—c) in seconds 4. 54384 log sin B 9. 57608,~10
log sin 2 ¥4 (a+-¢) 9. 88218-10 | log sin ¢’ 9. 89148-10
log & 7. 83050-10 | log cse C’ 0. 19229,
log z 2. 25652 log sin @ 9. 65985-10
x 18075 oo
0 ' " o 27 11 21
@' =a—zg 70 29 39.5 | 0 (in seconds) 97881/
¢ =c+z. 51 09 37 5 | log (8 in seconds) 4. 99070
Y (o' —c') 9 40 01.0 | colog 4 1. 49062
. .
;Zg z:; }}2 Ez,;z% g ggg;(l)_lo log ¢ (in meters) 6. 48132
log cot 34 B 0. 70864, log 0.0006213? 6. 79335-10
log tan 34 (4'—C") 9. 99265,-10 | % g’;t’;':fﬂ) S T s
log cos 14 (a’—¢’) 9.99379-10 | ¢ (in miles) 1882, 2
log sec 14 (a’+¢’) 0. 31208
log cot 14 B 0. 70864,
log tan 14 (A’+C") 1. 01451,

SIDE EQUATION TEST

Frequently in the adjustment of triangulation it is found that
although the triangle closures in some particular quadrilateral are
very small, the side equation for that quadrilateral has a large dis-
crepancy. This indicates that one or more of the directions must
be in error and that the small triangle closures may be due to errors
that counterbalance each other. By testing the quadrilateral by
means of the side equation one is usually able to find the direction or
directions which should be rejected in the adjustment.

The side equation test should be made in the following manner:
Add together the coefficients of the terms of the side equation, dis-
regarding their signs. Divide the constant term of the equation by
this sum. The result is the approximate average correction that
must be applied to a direction to eliminate the discrepancy in the
figure and should not be greater than 074 for first-order work.
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For the following example the quadrilateral used (fig. 69) is one
taken from an arc of first-order triangulation executed in 1925, and
it illustrates very clearly the value of the side equation test.

The four triangles in this quadrilateral (see fig. 70) have closures
of 0705,0715, 0749, and 0739, or an average of 0727, disregarding
the signs. These small clogures seemed to indicate accurate values
for the angles. In forming the side equation for.the office compu-
tation, however, it was noticed that the constant term was very
large in relation to the coefficients of the various terms. In order to
see just what corrections would be required to eliminate the dis-
crepancy in the side equation, the quadrilateral was adjusted. (See
p. 212.) It wasfound that the angles at Anarchist between Gillespie
and Spur and between Spur and Oroville required corrections of
—3%28 and +3737, respectively, and that the angles at Spur be-
tweén Anarchist and Gillespie and
between Oroville and Anarchist
required corrections of +3"78 and
—3751. 'This was sufficient proof
that some of the angles in the
quadrilateral were in error, since
the small triangle closures did not
justify such large corrections to
the angles to eliminate the side
discrepancy. Had the side equas-
tion test been made in the field
the error could have been found
and corrected.

The smallest two angles in the
quadrilateral (see fig. 69) are at
Spur between Oroville and Anarchist and between Anarchist and
Gillespie, so in writing the side equation the pole should be taken at
Anarchist. The constant term of the side equation is then 38.3,
and the sum of the coefficients without regard to sign is 30.9. Di-
viding 38.3 by 30.9 we obtain 1%24, which is the approximate average
correction that must be applied to a direction in order to eliminate
the side equation discrepancy. This is entirely too large considering
that the average closure of the four triangles is only 0727, and that
the maximum is only 0%749.

Although the side equation test as made in this manner shows that
some angle or angles must be in error, it does not show which ones
are wrong. It is possible, however, to apply the test further by tak-
ing the pole of the side equation at some other vertex and bringing
in some angles not used in the first test. If the side discrepancy is
within the limit in this second test, then the angles used in it are
probably correct and the error must be in some of the angles used
in the first test, but not in the second test.

F1a. 69.—Quadrilateral used in sice equation test
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If necessary, the test may be further extended by using the third
and fourth vertices as poles in forming other side equations. In
most cases, however, especially if only one direction is in error, it
can probably be located by the second test.

DEPARTMENT OF COMMERCE
U 8. COASY AwD
Form 33

COMPUTATION OF TRIANGLES
State: .. WMBARGLOR........ . .o

oTemm T ernos

No. STATIONS OBSERVED ANGLE  CORR'N SPESNL Srmm'y PLANE ANGLES .  pooanrrEM
2-3 Gillesnie - Spur
~5+6 1. Oroville 77 58 50.51
-10+411 2 Gillesple 54 50 54.68
-7+9 3 Swuar 47 10 15.78
1-3 Oroville - Spur -0.05 0.92
1-2 Oroville - Gillespie
00.97
2-3 Gillespioi- Spur
-142 1 Anarchist 35 39 53.10
«10412 2 Gillespie 123 44 27.67
-849 3 Spur 20 35 40.14
1-3 Anarchist - Spur -0.15 0.76
i-2 Anarchist - Gillesoie
00.91
2.3 Gillespie ~ Oroville .
~1+3 1 Anarchist 64 31 19.43
-114122 Gillespie 68 53 32.99
~4+5 3 Oroville 46 35 08.71
1-3 Anarchist - Oroville -0.49 0.64
1-2 Anarchist - Gillespie
01.13
2-3 Spw - Oroville
~243 1 Anarchist 28 51 26.33
=743 2 Spur 26 34 35.64
-4+6 3 Oroville 124 33 59.22
1-3 Anarchist - Oroville -0.39 0.80
1-2 Anarchist - Sour
OoL.19

F1a. 70.—Observed angles and closures for triangles used in side equation test

In exceptional cases the side equation tests will show that some
angles are in error, but will not indicate which ones. The example
given here is such a case. As shown above the first test with the
pole at Anarchist gave an approximate average correction to & direc-
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tion of gg::;:” 24. The second test with the pole at Gillespie gave
an approximate average correction of %4)= 1752, the third with the
pole at Spur, a correction of gg? =1710, and the fourth with the pole
at Oroville, a correction of g*g—:%=1'.’48. In this example, therefore,

all four tests show large average corrections to the directions, indi-
cating that some of the angles are in error, but they do not disclose
the erroneous angles,

It happens that this quadrilateral appears in an arc of triangulation
through which a length equation was carried. It was found that if
the length was carried through the triangles, Oroville-Gillespie-
Spur and Anarchist-Gillespie-Oroville, the discrepancy in length was
1 part in 400,000, but if the length equation was carried through the
triangles Anarchist-Gillespie-Spur and Oroville-Anarchist-Spur, the
discrepancy was 1 part in 13,000. This test indicated that the line
Anarchist-Spur was probably in error, and by about the same
amount at both ends. Either direction 2 (at Anarchist) or direc-
tion 8. (at Spur) appears in all four side equations and consequently
all four equations have large discrepancies.

This example, however, is an exceptional case as both ends of a
line are seldom in error by approximately the same amount. Ordi-
narily the side equation test will indicate which angles are in error.

Stde equation with pole at Anarchist

° ’ ” L] ’ "

—104+12 | 123 44 27.67 0.0198019 | —1.41 —8+9 20 35 40.14 | 9.5462360 +5. 60

~7+8 26 34 3564 9. 65068056 | -+4.21 —~4+4+6 | 124 33 &Y. 22 9, 9156471 —1.45
—4+456 46 35 08.71 9.8611781 | 4-1.99 —11+12 68 33 -32.99 9. B668381 +.81
9. 4317695 9. 4317212

0= +38.3—3.44(4) +1.99(5) +1.45(6) — 4.21(7) + 9.81(8) — 5.60(9) + 1.41
(10) +0.81 (11) —2.22 (12)
38.3

o0 1724
30.9
Side equation with pole at Gillespie
o ’ " -] ’ ”
—749 | 47 10 1578 | 0.8653329 | +1.96 | —546 | 77 58 50.51 | 9.9003732 | +0.45
—4+5 | 48 35 0B.71 | 9.8611781 4198 || —143 | 64 31 10.43 | 9.9565679 | +1.00
—142 | 35 39 5310 | ©.7656085 | +2.04 || —B+9 | 20 35 40.14 | 55462360 | +5.60
9. 4422105 9.4921771

0=-+33.4—1.94(1) +2.94(2) —1.00(3) —1.99(4) +2.44(5) — 0.45(6) — 1.95
(7)+5.60(8) —3.65(9)
33.4

Prutuddingiing, I 4
3301752
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Stide equation with pole at Spur

° 7 ,” o ’ ”

—446 | 124 33 50.22 9.9156471 | —1.45 ~243 28 51 28.33 0. 6836143 +3.82
—142| 35 390 53.10 0.7656005 | +2.94 —10+12 | 123 44 27.67 9. 9198919 —1.41
—104-11 | 54 50 54.68 9.9125583 | +1.48 —~5+6 77 58 50.51 9. 9903732 +.45

9. 5039049 l 9. 5938794

0=425.5—2.94(1) +6.76(2) —3.82(3) 4+ 1.45(4) 4-0.45(5) — 1.90(6) —2.89
(10)+1.48(11)+1.41(12)

255 _ 1110
23.1
Side equation with pole at Oroville
o ? " -] ’ "
~1+43 | 64 31 10.43 | 0.9553679 | +1.00 |l —1t412 | 68 53 32.00 | 9.0608381 | -}0.81
—10+11 | 54 50 54.68 | 9.9125583 | +1.48 ~74+9 | 47 10 15.78 | 9.8653329 | +1.95
—748 | 26 34 3564 | 96506805 | +4.21 ~243 | 28 51 26.33 | 9.6836143 | +3.82
9. 5188157 H 9. 5187853

0==+230.4—1.00(1) 4 3.82(2) —2.82(3) —2.26(7) +4.21(8) — 1.95(9) — 1.48
(10) +2.29(11) —0.81(12)
30.4

U2 w4
20.6_1'48

Anarchist

2

2/0 SWI-
F16. 71.—Quadrilateral used in side equation

test with directions renumbered for office
computation

The following adjustment of the quadrilateral shows what large
corrections are required to make it consistent if all observed direc-
tions are used. The numbers on the directions are those used in
the office adjustment of the arc.

Angle equations

+0. 05— (207) + (208) — (210) + (212) — (219) + (220)
+0. 39— (210) + (211) — (216) + (217) — (218) + (220)
+0. 49— (208) -+ (209) — (215) + (217) — (218) + (219)

ol

1. 0
2.0
3. 0
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DEPARTMENT OF COMMERCE
U3, COAST AND GRODITIC SURVEY

State: .Waahington

sovencn oy W

No. BTATIONS OBSERVED ANGLE

axaiz

2-3 Gillespie - Sour
21942201 Oroville 77 58 50.51 +0.54 31.45 0,21
-20742082 Gillespie 54 30 54.68 -1.26 53.42 0.31
-210+2138  Spur 47 10 15.78 40,27 16.05 0,30
1-3 Oroville - Spur -0.05 0.92
1-2 Oroville - Gillesple
2-3 Gillesple - Spur
-215+2161 Anarchist 35 39 53.10 -3.2849.82 0.25
-20742092  Gillesple 123 44 27,67  -0.6527,02 0.25
-211+2128  Spur 20 35 40.14  +3.7843,92 0.26
1-3 Anarchist - Spur -0.15 0.76
1-2 Anarchist - Gillesple
\
2-3 Gillesple - Oroville
-21542171  Anarchist 64 31 19.43 40.0919.52 0.21
-208+42092 Gillesple 68 53 32.99 +0.6133.60 0,21
-21842193 Oroville 46 35 08.71 -1.1907.52 0.22
1-3 Anarchist - Oroville ~0,49 0.64
1-2 Anarchist - Gillespie
2-3 Spur - Oroville
~-216+217!  Anarchist 28 51 26.33  +3.3729.70 0.2
~210+2112 Spur 26 34 35.64  ~3.5132.13 0.27
-218+42203 Qroville 124 33 59.22  -0,2558,97 0.26

1-3
1-2

Anarchist - Oroville
Avarchist - Spur

-0.39 0.80

sy BrEER’L EBrmxa’t  PLANE ANGLRES
CORR'N xxcess AND DISTANCES
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COMPUTATION OF TRIANGLES

LOGARITHM

4.3372464
51.14  0.0096284
53,11  9.9125560
15.75 9.8653328
4.3094288
4.2622056
4.3372464
49,57 0.2343109
26,77 9.9193521
43,66 9.5462557
4.5414504
4.1678130
4,2622056
19.31 0.0444321
33,39 9.9698384
07.30 9.8011753
4,2764761
4.1678130
4,3094238
2.43 0.3163738
31.86 9.6506736
58,71 9.9156473
4.2764762
4.5414504

F16. 72.—Triangle computation for quadrilateral used in side equation test

Side equation

"

48 h —2194220

2074208 | 54 50 54068 | 991256829 | +1. 77 58
—2104211 | 2 34 35.64 | 0.66068952 | +4.21 ( 2104217 [ 28 51
—2184219 | 46 35 0871 | 0.86117810 | +1.09 | —2084+209 | 68 53
2154216 35 30 5310 | 978509845 | +2.w4 || ~2114212 | 20 35
9. 19012536 ‘ |
4. 0=-63.72—1.48(207) +2.20(208) — 0.81(209) — 4.21(210) +9.81(211)

&t
TS

9, 64361433

0. 99037327
9. 96083806
1

44+
s

9. 19006164

—5.60(212) — 2.94(215) + 6.76(216) —3.82(217) — 1.99(218) + 2.44

(219) —0.45 (220)
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Correlate equations

1 2 3 4 e 0 Adopted
207 | —1 | f... —1.48 | —2.48 | +0.636 | +0.64
28 | 41 |00 1) o0 | 4220 | 622 - 62
209 || +1 81 19 | ~o14 - 01
20 | i TSl —421 | —6.21 | +1.081 +1.08
211 | 41T +OBL | +10.81 | —2.435 | —243
212 560 | —4.60 | +1.354 | -+1.35
215 —2.04 | —304 | 41067 | +1.06
216 +6.76 | +5.76 | —2.221 —2.22
217 38 | ~18 | +L154 | 4115
218 ~199 | -3909 | +.478 +.48
219 | -1 | +1 | 4244 | 4244 | — 707 -7
20 | +1 L 45 | U85 | 49220 +.23

Normal equations

1 2 3 4 7 Zn C
+6 +2 -2 ~0. 51 +0.05 +5. 54 —0. 21996
+6 +2 +4.98 +-. 39 +15.37 -+. 32198
+6 .45 +.49 +6. 94 -, 24124
+232. 4606 +63. 72 +301. 1006 | —. 28102

RECTANGULAR COORDINATES

The results of the triangulation computed by the United States
Coast and Geodetic Survey are always given in geographic coordi-
nates, since the triangulation usually covers a large area, and must
necessarily be computed by means of geographic coordinates (lati-
tudes and longitudes) on account of the curvature of the earth.

For the survey of a relatively small area, such as a city or small
county, it is much more convenient to use plane coordinates, since
the computations are simpler. If in the small area being surveyed,
however, there are triangulation stations, these should be used to
control the local survey and to connect it to the triangulation of the
country. .

In order to make its results of value to city and county surveyors
using plane coordinates the United States Coast and Geodetic Survey
has issued Special Publication No. 71, entitled ‘“Relation between
plane rectangular coordinates and geographic positions,” in which
tables are given that make the computations for transforming
geographic to plane rectangular coordinates or vice versa very
simple. This publication can be purchased from the Superintendent
of Documents, Washington, D. C., for 10 cents,



CHAPTER 7.—GENERAL RULES AND SUGGESTIONS

All computations can be made much more rapidly and can be
checked more easily if the work is arranged in a systematic manner.
This bureau has printed forms for nearly all triangulation computa-
tions and these should be used whenever possible, as they expedite
the work and lessen considerably the chances for errors.

The mathematician should bear in mind that accuracy is desired
above everything else. Of course speed is desired also, but accuracy
should not be sacrificed to it. Nothing is gained if a piece of work is
done in an unusually short time, if as a consequence it afterwards
needs considerable revision.

For a great many computations no fixed rules can be laid down, but
the proper procedure depends upon the judgment of the mathema-
tician doing the work. For instance, it is impossible to specify the
number of decimal places to be used for the numbers and logarithms
in all the various computations. This depends upon the particular
piece of work being computed.

All work should be done neatly and all figures should be written
carefully and legibly. Do not write one figure over another. Either
erase entirely the one which is superseded, or draw a line through it
and write the correct figure above it.

Every computation, unless self-checking, should be checked by a
mathematician other than the one who made the original computation.
The mathematician who does the checking should first make his
changes in pencil, and then he and the mathematician making the
original computation should agree on the proper values before the
final corrections are made in ink.

An inexperienced mathematician should feel free at all times to
consult the man under whom he is working or, in an emergency,
any of the more experienced mathematicians in regard to the work.
It is well to make sure you are right before carrying a computation
too far. 'This consultation suggestion should not be abused, however.
Beginners should proceed upon their own initiative in the work
assigned them, unless there is doubt as to the proper method. Knowl-
edge obtained by study and hard work is much more easily retained.

In all triangulation computations meters are used, but the final
results are converted to feet, and both meters and feet are published.

In an adjustment of a large net of triangulation the selection of
the equations, as well as the formation, should be checked before the
work is carried ahead, as often an “identical”’ equation (see p. 181) will

215
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not become apparent until the forward solution of the normals is
made, and considerable recomputation will then be required to sub-
stitute the proper equation.

Intersection stations, that is, unoccupied points, unless they are
main scheme stations, should be adjusted by using only the three
lines which give the strongest angles at the vertex.

The mathematician making the first check of a list of geographic
positions should also check the angles in the triangles for all ‘“no-
check” points.

In those adjustments in which the logarithms of certain lengths
each appear in only one triangle these logarithms should be carefully
checked before the list is made out. :

The mathematician making out a list of geographic positions and
the one doing the checking should scan it carefully for errors that may
easily be discovered by inspection. For example, it is easy to see
whether the azimuth and back azimuth differ by approximately 180°
as they should, or whether the number of figures in a length corre-
spond to the characteristic of the logarithm from which it is taken.

All final lists of geographic positions should be checked by two
mathematicians, who should put their initials at the bottom of each
sheet. As soon as a list has been properly checked, a photostat copy
of it should be obtained for the files of the division of geodesy. 1f
the triangulation is along the coast another photostat copy of the list
should be obtained for the files of the division of charts.

Pages of geographic positions and cards of descriptions of the sta-
tions should not be taken out of the files of the division of geodesy
without leaving a memorandum of such withdrawals with the mathe-
matician in charge of the files.

In the adjustment of a central point figure where there is more
than one side equation, one of these equations should be written
with the pole at the center and carried completely around the figure.

In an adjustment having several side equations, if the closure for
one is large the directions used in that equation should be investi-
gated. If the closure can be improved considerably by omitting a
certain direction that should be done.

Whenever a field computation of triangles is available it is not
necessary to make a preliminary office computation of triangles, but
the logarithms of lengths from the field computation can be used to
compute the spherical excess.

In the adjustment of triangulation by the angle method the azi-
muth equation should always be formed by using the ¢ or azimuth
angles, as then the azimuth equation will not ordinarily involve the
same ¢'s as the length equation, and the solution of the normal
equations will be simplified.
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In using the Shortrede logarithmic tables, the tables of propor-
tional parts at the right of each page and the tabular difference for
one second at the bottom of each minute column should be used
except for very small angles. For small angles, where the tabular
difference for one second is changing rapidly, the difference should
be taken out for the particular second used.

In forming the correlate equations, the coefficients of some of the
equations should, in some cases, be divided by 5, 10, or 100 to make
them of approximately the same size as those in the other equations.
This makes it possible to obtain a given accuracy with a smaller num-
ber of decimal places in the solution of the normal equations.

In the computation of a geodetic position for which the signs of
the AX’s as computed over the two lines are the same, and the two
values are approximately the same size, the resulting values of A
may check and yet the computation be wrong. This is due to the
fact that the values of A’ and sec ¢’ are the same for both lines used
in the computation, and if there is an error in either of these terms,
it will affect both AN’s by about the same amount. The error will
not be apparent until this position is used in computing some other
position for which the longitude will necessarily fail to check.

In the computation of a geodetic position all signs, whether plus
or minus, should be indicated for all the terms. This saves much
time and avoids confusion,

Eternal (true black carbon) ink should be used for making out all
lists of geographic positions since this permits much better photostat
copies to be made.

The last mathematician to leave a room, in which there are com-
puting machines, at the end of a day should see that all the machines
are covered. This prevents dust from entering and injuring the
delicate parts of the machine.

In making out lists of geographic positions, the mathematician
should always insert at the top of each sheet, in the blanks provided,
the locality and State in which the triangulation is located, and also
the datum on which the work is computed. This will avoid con-
fusion if the sheet should become misplaced from the files or computa-
tion cahier.

Before starting the adjustment of a net of triangulation, the mathe-
matician should find out just how the net is connected in position,
length or azimuth to previously adjusted triangulation. If any of
the points or lines of the new net are identical with points or lines of
previously adjusted triangulation, they should be held fixed in the
new adjustment, in order that the new triangulation may be made
consistent with the existing fixed triangulation. Occasionally, how-
ever, a station already adjusted may be allowed to take a new posi-
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tion, if the old data on which its position was based are not con-
sidered very accurate or reliable. The final decision in a matter of
this kind should rest with the more experienced judgment of the older
mathematicians. :

In many of the operations in the computation of triangulation
more decimal places are used in the course of the computation than
are necessary when the final values are reached. In dropping the
extra decimal places no question arises if the figures dropped represent
either more or less than one-half a unit of the last decimal place
retained, for if they are less the last figure retained remains unchanged
and if more it is increased one. For example, if the two numbers
0.2273 and 0.3366 are rounded off to three decimal places, then the
adopted numbers should be 0.227 and 0.337, respectively.

When the figures in the dropped decimal places, however, represent
exactly one-half a unit of the last decimal place retained, then the
number adopted may have two values both of which are equally
correct. In order to avoid confusion the United States Coast and
Geodetic Survey has arbitrarily adopted the plan of using the nearest
even figure for the last decimal place retained. For example, in
rounding off to three decimal places, the numbers 0.4215 and 0.6245,
the adopted numbers should be 0.422 and 0.624, respectively.



CHAPTER 8.—CONSTANTS, FORMULAS, AND TABLES
CONSTANTS AND FORMULAS
Dimensions of the earth according to Clarke’s spheroid of reference

1866):

( Equatorial radius, a,=6378206.4 meters -~ =~~~ 4. : -
log a=6. 80469857

Polar semi-axis, b, =6356583.8 meters

log b=6.80322378

2
Eccentricity, e, = \/ (L;zk,
¢?=0.006768658,
log €2=7.83050257 — 10

Base of Naperian logarithms, ¢,=2.71828183

log €=0.43429448
Modulus of common logarithms, M, =0.43429448

log M =9.63778431—10
r=3.14159265

log ==0.49714987
log sin 17 =4.68557487— 10
log tan 1’/ =4.68557487 — 10
1 kilometer =0.621370 statute mile=0.539593 nautical gile.
1 meter =0.000621370 statute mile=0.000539593 nautical mile.
1 statute mile =1609.35 meters =1.60935 kilometers.
1 nautical mile = 1853.25 meters = 1.85325 kilometers.
1 nautical mile=1.151553 statute miles.
1 statute mile =0. 868393 nautical mile.
1 meter =39.37 inches (law of July 28, 1886).
1 meter = 3.28083333 feet.

log. 3.28083333 =0.51598417.
1 foot =0.30480061 meter.

log. 0.30480061 =9.48401583 — 10.

b

Probable error of an observation, r =0.6745 ;;,1—1

Probable error of result, r,=-7==0.6745 \/
1/ (n-1)
Probable errot of an observation of unit weight, u, =0.6745 \/ —E———E'

Probableerror of an observation of weight p,, r = 17~—.. =0.6745 \/ “E‘f:”’z )
P (n—

Probable error of anobserved direction,d =0.6745 \/ where Z¢? =sum

of squares of corrections to directions, and ¢ i# the number of
conditions.
TA?
3n’
where ZA? is the sum of the squares of the closing errors of the
triangles, and 7 is the number of triangles.

58853°—28——15 219

Mean error of an angle, « =
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Logarithms of radii of curvature of the earth’s surface (in meters)
[Based upon Clarké’s spheroid of 1866 as expressed in meters].

Latitude

Azimuth (degrees)
00 10 20 ) 30 40 50 G° 7 o 80

Latitude
11° 12° 13° 14° 15° 16°
6.80101 | 6.80104 | 6.80197 | 6.80201 | 6.80204 | 6.80208
193 196 199 203 206 210
200 202 206 213 217
210 213 . 216 219 223 227
224 227 230 233 236 240
242 244 47 250 257
262 264 287 270 213 276
284 287 289 202 205 298
308 310 313 315 318 321
333 337 339 342 344
358 359 381 364 366 368
382 383 385 387 391
406 407 400 411 413
424 426 427 429 430 432
442 443 444 446 447 49
456 457 458 460 461 463
467 468 469 470 471 473
473 474 475 476 478 479
00, o eiii———— 473 474 474 475 476 477 478 480 481
Latitude
Azimuth (degrees)
16° 17° 18° 19° 2° 21° 22° 23° 2%°
0. 6.80208 | 6.80213 | 6.80217 | 6.80222 | 6.80226 | 6.80232 | 6, 80237 | 6.80242 | 6. 80248
[ R, 210 216 219 24 234
10, ccenmmmc——————— 217 221 225 230 234 239 244 250 258
15... 227 231 235 239 244 249 254 259
.- 240 244 248 252 257 262 266 271 277
2. .. 257 261 265 269 213 a 282 287 202
eee 276 280 284 287 292 300 305
- 301 305 308 312 318 320 324 320
321 324 327 330 334 338 341 345 350
344 347 " 350 383 357 360 364 387 371
368 371 373 378 379 382 386 389 392
391 306 398 401 404 407 410 413
413 415 417 419 422 424 427 430 432
432 434 436 438 440 443 445 448
449 451 453 454 456 459 461 463 4656
463 464 468 408 470 472 473 478 478
473 474 476 478 479 481 483 486 487
479 480 482 483 485 487 480 400 492
481 482 485 487 489 490 492 494
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Logarithms of radii of curvature of the earth’s surface (in meters)—Continued

Latitude -
Azimuth (degrees)

28° 25° 26° 27° 28° 20° 30° | 31° 32°

Latitude

32° 33° 34° 35° 36° 37 38° 39° 40°

“1.6.80327 | 6.80335 | 6.80342 | 6.80350 | 6.80357
4 1 1

329 336 344 35 359

333 348 355
340 348 355 362 360
350 357 364 371 378
362 368 375 382 388
378 382 388. 304 101
301 307 402 408 414
407 412 481 4% 429
4% 434 439 444
441 45 450 454 459
457 481 465 469 474
472 478 480 484 487

488 489 493 408
408 301 507, 510
508 510 513 51 519
518 517 520 5 525
. 519 522 524 527 529
901 511 514 516 518 521 523 526 528 531

Latitude
Azimuth (degrees)

40° 41° 42° 43° e 45° 4%° 47 48°
6.80396 | 6.80404 | 6.80411 | 6.80419
307 404 412 420
400 408 415 A
413 420 428
413 420 47 434
422 429 436 442
439 448 452

444 450 458

470 475 480
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Logarithms of radii of curvature of the earth’s surface (in melers)—Continued

Latitode
Azimuth (degrces) S
48° 49° 50° 51° 52° 53° 54° 55° 56°
6.80419 | 6.80426 | 6,80434 | 6.80442 | 6.80449 | 6.80457 | 6.80464 | 6.80471 | 6. 80479
420 428 435 443 450 458 465 472 479
423 430 438 445 453 460 467 474 481
428 435 442 450 457 | 464 471 478 485
434 441 448 45. 462 469 476 483 489
442 449 456 463 469 476 482 489 495
452 458 465 471 477 484 490 496 502
462 468 474 480 486 492 498 503 509
474 479 485 490 496 501 506 512 517
485 490 495 500 505 510 515 520 525
496 501 508 510 515 520 524 528 533
508 512 516 520 524 528 533 537 541
518 522 526 530 533 537 541 544 548
528 531 534 538 541 545 548 551 5556
536 539 542 545 548 551 564 557 560
542 545 548 551 564 557 559 562 565
547 550 563 555 558 561 563 566 568
550 563 555 558 5 563 566 568 570
851 554 556 559 561 564 566 569 571
Latitude
Azimuth (degrees) -
56° 57° 58° 1 69° 60° 61° 62° 63° 64°
6.80506 | 6.80513 | 6.80520 | 6.80526 | 6.80532
507 514 520 526 532
509 515 522 528 534
bil 518 524 " 530 536
515 521 527 533 539
520 526 531 537 542
525 530 536 541 546
531 536 541 546 561
537 542 546 551 556
543 548 552 556 560
550 554 558 562 566
556 560 563 567 570
562 565 568 572 575
567 570 573 576 579
572 574 577 580 582
575 578 580 583 585
578 580 583 585 587
580 582 584 586 588
580 583 585 587 589
Latitude
Azimuth (degrees)
64° 65° 66° 87° 08° 69° 70° 71° 72°
6. 80532 | 6.80538 | 6.80544 | 6.80550 | 6.80555 | 6.80560 | 6.80565 | 6.80570 | 6.80575
532 538 544 550 565 561 566 570 575
534 540 545 551 566 562 566 571 576
536 542 547 553 558 563 568 572 577
539 544 550 555 560 565 570 674 578
542 548 553 558 562 567 572 578 580
546 551 556 561 565 570 574 578 582
561 566 560 564 569 573 577 581 584
556 560 564 568 572 576 580 583 587
560 564 568 572 576 679 583 586 589
565 569 573 576 579 583 586 589 502
570 b74 77 580 583 586 589 591 504
575 578 5sl 584 586 580 591 504 506
579 582 584 587 589 592 594 596 | 6. 80508
582 585 587 590 502 504 506 | 6. 80698 | 6. 80600
585 587 580 502 504 506 508 | 6. 80600 601
587 589 591 593 505 507 | 6. 80599 601 602
588 590 592 54 596 508 | 6. 80600 601 803
589 593 596 597 598 600 602 603

591




CONVERSION TABLES

Lengths—Feel to meters (from 1 to 1000 undts)
[Rednetion factor: 1 foot==0.3048006096 meter]

i
! Feet

Feet Metors Meters Foot Meters Foet Maoters Feet Meters
] 0.0 50 15, 24003 100 30. 43008 150 45.72009 200 60.96012
1 0.30480 1 15.54483 1 30. 78486 1 46.02489 1 61.26492
2 0.60960 2 15. 84963 2 31.08960 2 46.32069 2 61.56972
3 0.91440 3 38.15443 3 31.30446 3 406. 063449 3 61.87452
4 1.21920 4 16. 45923 4 31.69926 4 46.93929 4 62.17932
5 1.52400 5 16.76403 5 32.00408 5 47.24409 8 62.48412
6 1. 82880 6 17.06883 6 32.30886 6 47. 54890 6 02. 78803
7 2.13360 7 17.37363 7 32.61367 7 47.85370 7 63.09373
8 2.43810 8 17.67844 8 32.01847 8 48.15850 8 63.39853
9 2.74321 9 17.98324 9 33.22327 9 48.46330 9 63.70333
10 3.04801 60 1R. 28804 110 33.52807 160 48.76810 210 64.00813
1 3.35281 1 1R, 50284 1 33.83287 1 49.07290 1 64.31203
2 3.65761 2 18. 89764 2 34.13767 2 49.37770 2 64.61773
3 3.96241 3 19. 20244 3 34.44247 3 4. 68250 3 64.92253
4 4,26721 4 19.50724 4 34.74727 4 49.95730 4 65.22733
5 4.57201 5 19.81204 5 35.05207 5 §0.29210 5 65.53213
6 4. 87681 6 20, 11684 6 35.35687 6 50. 59690 6 65. 83693
7 5.18161 7 20.42104 7 35. 66167 7 50.90170 7 66.14173
8 5. 48641 8 20.72644 8 85.96647 8 51.200650 8 66. 44653
9 b.79121 9 21.03124 9 36.27127 9 51.51130 9 66.75133
20 8.00601 70 21.33604 120 36.57607 170 51.81610 220 67.05613
1 6. 40081 1 21.640%4 1 36.85087 1 52.12000 1 67.36093
2 6. 70561 2 21.94564 2 37. 18567 2 52, 4257 2 67.066574
3 7.01041 3 22.25044 3 37.49047 3 52.73051 3 67.97054
4 7.31621 4 22.556525 4 87.79528 4 53.03531 4 68.27534
5 7.62002 5 22. 86005 5 88.10008 5 52.34011 5 68.58014
6 7.92482 6 23. 16485 6 38.40488 6 53. 64491 6 68. 88494
7 8.22962 7 23. 46965 7 38. 70068 7 53.94071 7 69.18974
8 8.53442 8 23.77445 8 39.01448 8 54. 25451 8 69. 49454
9 8.83922 9 24.07925 9 39.31928 9 54. 55931 9 69.79934
30 9.14402 80 24.38405 130 39. 62408 180 54.806411 230 70.10414
1 0. 44882 1 24. 68885 1 39.92888 1 55.106891 1 70. 40894
2 9.75362 2 24. 99365 2 40. 23368 2 55.47371 2 70.71374
3 10.05842 3 25. 20845 3 40. 53848 3 55.77851 3 71.01854
4 10.36322 4 25.60325 4 40.84328 4 56.08331 4 71.32334
5 10. 66802 5 25. 90805 5 41.14808 5 56.38811 5 71.62814
[ 10.97282 6 26.21285 6 41. 45288 6 56.69291 6 71.93204
7 11.27762 7 28. 51765 7 41.75768 7 56.99771 7 72.23774
8 11.58242 8 26.82245 8 4206248 8 57.30251 8 72.54255
9 11.88722 9 27.12725 ] 42.36728 9 57.60732 9 72.84735
40 .19 90 27.43205 140 42. 87209 190 57.91212 240 73.15218
1 12. 49682 1 27.73686 1 42.97680 1 B8. 21692 1 73.45095
2 12.80163 2 28.04166 2 43.28169 2 58.52172 2 93.76175
3 13.10643 3 28.34640 3 43.58649 3 58.82(52 3 §4.06655
4 13.41123 4 28.65120 4 43.89128 4 £9.13132 4 94.37136
5 13.71603 5 28.95606 5 44.19600 5 50.43612 5 94.67616
6 14.02083 6 29. 26088 6 44, 50039 6 59.74092 6 94.98005
9 14.32563 7 20, 56560 7 44.80509 7 60.04572 7 75, 28576
8 14.63043 8 29. 87 8 45.11049 8 60.35052 8 78. 59068
9 14.93623 9 80.17526 9 , 41529 9 60, 66532 '] 75.80538
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U. 8. COAST AND GEODETIC SURVEY

Lengths—Feet to meters (from 1 to 1000 unitsy—Continued

Feet Meters Feet Meters Feet Meters Feet. Meters Foet, Meters
250 76.20015 300 91.44018 350 106. 68021 400 121.92024 450 137.16027
1 76. 50495 1 91. 74498 1 106. 98501 1 122. 22504 1 137. 46507
2 78.80975 2 92.04978 2 107. 28981 2 122. 52985 2 137. 76988
8 77.11455 3 92. 35458 3 107. 59462 3 122. 83465 3 138. 07468
4 . 41935 4 02.65939 4 107. 89942 4 123.13945 4 138.37948
H 77.72418 5 92.96419 5 108. 20422 5 123. 44425 5 138.68428
6 78.02896 6 93. 26890 6 108. 50902 6 123. 74905 6 138.98908
9 78.33378 7 93. 57379 7 108. 81382 7 124. 05385 7 139. 29388
8 78.63856 8 03. 87859 8 109. 11862 8 124. 35865 8 139. 59868
9 78.94336 9 94.18339 9 109.42342 9 124. 66345 9 139.90348
260 79.24816 310 94. 48819 360 109.72822 410 124.96825 460 140. 20828
k 79.55296 1 94, 79299 1 110.03302 1 125. 27305 1 140. 51308
2 70. 85776 2 95. 09779 2 110.33782 2 125.57785 2 140. 81783
8 80. 16256 3 95. 40259 3 110. 64262 3 125. 88265 3 141, 12268
4 80. 46736 4 95.70739 4 110.94742 4 126. 18745 4 141.42748
- 80.77216 5 06.01219 5 111.25222 5 126. 49225 5 141.73228
6 81. 07696 6 06.31699 6 111. 55702 6 128. 79705 6 142.03708
1 81.38176 7 96. 62179 7 111. 86182 7 127.10185 7 142, 34188
8 81. 68656 8 06.92659 8 112. 16662 8 127. 40665 8 142. 64669
9 81.99136 9 97.23139 9 112.47142 9 127.71146 9 142.95149
270 82.20616 320 97.53620 310 112.77623 420 128.01626 470 143, 25629
1 82. 60097 1 07.84100 1 113. 08103 1 128. 32106 1 143. 56100
2 82. 90577 2 08. 14580 2 113. 38583 2 128. 62586 2 143, 86580
8 83.21057 3 08. 45060 3 113, 69063 3 128. 93066 3 144.17069
4 83.51537 4 98. 75540 4 113. 995643 4 129. 23546 4 144. 47549
5 £3.82017 5 09. 06020 5 114.30023 s 129, 54026 5 144. 78029
6 84.12497 6 99. 36500 6 114. 60503 6 129. 84506 6 145. 08509
v 84.42077 7 99, 66980 7 114.90983 7 130. 14986 7 145. 38989
8 84. 73457 8 09. 97460 8 115. 21463 8 130. 45466 8 145. 69469
] 85.03937 9 100. 27940 9 115.51943 9 130. 75946 9 145.99949
280 85.34417 330 100. 58420 380 115. 82423 430 131.06426 480 146. 30429
1 85. 64807 1 100. 83300 1 116. 12903 1 131.36906 1 146, 60908
2 85.95377 2 101. 19380 2 116. 43383 2 131. 67386 2 146. 91380
8 86.25857 3 101. 49860 3 116. 73863 3 131.97866 3 147, 21860
4 86. 56337 4 101.80340 4 117.04343 4 132.28346 4 147.52350
1] 86.86817 5 102.10820 5 117.34823 5 132. 58827 3 147. 82830
6 87.17297 6 102. 41300 6 117.65304 6 132. 89307 6 148, 13310
v 87.47777 7 102. 71781 7 117.95784 7 133.19787 7 148. 43790
8 87. 78258 8 103. 02261 8 118.26264 8 133. 50267 8 148. 74270
|4 88.08738 9 103.32741 9 118. 56744 9 133. 80747 9 149. 04750
290 88.39218 340 | 103.63221 390 118.87224 440 134.11227 490 149.35230
1 88. 69698 1 103.93701 1 119. 17704 1 134.41707 i 149. 65710
2 £9.00178 2 104. 24181 2 119. 48184 2 134.72187 2 149. 96190
8 80. 30658 3 104. 54661 3 119, 78664 3 135. 02667 3 150. 26670
4 89. 61138 4 104. 85141 4 120. 09144 4 135.33147 4 150. 57150
H 89 01618 5 105. 15621 5 120. 39624 5 135.63627 5 150. 87630
6 90. 22098 6 105. 46101 6 120. 70104 6 135, 94107 6 151. 18110
9 90 52578 7 105. 76581 7 121. 00584 7 136. 24587 7 151. 48590
g 8 106. 07061 8 121.31064 8 136. 55087 8 151. 70070
91.13538 [] 106, 37541 9 121. 61544 9 136. 85647 9
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CONSTANTS, FORMULAS, AND TABLES pyars
Tengths—Feet 1o meters (from 1 to 1000 units)—Continued
Foot Meters Feet Meters Fect Meters Feet Meters Foet Meters

500 152. 40030 550 167.64034 600 182.88037 650 108. 12040 700 213.36043
1 152. 70511 1 1067. 94514 i 183.18517 1 108. 42520 1 213. 66623
2 153. 00991 2 108. 24994 2 183. 48997 2 198. 73000 2 <13. 07003
] 153.31471 3 168. 55474 3 183, 79457 3 199. 03480 3 214, 27483
4| 153.61951 4 168, 85954 4 184. 09957 4 199. 33960 4 214. 57963
51 153.92431 5 169.16434 5 184.40437 5 199, 64440 5 214, 88443
€ 154.22011 6 169. 46914 6 184. 70017 6 199. 91920 6 215.12923
7 154. 53301 7 159, 77301 71 185.01397 i 200. 25400 7 215. 43403
8 154, 83871 8 170. 07874 8 185.31877 8 200. £5580 8 215. 79883
<] 155.14351 9 170.32354 9 185.62357 9 200. 86350 9 216. 10363
510 155.44831 560 170.68834 610 185.92837 660 201.16840 710 216. 40843
1 155. 75311 1 170.99314 1 186. 23317 1 201.47320 1 216. 71323
2 156. 05791 2 171.29794 2 186. 53707 2 201. 77800 2 217.01803
] 156. 36271 3 171. 60274 3 186. 84277 3 202, 08280 3 217.32283
4 156. 66751 4 171.90754 4 187.14757 4 202. 38760 4 217. 62764
5| 156.97231 51 172.21234 5 187.45237 510 202.60241 51 217.03244
& 157.27711 6 172.51715 6 187.75718 6 202.99721 6 218.23724
7 157. 58192 7 172. 82195 7 188. 06198 7 203.30201 7 218. 54204
8 157. 88672 8 173. 12675 8 188.36678 8 203. 60681 8 218. 84684
] 158.19152 9 173.43155 9 188.67158 9 203.91161 9 219. 15164
520 158. 40632 570 173.73635 620 188.97638 670 204. 21641 720 219. 45644
i 158.80112 1 174. 04115 1 189.28118 1 204. 52121 1 219. 76124
2 159. 10502 2 174. 34505 2 189. 58598 2 204. 82601 2 220. 06604
8 159. 41072 3 174.65075 3 189. 83078 3 205. 13081 3 220.37084
4 159. 71562 4 174.95555 4 190. 19558 4 205. 43561 4 220. 67564
5| 160.02032 51 175.26035 5 190. 50038 S| 205 74041 5 220. 98044
6 160.32512 6 175. 56515 6 190. 80518 6 206. 04521 6 221, 28524
7 160. 62992 q 175. 86995 Vi 191. 10998 7 206. 35001 7 221. 59004
B 160. 93472 B8 176. 17475 8 1901. 41478 8 206. 65181 [ 221.8948%
] ! 161.23952 9 176. 47955 g 191.71958 9 206. 95951 9 222.19064
[ i} 161.54432 580 176. 78435 630 192. 02438 680 207. 26441 730 222, 50445
i 161. 84012 1 177. 08015 1 192.32018 1 207.56922 1 222. 80925
2 162. 15392 2 177.39395 2 192. 63399 2 207. 87402 2 223. 11405
8 162. 45872 3 177. 69876 3 192. 93879 3 208.17882 3 223. 41885
4 162. 78353 4 178.00356 4 193. 24359 4 208. 48362 4 223, 72563
S| 163.06833 5| 178.308368 5| 193.54839 5| 208.78842 51 92240245
5 163.37313 6 178.61316 6 193. 85319 6 209. 00322 6 224.33125
7 163. 67793 7 178.91796 7 194. 15799 7 209. 39802 7 224. 63803
3 163, 98273 8 179. 22276 8 194. 46279 8 209. 70282 8 9224. 94235
9 164. 28753 9 179. 52756 9 194. 70759 9 210.00762 9 225. 24763
B40 164. 59233 590 179. 83236 640 195.07230 690 210. 31242 740 225. 55245
1 164.89713 1 180.13718 1 195.37719 1 210.61722 1 225. 85725
2 166. 20193 2 180. 44196 2 195. 68199 2 210.92202 2 226. 16205
[ 165. 5067. 3 180. 74676 3 195, 98679 3 211.22682 3 226. 46685
4| 165.81153 41 181.05158 4| 196.20159 4| 211.53162 41 226.77165
S| 168.11633 s 181.85636 51 106.50639 51 211.83642 5| 227.07645
6 166. 42113 [ 181. 66118 6 196.90119 6 212.14122 6 227. 38125

§i 166.72583 71 181.96506 7| 197.20509 71 212.44602 7 276
S 167.03073 8 182, 27076 8 197. 61080 8 212. 75083 8 %.-99086

. 33663 91 2267567 $ . § )  AL0006e ']
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U. 8. COAST AND GEODETIC SURVEY

Tengths—Feet to meters (from 1 to 1000 units)—Continued

Feet Moters i Feet Meters Tlect Meters Feet Meters Feot Meters
\

750 228. 60046 800 243.84049 850 259.08052 900 274.32055 950 289. 56058
1 228.90526 1 244, 14520 1 259. 38532 1 274.62535 1 2580. 86538
2 229. 21006 2 244. 45 2 259. 69012 2 274.93015 2 290.17018
3 229. 51486 3 244. 75480 3 259. 99492 3 275. 23495 3 290.47498
4 229.81966 4 245.05969 4 260. 4 275.53975 4 290.77978
5 230.12446 5 245.36449 H] 260. 60452 5 275 84455 5 201.08458
[ 230.42928 6 245. 66920 6 260. 90932 6 6. 149 6 291.38938
g 230. 73406 g 245.97409 7 261.21412 7 7 201.69418
8 231. 03886 8 246. 27850 8 261. 51892 8 6 8 291.99898
14 231.34366 9 246. 58369 9 201.82372 9 2717 06375 9 292.30378

760 231.648468 810 246.88849 860 262.12852 910 277.36855 960 292. 60859
1 231.95326 1 247.1032) 1 262. 43332 1 277.67336 1 292.91339
2 232. 25806 2 247. 49800 2 262.73%13 2 277.97816 2 203.21813
8 232. 56287 3 247. 80280 3 263.04293 3 278. 28296 3 293. 52293
4 232. 86767 4 248.10770 4 263.34773 4 278.58776 4 203.82779
] 233.17247 5 248.41250 5 263. 65253 5 278.89256 5 204.13259
6 233.47727 6 248.71730 6 203.95733 6 279.19736 6 294.43739
7 233. 78207 7 249.02210 7 264. 26213 7 279. 50216 7 204.74219
B 234.086%7 8] 249.32600 8] 264.56603 8 279. 80696 8| 295.04608
9 234.39167 9 249. 63170 9 264.87173 9 280.11176 9 295.35179

770 234. 69647 820 249.93650 870 265.17653 920 280. 41656 970 295. 65659
1] 235.00127 1 250. 24130 1 265. 45133 1 280. 72136 1 295. 96139
2 235. 30607 2 250. 54610 2 265. 78613 2 281. 02616 2 206.20619
3 235. 61087 3 250. 85090 3 268. 09093 3 281. 33006 3 296. 57089
4 235.91567 4 251.15570 4 266. 39573 4 281.63576 4 206.87573
5 6. 22047 5 251.46050 5 268. 70053 5 281, 94056 5 297.18053
6 236. 52527 6 251.76530 6 267. 00533 6 5: 6 297. 48539
7 236. 83007 7 252.07010 7 267. 31013 7 282 1 7 297. 79020
8 237.13487 8 252.37490 8 267.61494 8 2R82. 8407 8 208. 09500
9 237.43967 9 252.67971 9 267.91974 9 283.15977 9 208.39980

780 237.74448 830 252.98451 880 268.22454 930 9283. 46457 980 298.70460
1 238.04928 1 253. 28931 1 268. 52031 1 283. 76937 1 299. 00940
21 238.35408 2| 253.50411 2| 268.83414 21 28407417 21 299.31420
3 233, 65888 3 253. 89501 3 269. 13804 3 284.37897 3 209. 61900
4 238.96368 4 254.20371 4 269.44374 4 284.68377 4 209.92380
5] 230.26848 5| 254.50851 51 260.74834 5{ 9284.08857 51 800.22860
6 239. 57328 6 254, 81331 6 270.05334 6 285, 29337 6 300. 53340
7 239. 87808 7 255. 11811 7 270. 35811 7 285. 59817 7 300. k3820
8 240. 18288 8 255.42201 8 270. 66201 8 285. 90297 8 301.14300
9 240.48768 91 255.72771 9| 270.96774 9| 286.20077 9| 301.44780

730 240.79248 840 256.03251 890 271.27254 940 286. 51257 990 301. 75260
1| 241.00728 1 256.33731 1| 271.57734 11 286.81737 1| 302.05740
2 241. 40208 2 256. 64211 2 271.88214 2 287.12217 2 302.30320
3 241.70688 3 256. 94691 3 272.13694 3 287.42607 3 302. 66701
4 242.01168 4 257.25171 4 272.49174 4 287.73178 4 302.9718L
H] 242.31648 5 257.56852 5 272.79655 5 288.03658 5 303. 27661
6 242.62129 6 257.86132 6 273.10135 [ 288. 34138 6 303. 58141
g 242.92609 7 258. 16612 71 273.40615 71 28864618 7| 303.8862L
8 243. 23089 8 258. 47002 8 273. 71095 8 288, 45098 8 304. 19101
9 243. 53569 9 25%.77572 9 274.01576 9 289. 25578 9 304. 49581




CONSTANTS, FORMULAS, AND TABLES

Lengths— Meters to feet (from 1 to 1000 units)
[Reduction factor: 1 meter=3.280833333 feet]

[N}
o
\I

Me- . Me- Mo~ : Me- Mo=
ters Teet ters Foet ters Troot ters Feet ters Foet
0 50 164.04167 100 328.08333 150 492.12500 200 656.16667
1 8.28083 1 167.32250 1 331.36417 1 495. 40683 1 659. 44750
2 6.50167 2 170. 60333 2 334.64500 2 498. (8667 2 062. 72833
3 9. 84250 3 173. 88417 3 337.92583 3 501.96750 3 666.00917
4 13.12333 4| 177.16500 4| 341.20067 4] 505.24833 4 9. 20000
5 16.40417 5 180. 44583 5 B44. 48750 5 50R. 52017 5 672.57083
B 19. 68500 6 183. 72667 6 347.76833 6 511.81000 6 675.85167
v 22.96583 7 187. 00750 7 351.04017 7 515.000%3 9 670.13250
] 26. 24667 8 190. 28833 8 354.33000 8 518.37167 8 682.41333
] 20.52750 9 193. 56017 9 357.61083 9 521. 65250 9 685.69417
20 32.80833 60 [ 196.85000 110{ 360.89167 160 | 524.93333 210 | 088.97500
1 36.08017 1 200. 13083 1 364.17250 1 528.21417 1 692, 25583
2 39.37000 2 203. 41167 2 307.45333 2 531. 49500 2 695. 53667
3 42. 65083 3 206. 69250 3 370.73417 3 534.77583 3 693.41750
4 45.93167 4 209.97333 4 374.01500 4 538.05667 4 702.00833
5 49.21250 5 213. 25417 5 377.29583 5 541.33750 5 705.37017
(] b2.49333 6 216. 53500 6 380. 57667 6 544.61833 6 708. 66000
i 65.77417 7 219. 81583 7 383.85750 7 547.89917 7 711.94083
8 b9. 05500 8 223. 09667 8 887.13833 8 §51.18000 8 715.22167
9 62.33583 9 226.37750 9 390.41917 9 554.46083 9 718.50250
20 65.061667 70| 220.65833 120 | 393.70000 170 | B57.74167 220 { 721.78333
1 68. 89750 1 232.93017 1 396. 98083 1 561.02250 1 725. 00417
2 92.17833 2 236. 22000 2 400. 26167 2 564.30333 2 728.34500
8 5. 45917 3 239. 50083 3 403. 54250 3 567. 58417 3 731. 62583
4 78.74000 4 242.78167 4 40832333 4 570. 86500 4 731.90667
3 82.02083 5| 246.06250 5 410.10417 5 574.14583 5 738.18750
] 85.30167 6 249. 34333 6 413. 38500 6 577.42667 6 741. 46833
7 8R. 58250 g 252. 62417 7 416. 66583 7 580. 70750 7 744. 74917
8 01.86333 8 255. 90500 8 419. 94667 8 583.98833 8 748.03000
9 95.14417 9 259. 18583 9 423.22750 9 587.26917 9 7561.31083
30 08. 42500 80| 262.46607 130 426.50833 180 £90. 55000 230 754. 50167
1 101. 70583 1 205. 74750 1 429.78017 1 593.83043 1 757.87250
2 104. 98667 2 209. 02833 2 433.07000 2 507. 11167 2 761.15333
8| 108.26750 3§ 2712.30017 3| 430.35083 3| 600.39250 3| 76443017
4| 111.54833 41 275.50000 41 439.63167 4] 003.67333 4| 767.71500
51 114.82017 5] 278.87083 51 442.01250 5| 606.95417 5| 770.99583
6 118. 11000 6 282.15167 6 446.19333 6 610. 23500 6 774.27667
7 121. 39083 7 285. 43250 7 449.47417 ? 613. 51585 7 777. 55750
8 124.67167 8 28R.71333 8 452. 75500 8 616. 79667 8 780.83833
9 127.95250 9 201.99417 9 4656. 03583 9 620.07750 9 784.11917
40| 131.23333 90 295. 27'300 140 459.31687 130 623.35833 240 787.40000
1 134.51417 1 208. 5658 1 462. 59750 1 626. 63917 1 790. 68083
2 137. 70500 2 301. &3667 2 465. 87833 2 629. 92000 2 793. 96167
g 141.07583 3 305.11750 3 469.15017 3 633. 20083 ] 797. 24250
4 144.35667 4 308.30833 4 472.44000 4| 630.48167 4 800.52333
51 147.63750 51 3811.67617 5| 475.72083 5] 639.76250 5| 803.80417
6! 150.91833 6 314.96000 6 479.00167 6 643.04333 6 807.08500
7 154.19017 7 318.24083 7 482, 28250 7 646.32417 9 810. 36533
8 157. 48000 8 321.52167 8 485, 56333 8 64y, 60500 8 813. 64667
9!  160.76U83 9 324.50250 g/ dsa.aell 9] 66228088 '] 82750
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U. 8. COAST AND GEODETIC SURVEY

Lengths— Meters to feet (from 1 to 1000 units)—Continued

Mo-

Mo | Teet o Toot Mo Toct e Toet Mo | Toet
250 g20.20833 | 300| ose.25000 (| 3s011,148.20167 || 400 1,312.33333 || 450 | 1,476.37700
1 823.48017 1 987. 53083 111,151.57250 1 1 315.61417 1 1 479. 635583
2 826. 77000 2 990. 81167 2 | 1,154.85333 2 l 318. 89500 2 1 482. 93667
3 830. 05083 3 994. 09250 3] 1,158.13417 3 l 322. 17583 3 1 486.21750
& | 833.33167 4| o97.37333 4 | 1,161.41500 4| 1,325, 45667 4 | 1,430.50833
s| s836.61250 5 | 1,000.65417 51 1,164. 60583 51 1,328.73730 5 | 1,492.77017
[ £39. 89333 6 1 003. 93500 6 1, 167.97667 6 1 332.01833 6 1,496.0()000
9 £43. 17417 7 1 007. 21583 7 1,12}.25750 7 l 335.20017 7 | 1,409.34083
8 846. 45500 8 1 010. 49667 81 1,174.53833 8 1,3'38 B5800D 8 l 502.62167
9| 849.73583 8 | 1,013.77750 9| 1177.8:017 o | 1,341.86083 9 | 1,505.002:0
260| sm3.01667 || 310!1,007.0833 || 360 ]1,181.10000 || 410 1,345.14167 || 460 | 1,500.15333
1 856. 29750 1 l 020.33917 1 1 154.3%083 1 1,348.42250 1 1,512. 46417
2 859. 57833 2 | 1,023. 62000 2 l 187. 66167 21 1,351.70333 2 1,515.74500
3 862. 85917 3 1 026. 90083 3 1 190. 94250 3 1 354.98417 3 | 1,519.02:83
4| 866.14000 4 | 1)030.18167 4| 1 194.22333 3 | 1358.26500 4 | 1,522.30667
5| g860.42083 5 | 1,033.46250 5 | 1,107 50417 5| 1,361.54583 5 [ 1,525.58730
6 872. 70167 6 1 036. 74333 6 1 200. 78500 6 1 364. 820667 6 | 1,528.80833
v 875. 96250 7 l 040.02417 7 1 204. 06583 7 1 368.10750 7 11,532.14917
8 879. 26333 8 1 043. 30500 8 1 207. 346067 8 l 371.38833 8 | 1,535.43000
9| 88250417 9 | 1,046.58553 o | 1,210.62750 9| 1,374. 66017 9 | 1,538.71083
270! 88582500 || 320 | 1,040.88067 || 370 | 1,213.90833 || 420 1,377.95000 || 470 | 1,541.00167
1 R889. 10633 1 1 053.14750 1 1 217.18017 1 l 381.23083 11 1,545. 27260
2 892. 38667 2 1 056.42833 2 | 1,220.47000 2 1 384. 51167 2 | 1,548.55333
8 895. 66750 3 1 059.70917 3 1 223. 75083 3 1 387.79259) 3{1,551.83417
4| 808.94833 4 | 1,062.09000 3| 1.227.08167 41 1)391.07333 4 | 1535.11500
s| go2.22017 5 | 1,066.27083 5| 1,230.31250 51 1,394.35417 5 | 1,558.39583
6 905. 51000 6 1 069. 55167 6 l 233. 59333 6 l 397. 63500 6 | 1,561.67067
g 008. 79083 Vi l 072. 83250 97 1 236. 87417 7 1 400. 91583 71 1,564.95750
8 012.07167 8 1 076.11333 8 1 240. 15500 8 1 404. 19667 8 | 1,568.23833
o| 91535250 9 | 1,079.39417 o | 1,243.43583 9| 1,407.47750 9 | 1,571.51917
280 | o18.63333 || 330 1,082.67500 f 380 | 1,246.71967 || 430 | 1,410.75833 ||  4e2 [ 1,574.80000
1 021.91417 1] 1,085.95583 1 1 249. 99750 1 l 414.03917 1 1, 578.08083
2 925.19500 2 | 1,089,23667 2 1 253. 27833 2 1 417.32000 2 11,581.36167
38 928. 47583 8 | 1,092.51750 3 l 256. 55017 3 l 420. 60083 3 l 5%4. 64250
4| 03175667 4 | 1,095.79833 % | 12259.84000 4| 1,423.88167 4| 1)587.92333
5| 935.08750 5 1 1,009.07017 5 | 1,263.12083 5| 1,427.16250 5 | 1,501.20417
6 938.31833 6 | 1,102.36000 6 l 2606, 40167 6 l 430. 44333 6 | 1,504.4
v| 94150017 7 | 1105. 64083 7 | 1,260 68250 7| 143372417 7 | 1507.76583
8! 044.85000 8 | 1,108 92167 8| 127200333 8 | 1437, 00500 8 | 1,601.04667
9| 948 16083 9 | 1,112.20250 9 | 1,276.24417 o | 1,440, 28583 o | 1604.32750
200 | ost.44167 || 340 | 1,115.48333(| 390 [ 1,270.50500 || 440 1,443.50867 || 400 | 1,607.60
1 9564. 72250 1 l 118. 76417 1 l 282.R0583 1 1,44 84750 1 |1,610.88017
2 958. 00333 2 l 122.04500 2 1 1 286. 08667 2| 1,450.12833 2 | 1,614.17000
3 901. 28417 3 1 125.32583 3 | 1,289.36750 31 1,453.40017 3| 1,617.45083
3 - 565 4 | 1)128.60667 4| 120264833 4 | 1,456, 65000 4 | 1,620.73167
5| 967.84583 s | 1,131.88750 51 1,205.92017 5 | 1,459.97083 5 | 1,624.01250
6| o71.12067 6 | 1,135.16833 6 | 1,200, 21000 6 1,463 25167 6 | 1,627.20333
97 974.40750 7 1 138. 44917 7 1 302. 49083 7 11,466.53250 7 l 630. 57417
8 977. 68434 8 1 141. 73000 8 1 3056, 77167 8 1,469 81333 8 855(»
9! es0.90017 9 | 1,145.00083 9 | 108, 9 | 1,473,007 9 1,637.
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Mo-

Me-

Me-

Me-

Mo- g 7 0
ters Teot ters Foot ters Foct ters Fect ters Feot
500 | 1,0640.41667 550 | 1,804.45833 600 | 1,968. 50000 650 | 2,132,54167 700 | 2,206.58333
1 1 643. 69750 1 1 807. 73917 1] 1,971.78083 1 2 135.82250 1| 2,299.86417
2 1 646.97833 2 1 R11.02000 2 1 975.06167 2 2 139.10333 2 | 2,303.14500
8 1 650. 25017 3 l R14.30083 3 1 978.34250 3 2 142 38417 31 2,300.42583
4 1 653. 54000 4 1,817 58167 4 1 981.62333 4 2 145. 66500 4 | 2,309.70667
5 | 1,656.82083 5 | 1,820.806250 5 | 1,984.00417 512,148.04583 5 { 2,312.98750
1] 1 660. 10167 6 824 14333 6 1 088. 18500 6 2 1')"' 22067 6 { 2,310.26833
v l 663. 38250 7 1 827.42417 7 1 991. 46583 7 155. 5075 71 2,319.54017
8 1 666. 66333 8 1 830. 70500 8 1 994, 74667 8 2 158, ,‘%‘{'X'} 8 2,3"" 83000
8 1 669.94417 9 1,833.98583 9 1,998 02750 9 2 162. 06917 9] 2,326.11083
810 | 1,673.22500 560 | 1,R37.26667 610 | 2,001. '30833 660 | 2,165.35000 710 | 2,320.39167
1 1 676. 50583 1 l 840. 54750 1 2 004.58017 11 2,168.63083 1 2,3‘32 67250
2 | 1,679.78667 2 1 843.82833 2 2,007 £7000 2| 2,171.91167 2| 2.335.95333
811, 683.06750 3 1 847.10017 3 | 2,011.15083 31 2,175.19250 3| 2,339.23417
8 1,686 34833 4 1 850.39000 4 2 014. 43167 4 | 2,178.47333 4 12,342.5
5| 1,689.62017 5| 1,853.67083 5 | 2,017.71250 51 2,181.75417 5 | 2,345.79583
6 1 692, 91000 G 1 850. 95167 6 2 020.99333 6 2 185. 03500 6 2,349.07(‘»67
Y | 1,696.19083 7 1 K60. 23250 7 2 024.27417 7 2 188.315683 71 2,352.35750
8 1 G99. 47167 8 l 863. 51333 8 2 027. 55500 8 2 101. 59667 8 | 2,355.03%33
] 1 702.75250 9 1 866. 79417 9 030.8&»83 9 2 194. 87750 9| 2,358.91017
2520 | 1,706.03333 570 | 1,870.07500 620 | 2,034.11667 670 | 2,198.15833 720 | 2,362. 20000
3 1 7090.31417 1 1 873.35583 1 2 037.39750 1 2 201.43917 1] 2,365. 43083
2 1 712. 59500 2 1 876. 63667 2 2 040.67833 2 2 204, 72000 2 [ 2,368.76167
) 1 715.87583 3 1 849 91750 3 2 043.95017 3 1 208.00083 3| 2,372.04250
4 1 719.15667 4 883.19833 4 2 047. 24000 4 2 211.28167 4 1 2,375.32333
B | 1,722.43750 5| 1,886.47017 5 1 2,050.52083 5 | 2,214.56250 512
6 1 725.71833 [ 1 889, 76000 6 2 053. 80167 6 2 217.84333 62
Vi 1,728 99917 7 | 1,803.04083 7 2,057.08250 7 2 221.12417 712,
8 | 1,732.28000 8 | 1,496.32167 8| 2,060.3C333 8 2 224, 40500 8] 2,3
0 | 1,735.56083 9 1,699.60250 9 | 2,003. 64417 9 2,227 68583 9] 2,8
8830 | 1,738.84167 580 | 1,902. 88333 630 | 2,086.92500 680 | 2,230.96667 730 | 2,
1 1 742.12250 1 1 906.106417 1 2 070. 20583 1 2 234. 24750 1|2
2 1,745.40333 2 | 1,909. 44500 2 2 073. 48667 2| 2)237.52833 2 2,401.57000
8| 1,748.68417 3 l 912. 72583 3 2 076. 76750 3 2 240. 80917 3| 2,404
4 | 1,751.96500 4 1,916.00667 4 2,080 04833 4 2,244. 4 2,408 13167
i
6| 1,755.24583 5 | 1,919.28750 51 2,083.32017 5] 2,247.37083 5 2 411 41250
6 | 1,758.52667 6 1 922. 56833 6 2 086. 61000 6 2 250. 65167 6 414.60333
¥ | 1,761.80750 7 1 925.84017 7 2 089. 89083 7 2 253.93250 ? 2 417.97417
€ | 1,765.08833 8 1 029.13000 8 2 003.17167 8 257.21333 8 2 421. 25500
9 | 1,768.36917 9 1 932. 41083 9 2 086. 45250 9 2 260. 49417 9 2,424 53583
540 | 1,771. 590 | 1,935. 69167 640 | 2,000.73333 690 | 2,263.77500 740 | 2, 42‘7 81667
1 1,774.93083 1 1 038.97250 112,103 01417 1} 2,267.05583 1 2,4 09750
2| 1,778.21167 2 l 942.25333 2 2 106. 20500 2 2 270. 33667 212 434.3.833
8| 1,781.49250 3 1 945. 53417 3 2 109.57583 3 2 273.61750 3 | 2,437.65017
4 1 784.77333 1 948, 81600 4 2,112.85667 4 2 276. 89833 4 | 2,440.94000
5 l 788 05417 5| 1,052.00583 2 2,118.13750 g 2,280.17917 5] 2,444.
€ 1.33500 6 ! 05b.37667 , 110, 41833 . 46000 6 | 2,447.50167
v 1 794 61583 7 1 958 65750 7 2 122.69917 i ‘2 286, 74083 7 | 2,450.78250
1 797. 89667 8 1.93833 8 2 125. 98000 8 | 2,200.02167 8|2 45;.00333
1,3m.u ] 1,0\15.11917 ] m. "] 2,29&.30?50 9 | 2,457,34417
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Me- Me- Mo- Mo- Me-
ters Feet ters Feet fors Feet {ers Feet ters Feot
750 | 2,460.62500 800 | 2,624.66667 850 | 2,788.70333 900 | 2,952. 950 | 3,116.79167
1 2 463.90583 1 2 627.94750 1 2 791. 98017 1 | 2,956.03083 1 3 120.07250
2 2 467.18667 2 2 631.22833 2 2 795. 27000 2 2,95 9. 31167 2 3 123.35333
3 2 470. 46750 3 2 634. 50917 3 2 798. 55083 3] 2,962.59250 3 3 126. 63417
4 2 473.74833 4 2 637. 79000 4 2 801.83167 4 2,965 87333 4 3 129. 91500
5 | 2,477.02017 5 | 2,641.07083 5 | 2,805.11250 51 2,960.15417 513,133.19583
6 2 480.31000 6 2 644.35167 6 2 R08.39333 6 | 2,972. 43500 6 3 136. 47667
v 2 483. 59083 7 2 647. 63250 7 2 811.67417 71 2,975.71583 7 3,139.75/50
8 2 4%6.87167 8 2 650.91333 8 2 814. 95500 8 | 2,978.09667 8| 3,143.03833
] 2 490. 15250 9 2 654.19417 9 2 818.23583 9 ] 2,982.27750 9 | 3,146.31917
460 | 2,493.43333 810 | 2,657.47500 860 { 2,821.51667 910 | 2,985. 55833 960 | 3,149.60000
1 496 71417 1 2 660). 75593 1 2 824.79750 1] 2,988.83017 1 3 152. 88083
2 | 2,499.99500 2 2 664. 03667 2 2 §28.07833 21 2,992.12000 2 3 156. 16167
38 )03 27583 3 2 667.31750 3 2 831.35917 3] 2,995. 40083 3 3 159. 41250
4 506 55667 4 2 670. 59833 4 2 £34. 64000 4| 2,998.68167 4 3 162.72333
5] 2,500.83750 5 [ 2,673.87917 5| 2,837.92083 5 1 3,001.96250 5 | 3,166.00417
6 | 2,513.11833 6 2 677. 16000 G 2 K41.20167 6 5,005.14'3’3'3 6 3 169. 28500
7 ,516 39917 7 2 680. 44083 7 2 844.48250 7 3,008.u2417 7 .5 172. 56583
8 | 2,519.68000 8 2 683.72167 8 2 £47.76333 8 [ 3,011.80500 8 .} 175. 84667
9| 2,522.96083 9 2 687.00250 9 2 851.04417 9 3 010.0&)83 9 3, 179.12750
T70 | 2,526.24187 820 | 2,690.2833%] 870 | 2,854.32500 920 | 3,018.36667 970 | 3,182.40833
1 2 529. 52250 1 2 693. 66417 1 2 857. 60683 1 d 021.64750 1 3 185. 68917
2 .)”»2 £0333 2 2 696. 84500 2 2 R60. 88667 2 d 024.92533 2 2 188.97000
8 2 536. 08417 3 2 700. 12583 3 2 864. 16750 3 5 028. 20917 3 ’5,192 25083
4 2 539.36500 4 2 703. 40667 4 2 867.44833 4 3 031. 49000 4 | 3,195.53167
5 | 2,542. 64583 5 | 2,706.68750 5] 2,870.72017 5 | 3,034.77083 51 3,198.81250
6 2 545.92667 6 2 709. 96833 6 2, §74.01000 6 3 038. 05167 6 3 202.00333
-9 2 549. 20750 7 2 713.21917 7 | 2,877.29083 7 3 041. 33250 7 3 205. 37417
8 2 552. 48833 8 2 716. 53000 8 | 2,880.57167 8 | 3,044.61333 8 ‘3 208. 65500
9 2 555. 76917 9 2 719.81083 9 | 2,883.85250 9 d 047.89417 9 3 211.93583
780 , 2,559.05000 830 | 2,723.00167 880 |, 2,887.13333 930 { 3,051.17500 980 | 3,215.21867
1 2 5062. 33083 1 2 726.37250 1 2 &90. 41417 1 ‘i 054. 45683 1 ‘3 218. 49750
2 2 565. 61167 2 2 729. 65333 2 R‘)Z& 69500 2 ‘3 057. 73667 213,221.77833
3 z 56%. 59250 3 2 732.93417 3 2 896. 97583 3 3,()61.0175() 3 3 225.05017
4 2 572.17333 4 2 736. 21500 4 2 900. 25667 413, X 4 3 223.34000
5 2,675.45417 51 2,739. 49583 5 2 903. 53750 5 | 8,067.57917 51 3,231.62083
6 ,.;7% 73500 6 2 742. 77667 61 2,906,81833 6 d 070. 86000 6| 3,231.90167
7 1 2,582.01583 7 12,746.05750 7 z 910, 09917 7 3 074. 11083 7 3 238. 18250
8 2 5%5. 20667 8 | 2,749.33833 8 2 913. 38000 8 .3 077.42167 8 3 241.46333
9 2 588.5775 9 | 2,752.61917 9 2,916 66083 9 8 080, 70250 9 3 244.74417
790 | 2,591.85833 840 | 2,755.90000 890 | 2,919.04167 940 1 8,083.93333 990 | 3, 248.02500
1 2 595.13917 1| 2,759.18083 1 2 923. 22250 1 3 087. 26417 1 3 251. 30583
2 2 508. 42000 2 2,762 46167 2 2 926. 50333 2 3,090 54500 2 3 254. 58667
8 2 601. 70083 3| 2,765. 74250 3 2 029. 78417 3 1 3,093. 82583 3 3 257.86750
4 2 604. 98167 4 | 2,769.02333 4 A 933. 06500 4 .5 097.10667 4 3,261 14833
5 | 2,608. 26250 5 | 2,772.30417 51 2,936.34583 5 | 3,100.38750 51 3,204.42017
6 2 611. 54333 6 2 775. 58500 612 959 62667 6 3 103. 66833 6 3 267. 71000
7 2 614. 82417 7 2 778. 865683 7 ‘ 942 9750 7 3 106.94917 i 270
8 z 618. 10500 8 2 782. 14667 8 z 946, 18833 8 3 110.23000 8 3 274. 27167
9 2 621. 38583 9 2, 7%5. 42750 9 1 949. 46917 9 3 113.51083 9 d 277.55250
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|

Log dif- Log dif- Log dif-

ference ference ference
Logs | (unitsof | Log AN Log s | (units of | Log A\ ~0g 8 |(units of Lo% AN

=) eighth (+) (=) eighth +) =) eighth +)
decimal decimal decimal
place) place) place)

3.3760 1 1. 8850 4. 8270 799 3. 3360 5.1780 4025 3. 6870
3. 5260 2 2. 0350 4, 8380 841 3. 3470 5. 1830 4119 3. 6920
3. 6140 3 2.1230 4. 8500 889 3. 3580 5. 1880 4215 3. 6970
3. 6770 4 2. 1860 4. 8620 939 3.3710 5. 1940 4333 3. 7030
3.7250 5 2.2340 4.8710 979 3. 3800 5. 1990 4434 3. 7080
3. 7650 i) 2.2740 4. 8820 1030 3.3910 5. 2040 4537 3.7130
3. 7980 7 2. 3070 4, 8920 1078 3. 4010 5. 2000 4643 3.7180
3. 8270 8 2. 3360 4. 9040 1140 3. 4130 5. 2140 4751 3.7230
3. 8530 9 2. 3620 4.9130 1188 3. 4220 52190 4862 3. 7280
3.8760 10 2, 3850 4. 9220 1238 3.4310 5. 2240 4975 3. 7330
4. 0260 20 2. 5350 4, 9330 1303 3. 4420 5. 2200 5091 3. 7380
4.1140 30 2. 6230 4. 9420 1358 3.4510 5. 2330 5186 3.7420
4, 1770 40 2. 4. 9520 1422 3. 4610 5, 2380 3.7470
4. 2250 50 2. 7340 4, 8590 1468 3. 4680 5. 420 54056 3.7510
4. 2650 60 2. 7740 4. 9680 1530 3. 4770 5. 2470 5531 3. 7560
4. 2080 70 2. 8070 4,9780 1603 3.4870 5. 2620 5660 3.7610
4. 3270 80 2. 8360 4, 9860 1663 3. 4950 5. 2560 57685 3. 7650
4. 3530 90 2. 8620 4. 9930 1717 3. 5020 5. 2600 5872 3. 7600
4, 3760 100 2. 8850 5, 0020 1790 3. 5110 5. 2650 3. 7740
4. 3060 110 2. 9050 5.0100 1857 3. 5190 5. 2600 6121 3. 7780
4.4150 120 2. 9240 5.0170 1918 3. 5260 82740 6263 3. 7830
4. 4330 130 2. 9420 5. 0250 1990 3. 5340 5. 2780 6380 3. 7870
4. 4400 140 2. 9580 5.0330 2064 3. 5420 5. 2820 6488 3. 7910
4. 4640 150 2. 9730 5. 0400 2132 3. 6490 5. 2860 6619 3. 7950
4, 4780 160 2. 9870 5. 0480 2212 3. 5570 5. 2000 6742 3. 7960
4. 4910 170 3. 0000 5. 0560 2285 3. 5640 5. 2040 6868 3. 8030
4. 5030 180 3.0120 5.0620 2359 3. 5710 5. 2000 7027 3. 8080
4. 5260 200 3. 0350 5. 0680 2425 3.5770 5. 3030 7158 3.8120
4, 5560 230 3. 0650 5. 0750 2505 3. 5840 5.3070 7261 3. 8160
4. 5750 250 3. 0840 5. 0820 2587 3. 5910 5.3110 7427 3.8200
4. 5910 270 . 1 5. 0890 2672 3. 5980 5. 3150 7505 3.8240
4. 6140 300 3.1230 5. 0050 2747 3. 6040 5. 3190 7705 3. 8280
4. 6350 330 3. 1440 5. 1020 2837 3.6110 5. 3230 7849 3.8320
4, 6540 360 3. 1830 5. 1080 2016 3.6170 5. 3270 7995 3. 8360
4.6710 300 3. 1800 5. 1140 2098 3. 6230 5.3310 8143 3. 8400
4, 6870 420 3. 1960 51210 3096 3. 6300 5. 3350 8205 3.8440
4.7020 450 3.2110 5.1270 3183 3. 6360 5. 3390 8449 3. 8480
4. 7180 480 3. 2250 5. 1 3272 3. 6420 5. 3430 8606 3. 8520
4.7340 521 3.2430 8. 1390 3364 3. 6480 5.3470 8766 3. 8560
4, 7500 561 3. 25600 5. 1450 3458 3. 6540
4.7610 590 3. 2700 5. 1600 3538 3. 6590
4. 7750 629 3. 2840 5. 1560 3637 3. 6650
4. 7800 671 3.2980 5. 1610 3722 3. 6700
4. 8010 709 3. 3100 5.1670 3826 3. 8760
4. 8130 750 3. 3220 5, 1720 3016 3. 6810
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FACTORS USED IN THE COMPUTATION OF ELEVATIONS FROM RECIP-
ROCAL AND NONRECIPROCAL OBSERVATIONS

The unit of length throughout these tables is the meter.

Log A
Elevation : Elevation :
Log A units Lng A units
of occupled | o fitth piace of occuplod | of fiih place
Meters Meters
0 0.0 3009 20.5
73 .5 3156 215
220 15 3303 22,5
367 2.5 3449 23.5
514 3.5 3596 24.5
661 45 3743 25.5
807 5.5 3890 26.5
954 6.5 4036 27.5
1101 7.5 4183 28.5
1248 &5 4330 20.5
1394 9.5 4477 30.5
1541 10.5 4624 31L&
1688 11.5 4770 32.5
1835 12,5 4917 335
1982 13.5 5064 34.5
2128 14.5 5211 35.5
2275 15. 5 5357 36.5
2422 16.5 5504 37.5
2569 17.5 5651 38.5
2715 18.5 5798 39.5
2862 19.5 5045 40.5
Log B and log C
l Log approx-
! if{nate
difference Log B
of elevation un‘,-’{‘s of Log s Log C
. =log stan | 5th place
({ 1~ ) .
2
0.0 0.0
2. 167 ) 4. 875 &
2. 644 L5 5. 113 L5
2. 866 2.6 5.224 2.5
3.011 3.5 5. 297 3.5
3.121 45 5352 4.5
3.208 5.6 5. 395 5.5
3. 281 6.5 5. 432 6.5
3.343 7.5 5. 463 7.5
3.397 8.5
3. 445 9.5
3. 489 10.5
3.528 1.5
3. 565 12.5
3. 508 13.5
3. 629 4.5
3. 658 15.5
3. 685 16. 5
3.711 17.5
3,735 18.5
3.758 19.5
3.779 20.5
3. 800 2L 5
3,820 22.5
3. 839 23.5
3. 857 24.5
3.874 25.5
8
*Or log s cot [ i~ (0.5-—71;);;;;,; ] for nonreciprocal observations.

Log B has the same sign as the approximate difference of elevation.
Log C is-always positive.
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COMPUTATION OF SPHERICAL EXCESS
The spherical excess of a triangle is computed by the formula,

b, sin (1 —€* sin® )?
0 2a*(1—eH) sin 1’

a. b+ Ly

s
A
In this formula e is the spherical excess; a, b; and € are two sides
and the included angle, respectively, of the corresponding triangle;
¢’ is the square of the eccentricity, and @ the major semiaxis of the
spheriod of reference; and ¢ is the mean latitude of the three vertices
of the triangle. That part of the above expression which depends
only on the latitude and the dimensions of the sphercid may be
designated by a single letter, m, as shown. In the following table
the logarithms of m are given with the latitude as an argument.

The-above formula gives the spherical excess too small by one one-
hundredth of a second for an equilateral triangle with 200-kilometer
- sides, or for a nonequilateral triangle of the same area. For an
equilateral triangle of 100-kilometer sides, or an equivalent nonequi-
lateral triangle, the excess as given by this formula is too small by
less than one one-thousandth of a second.

In cases where a more accurate value of the spherical excess is
required the formulas given on page 51 of Special Publication No. 4,
The Transcontinental Triangulation, may be used. These formulas
give a slightly unecual distribution of the spherical excess among
the three angles of the triangle.

=a1b1 sin 01 Xm.
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Table of log m :

[Computed for the Clarke spheroid of 1866 as expressed in meters]

Latitude Log m Latitude Log m Latitude Log m Latitude Log m

o ’ o ’ < ’ o ’

0 00 | 1.40695 —10 20 00 | 1.40626 —10 40 00 | 1.40452 —10 60 00 | 1.40253 —10
0 30 695 —10 20 30 623 —10 40 30 446 —10 60 30 249 —10
1 00 695 —10 21 00 619 —10 41 00 441 —10 61 00 244 —10
1 30 694 —10 21 30 616 —10 41 30 436 —10 61 30 240 —10
2 00 694 —10 22 00 612 —10 00 431 —10 62 00 235 =10
2 30 694 —10 22 30 608 —10 42 30 426 —10 62 30 231 —-10
3 00 693 —10 23 00 605 —10 43 00 421 ~10 63 00 227 —10
3 30 693 —10 23 30 601 —10 43 30 416 —10 63 30 223 —10
4 00 692 —10 24 00 597 —10 4 00 411 —10 64 00 219 —10
4 30 691 —10 24 30 504 —10 44 30 406 —10 64 30 215 —10
5 00 690 —10 25 00 590 —10 45 00 400 —10 65 00 210 —10
5 30 689 —10 25 30 586 —10 45 30 3956 =10 65 30 207 —10
6 00 688 —10 26 00 582 —10 46 00 390 —10 6600 203 —10
6 30 687 —10 26 30 578 —10 46 30 385 —10 66 30 199 =10
7 00 686 —10 27 00 573 —10 47 00 380 —10 67 00 195 —10
7 30 685 —10 27 30 569 —10 47 30 375 —10 67 30 192 —=10
8 00 683 —10 28 00 566 —10 48 00 369 —10 68 00 188 —100
8 30 682 —10 28 30 560 —10 48 30 | 364 —10 68 30 185 —10
9 00 680 —10 29 00 566 —10 49 00 359 —10 9 00 181 —10-
9 30 679 —10 29 30 562 —10 49 30 364 —10 69 30 178 =10
10 00 677 ~10 30 00 548 —10 50 00 349 —10 70 00 174 —10
10 30 675 —10 30 30 544 —10 50 30 344 —10 70 30 171 ~10
11 00 673 ~10 31 00 539 ~10 51 00 339 —10 71 00 168 —100
11 30 671 —10 31 30 534 —10 51 30 334 —10 71 30 164 ~10:
12 00 669 —10 32 00 530 —10 52 00 329 —10 72 00 | 1.40161 —10»
12 30 667 —10 32 30 526 —10 52 30 324 —10

13 00 665 —10 33 00 520 —10 53 00 319 ~10

13 30 663 —10 33 30 516 —10 53 30 314 —10

14 00 660 —10 24 00 511 —~10 54 00 309 —10

14 30 658 —10 34 30 506 —10 54 30 304 —10

15 00 655 —10 35 00 501 ~10 56 00 299 —10 .

15 30 653 —10 35 30 496 —10 55 30 205 —10

16 00 650 —10 26 00 491 —10 5 00 290 —10

16 30 647 —10 36 30 486 —10 56 30 285 —10

17 00 644 —10 37 00 482 —10 57 00 280 —10

17 30 642 —10 37 30 477 =10 57 30 276 —10

18 00 639 —10 38 00 472 —-10 58 00 271 -10

18 30 636 —10 38 30 467 —10. 58 30 266 —10

19 00 632 —10 29 00 462 —10 5 00 262 —10

19 30 | 1.40629 —10 39 30 | 1.40457 —10 59 30 | 1.40257 —10
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CONSTANTS, FORMULAS, AND TABLES 235
COMPUTATION OF STRENGTH OF FIGURE

In the following table the values tabulated are [6,*+4 8,65+ 65°].
The unit is one in the sixth place of logarithms. The two arguments
of the table are the length angles in degrees, the smaller length
angle being given at the top of the table. The length angles are
the angles in each triangle opposite the known side and the side
required. 8, and ép are the logarithmic differences corresponding to
1 second for the length angles A and B of a triangle.

Table for determining relative strength of figures in triangulation

|
22°124°126°  28°}30° | 35°

S R
40° | 45° 50°|55°60°66 70°175°480°(85°] 90°

10° | 12° | 14° |16°|18°§20°

A
o | D
10§ 428 | 369 i

12 § 350 | 295 | 253
14 § 315 | 253 | 214 187
284

18 | 262 | 204 | 168 1143 |126 |13
20 ] 245 | 189 | 153 1130 1113 J100 | 91
24 1221167 | 134 1111 { 95k 83 | 74 | 07 | 61
26 § 213 ) 160 | 126 (104 | 89§ 77 | 68 ) 61 | 56 | 51
28 | 206 | 153 | 120 | 99 | 83 ] 72| 63 | 657 | 51 [ 47 § 43

30J100 (148 (115704 | 70 f 68 | 50| 63 | 48 | 43§40 | 33
35| 188 | 137 | 106 | 85 | 71 | 60 | 52 | 46 | 41 | 37 | 33 | 27 | 23

40170 120] 9979|6554 ) 47|41 |36 |32) 2023|1916

45 f 172 1 124 9374160350 |43137 (321280825120 16! 13| 11 !
sof1e7 (119 | 89 7o {57 d4r |30 (34|20 28)23]|18)14| 1] 9}

551162 | 115 86 | 67 | & 44 137 (321271242118 12] 10 8§715

60150 112) s3|6a|51]42|35)30] 25 2210 ||1| 9| 7)5]4]4

65 | 155 | 109 80|62 (4940 |33 (2824|2118 13| 10 7 654132

0f12 06| 78(60 45838 |32 27| 2m|10fri2| o] 7] s)eisi2]eln
75 | 150 | 104 76158 | 46837130 25721118116 11 8 6 413121211111
80 § 147 ) 102 74 | 57 | 45] 38 2412017151 10 7 5 41312111 |1J0:0
s s |00 73 )55 43)3a|2s|2miof6]iaf10] 7| 5 3]2i{2/1/{1 0f0(0| 0
vo[143] o8| 7t (5442|3327 2] 1916f13{ 9f 6 4] 3f2/1/1]1/0f0 0
85§ 140 96 70153 ) 4101322622 18)]15413 9 6 4 31211111010 0“;0
woliss| o5 es 5|40kt |2s] 20|17 14f12( 8} 61 4| 3f2{1/1[0j0f0]
105 | 136 93 6750 30301252017} 1412 8 5 4 212i11110]0 1
110 § 134 91 65149 | 3830|2419 16 13§ 11 7 5 3 292(1;11}11 ‘J
158 132 89 64 (48 137201231191 15| 1370 11 7 b 3 212111 i
120 | 129 88 6246 | 3628 22181512810 7 5 3 21211

125 § 127 86 6145 3527 22| 18] 14| 12] 10 7 5 4 312

130125 | 84| sol4a 3af26 |2t 7 14f12f10| 7| 5{ 4| 3

1Bsfiez] sz| 5843 )a3bes | 17 jata2]io) 7} 5| 4,

140§ 119 | 80 56|42(32]25 20|17 14| 12]10| 8| 6 ~
14531 116 77 5514132325121 7177151311 9

150112 75| 54 | 403220621 | 1816|1513

152111 ] 76| 63 (40 (32126{22(19[17 |16
Iy 110 74 53441 133§F27 |23 (21119
156 108 | 74 1 54142134281 25) 22
1584 1071 74| 564 | 43| 35030 | 27
1603107 | 74| 56 ] 45 38] 33

162107 767 59| 48 | 42
1644109 0 791 6354
166 1131 86| 71
168 § 122 | 98 !
170 | 143 | i !
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236 U. 8. COAST AND GEODETIC SURVEY
HOW TO USE THE TABLE

To compare with each other two alternative figures, either quadri-
laterals or central-point figures, in so far as the strength with which
the length is carried is concerned, proceed as follows:

(@) For each figure take out the length angles, to the nearest
degree, for the best and second-best chains of triangles through the
figure. These chains are to be selected at first by estimation,
and the estimate is to be checked later by the results of comparison.

(0) For each triangle in each chain enter the table with the
length angles as the two arguments and take out the tabular value.

(¢) For each chain, the best and second best, through each figure,
take the sum of the tabular values.

(d) Multiply each sum by the factor D D ¢ for that figure, where

D is the number of directions observed and C is the number of con-
ditions to be satisfied in the figure. The quantities so obtained,

namely, Q_;_Q 3 [84%2+ 8,08+ 8%, will for convenience be called R,

and B, for the best and second-best chains, respectively. (Examples
of various triangulation figures with the corresponding values of R,
and B; may be found in Special Publication No. 93, pp. 8-12.)

(¢) The strength of the figure is dependent mainly upon the
strength of the best chain through it, hence the smaller the R, the
greater the strength of the figure. The second-best chain con-
tributes somewhat to the total strength, and the other weaker and
progressively less independent chains contribute still smaller amounts.
In deciding between figures they should be classed according to their
best chains, unless said best chains are very nearly of equal strength
and their second-best chains differ greatly.
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