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FOREWORD

The purpose of this publication is to expiain 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
<conomy 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. S.
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 Waurer F. REvNoLps, Mathematician, United States Coast and Geodetic
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 18 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. Samiple 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

2



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’ 4420, while the direction of Westedge
from South Base, position 1, is 17° 17’ 4975, and the sum of the two

Sy r o ABSTRACT OF DIRECTIONS
Form €70
L Arizong.. .o
Sttion ... CL G, Computedby . TR .. D 28l e
O CUHM.... Cleded by . AP Lo Il Mo, N
m"“m‘ — STATIONS OBSERVED

,g,;ﬁtw Union %al N BannZtlliame Brines

NIMAL ° . [ (4 ° . ° [4 ° 4 o 4
© 0 7 /7 89 58 288 29 318 4 325, & 344, 12

0N 4o5 o153 3357 Ll 480. 570

— 522)R
000 432 585 3238 458 (m 568

000 504 030 368 4638 s2.2 €0.0
00 522 050 855 458 530 545
00 520 o005 862 477 528  ser
n 0 505 006 @ 357 464 522 557
12 00 5.7 @07 353 483 538 597
13 000 595 025 323 480  Sio 565
u 0 507 038 354 472 S0 592
15 000 438 E92 342 470 528 596
16 00 5.7 046 337 470 S22 578

2 000 530 004  S5TT 465 5307 545
8 0w 496 596 9247 493 ST 567
® o g5 538 36T 478 533 596
5 0w 508 o022 ST 462 513 583
6 o 50 o023 9e6STiSeR ms  eor
?
8
9

DO NOT WRITE IN THIS MARGIN
™
-]

Eu, 8121 245 seos 7550 38363 9230
Yeny 5076 0153 3503 4119 5227 5769
Gt o, -0.26

Disection, 5076 oL2r 38508 4719 S221 5768

F16. 1.—Sample abstract of directions

directions, 288° 29’ 335, 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’ 07457, plus 17° 17’ 50776, the mean of the directions on Westedge

.'.".."..:.'.'_".:‘E.'—"_. ABSTRACT OF DIRECTIONS
Ste Arizona.... —_
Sutin . Groonile........ Conpeted by O PAL........ M:.:_ b
Ohsrser .. CE Lo Cuodty AT T Ik o @
Ubalifpe Gl gitlim B

°'°°' 27/ II .90/ 17325&'

¢ M 440 595 0722
‘3 ™ 427 600 065
3 428 615 o7/
[} 000 m 090
s 0.00 465 07.0
¢ 00 473 100
g ¢ ~ 063
g s o ~ 087 .
é ? 0.00 § § 07.1
E 10 0.00 ) 059
£ n 0.00 | | 082
£ o 0.00 080
8 13 0.00 06.7
1% 0.00 \ 07.0
1 0.00 L 09.7
1 o L) 073
Son, 12t
an, 0757
S,
Diswtion, 0757

F1a. 2.—Sample abstract of directions for missing signals

with South Base as initial, gives 344° 12’ 58733. The mean of this
value of the direction to Frisco and that obtained with South Base
as initial, 344° 12’ 57769, is used in the list of directions shown in
Figure 3. 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 +470 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. 5.) 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

ST e, LISP oF DIRECHORS
o PSRN} J4 1), ). A
Swton ZLQNIIE . Compudby 7S . Station Comsuted by
Oboorvr WA Couctadty ZL BT Cbmreer Chocked by
g L S| P T sy
L] ’» o » [ ] ” 4
Soulh Base 00 00 00t
Westedge 17 17 som
RM R ol 6738, 28 36 09,
Qnrion 89 58 27
m./»fd )
e 2 43 219
i’ Pocsnii g.@ Lut
0.021 1. 703 08
g N #2; 0k, 23.762m. 200 25 08
i %«l 288 29 8500 (Hetbod of. recordizg eccermtriclly
H N Bage 318 34 4119 when theodolite 7> eccertricand
& Williams 325 54 s227 eccentpe Light /5 mare han O./m
‘Fr/sco 34 12 B0 Ko She frve sraton)

4~Z{W

m&'ﬁﬁgﬂ

Granife
Zightt eccentrio av geen aloe
u/i» honsy % Hriior: and Williams.
HNo accanlthicily of light 1 etfer shdlens
Mo eccentricity of Hheodollte. (Record most state £o what
SFRFiors Fhe /,9HF wes shonr
O direcltema redund for coceniricdy. " Sbove position.

Measoring the distance From
the frue séation Jo the eccentrre
Lght wil give a check on Fhe rales
#or fhe elements of Fhe smaltigé)

Fi16. 3.—Sample 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 pencil. 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 simply 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 Cgil;,r;e- seg-
onds

° ’ ” ” ”

Neal-Tomah Mt._____.__..__. 22 18 4L5 —-0.5 41.0
Tomah Mt—~8pruce M 59 51 12,0 —-.8 1.5
Spruce Mt.~-Mt. Henry. S 116 54 371 —.5 38.6
Mt. Henry-Brandy Hill. _..__ 60 36 00.3 -5 59.8
Brandy Hill-Oak_ .. _....._. 45 23 46.2 -6 45.6
Oak-Neal ... o coeoeo_| 54 55 46.1 —.6 45.5

360 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
AT OF COMMERCE directly from that record on
U. 8. COMT MM SRpRnic SURVEY State: Maine = Form 24A, as shown in Fig-
Sution.__ Jance Mt Computod by _QaBaS ure 4. Complete instruc-

tions for making out the
Observer.GaVele . Chochedty —HeBaBe o0 directions, which are

Srations Ozszavep Dumzorions Awres  Fivy given on the back of Form
o o+ »  24A, are given in Figure 5.

Neal 0 00 00.0 STATION ADJUSTMENT, DI~
oma Mbo 22 18 41.0 RECTION METHOD
Spruce Mt. 82 gi ::': Under the present system
Ut. Heury 1% 40 8.9 .of observing, no local ad-
Erendy E1ll 9 ’ justments are necessary, and
Qalc 305 04 14.5

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

F16. 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: Kansus.

Station Chase Computed by A. T. M.

This form, properly filled out and Obsesver A. T. M. Checked by A. R. L.
checked, must be “furnished by field ;
parties. 7o be acceptable it must coutain Srarions Opserven [Dmrorions, sﬁ;‘;‘,‘r sﬂgﬂm
every direction observed.

It is to bo used for observations with. . ‘6 o;) otl)'oo “
repeating theodoites, as well as direction. ' "
theodolites. White church spire, 8 miles —.....| 8 28 56.4 H

Start each new station at the head g
of a new column. Chase M, E, church, white spire._.| 18 10 11.9 i

If a repeating theodolite is used, do . R 2

. . o RIVEL e | 18 20 10.78

not abstract the angles in tertiary tri- Little River 8 : §
angulation. The local adjustment cor- Lyons, salt works, center hoist—..._. 24 33 53.0 8
rections (to close horizon only) are o . 5
%o be written in the Horizontal Angle Lyons, white spire, shorte.mmemae. .| 27 19 39.7 5
Record, and the List of Directions is ° -

" i Lyous, COurthoUse.e .. —eereemmconees | 2 3.2 2
to be mado from that record directly, | L% courhouse 7 8 =

Choose as an initial for Form 24 | TLyons, white spire, slim .er...... — o2 5a2. | ¢
some station involved in the local . E
adjustment, and preferably one which [ i ——— §3 32 33.44 g
has been used as an initial for a round . 2

s . \ T 57. ]
of directions on objects not in the main Bavage f7 50 &7.32 ';
scheme. Use bub one initial at a ste- Reference mark distant €8.65) 171 34 2
tion. Call the direction of the initial metors. - . 5
0° 00’ 00."00, and by applying the cor- Section 8, T. 20, R. 10 W., NW. cor- 290 37 =

. : - X 24526 .
rected angles to this, fill in opposite each “:‘:-::0 oe, distant 252.6 weters 34 52 2361 c°=1
station its direction reckoned clockwise e

around the whole eircumference regard-
less of the direction of graduation of the instrument. The clockwise reckoning is necessary for
uniformity and to make the dircctions comparable with azimuths.

If & station has been occupicd eccentrically, reducoe to the center and enter in this form, in ink,
the resulting dircctions at the center. 1f the reduction is not made for some directions, they should
be entered in pencil, with a footnote to that cffect.

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

It is recommended that the following simple plan of observing be used with a repeating instru-
ment: Measure ecach sinzle angle in the scheme at cach station and the outside angle necessary to
closo the horizon. Measure po sum angles, Follow ench measurement of every angle immediately
by a measurcment of its explement. Six repetitions are to constitute a measurement. The local
adjustment will consist simply of the distribution of the error of closure of the horizon.

ROTERIRIT FROCTTN OFPICE -

In next to the last paragrosh above the designation Mprimery" should be
chanzed to "flrst-order,” U"secondary" to "second-order" and "tertisry" to
Tthird~order.” '

F16. 5.—Back of Form 24A, giving instructions 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

roi Adjusted
Observed station Angle We;]ght I3 ﬂmg .
seconds
-] ’ ”
115 58 09.8
Chameook-Cooper _..__.___ }83 101 4 " 10.1
|
34 29 213 )
Co0per-R¥8 - ool { 3(1)':5)] 20.9.... 3 P 20.8
Rye-Middlemiss ... {46 o1 %g?i og7_ | 2 % 084
Middlemiss-Collins.......... {80 07 16.5),..
\ 16.1}16'3" 2 .73 16.8
— & e [16 16 0.7 5
Rye-Mohannas \ 05‘5106.1... 2 v 06.3
Anderson-Mohannas ... { 1 59 %-'{}05_4_“ 2 % 05.6
8 23 44.
Collins-Chameook - ... { :ﬁ%}‘;s_g___ 3 o | mo
. 126 08 448
Rye—Colling «oeeooceoooaee - { 3.;.3}45.1.-. 3 u 45.2
Auderson~-Middlemiss _____.. {41 44 %-g}gs_g___ 2 . 2.7
Mohannas-Collins ... {109 52 gg% 0.8 2 - 3.9
Ll
This column is filled out after the adjustment is completed. (See p. 16.)
iat of directions, Mag
List of direct , M
Adjusted
Ohserved station Direction ﬁnaés .
secon
-] ’ ”
Chameook.a—cueen--. 0 00 000 00.0
Cooper.. - 116 58 10.1421 10.1
Rye_ oo -w--| 150 27 3L.04-rim 30.9
Anderson...... ool 154 44 30.74ratvetrs—os 31.6
Mohannas. ... ----| 166 43 37.14m+rat-os 37.2
Middlemiss.......__| 198 28 59.74-»+4-retv3 59.3
Collins_.o oo 276 36  18.04ptretestrg 18.1

1 This column is filled 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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-] ’ n
Angle Collins—Chameook, observed, = 83 23 43.9+#n
Angle Collins—Chamcook, from list, = 83 23 44.0—v—v2—13—1y

Condition 1, 0=—0.14 o+ eyt vt ot oy
Angle Rye—Collins, observed, = 126 08 45.1+
Angle Rye-Collins, from list, = 126 08 45.0tmto,
Condition 2, 0=4+0.1—v3—ost vg

Angle Anderson-Middlemiss, observed, = 41 44 26.8+n
Angle Anderson—-Middlemiss, from list, = 41 44 29.0+s—wvst 2

Condition 3, 0=—2.2—v;tv5— gt 1p
Angle Mohannas-Collins, observed, = 109 52 39.6+ vy,
Angle Mohannas—Collins, from list, = 109 52 38.9+ vt w—us

Condition 4, 0=+ 0.7 —U3— l'4+ 1’5+ 19

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

Correiate equations

[ Adopted
) 1 2 3 4 Z, v* P
1 3 [ o Y [FOURU  E— +1 —0.024 0.0
2 4 [ o RS (S +1 - 032 -1
3 6 +1 -1 -1 -1 -2 —-. 342 -3
4 6 +1 et Y -1 -1 =+. 510 +.5
5 [ 79 PR - +1 +1 +2 -+. 168 +.2
6 6 -1 —. 862 -.8
7 4 +1 —. 032 0
8 4 41 +.054 +.1
9 [ +1 -+. 852 +.9
10 (] +1 —. 684 -7

¢ This eolumn Is filled out after the adjustment is completed. (See p. 15.)
1 See 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 9 =n c*
1 +23 —12 -8 —-12 -0.1 —7.1 | —0.0075
2 +16 46 +12 4.1 +22.1 +. 0208
3 +24 “+12 -2.2 +33.8 +-. 1417
4 +24 +.7 +36.7 —. 1140

* Ses p. 13 for values in this column,
45861°—34+—2
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The normal equations are obtained by taking the algebraic sums of
% times the products of the various columns in the correlates. For

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

z(2. 1-1) + 3(9-1-2) + 3(2-1-3> 2(2-1.4) +
(p P “\p T2 T

[E (% . 1-30) +m], normal equation No. 2 as E(% . 2.2> +

E(—;— . 2-3)"‘3 (% . 2-4)+7I2+[z (% . 2-Ee)+n2], nol‘m_al equa’tion

No. 3 as E(% . 3-3) + E(% . 3°4)+ns+[3 (% . 3.ze)+,,a , and
normal equation No. 4 as 2(% . 4'4)+714+ [3 (% . 4'Ec)+774]’

in which the T before each .parenthesis indicates the sum of the
products in the parentheses and should be distinguished from the =,
and the Z, of the preceding tsbles. % 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 =, in the preceding table,
the =, 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 =, 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>+ 111]= —7.1. Adding the coefficients

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 I:E (% . 2-2,,)-!— 11,]=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 £ n Za
1 +23 —I12 —6 —12 —0.1 —-7.1
\\
—19~ 2

ﬂ +6 +12 +0.1 422.1
-6 +6 +24 +12 =22 +33.8
-12 +12 k +24 +0.7 +36.7

I~

Tt 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.

oW N

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 7 Zn
+23 -12 -6 =12 —0.1 -7.1 6
G +-. 5217 +. 2609 +. 5217 -+. 0043 +.3087
+16 +6 +12 +.1 +22.1
1 —6. 260 —3.131 ~—6. 260 —. 052 —38.703
+9.740 -+2.869 +5.740 +4-. 048 +18. 397
Ce —. 26 —. 5803 —. 0049 —1.8828
+24 +12 2.2 +33.8
1 —1. 5686 ~3. 130 —.026 —1.852
2 —. 845 ~1.691 —. 014 —5.419
+21. 590 +17.179 —2.240 +26. 520
Cy —. 3325 +.1038 —1.2287
+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 +1.3685 +13.334
¢ —. 1140 —1.1140

Back solution (computalion of C’s)

4 3 2 1
—0.1140 0. 1038 —0. 0049 -+0. 0043
+-.0379 +-. 0872 —. 0505
—. 0417 +. 0370
40, 1417 +. 0107
0. 0208

—0.0076
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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, + 28, all the signs being changed. () is thus given in terms of
G, G;, 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. ¢; 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 C, 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 slgebraically 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 (4, +5.740 for C;, and
+7.179 for O, the divided coefficients 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, C;= —0.3325C,
+0.1038; = —0.2946C;— 0.5893(;—0.0049; and (= +0.5217G;
+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 3. Then the value of C;, —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 salgebraically 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 columin headed 2 of the
back solution are then added algebraically to give (5. 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 C.

COMPUTATION OF 7's

After the (s are determined, the next step is to compute the »’s
by substituting the values of the C'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

0 =30, 1’2=401, =6 (C,— C— Oy — (), 0,=6 (C,—C,—0)), 5=
6 (03"‘ 04), Vg = _603, 'U1=4:01, 08=4-02; vg=603, and 7)10=604.

The v's are best obtained by means of a table as shown below,
which has a column for each . The values of O, C4, (s, and O, 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 » to give the final ».

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 v’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 #’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=
—0.14+0.0+0.0—0.3+0.54+0.0, or 0=+40.1; and in equation (3)
we have 0=—2.24+0.3+0.2+0.9+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 »’s are shown at the bottom of each column
in the table of #’s below. In this set of adopted #’s, »; 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 ] [] 7 8 9 10

—0.008 | —0.003 | —0.008 —-0.00? +0.142 | ~0. 14% —0,002 --0.021 | +0. 14§ =0. llg

3 4 —021 —Q2 —. 114 4

— 142} +.114
—.024| —.082] -+ 114 +.028] -—-.852| —.032| 4-.0%4| 4.852| —.634
0 -1 +. 085 6] —8 .0 +.1 +.9 -7
—.057 6
6 +. 168
+.510( +.2
-.342| +.5

-3
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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 the 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

Observed station | DTeCtlon 8TLet | Fina) seconds
-] ’ ”
Chameook_._._.. 00 0
Cooper....___..__| 115 58 10.1
Rye.._...... .| 160 27 30.9
Anderson_____... 154 44 316 | _.
Mohannas. ... 166 43 37.2 ...
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 8-16 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

. . Final
Observed stations Observed angle seconds?!

o ’ ” n

(1) Decision—Mac.... 16 11 53.64n 53.5
(2) Decision—Nation 99 42 50,84 50.9
(3) Mac—Mation . - 83 30 57.64m 57.4
(4) Bloward—NMNation__ [ 74 11 1L0+4m 1.1
és) Mac—Howard_..__..____..._._ 9 19 46.14nm 46.3
6) Nation—Decision. .. .- 260 17 08.8+ns 09.1

ll'é‘his column js filled in after the adjustment is completed. See
P 18
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In the above table vy, v, 95, v, 25, and vs represent 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 1)—(@2)+@3) gives 0=40.6+2,— v+,
2d —(3)+ @)+ () gives 0=—0.5—v;+ 04+ v;.
3d (2)+ (6) gives 0= —0.61 2,4 .
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.

Correlale equations

1 2 3 . ge | Adopted
1|+ 41| -cos2| —01
3] = T 0| +33 +3
3| H (T o| 28 —a
4 A H| Fue 1
5 T | +s 42
8 T Of| +ae +3

® This column is filled in after the adjustment is completed,
18ee explanation of this column on p. 15.

Normal equations

1 2 3 L] Za (4
1 +3 -1 ~1 +0.6 +1.6 | —0.0616
] +3 -5 +1.6 . 1462
-6 +.4 +. 2692

3 +2 .

Solution of normal equations

1 2 3 n Zn
-3 -1 -1 +0.6 +1.6
[ . 33333 +. 33333 -2 —. 53333
-.b +1.5
1 +-E 3333 -. 3333 +.2 ~+. 5333
+2. 6667 ~333 | —.3 +2.08334
Cs +.125 +.1125 —. 7625
+2 -6 +.4
1 ~.3333 +.2 +. 5333
2 -~ 0417 —. 0375 +. 2542
-+1. 6250 —. 4375 -+1.1875
Cy +. 26923 -, 73077
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Back solution

3 2 1

+0. 26923 +0.1125 —0.2
. 0337 -+.0587
+. 0487

-+. 1462

—. (618

Compuiation of corrections (v's)

1 2 3 4 5 G
—0.062 0. 062 —0.062 0. 146 +0.146 | --0.269
- +. 269 —. 146
—. 062 +.146 4+ 146 +. 269
- i .';31 - 308 +.1 +.2 +.3

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.)

ENT OF COMMERCE

DEPARTM!
U, S COAST Arlz?lmﬁggmc SURVEY
13177 T —
Station . Cora Computed by ...0s Be 8o
Observer...DoVaHe...

Chocked by W P R,

’
Direcrions Aeter * Frnar
Sraons Ozseven Locax, ApIusTHENT SECONDS

° . ” P

Decision 0 00 00.0
JMac 16 11 53.5
Howard 25 31 9.8
Nation 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 eentered 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

. . . dsina .
The required reduction to center is, in seconds, ¢=

ssin 17
which d is the distance from the eccentric station to the true station,
and s 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. @ 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.

L AR o LIST OF DIRECTIONS
FoRru 24a
State:
Station ... Ken_Ecca Computad by QP8 Station_K8B..________ Computedby _QsBeSe
Obsorver—CaYale . Checkedby — JloTeBy -~ Observer Qo¥.H. ______  Checked by 7579 - Y.
ArrER _Fawdi P D Arrze Foian
Locar A & f.ocan AposTuENT Ssconps
L ’ ” c 0[' Ilflo r o 4 ” ”
Chevy 0 00 00,00cccentr. Chevy 0 00 00.00
Tank west of A Dulce 29 03 37.0 =62.5 Tenk west of 8 Dulece 29 02 34.5
Ken (center) 3.469 m. 176 43 Forest Glen Stanipipe 313 228 QL.
Forest Glen Stondpipe 313 24 53.0 +188.6. Home £ Stand. wi 526 32 09.
Bome 326 51 30,2 +429.38 B §EStand. wire  45p 1748
Bu. of Stand. wireless 52 17 20.8 413.0 Rewo 867 23 52.78
"Rend 357 28 48.63 +6.16

Fia. 7.—Lists of directions before and after reduction for eccentric station

Carry @ 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 971%’ 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 ohserved
direction. Similarly, the correction to any angle is the difference
of the reductions on this form to the two directions involved in that
angle.

9.70115 | 4.0816h | 5.64988 | 1. 4al.
8.88654 | 3.98487 | 4.90167 0.75630 +5.71

Home ) hase
Ba. o:'éiznassae;“ 75
8.13581 | 3.92 4.20048. | 0.064 -1.16

Reno 80

s et A A REDUCTION TO CENTER
FORM 392 -
Bocentric Station:  Ken Log 4 =0.54020
Cologsin1"=5.31443
d== 3.469 meters Sum =5.8 5 463
STATIONS e Loosma Loos Loo 2S | Logamauor | Reoucron
o s IN SECOKDS i
Center 0o 00
Chevy ez 18 | s.76015| 3.76587 5.09915 o.ae.-ﬁ ~7.31
Tank weat of A Dulce2l2 22 9.72363 3-739& 5.98958, 1-8440 -m-eg\
Forest Glen standpipel3é 43 9.83608 | 3.43 5.403& 3-252:31 +181.%g
50
35
4Q

Fi¢. 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 Ien
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—
(—7731)= —62%5; at Forest Glen Standpipe, -+ 181726 —(—7231)
= 4188”6; at Home, +31791—(—7731)= +39722; at Bureau of
Standards wireless pole, +5/71—(—7731)= +1370; at Reno,
—1716—(—17"31)=+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 ohserved is eccentric 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 hetween 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 882 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 directions to which these reduc-
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DDI:RTMDI'I' OF COMMERCE

& cOlsT o siooerc suavey COMPUTATION OF 'TRIANGLES
State: .. M8X¥lend.
o STATIONS OBSERVED ANGLE  CORR'W SIIRL framan  FLANE ANOGLEG LOQARITEM
2-3 Home-Reno 45.3 . 3.7722%%
¢ 1 Een 20 656 5576 +3.5 48.8 0.288863-
2 Home 7 08 7T 8.4 6Ll 9.865555
8 Remo 101 55 08,7  48.4 10.1 9.99058%,
13 Ken-Reno 349 2
1-2 Ken-Home 4,051616-
49,7
2-3 Home~Chevy 80.8 3.8509?5
e 1 Ken 33 27 B 2.3 52.9 0, 258563~
2  Home 25 20 54.6 +2.2 E6.8 . 9.63153.2'
3 Chevy 121 11 081 2.2 10.3 . 95221‘#\
1-3 Ken~Chevy 3.750975-
1-2 Een~-Home 4. 051691-
63.3
2-3 ¥en-Reno 5926358
¢ 1Tank near Dulce(l11 Mﬁ-) 0.030
2Xen 8l B4t 39 5 9.713%%8-
3 Reno 37 18 26.6 9.782552%
1-3 Tenk-Reno 8.E75568
-2 Tank-Ken 3.759%?5-
2-3 Reno-Ken 3.926322-
o 170Test Ben e Que £-E5 . 0.061886
?Rens 18 % 83 o
8Ken 44 -93—568— 9.84229%
1-8  Forest Glen Standpipe - Ken 3.4%3%3}1'—
1-2  Forest Glen Standpipe - Reno 2.8
49
Mm. of Stasgy B 14.8 8536208
¢ 1 wvireless pole (51 22 €6:8) 0.283545
2 Reno " 143 28 24.2 9.778001
3 Ken 5 n 5 8. :
1-8 Wireless pole-Ken 34984365,
-2 Vireless pole-Reno 3.166

F16. 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 sll 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

ity mng:,ﬁ“m LIST OF DIRECTIONS
LU 7RNED ./t ———
Statfon.Home ________ Computed by ..QePeSe___  Station 5. c""'P"Wd by -o-'r-'i‘——
Observer GaYeH . Checkedby . WeTsB. Observer Galinfk Checked by —aFaRa oo .
o Looar, A Amres | Pog o Locu. Amu‘:ur::; sgf:'u"ﬁ-
L I ” ” . o ’ ” ”»n
Park 0 00 00.0 Ceder 0 00 00.0
Cedar 4 07 49.6 Wallace 44 45 54.8
Gerst 187 4215.9 {Home 116 24 28.6
Gorfield 152 25 42.7 Home Ece 116 25 12,1
Home Ecc, 2.79 m. 222 55 20. Reno 1?3 33 28.9

Station . Ledar, Computed by QePaS,
Observer Calieaumm———  Chocked by —WeFsRe
o l.:ocu. Awus"grnani' Sfmlw&
° ’ ” ”
wallace 0 00 00.0
{Home 43 02 10.6
Home Ece 4g 02 7.2
Takoma 58 69 172.6
Park 59 29 28.5

Statlon..Gerat . Computed by —QeBafla.. . Station._Gorfleld __  Computed by OQaPuSar—me

Observer 8eDsGo . Checkedby . ToFsBe . Observer ~Calise oo Checked by —LaBaBRa
8 o I.oou. A At Saoonn 8 o I:mu. varArgEn?n sEé'J&
9 ’, ” o” o ’ ” ”

Garfield o 00 00,0 Iasane 0 00 00,0
Stenton 12 13 22.0 {Eome 62 58 17.2
{Eome 43 2 2.0 Home Eog B2 &7 25.9
Home Eee 45 20 §3.2 Stanton 88 40 09.C
’ Potomac 93 11 08,1

F1a. 10.—Lists of directions for eccentric observed object

stations, Station Home is eccentric as seen from statlons 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 he 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.)

R ORosr o e REDUCTION TO CENTER
observed object at

.EouutricASlatian.- Home Logd=0. 445 60

Cologsin1"=5.31443

d= 2.79 meters Sum =5, 76 003
STATIONS e Too sina Loas Loa T I"l:i:-%'l':ﬁagw Bepgoriox
Center o 00
Oedar 4 12 8.86474 4.12189 4,74286 | 0.50238 | 43,18
Gerst 94 46 9.99850 4,10683 5.89167 | 1.65170 (+44.84
Garfield 109 30 9.,97435 4.02427 6.95008 | 1.71011 H61.30
Park . 317 08 9.83297 3.62200 6.21097 | 1,97100 [-93.54

Fic. 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

ek sin 2« cos® ¢
2p sin 17/

?

at—b?

where €= , h=the height of the station observed and a=its

aZ
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 messured.
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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.

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

. Log Log
Observed station | & a 2 Logasm Logh |e2cosio | correc- C{’gg"'
‘Spmn1”’| tion
2psin I
m. -] ’ o r ”
Snake_.___ 813 50 45 101 30 9. 991 2.910 5,634 8, 585 +0.04
Gladys._._ 761 21 52 83 44 9. 997 2,881 5. 634 8. 562 +.04
Bonetrail . -] 740 239 21 118 43 9. 943 2. 869 5. 654 8.496 +.03
Williston_____... 723 23 57 27 54 9. 870 2.859 5,654 8.413 -. 03
Buiford_._.__.___ T 353 42 347 24 9.339 2.879 5.634 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 ;——p Zi(;? 1?, can be used for all the
directions at any given station. The values of k 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
et cos® ¢
2psin 177
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 A and log sin 2« for each direction to log
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Correction to horizontal direction for elevation of mark

'] 1
[Gorr.=+—;inh—1,, cos? ¢ sin 2«; mﬁ cos? ¢sin 2« is tabulated below for the sizth decimal place. It is

to be multiplied by & in meters. The sign of the correction is 4 for azimuths in the first and third quad-
rants and — for azimuths in the second and fourth quadrants.]

Azimuth of direction
o L] o o o o o ] -] -] ° o ° o -]
+ 0 5 10 ( 12. 15| 17.5 201225 251 27.6 30| 325 35 40| 45
90 85 80| 77.5 75| 72.5 70 | 67.5 651 62.5 60| 57.5 55 50 | 45
] 95 100 [102.5 | 105 (107.5 110 j112.5 | 115| 117.5| 120| 1225 125| 130 | 185
180 | 175 170 [167.5 | 165 |162.5 160 |167.6 | 155 | 152.5 | 150 | 147.5 ) 145| 140 | 135
+ 180 | 185 190 |192.5 | 195 [197.5 200 (202.5 | 205)207.5| 210 212.5] 215| 220|225
270 | 265 260 [267.5 | 255 (252.5 250 247.5 ) 245 (242.5| 240 | 237.5| 235 230 | 225
_ {270] 275 280 [282, 285 [287,5 | 290 |292.5 | 295 | 207.5 | 300 | 302.6{ 305 | 310 | 815
\360 355 350 [347.5 | 345 1342.5 340 |337.5| 335)332.5| 330 |327.5] 825 330 315
¢
2! 0 17 33 41 48 55 62 68| 74 il 84 91 95
211 O 17 33 40 48 55 61 67 73 78 &3 86 90 94| 95
22| 0 18 32 40 47| 54 60 67 72 K4 81 85 88 93| 94
231 0 18 32 39 46| &3 60| 66 71 76| 80 84 87 91| 63
24 0 18 31 39 46 52 50 65 70 75 79 3 86 90| 91
25| 0 18 31 45 52 8| 64| 69 4{ T 81 84 89 ] 90
26| 0 15 30 37 441 51 57 63 68 o] 77 80 83 87| 88
271 0 15 30 37 43 50 56 61 67 71 75 79 82 86| 87
281 0 15 o 36 43 49 &5 60 65 70 74 ik 80 85
291 0 15 29 35 42 54 59 64 73 76 9 84
0( 0 14 28 35 41 47 53 58 63 67 71 74 s 81| 8
31| 0 14 34 0| 46 57| 62 6| 70 76 79
32| 0 14 27 33 30 45 51 5 60 68 71 74 78
33| 0 13 33 38| 44 49 59 63 67 70 2 76| 77
4] 0 13 26 32 38| 43 53 58 62 65 63 71 L]
3| 0 13 25 31 37 42 47 52 56 60 64 67 73
36| 0 2 25 80 38 41 48 51 55 59 62 65 67 1] 72
371 0 12 24 30 35 45 49 53 57 60 63 66 6| 70
38| 0 12 23| 29 39 44 52 56| 89 62 67| 68
30 (0 12 28 33 33 42 47! 51 57 60 62 65| 66
0| 0 11 2 27 32 37 41| 45| 49 56 58 60 63| o4
41| 0 11 21 26 31 36 40| 44| 48 51 54 56 59 6l] 62
21 0 10 21 26 30 35 30 43 48 50 52 55 &7 60| 60
431 0 10 24 29 34 38| 41| 45 48 51 53 55 58| 59
a4 0 10 19 24| 28 32 36 40 43 441 49 51 &3 56 | 57
45| 0 10 19 2 27 31 35 3| £ 451 47 50 51 54| &b
46| 0 9 18| 22 26 30 34| 37| 40 43 46 48 50 521 53
a1 0 9 17 2 25 29 33 36 39 42 44 46 438 50 | 51
431 0 9 7] 21 25| 28 31 35 38 40 42 44 46 43| 49
97 0 8 18 241 27 30( 33 39 41 43 44 48 | 47
5| 0 8 15 19 23| 26 29 32 85 37 39 41 2 45| 45
511 0 8 15 18| =22 25 23 31 33 36| 38 39 41 43| 43
52| 0 7 14 18] a1 24 27| 20 32 34 36 38 30 41 ( 41
53| 0 7 14 17 2 23 25 28 32 34 36 37 39
54| 0 7 13 16 19 22 24| 27| 2 31 36 37| 38
55 0 6 12 18| 21 23| 25| 28 2 31 34 36
581 0 6 12 14 17| 20 2 26 23| 30 81 32 34
571 0 8 u 14 16 19 21 23| 2 27| 28 31 32| 32
581 0 5 11 13 15 18 20| 22| 24 251 21 28] 29 30 31
5! 0 ] 10 12 15 17 19 21 22 24 25 28 2 200 29
60| 0 5 12 14 16 18 19 21 22) 24 25 26 27| 277
61| O 4 9 11 13 15 17 18 20 21 22 23 4 25| 28
62| o 4 8 10 12 14 15 17 13 21 22 23 23 24
83| 0 4 8 1 1 13 14 16 17 18] 20 21 22| 23
64| O 4 7 9 1 12 14 15 16 17 18 19 21| 21
65| 0 3 7 10 11 13 14 15 16 17 18 18 9] 2
66| 0 3 6 8 9 10 12 13 14 15 16 16 17 18| 18
671 0 3 6 7 8 10 11 12 13 14 14 15 16 16| 17
631 0 3 5 8 8 9 10 11 12 13 13 14 14 151 15
6 v 2 5 6 7 8 9 10 11 12 12 13 13 14 14
70| 0 2 4 5 6 7 8 9 10 10 11 12 12 13 13
il o 2 4 5 ] 7 7 8 9 10 10 11 11 1] 12
72| 0 2 4 4 5 6 7 7 8 9 9 9 10 10| 10
B0 2 3 4 5 5 1] 7 7 8 8 8 9 9
4|0 1 3 4 4 5 5 6 6 7 7 8 8 3] 8
%) 0 1 8 3 4 4 5 [ 6 6 6 7 7 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’]

¢2sin Do cosie Correc-

Observed station h a Sp sin 17 tion
-3 ! ”
Snake_______.__._ 8§13 50 45 0. 000047 -+0. (4
Gladys.__ 761 21 52 . 000043 +.04
Bonetrail 740 230 21 . 000042 +.03
Williston___.___...| 728 203 57 . 000036 — 03
Buford 756 353 42 . (X011 —.01

In the first and second 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

RS  Shobene somveY LIST OF DIRECTIONS
Fonu s State: BOREBDAKOLA .. .co. e oo maeens
Station eemem 2011 Computed by -..Q=Ps8s Station .. Bull C d by ..QsPe8e
Observer....QeVeHe . Checked by - 7320 : 1) Obszerver _M_-H._____ Checked by . 25 5 -
8: C LocaL A Armz  Fun 5: o Locay AanA:;.)I: Sflc:::l
o s " o s w "
Williston o 00 5‘3233 Williston 0 00 00.00
Buford 59 45 J._o.da Buford 59 45 10.08
Snelos 116 48 35,38 Snake 116 48 35.29
Oladys 287 55 2118 Gledys 27 55 2119
Bonetratl 305 24 33,98 Bonetratl 305 24 23,86

F1a. 12.—List of directions corrected for sea-level reduction

¢’ sin 2« cos? ¢

2p sin 17/
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 station 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.

45861°—34+—3

as taken from the table on page 26, and in the last
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LIST OF DIRECTIONS, ALL PRELIMINARY CORRECTIONS 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
giving 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 8 1 C
formed by connecting it with stations on the
fixed line or previously named stations should
be written in clockwise order. R Z D
. After the local co.nditions, that is, those aris- © |, .. ol quadsilateral
ing from the relations of the angles at each
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
length and azimuth of the
line joining them.

The sketch showing the
relative positions of the
stations is drawn and the
directions numbered as
shown in Figure 15. It is

Spencer

Fairview

wn
PN notnecessary to spend much
Yellow time in making the sketch
F1G. 15.—~Quadrilateral used for sample adjustment absolutelv to sc-a,le, although

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

(ERTARTMET OF COMMENCE | LIST OF DIRECTIONS
Fomazia State:.....Orezon
Sttion Roman ____ Computed by HeFeBs ___  Sution__Spencer .. Computed by. TaFeRe ...
Observer QeB-French ___  Checked by O.PeSs . Observer Q-B.French __  Cheched by _0sP.8. ...
8 Oss I':ocu. A e Sra 8: o Il:‘ocm. AmuuA'::i"‘r sfé:ﬁ'x'..
o ’ ” ” © ’ ” ’”
Spencer 0 00 00,00 53.96 Peterson 0 00 00,00
Falrview 31 04 11.58 11.86 Twin 1 08 19.38
Yellow 65 12 45.72 45.48 Fairview 121 12 05.23 04.91
Hary 291 34 34,04 Yellow 197 25 26,30 26.80
Peterson 321 25 23.53 Roman 251 46 38.49 38.31
Tain 330 41 33.42 Ranch 270 37 26.91
Willamette South Base 311 51 09.89
Hary 318 12 01.16
Ridge 319 15 00,47

Willamette North Base 328 26 41.12

Swtion..Yellow _ __  Computed by..faeRar._. Station. Eairviem c dby ... ZuEaR
ObserverQaBeTrench . Checkedby .QsBeSa.c.  Observer .QaBoTrench. .. Cheched by voeQuaBoSe .

DmectioNs Arrer  FINAL
LooaL ADJUsTMENT SECONDS

Direcrions Arrer  Fmav

Stamions Ozaeaved LocaL AGJUSTMENT SEconops

Sramiong OBRERVED

© s ” o s s ’

Telte 0 00 00.00 Thite 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 23.69 23.22

Fairview 297 48 09.7¢ (9.5 Romen 8l 39 24.54 24.90

Scott 337 15 43.07 Spencer 110 00 25.96 6.06
Black 310 44 55.62

F1. 16.—Lists of directions for stations 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

DEPARTMENT OF COMMERCE

LS COIT D GEDOEC sivEr COMPUTATION OF TRIANGLES
o n]-.m\ . 2 State: ....Ox.egan..............;._.-,....5.........6....... . 8

No. STATIONS OBSERVED ANGLE ~ CORR'N STUZET Srmmmh  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
<143 2 Roman 66 12 45.72 -0.20 45.52 1.96  4B.56 9.9580218
~1142 3 Spencer 54 21 12.19 -0.68 11.51 1.956  09.56 2.9098872
1-3 Yellow-Spencer ~1.22 5.86 4,7362528
1-2 Yellow-Romen 4.6880992

07.08
2-3 Yellow-Roman 4.6880992
748 1 Tairview 26 456 00.85 +0.83 0l.68 2.19  59.49 0.58464441
-446 2 Yellow 119 05 31.11 +40.16 31.27 2.19 29.08 9.9414345
-243 3 Roman 34 08 34,14 -0.52 33.62 2,19 31.45 9.7491538
1-3 Fairview-Romen +0.47 6.57 4,9759778
1-2 Fairview-Yellow 4.7836971

06.10
2-3 Yellow-Spencer 4.7362328
=749 1 Fairview 55 07 22,27 +0.57 22.84 2.29 20.45 0.0859876
=546 2 Tellow 58 39 21.94 +0.50 22.44 2.89 20,05 9.9314862
=10411 3 Spencer 66 13 21.07 +0.82 21,89 2.39 19.50 9.9614757
1-3 Fairview-Spencer +1.89 7.17 2.7537076
2 Fairviev-Yella ' 2.7836971

05.28
2-3 Roman-Spencer 4.7376307
=849 1 TFairview 2 2 2l.42 -0,2621.16 2.15 19,01 0,3238636
-142 2 Roman 31 04 11,58 +0.3211.90 2.15  09.75 9.7127133
~10412 8  Spencer 120 34 33.26 +40.1483.40 2.16 3l.24 9.9349835
1-3 Fairview-Spencer +0.20 6.46 4.7537076
1-2 Falrview-Roman 4,9750778

06,26

F16. 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 béing 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’ 117584 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 spherica.l.excess for each triangle as given on Form 25
is obtained by the formula (see Special Publication No. 8, p. 7)

@, by sin €, (1—é* sin? ¢)? )
== 12 a? (11—(62) s 17— bisin CrXom,

where ¢ is the spherical excess; a;, b, and () are the two sides and the
included angle, respectively, of the corresponding triangle; e is the
eccentricity and @ 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 a1gument in
the table on page 234.

To compute the spherical excess of a triangle it is necessary to make
a 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 b;. Then the angle at Spencer will be ¢i. 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

loga;, = 4.7176

log b, = 4.7362

log sin ¢i= 9.9099—10
19,3637

log m = 1.4041-10

log ¢ = (.7878

€ = 5”859
°“:Tg.:§5:|§:_§ Coumenck COMPUTATION OF TRIANGLES

State: ...Q0r€891

NO. STATION OBSTVED AXGLE  CORMN FOR: Srmmwn  FLANE avots LOGARITRM
2-3 Roman-Saencer 4.7175
1 Yellow 60 26 09.17 0.0606
2 Roman 65 12 45,72 9.9580
3 Spencer 52 21 12,19 9.9099
1-3 Yellow-Saencer 4,7362
1-2 Yellov-Roman 4.6881

FI1G. 17a.—Preliminary triangle computation to obtain lengths for spherieal 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+47.17=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 001.

1Thig sum can be obtained directly from the triangle computation without recopying the individual
values,
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CLOSURES OF 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’ 05”86 —
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,
—1.224+1.89=+4+0.47+40.20. 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). This is 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'—S8"+1,
number of side equations=n—2S+3,

in which # is the total number of lines, #’ is the number of lines sighted
over in both directions, S 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.)



METHOD FOR DETERMINING NUMBER OF
EQUATIONS IN AN ADJUSTMENT

by B. K. Meade

In the adjustment of a triangulation net the total number of equations involved is
given by the formula,

number of equations=v—3S,+S,

in which v is the total number of v's excluding those on lines fixed by previous adjust-
ment, S,, is the total number of new stations, and S, is the total number of unoccupied
new stations. :

This formula takes care of azimuth, length, latitude and longitude equations. With
any Laplace azimuths or base lines in the net, one equation is added for each condition
introduced thereby. In case of a fixed station, that is, position tie only, this should be
considered a new station, then two equations are added, one for latitude and one for
longitude. When a fixed station is connected to any other fixed station, with directions
observed to new stations only, then the fixed station should be considered a new station
and two equations should be added to the number obtained by the above formula.

This method of determining the total number of equations in a net will serve as a
check against the number derived by the usual procedure of building up the figure point
by point.
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In the quadrilateral Roman-Spencer-Fairview-Yellow (see fig. 15
n=6,n’=6, =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 to 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 oy, 0,, . . .. . Vg but
for convenience it is customary to drop the »’s, and simply write
@), @), (3). ... ete., 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, -+ +G)-AD+(2)=—1.22, or
as usually written 0= +1.22—(1)+ (3)— @)+ (B5)— (L1)+ (12),
angle equation 2, =—047T—-2)+B)— @)+ 6)—(7)+(8),

angle equation 3, 0=—1.89—(5)+(6)— (7)+ (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})+(2)—(®)+(9)—(10)+(12).
But equation 1 is, 0=+122—-(D+ @) -+ GB)—11)+12),
and equation 2 is 0==-047—(2)+ @)~ @)+ (6)— (7) +(8).
Therefore equation 1—equation 2 is,
0=+1.69—(1)+(2)+(5)—(8) +(7)—(8)
- (11)+(12). '
But equation 3 is,
= —-1.89—(5)+ (6)— (7)+ (9)— (10)+ (11),
therefore equation 1—equation 2+ equation 3 is,
0=—020—(1)+@)—(B)+ (9 —(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 #’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 , Roman-Yellow
Roman-Fairview”” Roman-Yellow " Roman-Spencer ™

For the sides of the triangles the sines of the opposite angles 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 columms 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 produects.

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). KEach 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

1]t is customary in all the computations to designate logarithm by log, sine by sin and cosine by cos,
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the » 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 1 5 6 7 8
~8+9 | 28 21 21.42 | 0.67064586 | 43.90 || ~10412 | 120 34 33.26 | 0.93198007 [ —1.24
—446 | 119 0531.11 | 9.94143208 | —L18 ([ —748| 2646 00.85 | 9.65366160 | 4.18

—11412 | 54211219  9.90980120 | +L.51 | —4+5| 6026 09.17 | 9.93942144 | +1.19
9. 52700914 9. 52796401
4. 0=+5.1342.37(4) —1.19(5) — 1.18(6) 1+ 4.18(7) — 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 v'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+0.226=0; at Fairview on (7), (8), and (9)
they are —0.466+0.362+0.104=0; and at Spencer on (10), (11),
and (12) they are —0.31740.498—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 »; on p. 38.)

The full solution, both forward and backward, of.the four normal
equations, is given on page 38. The computation of the ¢’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

1 2 3 4 =, p  |Adopted
1 -1} —~1.00 —0.038 } —0.04
2 -1 —1.00 254 | 4.28
3 41 -+1 =+2.00 —. 45 —.24
4 —1| =1 15737 4.37 4.066 { +.06
s+ 1| -119| -1.19 ~.252| -~.28
6 41! 41l —118 4.82 +.2%6| +4.22
7 1| =1 +418| 4218 —466 | —.47
8 +1 —3.08{ —708| +.862| +.36
9 1 43.90( 449 +104| 410
10 S1| —La| Ze2| 37| .32
| —1leeeee| 41| =151 [ —1.51 +.481 +.50
12y +1 2.75 | 43.75 —181| -.18
Normal equations
1 2 3 4 7 Za c
1 -6 2 -2 +0.70 +1.22 +7.92 -H0. 039”8
2 +6 3 —15.81 —47 —6.23 —. 25122
3 +6 —.54 —~1.59 +3.57 it
4 L7744 | 4513 | 4107.2544 | —.08003
Solution of normal equations
1 2 3 4 L] Za
+6 +2 -2 -H0. 70 +1.22 +7.92
4} —~. 33333 +.33333 —. 11667 —.20333 —1.32
+6 +2 —15.81 —47 —6.28
1 —. 6667 +. 6667 —.2333 —. 4067 2. 64
+5. 3333 -+2. 6667 —16. 0433 —. 5767 -3.92
s —. 50001 +3.00S14 +.16438 +1. 67251
+6 - —1.59 +3.57
1 —. 6667 -+. 2333 +. 4067 42.64
2 -1.3323 45,0217 +.4383 +4.46
4. 0000 +7.7150 —1.0450 +10. 67
G —1.92875 +. 26125 -2,
+117. 7744 +5.13 -+107. 2544
1 —. 0817 —. 1423 —. 0240
2 —45. 2605 —2.6372 —26. 8326
3 —14. 8503 +2.0155 ~20. 5:95
+54. 5519 +4.3660 4583 9180
Cs —. 05003 —1.08003
Back solution
4 3 2 1
—0.08003 | 40.26125 | +0.16436 | —0.20333
+.15436 | —2s79 |+ 00033
—. 20751 +. 13554
+. 41561 +. 09474
—. 28422
-+. 03928
i
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In the forward and back solutions of the normal equations for a
simple quadrilateral it is not necessary ordinarily to use as many
decimal places as are used in the example above. Three decimal
places for the multiplied terms, four for the 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 (»'s)

1 2 3 4 5 [ 7 8 9 10 1 12
—0.039 [+0.234 |-40. 039 [—0.039 |4-0.039 |~0.254 |+0.254 |—0.284 (+0.416 (—0.416 |—0.039 | 40.039
—.04 | +.28 [ —.2 +.254 | —. 416 | +.416 | —. 416 | +.646 | —.312 | +.000 | 4. 416 | —.220
~.189 | +.005 | +.004 { —. 334 +. 121
—. 245 4362 +.104 | —. 317 —. 181
—.24 | 4-.056 | — 252 ) +.226 | —. 466 | +.86 | +.10 | — 32 | +.498} —.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+4+5=—(+0.06)+ (—0.28)=—0.34; the cor-
rection to angle Roman is —1+3=—(—0.04)+(—0.24)=—0.20;
and the correction to angle Spencer is —11+12=— (+0.50)+
(—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 0702 should be placed on each of the smaller angles
and 0701 on the largest angle,
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COMPUTATION OF LOGARITHMS OF LENGCTHS

The plane angles in column 7 (see fig. 17) can now be computed
snd 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 he 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
. decimal 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 =238769; to Spencer, 47/80—0728=47752; 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’ 09796 —178° 40’ 38769=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’ 22744, 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 corrections 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 that must 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

- Bomen to Spencer 261 04 | 63,49
¢ Spencer & Yallow t6 | 12 | 4882
« {2 Roman tol.  Yellow 26 | 17 { 9.0
ae N 13 | 63,26
180
< |1 Yellgw to 2. Bomen 1s 1 32,27
First Angloof Triengle 60 26 08,83
. N
Bomen 3|23 I “ I 14, 967
sl = | 20| os.ae
Yellow v lazs | 2 | os.mes
2 | 4,688 0992 * 9, 87620 -1 8.1187
cona| 9,920 0699 dn'a| 9,48848 (e 6,286 | saira| 88647
B | 8.5 8516 c 136768 p |2.8322 £ 6.1886
b | 3.118 7207 0, 26231 I |e. 6208 8.1720
1at torm. ﬂsu_;-,gg e .0.0;27 (a2p 9,247
adterm, |+ 1,787  fminm| ~0.0249 r 7.8 |
+1314,1670 7,082
™ 40,0278 s | 4,680 0992
—ar |41816.2940 f[aine| 9,744 2576 a2 |8.081 1382
tlo+s) 4843 46,90 | & | 6,500 0278 42 luj(pen|9.839 6307
cyt| 0,139 7764 5  lian 28
2,920 7601
b a2 | _1008,429 ~83 833,259
= 0,001
-833.260

Do 5ot write o thia margin,

Do not write in.this margin.

« Spencer 0 Roman [ § a 39,25
z Yellow & Roman 84 21 | 1,61
« |3, Spemcer w1 tellw FLE I T X Y
e - 12 ] 45, 64
180
¢ |1 Yellow to 3.  Spencer 208 57 | 4,0 L
. ' .
| 00,7156 13- gpencer
ay 11,869 |s=
v | a3 1. Yellow
s | 4.736 2338 9,47247 35,1960
cosa| 9,949 2049 9,351926 8,7917
B | 8,510 642 1, 38869 5,1902
b | 3195 9849 0. 10042 8,1779
- -
Ist torm. | 40570,3083 | Hum | 40,0610 (ady 9,13%
sdterm. | & 21,5150 |ihum| -0,0151 P 7308
41571, 8233 6,962
{Hulitivw.| + 0,0459 L] 4,736 2338
—ay (5718692 sina | 9,669 6311 Arg, a2 | 3,044 6650
#lr+v) {43 45 54.78 | &' | 8,809 0278 s | -z |altr+e) 9,839 9209
secy'| 0.139 7754 yal ] e2) e 4 (8 ), 3z
3,000 6o o = 2,884 5891
o Al 1, 108,3196 —as 1 760,836
2001
+766, 657

¥i1e. 18.—Position computation for new stations of quadrilateral
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. . -
« Yellow to Spencer 208 7 41.10
¢ Spencer & Feirvien s | a9 | zo.m
a |2 Tellow to 1. Talrview 2685 7 02,54

aa + 51 0..50

180
¢ |L Tairview to 2. Yellow 8 | o8 05,04
First Angle of Triangls 35 o7 22.84

Yellow
Falrview
] 4,733 6971 s 9.56739 ~h 2.1774
cosa 8.883 1608 #in'a 9.99746 (3¢)'] 4.3022{ osin"e| 9.5648
B 8.510 5798 [+] 1.3821) D 2.3920 E 6.1305
2,177 4577 [ e.e002 7,922
18t v, =150.4663 | siurw (a2 0.295
2d term. +8.8503 | (0 trm. b 7.851 |
=141.6155 8.146
| Bbawd itk termn. 40,7188 . 4.733 8572
—ag «141.6066 |sine 9.998 7284 al 3.431 5172
Hetr) |38 69,35 | o 8.509 0268 [astp+en] 9.878 2433
soc e’ pec §(s ¥) o
1 3.2608 605
B e a4 =-2700.9540 =2 | _1361.489
-_0.004
=-1961.503

F1a. 15.—Position computation for new stations of guadrilateral—Continued

Do not write in this margls:

Do ot write in this margin.

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

« Spencer o Yollow
z Palrview & Yellow
e« 13. spenger ol gairview
aa
o [ 1. rpalrview t 3. bpenser’
. B .
e 3. Spencer 1
Af - = al
¥ |43 |3 1. Pairview &
* | 4,768 w076 ¥ 9,50742 3.1546
ccax| 9,830 2054 #in'a 9,69886 9,108
B | 8510 646> c 1, 38869 6,102
b | 3.154 4692 0.49475 8,4508
" "
st term. | 21427,1368 | ¥t +0,0808 {a2)y 9,806
2d torra, + 3,124 lihim ~0,0£82 ¥ 7,848
41430, 240% 7,454
Madihim | v 0,028 |, 4.753 7076
—av #1430, 2626 |sins 9,799 3242 Arg. al 8,202 1168
dlr+¥) | 43 47 05,58 | A’ 8,509 0268 . 57 himi(p+y)] 9,840 0764
wog| 0,140 05: s1] %8 |estan) 24
3,802,11%% r] =14 3,0421 95
e al 1892, 6348 —ae 1 .1102,0%
- 0,003
=1102,038
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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. S, 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 fiz. 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/ 45”52, 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’ 32727460° 26’ 0883 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 heen 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

3 After the manuscript of this publicatin was prepared new furius with the sane numbers (26 and 27)
as the old forms were prepared for the computation of geographic puositions 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 expedite the computu-
tions. 'These new forms hiuve not yvet 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. 19 and 20.



DEPARTMIENT OF COMMERCE

bk 1S H e POSITION COMPUTATION, THIRD-ORDER TRIANCULATION

« |2 Outer to3 _ Hard wh |y3 | uo5| =[5 Hara o2 Onter 324 |up | 2mg
2d/]| _ Hard & Parson L 23 Bl | 16.1 |84 Parson & Onter -5 | 56 | 251
« |2 Outer 01  Pareon | 268 |34 | 56| o (3 Eard tol Pargom 2N - 038
A . _ - A + 52,9

180 0o 00.0 180 00 00.0
o |1 pargen to2 __ Outer 348 134 | 37,9 « i1  Pareon to8 _ Bard q1 56,7
o . Frrsr ANGLE oF TRIANGLE . 1°5° 1;", 1,8,.'3 ° ' " o , "
o I uo |35 2874202 outer | 2| 73 |36 p3.964]| ¢ |40 |37 Po.5a |8 Haca » | 73 |38 br.ong.
A |+ 1 |29.8 A |+ 31,763 | 26 | = : A = +28)
o | 40 | 37 |38,595(1 Parson v 173 [ 37 bsgerl o lup {37 %5 11 Pargon v 173 137 2
. Logarithms Values in d °e r M Logarithms || Values in d Lo o

s_|3,.576526 | 1o | 4o 36, 18.7 s | 3,281 weten | ¥ 19.6
Cosa|9.991320 Logaritt Values in -(lcoe o) g 4ggo00 Logarithme | Valuesfn
_B |¥.510807 . 8 3.576526 B_| 8.5 ” » 3,281346 |
b_|2.078653 [meermbito.estn] sna | 9.206554 n ioptermd) 0115 | sme | 9.9997

¢ |7.15%05_ | A’ | 8,509103 @ | 6,56269 | A | B.509103 -
Sivalg_ 5931 seco' | 0.119715 o |[Btal 9,99950 | sec 4’ .

¢ |1,33731 s | 1,501928 31,7635 | ¢ 3788 » | 1909987 h£1.3806
— |2.08347 2 term | 40,0012 _|Sin36+4] 9813476 7.50011 j2¢ term ] 40 0079 |Sindetsn! 9,
w |4,1573 —sa__| 2.325%0Y w | 0.5627 | —sa |1.723613 L5292
_D 12,3872 D | 2.3873 .
6.5445 34 term | -0 000N " | 2.9500 Sdtem|+ O
—¢ +119,8505 —ss 1+1.910%

& 8 SLYSRVNERT FRITIFO AIRCS

Fi16. 19.—Sample position computation, third-order triangulation, new form
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o S S FOSITION COMPUTATION, FIRST-ORDER TRIANGULATION .

a 2 A NMebo w8 JTaglhar _2olgsl ss08! o 18 70shor we ME Mebo 199} 47 0858
o) Tembar & iheelen Rogk +op oy | oggo | 312] phecler Peak & Mt Nebo - ¢8| 16 |30.92
o |2 At Nebn © w1Wbecler Beok 62 |09 | 41.50 | o |3 Tishar - to ipheclor Regt |10l 24 37.4¢
Aa ) . - 71971 0778 | aa =7 1] 20.22

180 | 00 | o000 180 | 00 | 00.00
a1 r 3 M ) 246132 | vo.s0 | o \1}Wphopler Peghk o3 Tyshor 2901 /31 179%
e + .,  TirstAugle of Trisugle $ove ez, o v m

o | 32| w2 |apsssla M Neho AL N S| s6235) o | 38 ) 285 | 0955718 Tushar AN s/2 |2 |42./68.
a0 ) =49 [29.900 ) al+r2 3250783 ae| *» |95 | 59767 | +7 |s¥ lov.857

o 139 |59 logorely M.#g M Ny ) 18 | yrergl w | 38 |52 109.00811 theeler Reak | x| 11y 118 972019

Logarithms - " Loga o v Tl Logarithms || ” Loga e v m

s |£3761505 | |r2£67 2o0p| ¥ |060lieste) 139 23 5367) o |S297pv07 | 0)|-20940060) 3 |90 36+en |38 v2 0228
cmal 2 5705323 | @\t s03,0505] ¢ Y0752 oLogarithms |l osalg, sg20v2s ||+ soo| @ Logarithma
B |85/0 .S.um+2970.{505 K |R2/3| & 15376/505 | B |£.85/027/2 |Suml~—20%, K |/ 8 | 52478727
M=hl 3, 4575YEPN @+ 0.20140) E E _|6.072) sina [9.9689756

soe 129674584 foy=tls 82/160% | 1lr o /000

1‘ &.509/440 | #_l1o 49548 @ [ 452;4 ® |foos| A |2 5097940
293532 |®|-  o0.0366 L-w-f_ﬁ'h"c 293787 ol oos0f 8 |oenl weo lo.soovs05
1.325%3 ol o.0s52 |+ 928 | ¢ | 130002 | @t soove|erals. | 292

8 _[0.75230 [ fnd L7599
sin?x
(o]

©rK| 2.0/308 _|ml+ 20767 3.962v04Y |k 229759 |mls _ s00vs] ® |7607| o | 38353650
6] 6, 9452 ~00112967 2999 ) B3 goini 6499 £025731 | 61114, 6097 |-ael” 2039 vsa7fwmElz sonlinieren 7960750
D | 23852 A s = 223 | D |2.3807 Flesorazs o Bon| weF | oo

o l9430% o |0 2200 o 3 7g 09902 | @ |£.999¢ seets | 0. 213 “Prh [3.4.3/44/23
-b | 39575 @ |p223) do lrrpepo09| ~ulssaiz m |Gess] s Lvovogs

Bigayp sP76 : @ * 057/ leitalio 51336 @ .25

_E | g /00% Arosp orr. | ~2a 22/ 480 | B |gop Ave-ain sonr. —ta lre2gpzas
w 1 02455 L |=s003 | ey 987 . - @ | 9.92¢6 ERILE A NCVIX -

o o3t ® | 3050 | o |eoszap30l - o797 | | Fozy| s |repvvesps
Totaile 28| @ | 9757 totatl 22921 ® | 2320

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.
(See 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’ 06%73. 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’ 2116,
g0 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’ 05739. Again, the azimuth Roman-
Spencer already in the list is 261° 04’ 5349, 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’ 0539,
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 azimuths by
referring to the triangulation sketch on 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 deseribed; 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.
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Form

8B
s
Locality Bugene.
STATION.

Yellow

1904
Fairview

1904

GEOGRAPHIOC POSITIONS

LATITUDE uvp Szconoa m
LONGITUDE. MxreRe.
° . ” .
43 32 48.848 1507.5 146
a.m. 123 24 09.568 214.8 206

43 35 10.453 322.6 88
3 08.614 193.2 112
14

Datum
AZINDTH
’ P
3 32.27
57 41.10
8 05.05
54 06.73
15 27.89

North American

BACK AZIMUTH,

326
14

285
/2
320

. ”»

17 33.01
10 27.74

37 03.54
09 05.29
57 05.85

TO STATION.

Roman
Spencer

Yellow

Roman
Spencer

¥i1a. 21.—List of geographic positions for new stations of quadrilateral

Jccession No. of Computation: 35,607 .

State  oregon
L -
DISTANCE.

LoaanitaM (MXTERS). Mrrsna, Fez.
4.688 0932 48753,99 155986.5
4.736 2238 54479.50 178738.5
4.785 6971 £0771.10 199379.9
4.575 9773 9-1618.87 310428.7
4,753 7076 56716.26 136076.6
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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 this bureau. On pages 110-146
is shown a net of third-order triangulation adjusted by the angle
method.

S
& Pancho
Garcend gy, w42 Corpu y
< ) 7
TR y
Gorgora -
P 4& £ Palo

Ringold

(2
7 Pedro
F13. 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 either Palo or Pedro

50
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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 sketch (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
gketch 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 checkingethe 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 ¢’ =13. The number of
angle equations is therefore n'—s&’+1=29—13+1=17, and the
number of side equations is n—2s+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 a 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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LIST OF DIRECTIORS

State:.......TEXe8
Station ._.Palo c dby ..AeCaDe Station —PedrQ, Corrputed by ...AaCaD.
Observer Ga¥eHa 2937 . Chockodby — WaBuBa_  Observer GeVeBe 1917 Checked by . MaFoRe ..,
5 O D Arrer  Fina 8 0. I Arrer  Fivan
Locat ADIUSTMENT TocaL AnsustusNt Seconps
o s+ 4 ” o ¢ ”
Pedro 0 00 Q0.00 59,95 TFordyce 0 00 00.00 00.29
Fordyce 61 27 31.53 31.71 Eltoro 26 37 19.81 19.61
Eltoro 99 37 25.05 24.93 Palo 70 32 18.94 18.86
Station ... Fordyce « by el Station __F1LEQTO [ 3 by . AaGel)
Obsorver Ca¥aXBe 1817 Checkedby — WeFeRs_ . Observer ..GoNoHa 2ORZ... Checked by .. MaRaBe.....—
Arrer  FivaL s Arrer  FINaL
0 Locas A LoCAL ADJUSTMENT SEcONDS
Garcia 0 00 00,00 59,99 Palo 0 00 00,00 00,43
Pancho 33 42 51,34 5L.75 Pedro 36 27 36,43 35,47
Eltoro 76 47 59,67 60.01 Fordyce 77 47 14,58 14,28
Pajo 140 50 53,52 53.16 varcia 149 39 01,51 02,57
Pedro 188 61 03,46 03.08 Pancho 194 18 20,42 20,19
Station... Garcla _  Computed by —oAaQolle . Station Rancho Ci 3 by .. AaQe])
Observer... CoVsBe 1917 Chockedby — WoEsRe  Observer  Ca¥eB: 1927, Checked by o SHeFaBe ...
o Arren  Finan O Arrer _Fixan
Looas A LocaL ApseaTezNr Secoxps
o + u ” o ¢ ”
Lomument 0 00 00,00 00,46 Lltoro 0 00 00,00 00,43
Corpus 51 15 33.50 33,61 Fordyce 20 23 46,79 46,52
Pancho 89 53 49,28 49,12 Carcia 64 28 16,62 16,92
sltoro 160 45 14,32 14.39 ppument 92 56 19.84 19.79
Fordyce 192 06 27.73 27,35 Ccorpus 142 14 59,23 58,83
Station ... MoDument Computed by .. AaCeDe . Station..... COPIRS . .. Computedby .. BzCeDe .

Observer_CoVoH. 1917

Observer CeVsBs 1917

Checkedby — NeFeRo CoY.H, 1
O Locat, A Arrzm - Funan 8. OBsERvED
o 4w -
Ringold 0 00 00,00 59,64 Pancho
Grande 256 00 27,23 27,86  uarcia
Hebron 31 47 59,65 59,97 Apmament
Corpus 80 32 48,42 48.61 Grande
Pancho 118 19 55,00 54,61 Hebron
yaroia 179 58 03.72 03,26

FIG. 23.—Lists of directions for stations of net

Chebed by .. TaFsBe

Direcrions Arrer  Frsau
LocaL ApsusTuENT SECONDS

LI ] ’

0 00 00,00
63 35 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 OF NET BY DIRECTION METHOD

DEPARTMIENT OF COMMERCE
U. 5. COAST AND GEODETIG SURVEY
Fanm 24a

Station . GRERGAE.
Observer..C.eYaBe A937 .

Srations OpserveDd

State:.... Texo8

Computad by ~AsCoDe
Checked by PR | 79 0% : TR

Directions Arrer  Finan
LocaL ADJUsTMENT SECONDR

« + » ”
Ringold 0 00 00,00 00,09
Hebron 63 08 11,31 11,49
Corpus 152 41 08,92 08,87
ionument 230 50 49,05 48,82

Station .. Ringold C d by ... AsCaD)

Observer CeVaHe 1917

Starions OpservED

Gorgora
Garscena
Hebron
Grande
diorument

Station..30T50rE

Chechedby .. ToFoRe

Dln!rn.om Arrer  Fivaw

Station._. Hebron,

Observer .QeVaHe 1927

SraioNs OaserRvES

53

LIiST OF DIRECTIONS

Compuled by Y 1028 PR
Cheched by e MR

Dixec1ions Arrer  Finar
{f.ocal ADJUSTMENT BEcoNDa

o s s ”
Corpus 0 00 00,00 00,55
Momment - 37 26 30,56 30,03
Grande 42 56 20,48 20,61
Ringold 90 19 02,35 02,02
uorgora 161 52 16.28 16,58
Gercena 173 3b 47,89 47,73
Station . AT CENG c ted by A.C.De

Observer ... Colia@e 1917

Checkedby .. NeTaBe

Finan

CAL & o
o s u ”

0 00 00,00 00,03 Hebron
41 19 43,99 44,21 Ringold
70 44 38,44 38,50 Gorgora
140 13 456,67 45,83
166 04 06,90 06,45

> d by ..AsCeDs

1917

Observer .\

Sramons OuerevED

Garcena
liebron
Ringold

Fia.

Checked by . ¥eFoRo

Dirgcrions Arrer  Frean
LocaL Apsustuenr Szconps

© s » o

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

AFT
Locan ApJusTuENT SEcoND®

e ”

0 00 00.00 00,16
67 18 20,19 20,25
162 14 06,66 05,43

.—Lists of directions for stations of net—Continued



U. 8. COAST AND GEODETIC SURVEY

COMPUTATION OF TRIANGLES

DT, S S
State: ..TezaB
SOTPRY T M
NO. STATION QBSERVED ANOLE
23 Palo -~ Padro
-15061 Fordyce 43 00 "02.94
-445 2 Palo 6l 27 31.53
~143 3 Pedra 70 22 18.94
1-3 Fordyce - Pedro
1-2 Fordyce - Palo
00.41
23 Palo - Pedro
-748 1 Eltoro 36 27 I6.43
=448 2 Pdlo 99 37 25.05
=243 3 Pedro 43 54 59.13
13 Eltore -~ Pedro
12 Bltoro - Palo
00.61
23 Palo ~ Fordyce
<743 1 Eltore o4 14.58
=546 2 Palo 38 09 53.52
»14¢15 3 Fordyce 64 02 53.85
1-3 Xltoro - Fordyce
12 Eltoro - Palo
01.95
23 Pedro - Fordyce
849 1 Elten 41 19 38.15
=142 2 Pedro 26 37 19.81
=14416 3 TFordyce 112 03 03.79
13 Eltore - Fordyce
1-2 Eltoro - Pedro
0L.75
23 Eltoro - Fordyce
20421 1 Carcis 31 20 13.41
-9410 2 ZEltore 7L 51 45.93
«1214 3 TFordyce 76 47 59.67
13 Garcia - Fordyce
12 Garcia - Eltoro
00.01

SPEER'L ErEEE’L
CORR'N jnciz zxcass

-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 59.25 0.09.

=0.32 0.27

=0.73 13.85 0.07
=0.30 53.22 0.07

=0.71 53.14 0.07
-1.74 0.22

-0.34 37.81 0.0?

-0,49 15.22 0.06

-0.72 03.07_0.07
-1.56 0.20

=0.45 12.96 0,09
+0.36 47.29 0.09
+0.35 60.02 0.09
+0.28 0,27

PLANE ANGLE
AKD DISTARCE

09.85

31.67
18.48

35.95
24.89
69.16

13.78
63.15

53.07

37.74
19.26
03.00

12.87
47.20
59,93

Fia. 24.—Trlangle computation for stations of net

LOGQARITRM

3.9781520
0.1289079
9.9437288
9.9744497
4,0507887
4,0815096

3.9781520
0.2260226
9.5938449
9.8411144
4.1980195
4,0152890

4,0815086
0.0099418
9.7909368
9.9533377
3.8823870
2:0452889)

4.0507887
0.1302208
9.6513775
9.9670100
3.8823870
4,1980195

3.8823870
0.2839387
9.9778678
9.9883711
4.1441935
4,1546963



ADJUSTMENT OF NET BY DIRECTION METHOD

DEPARTMENT OF COMMRRCK
%, &, COAST AND GRODETIC BURVEY
Form 85

NO, BTATION

23 Eltoro
-22+33 1 Pancho-
-94112 Eltoro
-13+14 3 Tordyce

13 Pancho

12 Pancho

23 Eltoro

=224241 Pancho
10411 2 Eltoro

=194203 Garcla

State: ... Toxa4...

55

COMPUTATION OF TRIANGLES

OBSERVED ANGLE

= Fordyce
20 23 46.79
116 31 05.84
43 05 08.33

- Fordyce

- Eltoro
00.96

= Garela
64 28
44 39
70 52

16.62
18.91

25,04

corwn &L Bremt

~0.70 46.09 0.08
+0.07 '05.91 0.09
~0.07 08.26 0.09
~0.70 0.26

=0.13 16.49 0.13
-0.29 18.62 0.12

+0.28 26.27 0.12

13 Pencho - Garcla =0,19 0.38
12 Paacho - Eltoro
00,57

23 Fordyce - Garcia
~23%24 1 Pancho 44 04 29,83 <40.57 30,40 0,13
=13H3 2 Foriyce S3 42 51.34  40.42 51,76 0,13
=19421 3  Garcia 102 12 38.45  -0.22 35.23 0.13

13 Pancho - Garcia +0.77 0.2¢

12 Pancho - Fordyce

89.62

23 Paacho ~ Garecia
=Zl4321 Momament 61 38 08.72 -0.08 08.64 0.08
-244252 Pancho 2 28 03.22 -0.35 02.87 0.05
-174193 Carcia 89 53 49.28 -0.62 48.66 0.06

13 Monuwnent - Gareia -1.08 0.17

12 Monument - Pancho

01.22

23 Pancho - Gareia
~33+341  Corpus 63 35 08.71 -1.02 02.69 0.0?
=24+26 2  Pancho 77 46 42.61 -0.70 41.91 0.07
-18¢19 3  Garcia 38 38 15.78 ~0.17 15.61 0.07

13 Corpus ~ Garcia -1.89 0.21

1.2 Corpus - Pangho

02.13

PLAN

ANGLE
AND

8TANCE

46,01
05.82
08.17

16.36
18.50

25.14

20.27
51.63
38.10

08.58
02.82
48.60

02.62
41,94
15.54

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

LOGARITHM

3.8322870
0.4577866
9.9517221
9.8244781

4.2918957
4.1746517
+1

4,1546968
0.0446159
9.84685562
9.9753391
4.0461679
4.1746518

4.1441935
0.1576402

9.7443342
9.9900620
4.0461679
4.2918957

4.0461679
0.0556416
9.6732083
9.9999993
3.7795207
4.1017118

4.0461879

0.0478917
9.9900438
9.7954681
4.0341034
5.8395177



56

U. 8. COAST AND GEODETIC SURVEY

DEPARTMENT oF Camuerce
GEOVETIC SURVEY

23
-33+25 1
25426 2
-30421 3

13

1.2

34435 1

=17418 2

~30432 3
13
12

=40+411

-354362

-26+303
13
1-2

23
=-424435 1
~35437 2
~29+30 3

13

12

-42+441

=-36+37 2

=-39+0 3
1-3
12

Stato: .....TeXAR

COMPUTATION OF TRIANGLES.

STATION OBSERVED ANGLE

Pancho ~ Monument

Corpus’ 92 54 15.91

Pancho 49 18 29.39

Yorwnent 37 47 06.58
Corpus - Yonument’

Corpus ~ Pancho

01.83
Barcia ~ Komument
Corpus 29 19 12.20
Garcia 51 15 33.50
Lonument 99 25 15.30
Corpus - #onument
Coryus - Gercia
01.00
Corpus - Monument
Grande 78 09 40.13
Corpus 46 17 59.13
Yonument 65 32 21.19
Grande ~ Homument
Srande ~ Corpus
00.46
Cornus - Yonument
Hebron 37 36 20.36
Corsus 93 43 42,57
Monument 48 44 48.87
Hebron - Monument
Hebron - cogms
01.99
Corpus - Grands
Hebron 42 56 20.48
Corpus 47 30 43.44
Grande 89 32 57.61
Hebron -~ Crande
Hebron - Corpus
01.53

Bi ' B 3
conm S Sy

~0.76 15.15 0.07
=0,35 39.04 0.06
-0.53 06.00 0.06
-1.69 0.19

+0.26 12.46 0.05
=0.45 33.05 0,05
-0.66 14.64 0.05
=0.85 0.15

-0.1389.95 0.05
40.5059.43 0.04
-0,4320.76 0.05
~0.31 0.14

-1.07 29.48 0,09
-0.40 42.17 0.10
0.3 ,48.64 0,10
<170 0.2

=0.42 20.06 0.06
=0.70 42.74 0.06
-0.23 57.38 0.06
=1.36 0.13

PLANE ANGLE
AND DISTANCE

15.08

38.98
05.94

12.41

33.00
14,59

39.90

£9.39
20,72

29.39
42.07
48.54

20.00
42.68
-57.32

Fia. 24.—Triangle computation for stations of net—Continued

LOGARITIIM

4.1017118
0.0005581
9.8798163

 9.7872478

3.9820867
3.8895177

2.7799207
0.3100800
9.8920860
9.9941028
3.9820867
4.0841035

3.9820867,
0,0093379

9.8591173
9.9161972
3.8505419

2.9076218

3.9820867

0.2161314
9.9990382

9.8761042
4.19726€3
4, 0745223

3.5076218
0.1667139
9.8677132
9.9999866
3.9420489
4,0743223



ADJUSTMENT OF NET BY DIRECTION METHOD

DEPARTMENT OF COMMERCE
. cow b s@achc suavi
Porm

57

COMPUTATION OF TRIANGLES

State: . Jez88
L -
NO. STATION OBSERVED ANGLE
23 M¥omment - Grande
-434441 Hebron 5 20 49.93
-28429 2 Yonument 6 47 32.32
«394413  CGrende 167 42 37.74
13 Hebron - Grande
12 Hebron - Mopument
59,99
23 Hebron = Grande
-50461 1 Ringold 69 2 7.2
-44445 2 Bebron 47 22 4.85
38439 3 Grende 63 08 11,31
13 Ringold - Grande
12 Ringold ~ Hebron.
00,39
23 Hebron - Momment
-50452 1 Ringold: 95 19 23,46
~42#445 2 Hebron 52 52 31,78
-2%429 3 Momument 31 47 59.55

Ringold - Momument
Ringold - Hebron
579

1.3
12

23
<5352 1 Ringold
+38-41 2 GQrande
-27438 3 Morument

Grande - Monument
2% 50 21,23
129 09 10.95
@ 00 2.2

1-3 Ringold « Momument
12 Ringzold - Grande
B4

23 Hebron = Ringold
=53464 1 Qercena 67 18 20.19
-45¢47 2 Hebron. 83 16 45.56
~49450 3 Ringold 20 24 54.48

13 Garela ~ Ringold

2 Garcia - Hebron

00.20

conmy ST S

+40.65 50.58 0.01L
-0.20 32.12 0.0
=0.41 37.83 0.01
+0.0¢4 0.03

40.1007.33 0.05
~0.4441.41 0.04
4+9.0911,40 0,05
=~0.25 0.14

-0.5127.95 0.09
40-2121.99 0.09
40.7860.3% 0.09
+0,48 0.27

~0,61 20.62 0,03
+0.32 11,27 0.04
+0.98 28,21 0.03
40,69 0.10

=0.10 20.09 0,03
+0.15 45.71 0.08
=0.16 54.29 0.03
=0.1) 0.09

PLANE ANOLR
AND DISTANCE

50.57

32.11
37.32

.2
4.37
11.36

27.86

8l.90
60.24

20.59
11,23
.18

20.06

45.68
54.26

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

LOGARITHM

3.8505419
1.0136334
9.0728736
9.3280810
3.9420488

a
4,1972663

3.9420489
0.0284539
9.8667328

_ 9.9504064

3.8372866
59209092

4.1972663
0.0018779
9.901.6361
9.7212760
4.1007703
3.9209092

3.8505419
0.3606682
9.8895602
9.6360755
4.1007703
3.8372356

3.9200052
0.,0349980
9.99?70055
9.6911991
3,95201.27
3.6471063



58

U. 8. COAST AND GEODETIC SURVEY

DEPARTMENT OF COMMERCK

COMPUTATION OF TRIANGLES

Broxe’ Srmen’t, PLANE ANQLE
CORWN “iora Exciss AND DISTANCE

-0.48 23.61 0.0l
-0,39 05.27 0.06

-0.46 31.15 0.01
=1.33

-1.23 30.84 0.0
-0.29 45.18 0.07
40.19 44,18 0.06

-1.33 0.20

-0,75 07.23 0,08
40.61 14.56 0,09

40.03 38.47 0.09

-0,11 0.25

LOGARITHM

L & COAST AND GEODETIC SURVEY
Form 28
State: .. Te%85
L N
NO. BTATION OBSERVED ANQLE
2:3 Garcena - Hebroa
-56457 1 Gorgora 6 02 24.09
-53465 2 Garcens 162 14 05.66
-463447 3 Hebron 11 43 23l.61
1-3 Gorgora - Hebron
1.2 Gorzora - Carcena
01.26
23 Garcena - Ringold
-56+58 1 Gorgora 43 44 32.07
-54+55 2 Garcena 94 55 45.47
~49+49 3 Ringold 41 19 43.99
-3 Gorzgora ~ Ringold
1.2 Gorgora - (arcena
01.53
23 Hebron - Ringold
51458 1 Sorgora 37 42 07.98
-454+46 2 Hebron 71 3% 13.95
~43450 3 Ringold 70 44 38.44
1.3 Gorgora - Ringold
1-2 Gorgora « Hebron
00.37

3.6471063

23.60 0.9778933

05.26  9.4844635

3l.14  9.3079664

0,03 4.1094711

3.9329710

3.9529127

30.77  0.1602639

45.11  9.9983908

44.12 9.8197944

4,1115674

3.9329710

3.9209092

07,16  0.2.35649

14,47  9.9770834

38,38  9.9749970
4.1115675'_1

4,1094711

Fic. 24, —Triangle computation for stations of net—Continued



ADJUSTMENT OF NET BY DIRECTION METHOD 59

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 nel

Equations
Station

Angle | Side
1 0

2 1

1 0

2 1

1 -0

2 1

1 0

2 1

2 1

1 (1]

2 1

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 adjustment 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.

45861°—34—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— )+ (3)— @D+ (B— (15)+(16)
0=+40.34¢— 2+ B)— WD+ B— D+ ®
0=+41.74— B)+ 6)— (D+ (9)— (14)+(15)
0=—0.26— (9)+ (10)— (12)+ (14)— (20) +(21)
0=40. 19— (10)+ (11)— (19) 4+ (20)— (22) + (24)
0=—0. 77— (12) + (13)— (19) + (21)— (23) + (24)
0=+41. 05— (17)+(19)— (24) +(25)— (31) +(32)
0=+1. 89— (18) + (19)— (24) + (26)— (33) + (34)
0=--1. 69— (25) +(26)— (30) +(31)— (33) +(35)
10.  0=-0. 31— (28) + (30)— (35) -+ (36)— (40) + (41)
11. 0=—0. 69— (27)+(28) 4 (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=40. 25— (88) -+ (39)— (44) + (45)— (50) + (51)
15.  0=-+40. 11— (49) + (50)— (45) 4 (47)— (53) - (54)
16.  0=+1. 33— (48) 4- (49)— (54) + (65)— (56) 4 (589)
17. 0=+40. 11— (45) 1+ (46)— (48) + (50)— (57) + (58)

CRNe oo

Side equations

Symbol |  Angle |Logarithm | ToPUst | gymbol | Angle | Logarithm | Jabular |
L ’ ” L ’ "

—15416 | 48 00 09.04 | 9.8710081 | +190 (| —4+5 |61 27 8153 | 9.0437am68 | +115
—840 141 19 38.15 | 9.81978015 +2.40 —~14-2 | 28 37 19.81 | 9.65137082 | --4.20
—516|38 00 53.52 | 0.70063675 | 2.67 || —14-+15 |64 02 5385 | 995383858 | +1.02
213|438 5 .13 |0.80111431 | 4219 || —74+8 |36 27 3643 | 9.77207878 | +2.85

0. 32202852 0. 32202676

118. 0=-—2.244-4.20 (1)—6.39 (2)+2.19 (3)+1.15 (4)— 3.82 (5) +2.67
(6) +2.85 (7)— 5.25 (8)1-2.40 (9)4-1.02 (14)— 2.92 (15)+41.90 (16)

—20+21 | 8
—~22+4+24 | 64
—13+14 | 43

SBE
85

-
w
—-

.41 | 9, 71606319 +3.46 || —12+14 { 76 47 59,67 | 9.98337099 | 0.
62 | 9.955638436 +1.00 || —19+20 | 70 52 25,04 | 9, 97533904 +-.
33 | 9.83447846 +2,25 [} —224-23 [ 20 23 46,79 | 9.54221776 | 5.

9, 50502601 9, 50592779

8dB

19. 0=—1.784-0.49 (12)— 2.25 (13) +-1.76 (14) 40.73 (19)— 4.19 (20)+3.46
(21)+4.66 (22)— 5.66 (23)-+1.00 (24)

ll’gxis equation is formed with the pole at the intersection of the two diagonals. (See explanation on
p. 185.)



ADJUSTMENT OF NET BY DIRECTION METHOD 61

Side equations—Continued
Symbol Angle Logatithm f&g'é'ﬁie Symbol Angle Logarithm d’}‘ﬂag};lgze
o ’ ” o , r

—34435 [ 20 19 12.20 | 9.63991918 +3.74 | —304-32 | 99 25 15.30 | 9.90410258 | —0.34
—24426 | 77 46 42.61 | 9,89004413 +.45 | ~33434 [ 63 35 03.71 | 9.95210043 | +1.05
—3814+32 | 61 38 08.72 | 9. 94445563 +1.13 | ~24-425 [ 28 28 03.22 | 0.67820974 | -1-3.89

9. 62441804 .| 9.e2u2175
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)
—2842 | 6 32.82 | 0.07287722 | 41 5 20 40.98 | 8 09135262 | 2.

47 7.68 || —43+44
—51+52 |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 || —504-51 | 69 20 07.23 | 9. 97154607 +.

8. 57899546 i §. 57506988

2B8

121, 0=+425.58+4.52 (27) — 22.20 (28) + 17.68 (29) -}-21.88 (43)— 23.81(44)
+1.93(45) +0.78(50)— 5.12(51) +4.84(52). (Thisequation should be divided
by & before entering it in the correlates.)

—441H45 | 47 22 41.85 | 9.86678373 4+1.93 || —504-51 | 69 20 07.23 | 9.97154607 | -+0.78

—36-+37 | 47 30 43.44 | 9.86771468 419 | —424-44 [ 42 56 20.43 | 9.83328715 | -+2.27

—28430 [ 55 32 21,19 | 9, 91619788 41.45 || —85--36 | 46 17 59.13 | 9.850116%1 | +2.01

—51+52 | 25 60 21.23 | ©.63933451 +4.34 || —274+28 | 25 00 27.23 | 9.62607110 | -+4.52
9. 26003080 9. 28002122

222, 0=+ 0.58+ 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).

—48449 [ 41 10 43.99 | 9.81979414 +2.39 || —56+58 | 43 44 32.07 | 0.83073304 | 42
—45147 1 83 16 45,56 | 9. 99700544 .25 || —494-50 | 20 24 54,45 | 9.69119975 [ 43
—56+57 | 6 02 24.00 | 902211142 | +4-10.90 || —46+447 | 11 43 31.61 | 9.30797112 | +10.

8. 83201100 &, 33890081

3]

123,  0=-11.19—0.25(45)+ 10.14(46) —9.89(47) —2.39(48)+ 6.13(49)
—38.74(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 coefficients of the different equations of a net should be 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,
2In a central é)oint figure with one diagonal observed, which reguires 2 side equations, one of the slde
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.

Compulation of azimuth equation

° ’ 17 Seﬂgsls.
Palo-Pedro (fixed azimuth)___ . _ .. ____ . __.______ 12 02 2500 25 00
— 446 o +99 37 25.05 24 .98
Palo-Eltoro_._ o e 111 39 50.05 49.98
— 2 4512 4511
Eltoro-Palo____ __ .. 291 37 0493 04. 87
— 11 .l +194 1S 20.42 19.76
Eltoro-Pancho. . __.. 125 55 2535 24 63
— 3 1432 14 32
Pancho-Eltoro. .. .. 305 52 11.03 10.31
— 224 26 e +142 14 59 23 58 40
Pancho-Corpus_ _ - - .. §88 07 10.26 0871
— 2 0455 0455
Corpus-Pancho__ .. ____________________________ 268 05 0571 04 16
—33+37 e +186 42 58 48 5732
Corpus-Hebron___.___________________________ 94 48 0419 01 48
— 3 10.09 10.09
Hebron-Corpus_ _ .. ______ 274 44 5L 10 51.39
s 2 e +173 35 47.89 47.18
Hebron-Garcena. ... S8 20 41.99 3857
— 1 11.31 11.31
Garcena-Hebron_ ______ . ______ . _____________ 268 19 30.68 27.26
—534+585 . +162 14 05 66 05 27
Garcena-Gorgora (computed azimuth)___.__________ 70 33 36.3%4 32 53
Gareena-Gorgora (fixed azimuth)__________________ 70 33 32.53 3253
Closing error- _ . e +3.8 0.00

24, 0=+43.811— (H+(6)— (7) +(11)— (22) 4 (26)— (33)+ (37)— (12) + (47)

—(53)+155)

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°
377 25%05, 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 column is filled out after the adjustment is completed.
1The azimuth constant should be eorrected hy the amount sin ¢m (Aa—Ax"), where ¢m i3 the mean latitude
and Aa—Ax’ is the discrepancy in longitude.
dw=26° 20’ 40" and An—An'=—07006
log 0.008= 7.7782-10 (negative),
log sin 26° 20’ 49"= 9.6472-10

log correction= 7. 4254-10 (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,

o ? r?
Azimuth, Palo-Eltoro= 111 39 50. 05
Difference of azimuth and back azimuth ={18_(_) Og 2(5) (l)g

Azimuth, Eltoro-Palo= 291 37 04.93

Then using the azimuth Eltoro-Palo as given ahove, 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 he 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

must not exceed that represented by an error of ﬁﬁ after the

angle and side equations have been satisfied in the adjustment. The
closure in length can easily be espressed as a ratio by dividing the
diserepancy 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
0.00000227 . 1 .

—0.4313 ©OF approximately 197000° 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 ' 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 =R (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 IR for that quadrilateral. A good general
rule to follow is to avoid the small angles in the formation of the
length equation.

Hebron Corpus

Garcena
<

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 “logarithn:.”
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 theirsines. Similarly, in the derivation of the position computation
formulas it is assumed that small ares, 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 errvor.
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 s 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 AN. 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
colummn 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+43 is placed in the first column, and
—15+416 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 coefficients 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
Symbol Angle Logarithm | differ- Symbol Angle Logarithm | differ-
ence ence

—16* —13%

Palo-Pedro 3. 6781520 Gareena-Gorgora 3. 9320710

L] r ”n L] r ”

—143 | 70 32 1894 | 9.97445004 40.74 || —154-16 | 48 00 09.94 | 0.87109231 | -+1.90
=516 {38 09 53.52 | 9. 70093675 +2. 67 ~749 [ 77 47 14.58 | 9. 99005871 =+. 45
—12+14 | 76 47 59.67 | 9. 98837099 .49 {| —204-21 | 31 20 13.41 | 9.71606319 | --3.46
—10+411 | 44 39 18.91 | 9. 84685608 42.13 || —22-+24 | 64 28 16.62 | 9.95538436 | +1.00
—171+19 | 89 53 49.38 | 9.99999930 .00 || —314-32 { 61 38 08.72 | 9. 94445563 | -}1.13
—25-+26 | 49 18 39.39 | 9.87981749 41.81 || —334-35 192 54 1591 | 9. 99944177 - 11
—23430 | 55 32 21.19 { 9.91619788 +1.45 | —40+441 { 78 00 40.13 | 9. 99066223 4. 45
—36+37 | 47 30 43.44 | 9. 86771463 +1.93 || —f2444 | 42 56 20.48 | 9.83328715 | +4-2.27
—384-39 | 63 03 11.31 { 9. 95040642 -+1.06 || —504-51 | 69 20 07.23 | 9. 97154607 +.78
—45447 | 83 16 45.56 | 9.90700544 .25 || —53+5¢ | 67 18 20.19 | 9. 96500209 4. 88
—48149 [ 41 19 43.99 | 9. 81979414 +2.30 || —564-58 [ 43 44 32.07 | 9.83973304 | 4-2.20

3. 00070105 3.00970332

® See p. 64.

" 25, 0=—2.27—0.74(1) 4+ 0.74(3)— 2.67(5) +2.67(6) +-0.45(7)— 0.45(9)
—2.13(10)4+2.13(11)— 0.49(12) 4-0.49(14) 4-1.90(15)— 1.90(16)
+3.46(20)— 3.46(21) +1.00(22)— 1.00(24)— 1.81(25) -+ 1.81(26)
—1.45(28) +1.45(30) 41.13(31)— 1.13(32)— 0.11(33) +-0.11(35)
—1.93(36) +1.93(37)— 1.06(38) +1.06(39) 4-0.45(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) 4-0.88(53)— 0.88(54) 12.20(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 fornied.
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 eliminate 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:

-] ’ r”
—15+16 Fordyce 43 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° +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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COMPUTATION OF TRIANGLES

‘GEODETIC SURVEY
Form 25
EOTRrnOT TreTe sen
NO. BTATIONS OBSERVED ANGLE

B-5.6

A ~143

B -n9
B 56

® -2

A=l

o_g Palo-Pedro

1 Fordyece 48
2 Palo (&
g Pedro 70
1-g Fordyce~Pedro

1 Fordyce-Palo

2.3 Palo-Fordyce

1 Eltoro ™
2 Zralo 38
3 Fordyce (e4

1-3 Eltoro-Fordyce,
1-2 Eltoro~Palo

2-3 Eltoro~Fordyce

1 Garcia 3
2 Xltoro (n
3 Fordyoce 76
1-3 Garcia~Fordyce

1-2 Garoia~-Eltoro

2-3Eltoro-tiarcia

® 2224 1 Pancho &4
A-10a1 2 Eltoro 44
C 3 Garcia (70
1-3 Pancho-Garcia
1.2 Pancho-Eltoro

2-3 Pancho~Garcia

$-Gla2 1 lomument 61
C 2 Pancho (e8
A-219 3 Garela 89

1-3 lomument-Garoia
1-2 Momment-Fancho

F16. 26.—Triangle computation to obtain latitude and longitude closures of net

[+ ]
_7
32

47
09
02

20

581
47

28
39
&2

38
28

&3

09.94
31,38)
18,94

14,58
53,52
62,11)

13.41
47.19)
59, 67

16.62
16.91
24.86)

08,72
02,17)
49.28

SrEER'L SpEER'L PLANE ANGLES
CORR'N “Jycie Excmss AND DISTANCES

0.08
0,09
0.09
0.26

0,07
0,07
0,07

0.21

-

0,09
0,09
0,09
0,27

0,13
0,12
0.13
0.38

0,06
0,05
0,06
0,17

09,86
31,59
18,85

14,51

53,45
62,04

13,32
47,10
59,68

16,49
18,79
24,72

08,66
02,12
49,22

LOGARITEM

3,978
0.128
9,943
9,974
4,050

1520
€079
7283
4500
7882

4,081 5099

4,081
0,009
9,790
9,953
3,882
4,046

5,682
0.283
9,977
9,988
4,144
4,154

4154
0,044
9.846
9,975
4,046
4,174

4,046
0,055
9,678
9,999
3,779
4,101

5099
9414
9366
8366
3879
2879

3879
9371
8678
3710
1928
6960

6960
6168
8669
3388
167

8506

1677
5444
2065
9993
9176
7114
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DEPARTMENT OF COMMERCE
5, COAT AUD GEODITIC SURVEY
Form 28

COMPUTATION OF TRIANGLES

State: .. 16x38.
crmri—
No. STATION OBSERVED ANGLE ~ CORR'N SJSINL Srmmtwi  PLANE ANOLE LOGARITAM
2-3 Pencho-Mommment 4,101 7114
P 8385 1 Corpus 92 54 15,91 0.07 15,84 0,000 5582
A\ #5426 2 Panoho 49 18 39,39 0.06 39,33 9,879 8174
C 3 Nomument (v 47 04.89) 0,06 04,63 9,787 243
1-3 Corpus-Momment' 0,19 3,988 0870
1-2 Corpus-Pancho 3,889 5144
2-3 Corpms-Mommens 3,982 0870
R-4041 ;  Grande 78 09 40,13 0,05 40,08 0,009 3378
C 2 Corpus (s6 17 s8.82) 0.04 56,78 9,859 1161
A$8430 3 Mommen 55 32 21,19 0,05 21,14 9,916 1978
1-3 Grande-Monument 0,14 3,850 5409
1-s Grande-Corpus 3,907 8226
2.3 Cormus-Crande . 3,907 6226
R244, Hebron 42 56 20,48 0,06 20,42 0,166 7130
AB637 3 Corpus 47 30 43.44 0,06 43,38 9,867 7146
C '3 Grasde g9 =2 s6.26) 0,06 56,20 9,999 9865
1-3 Hebron-Grande 0,18 8,942 0502
1-9 Hebron-Corpus 4,074 3221
2-3 Hebron-Graade 8,942 0602
B-508 1 Ringold 69 29 07.28 0,08 07,18 0,026 4639
g 2 Hebron (&7 22 4L60) 0.04 41,56 9,866 7831
A-5329 3 Grande 63 08 11,31 0,05 11,86 9,950 4064
1-3 Ringold~Grande 014 8,837 2072
1-2 Ringold-Rebron 3,920 9105
‘o-3 Hebron-Ringold 3,920 9105
p 5354 Garcena 67 18 20,19 0,03 20,26 0,054 9979
A45472 Hedron 83 16 45,56 0,03 45,63 9,997 0054
c 3 Ringold (29 24 84,34) 0,03 54,51 9.691 1982
1-3 Carcena-Ringold 0.09 3,952 9128
1-2 Garcena-Hedbron B, 647 1076

Fic. 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')” + E[ (¢n - ¢¢')’ A (vA) - (¢n - ¢L) !
ép (@8)]+Z[tar (\a—2Ne) (2c)]

Longitude: 0=7238.24 (A\.—Na)" +Z[(An—2No) 64 (W)= \n—2N2)’
68 (28)]+ 2] as (dn—oc)" (¥c)]

In these equations v4, v, and v, are replaced by their correction
symbols, care being taken to use vg= —wvs—wvp, i 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 O 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 A, in the upper right-hand corner of the form.
The columns headed ¢,— ¢, and \,— )\, are self-explanatory. In the
column headed 3, is placed the tabular difference of the length angle
adjacent to the starting length in each triangle, and in the column
—0p 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
34 and — &5 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 — 5.

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

Do ot #rrits in this margin,

e Palo to Pedro 12| o2 25,00
2 Pedzo & Fordyce + 61| 27 | 51,38
-« 2. Palo to1.  Fordyoe 73| 29 | 58,38
as - 3 04,84
180
¢ |1.  Fordycs to 2. Palo 253| s | 61,54
First Angle of Triangle 43 00 09,94
. ' w N . M
e | 26 19 | 38,951 | 2. Palo i 98 27 43,248
Ay - 1 51,618 |s= AR + I 6 | 66,990
v12 |17 47,433 |1, FPordyoce | se | = I 45,238
2 4,081 5099 @ 8,16302 —h 2,0467
cosa| 9,483 3676 sin'a | 996347 @e)| 40947 | g ginra| 8.1268
B | 8,511 8083 c 1, 10026 p | 2.29%1 E 5.6511
2,046 6857 9, 22674 | | 6, 3968 6,0243
18t ferm. +111.a"4.se 8 trm w.oo;a (a1
2d term. | +- 0, 1686 ihim | ~0.0001 F
4211,5174
Siaaddid Lrme. | 4+ 0.0001 s 4,081 5099
—ay |41L5175 sina| 9,961 7347 Arg) a1 |2.620 1257
tory) | 86164329 | & 8,509 4379 s | 3 Bagpersy 3046 578
sacy| 008743 | B Leiien
2,620, 1257 [ | 2,268 7832
- at 4416, 9901 —ae | ,184,835

Do not write in thia margin.

. Padro to Palo 192 | o1 | 55,35

b Fordyoe & Palo - | 32 | 18,98

e |3 peare to 1. Pordyoe 121 29 34.41

aa - 2 | 32,93
180

« |1. Fordyoe to 3. Podro N1 | 27 | 0L,48

Pedro
Fordyos
s | 4,060 7882 s 8, 10158 =k £,2506
cosa | 9,727 9972 sin'e | 9,86160 (%) 14,5607 | #sin'«| 7,963
g |8.611 s13a c | .09 D | 22912 B 6.8487
b | 2,280 5988 9,05183 8, 8518 6,0935
1st term. | = 190,"_5090 Him | 0, 000"7 (a?y
2d term. 40,1163 Jumum| 40,0001 F
- 190, 6937
Sisel ik oem.| 4 0.0008 s 4,050 7882
—ay | ~190,6929 |ane| 9,930 7988 . !Arg a1l | 2,63 4681
tip+9) [26 16 12,08 A 6,509 4379 ) z -“ (e +¢)| 9, 546 0134
secy’| -O.0AT 4432 a1l se04(A #)
2,638 3481 Core) O 2,184,4816
e Al 38,5150 4 14 182,92

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

o . -
e Palo to Pordyce 73| 29 56,38
¢ Fordyae &  Eltoro + 39 09 | 53,52
a | 2. Palo to 1. Eltoro i | 39 49,90
I - 2 | 45,12

180

& |1. Eltero to 2, Falo &91 | 37 | 04,78
First Angle of Triangle 747 4,58

B ' " . f "

L Z6 | 19 | 38.951 |®. salo 1 98 | &7 | 48,248
oy +| 2 13,006 f,n a1 1 08 |07
* 25 | 22 1. Eltoro a 98 I k2] Ioo.;sos
[ 4,045 2879 I 8,09058 -h 2,1243

coga| 9.567 2154 gin'a | 9,93637 (2] 4.8477 | osin"a| 8.0270

B 8,511 8083 [ 1, 20055 p | 22921 E 5,651
2,1243116 9,12720 | I 6.6398 6.0084
18t term. | ~133. 1;09 Suem | 0. 000‘:5 Ay
ad term. | + 0. 1340 them | ¥0.0001 ¥
=135,0069

tinddthtirms.| + 0.0004 N 4,046 £879
—~ay |=-133.0086 gina| 9.968 2866 Arg. a1 2,570 6090
Hir+9) |26 20 45,46 | A’ | 8.509 4386 s | 2 layern|9-647 1776

sscy’] 0,047 8980 s ® fwcyan
2,670 §0%0 0 2,217,7966
Ll ad t , 372,0666 —ae |,1686,115

Do not write in this margin

Do uot write in this margin.

° ’ .
. Fordyce to FPalo 253 | #5 [51.54
Z Eltoroe & Palo -6 | 02 |52,11
a |8, Fordyce to 1. Eltoro 189 23 (ba.43
Iy + 19,93
180
« | 1. Eltoro to 3. Fordyce 9 2: 19,36
. , o ’ v
4 =6 3. Fordyoe 2 98 | 34 | 46,238
ar ] *+ $= Al - L| W, 23
P 51.957 |1.  gltoro JUR T | 3 | 00, 305
& | 3,882 3879 & | 7.76478 —h 2,383
cosw | ¥ 794 1291 sin « | 8,42610 | 47766 | gaime| 61909
B | 8,511 810 ¢ ]1.09968 p | 2298 ® 65,8506
b | %38 5272 7,29053 I 70684 4,4298
1at term. -2-1-1.;5.72 Him ...a,oo;z (ady
ad lerm: + 0,000 40 term, 0,0000 F
=244, 5852
Husd Uikt |_+0,0018 s 3,842 387y
—ay i, Sid0 sina 9,213 0490 Arg| a 1,652 5703
tr+s) [26 19 49,69 | A’ 8,509 4365 s ] -1 had(e+¢)| 9 646 940
sece’| 0,047 tﬁs: al ] ssc $(A #)
1,652 570R -1 1,299 5103
[T a2 - 44,9335 —ae | 2 19,9%

¥16, 27.—Preliminary position computation to obtain latitude and longitude closures of net~—Continued
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

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

. . .
. Elioro to Fordgce 9 | 24 |19.36
2z Pordyae & Garola m [s1 [ an19
a ]2 Eltoro to1, Garola 81 16 | 06,556
Aa - 3 45,95

180
o [L  Garoia o2 [Eltoro 261 |12 | 20,60
First Angle of Triangle 31 20 13,41
. . . "
e ]2 Eltoro 1 E I 4 l 00, 305
arl - ar| +| 8 | 297
v |2 garota v ] w]ae | 2sem
2 | 4,154 6960 & | 880939 —b | L8478
cosa| 9,182 2646 sin" « | 9, 98987 (3’| 23,6967 | o uin"e | 6,299
8,611 8060 ¢ [1.10008 D | 2.2925 £ |5.867
h | 2.867 7868 9,40021 | 5002 5,9985
1at torm, -wo.:an Himm ..o.oool. (a2y
sdterm. | 40,2615 | um [-0.0000 ]
+70, 6850
miiom|  ©0,0000 . 4,154 6960
—ap | 70,6860 |eina| 9,994 9574  [Arg al |2706 %8
Ho+e) 2621 26,60 | A 6,509 4369 e | -4 |aite+s)| 9,647 3200
soc p' 0,047 6243 jar] 48 oec §( A 9)/
2,706, 6936 [] 2,364,0046
Beaad al + 608,9728 1 =A% | 225,946

Do not write in thls margin.

Do not write in this mergtn.

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. ' -
- Pordyoe o Eltoro 189 | 23 | 69,43
¢ Garota &  Eltoro -6 | 47 | 89,67
a | 3.Fordyae to 1, Gareia 112 | 35 | 59,76
Aa - 3 25,78

180
« | 1 garosa o 3. PFordyoe 2oz | 32 | 301
K . o ' -
e |2 8. Fordyce 1 )98 34 | 45.238
Ap | + ar] + | 7 I 44,040
I Garcia v e | a2 | 202
s | 4148 1928 £ | 8,28839 —h | 2,2007
casal 9,584 6639 sin"a | 9,93060 (3¢ |4.4803 | s ein'a| 8.2130
0,511 6102 ¢ | 2.0995 p|eazns| g 65,8506
2,240 6669 9, 51864 6,7721 6,5103
1at term. -I'M.;l'l‘l_ Him 10.00;6 (ar)y
sdterm, | +0.2005 | iupm| +0.0002 F
=175, 8888

Wl ilkfem )+ 0. 0008 2 4,144 1929
—~ae¢ =178, 8380 sne 9,966 3008 Arg. Al 2,666 B549
to+e) [2629 2035 | & 8,609 4269 {5 | =8~ Juai(p+s)| 9646 7901

oop’| 0047625 || 44 |aeyiam
2,664 5548 +1 2,313, 3450
i al + 464,0395 —a« | 4205,762
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. ' .
e Eltoro to  garocla 81| 16 | 08,66
3 Gerola &  Pancho tuln [wa
« |2 Eltoro to 1. Paache 126 | 56 | 25,46
ae - 3 | 14,22
180
« [1.  ranomo to 2. Btoro 205 | 62 | 1218
First Anglo of Triangle 64 28 16,62
. . M . . "
’ 28 21 561,957 . Eltoro 2 98 34 00,306
ar] + | 4 | 03 o= al | 7 |189m
v | 26 | 26 | 38702 Pancho v | o8 | a1 | 7,282
s | 4,17 €506 & | 8.34830 —~h | 24849
cose| 9,768 4220 sinta| 9.81676 ()| 49092 | & gin?a | 81660
B | 8.511 8060 o | w2008 p | 22025 g | 591
2.454 8786 9,26700 Y 65,4726
. -
1st term. | -265,0223 Ulin 40,0016. (a2
2 torm, | 10,1849 Wi | 40+0008 F
-284, 8375
Mol i, |+ 0. 0019 . 4,174 6606
—ap | =284,628¢ |sine 9,508 30 |arg a1 |2.640 4581
Ho+e) | 28202007 | o 6,509 4849 | , | 4 [ayppee| o 048 0848
o] 0-0879%7 | b oL
2,640 6k ool -1 2,268 5229
b al + 436,9766 ~na |4 194,322

Do not write in this margin,

De not write in this margin.

DAvATIRNT ar Cowutnce
. & Caist_ve cotermic ey

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. . .
. Garcia to Eltord 26 | 12 | 20,60
I3 Panoho & Eltoro ' ~70 | 62 |24,088
e« 18, Larcie tot Pancho 150 19 56,76
aa + 22,01
180
« | 1. Pancho to 3.  Garcia 10 20 | 27,76
. ' v . , .
v | 26 | 20 | 41,271 |3-  Garola i 9 | 42 | 29.278
ar| + —5_ 65,5281 |[g= FY - | 1 I 11,996
o | 26| 28 | 36,792 |4, Panomo v | oo | 4 | 17,282
s | %046 1677 P 8.09233 =h 2,65609
cose| 9.992 9000 sinva | 8.60742 (| 52017 | g | 65990
p | 85118072 c 1,10067 p | 22028 B 65,8513
2,650 0749 7,70032 7, 3940 6,0020
1at term, | =355, £239 Hum 40.0;35 (ay
edtorm. | + 0:0080  Jy4m| 0.0000 7
256, 5239
S th feme |4 02 00RE ° 4,048 1677
—ay | =356,6214 |sina 9,268 7118 |Arg) a2 1,857 3101
Hr+¢) | 26 83 39,08 | A’ 0,609 4349 2 -2 iak(r+9)| 9,647 91248
sop!| 0,047 9957 arl 0 Jscitan
1,867, e icﬁr{ = | 1,805 2249
Tl al - 72,9963 —as | o z2,008

¥1G. 27.—Preliminary position computation to obtaln latitude and longltude closures of net—Continued
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

a f "
e Panoho to Garbia 10 20 27,76
¢ Gareia & Momment +s |28 02,17
s« |2 Panono to 1.  Momment 3B |48 29,93
an - 2 07,02
180
« |1 Kopument 1o 2, Pascho 218 46 22,91
First Angle of Triangle 61 38 08,72
o . o f "
[ 26 26 35,792 |2 Pancho 2 9 41 | 17.282
ae| =1 8} 20,209 |, a| + 4 | 45,660
o] 26| 23 | 26683 |4, Hommens v | 98| 4 |oe0e2
e | 4,101 7114 ¢ 8,20342 =k 2,5052
cosa| 9,892 6761 sima | 9.59414 (5¢)'(6.0206 | srsimte| 77975
g | 8511 8012 ¢ | w0280 p (2293 g 5.8529
h | 8,506 1077 8, 90006 I | 7, 3040 6,1657
" »
16t term. | +320,0E78 H trm. 40,0020 (axy
sdterm. | +0.079 || -0.0001 ¥
+320, 1072
Wi vm. | + 0,0019 : 4101 714
—-Af +320, 1091 ging 9,797 0714 Arg. al 2,466 8805
tr+v) |86 33 56.74 A 8,509 4367 ] -3 ab{o+)| 9,647 9901
| secp'] O.047 8612 a1} 4% leeci{a¥)
L]
2,455, 8807 #l -2 2,103 8706
L Al +2086, 6606 ~ae 427,080

Do not write in this mangin,

Do not wrlte in this margin.

VT o Couunscr
COMT_ Wb OLIGTS, Lusvey
Form 24

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

a Garcia to Pancho 1% 19 |55,75
£ Hopument & Pancho -89 53 | 49.28
a {3 Gareia to 1. Momament 100 26 | 08,47
aa - 1 | %.04
130
o 1. lomment to 8. Garola 280 24 | 31,63
. ’ ° . "
¥ 25 | 20 41,271 | 3. Garola 4 98 (3 29,278
Ay |+ 36,412 |s= ald + 3 33, 684
¢ 26 |21 16,683 |1, Nomment & 9 46 02, 962
] 3,719 9176 £ | 7.56983 —-h 1,5497
cosa| 9,857 9717 sin’a | 9,98651 {5v)'] 3,0983 | s*sin"w| ¥,5463
B { 8,611 6072 ¢ | L100587 D | 2.2923 B $, 8513
h | 1,549 6966 8, 64591 I 5, 3906 4, 463
1st term. | = 85.:565 3 wm, 0.000; (ay
od term. | ¥ 0,0442 itk term. [ 0, 0000 F
- 35,4124
$aed 4tk leran. 0, 0000 s 3,779 9176
—Ay - 35,4124 sina 9,992 7670 Arg, ar  [2,329 7728
${r+v¢) |26 20 68,98 A' 8,609 4367 L] wl sin (v -+ (9, 647 8352
sece’ 0.047 6812 {ad +H sec 4(a 7))
2,329 126 x| O 1, 977 go77
ez al + 213, 6848 =aa |4 94,844

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

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. ' -
. Pancho to Momment E] 48 | 29,93
¢ Momnent & Corpus a9 | 18 | 3.3
« |2 Pancho tol Corpus 88 | 07 | 09,32
as - 2 | 04,55
180 i
& |1 Corpus to 2, Panoho 268 | 06 04,77
First Augle of Trinngle < o4 15,91
. . . B
v | 2 Panoho 1] 9 I 41 l 17,282
ay - Al + 4 39,706
e | %6 Corpus REREES
s | 3.889 514 & [7.77903 -u | 0.9174
cons| 8,516 1292 oln’ a | 9,99963 (ag)] 1.8428 | oo | 7.7786
B | 8.511 8012 ¢ |.1o260 D | 2.20%4 'y 65,8529
h | 0,917 a8 8,86108 | I 4,1362 4,6489
Ist term. | 48, 2:00 Num. 0, o;oo {a2y
2d torm, |_+0.0760 ww| 0.0000 7
48,348
Sandibrss | 0.0000 s 5,889 5144
—ap | 48.3448 sine 9,999 7660 [Arg al | 2,448 7024
tety) B0 26 R, 62 | o 8,509 4360 | , | =1 [igpre)| 9548 6505
socyt| 00679870 |l B hecyam
2,445 7024 [ 2,095, 3629
b at 4279, 7064 —ae | 4124, 653

Do not write in this margin,

Do not write in this margin,

- Momment to Pancho 218 |45 |22,9
Z Corpus & Pancho — 37 | A7 04,89
a |3. Momumeat to 1. Corpus 180 | 59 13,02
A + 02,66
1380
« |t Corms to 8. lommeng o |59 |z20.68
° ' -
domment 2 98 | 46 02,963
al - | I 05,974
Corpus ¥ 98 l 46 | 66, 988
g 3, 982 0870 3 7.956417 ~h 82,4938
cose| 9,999 9354 gin"a | 6,47352 (%)*| 4 9877 & sin"a | 44377
B | 8.511 8066 o | 10076 p | 2.2924 £ | 6.8515
2,493 8290 5.53846 I | 7,200 27830
e, | B1L762 | sien | 40.0019 (o
2d term. 0.0000 || Os0000 F
=311, 7662
Hulihion |+ 0,0019 [ 8,982 0870
—ay =311, 7643 sina 8,236 7617 Arg. al 0,776 2708
tlr+¥) | 26 23 52,66 A’ 8,509 4350 [ -2 sd(r+v)| 9,647 9722
soc g’ 0,047 9870 Al [ sec§(a )
o, 'lu,,z'mg ] -2 0,424, 2427
e al Csem —as |7 2,686

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

. ' .
« Corpus to Monument 0l 6o | 20,68
¢ Momment & Crande +46| 17 | 68,02
« 13 Corps to 3. Crande 47 1 19,50
ax - 1 36,34

180
« |1. Grante to 2, Corpus 227 | 16 4,16
First Angle of Triangle % 09 40,13
° . - ° . Ll
r| 2 | 26 | 28,47 ] 2. Corms 1] 98 | 45 | 56,988
ar] - 58,281 |gn az] +] 8| zacem
rl2s]|a2s 1. Crase NEIREED
s | 3,97 6226 & | 781526 ~h | 22608
cosa| 9,831 4244 elo'a | 9.73232 (or)"] 48019 | ggin® o | T.B4TE
8,511 8013 o | 2.20200 p | 22938 g | 59029
£.250 8453 8. 64997 ] | eoos 5.6513
. »
1st torm. | 4178, 1756 Him [ 40,0006 (ady
wtorm. | +0,0487  lupm| 0.0000 r
4782208

Ml 1 20,0006 | , | 3,907 6226

—ap | AT8.2200 |..] 9866 2582 asg a1 55 0273

tots) |26 266930 | 4 | 6.509 4269 o | L lagere|oo 868
pocgt| 0047 8006 ai] 2 lecitan

£,821,0173 ) 1,979 2720

bl at + 214,2976 —aa | + 95,389

Do oot write in thls mangia.

Do not write in this margin.

. ’ .
e NMomment to Sorpus 80| 89 | 18,02
< Crasde &  Gorpus — S5 22 | 2129 |
e [ 3. Nomment to L. -Grande 15| 26 | 56,83
Aa - 1 32,54

180
« [1. Grande to 8. Momument 206 | 25 24,29
° . .
a 9% 45 02, 962
ar] + ] 3 | 2.2
v w|e | 31,288
& | 3,850 5409 [4 7.70108 ~h 2,1258
cosa| 9.763 4128 sin"e | 982198 (9p):[ 942812 | 5 sin' < | 726230
B | 8.611 soss ¢ | 1.100%8 p |2.224 g |5.8515
2,125 7603 8,62376 I l 6,5436 5.5003
18k term. | =233, 5650 N { $0,0003 a1y
ad term. |4 00,0421 4k brm. 0,0000 F
=133, 5437

Yl by | 4 0, 0008 s &,860 5409

—ay |=135,5430 sina | 9,910 95608 Arg. Al [2,538 7368

Yo+ |26 22 28,46 | &' | 6,509 as69 e ] @2 Jaje+en|9. 647 5920
sea ' 0,047 8006 arj s sec 1(a #)

2,316 7882 }EEI ° 1,966 3282

. at | 3 208,32% —as | 492,600

6. 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 ar{ 17 | 19,50
r Grande & Eebron T 0 | au
e« |2 Corpus tol. Hebron 94| 48 | 02,94
aa - 3 10,09
180
< |1 Hebron to 2. Corpus 274 | 44 | 62,85
First Angleof Trinngle 42 56 20,48
. f " B ' .
L] 26 26 Corpus i o8 4 | 56,958
ar] * az] ¢ | 7 | o682
¢ 26 27 Hebron a
s | 4,074 3221 & | 8.14884
cosa| 8,922 6642 dinta | 999698 67|3.0128 | 4o gim o | 6 2456
6,511 6013 ¢ | 110200 p [2.29%4 g | 5.8529
1,508 8076 9,24799 | [e.o0e2 5.6075
» v
16t term. | =32.2706 Hm | 0.0000 (a4
2 tarm, | * 01770 Wy | 0+0000 .
«32,0926
Nolitim| 0+0000 4,074 3221
—ay | =B2.0936 sina| 9998 4757 Are a2 | 2650 2512
Ho+o) |26 26 44,49 | A’ | 8,609 4348 s | =3 |ajese| 9648 7008
socy’| 0,048 0206 sl B lecitaw
2,620 5512 core  © 2,278 9520 |.
b ar | 4 426,8263 —ae | « 190,087

Fi1G. 27.—Preliminary position computation to obtain latitude and longitude closures of net—Continued

Do not write in this margin

Do not write in this margin.

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. r »
a Grande t0 Corma 227 |16 4,16
z Hebron & Corpus — 89 18 56,86
e« | 3. Grande io 1. Hebron 137 |42 [47.9%0
a1 - 1 34,67
180
a | 1. Hebdroa to 3. Qrande 317 j4 13,35
. . -
Grande 2 98 49 | 31.286
pi + 5 | 2,629
Hebron ar 99 53 (03,815
5 | 3,942 0502 ¢ | 7.88410 ~h |2 23220
cosa| 9,869 1069 in's | 9.66502 (#y(4.6458 | o sinta | 7.5309
B | 8511 8043 ¢ | 3.0 p |a.2928 £ |6.8821
2,322 9614 8.64138 I ls. 9386 57160
Tet torm. | =810, ;591 Yiem, | +0, OOI;B (aly
2dterm, |+ 0-0438 40,0001 ¥
=210, 3163
Haal ik terwe | 0.0020 & 3942 0602
~a¢ | ~220,343 |sina| 9,827 9122 Arg] ai | 8,387 4178
Hip+v) | 26 25 15,88 | ar | 6.609 4zes s | =2 [adtess)| 9. 608 2230
secy’| 0.048 0206 all sec${A )
2,307 4178 lqm 0 1,975, 7412
L a2 { 4 212,5288 ~a0 1y s4667
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

- Hebron to Grande 317 [ 41 | 13,38
¢ Grande & Rlagold Fav 22 |are
« |2 Hebron to 1. Kingold 5|03 |54,93
r-Y] - 11,81
” |
¢ {1. Bingola o2 Hebron 185 (03 [43.22 |
First Augle of Triangle 6 29 07,23
e .
¢ | 26| 27 | 00,640 |2,  Hebrom 2
Ay - 4 29,783 |s= al
¢ 26 | 22 1, Ringold »
s | 3.920 9205 £ | 784202
coa| 9,998 2007 sinte | 7.89163 (97| 4,8620 | #sinra| 5.7336
B | 8.511 8008 o | 220287 p |2.29%8 g |s5.86%
2,431 0120 6.83622 | REETS 4.0176
v .
1stterm, | 4269,7624 |Wem | 40,0034 (ady
sdterm. | + 00007 |yypn | 0.0000 F
+269,7621
Snlinem| ¥ 000U | 5530 9306
—ar | +269.78% |eine| 8.945 9221 Arg a1 | 1.425 9383
Ho+e) B6 24 46,66 | o | 8,609 4363 s | fapea| o008 297
wcp?| 0,047 7885 s 0 Lestan
L423 goed 4 1,073 1956
el all , 26,5069 —a« | . 13,809

F16. 27.—Preliminary position computation to obtain latitude and lengitude clesures of net—Continued

Do not write In this ruargin,

Do not write in this marglin,

° ' "
. Grande to Hebron 187 | 42 47,90
¢z Rngold &  Hebron — 63 | 08 | 1L.31
a |3 orase to1. Ringold 7 | 5 | 2669
™ -| 1 |a6.24
180
« |1 Eioeold to 3. Grande 254 | 32 | 50,35
o ' o
v | & 23 | 30,226 |3. Grande 2 |os |a9
Yl - AR o+ 3
v | 26 22 | 30,757 |1. Ringold v |98 |s3
s | 3,837 2872 s 7.67467 ~h [1,7739
ccsa| 90424 7935 sin"a | 9,96814 (4¢)'] 3.5486 | o sin’ o |70 6427
B | 8.511 8043 ¢ 1,10146 p |2.2928 g [5.8521
b | 1,775 8850 8, 74417 Is. 8414 8, 2687
1at term. | 459, I:;I.SG Hem | 40, 0&1 (ady
2d term. |4 0.0666 fhem | 0,0000 F
+59, 4690
Had fik e | 40,0001 2 8,837 2872
-4 +69, 4691 sina 9,984 0716 Arg)| Al 2,378 6336
Flr+v) |26 23 00,49 | A’ 8,509 4363 s | =1 ind(e+¢)| 9,647 7516
secy| 0,047 7398 sl W eestan
2,378 5336 ] O 2,026 2851
Dt al + 239,0747 —aa | 4306,239

84

ATAYEANS DILHAOTEYD ANV ISVOD 'S 'O



POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. Hebron to  Bingold 6 |os |[sa9s
z Bingold &  Garoems tes |16 | 45,88
e« |2 Hebron to 1. Garcena 88 120 (40,49
as - 1 |2
180
< |1 Garoena to @, Habron 268 (19 [29,18
Fivst Anglo of Triangle &7 18 20,19
N . B
2, Hebron 1| 9 | 63 |03,815
|l | 2 [40.,096
1., Garcena Iy 98 I 56 |u.9m_
8 ] 3,647 1076 I 7.29422 —h }0.6198
cone| 8,460 7260 sinta | 9.99964 ey | 1o B0 | i o | 72989
p | 8511 8008 o | .07 p [2-29% g |5-96%
» | 0.619 6334 8,394 | ) 3, 7685
Teb term, | w1652 stien | 020008 (a1p
2d tarm, {4 0, 0249 Utiwem| 0,0000 b
+4,1901
|sdmi it ] 0, 0000 s | 3,647 1076
—ag | 44,1901 sine| 9,999 5167 Arg) a1 [2.204 3774
$lo+y) |36 26 68,44 | a7 | 8.509 4348 B 0 |ajree|te6s8 769
[ becg?] 0048 0163 a1} O leeogian
2,204 374 0 1,853 )373
L ad | 4 160,0949 —as |4 71,308

¢ pixzed position,

F1G6. 27.—Preliminary position computation to obtain latitude and longitude closures of net—Continued

Do pot write in this marglr

Do oot write In this msrgin.
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

e Ringold o Hebron 166 { 05 | 43,12
Z Garcena &  Hebroa —~ 29 | 24 | 64,34
¢ {3. Ringold to 1, Garoena 155 | 38 48,78
ae - . 69,41
180
¢ |1 arcena to 3. Ringold 335 131 a0
o . .
3. Ringola 1 198 {563 |30.36
= ar] + | 2 |13.649
1. Garoena L ] I [1] Iu.sm
s | 3,952 9138 & | 7,90683 ~h {2422
cose| 9,969 6286 sin’ a | 9, 23055 ()"} 4,8484 | o'sin’<| 7,1364
8,511 8053 ¢ |1.1018 D [2,2926 B | 6.8619
2,424 2am? 8,23763 7.1410 5,4125
1at term. -265.2120 Uim -|o.001"4. (ary
24 ferm. + 0.0173 At [arm. 0,0000
=266, 5947
U ihiem] ¥ 0,001 s | 3.952 9138
~a¢ | -265,6938 |sine| 9,615 2756 Arg al 12,125 6403
$lr++) 126 24 43,56 | A' | 8,509 4348 s | -2 |idlr+v)9,648 1886
) eeco’| 0.048 0163 al ] sec $( A 7)
2,125 wg rr| -3 1,713 p2e8
-tn Al | 4 133,5489 —as 1y 569,406
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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-
nation 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 are, 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,—¢.) 6.4, Lat. equation (p,—¢.) (—dz) and Long. equation
@»—¢c) a2, 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,—X\,) 84, Long. equation (A\,—X\;) (—éz) and
Lat. equation (A,—\.) a;, respectively, should be filled out at the same
time, since they contain the multiplier (A,— ).

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 (@,—¢.) 84 are
the coefficients of the symbols in column A, the quantities in the
column headed Lat. equation (¢,—¢.) (—8z) are the coefficients of
the symbols in column B, and the quantities in the celumn headed
Lat. equation (\,—N\,;) a; are the coefficients of the symbols in the
column headed C.
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Form 490
Sramon LS » =t | M=) +3,
Palo 28 1916598 27180 +7.29 [+er.m3 leoa7M
Tordyce 26 17.79198 38.75] +9,15 |r0.98 [+2.67
Tltoro 26 21.87(98 34.01| +5.07 [21.72 [+0.49
Garcia 26 20.69(98 ¥2.49| +6.25 |¥13.24 [+2,13
Pancho 26 26.61(98 W1.29| +0.33 [+14.44 | 0.00
Momment 26 21.28(98 46.05| +5.66 | +9.68 |41.81
Corpus 26 26.147|98 u5.95| +0.47 | 45.78 |41.45
Grande 26 23.50(98 U9.52| +3.44 | +6.21 [+1.93
Hebron 26 27.01|98 53.06] «0.07 | +2.67 |+1.06
Ringold 26 22.51|98 53.51| +4.3 | +2.22 [+0.25
Garcens & = 26p 26¢ 561350
Ppi=
(MJP,,I) = !
I 120
6. ¢. 70 (1) = b7.%0
64 (15) |- 66.6% (
+ 28,54 (26) + 17,80 (26) | 17.80 (
fon shold be div
- PN W73 (1) + 37.73
1 16) = 9,77 (1)
(31) = 15.55 (32
(W) + 9.8 (45)
s equation shou)d o Aiv

~1.90
-0.45
=3.46
-1.00
113
+0.11
-0.15
-2.27
-0.78
20.88

Lat. equatin
(Pa—vatd

+5.39
424 43
2.4
+13.31

+10.24
+0.58
+6.64
=0.07

+1.11.

27.29 (1) + 58,

4 |frmn

+20.67
+56.02

143
5+ 6
<12 + 1| +10.64
=10 + 11| +28.,20
=17 + 19 0

25 + 26 +17.52
=28 + 30| +14.18
=36 + 37| +11.99
38 + 33| *2.63
=45 + 47{ +0.56

(1) + 35.,
(20) -
) - 18,90 (33) +
5031 (
Bt in &

~ 35.53

correl

63.29 (21) + 7.

e B

=15 + 16
7T+9
L0 + 21
22 + 24
31 & 32
=33 + 35
40 + 41
k2 & W%
=50 @ 51
«53 +

=13.85
- ka2
l17.5%
- 6.25
- 037
H 0.62
= 0.21
= To81
+ 005
- 3.90

8 = +1.89

ap = <234

+ 5.31 (47) + 5100 (50)

+ 30.85 (7) ~ 30.85 (9) -

53 (9) - 8.33 (10) + 38.33
.59 (21) ~ 18.77[(22) +
92 (35) - 18.38] (36) +

5400 (

8.)

(22) -

™
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(l}:—)g)a,

+52.79
+39.65
+41.05
+25.02
+271.29
+18.30
+18.48
+11.7%
+ 5.05
+ 4.20

(11) + 38.57 (12)

77 (20)
.38 (37)

- 0.3

B3.58 (100 + 13.58) (11) -
86 (24} « 4,28 (25) + b..

A -98° 55473

(+:£-n ?:—“:-): R RO
HIEH I

i| B i

7 8[-wmos (| 4l 1 1
+ =214 HRH R
D[ (0

+ 2| e || ) i)
8|0 |4l 1
+ 35 =13.24 || B 3§) %
3 Q[ - 1R
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Correlate equalions

SO oo |

Adopl:-l
edo | ¥
+0. !0.0824
1 —.200 .0404
—.08| .007
—.05' L0029
+.18' 0310
—.12! L0146
+.43 11849
+.01' o017
—.30, L0912
+.06/ 0034
—.23 .0515
— 01| . 0001
+.41] 1722
+.34) 1163
.37 1369
—.38| .1429
.46 L2134
+.01 o001
—.16| .0250
+.07| 0046
—.38| .1452
+.43| 11849
—. 27| .ot
+.30
- 05 .0020
—. 40 .1632
Fal52 ~.36] .1282
5. 971 +.62 L3782
+2. +.420 1772
+3 +.10| . 0361
+4.3 —.39) .1568
2. — 47
—2. +-. 68| 4570
. .34 L1170
+5.53 —.0770 —.08 . 0059
. 0480
- 2266
- 0092
0330
. 0024
L0534
3069
- 2603
L0177
0851
0888
-0253
10008
<0480
-0031
.07
— a5 — 45| L2070
4161 +.16 .0259
+.067] +.08 0085
—. 221l —.23| .0515
4-. 571 +4-.87] .3260
+4.086] +4.09] .0074
— 057 —.66| .4316

* In the Z. column the sum of the values for all directions around each point (except the points at which some of the directions are not numbered, due to having been fixed by
For example, (1)4(2)+(3)=+43.43—7.364-3.96=0. The same thing applies to the v column, in which the corresponding values are

a previous adjustment) is equal to zero.
4-0.287-0.201-0.086=0.
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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 (\,—\.) 8, are the coefficients
of the symbols in column A, the quantities in the column headed
Long. equation (A\,—\,) (—dp) are the coefficients of the symbols in
column B, and the quantities in the column headed Long. equation
(@a—¢.) a; 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 \, 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 “3”’ column which should be checked by
another mathematician. It should be remembered that the con-
stant termy 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 équaiions

o 14 2 A -
2(3|4|B8}j6]7 |89 ]10(11|12|13|14}15]|16]17 18 19 20 21 22 2 24 2% 2% o7 ” Zn o

1 42 [~2 |- o[- e =218 | —4.00 —20.21 ~3.12 |4+0.15 —32.33 {-—0.33919
2 +6 +2 - PR +2.00 +2.96 -5, 22 +4.15 -+, 34 +07.67 +. 11311
3 +6 |—2 e} 42210 —1.76 +5.85 +30. 44 +2.11 HL74 +46, 48 —. 73458
4 +6 |—2 [+2 ~1.38 +8.92 - —7.62 —26.82 —6.44 —.26 —29.60 —. 4475
[ +6 42 |2 |—2 |---. -| —8.58 +3. 44 +5.72 -+20.01 +3.39 +.19 +28.17 -. 70108
] +6 |—2 |[—2 |--..1____|-- — Y - -| +8.65 344 | e —3.97 =-5.11 —6.95 —. 77 -7 +. 37423

7 b o) -3 1RO RNERR WU NV HORVERH NORVEND H NN AV - 27 —4.73 I N -3 —16.73 —-.60 |41.05 —21.35 -
8 +6 [+2 N - | =% —8. 8 - +2 +2.92 +.13 4208 [+41.89 5, 92 —. 00951
9 +6 1—2 1___.|—2 IR I — +6.24 | 0. 56 +2 -+3. 52 +14.03 =15 [+1.69 +28.49 —. 80215

46 |—2 |+2 |~2 —4.08 +4.44 +147 | _. —.04 —11.03 +3.23 +.31 —-3.70 -
+6 -2 —3.45 —-1.03 —~1.28 +4.66 —1.25 —. 69 -1 —. 05744

46 42 —4.08 +0.83 —.90 +2 +1.00 —Ll44 +.02 4170 +8.03 -
+6 |—2. —4.78 —.60 +2 —1,29 +6.84 —3.60 [+1.35 +3.94 ~—. 33785
+6 |—2 |..__|]—2 -] +3.98 +.28 +0.70 +32.58 —2. 94 +3.30 +. 21 +86.10 -, 28950
+6 [—2 [-2 |-- e =24 —L15 ~3.91 +2 —2.87 +1.62 —4,20 +.11 —4.64 —. 36726
+6 42 - +4.81 +1 +1.26 —. 03 412 [+1.33 +15. 60 —. 52368
46 |- — 24 —1.15 —2.61 +1.22 +1.08 —. 76 +.11 +45. 60 +-. 16843
+140. 9333 | 4-1.7952 —1.33 | 4-7.3852 | 4+13.4024 | 4-1.2067 |—2.24 |-}-161.8033 | 4-.01377
83,2120 | 3. 4400 —4.66 | —22.1867 | —53.6M9 | ~35.2072 |-1.78 —10.3016 | —, 01822
-1-68. 7568 +7.0244 —.60 | -41.2803 | 4-17.3235 | ~15, 5894 (—2.81 +70. 2246 | . €3851
--76.7816 | +-60.4347 [ -, 1320 -418.0583 | —9.3813 | --18. 0000 {4-5.116 [4169.4373 | —.01168
+153.6336 | —.6815 | —, +41.1156 . 7959 | +-28. 7425 .58 |4-007.7402 | —. 03062

+38.0152 | —1.98 | — —1.3070 | 41 -+ 238 | +31.8776 .
+12 --4.30 3. 20 —5. +-3. 81 +-47. 52 +-. 20643
-4-116. 2130 |4+117. 4082 [+121.6126 (—2.27  |4-401.0159 | - 52416
+-451. 5432 | 4-01.8144 |1-3.6101 |4-641.4826 | —. 01684
. +235. 2684 |—4. 3429 |--479,2015 | —. 01628

45861°—34. (Face p. 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 »’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 (C’s, is shown on page 93.



Solution of normal equations
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i P ! @ Y
2 i 3 24 25 26 27 n i 2,
+2 -2 +1 ~4.99 —20.21 —3.12 [ +.15 —~32.33
—.33333 | 33333 —. 16667 | +.83167 +4. 86833 +.52 - —.025 +5.38833
+6 L2 +3 +2. 96 +5.22 +4.15 +.34 +27. 67
—. 6667 +. 6667 —.3333 | -+1.6633 +9. 7367 +1.04 —.05 -+10. 7767
+5.3333 | +2.6667 +2.6667 | +4.6233 +14. 9567 +5.19 +.29 -+-38. 4467
Cs| —. 50001 —.50001 | —.86687 —2. 80440 —.97313 | —.05438 —~7. 20880
+6 +2 +5.85 +30. 44 +2.11 +1.74 +46.48
1! —. 6667 +.3333 | —1.6633 —1. 7367 —1.04 +.05 —10. 7767
2! —1.3333 —1.3333 | —2.3117 —~7.4783 —2 595 —. 145 —19. 2233
+4. 0000 +.02 -2 | —1.76 +1.0000 | +1.8750 +13. 2250 —1. 5250 1.645 +16. 4800
Cs —. 005 T I 444 —.25 —. 46875 —3.30625 +.38125 | —.41125 —4. 12000
+140.9338 | —1.38 e e 417052 | —1.33 +7.3852 +13. 4924 +1.2067 | —2.24 +161. 8033
1 —. 7776 : +.3600 | —1.7964 —10. 5158 —1.1232 +. 054 —11. 6388
2 —1.3872 —1.3600 | —2.357 —7.6280 —2.6469 —. 1479 —19. 6079
3 —. 0001 —. 0050 —. 0094 —. 0661 -+, 0076 —. 0082 —. 0824
+138.7680 | —1.37 | ‘ ____________ +1.8040 | —2.3350 | +3.2215 —4.7173 —2.5558 | —2.3421 +4-130. 4742
Cis | +.00987 | . C|.CTIITTT —.01300 | +.01683 | —.02321 +. 03390 +.01842 | +.01688 —. 940232
+6 —2 ’ +2 [+892 | —7.62 | —26.82 —6.44 —.26 —20.60
3 | -1 . | —.88 ¥50 +.9375 | 46.6125 —. 7625 +.8225 +8. 24
| 18 | —.0135 e Run—— +.0178 —. 0231 +. 0318 —. 0466 —. 0252 —. 0231 41. 2881
i ; +4.9865 | —2 +2 +8.0578 +.4769 | —6.6507 —20. 2541 —7.2277 +. 5394 —20.0719
| | Cil +.40108 | — 40108 | ~1.61502 | —.00564 | +1.33374 +4.06170 | +1.44945 | —.10817 +4. 02525
) i) ! N
| 1 2
a @
5 8 19 7 8 9 20 24 25 28 7 Kl Za
—8.58 -2 N AU +3.44 +2 +5.72 +20.01 +3.39 +.19 +28.17
+_6.sozz +—E.8022 BRI 3T J NN PO R PN +-.1913 —2. 0676 —8.1236 —2.8080 +.2163 —8.0505
. 2. 8022 —5.3482 | —2 -2 . +3. 44 +2.1013 +43.0525 +11.8864 +. 4011 +.4063 | 420.11034
+5 19(7312 +—.53911 FL02804 | +.38478 | 488478 |o.oooliil- ~. 66182 —. 42168 —. 58727 —~2. 28081 —. 00448 —.07817 | —3.870734
. 65 —3.97 ~5.11 —6.95 -7 —.71
4 o 8022 fg. 2318 - . +2.6675 +8.1236 +2. 8089 —.2163 +8. 0505
5 | —1.5107 428833 | +1.0782 | +1.0782  |ooceccicene —1.8546 | —1.1814 —1.6456 —6. 4081 —. 2648 —.2190 | —10.8466
. 6871 6.3015 -.9218 —. 0218 |oooceoooe. +1.5854 | —1.37%7 —2,0481 —3.3045 —4.3159 —1.2053 —3. 5061
+3.08 Ce 1L1. 70907 | +.25001 | 425001 |oooeeooo- —. 42099 | +.37230 +-. 79957 -+. 02084 +1. 17054 +. 32600 +. 95001
.21 - I S T, +3.4400 | —4.66 —22. 1867 — 58, 6049 —35. 2072 —1.78 +19.3016
3 +93. 2 3(4) I . +. 8250 +5.8190 —. 6710 +.7238 +7.2512
18 | = 0234 |l e +.0303 —. 0419 +. 0613 +.0332 +.0305 —1. 6062
4 30208 ool e —. 7706 +10. 7470 +32.7201 +11. 6704 —.8716 | 4324347
5 —5. 5030 . 42, 2547 +3. 1408 +12. 2303 +-. 6053 +.4i81 | 4+20.7015
6 | —10.7697 +1. 5754 —2.7096 | 423460 -+45. 0385 +5. 8014 +7.3762 +2. 0600 -+5.9922
63. 1207 —. 7525 —. 7525 | +4.2700 —. 3506 —2.4773 —1,9638 —16.3741 . 5808 +1-45. 20187
* Ci | +.01192 | +.01192 | +. 00570 +. 03925 +. 03111 +. 25041 —. 00019 —. 717543
+6 +2 -2 | —478 | ... —3.07 —15.73 —. 60 +1.05 —21.35
5 | —.7608 —. 7696 +. 8432 41.1745 +4.5738 +. 1890 +. 1563 +7.7415
6 | —.2305 —. 2305 —~.3432 —. 7370 —. 8486 ~1.0790 —.3013 —. 8765
19 | ~—.0090 —. 0090 —. 0043 —. 0205 —.0234 —. 1952 +. 0069 +. 5399
+4. 6009 9000 | =2 ~2.9591 +. 4957 —2.6620 ~12.0284 —1.6852 +.9119 | —13.94513
Cr f 10854 | +.40073 | +.50200 | —. 00032 +. 53337 +2. 41007 -+. 33765 —. 18271 | 4279415
+6 +2 +2.92 +.13 +2.08 +1.89 +5.92
5 | -—.7606 -+.8432 +1.1745 +4. 5736 +. 1890 +. 1563 +7.7415
6 | —.2305 —. 3432 —. 7370 —. 8480 —1.0790 —.3013 —. 8765
19 | —. 009 —.0043 —. 0295 —. 0234 —. 1952 +. 0069 +. 5300
7 | —. 1967 —. 0984 +.5285 +2.3881 . 3340 —. 1810 +2.7087
+4.7042 | 42,3971 | —6.4716 | 4-2.3973 +4-3.8565 +6.2197 4-1.3204 +1.5700 | +16.09385
Cs | —.50000 | -1.34988 | —. 50004 —. 80441 —1.29734 —. 27720 —.32767 | —3.35087
{
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Solution of normal equations—Continued

. @ 1 ¢ A )
9 20 10 12 1 13 22 21 % 25 28 27 " b
+6 +3.62 +14.03 ~1.55 +1.69 +28.49
7] —.8015 —1.0667 | —4.8201 —. 8753 +.3654 | —5.6883
8{ —1.1085 —1.9283 | —3.1099 —. 8647 -7 —8.0467
+4 5250 | +6.1000 | —2.80 +1.27 +14, 855
Co —.13125 | —1.525 +.7225 —.3175 | —3.71375
, +1.2803 | 417.3235 | —-15.5804 | —2.81 +70. 2246
5| ~2.2767 . . 8666 —. 3250 —.2689 | —13.3153
6 —. 6817 +1.8558 +.5183 | +1.5078
19 —. 2889 +1.1077 —.0302 | —3.0639
7] —1.7545 —. 0991 . 54 —8. 2682
8| -8.7359 +1.7945 | +2.1205 | +21.7243
9| —17.1810 +5.0805 | —2.6321 | —30,7870
+37.8371 —6.1660 | --2.5707 38, 0221
Ca +.16296 | +.06794 | —1.0048890
+3.23 +.31 —3.70
9 —~1.445 +.835 +7.4276
20 . 0108 +.0044 —. 0653
-+4.9999 +.0990 | —2 -2 +1.7399 | +4.44 +.5 +.2160 | —7.9704 | +1.7056 +.9404 | +3.0822
Cio| ~—.19088 | +4.40001 | 40001 | ~—.34709 | —. —.10000 [ .04 +1. 58591 ~.35013 | —-.18988 | —.73245
P I +2 —.90 +.83 42 +1.00 —1.44 +.92 +1.70 8. 03
9 28 e +.5 +.2025 | +3.05 —1.445 +.635 +7.4275
20 — 0101 foeooioo_.._- —. 0000 —. 0056 +. 0006 +.0100 +.0044 —. 00563
10 —. 3480 —.8879 —. 1000 —. 0434 | +1.5958 —. 3591 —. 1899 —. 734
+4. 7909 +.4000 | +2. 4000 —. 9781 —.0579 | 424 +1.2135 | +3.2084 —.8735 | +2.1495 | 4-14.0508
Cia| —.0833¢4| —.50001| +.20378| +.01206| ~—.50001| ~—.25282| —.66801| 418198 | —.44782| —3.05419
' P 1 é A z
11 13 14 22 21 16 17 23 24 25 26 27 " "
: +6 -2 -1.03 —1.25 -0, 60 —1.04
10 . +. 6960 +.7183 +.3708 | +1.4640
12 +. 0815 +. 0728 —.1701 | —1.2217
+5.1667 | —1.0 -2 —.2525 | —1.8602 | . __.....of . .0000 | —1.243 | +1.2010 —. 4580 —. 4803 —. 79685
Cn| +.19365| +4.38700 | +.04887 | +.3207 | ool .0000 +.25051 | —. 2324 +.08882 | +.00470 | +.15418
+6 -2 —~. 60 e N L JU [N (R I +2 —-1.29 6. 84 —3.60 +1.36 43.04
10 P S IO, . 6! . +.2 +.0868 | —3.1018 +.7183 +.3708 | +1.4649
12 | —~L2 el +. 4801 -1.2 —.6068 | ~-1.6032 +.4368 | —1.0740 | —7.3200
1 —. 1936 —.3871 —. 0489 .0000 -, 2505 +.2324 —. 0888 —. 0947 —. 1542
+3.806¢4 | —2.3871 +.5362 | —8.2781 |oioleeee +1.0 —2.0005 | +2.2774 | —2.6337 —2.0792
Cis +.62713 | —. 14087 | +.86121 |l —.20272{ -+.54133 ) ~—.50831 | 4.60664 | —.14717 | +.54624
46 +.23 +3.98 -2 -2 40.70  |oeeo..... +2.58 —2.04 +3.30 +.26 6. 10
1 —. 7742 —. 0977 7,3 W RN ORI RN . —. 5010 +-, 4649 —. 1778 —. 1804 —. 3083
13 | ~1.4970 +.3363 | —2.0558 | o.ooocoocoifeimmeemaofes +.6271 | —1.2022 | +1.4282 | —1.5889 +.3613 | —1.3039
+3.7288 +.4686 | +1.2781 [ — - .70 +.6271 868 | —1.0460 | 41.56336 +.4119 | 4-4.48789
Cu — 12567 | —.34276 | +.53637 | -.53637 | —. 18773 —.16818 | 21101 | +.28076 | —.41126 | —.11046 | ~1.208587
+153. 6386 X . +9.58  |4207.7402
9 —. 0784 . . —. 1778 | —2.0797
20 —. 0087 . . -+.3984 | —6.8925
10 —. 8055 . X . —.3304 | —1.2744
12 —. 1993 . 3 . 4-.4380 | 429873
11 —.0123 . . 0000 . 0633 . —. 0239 ~—. 0389
13 —. 0755 +.4618 . . . X . —. 0789 +-. 2029
14 ~—. 0589 -1 +.2513 —. 0880 —. 0788 —. 0989 +.1318 —. 1927 —. 0518 —. 5640
+151.7000 | +4-50. 0974 —. 8987 —. 7695 —.3880 | +40.8407 | +3.2024 | 420.4418 | 49,7536 |4-291. 174910
Cas —.38067 | +.00592 | <. 00502 - 0050 +.00256 | —. — 02170 | —.19408 | —.06430 | —1.9103840
& .-
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Solution of normal equations—Continued

a [4 -3 A -
21 15 17 16 23 24 25 26 27 n —n
+76. 7516 -0.24 =0.24 |- —0.1320 | ... +-18. 0583 —4.3513 =415, 0000 ~+5. 118 +169. 437
10 —3.M2 |- RSSO S, —0.4440 -—. 1928 —+7. 0858 —1. 5345 —. 8431 —3.2521
12 = 0007 | e . 0290 +. 0148 +. 0387 —. 0105 +. 0259 +. 1768
11 = 5808 | e e 0000 —. 4182 . 3880 —. 1483 ~. 1581 —. 2573
13 -2.831 - RPN P PR +.8612 —1.7745 +1. 9513 —2, 1820 +.4824 —1, 7906
14 —. 4381 +. (855 L T F— —, 23499 —.2150 —. 2607 . 3583 . 5256 —. 1412 —1.53%3
2 —23.0225 +. 3409 +. 3499 +. 2006 +. 1513 —15. 9102 —1.282 —11. 4696 —3. 3000 —113. 4815
+46. 0150 -+. 7054 . 7054 —. 0723 +-.3825 —. 4023 -, 58311 —+2. 0695 . 6519 +40. 34420
Ca —. 01729 —01729 | e +. 00157 —. 00831 +. 01070 -+. 01508 —. 04497 -, 01432 —1.07235
+6 +2 +2 —2.87 +1.62 —4.20 +.11 —4.64
14 =1.0727 —1.0737 +.3364 ~+. 4220 -, 5515 4. 8235 =4 2 +2. 4071
22 - —. 0053 —.0023 4-. 2419 +. 0195 +. 1744 +.0578 +1. 7250
2 —. 0138 —. 0138 —. 0068 . 0085 ~-. 0144 —. 0358 —~.0118 —. 856290
+4. 9082 =+, 9082 , 537 +-2. 327, —2. 1976 +1.0924 —3.2380 +. 3760 —1. 360812
C15 -, 18504 -+. 40748 +. 72081 —. 47421 +-. 44774 —. 22257 -} 65900 —. 07679 +-. 277332
+6 | +2 | =261 | . +1L22 +1.03 —-.76 4.1 +5. 60
14 —=1.0727 —+. 3364 —+. 4220 —. 5615 . 8235 +. 2200 42,4071
22 —. 0053 —.0023 +. 2410 +. 0195 4. 1744 4. 0571 +1. 7250
21 —. 0133 —. 0066 - 003 +. 0144 —. 0358 —.0118 —. 8529
15 —. 1651 —. 4307 +. 4036 —. 2021 +. 5993 —. 0397 +. 2519
+4. 7401 42,3701 —1. 5533 —. 1032 +2. 2990 —+.3003 . 004 +.3072 —+9. 131106
Cn —. 50001 -+. 33402 +. 02177 —. 4850 -. 03335 —. 158%6 —. 05451 —1. 42625
+8 +4.81 +1 +1.26 - 03 +1.23 +1.33 +15. 60
15 —. 8150 —1. 4416 +. 0484 —. 8955 +. 4451 —1.3198 +. 1536 —. 5546
17 —1. 1850 +. 7916 -+. 0516 —1. 1495 —. 1501 —. 4002 —. 15 —4. 5654
+4 +4.16 2. 00 —. 7850 -+. 2650 -.49 -+10.48
Cre —1.04 —.5 +. 19625 —. 06625 -+. 1225 —. 3325 —2.62

06
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ADJUSTMENT OF NET BY DIRECTION METHOD

Solution of normal eguations—Continued
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—
x wl we B
3 P é % 2)5' " Fs
+38. 9152 -1 —3. 3006 —1.3979 +1. 7264 —+0.238 +3I 8776
14 — Bl | -7 -7 +. 1965 —. 2879 —.0773 L8125
22 —003% | —.0020 +.2072 +.0167 +. 1493 +.0495 L4770
21 —.000L | --.0008 —. 0008 ~. 0013 +.0033 +.0011 -+.0775
15 —2, 5502 +1. 6777 —1.5841 +. 7874 —2.3347 +. 2717 —. 9811
17 —. 580 | —.0345 +. 7679 +. 1003 -+. 267 +. 1028 +3. 0498
16 —d4. 3264 —2.08 + Sls4 —. 2758 +. 5006 —1.3832 —10.8992
+31.8743 | —2.535 —3.7417 —.5739 -+.0334 —. 7076 | 423, 759186
Cmn —+. 03083 -+. 11026 +. 01820 —. 00108 +. 02542 —. 75728
+12 +4.30 +23.20 —5.88 +5.81 +47.52
1| —.1667 +. 8317 +4. 5683 +.52 —. 025 +5.3883
2 | —1.3334 —2.3117 —7.4785 —2. 5050 — 1450 | —19.2087
3 | —.2500 —. 4635 —3.3062 +.3812 —.4112 —4. 12
18 -. 0393 +. 0542 —. 0794 —. 0430 —. 0384 +2. 1054
4 | —.045 +. 6351 +1.9371 +. 8912 —. 0518 -H1. 9196
5 | —.o38 —1. 2569 —5.0111 —. 2070 —.1713 —8.4520
6 | —.slll —1.0476 —L 2638 —1.6068 —. 4487 —1.3058
19 —. (02 —. 0141 —.0112 —. 0933 +. 0033 +. 2580
7 —. 0492 +. 2644 +1.1847 =+. 1674 —. 0806 —+1. 3851
8 —1. 1987 ~1.9284 —3.1101 —. 6047 —. 7855 —8. 0474
9 [ — 2500 — 312 | " —1520 +. 7225 —.3175 —3.718%
20 —. 0000 —.0019 +. 0002 =+. 0036 +. 0015 —. (218
10 —. 0500 —. 0217 +. 7979 —. 1796 —. 0349 —. 3662
12 —1,2000 —. 6068 —1. 6032 +. 4368 —1.0748 -7.3299
1 . G000 . 0000 0000 . . 0000
13| —.2% +.5413 —. 5953 +. 6656 —. 1472 +. 5462
14 —. 1035 ~—. 1323 +. 1761 —. 2579 —. 0893 —. 7548
2 —. 0010 +. 1045 . 0084 ~+. 0753 +. 0249 +. THT
21 —. 0032 . D041 -+ 0069 —. 0172 —. 0057 —. 4102
15 | —1.1037 +1.021 —. 5140 +1.5359 —. 1787 +. 6455
17 | —.0022 . 0501 +.0085 +. 0174 +. 0067 +. 108
18 —1. 0000 =+. 3025 —. 1325 . 2450 —. 6630 —5.2400
2 ~. 2050 —. 3024 —. 0484 =+. 0027 —. 0645 +1.9203
+3.2969 —. 0828 +17. 5124 —6.074@ —~. 9395 +3. 708771
Cay +. 02511 —2,27563 +1. 5413 +. 28406 —L 124423
+116.2130 | +117.4082 | 4-121. 6126 —2.27 ~+401. 0159
1| —41500 | —24.2030 —2. 5048 +.148 | —26.8878
2 | —40078 | —12.96% —4. 4991 L2514 | —33, 3284
3 —. 8780 —6. 1002 +.7148 —. 7711 ~7.7250
18 —. 0748 +. 1095 -+. 05 +.0544 —3.02%0
4 —8. 8703 =27.0137 —9. 6309 —+. 7194 —26.7707
5 —1.7926 —6. 9805 —. 2884 —. 2386 —11.815¢
6 | —23572 —2.7141 —3. 4509 —. 9637 -2,
19 —.0972 —.0771 —. 6426 +.028 +1.7775
7 | —L4168 —6.4158 —. 083 +-. 4884 —7.43%0
8 | -3.102 —5.0033 —1.0604 | —1.2637 | —I12.0458
9 —. 0559 = 3008 . 3793 —. 1667 —1,0497
20 —. 2765 ~+. 0281 +. 5271 -+. 2198 —3. 2506
10 —. 0094 +.3162 —.0779 —.0412 —. 1589
12 —. 3088 —. 8106 2208 —. 5434 —3.7083
i1 —.3242 . 8009 —. 1150 —. 1226 —. 1095
138 | —1115 +1.2835 —1.3716 -+.3032 —1. 1255
14 =. 1680 ~+. 2209 ~. 3236 —. 0849 =. 9470
2 —10. 9951 —. 8862 ~7.9264 —2. 6261 ~—T78. 3896
21 —. 0053 —. 0039 +. 0221 =+. 0073 +. 5279
15 —. 9840 +. 4801 —1. 4502 +.1688 —. 6084
17 —1.1150 —. 1456 —. 3852 —. 1490 —4,4284
16 —. 1541 -+. 0520 —. 0942 +. 2610 ~+2. 0567
23 —. 4462 —. 0884 —+. 0040 —. 0651 -+2.8334
24 —. 0021 +. 1887 ~. 1527 —. 0236 . 0031
+73.4982 | 25041 | 4885543 | —7.2452 | 180, 70624
Cu —.35360 | —12 +.09858 | —2,4600¢

45861 °—384~——T
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Solution of normal equations—Continued

% 2 " Za

+451. 5432 -+91. 8144 3. 6191 +841. 4826
1 —142. 2039 —15. 1892 . 7302 ~—157. 3931
2 —41. 9448 —14. 5548 —. 8133 —107. 8199
3 —43. 7252 —+5. 0420 —5. 4388 —54, 4870
18 —. 1603 —. 0869 —. 0796 4. 4353
4 —82. 2679 —29, 3573 +2.1909 —81. 5278
5 —27. 1819 —1,1230 —. {202 —46. 0092
6 —3. 1251 —3. 9734 —1. 1097 —3. 2279
19 —. 0811 —. 5064 -+. 0150 —+1. 4091
7 | —289303 | —d4 0614 +2. 1977 33, 6008
8 —8. 0691 ~1.7247 —2.0380 —20. 8787
9 —9. 3028 +4. 4072 —1. 9363 —22. 8539
20 —. 0029 —. 0535 —, 223 +-. 3302
10 ~12. 7344 42, 8656 1. 5151 -+5. 8445
12 ~2. 1419 -+. 5835 —1.4359 -9, 7930
11 —. 2702 -+ 1067 -+. 1137 -+. 1851
13 —1. 3626 -+1. 5169 -.3 +1.2440
14 —. 2939 —+. 4305 +. 1156 -41. 2600
22 —~. 0714 —. 6390 - 2117 ~{. 3194
21 ~. 0150 +.0374 +-.0123 -+. 8012
15 —. 2431 +. 7209 —. (0839 -+. 3020
17 —. 0190 -—. 0507 —. 0195 —. 5785
16 ~. 0176 =-. 0325 —. 0881 —. 643
23 —. 0105 . 0006 —. 0146 +. 4346
P2 -17.1180 +13, 8538 =2, 1407 —§. 472
25 -9. 1939 -31. 3211 +2. 5625 —063. 9465

+21. 0089 +18, 7668 +. 6502 ~+40. 433347

Ca —. 89327 —. 03138 —1. 92465
--235. 2684 —4. 3429 +429. 2015

1 —1, 6224 +. 0780 —16. 8118
2 —5. 0505 —.2822 —37.4137
3 —. 5314 +.6272 4-6. 2830
18 —~. 0471 —. 0431 2. 4030
4 ~10. 4762 . 7818 —29. 0933
5 —. 04684 —. 0384 —1. 9009
6 —5.0519 —1.4109 —4, 1040
19 —4.2478 +. 1505 +11. 7489
7 —. 5690 —+.3079 —4, 7087

8 —. 3686 —. 435 —4, 4626
9 -2, 0880 +.9176 +10. 7327
20 -—1. 0048 —. 4189 +86. 1962
10 —. 6449 —. 3409 -1, 3152
12 —. 1590 +. 3912 +2. 6678

11 —. 0408 —. 0435 —.0707.
13 —1. 6865 +.3729 —1. 3340
14 —. 6307 —. 1694 —1. 8457

2 —5, 7141 —1. 8631 —56. 5106
21 —. 0931 -—. 0307 —2.2193
15 -2, 1374 —+. 2487 —. 3982

17 —. 1352 —. 0518 —1. 5418

18 —. 0800 +. 1629 +1.2838

3 —. 0000 —+. 0003 —. 0253

24 —11.2121 —1.7325 +-6. 8364
25 | —108, 7017 +8. 7 —~217. 8471
26 —16. 7636 —. 5890 —36.1191

-+-58. 1354 +. 9462 -+59. 08136

‘a7 —. 01628 —1.01628
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Back solution

27 2 25 24 2 16 17

—0.01628 —0. 03138

+4-0. 09858 0. 28496 -+0. 02542 —0.3325 —0.06431
-+. 01454 +. 01962 —. 03002 +. 00002 199

- +. 00275
—+. 005696 -+. 03337 —. 00031 =+.00112 +. 00107
—. 01684 +. 00312 +. C1481 —+.02437 —. 06022
. +.12416 +. 02398 —. 14822 -+ 00645
+. 20643 —. 06646 -+.02134
+. 06390 -+ 26186
—. 52368
+. 16843
15 21 22 14 13 1 12

—0.07679 —0. 01482 —0. 06430 —0. 11046 ~0. 14717 +0. 09470 —0. 44782

—.01074 -+. 00073 +. 00316 +. 00870 —. 01084 —. 00145 —. 00296
+.00875 - . 00037 - =+ 01008 =+. 00301 +.01125
0 -+. 00133 —. 03343 —. 02620 +.06721 =+. 03110 —. 03139
—. 14057 - . 00076 - —. 07788 —. 14822
-+. 04606 +. 00010 —+.00032 —. 01200 —. 01032 -—. 00387 — 00014
—. 21339 -, 00291 -+. 00100 . 08866 +.01262 - 8 —. 01826
—. 03117 +. 00635 —.00217 -1 —. 18155 —. 11205 +. 16808
+. 00467 +. 00411 —. 05539 ~+. 00479
—. 36728 —. 01198 +. 01126 —. 33785
—. 08962 —. 05744 —. 46382
~. 23950
10 2 9 8 7 19 ]
—~0.13988 -+0. 06794 —0.3175 —0.32767 —0. 18271 —0.00919 0. 32690
+. 00585 —. 00266 —.01178 +. 00451 —.00 - —. 01906
- —. (0015 +. 02563 +. 02185 —. 04059 —. 00052 —. 01550
—. 00539 —. 01061 —. 0L —. 09988 +. 068622 . 00487 09927
—. 02984 -, 00017 —. 07411 —. 14823 —. 02! +. 00169 - 11036
+. 01084 =+. 01389 -+. 012556 +. 09333 +.04121 —. 00470 —. 02939
+.03119 . 00080 —. 23191 -+. 44608 —. 35751 —. 00011 -, 00238
—. 13514 . 00046 —. 13474 ~+. 00159 —. 00604 —. 12661
- —. 14408 —. 00851 +.03114
+. 09275 =+. 06951 —. 50643 —. 01822
-—. 89215 +.37423
—. 26943
5 4 18 3 2 1
—0.07817 —0. 10817 0. 01688 —0. 41125 —0. —0.025
-+. 00154 —. 02360 - —. 00621 -+.01534 - 7
—+. 03851 - —. 00057 —+. 05568 +.04723 —. 08108
—. 07202 -+. 16560 —. 00288 —. 05320 —. 10763 +. 10328
—. 12497 - 5 +. 00499 —. 07411 —. 14822 —. 04941
—. 04600 -+. 02044 +. 00024 —. 00802 —.00702 =+ 00496
—. 00366 —. 15010 —. 00459 —. 23238 +.36729 —. 24485
—. 19486 —. 28117 —. 00007 —. 03770
—.01875 +. 01377 +.11311
—. 20175 —. 46475 —. 73456 —. 33019
-. 70103

After the (s are determined, the next step is the computation of
the v'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 (»'s)

1 2 3 4 5 6 7 8 9
+0.0814 | —0,0850 | —0.0614 | —0.2964 } 40.0503 | —0.0568 | —0.0501 | —o0.0723 +0. 0561
—. 0798 —. 1131 +.0798 [ 40158 | 41079 | — 1070 | 0508 | 41131 0598
—. 0919 +.0019 —. 1131 = 33156 [ 43315 | -+.058 —. 0559
+.0578 | —. 2011 L0302 | 43302 | —.0526 | 42084 | —.2964 | 4 M08 —+. 0330
+.3302 | — 2 +.1131 76 | 403 . (393 +.04 +. 4648
—.3392 | —.0586 | —.33092 | —.7346 | 47346 —. 7348
~+. 2867 —.05 +.1131 —. 1131
+.20 —. 0856 +. 1755 —. 3024
—.08 +.18 = 1210 | -~ 4300 -.30
L 12 +. 43
10 11 12 13 14 15 16 17 18
+0.0221 | —n.0220 [ 40.0366 | +0.0410 | —0.0366 | —0.0585 | 40.0586 | 4-0.0013 0. 0095
40645 | —.0645 0650 | +.3742 | 40650 | —.1122 | 41123 | —.Gi60 +.01
— 2645 | - 2045 | —.0608 L0605 | 42350 [ —.2350 | . 5064
+.7010 2964 | —.0089 | 4.4152 | —.0321 —.0402 | +.0262
—. 4848 —.7010 | —.8742 | +.41 +.0140 —.7346 | —.3302 | +.4617
+. 4648 —. 4648 4. 3302 +.48
+. 0553 —. 2267 +. 7346 —. 3781
+.08 -3 —.0075 - —. 3705 | —.3%
—.01 +.3400 | —.37
+.34
19 20 21 29 2 24 2% 26 %
=0.0013 | —0.1031 [ +0.1031 | —0.045¢ | 40.1031 | 4-0.045¢ | 40.C070 | —0.G070 —0. 4051
+. 0460 —.0987 | +.0987 | +.0317 —.3742 | —M317 | +.0480 [ —.0d%0 —. 0108
—0133 | 44206 | —.4206 | +1242 —1242 | —.2247 | 42247 +. 0574
—.0095 | +.0763 —0630 | —.2084 | —. 2711 4 2301 - %04 | +
- —.7010 | +.3742 | —osd9 | —.27 —0152 | 48022 [ 40313 —. 3585
—. 3742 | - 4648 | —.4648 | -} 7010 40095 | —.5084 | —. 5022 —.36
+. 7010 4. 5064 —. 0095
4.0670 | —.3814 | --.4302 5742 | —.0543
L1577 .07 —.38 +.43 —7010 [ —.05 —. 4043
—.16 —40
+. 2995
.30
23 2 30 31 32 33 34 35 36
40,0249 | —0.042¢ | —0.0249 | —0.025¢ | 40.025¢ | —0.0199 | —0.3330 | +0.01% +0. 0063
—. 03! +. 4638 0300 | —.0466 | 40466 | J4.0318 [ —. 0095 —. 0318 +. 0310
—. 1800 +.1800 | 1403 —. 1403 | —.0137 +.0137 —. 2396
+.535%0 44214 | — 1209 | —.0786 | +.1022 %€ —.3425 | —.1801 +.3531
+.0532 | +.42 —0236 | —.8922 | —.5064 | +.0730 | —.34 —+. 2600 +.3378
~.0574 —.4638 | . 5084 —+. 8922 +. 4638 —. 2695
+. 2695 —. 2605 —. 4725 . 0095 +. 2605
48022 | —.3061 - 47 —. 8022 +. 2191
+.6152 —.89 +. a765 .22
+.62 +. 1905 +. 65 —. 077
+.19 -
37 38 39 10 41 42 43 44 45
—0.0063 | +0.0044 | —0.0044 [ —0.005¢ | +0.0054 [ —0.0361 | —0.G52¢ | +40.0361 —0. 0160
—. 0810 —. 0086, L0086 | —.0815 | +.0315 | +.co66 | — 4688 | —. 006G +. 0089
+. 2396 —. 1316 | +.1316 | 40559 —.0559 | -4.92818 —. 2818 —. 0310
+. 2964 +. 2505 —. 2865 —.3378 +.0574 . 2064 —. 5152 +.3764 —. 0032
— 1730 | —.0574 | +.3378 | +.2605 | —.2605 | —.203¢4 | —. 52 +. 6570 —. 1730
—.3378 43378 +. 2595 —. (048
—.4638 | +.09¢3 | 41841 —. 0403 —. 2311 | - 4638 —. 837 —. 1684
.09 +.18 —.05 -2 +.3673
—. 4759 +. 5541 +.1328 —. 2895
—.48 . 55 +.13
—. 3005
—.31
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Computation of corrections (v's)—Continued

46 47 48 19 50 51 52 53 54
+0.1207 | 40.0160 | —0.2067 | +0.2067 | —0.0036 | +0.0036 | —0.3800 | —0.0200 | -+0.0200
+.1654 | —0089 | —.0807 | +.0736 | —.0084 | -.0054 | — 0104 | +.0005 —. 0005
4.0310 | —1684 | —527 | 40968 | —.0368 | — o874 | +. 108 —.1083
2081 | 42064 | +.5287 | 43673 | —0479 | -Fo4589 —. 2064 -+ 5387
+-30 —. 1265 — 0609 | +.0122 | — 4568 | 3678 —. 3673
— 3673 | +.0279 | 42180 | —0018 | — 2805 | —.45
+.03 +.22 41681 | -+ 0574 +. 1607 +. 0666
—. 1508 —.3673 +.18 +.08
—.18 +.2805 | +.1542
+.18
-+. 0553
+.06
55 56 57 58
T 402064 | to.2733 | 40.2543 | —0.2732
—. 5237 —262 | —.1684 | —.0251
+. 5237 - +. 1634
—.2273 +.0359 ~. 5237
-3 +.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 »’s can now be substituted in column 4 of
the triangle computation (see fig. 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 is 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 countinued on p. 107)



POSITION COMPUTATION, FIRST-OPDER. TRIANGULATION

a | rado ] Pearo 12| oz | 2500
Z 1 pearo & Poxdyae +e| 20 31,78
e [®palo o1 Fordyos 7| 29 see
aa - 3| 04,83
180
o |1 pordgoe t 2 Palo 255 | 25| 6193
First Anglo of Triangle 49 00 09,93
. ' "
Palo 1] 9 l 27 | a8,248
ar] + | o |56.9%
Fordyoe o | o8 | % | 45,238
o | 4,081 5096 & 8, 16302 —un | 20467
coga| 9.453 3648 sin'u | 996247 (arp| %0947 | pain e 8, 1266
B | o.511 8083 ¢ 1, 10025 p | 22080 E 56,6511
b | 2.046 627 9, 22674 6,3668 6,0243
M "
st term. | + 111,348 | Huem -W.oo?a (a2y
cdtorm, |+ ©-2686 [ 1 -0.0001 F
+112,6167
Sl + 00001 [ 40015096
—ar |+220.6068 Juna| 9.961 7309 Arg a1 | 2.620 1856
tlo+v) [26 20 43,29 | o' | 06,609 4379 s | 3 Jaupese)| %046 878
pocgr|  0:087 4432 ai| B lecitan
2,630 1266 leﬂ{" ° 2,265 7801
L) ai | 4 426,9900 ~ha |4184,835

Do not write in this margin.

Do not write in thie maryin.

IEASRTUENT OF Counmrct
& COMT_um trommc KA

POSITION COMPUTATION, FIRST-OPDER TRIANGULATION

. Padro to Palo 192] 01 | 53,5

¢ rordgoe & ralo ~ 70| 22 | 18,6¢

« |3 Pedra o1,  Fordyce 21| 20 | 2%

ae -1 2| =%
180

« |1 rorayos to3.  Padro 21| 27 | 02,86

L) L} "
Podro i 98 | 28 |s59.722
ai + | 5 |4b.516
Fordyoe | 9 | 3 |45. 238
s 4.050 7887 L3 8.10158 -h 2,260
cosa| 9,717 9384 sic"e | 9,86160 (3r)"| 4.5607 | suin’ v | 17,9632
B | 8.511 8134 ¢ 1,09868 p | %291 E B,6497
2,280 6005 9,06183 6.8510 18,0935
Ist term. | =190, 8097 Soum | 40,0007 (ad)y
sdterm, | +0.11683 |1 40.0001 g
=190, 6944 .
Uudfhum,| + 0,0008 N 4,080 7887
-ay =190, 6936 sine 9,930 7983 Arg. al 2,538 4681
t(r+e) |26 16 12,08 A’ 8,509 4379 ] =2 [|Ri{r+s)) 9,646 0138
vecy’| 0,047 4433 at] 2  luecilan :
£,623 4601 [} 2,284, 4026
e a1 4 me.5100 =& 1 ez, 926

Fia. 20.—Final position computation for stations of net
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

Do not write in this margin,

« Peldo to Fordgoe 73| 29
¢ Fordyoe & Eltoro + 2| 09
« |2 Palo tof. Kltore m | 39
e - 2
180
¢ {1 Eltoro o2 Falo 291 | 37
Firet Avglo of Triangle LA 13,68
o ' "
Palo 1 98 | 27 | 48,248
al +| 8 12,057
Bltoro ] 98 I 5 | 00, 308
& | 4,045 8590 s 8,09068 ~b [2,1243
cona| 9,667 8168 sin'a | 992687 (| 42477 | 2 ot o [ 80269
8,611 8083 o 1,10025 D | 2,291 g |6.8511
b | 812 217 9, 12780 l l 6,8298 68,0023
sttorm, | 1550018 [y | 40,0003 (a1
sdtorm. | #0330 | o1 40,0000 ”
~133,0074
o R 5 1 %045 2890
—ap | 133,000 sina | 94968 1865 Arg Al |%870 €100
Hotw) |26 20 040 | ,, | 6,809 4366 o] B lagwen|5o7 2776
oo pr| 0047 6980 a2 Loiian
2,670 6200 [] 2,217,%676
[ al | 4 372.0674 ~aa | $1685,216

Do not write in this margin.

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

< Fordyoe o Palo 253 | 26 (6193
2z Eltoro & Falo - 64 02 | 563,14
3. Fordyne % 1 Rltoro 189 23 | 68,79
Aa + 19,93
180
« 1. Eltore to 8.  Fordyae 9| 24 |20,72
. ’ "
Fordyos 2] 98 |2 |4b.238
al| - 44,933
Eltoro X 9% ]a Ioo.zoa
L 3,882 3870 & [7.76477 ~h 2,3083
cone| 9,994 1295 win' « | 8.42608 (4] 47766 | s oin'a| 68,1908
B | 8.511 8sl02 o |1.09965 p | 22918 £ 65,8606
a | 2988 azer 7.29050 | [roess 4,4297
rettorm, | 248269 |1 40,0012 (aiy
»> .
2d torm, 0,0020 |4y, €000  J
=244, 5249
Hauditiem |+ 0.0012 s | 50682 3870
—ap | =244,5237 |una| 9.213 0398 Arg, a1 | 2,662 6613
tr+e) | 2629 49,70 | A’ | 8,809 4386 s | 1 [fajiren)| 9648 9408
seap| 0.047 6360 1] O lweitamy
1, 652 5,51? -1 1,299 8017
oo atl o008 ~ae | 219,90

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

. .
e Eltoro to Fordyce 9 |2 {872
Z Fordyce & Garols +1 51 47,29
« |e. E2toro 1. UsTola 8L { 16 [ 06,01
aa - 5 | 45,9

130

o« 1.  Garola to2  Eltoro z6l | 12 | 20,06
¥irst Anglo of Triangle 31 20 12,96
. f - ° , -
¢ ] 26 51,958 |2. Eltoro 2198 | 3% | 00,306
arl = 10,687 fg= al + | 8 I 28,974
¢ 1 26 .27 {1, Garols v | 9B I iz l29.219

5 ]| 4158 6958 & 18.30939 —h | L3478

caza| 9.161 2921 e o |9, 98987 o] 348987 | o a| 8.2993
B | 8.511 800 ¢ 110095 p | 2.2925 £ | 5.8517
h | 1847 7949 9,40021 j |5. 991% 85,9988
1ot torm, | +70: 4350 im | 40-000% (o)
adterm, |+ 2013 1 o, [ =02 0002 F

470, 6873

.Hlﬂllilmn. ___0voo N 4,154 6958
—ay +70, $873 - sine 9,9% 9372 Arg. Al ]2.706 6952
Hle+e) PO 21 16,80 | ar | 6.509 4339 s | 4 |agpren9 687 3200

v’ 0,047 6243 ar ] # beoaan
2,706 §962 tore}] O 2,854,0052
Laed al |} 4 508,973 —aa |, 225,948

Do not 'writs in this margin

Do uot write in this margin,

D or Conumor
COME_u0 Groorne saraY
¥orm 26

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

o f »
a Pordyce to  Eltoro 189 |23 |E8. 79
¢ Gerela & Elwre -5 |48 lo0,02
« 3. Fordyoe to 1. Garoia 112 |36 56,77
pa -| 3 |2,

180
« |1, " Garola t> 3, Fordyos 292 |88 |33,02
. . o . »
v | 26 47,434 |3, Fordyos, 1198 | 3 | 45,238
aw 63,836 |g= arl + I 7 ’ 41,041
¥ 4, tarcia r» f98 l 42 I 29,279
s | 4144 1936 & | 8.20839 ~h | 2.2407

cona| 9.684 8698 sina| 9.93060 (%) [4.4803 | o sin’ « | B.2290
g | 8.511 al0e ¢ | 109956 D [2.2918 g | b6.8506
n | 2,240 es26 9,31864 67721 5,3103
15t tarm, [=174.0454 s | 49,0095 (a2
d term, |¥ 0.2083 &b term. 40,0002 F

=173, 8371

Mardith ore [+ 0,0008 s ] 4144 1936
—ap [-173,8383 sina | 9966 3017 Arg) a1 | 2,686 6565
tlere) |96 19 24,36 | o | 8,509 4389 s | =8 |ipte+s) 9646 7902

secy'| 0.047 6243 arl A Jseestan
2,666 5_,555 lcq,,_ +1 2,313, 3466
n-- at | 4 464,040 —as | 4206,753

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

Do nut write In this margin,

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

o f "
. Eltoro to varola a1 16 | 06,01
p] Garola & Pancho +4 9 | 18,62
« f2. ltoro to1, Pancho 126 | 55 | 24,63
Aa - 3 {132
180
P ER Pancho, to 2. Elsoro 05 | 52 | 10,31
First Angle of Trisngle 64 28 16,49
o
@, Eltoro 1%
o= a{ *
1 Panscho ¥ 98
s [A.174 6518 o (8.8 b ] 2.4549
cope |9.760 4195 cin'a | 9.81676 ey} 29092 | gyl 82660
8,511 8060 ¢ | %100% p |2.2925 g | 5.6517
n |2.484 8773 9,26701 l1.£01'l 68,4727
» »
1 18t term. | =£85.0213 Ut | 40,0016 a2y
| 2averm. |+ 0 1849 1 m, | +0-0003 r
1284, 8364
it | + 0. 0019 . | %174 6518
—ap |=284.8346 sinu| 9,900 3754 Arg, a1 2640 asov
Here) PO 54 10,38 A | 8809 4349 a2 lapean|™ote 000
aceyt] 0:047 99571 ar] B lecstan
2,610 4609 loore] <2 2,288 5255
Ll al 4436, 9792 ~as | 4192,324

Do not write in this margla,

Duwaseres

it
pL XS

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

« Garoia to Eltoro &6l | 12 20,06
z FPanoko & Eltoro - 70|62 {2527
s ]s. carota tol,  Paucho 19 (19 84,79
ae + |0 a0
180
¢ |1 Panono o3  Garcla 10 |20 |26.80
. . N
Carola 1] 98 [z | 29,279
ar| =12 |10
Pancho v | %8 |a | 17,288
s | 4,046 1679 & ] 8,09233 ~h [ 2,5509
cosa | % 992 9004 sinta | 8.50740 (83017 | i o | 65997
p | 8.511 8072 v | 1.10057 p |2.2923 g |5.8613
h | 2.550 e76s 7.70030 [7.2900 5.0013
1ot tormn, | ~366.5295 | yum | 40.0025 (a1p
sdterm. | ¥ 9-0060 Do | 0,000 F
-365, 5243
Undlhm,| 400025 s | 4046 1679
—ay |=35.6218 |gin.| 9.263 7007 Arg) a1 {657 2989
Hers) (623 39.08 | 4 | 8.509 4349 ] =2 lagtr+v)P. 647 9248
secy'| 0.047 9567 ad [} rec (A ¢)
1,457 5933 lqm_ -2 505 2137
s Al ) o 71,9984 —ae¢ | .32,005

JOHLHIW NOILOHYIA A LAN 40 LNAWISACAV

66



POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

N . N
. Pancho to Garcla 0} |2680
2 Garela & Mommeny +23 | 28 |[oz67
« fa Pancho w1 Momzent 38 | 48 | 29,67

- | 2 [onoz
Aa
150
R EN Momumens to 2. Ponoho 218 | 45 | 22,65
First Anglo of Trisngle 61 38 08,64
p g 26, 28 387z |, Pauho 2 9, ajneed
ar] - 8200 | ar 4 ‘m,eso
o | 26| 22 |26682 |4 Yomaent I EIESD
o | @200 TLS £ | 8.2002 _n | 26052
casa| 94891 6786 siwta | 959414 o] 800208 | 1 e | 796
sensoz | | 1020 X L
b | 2.508 1888 8.90005 D) 61567
. .

Iot torm, | 5200285 |y | 40.0020 a1y

sdtorm. | * 9% || -0-000 '
+ 20,1079

sntiaiem| + 00029 | e300 718
—ap | 435202008 |, | 9.797 o708 Arg] a1 {2,455 8503
siesen P 23056878 | o | 8,509 4362 b aian| o u7 w01

e | 2047 6622 ar] ® ecitan
2,486 agol loorr] =2 £,103 8704
o 22 | +283,6003 ae |4227,09

Do ot write in this masgin.

Do not write in this margln,

19 54,79

a Garsia to Pancho 1%0
2 Nomment & Fancho -89 | 53 | 48,68
« |5 Garcia 101, Lonument 100°| 26 | 06.13
o - 1 | 34.84
180
@ |1. Zomment to 3. Garcia 280 | 24 | 31,29
. . -
8. Garola 2 %8 42 129,279
- al + | 3 las.sss
..  Mommant » | 98] 46 Joz.ees
2 | 3.779 9207 & | T.56904 ~h | 1.5497
ccna| 9.257 9677 sinta| 9.98551 (39| 5:0983 | oginea | 75454
g | 8511 8072 o | 1.20057 p|%&®3 | | 5653
1,549 5956 o,68%2 | |s6.3%6 43464
- B
19t term, | ~36. 4566 Mum | 0.0000 a1y
2 torm, | 0048 e |  0:0000 r
36,4122
Snd 1 terme. 0000 & | 3,779 307
—ar | -®®.4222 sina | 9,992 7572 Arg. ar |z.329 7757
Hy+y) | 26 20 56,98 | ar | 6,509 4367 x| =1 |fiite+e| 9. 007 2352
e pt| 00047 6512 at| B lecan
2,329 757 lc r.I 0 1,977,0100
- al |+ 213,658 —as | 494,84

Fia. 290.—Final position computation for stations of net—Continued
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. . "
« 2Pancho to lionument 3 48 29,87
Y Avnument & Jorpus +49 18 33,04
« |2 Panoho to1 Corpus 88 o7 08,71

- 1 04,66
As
180
e |1 Corgus 0 2. Panono &58 05 04,16
Firat Anglo of Triangls 92 64 15,15
o B -
Pancho 1 99 43 17,285
al * | 4 ‘ 39,709
Corgus v | 98] e | seom
s | 3,889 5177 o 7,77904 “h [ 0.917
ocoaal| 8:516 1683 sinta| 9099953 aey| 1:0928 | e [ 77708
2,29, . 8629
B 8,811 6012 c 1 10250 34 e [
b | 0,917 4672 8,08107 | a2z 4.5490
W
18t term. 8,28 Ui | 00000 (a2y
0760 0, 0000
sdterm. | ¥ wem| r
48, 3467
itbwm| 000 R 3,809 5177
—ap | 40,3457 dina| 9.999 7660 arg) a1 | 2448 7057
- 9, 648 5605
Horr? 26 26 32,62 A 8,509 4350 . 1 aie+9)
0,047 9870 +1
gec s’ al 9o §{ 2 #)|
2,446, 7087 r ) 2.099‘ 3662
Prv=sy ak 4+ 279,7065 ~—aa +124, 664

Do not write in this margin.

Do not write in this margin,

POSITION' COMPUTATION, FIRST-ORDER TRIANGULATION

3. ommng

- v L]
- Nommeng ™ Pascho 216 | 45 | 22,68
¢ Corpun &  Paacho - 3| 470800
« {8, omment tol. vorpus 180 89 | 13,68
ae + 02,66
180
¢ {1, Corpus to 3. Momumant ol % |19,31

% | s’ loz.s"se

- arl - 05,972
1. Corpus 'y 98 l 4 Isa.su
o
« | 5988 0867 ¢ | 7T.96417 ~h |2,4938
cona| 9,999 9354 snte | 6,47519 arr| 29877 | 2 aine a [0.4374
g | 8511 s06s ¢ | 1100 o 22024 | ¢ [s.0838
w | 2495 ezar 5833 | |7z2a0 27827
it torm, | 917680 | g | 40,0015 (aly
o term. 0,000 |\ | 0.0000 F
=311, 7660
iatium| 0090 |, msez s
—ay | BL76r fne| 628658  [arg at | 0,776 2019
ste+e) | 2623 62,68 | A | 0,509 4350 o | -2 |witerer]| 0,607 9722
seoy’) 0.047 9870 ar) W feci(ae)
0.776 1038 Ig,,,l -2 0.424, 0741
e al] -5,9me ~ae | 2,888

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

. . .
- Gormus 0 ¥omment o] 59| 19,81
P ¥ommant & Granda + 46 17 | 59.43
« |2  Corms o1, Creude 7| 17| 18.7
ae -] 1) =

180
CREN Grande to 2. Corpus 227 15 | 43,40
Firet Anglo of Triangle 78 09 33,96
. » . . N
v 26 28,446 |9, Corpus 2 98 46 66,994
arl - 58,821 |,= al + ‘ 3 ‘ 24,297
Y 1. Grande v oo [snem
s | 8907 6218 s | 7.61524 _y | 2.3508
copa| 9831 4261 anta| 973231 o] #6019 | o, | T84S
g | 85116013 o | 1020 p |22t | g | eese0
n | 2.260 sase s.649% | |[e.7988 6.6613
18t term. 78,1760 dim | 49.0006 a1y
40,0447
2d term. Wum| 0.0000 )
4178, 2207
40,0008 3,907 6218
Sl {0 brm. s
—ap | 42213 ],,.| o.086 2568 A, a1 |23310181
to+e) | 26 2459,30 | &' | 6.509 4369 o] 2 lujese| 9-648 2685
socy’| 0.047 8006 ar|l P eeiten
2,351 0151 oo © 1,979 2706
n-e ai | 424,298 —aa | 495,338

Do not write in this mergin,

Donot write in this margin,

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

« Momment $o Gorpus 180 &9 16,66
F Granle & Corpas - 66 32 20,76
« | 3. Momument toL Grande 15 26 56,689
sa -| 1] =5
180
& |1, Crande to 3. Monumens 305 | 25 | 23,3
o . ”
8. lHomment 1 98 | 46 02,966
- ar]_* l 3 l 28,395
1 Oresis | s8] [ar2%
+1
s 3,850 6419 $ 7,70108 =h 2.1268
cone| 9.763 4101 sin*e | 9.82192 (0| %2612 | 5ot e | 7.5230
B | 8.511 6066 ¢ | 10018 p |2.2924 E | 5.8815
h 2,125 7585 8, 62376 I l 68,6436 5.6003
18t torm, -133.“5553 Uim ..o.oo:)s (aty
od term. +0,0421 e, 0,0000 ¥
~133, 5432
Umiibm| + 0.0003 » | 3.860 5419
—ar | ~133,6429 |gine| 9920 9628 Arg) a1 |2.318 1407
Mrte) (2822 25,45 | a0 ] e.509 am9 2| <1 |aitere)]9. 647 5900
socgr| 0.047 8008 al s Hae)
| 2,318 707 0 1,966 3547
. a2 | 4 20,3247 —ae | 492,501

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

° [ a

- Corpus 1o (Orsnde 47 big 18,74

¢z Grande g Hebron +47 | 0 | 2.1

« |2 Corpus to 1. Hebron o | 48 | on4as

Aa - 3 10,09
180

& |1, Hebron 10 0, Sorpus 274 “ 51,39

First Angle of Triangle 42 56 20,06

Corpus
Hebron
a | 4074 3223 @ ) 8,14804 _n g L5088
coeu| 8922 6476 sinta | 9-996% | 0128 8, 1456
g | 8511 8013 ¢ | om0 plaas | o 5,8529
n | 1508 e 9,24799 | [owe 5.5073
16t torm, | ~32,2679 dim, | 0.0000 (e
0000
2 torm, | * 02770 G| ¥
-32,0909
tinliitem.| 4.0% 3223
—ar 9,998 4739 l‘m a1 | 2.6% 2516
5 . ~3 | 9,848 7008
ripiey [P0 200000 | | esovane | i(ere)
0,048 0205 - )
ey L2 scc§(a )|
2,630 28506 o, 0 2,278 9524
e ol | 4A25.8267 —as | Hw,087

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

Do not write in this margin.®

Do not writy in this margls.

W 5 COMT axn Groomc SmAY
¥orm 26

POSITION COMPUTATION, FIRST-ORDER TRYANGULATION

° L) L]
. Grasde to Gorpus “1] 1B | @0
. Habron & Corpus _ 89| 32| 57,3
« 3. Grande 01 Hebdron 137 42 46,02
an - 1| .67
180
& |1, Hebtron to 3. Grande 317 4 11,45
° . o -
s |2 |23 Grande 2|98 {49 351,201
MESE al * I 5 | 3z,6%
s l2s |2 Hebron BRENERE
s [ 3,942 0489 s 7.58410 -k 2, 3230
cosa| 9869 1033 sina | 96583 (ayy| 4.6458 | o, | 7.5399
g | 8.611 8043 ¢ 170146 p | &.2928 E 6,861
" 2,322 9585 8, 54139 | | 65,9336 6.7150
tierm, | 20,9568 | nem. | +0.0009 (ady
stterm, | +90338 | 1 00001 F
=210, 3130
Sad ith s, |+ 0. 0020 » 3,942 0489
~ag | =210.3120 June| 9,827 9267 Arg] a2 | 2,327 4200
tly+s) {20 26 26,30 | Ar | 6,609 4548 e | =1 [aitr+e)} 9,648 3234
secer| 0,048 0206 at] B ecitan
2,327 4210 oore] 0 1,975, 7444
[rae al + 25,5304 —as 494,668

GOHILANW NOLLOTYIA X8 LEN 40 INAWISACLAY
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¥01

ATAYAS DILTAOEAD OGNV ISVOD 'S “Q

yorm 28
POSITION COMPUTATION, FIRST-ORDER TRIANGULATION POSITION COMPUTATION, FIRST-ORDER TRIANGULATION
. B . ' .
. Hebron o Grande 37 |4 |1,46 . Grande to Hebron 137 42 | 46,02
2z Grande & Ringold +er j22 (a4 2 Ringols & Xebroa - 63| 08 | 1,40
s 12 Hebroa to 1. Eingold 6 |03 |&2,86 e |8 Grande to 1. Ringold "l N | 363
aa - 11,82 aa -] 1] 424
180 180
¢ |1 Bingold o2 Hebron 183 | 03 |41,06 o |1  Ringold t0 8. Urande 264 32 | 40,20
First Anglo of Triangle 69 &9 07,33
. . ..
¢ Hebyon § i Gracde 1] % |# 31,201
sy a i 21 + 3 59,073
’ Ringola 4 H v | 26| 22 [30.18 [1.  ningon v o o5 | 0.0
E E
s | 8,920 9092 & | nea82 ~h | 2,4310 i ; ¢ | 3,437 2856 & | 7.67457 ~b | 7729
oosa] 9998 5010 sn'a| 789173 (2¢)| 48620 | gt ginv o | 57556 & cona| 94424 8065 sinte | 9+ 96914 soin'e | 76437
8,511 8008 o | w0287 p | 2.293 g | 5.86%0 s | 8.511 8043 o | L.10146 ) 85,8521
b | 2,431 0210 6,88613 l ] %,1555 4.0176 b | .77 8984 8.74417 6.2687
164 term. |H269. 7808 Him 40,0014 (al)y 1at term. | 459, 4263 Mum | 40,0001 (ad)
Wierm, | 10:0007 |y | 0000 P : 21 term, | + %9865 fhem | 0-0000 F
4269, 7818 469,4708
Nudktmu | 10:0014 s | 5920 %052 stmdia o | + 000001 o 7 5837 2856
—ag [200.7020 sina | 8945 8639 arg) a1 [425 9476 —ap | 1894709 sine| 9.984 0704 Arg) a1 12,878 6208
Yo+ (3824 888 |, | 8509 4363 e |72 |astersn|?sse 1973 Hlery) |26 23 00,45 | . | 8,509 4363 o | apre| 2547 ™18
oo p|_0-047 7336 |as 0 aood(a 7) socpe| 00087 7388 Al reciCav)
1,453 gwas -1 1,072 )49 2,378 5300 loore] © 2,026 2622
[ravey ad | +26,8429 —au | 411,807 P 4 a2 | 2390732 =as | 306289

F16. 29.—Final position computation for stations of net—Continued




POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. ' .
. Hebron"® to Ringold 5 | 0z | 62,88
Ringold & Garoena +83 | 16 | 8,72
o« |2 Hebron to1l,  Garcens 88 | 20 | 38,67
Ac - 3 11,31
180
FEER Garcens” 0 2. Hebron 268 19 27,86
A
First Angle of Trinngle 67 18 20,09,
. . . . f "
" 00,637 |2, Hebron 1) 98 (55 | 03,821
ae 04,292 |, al + ‘ 2 40,095
v 4 Garoema NIENCBEED
e | 3,647 1063 —h | 0.6198
cona| B.460 8649 | 180848 | g | 72928
p | 8611 8008 p | 288 g | 56620
n | 0619 m20 6,39642 3,6879 5,7666
. "
tettorm, | #1688 Sym | 0-0000 a1y
adtorm, | 00249 wam| 00000 ¥
44,1914
[ 0,0000 s | 3,647 2063
—ay +4,1914 sina | 94999 8186 Arg. at | 2,204 3760
Hoey) |RORE 5044 } . | 6.509 438 . i tlp-+9)| 9848 7699
oocgr| 0:048 013 ai] O leoitan
2,204 3760 ° 1,868 1369
[ = ] al +160,0944 —ac | 47,38

Do oot write in this margin.

Do ot wite in this margin,

L
Lo X

POSITION COMPUTATION, FIPST-ORDER TRIANGULATION

F1G. 20.—~Final position computation for stations of net—Continued

. Biagola to Habron 106 | 03 | 42,08
Z Garoena & Hebron - 20 | 24 | 54,20
e | 3.  Ringold 1 Garoens 166 | 36 | 46,76
ae - 89,41
180
¢ |3  Garcena 39  Bingold 3 | 37 | 47.28
. , . S
8. Ringold 1| 9 |85 | 30,364
. al + ‘ H l 13,562
1 Carcens v ] e |es | sz
s | 3,982 9127 2 | %.90683 b | 2.4242
cone| 90959 B26T cin' « | 9028057 RO LT P | BT )
8,511 6063 ¢ |1.1008 p |2.2926 r |8.859
b | 2626 207 8,23768 | lv.um 6,4125
16t torm, | “26608202 | gy w.o.oﬂ a1y
2 torm, | ¥0-0173 4 tm, 0000 ¥
-266,6929 |’
{nmdit i |+ 0-0014 s | 3562 9127
—ap | =265,6925 loine| 9,618 2050 Arg. ‘al | 8125 488
Hoy) |26 20 43,85 | A | 6,609 438 s | =8 [hir+s)]| 9 648 2565
sscy’| 0.048 0163 ald 0 sec§(a 9) J
2,125 6488 #I -2} 1,77 uul
[ al | 325,855 ¥ —a¢ | 489,407

JOHLEW NOILDHYIA A9 LIN 40 LNTWRILSAraQv

GO1



POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

° v -
. Hobron % Binogold 5105 |bz86
Z Ringold & Gorgora tm| 14,66
o |2  YHedbrom @ 1. Gorgora 76| 37 | o742
aa -] 3 |an

180
« | 1. o Gorgora to 2. Hebroa 256 | 33 46,31
First Angle of Trisngle, 37 42 07,23
Hebron Lq 9, 637 0z821
Al +l 7 I 31,723
Gorgora o] w| o] ®su
H] 4,109 4711 Pl 8,216894

cone| 9364 4195 it | 9297609
p | 8511 §008 c | L.10257
L | -1.985 6914 9,29760
15t term, | +98. 7590 Hum. 49,0002 (aly
24 torn, | + 0.1984 Wi | ~90009L r

+96, 9574

Sttt | + g._?ogx___ i 4,109 4711
—Ay | 496,9578 -"i"'i 9,938 0466 Ang, a1 |Re004 8722
S LELE AL DY | 8,509 4353 s | 2 laterr 9,648 5636

uu'l 0,047 9191 af ¥ avci(as)
ze00 0726 o | a 2,308 4357
e a2 | 4451 230 ~a« 4201121

Do not writs In this margin

Donot wrtta in 1hla margin

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. . -
« Bingold to Hebron 185 | 03 | alo0s
< Gorgora & Hebron -7 | #4 | 38,47
< |% Bogla ol Gorgore us | 19 | o268
Ae - 3 | 09.04

180
< [1. Gorgora & Risgold 294 | 16 | 53.64
o . . . f "
¢ | & 22 [ 20.754 |§: Bingold 1| 98 | 63 | 30.3c4
el * al b d fln.;
¢ | 36 Gorgora 2 99 o0 36,54
s | 8.111 5674 ¢ | 82313 ~h [ 2,230
coga| 9614 6767 sinta | 9.91930 (47| %462 | puinta] B, 2424
p | 9511 8053 c 110115 L E 5,8619
2,238 049¢ 9. 24358 I I 6,7678 6,223
18t term, -1;13.'5015 fitem +0.00:!5 a2y
dterm. |+ 0,2762 {lhem.| 40,0002 F
~172,8251

alibwm| + 0-0008 . 4,111 5674
—ap | =172,8263 |sina| 9,959 6510 Arg) az |2.628 65728
tlr+g) | 26 23 57,27 [ A" | 6.509 433 8| =5 [iilr+v)| 9,647 9918

song| 0.047 9191 sl ¥ benan
2,628 5128 lc.,,,l [] 2,276,5646
bl all 4 426,100 —de | 69,00

FiG. 20.—Final position computation for stations of net—Continued

901

AHAYNS DILEAOHED ANV LSVOD 'S ‘A



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 C"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 ’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
SE
observed direction is computed from the formula, p. e.= £ 0.6745 "'—Z ,
where = #* 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,
Sv®=5.9667
c=27
Therefore the probable error = +0.6745 5——'%(,3767
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.

= +0."32.

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 elosures.. ... __._________ 5
Number of triangles with minus elosures_____.__________ 18
Number of concluded triangles.___ . ____._____ 0
Average closure of triangles without regard tosign_.______ 0782
Maximum closure of a triangle. - oo __ 1789
Mean errorof anangle_ .. _._______________________ +0%59
Probable error of an observed direetion_________________ 40732

45%61°—54——-8
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80T

R GEOGRAPHIC POSITIONS
- Aecession No. of Computations ...
Locality Rlo Grande River Datum North American State Texas
STATION, P Srgonos oo AZIMOTH BACK AZIMUTIL TO STATION. DISTANCE.

LooARITEM (XETERA), MzzeRs. Fexz.
Fordyce 26 17 47.43%  1459.8 253 26 51.93 73 29 56.76 Pelo 4.0815096 12064.51 39581.6
1917 d.m. 98 34 45.238 12549 301 27 01.86 121 29 34.78 Pedro 4.0507557 11240.58 36878.5
Eltoro 26 21 51.958 1599.0 291 37 OU.B7 111 39 Y49.98 Falo 4. 0u52290 11099.13 354144
1917 d.m. 98 34 00.305 g5 328 oW 40.91 14 06 4.0 Pedro 4.1980195 15776.82 51761.1
9 24 18.72 189 25 55.79 Fordyce 3.8823870 7627.58 25024.8
Garcte 26 20 41.270 1270.1 261 12 20.06 8. 16 06.01 Eltore 11546968 14278.97 u6846.9
1917 am. 98 Y2 29.279 411.8 292 32 33.02 12 35 58.J1 Fordyee 4141935 13937.78 us5727.5
Poncho 26 26 36.7192 1132.3 305 52 1031 125 55 24.63 Eltoro 41746518 14950.37 hooug.7
1917 d.m. 98 41 17.285 y78.9 326 15 56.40 16 18 50.53 TFordyce %.2918957 19583.74 64251.0
10 20 26.30 190 19 54.79 OGercla Y4.0461679 11121.62 36488.2
Honument 26 21 16.682 513.% 218 M6 22.65 38 48 29.67 FPanche %.1017118 12638.97 Y4564
1917 am. 98 46 02.965 §2.2 250 24 31.29 100 26 06.13 Garcia 3.7799207 6024.50 19765.4%
Corpus 26 26 28.Mu6 815.% 268 05 0416 €6 07 08.71 Pancho 3.8895177 775385 254391
1917 a.m. 98 45 56.99% 1579.1 33Tt 4 06.85 150 ¥ 39.18 Gerela 4.08k103% 12136.78 39818.8
0 59 19.31 180 59 16.65 Monument 3.9820867 9595.92 31482.6

F16. 30.—List of geographie positions for stations of net
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Wy

Lacality

Grande
1917

Hebron
1917

Ringold
1917

Garcens
1917

Gorgora
1917

Rio Srande River

STATION,

d.m,

d.m.

d.m.

d.m.

26
98

26
98

26
99

GEOGRAPHIC POSITIONS

LATITUDE axn
LONGITUDE.

s

-»

23 30.225
49 31.291

27 00.537
53 03.821

53

26
55

30.754
30.364

56.345
%3.916

23.519

35.58

Bxconos v
Mzrzzy.

930.2
867.3

16.5
105.8

946.5
8.7

1734.0
1216.7

725.6
98h.9

305

274
312

7

155
254
250

268
335

250
256

204

Datum Rorth American
AZIMUTH BACK AZIMUTH,
15 3.4 47 17 18.7%
25 23.35 125 26 55.89
4 51,39 o9k 48 oO1.lug
11 .87 132 14 28.01
N o1ks 137 ¥ 4602
03 M.05 5 03 52.86
32 hg.38 74 3% 3u.62
23 09.00 100 26 27.68
19 27.26 8 20 38.57
37 4135 155 38 46.76
31 22.70 70 33 32.53
33 4631 76 31 oT.k2
15 53.54 1% 19 02.58

‘TO STATION.

Corpus
Nomument

Corrus
Monument
Grzande

Hebron
Crande
Nonument

Hebron-
Ringold

Carcena
Hebron

Ringold

F16. 30.—List of geographic positions for stations of net—Continued

Adooession No. of Computation: . meeenns

State Texas
DISTANCE,

Looamtri (METERS). Merzns. Fear.

3.9076218 €083.92 26522.0

3.8505119 7088.30 23255.5

4.0743223 11866.49 38932.0

4.1972563 15749.12 516702
3.9420489 8750.82 28710.0
3.9209092 £335.07 271346.0
3.8372856 6875.20 22556.4
%.1007703 12611.60 11376.6
3.6471063 Y437.17 1W557.6
3.9529127 8972.49 29437.2
3.9329710 8569.81 28116.1
L.1095711 12866.82 ¥2213.9
4.,111567% 12929.07 y2ln8.1

JOHLIW NOILLOTHIA X4 LAN 40 LNAWLSALAV
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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.

Aberta

Lat

Enter  Flores

Fig. 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,

Alberta

Enter Flores
?

Fi16. 32.—Triangulation net showing the triangles used in adjustment hy 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 a and the angle opposite the starting line is called . 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
unohserved length angle concluded. As the triangles and positions
are computed in exactly the same manner as when the direction
method is used it i3 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)+ (1¢)
0=—2. 7+ (2a)+ (2b)+ (2¢)
0=-10. 14+ (3a)+ (3b)+ (3¢)
0= +1. 0 (4a)+ (4b)+ (4¢c)
0= 5. 41 (5a)+ (5b)+ (5¢)
0=+ 2. 9+ (6a)-+ (6b)+ (6¢)
0=—0. 14 (7a)+ (7b)+ (7¢)
0=+ 3. 3+ (8a)+ (8b)+ (8c)

PN

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. 125)
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STy ov counmex 1.I8T OF DIRECTIONS
e State:........ Alaska

Station.Akberta .. ... Computedby —QsR:S. . Station.Elsh. Computed by QuPaSe e
Observer C.W.H. . Checkedby ——i=E.B Obsarver .. C.V.H Checked by —TeFaBo oo
o Arrex  Fouar o Avrzr Fowan
LocarL A f.ocaL Aprostuzur SrcoNns

o L4 ” ” o ’ ” ”

Fish 0 0000.0 00.0 TFoz 0 00 00.0 %5.7
Pog 40 09 09.1 09.1 YXan 24 54 02,9 02.2
Kan §7 22 26,5 26.4 Alverta 118 48 46.6 47.5

Station—Nan.___._.__.. Computedby Q:P-So. . Station__Fog [ dby . 0.8

Observeree.CaVela .  Checkedby YoEuB Observer La¥ X, Chocked by HaBoRieine
Arrzr Frvas O Arrer _Froan
Locay, A Local Apjustient SzcoMbs

[ ] ’ ” ” ° ’ ” ”
Alberta 0 00 00.0 59.0 Dug 0 00 00.0 00.3
Pish 28 42 M17.6 474 Gura 65 49 46.3 44.5
Yog 209 26 4.4 6.6 Nan 129 24 59.9 59.4.
og 125 52 16.6 17.0 Alberta 183 46 14.9 16.7
Gura i 1?7 111 13,1 Fah 203 47 17.6 13.9

Station ... OUYA._ . Computedby —QuRuS. . Station... THg c d by 0.B.8.

Observer . —CoYaHeo o ..

[4]

Chocked by ceodlaFaRa e,

Arrer  Fovan
LocAn Ansusrkant Szcoxns

Observer oo Cu¥oBo .. Chockedby oBlaFeRe

o Dumcr Arrzr  Fnan
Yen 0 00 00.0 59.9
Tog 54 33 58.8 59.4
Dug 93 03 00.7 Ol.l
Mond 109 08 46.2 46.9
Lat 172 20 45.7 44.0

Stion. Lok Computed by . QePeBe .
Observer —LCa¥ula . Chockedby muMalaRac—

Lat
Gura
Kan
Tog

Station — Mond. oo
Observer oo CaVale .

e 2 ”

0 00 00.0 0O2.0
61 35 02,7 O1.7
107 Q7 08.4 06.4
137 16 16.5 15.6
Computed by .. 0sBrSe .
Chocked by wJlalsRee—

Arree Fmian o Asrse  Foian
Locar A f.ocaL Aosustxent BEcoxpe
° ’ ” ” L) ’ ” o”
Gura 0 00 00.0 01,1 TFlores 0 00 00,0 04.7
Dog 38 67 17.8 18.6 Enter 20 54 B3.5 b50.3
Mond 60 10 27.4 27.7 Lat 118 25 02.3 00.6
Flores 94 59 06.6 09.3 OGura 171 52 38.3 36.9
Eatér 109 18 20.8 28.7
Sttion.—Enter ___ Computed by —OePeSs . Station....Elores by QaPef
Observer—CaVuBe . Chockedby —JieBaBa. . Obuorver CoVelo  Checkedby MeEeBa
Looas A L Rt Looas Am:u':.x‘i SE::&
o e, ” ” ° . -2 -~
Lat © 00 00,0 57.8 Iuter 0 00 0.0 581
Momd 36 21 46.8 47.2 Iat 65 28 20.7 16.0
Tlores 100 12 19.9 21.6 MNond 95 14 37.7 Z8.6

Fie. 33.—Lists of directions, angle method of adjustment
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L e
State: .. Alaaga
" SyvEm vanmem e
NO, STATION OBSERVED ANOLE
23 Alberta-Fish
1y 1 Nan 28 42 4.6
a 2 Alberta 57 22 26.5
¢ 3 Fa 883 54  4B.7
1-3 Ran~Fish
1.2 Nan-Alberta
57.8
23 Nan-Fish
2 b 1 pog 74 22 17.7
¢ 2 Nan 80 43 36.8
a 3 T 2 54 02.9
13 Tog-TFish
1-2 Fog-Nan
57.4
23 Kan-Fog
3 b 1 gurs 54 33 58.8
2 Nan 61 50 46.7
¢ 3 Fog 63 35 14.6
1.3 Gura-Fog
12 Gure~Nan
00.1
23 Gura-~Fog
4 p 1 Dug 75 41 13.8
2 Gura 38 29 01.9
a 3 TFog 65 49 45.3
13 m.ros
12 Dug-Gura
01.0

U. 8. COAST AND GEODETIC SURVEY

COMPUTATION OF TRIANGLES

g SPRER'L, BPAEX'L
CORR'N “lyaiz zxcess

+0.8 48.4
-0.1 26.4
+1.6 45.3 0.1
+2.3 0.1

19.5
38.1 0.1
02.5

+1.8
.3
-0.4

"’2'7 0.1

~+0.7 59.5
~1.1 45.6
+0.3 14.9

-0.1 0.0

+0.1
-0.2
-0.9
-1.0

13.9
ol.7
4.4

0.0

26.4
45.2

19.5
33.0
02.5

59.5
45.6
14.9

13.9

01.7?
4.4

Fi16, 34.—Triangle computation, angle method of adjustment

LOGARITR2

3.669907
0.313371
9.925419
9.993986
3.913697
3.937264

3.913697
0.016360
9.994287
9.634230
3.924344
3.554387,

5.554387
0.038955
9.946212
9.952121
3.533654
3.595463

3.538654
0.013694
9.793995
9.960151
3.396343
3.562499
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ADJUSTMENT OF NET BY ANGLE METHOD

NT oF COMMERCE

COAST aND GEODETIC SURVEY
Form 2

NO.

o p o

Lat

Gura
Dug

abllen-a«:

1.2

1 Mond
2 Lat
3 Gura
13
12

1 Enter
2 Lat

3 Mond
13 .
12

23

1 Flores
2 Enter
3 Mond

13

12

F1G. 34.—Triangle computation, angle method of adjustment—Ccntinued

STATION

State: ... Alaska. ...

OBSERVED ANOLE

Cura-Dug
38
79
61

Lat-Dug
Lat-Cura

87 17.8
45.0

35 03.7

05.5

Lat-Gura
56
€60
63

Mond-tura
Mond-Lat

26.0
7.4

59.5

10

02.9

Lat-Mond
36
49
24
Enter-dond
Enter-Lat

46.3
03.4

30 09.3

Enter-Mord
95

63
20

Flores-tond
Flores-Enter

14 37.7

33.1

En
rse

54

03.3

115

COMPUTATION OF TRIANGLES

SrEPRY. SPHERL
CORR'N “yxoLe Exchss

PLANE ANGLE
AND DISTANCE

-0.3 17.5 7.5

«2.1  42.9 0.1 42.8

-3.0 59.7 59.7

=5.4 0.1

+0.3 36.3 36.3
-0.3 26.6 26.6
-2,4 97.1 7.1
-2.9 2.0

+2.5 49.3 49,3
-2.4 01.0 01.0
0.0 08.8 0.1 09.7

+0.1 0.1

+1.8 29.5 89.5
+1.3 34.4 34.4
-6.4 46.1 46,1
=3.3 0.0

LOGARITOIM

3.562499
0.201551
9.993613
9.944240
3,756663
3.708290

3.708290
0.079094
9.938290
9.951283
3.720674
3.723667

3.728667
0.227012
9.878658
9.99365d
3.244337
3.964337

3.844337
0.001822
9.953077
9.552603
3.799236
3.393762
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COMPUTATION OF TRIANGLES

[ 'L
CORRN &rTER

o Preliminery triangles
State: ...Alaska .

_N'-O-_- STATION OBEERVED ANGLE
23 Alberta-Fish

1 v 1 Ya 28 42 47.6
2 jverta 5 22 26.5
3 " pen (53 64 46.9
13 ‘Ren-Fish
12 Nen-Alberta
23 Nan-Fish

2 1 Yog 74 22 17.7
2 gen (80 42 329.85)
3 FMen 24 54 02.9
13 Fog-Fish
12 Yog-Nan
23 Ban-Fog

3 1 gura 54 23 58.8
2 ¥en 61 50 46.7
3 Pog (63 6 14.9)
13 Gura-Tog
1-2 Gura-Nan
23 Gure~Fog

4 1 D 5 41 12.8
2 Gwa (38 29 00.9)
3 Fog 65 49 45.3
3 Dug-Fog
12 Dog-Gura

of adjustment

Sraer’t
xce

001
0.1

0.1

PLANE ANOLE
AND DISTANCE,

45.9

8944

LOGARITEM

3.669907
0.318374
9.925419
9.998967
3.913700

34987268

2.913700
0.016361
9.994288
9.624332
3.924349
3.564393

3.554393
0.088956
9.945314
9.952121
8.583663

8.595470

8.588663
0.013694
9.762693

»060152
3.396350
3.562509

F16. 35.—T'riangle computation to obtain latitudeand Jongitude closures of net, angle method
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o Tt o oo s COMPUTATION OF TRIANGLES
State: ..Alagka
JO— )

No. STATION OBSERVED 4NGLE  CORR'N SIRIRL Brman  FLANE ANOLE LOGARITHM,

23 Gura-Dug 3.562509

6§ b 1 lLat 38 57 17.8 0.201550

2 oura (79 27 29.6) 0.1 29,5 9.992611

a 3 Dug 61 35 02.7 9.944244

13 Lat-Dug 0.1 3.756670

12 Lat-Gura 3.708303

Lat-Gura 3.708303

6 b 1 Mond 56 27 36.0 0.079094

Lat (60 10 24.5) 9.938287

8 3 Gua 63 21 59.5 9.951285

13 Mond-Gura 3.725684

12 Mond-Lat 3.738682

23 Lat~¥ond 3.738682

7 b 1Enter 36 21 46.8 0.227019

2 Lat 49 08 03.4 9.873662

3 yMond (34 30 09.9) 0.1 09.8  9.998658

13 Enter-liond 0.1 3.844363

1-2 Enter-Lat 3.964359

Fig. 35.—Triangle computation to obtain latitude and longitude closures of net, angle method
of adjustment—Continued



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

811

IHAYAS DILHAAOED ANV ILSVOD 'S "N}

L r r L] ’ [

a 12 Mverts o8 T 356 02 14.8 e |8 Heb to2 Albverta 176 | o2 29.9
24z Fish & Han t a7 | 22 | 266 84z Nan & Alberta =95 46,0 |
¢ |3 flverta told Yai 53 24 4a.3 « |8 Tich ot Nen 82 o7 43.9
26 - 3 05.8 Aa i - 6 [ 2.9

180 oo | 00.00 150 an | 00.00
o {2 gu 02  Alverta 233 18 36.5-1 o1 Wan t03 Tich 62 0 22.0
Frsr AxaLz oF TmiaNeLe = 42 47.6
o ’ . o ’ . o ’ - ° ’ »
e 55 40.715|2  Alverta A 183 | 11 o844 | = 2 4 55 | 29 09.366 |3 Tish LT 1 | 15.042
- 07.393| o= o+ 7 | mew| ¥ L I PV - a | 2| 2.0
o | 55 33.822|1  Yan % rlsa 18 s7.342 | § Fle 661 28 | 33.322 {1 Yan ¥ 1l ag | 18 | srm;
z z
E £
o v ¢ | 3,987268 ? | v.97454 ; § o 1 . * | seuzoe | €| 7.82m0
He+v)| 85 30 07.0|Cose| 9775203  [Sin’e| g.s0036 ([ a.54e H H W) 65 B s.6|9%% o.265e8  |S0'8| s.9917
c B | 5 sooza [
9.35016 6.907 b | 1.555924
0.2210 0.0008 0.2425 0.0000
2.563287 2.580818
+ 365.84 & [+ 462.2000 —&a + 580,91
- Ly

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



POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

«(2 Fa to8 Fish % |a | =0
242 ‘Fish & Yog + " a8.5
e |2 Kan tol Fog 342 45 02.5"
Ba +
180 | o0 | 00.00
< 1 Yog to 3 Han 162 | 45 52.3
. Fimsr ANore or TRIANGLE 7f 32' 17..7
v I ® | .32 |7 X A ‘ 1@ | 18 | s.sa
d o= a - 1| 00.458
& [_ 42.634 |1 Yog » ' 123 1w 56.883 )
7.10879 s
iUe+e") 8.94414 B} 4 088
D
1st term 6.451
2and M tems [ + 0.0 0.0003
—Ap
. 3.554393
Sina | o g7a069
&
secy”
a —2a ~49.80
TR ——— L )

Fia.

DO NOT WRITE IN TAI8 MARGIN

DO NOT WAITE IN THIS MARGIN

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

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

° ’ [ 4
« 13 na LA Ban 82 o7 43.9
8y Tog & Han -24 54 02,9
« |3 mm tol Tog 57 13 4.0
As ) - 5
150 00 | 00.00
e |1 Yog to3 Fish 237 08 10.0
o . N B .
°| 55 | 20 | 00.866 [3 Fien A | 138 | 11 | 15.042
[ = a | + 6 | 41.340
v 55 26 42.634 |1 Yog Y , 133 17 | 66.882
"l
7.84870
Sic'al  9.34942 B | 4 335
C |_1.5655 D | 2.363
2.167460 9.26370 6.698
0.1835 Qpoos
2.604053
& H-401.8338
-
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Nﬂ'ﬂol.l COMPUTATION, THIRD-ORDER TRIANGULATION

a2 Ean o8 Fog 02.5
24 Tog & Gura | 482 |
a2 Nan tol Gura 9.2
L 0.6 |
00.00
o |1 Oura o2 Wan 39.6
Nieer Avore or Triavorx . .“ '33 5.8'8
. 2 g A I 182 | 18 | .34 |
P a | 4 2 | 37.378
v 1 oura o I 138 21 34.716
3.595470 # 1 219000 I
o +e) 9.352618  |Bin%e| o g9zez LA X1
c
ist term 1.957664 6.278
2d and 3 tems |+ 0.0283 0.0002
-ap
2.196935
o |4157.3747
-t

DO NOT WRITK IN THIS MARGIN

0O NOT WRITE IN THIS MARGIN

DEPARTMENT OF COMMERCR
ll.l.-w_ oY
POSITION COMPFUTATION, THIRD-ORDER TRIAKGULATION
o . .
« |8 Yog to 2 Nan 162 45 52.3
a4z Gura & Nan — 63 | 351 14.5
K Yog tol Gura o9 10 | 378
A = 2| goa |
180 00 | 00.00
L]
¢ |1 Gura s Fog z19 o7 | .4
° ’ L4 ° ’ -
. 65 | 26 8  Jog | 133 ] 17 |s56.832
a |+ =~ LR 2 | 37.8%% |
v 85 | 27 l 02.582 |1 oura ¥ | 123 | 2 | 34.715
8
« r .
Ho+e"| g5 28 o526 |Cose b 2 602
B D
b | 1.201068 4.966
0.0538 0.0000

a |+ 217.3332

2.2538:1-5

+ 179.4

F16. 36.—Preliminary position computation to obtain latitude and longitude closures, angle method of adjustment—Continued
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o T
POSITION COMPUTA110N, THIRD-ORDER TRIANGULATION POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
L] [
1 aje ouea w8 Tog Z9 |or |oo.a - |8 Tog 2 tura %9 10 s
[.73 Yog & Mg + | 20 (003 | 8z g & Gura _—68 48. 45,3
a |8 OGus o1 Dg ar 86 | 39.3 a |8 Yog ol g a3 20 62,5
+ 1 | 85.3 & - 1 08.1
‘ 180 00 | 00,00 180 0o | 00.00
Oura 137 a3 | 348 o 1 03 .
[ 4 138 g o as 1 ®.¢
Firsr Avore or TRIANGLE .
[ ] L3 - o ’ L4 L] »
Gura A ‘:35 2 | 347115 z * L 55 26 42.634 |8  pog A Lm 17 |ss.ge2
a - 2 | 19.979 E 5 by | = 1 07.288 | e= a + | 1 hz.ess
Dog x| 1m| 19f1em | § Flel s5] | ol o v | 1 [1s hers
z E
« + o & | 3.562509 ¢ g g 6.79270
Yo+v)| 56 26 19.0 |Cose| g sgae00  |Sin®s H g 9.48029 b | 3,656
c
8,020
0.0223 0.0003 0.0069 0.0003
a 1.8912a3
Sin} (e+e")
1.306943
& |4 77.8584 ~4 + 64,11
TE———— - Ty vy
F16, 36.—Preliminary position computation to obtain latitude and longitude cl , angle method of adjust Continued
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POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

L) ’ L]
a |2 Gura to3 Dug 317 36 39.3
[ 3 Dug & Lut + 29 27 | 30.6 |
« {2 Gure to 1 Lat a7 o4 18.9
2a - 2 2.1 |
180 0o | 00.00
o 2 Lat to2 Gura ar oL 54.8
. ) R Fmsr AnoLe oF TaiancLe 33. 5:’ w :8
v 55‘21'02.5533 ('nu'a. l|133 a | semns
Ao | = 2 11.836 | 4= ol + 2 | 55.042
e | 55 Il 24|l 50.746 |1 Lat vl 133 2 | 2.7
3.703303 ® | .46
g.901937 |Sin’e] 9,56037 B 4,240
g.a0oe78 | C | D 2.z
2.115918 I 8.54199 6.604
0.0343 0.0004
‘s
Sine
A? a
socy’ Sin § (o +¢")
2.154784
a 175.0423 -Ac |4 144,24
-y

DO NOT WRITE IN THIS MARGIN

B0 NOT WRITE IN THIS MARGIN

DEFPANTMENT GF COMMEBRCE

l.l\unm:-n
POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
o ’ L]

e (3 Dog o8 Gura 137 38 4.6
34z Lat & Gura =~ 61 | 85 | 02,7 |
« |2 Dug to 1 Lat 76 | 03 .9
Ao - 4 19.4

180 | 00 | 00.00
o |1 Lat 3 Dug 255 | s9 125,44
° ’ . ° ” L4
v 55 I 25 ’35.345 ;3 Dug A l 125 | 19 14.736
0| = | | a4s.600 |e= a4 5
¢ 55 k 24 lso.'ms 1 Lat LY ‘ 133 | 24 29.757
' !
e+ o« L% |amseero | ¥ 7.mam i !
dote)) 55 25 13.0 09| s.aewez S| 9oz | M| 3.296
B | g snosgo c D _2.35
[ H
18t term 44.4869 h 11-645233 l I 9.05200 | s.e60
2dand 34 terms | 4 0.1127 0,0000
—ap  |+ea.5996
e 3,756670
Sina | g ,ga7015
A 8.508728 a 2.498339
secy’ Sin§ (w+¢")
2.413917
.
a | as.0007 ~as | 289.27
iy

Fi16. 36.—Preliminary position computatien to obtain latitude and longitude closures, angle method of adjustment—Continued
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DEPARTMENT ¥ COMMERCE

I.lm'l.’é- ]
THIMD.ORDER ATION POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
° ’ . o ’, 2
c (8 st "3 Oura a7 o1 | 54.8 .« |8 Gura 02 Tet 3 | os | 189
e Gura & Uond +60 | 3 . 81z Mol & fat - &3 | 21 ! 6.s |
s |2 Iat tol Mond 7 12 | 19.2 e |2 Gura tol Mond 333 42 | 19.¢4
4e + 4. 143 2a + 1 [ 502 |
00 | 00.00 180 | 00 | 00.00
16 | 33.6 o |1 Mond to8 Oura 13 | @ 03.6
o 36.0
’ - e ’ o ’ I
25 | =977 | = z v |68 |2 . Gure | ws| ;| zans
5 | 03.905 E ; s | - 2 a - 2 | 13.888
H
19 | 20083 | § Flwlss |2 Hond x| 1a | 19 | use
z z
o 4 » * | 37283 ¢ |2.amv38 E : 3.725634 ¢
wle+e)| B5 24 30.6 |Oooe| g.0pmza8  [Siv'e|g.gomm B | 2 694 B i g.o5as64  |S0e V| 478
8 8 c D
2.187926 6.740
0.0006
‘ 3.725684 .
Sina | 9 ga5301
A ) e.p0e78 a
soay’ Sin § (¢ +¢")
2126661
-254.30 & | izssem —se
[ [ ]

T1a. 36.—Preliminary position computation to obtain latitude and longitude closures, angle methed of adjustment—Continued
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2L

Aa

POSITION COMPUTATION, ‘THIRD-ORDER TRIANGULATION

¢ 3.964859
Sina | 9.743720

A | 8.508730
seoy’ . 2451

2.461979
.

a =289.7203

7.92872
9.48744

a 2.461979
S} ete) | 0

2.377344
.

~da -288.43

° . »
3 lLat to3 Nond 2 12 |, 19.8
Mond & Enter |+ 48 | on 054
Lat tol Enter 26 20 23.7
+ 3 58.4
180 00 00.00
Enter to 2 Lat 146 4 21.1
Fmer Ancre or TrianGLe 6 4 6.8
° . . ° ’ »
55 2% LI ¥X) A 22
- 4 el A 4
55 20 42.713 1 Enter » | 133
20

Shmn?

DO NOT WRITK iN THIS MARGIN

DO HOT WRITE IN THIS MARGIN

DEPARTIRNY OF COMMIRCE
oy bl

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

o ' .
K Mond to® Lat 97 18 33.8
8¢ Enter & Tat -9 a0
. |8 Mond to 1 Bater 2 |48 28.7
o - 16,8
180 00 | 00.00
o |1 Enter X Nond 182 0?7.9
. , . . ' .
v 55 24 | 3.0 8 Mond LIS ] 19 | 20.852
b | o | | 46,705 | o= a ‘ + 19.185 |
v | 855 | 2 |4a.m_1 1 Enter ¥ | 125 | 19 | e0.087
o 4 s * | 5.844363 | 7.68873
He+e)| g5 22 35.6 (€9%%] g.gemesr  (Sio'e| 7.36929 B 07
. C 1 D =
Ist term 225.7018 h 2,3653536 6.52248 7.071
2dand 34 terms | + 0.0004 2.0002
-8y 225.7034
' 3.544363
Sine 8.684697
A 8.508730 a
Sin § (v +¢")
1.282960 1.198308
an - 19-;849 —-aa +15.79

F1G. 36.—Preliminary position computation to obtain latitude and longitude closures, angle method of adjustment—Continued
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ADJUSTMENT OF NET BY ANGLE METHOD'

Azimuth equation

Final

L] n seconds 1
Fish-Alberta________._ 176 02 29.9 29.9
—Yleo oo —93 54 43.7 45.3
Fish-Nan_____________ 82 07 46.2 446
— 6 209 209
Nan-Fish_ ____________ 262 01 25.3 23.7
+2¢ e +80 43 36.8 381
Nan-Fog_ _ ___._______ 342 45 02.1 01.8
+ 49.8 49.8
Fog-Nan_____________ 162 45 51.9 51.6
=80 mem e —63 35 146 149
Fog-Gura______._..____ 99 10 37.3 36.7
— 2 59.4 59.4
Gura-Fog_ _ . _________ 279 07 37.9 37.3
+4de+5c. oo +117 56 46.9 446
Gura-Lat____.________ 37 04 248 21.9
— 2 241 241
Lat-Gura oo 217 02 00.7 57.8
+ 60 oo +60 10 27.4 26.6
Lat-Mond ______.______ 277 12 281 244
4+ 4 143 14.3
Mond-Lat._ . _.______ 97 16 42.4 387
el (T —94 30 09.8 09.8
Mond-Enter__.._______ 2 46 32.6 28.9
— 15.8 158
Enter-Mond___________ 182 46 16.8 13.1
+ 86 +63 50 33.1 344
Enter-Flores (computed) 246 36 49.9 47.5
Enter-Flores (fixed).._._ 246 36 47.5 47.5
+24 00

9. 0=+2.4— (1e)+ (2¢) — (3c)+ (4e)+ (5¢)+ (6¢) — (7c)+ (8¢)

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

designated.
Length equalion

Fish-Alberta 3.660907 |-oo_-ee-- Enter-Flores 3.398762
-] ’ ”n -] ’ ”

12 | 57 22 2.5 | o.025us | +1.3 | 1b | 28 42 47.6 | 9.6816265 | +3.8
94 5t 0290 | 06243321 | 445 || 2p | 74 22 17.7 | 90836304 | .6
3a | 61 50 46.7 | 9.9453135 | +1.1 || 3b | 54 33 58.8 | 9.9110442 | +15
48 | 65 49 453 | 99601516 | +.0 [ 4b [ 75 41 13.8 | 99863060 | 4.5
5a 61 35 02.7 | 9.0442440 | +1.1 5b | 38 57 17.8 | 0.7084487 | +2.8
6a | 63 21 50.5 | 9.951288 | +1.1 6b | 5 27 36.0 | 9.9200058 | 14
72 | 49 03.4 | o.8786625 | +1.8 || 7b [ 36 21 468 | 97720807 | +2.9
8a | 20 54 525 | 9.5526388 | +5.5 || 8b | 95 14 37.7 | o.0981788 | -—.2

2. 4519542 | 24518029

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)

+ 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.
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O G S LATITUDE AND LONGITUDE ADJUSTMENT nSES_20ITL 2: 333022067
—— e a

Srarson " I L R U B oo B s w T (=) R e s v AN o o e
il s
HE B
B 4 201 210
ne 58 29t6hsl nksl g5 | sede [ @13 | e |-20 [ 2w | 409 | w322 ] 13 |20 | w100 peen| a3 | )8
Fan 55 28.56[133 18.9 ~7.85 | 40.TL | +4.5 0.6 |=35.3 2a +3.2 | +4.7 2y [-o0.4 +0.9 28 -2 | +29,0 HE i
Tog 55 26,7133 17.99 ~6.00 | 472 [#3 |25 {-66 |3a |+29 [+9.0 | 3v [~26 |+2.2 [Sa+3m| se2.2 || H] i3 %ig
Ours 55 27.041133 21,58 ~6,33 | =191 | 408 |05 |-57 |U4s ~3.7 [ +32 | %1 |+20 =23 Faebpi 230 || 338 i
Gurs. 55 27.04 033 2.58 «6.33 | =1.91 | +1.1 2.6 |- 7.0 5a - 2,1 | #16.5 5b [+5.0 2,3 [5a=-5| «23.4 | ¥ 1ni i
st 24,85 B33 A0 U4 |48 |22 |2k (<46 |6a =53 | +58 6 [+6.8 |-5.8 [6a=6b| +15.3 || i| i& fi
Mond 55 24733 19.35 ~3.76 | +0.32 |H.8 [-23 (=68 |Ta 40,6 [+10.9 | 75 |09 |*0k pa+TH| 4139 g 3; i
Eater 55 20 .71 133 19« ; .:; ;;
= 551 1 k2rf13 H R
:l - oy =+ 20 i & 55
(.l"'n') -ﬂlﬁ; (k] & = =3.70 HR A
R
Le 164
«123.0 HE R
L] L& anu
il fpl 28
Q. 6. 0 = =123.0501 § 0.9 (1 4) + b2.2[(1b) ~ 6.2 (2a) + 3.8 (23) = %.5 (3a) #{211 (3P) =34 {Ua) #55(b) + 4.7(58) H EE
+ 18.8 (§ b) + 1.7 (6a) +|22.6 (6}) - 6.4 [7 &) + 233 (T 9) al L2l e
(This eqpation shipuvld be djvided by|10 beforp entering it in the correlptes.) 8 L8| 13
» (N ) in
it I:Il :n
12, A, 0 w ~86.8589 + h2.2 (1 &) = 0.7 (} b) = 25|8 (2 a) | 29.% (2[) + 24.} (3 &) +{19.6 (3 D) - 25.1| (4 &) = 224 (% B) = 25.5 [5 &) IR
-L.Io(sb-zo.s 66) - 85 (6 1) 1 .5 (7)a) +13. (7 V). HEE R
{Mits efiuation ehould be Jivided by 10 befols enteripg it 1o khe correlates.) HE R
2t 15l 38
H R R
41 3 &%
” ] s
8 B
(R
” | en
Yximerziee

Fi106. 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 equations

a 1 ¢ A IAdopted
1{32|3|4|5]|6|7|8|9| 10 11 12 Zo [ [ "

Ia —0.1| 0.01
b +-.8 .64
¢ +1.6 | 2.5
28 || oo ees e ||| 4.5 | —8.62 | —2.58 [ —0.70 | —. 425 —1| .16
b oo e —e | s | —2084 —2016 41821 [ 418 8.2
[N O N I YIS O N R A IS 42,00 [+1.302] +1.3| 169
3a -1.1] 1.2
b +.7 .49
¢ +.3 .09
10 (R VU S ' N (NS A fene] 49 —34 ) —2.51 —. 05 | —. 902 -9 .81
b oo oo fee el =B 455 —2.24 | —1.19 | 4. 098 +.1 .01
ey PN N N &= O N T IR N N 42,00 | —.192 -2 .o4
Sa lul L 4Ll — 47 =255 — 92 |—2.964 —3.0] 9.00
b 3 . . 56 . —-.3 .09
4 —-21| 441
a —2.4| 578
b +.3| .09
e ~.8 .64
7a —2.4| 578
b +25| 6.25

c ] Q
3 6.50 |—6. —6.4 | .96
b + . 1.20 4L 413 | 3.24
[ RIS PSS SN S AU S S G B S N S S I +2.00 |+41.337 +1.3 1 1.89
Total__| 85.84

T Ty
p.e. =:!:0.674,J = -=|=o.074‘/3—812l*
=1¢83
Normal equations
a 1 @ A
1izls]afs|ef7]s|a] } 3 b - = c

S N S cee|eee| =1 | =25 | 4418 [ 4415 | —23 +5.48  |40.8125
2 A8 |||l | B89 [ =324 ) =552 | =27 —3.5 |+2.1131
3 B |t e =1 | =4 +66 | 487 +.1 +6.73 | —. 5449
4 F3 || 4] 22 —4.75 +1.0 -+. 86 -+. 6126
5 F3 focefoeoa|ooe L | L5 | 4141 | —4.30 | 454 +1.92  |—1.3028
] +3 |- |1 —.3| 4128 —2.61 +42.9 +4.97 —. 0205
7 T3 -1 —L1] -9 [ 42T —.1 44.04 | —. 7987
8 +3 |+1 | +5.7 +3.3 +13.00 (42,1475
9 +8 |- +42.4 +12.40 —. 5108
10 —---|+94.34|—46.7330 | —5.7790 |4+61.3 |4-107.3230 |—1. 5670
11 +39. 7198 | -+5. 3083 —12.3050] —9.0764 —1.4152
12 +-72. 7274 | —8. 6359] 1+57.2693 | 4. 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 #’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 equations

11213j4lslelrig] o 10 1 12 L) Za
+3|._. I | ~2.5 +4,13 | 4415 -2.3 —+5.48
(2] - we-o| +.33333| +.23333) —1.37667| —1.38333 | +.76667] —1 32687
+1 +3.9 —3.24 | —5.52 -2.7 —3.56
—.33333( —1.3 +1.08 | +1.84 +.9 +1. 13667
-1 —4 +.66 +4. 37 +.1 +6.73
+.33333] +.13333) —.22 —1. 45067 —.03333]. —2. 243334
4 R +1 +.4 +.51 —4.75 +1.0 +. 36
[ I --..| —.33333 —.13333 —.07 | +L. 53333 —. 33333 —. 236606
+3 | 41 —15 +1. 41 —4.39 +5.4 4,92
Cs|em|oocs]--me| _—. 83333 +.5 —. 47 | +1.46333 | —1.8 -1, 64
+3| +1 —.3 4128 [ -—291 +2.¢ +4.97
Cs ----| —33333 +.1 —. 42667| +.97 —. 96667| —1. 65667
48| —1 —11 +.40 | 427 -1 +4.04
Crl-c—-l +.33333) -+ 366671 — 16333 — 0lse7 | 4 05333 —1. 34667
43 +1 - S +3.3 +13.00
Ca] —.33833) —1.9 | oo feeooo. —L1 —4, 33333
+& RN +12. 40
1| —3333| —.8333| -1.3767 | +1.3833 ~. 7667 | 418267
2| —.3333 | —13 4108 |-L84 .9 1. 1867
3| —.2333 | —.1333| 4+.22 | L4567 +.0333 | 42,2433
4| —3333| —.1333| —07 | +1.5833 —. 3333 —. 2867
5| —3338| +.5 — 47 | +41.4633 -L8 -1
6| —3333| +1 —. 4 . 97 —. 9867 | —L 6567
7| —3333| —.3667 | 4.1633( -+ 9167 —.0333 | +1. 3467
8| —.8333 | =19 |ocrmmmeeec|ieecmae -L1 —4, 3333
45.3336 | —4.0666 | 18733 | +9. 6133 —1.6667 | 411.08679
[+ +.76245| —, 85122 —1.80240 | - 31240 —2.078698
494,34 | —48.7380 | —5. 77 +61.3  |+107.3230
1 | —2.0833 | -8.4417 | 3. 4583 —1.9167 |  +4, 5667
2 [ ~s07 +4.212 | 47.178 +3.51 +4. 8230
3 | —0533| +.088 . 5827 +.0133
4 | —.0588| —.028 | -.6333 —, 1333 —, 1147
5| —75 705 | —2.195 +2.7 +2. 460
6 | —.03 +4.1280 | —.201 +.2000 | 4. 4970
7 | — 4033 | 1797 | 41.0083 —.0367 | +1.4813
8 |—10.83 (. —8.97 —24.70
9 | —3.1008 | +1.4283 | +7.3206 | —1.2708 | +8.4522

+71.9662 | —36.5833 [11.9232 | +58. 1858 |+-105. 49189
Cn +. 50834] —. 16568 —. 50852| —1.465856

+30.7198 | +5.308% | —12.3050 |. —9. 07

1 —5. 6856 | —5. 7132 +3.1663 | —7. 5441
2 —3.4992 | —5. 9816 ~2.916 —3. 8448
3 —. 1452 | —.9614 —. 022 —1. 4806
4 —. 0147 | +.3325 =070 —. 0602
5 —. 6627 | 42.0533 —2. 538 —2.3124
[ —. 5461 | +1.2416 —1.2878 | —2.1205
7 —.0800 | —. 4493 +.0163 —. 6599
9 —. 6579 | —3.3764 +. 5854 1. —3.8040
10 | —18.5963 | +6.0611 | -+29.5783 | +4-53. 6260

+9.3316 | —1.4565 | -+14.2580 | -+-22. 6331
Cn | +.14814 | —1.45022] —2, 30208

+72. 7274 —32.6859 | +57.2603
—7. 5807

1 | —5.7408 +3. 1817
2 |-10.1568 —4. 968 —86. 5504
8 | —6.3656 —. 1456 | —0.8034
4 | —7.5208 +1.5833 | 13616
5 | —6.4240 +7.902 —+7. 1986
6 | —2.8227 —+2.313 4. 8200
7 | —2.5208 +.0917 | —3.7033
9 (—17.3270 +3.0041 | —19, 9830
10 | —1.9754 —9.6402 [ —17.4777
11 —. 2158 +2.122 | 433530

+11. 6577 —2,7517 | -8. 908960
Ci +.23604] . 76398




ADJUSTMENT OF NET BY ANGLE METHOD 129

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.

Back solution

12 1 1098765|4 3|2 1

0. 2360|—1. 4502|—0. 8085/-+-0. 3125|—1.1  [40. 0333 —0. 9867|—1.8 ‘—0. 3333]—0.0333(+0.9  |40. 7667
+.0350] —.0391] — 4254( ______. —. 21631 +. 2289 +.34.54 -+.8737| —. 3438 1. 4342 —. 3265
1 —. 7194 + 4971 . 2311| +-.6038) 4-.6651] 4-.0991| +.3113|—1. 5284|+1. 9483
—1.1049(4-2, 9773( —_ 5746 —, 1567] —. 7835/ - 2080 —. 2080r+2. 0371/ —1. 3058
—1. 5670 =+. 2702| —. 2702| 4. 2702 + 2702 —.2702( +. 2702 —. 2702

+2.1475| —. 7967) —. 0205 —1.3ozs| +.6186| - 5449|+z 1131 +. 8125

—1.4152

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 malke the
triangles consistent. Compare the computed and adopted values for
8a in the following table:

Compulation of corrections (v’s)

1a b [4 2a b e 3a b c 4a b ¢
+0.812 |40.812 |+0.812 |+2. 118 [+2 118 [+2 118 |—0. 545 |—0. 545 |—0. 545 |+-0. 619 |+0.619 | -+0. 610
—2.037 [+5.855 | + 811 [—7.062 | +. 940 | +.811 |—1 724 42350 | 4811 |—1.410 | +. 788 | —. 811
+.127 |—5.972 o123 |~ +. 637 |—1.571 +.481 | —. 778

+.995 | —.017 [ +1. 28 | — =604 |+1.202 | +.560 | +463 igos e et
—102 |+ | —.425 [+L821 | |-1063 | +.607 | —02 | +.006 |
—1 [ +8 —4 418 -1 | 4.7 -9 | +1

5a b c 6a b c Ta b [ Sa b ]
—1.303 |—1.303 |—1.303 |—0.020 [—0.020 |—0.020 |—0.707 |—0.797 |—0.707 |+2. 148 |2 148 | 42.148
—1.724 |+4.074 | —. 811 |—1. 724 [+2 104 | — 811 [—2 821 [+4.544 | +.811 | -8 818 | —. 313 | —. 811
=+. 665 |—2. 661 —. 170 {—1. 642 +.906 (—1. 509

—.602 | —.484 |~2.114 | — 488 | —. 201 | —. 831 | +.342 | +.307 | +.014 |—6.470 |+1.835 | +1.387

21 —8 0 |64 |+1.8 |413

—2,064 | —.324 —2,400 | +.331 —2.370 |42, 455
—30 |-—.8 24 |+.3 —2.4 |+2.5

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 are applied at station Nan. The list of directions
before adjustment is given in the first two columns.

Station Nan

. Prelimi-
: Observed direc- Final
Station tion nn;gds:c- seconds
o ’ ” ” n
00 00.0 00.0 59.0
42 47.8 48.4 47.4
26 24.4 5 25.5
52 16.6 |ocoooom|eomoaeaae]
17 111 12,1 1.1

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

o ’ n

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

Triangle 2, angle Fish to Fog_______________ 80 43 38.1
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 (4), (B), and (C) are
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)



POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

s |9  Aberta L2 Pish 856 03] 18
2 Fich & ¥an * | 22 { a4 |
s |2 Aberta ol  Nen 63 | = a.3
Aa - ] 05.8
180 00 | 00.00
e |1 B to2 Alberta 223 18 5.4 o
Fimsr AnaLE or Tmancre ? 4? 48"‘"
f  Alberta A w3 | 1 | e3.44e
= ax + 2 23.894 |
1 ¥en ¥ | w5 | 18 | s57.328
o 4 . * | s.087288 e | 797458
Wo+e)| 55 30 o7.0|Co%e| g.mspez  (Sin's| o.g0s38 | B'| 4.544
B 2.368
b 6,907
0.0008
N

DO NOT WRITE IN THIS MARGIN.

PO NOT WRITE IN THIS MARGIN

DEPARTMENT OF COMMERCE
- £ oy i compupc Seweey

POUSITION COMPUTATION, THIRD-ORDER TRIANGULATION

e (8 Fon 2  Alberta 76 | o2 2.9 l
8z Yen & Alberta -9z [ 63 | 46.3 |
a |8 Fh 1 Hem 82 | o 4.6
Aa - 6 20,9
180 | oo | 00.00
o |1 Bea ©8 Fh % | a 2.7
° , . . . .
v | 83 | 2 |os.see |3 Fian > , 133 | 1 | 15.042
by - - AN, L 23 I 42,
¢ | 88| 2 |s3.3 |1 ¥am ¥ l 131 18 | mam
o s s 3.913697 7.82739
Heted| 55 28 Bl.6 |7°|oameser  [F2'¢| s.mre M| 8220
2.363
1.559910 5.483
0.0000
. 3.913697
Sine | g.g9s0a9
& 8.508727 s & 2.664919
seoy’ 2 Sin} (¢ +¢)
8.684920 2.580814
& | 4 462.2959 =2 | 4 380.90
e d

Fra. 88.—Final position computation, angle methed of adjustment
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POSITION COMPUTATION, THIRD-CRDER TRIANGULATION

o ' .
s |8 Nan ©3 Fish 52 [} 23,7
[ V4 Tish & Tog +80 143 | =80 |
s |2 Fan o1 Tog 342 45 01.8
a 14 49.8
180 eo | 00.00
¢ |1 Yog to 2 Nan 162 45 51.6
Firar Avare orF TRIANGLE 74" . 19.'5
¥en *lazg |18 57,338
23 - 1 00.458
Tog 1Y | 133 17 56.880
o . * | a.s54337 °
i+ 55 27 38.0 {C958| o.gm0014 |SWe
B | 8.509676 [
’
Ist term  $+110.6320 h 2.014077 7.61836 6.451
2dand 3 terms |_+ 0.0045 0.0042 0.0005

—dv ' ‘1‘110.6865

DO NOT WAITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

BEPARTMENT OF COMMENCE
Ewrer

. 5. CORSY Anp dBcoEnC
Form

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

2.167452 9.26369

0.1835

3.924344

Sine | 9 o24m1

& | 850872 o

stog’ | O, Sin § (v +9"
2.604050

o | 4408570 ~8

F16. 88.—Final position computation, angle method of adjustment—Continued

o ’ L
e« |3 Tish o2 Hen 82 o7 “.6
8z Tog & Yan - 24 | 54 | o025 |
e 18 Tieh ol Pog 57 13 42.1
- 5 3.0
180 60 | 00.00
a i3 Fog 3 Fish 237 -] 1.1
o . .
»as | u jis.0e2
LY 2 6 la1.837 |
v | 1 17 |s6.879
¢ | 7.8a869 i
Sie|  s.si34z || 438
c 1,56558

0.0005

(491
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POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

’ L
(L] Han : w3 g 4 | o.s
oy Tog & Gura H_’Al.ﬁ_
s |8 Nen ol Gura 35 47.4
As 2 09.6 |
00 | 0o0.00
K 33 | a8
33 89.5
' »
v 18 |67.38
ae 2 | man |
4 a |34.709
o s »
Het+e')| 55 27 48.0 | z.0s
. D | 2.363
Ist term | 4 90.7112 6.278
20and 34 ters | + 0.0003
-iw 90.7395
t

O NOT WIITE IN THIS MARGIN

o ’ 2
I ™ w9 ¥an 162 | 45 8.6
L Oura & Han -_ﬁl_’_ﬂ 4.9
e |8 Fog tol Ours 29 10 26.?
e - 504 |
180 | oo | 0o0.00
o {1 Gura 3 Yog ] o7 87.3
L] r] L L] ’ 2
v | ss 2 | 43.638 |® Yog A a3 | 17 | ss.es0
% |+ - a 3 | a7a |
v | 55 27 | o2.583 (1 Gura » lua 2 | 34.709
| ramm
Sin'a{ 9.g@s81 L 2.602
c 2,384
8.72104 4,96
0.0538 0.0000

'y
Sin§ (p+¢h) | 9.916722
32.252836

v

-2 | 4179.4

F16. 38.~Final position computation, angle method of adjustment—Continued
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Do o Cormos
POSITION COMPUTATION, THIRD-ORDER TRIANGULATION POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
v , - L] ’ »
1% Qura to3 Fog 9 | o7 | 37.3 « |3 Fog to2 Gurd 99 10 | 357
L2 Fog & Dug + 38 29 | 01,7 184 “Dug & Gura = 4 44,4
a |2 Oura to1 Dug 317 | 36 | 29.0 a |8 Tog tod Dug a3 2 | s23
.1 [ 1 85.3 I - 1 04,)
! 180 | o0 | 0o.00 180 | oo | 00.00
¢ It pag 2 Cura I 137 1 38 | 34.3 o ]1 Dug, to3 Yog a3 19 | 43.2
75 4 13.9
N , . First ANoLE OF TrIANGLE N ) h ° R . ° ) .
2| s l 2 loz.sas 2 gure *lamla | s | oz g | °| 58 | 26 |42.636 |3 Fog » | 133 | 17 | 56.u80
a = 2, 19.576 | § § ap = o= a + 1| 17,858 |
o | 85| 25 |ass9 |1 peg yl 133 | 19 | 14.7c3 i Flel ss l 25 jos.349 |12 Dug ¥ | 133 | 19 | 14,733
z z
M
£ £
[ I 2 H
e ¢ . 3.552499 7.12500 E § e 1 s 3.265343
W+l g5 26 35,0/%0| siseszes S| g emsg | M)z H g Yl 5 2 os0 9.921868
B [ 5 D| 2.364 . 8.509678
b | 1,940876 l 8.34754 i 5.345' . 1at term 1.827389 7.83758 6.020
0.02:3 0.0002 2dand K terms 0.0069 0.000%

3.296343

&.562459

Sine | g 328765 Sina | 9.740042
A 3.508728 2.146053 L4 8.508723 a 1.891274
secy’ oy’ | 0.245067 Sin}{pie")
2145054 1.891275 1.506333
a -139.5761 a | 477.8529 -t +64.11

FIG. 38.—Final position computation, angle method of adjustment—Continued
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U 5. COASY A GrooeTI: SBvEY
Form

(4
POSITION COMPUTATION, THIRD-ORDER TRIANGULATION POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
© ’ L
o« |2 Gure to3 ug 37 6 29,07 s 13 Mg to 2 ura
24z Dug & Lat 29| 22 1 a0 | L Lat & Gura
e |2 Gura to X Let ks 04 2.9 a |3 Dug tol Lat
e - 2 | 22 a
180 00 00,00
o {1 Lat w2 gura 22 | o 52.3 a {1 Lat 103 Dug
Fizst AnoLe or TriaNoLE 8 57 17.5
N , N ' v . ' .
v [s5 |22 s Gura A |1z 2 24,709 z z v | 8 | 25 | 35.34 l 8 Dug
Ay | = 2 §ea ar =+, 2 £5.040 5 E A¢ - & I =
o155 | = 1 Iat v i1 | m | o9 | F Flel 51 20 [s0s2 |1 Lat
z z
Pt
[
ot * | 3.708290 ¢ ; ; e v« | ®|z.7se6e3
rte')| g5 25 6.7 |Co5c| 9.501523 Sina H H Hete)| 55 25 13.1 (Cose| 9.281859
; 8.
B | 8.c09678 [¢] : . B 500680
k | 2.129500 st term  H-44.4838 h | 1.643202
2dand 3d terms | +0.2127
-8 H-46.5065
s 2.708290 s 1 3736663
Sine | 9 730094 Sina | g gu7016
8.508728 2.243138 A
sec g’
2.158779 2.413920
B *
134,14 a | + 215.0163 —ta o+ 259.36
u-uy L}

F16. 38.—TI'inal position computation, angle method of adjustment—Continued
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‘PostTION COMPUTATION, THIRD-ORDER TRIANGULATION

a |3 Lat to8 Gura a7 01 57.8
¥z OGura & Mond +_60 10_) 6.6 |
e |2 Lat to 2 Yond 7 12 U4
As + 4 14.3__
180 00 | 00.00
& |1 Mona to2 Lat o4 16 38.7
Firsr ANGLE OF TRIANGLE Bl 22 36.3
. , . ° , .
¢ 55 50.752 |2 Lat M| 133 ] 21 | 200749
de | - | = a - 5 | os.n93 |
¢ 55 1 iond N I 133 19 20.856
[, * | 2.728667 ® | 7.47738
Ye+eh| 55 24 29.6 |O*¢| o.0sea73  |Si'e| g.g0am1
B lp.gose | C |
b | 1.346821 | 9.03487
0.1084
s 3.733667
Sina | 9 gossss
A 8.508728 l a 2,439308
»oy’ '8in g (p+v)
2.405387
A
L ) -254.29

=y

DO NOT WRITE IN THIS MARGIN

DO HOT WRITK IN THIS MARGIN

%Emm‘:e':dr::gu
POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
o ’ L 3
. |3 Gura 02 1. .37 o 21.9
8tz Mond & Lat =& | = | s23
¢ |8  oua tol  ony 3B | 4z | ma |
e - 1 M2
180 | oo ao.ooi
o |1 Mond to3 Gura 153 4 15.0 |
. . . . .
v s5 | 27 | os.ee3 ¥ oura M w3 & | w09
awl = 2 54.163 | o= ol - 2| 13.958
vl 85| 22| =ailt Mond v 1! 13| .8
8 Fd
o 4 s 3.725674 7.45135
$o+)| 55 25 45.69%¢| g.952563 |S0"¢| 9.20274 17§ 4.278
. B 8.509573 C 1 3.%6500 D j
)
1st term ‘-hu.mm b | 2187921 | 8.z0910 I 6.740
2dand M terms | + 0.0204 0.0006
-Ay  |4154.1629
e
Sina
A
secy’
’ 2.123628
a -132.8530
L

F16. 38~—Final position computation, angle method of adjustment—Continued
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POSTTION COMEUTATION, THIRD-ORDER TRIANGULATION

m'bom

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

L r L4 L] ’ [
Tat w3  Momd arn [ 12 | 284 e |3 uoma o2 1a 97 16 | 8.7
Mond & Eater + Lm.TL_m.n_‘ L Enter & Zat ~ea | 30 | cas
Lot ol  Zater 36 | 2 | 25.4 « |8 uom tol  Enter 2 | 4 | =9
+ 3 58,4 | 4] - 15,8
180 | 00 | 00.00 Euter ¥ond 180 | oo | 00.00
Iater to8 1at s | 26 2.8 o 11 ‘w3 192 | 46 | 12.1
Fmsr Avare o TRIANGLE 58 a 43
. . o . ; ° o . .
50.752 | % Lat “% z z | ¢ = ®.q20 |8 Mond s |29 20,556
A § g & - - a4 19.1%4
. .
19 i E ¢ | 58 1 Enter M las s 40.050
£ z -1
.
ek
§ § o s » ‘ 3.944337 7.63867
Heted! 55 22 35.6|0%e| 9.900am
8 8
B
Ne-ind Se-any

F1a. 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 ‘“Obhserved directions’
and those in the column headed ‘Preliminary seconds.”

At Alberta, the correetionis_ . ________ . . ... __. 0.0
At Fish, the correction is_ . . .. +0.8
At Fog, the correction is____ . __ .. ___ ... +21
At Gura, the correetion fs___ . _______ . ___.._.. +1.0

Total . e emeememme +39
Average correction_ _ ___. __ oo ____ +10

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 - ¢

TiG. 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 Gura 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)

4
1/2 (A+B)=90°—§

in which @ and b, the two sides, and O, 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’
4778,

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 column. As there is 071
spherical excess, this is applied to the large angle making the plane
angle at Fish 118° 48’ 47/8— 071, or 118° 48’ 47°7.

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 (fig. 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 the angle
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’ 15"7.

45861°—34——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-Flores 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’ 5270,
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, (1307.?:1"’ 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



ADJUSTMENT OF NET BY ANGLE METHOD

DEPARTMENT OF COMMERCE
V-5 COAST AND GEODETIC SURVEY
Form €85

TRIANGLE COMPUTATION USING TWO SIDES AND INCLUDED ANGLE

141

S-tan (6°+9) (Collongerside):  tany (4,—B)=tan g ton (44 By:  e=ZRlr]?
G n8 48 47.8 loge 3.924384 Legm  1.403
== 0.1 Logd 3.669907 Logsin €, 9,943
Cy 118 48 47.7 Logtan (45+¢) 0,254437 Loga 3.924
30, 59 24 23.85 45°+9) 60 53 54.88 %5 3670
90°—40,=3(4+B) 36 35 86.15°¢ 15 58 54,88 Logsph.ex.g g40
3 (4-B) 9 33 32.92Llogtans 9.i5a3967  Spherems g o9
Sum=4, 40 09 09.07 logtan}(L+B)  9,7717656
Diff.=B, 20 0z 03.23 Logtani (4,—B) 9.2263523
G, (Sketch)
Loga 7.924344 (Foy) B
Log sin €, 9.942501 A (Alberta)
Colog sin A, 0.190558 a /3
Loge 4,057503 C (Fish)
CHECK COMPUTATION
xo. STATION SPHERICAL ANGLE e DDA LOGARTTHM
23 Fieh-Fog 3.924344
1 Alverta 40 03 09,1 02,1  0,190558
2 Fish 118 48 47.8 0:1 47.7  9.942601
3 yoz 21 02 03.2 03.2  9.555004
1-3 Alberta~Fog 4,057503
-2 Alberta-Fish 3.669907
2-3 Wen-Alberta 3.987264
1 Fog 53 20 16.3 16,3 0.09572%
2 Han 109 26 26.5 0.1 26,4 - 9.974506
3 Alverta 17 13 17.3 17.3  9.471339
1-3 Fog-Alberta 4.057503
-z Tog-Nan 3.554387

-
*The subacripts & and p on this form refer to apherical and plane angles respectively.

F16. 40.—Triangle computation using two sides and included angle
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DEPARYMENT OF COMMERCE
W COAST AND GEOMEYIC SURVES
Form GeS

TRIANGLE COMPUTATION USING TWO SIDES AND INCLUDED ANGLE

['i'““‘ (45°+¢) (Call longer side a) : ten 4 (4,~B,)=tan ¢ tan ¥ (A,+B) : c-%‘i’!] *

o 120 24 59,3 Lege 5.554387 Log m 1.403

Sl et 0.0 Logh 5.596345 Logsin €, 9.888

% 120 24 £9.3 Log tan (45+¢) 0158044 Loga 5.554

15 64 43 20.65 U5°+9) 5 1z 09,93 Logd 3.396

90°—3C,=3(4,+B) 25 17 30.35 ¢ 10 12 08.93 Logsph.ex. g 241

3 (4,-B) 4 51 38,90 Logtano 9.os52076  Srhewess  0.0a

Sum=4, 30 09 09.25 Logtand (4,+B) 9.6744220

Diff. = B, 20 25 51.45 Legtani(4,-B) 8.9296296

43 (Skeich)

Loga sesazer  (Dug) A c

Toog sin G, 9.887927 \ B Wan)

Colog sin 4, 0.299033 b

Loge 3.741347 T (Fo y)

CHECK COMPUTATION

NO. sTATION * SPHERICAL ANGLE Spmemcn.  PLANE ANURE LOGARITUSS
2-3 Fog-Dug 5.306343
T Han 20 25 51.5 0.0 51.5 0.452077
2 Fog 129 2% 59.3 0.0 59.3 9.837927
3 g 30 09 09.3 0.0 09.2 9.700967
13 Nen-Dug 3.741347
1z Nan-Fog 5.564587
2-3 Gure~Nan 3.5965463
! g 45 32 04,7 0.0 02.7  0.146500

Gore 93 03 OL.2 0.0 0.2  9.999384

3  Nen 4 24 54.1 0.0 54.1  9.820555
1-3 Dug-Nen 3741347
1-2 Tug-Gura, 8.562499

®The subseripts s and p on this form refér o spherical and plane angles respectively.
Fie. 40.—Triangle computation using two sides and included angle—Continued
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DEPARTMENT OF COMMERCE
WS COAST AND GEODETIC SUMVEY
Form €65

TRIANGLE COMPUTATION USING TWO SIDES AND INCLUDED ANGLE

[%—tan @5°+9) (Coll longersided):  tan  (4,—B,) =taci ¢ tan § (4, +B,) : ,=4;i.§_rf] *

c. 15 24 5.9 Loga 2.795236 Logm 1.403
Sph. excess 0.1 Logh 3.738667 Logsin G, 9,956
c, 115 24 55.8 Log tan (456+¢) 0.080569 Loga 2.799
sc, 57 42 S U+ 48 58 pous Lemd 5.739
W —4C=Hd,+E) 32 17 21 & 3 58 56,98 logsph.ex. g ggy
3 (4,—-By) 2 31 09,5 Logtane 8.84273 77 Sph.excess 0.08
‘Sum=4, 34 48 41.6 Logteni(4+B)  9,8007064
Dit.-B, 29 46 22,6 Logteni(4,-B)  8.6434361
C; (Sketch)
Loga 3.799236 (Flores). & 3 A Lat
Log sin C, 9,555793
Colog sin 4, 0.243456 Q
Log e 3.998485 A (Mﬂﬂd}
CHECK COMPUTATION

NO, STATION SPHERICAL ANOLE RrarmcaL  PLANEANOLE LOGARITUM

2-3 Mond-Flores 3.799236

Lat 34 48 41.6 41.6 0.243456

2 Mond 1_1 5 2¢ 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-Mond 3.738667

2-3 Enter-Lat ’ 3.964337

1 Flores 66 23 18.9 16.9 0.041076

2 Enter 100 12 23.7 23.7 9.993072

3 Lat 14 19 19.4 19.4 8.393350

1-3 Flores-Lat 0.0 3.998485

-2 Flores-Enter 3.398762

* The subscripte s and p on this form refer to spherical and plane angles respectively.
F16. 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. CORST AND GEODETIC SURVEY
Form £5

COMPUTATION OF TRIANGLES

State:

xo. STATION ODSERVED ANGLE  CORR'N STHIRTL Sruewn  BLANE ANGLE LOGARITHM
2.3 ond-Flores . 3.739236
43,031  Lat 34 48 39.2 41.6 £:5  o.omest
2 Mond 115 25 02.3 =6.4 T5.9 0.1 55.8  9.955793
43.683  TFlores 2 46 17.0 22.6 35,3 9.6959236
+6.71 1-3 Lat-Flores 3.995485
1.2 Lat-¥ond 3.7&62’?5.

FiG. 41.—Triangle computation using two sides and included angle, method of approxzimation

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.6.= +0.674 \/881'54 — +1783
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 page108. (See
fig. 42.)



DEPARTMENT OF COMMENCE
GA0OITIC SwwvEY

Locality Prince of %ales lgland

STATION.

1907

1507

Oura
1907

1907

Lat

1507

1997

d.m.

d.m.

d.m.

d.m.

d.2.

d.m.

GEOGRAPHIC POSITIONS

LATITUDE anp
LONQITUDE.

123

&5
133

’

18

26
17

By

19

R R

19

”

32.323
57.338

42.536

56.880

02.583
34.709

35.249

14.732

50.752
29,749

28.420
20.u56

Fi6. 42.—List of geographic positicns, angle method of adjustment

1020.5
1007.2

1218.6
1000.0

79.9
610.1

1093.2
259.1

1569.6
523.3

878.9
367.0

233
262

162
216

s

22
279

137"

183
23

a7
265
312
326

341

2
9?7
153

Dalum
AZINUTH
PR
18 35.3
0 28.7
45 51.8
06 07.9
8 11.1
33 37.8
o7 7.3
38 34.3
10 39.0
15 48.2
0L 57.8
59 15.3
01 06.0
20 25.4
51 42.8
46 /.9
16 38.7
44 150

BACK AZIMUTE,

317
3
3

37
s
132
146

16
182
2n
838

24
o7
45
11
12

35
10

xg8e B8s58

&8

12
42

”

41.2
44.6

0.8
23.9
42.1

47.4
36.7

39.0
53.3
2.3

2.9
34.6
51.8
23.8

14.4
13.1
24.4
24.8

North American

Alberta
Fish

Han
Alberta
Fish

Nan
Fog

Oura
Nen
Fog

Flores
Enter
Lat
Gura

No. of C«
State Alaska
[T
DISTANCE,

Looanen (ustERs). Metnas, Frer.
2.987264 8711.0 214€0
3.913697 3157.8 26296
3.554387 2584.2 11759
4.057503 11415.7 37453
3.924344 8401.3 27563
T.555463 2839.7 12925
3538654 3873.4 1724
2.562499 5651.7 11981
3.741347 5512.6 18086
3.396343 2450.5% 8172
2.708290 5108.8 16760
3.756663 5710.4 18735
3.959485 9965.2 T2694
3.564737 9211.6 30222
3.79936 6298.5 20664
3.84433" 6987.7 22926
3.733667 8478.6 17974
3.725674 5317.1 17448

JOHLEW WIONV A9 LIN 40 LNANWISAFAV

4|
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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__._____ 212
Maximum closure of a triangle.______________ . ________ 574
Mesan errorof anangle______________________________.._ +1'6
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 2’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.

@'3‘,@? Monument

Benton

Cube
F1a. 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



148 U. 8. COAST AND GEODETIC SURVEY

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— sst;i_;(;ﬁl t being the height of the telescope above the

station mark, o the height 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 #—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—hy=s tan (Q;—G>ABO' ®

in which %, is the elevation above mean sea level of station 1 and 5.
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; £a 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
observationsis

hg—hy=scot [;1—(0.5—1") ot 1,,]ABC’ @)

in which k, and k, are elevations of the two stations, 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-Keele,
Bailer-Thornberry and Thornberry-Gammill are observed from one
end only and these differences of elevations must be computed by
farmula (2). (Text continued on p. 159)
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ABSTRACT OF ZENITH DISTANCES

Station .. Momment: State Qclahoma
Observer .. B.O.H. Instrument ¥.0..109 oo —
Qpmer TSN Durar B Opazavep Zemme  Comrxorep Zewtn
Datz Horz OniEce OBsEAVED Sl gnex o .ﬁ iy D atior
1923 Maas Meters Mtsrs . ¢« - e v
5/19  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_.1
18.2 90 10 0.5
1:24 Bastings 1.24 2.11540.875 -8.6 90 08 OL.7
1:25 90 08 05.0
1:35 80 08 12.6
1:29 90 08 05.8
2:09 80 08 11.1
07.2 90 07 58.6
142 Keele 1.92 2.115+0,198 2,0 90 08 23.4
1:46 90 08 23.9
1:49 90 08 26.2
1:51 80 03 32.7
1:54 90 08 _22.3
25.5 90 08 23.5
2:52 Cupola of 2115 90 04 49.4
2:55 Schoolhousu 90 04 58.3
Hastings. 53.8
Station __ Benton. State Ulslehoma
Observer _ Ee0.H. Instr ¥.C. 109
Omzcr dov.ov :::“:;
b Homs O Ommamn MUK TR, Heean  Lom  OMpmDAmem  CoRsgrp ham
-0 =t Srimions
1923 Mams  Mios  Mam . - o L
/21  1:14 Keelo 1,92 1,275 -0.6545+7.4 90 01 56.7
1:13 (Helio) 90 02 02.5
1:24 90 Ol 56.2
1:29 g0 01 £8.0
90 GL 58.4 90 O2 05.8
1:57 Cube 9,37 L1e375 -7.995+58.2 90 06 41.0
2:09 (Helio) 90 06 _35.6
38.3 90 O? 365

FiG. 44.—Abstract of zenith distances for sample computation of elevations
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DEPARTMENT OF COMMERCE
U. 8. COAST ANO GEODETIC SURVEY

Station

1923
5/28

5/29

5/

s/29

s/a8

5/29

ABSTRACT OF ZENITH DISTANCES

Cube State Texan
Observer ... EeQaHe ~ ALB. .. Instr t.Y.C. 109
won  owmowws  SE TR Wmg TED  oegmaes  comgmo
-0 -t SramoNs
Melera 2eters Mefers . . . ” . ’ "
2:06 Keele 1.92 9.57547.655 «~79.2 90 04 30.6
2:08  (Hello) 90 04 29.9
2:10 90 04 29.1
3:33 80 04 16.2
3:33 80 04 08.9
34 90 04 15.2
21.6 90 03 02.4
2118  Byers 3.61 9.57546,966 -79.5 90 Ol 09.0
2:26 (Hello) 90 01 07.3
3:32 90 01 4.1
3137 90 01 09.1
3:07 90 01 07.0
3112 90 01 02.2
3:20 90 00 55.2
3:25 90 00 51.7
90 01 03.2 89 59 43.7
2156 Restings 1:24 9.57548.335 -61.3 90 05 37.9
3321 (Hello) 90 06 34.5
3:33 90 06° 30,1
8:45 90 06 37.4
4:02 90 06 07.4
412 90 06 07.0
4:22 90 05 §5.4
4:34 S0 06 01.1

S0 06 18.8 99 05 17.5

F1G. 44.—Abstract of zenith distan es for sample computation of elevations—Continued
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DEPARTMENT OF COMMERCE
U. 5. COAST AND GEODETIC SURVEY
Form £0

ABSTRACT OF ZENITH DISTANCES

Observer .E+QsB: = A.T.B.

1923

6/22

2:06
2:09
2112

216
2120
2138
2140

2146

3:02
8:10

OBJECT OBSERVED

Byers
(Helio)

Hastings
(Helio)

Cube
(Hello)

Moxument
(Bello)

Cupola of
Schoolhouse
Hastings

1.24

9.37

1.9

State .. Oklaboma . . . . .
Instrament. ¥.0. 109
_— REDDO:
MOVE Bx‘l_o'gu :':;:: Ossaren Zm ZExe  CoRexotzp Zxmm
Sznows

Meters Melery

2,125 ~1.485 +20.2

2.125 10.885 «15.6

2,126 =7.245 +74.9

2.125 40.216 -2.2

2.125

90
90
90

90
90
90
90

20
90
20
90

90
90

0l 23.8
01 36.4

oL 23,0
34.4 90 Ol 54.6

02 237.8
02 30.0
02 37.0
02 32.6

34.3 90 02 18.7

06 04.9
06 &2.8

05 64.9

06 67.56 90 0712.4

02 03.4
02 04.6

90 01 53.6

90
920

02.2 90 02 00.0

00 32.8
00 26.4
29.6

F1a. 44.—Abstract of zenith distances for sample computation of elevations—Continued
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Station ._Haatings
Observer ...hQ;H:..:..A:I.nﬁ: ...................

Date

1923
524

5/26

5/24

5/26

5/24

5/25

Hour

1:27
1:34
1:40

1:47
1:50
1:52

2:06
2112
2:115

2:47
2150
2:59
324
3:40
3:37
2:40
2:45
3:52

2122
2:25
227

2357
3104
3:19
3:30

4348
4:54
3:26
3:30

U. 8. COAST AND GEODETIC SURVEY

ABSTRACT OF ZENITH DISTANCES

State

OBIECT OBSERVED

¥onument
(Belic)

Keele
(Hello)

Bailer
(Hello)

Byers
(Helio)

(ube

Lee
(Helio)

Cupola

OBJECT
AROVE
Bramon
-0

Meters

1.91

1,92

1.21

3.61

9.37

1.09

Schoolhouse

Hastings

LESCOPE
o B
wt

Afeters Mders

Sramons

Instrument... .. ¥a8s. 3092 . . .

Repvc-
TION 10
LN

OBsERVED ZninTH CORRECTED ZENITH
DISTANCE Duunce

1.446 -0.46514.5 90 03 32.3

1,445 -0.475¢8.4

1,445 +0.285 -2.7

1,445 ~2.1664R7.7

1.445 -7.926 +58.3

1,44510.3556

1.445

~3.1

90 02 41.5
90 02 32,1
23.3 90 03 29.8
90 03 26.1
S0 03 28,8 .
90 08 22.8
26,9 90 03 35,3
90 04 27.9
90 04 43.9
90 04 44.2
42.0 90 04 29.3

90 02 16.4
90 02 24.8
90 02 16.7
90 02 13.4
90 02 03.4
9 02 11.9
80 02 25.2
90 02 16,7
90 02 12.8
15.4 90 02 43,1
9 07 4.3
% 07 29.0
90 07 47.6
42.6 90 08 40.9
90 04 60.1
90 04 53.6
%0 04 55.2
90 04 50.3
54.8 90 04 51.7
89 53 05.9
89 52 59.0
89 52 BL.3
89 52 52.5
89 52 57.4

F1G. 44.—Abstract of zenith distances for sample computation of elevations—Continued



Station __Byers

Observer

DATE

1923
8/30

5/31

6/4

5/3

€/4

COMPUTATION AND ADJUSTMENT OF ELEVATIONS

ABSTRACT OF ZENITH DISTANCES

State Texas

A¥eB, = B.0.H.

153

Hour

1:23
1:31
1:37
1:43

1:53
2:00
2106
2:11
2113
516
1:35
1:40
1:45

2:27

1:55
2100
2:04

2:43

2:56
3:03

2:33
2:38
2:44

OsrECT
ABOVE
OBECT OBIZAVED - BTATION
-0

Meters

Cube 9.37
(Helio)
Baller 1.2
(Helio)

Thornberry 3.01
(Hello)

Xeele 1.92
(Hello)

Hastings 1.24
(Hello)

Lee 6.12
(Top of stand)6e.2l
(Heldo) 6.8

TELESCOPE
ABOVE Dor. oF TION 10

REDUC-

- Tnstrument......Na8e 108

Sramon Hetamrs zooimia
Meters Meers . ’ .
3.815 ~5.555+74.1 90
90

90

06 58.6
07 05.7
06 54.5

90 06 55.7

<0

3.815 +2.605 =-33.2 90
90
90
90
90
20°
90
90
20

3.915 +0.805 -9.0 S0
90
90
90
90
90

3.815 41.896 -25.8 go
90
%

3,815 42.575 -32.9 90
20
90

3.815 =2,305 +21.0 90
«2.395 +21.8 90
90

06 68.6 90

05 42.5
05 32.4
05 25.3
06 25.1
05 20.4
05 29.4
05 44.4
05 47.8
05 45,6
38.2 90
04 33.0
04. 36,7
04 26.5
04 20.5
04 20,8
04 35.3
32,0 90
06 02.1
06 06.3
06 01.5
03.3 90
05 47.7
05 48.2
05 47.8
47.9 90
04 40,7 90
04 46.8 90
04 51.8 90
90

08 12.7

05 06.0

05 37.5

05 15.0

05 01.7
05 08.6
05 13:8,
05 08.0

T16. 44.—Abstract of zenith distances for sample computation of elevations—Continued
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DEPARTMENT OF COMMERCE
0. S, COAST AND GEODETIC SURVEY
Form 39

Station .....Baller

Observer

ABSTRACT OF ZENITH DISTANCES

A.F.3,

DaT® Houz

1923

6/2  2:20
223
2:28

242
2:46
2:60

2155
3:00
3:05

3:112
317
3:21

QOBIECT OBIERVED

Thornberry
(Helio)

Byers
(Helio)

Hastings
(Helio)

TLee
(Helio)

3.61

State . _Oklahoma oo .
Tnstrument . Va8 202 oo oo
TeXOm oy or  Brge
ABOVE i} LA OpszRvEp ZEmTR CoRrEcTZD ZEwiTd
Szamony t-o Jommme
=t Srazons
L - . - L] . -

Melers Melere
1415 ~1.595 +25.7

1.415 -2.195 +28.0

1.41540.175 -2.0

1,41540,325 -10.2

90 Ol 16.8
80 01 18.1
%0 01 19.3

18.1 90 Ol 43.8

20 02 24.6
90 02 29.2
90 03 25.2
26.3 90 02 64.3

90 05 Q1.5
90 04 59.7
0 04 s5.1
90 04 53.3 90 04 56.8

89 53 56.1
89 58 51.8
89 58 48.9

52.5 89 58 42.1

F1G. 44.—Abstract of zenith distances for sample computation of elevations—Continued



Station ... Lee
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ABSTRACT OF ZENITH DISTANCES

Observer .A«FeB.

Dare

1923
8/s

2:10
2:15
2118

325
2:29
2134

2143
2:48
2:52
3:00

4:00

3:13
3:25
3:31

3:60
3:52

3:56

4:10
4:13
4:28
4:34

5:33
5340

ons
Obmer OpagavED  nOR,

Byers
(Helio)

Baller
(Hello)

560

(Top of stand)

Willis
(Helio)

Thornberry
(Hello)

Hastings
(Hel1o)

School House
top, Hastings

9.23

9.14
9.14
9.14

9.14

1.77

3:01

1.24

TELESCOPE iy op

L td HEGETS
Sﬂﬂoﬂ teo
Afcers Aeters

6.415 42.805

REpUC-
10N 1O
Lo
JOINING
Sramoxs

-25.6

State ....QKkshoma ..o

Instrument.... ¥s8e 209 . ...

OBSERVED ZENITR CORRECTED ZENITR
Disrance DisTaNcE

90 06 156.5

90 06 21.3

80 06 20,7

19.2 90 05 53.6

6,415 +5.205 -164.0 90 07 53.2

90 07 58.2
90 07 59.4
55.9 90 05 11.9

6.415 ~2.815 145.7 89 58 47.0 89 59 32,7
-2.725 +44.2 89 58 43.4 B89 59 27.6

6.415 +4.645

6.415 13.405

6.415 45.175

6.418

~65.8

«49.3

-45.7

89 D58 35.5 89 59 19.7
89 68 25.5 89 59 07.7

89 58 33.5 89 59 17.7
33.5 83 69 21.1

90 00 23.1
90 00 28,2

90 00 29.4
26.9 89 53 21.1

90 04 29.5
90 04 3.1
90 04 22.6
29.4 90 03 40.1

90 07 25.4
90 07 33.3
90 07 23.2

90 07 35.3
29.3 90 06 43.6

90 05 41.4

90 05 43.1
42.2

Fi16. 44.—Abstract of zenith distances for sample computation of elevations—Continued
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U. 8. COAST AND GEODETIC SURVEY

ABSTRACT OF ZENITH DISTANCES

Station _...Thornberry State Texas
Obsorver . AsFsB. ~ E.0.H. Instrument.._ Y:Cs 109
-t -t StanoNs
1923 Bfeters Bters Meters . - ’ ” N "
6/L 1:53  Byers 3.61 3.215 -0,395+4.4 90 04 34.4
1:56 (Helio) 90 04 35.5
2:02 90 04 31,0
33.6 90 04 38.0
2:07 Lee 1.09 32.215 +2.125 -30.8 90 04 47.4
2111 (Helio) 90 04 44.7
2119 90 04 48.3
46,3 90 04 16.0
2:29  Cashion 1.16 3.215 +2.055 -27.5 90 02 28.3
2:3¢  (Hello) 90 02 34.8
2:37 90 02 26.6
2:46 90 02 35.3
3:23 90 02 18.2
8.6 90 01 5l.1
3:00  Gammill 9.23 3.215 -6.015+71.8 90 Q0 01.3
3:08 (Hello) 90 00 05.9
3:12 90 €O 14.1
3:20 90 00 Q4.3 _
06.4 90 01 13,2
3:30 Willis 1.68 3,215 +1.535 ~-35.0 89 55 39.1
3:45 (Top of stend) 89 55 37.8
3:50 89 55 40.8

39.2 89 55 04.2

F1a. 44.—Abstract of zenith distances for sample computation of elevations—Continued
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DEPARTMENT OF COMMERCE
0. 8. COAST AND GEODETIC SURVEY
¥orm 29

ABSTRACT OF ZENITH DISTANCES

Station Mllis . State Qklshoms,
Observer ... Es0oHs = A.P.B. . Tostrument... YeCs 109
LE8cOPE Reouo-
Dare  Houz Omsxc? OBmEBvED z,:“"':,'{?, T:f,‘".n':, g?_ﬂfl,l s OsmbvepZmmma  Cossgenen Zmmm:
-0 =t SzAnoNy
1923 Afelars Meters Meters » e s e "
6/6 1:56 Gammill 9.23 1,975 -7.255 4147.6 90 01 21.7
2:0L (Helio) 90 Ol 24.0
2:05 90 01 22.3
22.7 90 03 50.3
2:12 Lee 6.21 1.975 -4.235 +60.0 90 06 48.1
2:19 (Helio) 90 06 40.4
3:09 90 06 58.1
4.9 90 07 48,9
2:556 Cashion 1,16 1,975 +0.815 -20.8 90 08 22,0
2:68 (Hello) 90 08 7.8
3:02 9 08 22,8

22.2 90 08 Ol4
6/7 8:10  (Light) 1.26 1,975 +0.715 -18.3 SO 07 56.7

8:20 90 07 50.9
8:25 80 07 46.9
9:15 90 07 45.9

50.1 90 07 218

29.6
8:40 Thoraberry 3.11 1.975 -1,135+25.9 90 07 54.1
8:45 (Lizht) 90 08 0L.0
8:62 90 08 16.7
9:00 80 08 13.5
9:05 90 08 13.6
9:08 80 08 08.8

90 08 08.0 90 08 33.9

2.6

90 09 03.5

FiG. 44.—Abstract of zenith distances for sample computation of elevations—Continued
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DEFARTMENT OF COMMERCR
©.5. COAST AND GEODETIC SURVEY
rm

ABSTRACT OF ZENITH DISTANCES
Station .....3ampll], State Oklahome.

Observer ....A«F:3e. = BeQeBe .. Instrument... Ve 309 ...

Omzcr  TELESIOPE  pyr, op :-xlglwg

Dare Tlova OBIECT OBSERVED 5“,,:-"":”:" s‘.‘,“‘:‘i"o‘" HsErs o ii‘.’. OnsERvED ZEMTH c““ﬁf,"u‘;,z:m
192‘3 Meters Meters Meters . . . ” * . ’”
6/18  4:49 Lee 6.12 9.435 +3.215 -53.8 90 07 26.2

5:12 (Top of stand) S0 07 28.8

5:14 90 07 31.7

20.0 20 06 35,2

5:26 Willis 1.6 9.,43547.755 -157.8 90 03 36.3

5:30 (Top of stend) 90 03 36.2

5:31 90 03 33.8

35.4 90 00 57.6
Station :_Cashion Btate: Texas
Observer: A:F.8..—. E. 011, Tnstrament:. V. G2 109
141 &
OByEcT TELESCOPE Yyrpp. ?uc—
Date Hour  OBJECT ODSERVED grasTon s:-ﬂ_'-l‘-zgi ”é{“:{’z ::E}Eg: o"'p“,‘,',‘,'."mzc',““ Co:imm
MEress MsTies MsrEms STATIONS

1923
6/11 1:;07 Willls 1.77 1,365 =0.405410.3 89 56 21.3

1:10  (Helio) 89 56 14.0

1:14 89 56 16.0_

17.1 89 56 27.4

1:25 Gammill 9.23 1,365 «~7.865492.2 90 01 43.1

1:35 (Helio) 90 01 53.0
1:40 . 90 (1 45.0
1:49 90 Ol 36.0

90 01 42.3

43.9 90 03 16.2

[

+26 Thornberry 3.01 1,365 -1.645+30.0 90 04 O01.5
4:36 (Helio) 80 03 59.6
4:41 90 04 00.7

90 04 00,6 90 04 30.6
F1a. 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
(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.

reciprocal observations.

Drc‘lrrum'r OF COMMERCE

S COATY AMD GECDENC
Form 29 A

COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIPROCAL OBSERVATIONS.

Station 1, oce. Monument Cube Monument Cube Keele
Station 2, obe. Keele Keele Hastings Hestings [Hastings

° ] “ [ row ] row e 1 u ° :»
& 90 08 23.5 90 03 02.4 0 07 58.8 PO 05 17.5 |90 02 18,7
t S0 03 00.0/90 07 12,4 0 02 39.8 PO 08 40,9 |90 O3 363
fmh -~ 6 28.6| +410.0 - 518.8 | +328.4| + 116.6
-t - 311.8| +206.0 - 234 +14.7 |+ 0383
3 (a=t,) in secs. - 191.8] + 125.0 - 159.4| + 1017 | + 283
log ditto 2.28285 ,, | 2.,09691 2.20249,, | 2.00732 |1.58320
- ] 4.68567 4.68587 4.68567 4.68557 |4.68557
| logs_ 4.20550 4.29977 4.22395 4.44750 |4.06840
loglrtsn § (6~g] | |1427292 .. | 1.08225 1.21201 , | 1.14089 |0.33717
log 4 + 2 + 2 + 2 + 2 + 2
log B ()] 0 3] ] ]
lig ¢ o [¢] 0 [+] 4]
log (hs—hy) 1.27894,. | 1.08227 1.21208, | 1.14041 |0.2379
bamhy -18.79 +12.08 ~16.29 413,82 | +2.17
Iy ] 329,90 298.80 329,90 298.80 | 210.99
» 311.11 310,88 313.61 312.62 | 313.16
2loge 8.6110 8.5995 8.6479 8.8950 | 8.1368
log p=9~2log s 0.2890 0,4005 0.2521 0.1050 | 0.8632
pot (h=hy) 2045 . . 2-51', . 2,28 ol o 1.27, .7.30 o
o and mean ¢ 38.7 34.2 18.5 34.0 71.6 34,2 2-21 34.,1(35.1 34,1
heH=190° 10 2.5 10 14.8 10 8.4/ 13 58,4 05 64.0
biby=180° i e, 623.5 614.8 638.4)  8aé.e| 3540
Tog ditto 2,79484 2.78873 2.80509 2.92245 | 2,54900
oo 6.80394 6.80334 6.80496 6.80314 | 6.80394
calogs 5.69450 5.70023 5.67605 6.55250 | 5.93160
m;"","-r.aum 4.38454 4.38454 4.28454 4.28454 | 4.38454
log (0.5—m) 9.67782 9.67684 9.67064 9.66363 | 9.66908
(0.5—-m) 0.4762 0.4752 0.4684 0.4609 0.4667
pof 05~m) 4.08 3.98 4.45 7.85 1,37
mmm—— 10,99 513,19 ——

Fi6. 45.—Computation of elevations and refractions from reciprocal observations
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DEPARTMENT OF COMME!
U, $. COAST AND GEORETIC SURVE
Form 29 A

U. S. COAST AND GEODETIC SURVEY

RCE
Y

COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIPROCAL OBSERVATIONS,

Station 1, oce. Keele Cube Hastings Byers Hastings
Station 2, oba. Eyers Byers Byers Bailer Bailer

° [ o ! ¥ e o ¥ e  n e + v
I3 °0 o1 54.6i 89 59 43.7|90 02 43,1 90 05 05.0 90 04 39.3
[ 80 05 37,5/ 90 08 12.7{90 05 15,0 90 02 54.3 90 04 58.8
=t +3 42,9 +-8 29,0/ +2 3.9 -2 10,7 + 0 17.5j
1) +1 51.4 +4 14.5| +1 18.0 -1 05.4 + 0 08.8
3 (5=} in seca, + 111.4f + 254,50 + 76.0 ~  65.4 + 8.9|
log ditto 2.04689 2.40569 1.88081 1.81568,, 0.94448
T l 4.68557 | 4.68568 | 4.68557 4.68557 | 4.68557
log s 4.18110 | 4.18949 | 4.20738 4.20908 | 4.25792
| log (s a0 § G5, - 5] 0.91356 | 1.28076 | 0.77376 0.71018,,| 9.88797
log A + 2 + 2 +2 +3 +2
log B 0 o 0 0 0
llog ¢ 0 [+] 0 [+] [+]
108 (k—hy) 0.91358 | 1.28078 0.77378 0.71020,, | 9.88799
hy—h, + 8.20 +18.09 ~+5.94 - 5,13 + 0.77
h } 310,99 298.80 213.19 318,78 213.19
b, 319.19 317.89 319.13 313.650 313,86
2108 8.3622 8.3790 8.4148 8.418) | 8.5158
log pm9—2 log ¢ 0.6378 0.6210 0.5852 0.5819 | 0.4042
2 0f (hymh) 4.34 4.18 3.85 L 2.82 | 8,05
o and meen$ B85 4.1 |303 34.0(2407 34,1 5 241808 saz
1800 7 3| o' 56.4| o7 =81 07" so)z| o0p' 261
ey 180° i s 4521 w6.a|  amen 4793 57601
log ditto ] 2.65523 | 2.67797 2.67952 2.68061 | 2.76050
logo [ 6.80488 | 6.80365 6.80349 6.80409 | 6.80511
colog » 5.81890 | 5.81051 5.,79262 5.79097 | 6.74208
log 3~ 7738454 4.38454 | 4.28454 4.28454 4.28454 | 4.38454
Tog (05—-m) 9.66355 |9.67667 | 9.66007 9.66021 | 9.69223
(©5—m) 0.4608 | 0.4750 0.4573 0.4573 | 0.99238 R.
pol (05—m) 2,30 2.39 2,60 3,62 3.28
— 318,73 - 313,76 -

F1a. 45.—Computation of elevations and refractions from reciprocal observations—Continued
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DEPARTMENT OF COMMERCE
& 5 COAST AND GEDDETIC SURYEY
Form 29 A
COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIPROCAL OBSERVATIONS.

Station 1, oce. Byers Hastinzs | Baller Byers Lee
‘Btation 9, obs, Lee l Lee Lee Thornberry 'x'hornberr)L
° I i o 1 K o 1 % ° . ° P on
& 90 05 08.0 90 04 51,7 | 8958 42.1 90 04 23.0(90 03 20.1
t 90 05 53.6 |90 06 43.6 | 90 05 11.9 90 04 38.0[90 04 16.0
b +0 45.6(+1 59|+ 6 20.8 + 015,0| +0 35.9
} (&~ +0 22.81+0 56.0] + 3 14.9 + 007.6|+ 0 18.0|
}(5:~2) in sece. + 22.8| + 56,0 + 194.9 + 7.8 + 18.0
log ditto 1.26793 | 1.74819 | 2.28981 0.87506 | 1.28527
T l 4.68557 | 4.e8857 | 4.68557 4,68557 | 4.68557 |
| 10gs. 4.35434 | 4.36805 | 3.81606 4.26766 | 4.15328
| logletan§ -£0] | | 0.39784 | 0.80181 | 0.79244 9.82829 | 0,09412
ilogd + 2 + 2 + 2 4+ 3 + 2
g B ) 0 0 0 o |
L tog ¢ 0 0 0 0 0 |
o8 (B 0.39786 | 0.80183 | 0.75146 9.82831 | 0.08414 |
oy +250 | +6.3¢ | 4819 40,67 | +l.24
h } 218,73 | 512.15 | 218,76 318,73 | 220.01
N 321,28 | 319.58 | @19.95 319.40 | 3a.25
2logs 8.7087 | 8.7361 | 7.6321 8.5853 | 8.3066
Jog p=0~2 log s 0.2918 | 0.2638 | 1.3679 0.4647 | 0.6934
pot tu=h) 01.96 ° 1.84 L z;.za ° ?.92 o 04.94 °
«s0d mesn ¢ 47,2 34.1 88.2 34.2 56.5 34.2 86.2 34.1(7.5 34.1
T 11 o1l 1'wsle 03’5400 09'010| 07’5601
Fka—180° in sec. 661.6 695.3 284.0 54190 4761
Yog ditto l 2.82060 | 2.84217 | 2.35922 273320 | 2.67770
log » 6.80428 | 6.80516 | 6.80455 6.80515 [ 6.80317
colog s 5.64566 | 5.63195 | 6.18394 5.73334 | 5.84672
Tog 21 T 30454 4.38454 | 4.23454 | 4.28454 4.38454 | 4.38454 |
- =R
Yog (0.5~m) 9.65502 | 9.66382 | 9.74225 9,65523 |9,71218 |
©5=m) 0.4619 | o.4611 | 0.5522 R 0.4520 |o0.5154 R1
pof @5 5.1 5.45 | 0,43 3.4 |20 !I

ARV AL 18 GITXE 1i—o

320,00 320,56

P16, 45.—Computation of elevations and refractions from reciprocal observations—Continued
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U. 8. COAST AND GEODETIC SURVEY

DEFARTMENT OF COMMERCE
GEQDETIC SURVEY

V.5, COMT A%
Form 29 A

COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIPROCAL ORSERVATIONS.

Station 1, occ. Lee Thornberry Lee Willis
!
Station 2, ota. Willis i Willis Gazmill | Gemnill
2 [ e [ . g " 6 4

£ 89 59 21,1 89 55 04,2 89 59 21.1)90 03 50.3
i 90 07 48.9190 09 03.5 90 05 35.2/ 90 00 57.8
ey + 8 27.8] +13 50.3 + 7141 ~2 527
PR + 4 13.9| + 659.6 + 3370 -1 26,4
#(6,—h,) 1n seca. + 253.9| + 419.6 + A7.0) - 86,4
Tog ditto 2,40466 | 2.62284 2.32646 | 1.93651
T 4,68558 | 4.68558 4.68658 | 4.68557

. ] 4.16315 | 3.9862 4.10401 | 4.00605
Fl:.ﬁm.«,_f.,, 1.25339 | 1.26470 1.12605 | 0.62813,,
log A ‘ + 2 + 2 + 2 + 2
lg B | 0 o [\ °

¢ ] 0 0 0 0
log (k) . 1.25341 | 1,26472 1.12607 | 0.62815,,
b=, +17.92 | +18.40 +13.37 | - 4.25
M } 320.01 320,56 320,01 338.67
I 337.93 338.96 333.38 334.42
2logs 8.3268 | 7.9126 8.2080 | 8.0121
log p=s—2 log » 0.6737 1,0874 0,790 0.9879
pof (A—hy) 4,72 12,23 8.19 9.73

o ° o o . ° ° °
atnd mean 4.1 ’54:'1 66.2 54.1 7.1 34,2147 341
kg, 180° 07 10.0{ 04 07.% 05 66.3 04'47.9
Fe+,—180° i sec 430.0 24707 35643 28709
log ditto ] 2.63347 | 2.39393 2.55182 2.4592%
logs ( 6.80411 | 6.80483 6.80515 6.80326
cologs 5.83685 | 6.04372 5.89599 5.99395 |
h!'-"'z—"-mml " 4.7845¢ | 4.38454 | 4.38454 | 4.38454 |
1og (05— m) 9.65897 | 9.62702 | 9.63750 | 9.64099 :
(0.5~m) 0.4560 0.4237 0.4340 0.4375 ]
pol (0.5-~m) 2.12 0.82 1.6) 1.03
MTEAYERY DTN GPIYCE 11—
338.67 334.02

F1a. 45.—Computation of elevations and refractions from reciprocal observations—Continued
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DEPARTMENT OF COMMERCE
. 5. COAST AND GEODETIC SURVEY

COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIPROCAL OBSERVATIONS.

Station 1, oce. Thornberry| Willis
Station 2, ube. Cashion | Cashion

[ 4 . n o t M
3 90 01 51.1 90 08 Ol.4|
s 90 04 30.6 |89 56 27.4
=t |+ 2 39.5|~ 21 34.0
%) +1 19.8 |~ B 47.0
4 (f3—1) insecs. + 79.8 347.0
log ditto 1.90200 2,54033,
T ] 4.68557 4.68553
Log s 4.05335 | 3.90728
| log [s tan § (£, -0l 0.54092 1.13219
log A ‘ + 2 + 2
log B l [+] 0
g € 0 0
log (A,~4,) 0.54094 1.13321 ,,
hy—hy + 4.27 - 13.59
M ] 320,56 338.67
b 324.93 325.08
2logs 8.1067 7.8146
log p=0—21log s 0.8933 1.1854
pof (hy—hy) o 7.8? 515.32’
«sad mean ¢ g3.7 4.0 (1602 341
Bebr1900 06’217 | 04’ 2.8
£1-+$,—180° in sec. 381 ."l 263.8
log ditto l 2.58172 | 2.42043
log s | 6.50489 | 6.80329
colog s 5.94665 6.09273
log 251" T 35454 4.38454 | 4.38454
log (0.5—m) 9.71780 9,70990
(0.5=m) 0.5222 R| 0.5128 R
pof (0.5-m)
pryi=pr——r— = =

325.08

F16. 45.—Computation of elevations and refractions from reciprocal observations—Continued




164 U. 8. COAST AND GEODETIC SURVEY

EXPLANATION OF COMPUTATION

The mean corrected zenith distances, {; and {», are taken from
Form 29. (See 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 log &’’ 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;—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 (f,—¢;) 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 (f:—¢;)] 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 1% (¢:—&1)] gives
log (ha—H;). The elevation %, in each case is obtained from preceding
computations.

The relative weights to be assigned to the various values of ks —#,
in the least squares adjustment are inversely proportional to &°, and
for convenience are computed by the formula log p=9—2 log s, as
shown on the computation directly below A;. 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,

_ = (at£a—180%p sin 17

0.5 28

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 a and “mean ¢’ as arguments. The relative weight,
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p, to be assigned to each determination of (0.5—m) is proportional
to s%. The logarithm of s? (or 2 log ¢) 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
4.96 1542.5283
1542.5283
4.96

=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—hi=s cot (f;—k) ABC=s tan (90°—¢§,+%) ABC

(0.5—m) s

psin 177
distance of the object sighted, no vertical eccentric reduction being
made in the case of nonreciprocal observations. The other quan-
tities in the formula have already been defined.

where k= The quantity, {i, is the mean observed zenith
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Form 29B is used for computing differences of elevation from
nonreciprocal observations. (See fig. 46.) The quantities {; and
(f—o) are obtained from Form 29. (See fig. 44.) The quantities
log s, & and mean ¢ are all obtained from the list of geographie
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 220222 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. It 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 from 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. For 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 % 3.43) + (0.4237 X 0.82)
3.43+0.82

= 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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DEPARTMENT oF COMMERCE
¥, 5. COASY ARD GEODETIC SURVIY
Form 9B

COMPUTATION OF ELEVATIONS FROM NONRECIPROCAL OBSERVATIONS.

Station 1, occ. Benton Baller Tharnberry
Station 2, obe. Keele Thornberry | Gemmill
Object sighted Hello Helto Helio

® " e w ° b
h 90 O1 58.4/90 01 13,1{30 00 06.4
asad mean ¢ 88.1 34.1/34.9 34.1(28.9 34.1
log (0.6~m) 9.63246 9,66021 9.64992
Lgs 4,18146 4.10702 4.23756
colog p 3.19485 3.19620 3.19606
colog sin 17 5.31443 | 5.81448 | 5.32448 | 5.81443 [ 5.31448 | 5.814438
tog (k in seca.) 2.32320 2.27786 2.30797
Einsecs. 2105 189.6 250.0

Or-p4hinmes 49201 |4111.5 | +2435.8

log ditto 1.96426 2.04727 2.38668
T 4.,68557 4,68557 4.68558
loge 4.18146 4.10702 4.23756
log [# tan (90°-1-HE)] 0.83129 0.83986 1.30982
Tog 4 +32 +2 +2
log B [*) 0 0
llog € [¢] Q 0
log (As—My) 0.83131 0.83988 1.30984
i Ry=ay +6.78 + 6492 +20.141
t—o =0.54 =1.60 =6.02

Comected (hg = M)} +6.24 | +5.32 | +14.39

log p=0—2log s 0,6371 0,7860 0.5249
r 4.34 8.11 3.35
Wghted mean deatin ats, oo,

i d
o

Fi6. 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.
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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 x’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.

Fixed elevations

Elevation
Station

Meters Feet

329,90 1,082.3
301. 40 038, 8
208. 80 980.3
333.35 1.093.7
324,65 1,065 1

Assumed and adjusted elevations

Elevation
. Adi 1
Station Assumed, djusted
plus cor-
rection Meters Feet
Melers
3114 310.41 1,018.4
3184-r2 312.81 1,026.3
319413 318.47 1,044.8
314414 313. 60 1,023, 9
Lee..._.__ - 320413 319.75 1,049.0
Thornberry..._.- 321478 319. 90 1,049.5
Willis.___.._.... 339417 338.05 1,109.1 .

1This eolumn 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 taubulated in the form shown
below.



Formation of observation equations

Assumed | Observed Adjusted
difference | difference | Assumed difference | Adjusted
Station 1 Station 2 Weight of of minus | Symbol of minus pr » pr?
P elevation | elevation | observed elevation | observed
ha—h ha—h he—Mn [

1 Monument....coccoooo.. Keele .. _coomoooaaeo 2.45 —18.90 —18.79 —0.11 4+ —19. 49 -—0.70 —1.72 0. 4800 1. 2005
2 | Benton!. 1.45 -19. 60 -1-8. 24 +3.36 +n 40,01 +2.77 +4. 02 7.6720 | 11.1257
3 ‘ube___._ e 2,51 +12.20 +12.08 +.12 411 +11.61 —. 47 —118 . 2209 . 5545
4 | Monument. Hastings. ... ... 2.25 —16.90 -16.29 —.61 +rs —-17.09 —. 8 —1.80 . 6400 1. 4400
5 eele . . . ... Hastings ... _....___ 7.30 +2.00 +2.17 —. 17 | =nrtax +2.40 +.23 +1.68 . 0529 . 3562
6 [Cube ... Hastings .. ..._......___ 1.27 +14.20 | J13.82 +. 38 +ur: +14.0 +.19 +.24 . 03681 . 0458
7 i Byers..c...._.._.. 3.85 +8. 60 ~+5. 94 +.06 | —2rot13 +5. 66 - 38 —L08 . 0784 . 3018
8 4.34 +-8. 00 8 —.20 | —n+tns -+-8.08 —. 14 —. 61 . 0196 . 0851
9 4.18 +20.20 +19. 08 +1.11 +ur3 +-19. 67 +. 58 +2.42 . 3364 1. 4062
10 3.05 +1.00 +.77 +.23 | —r2tx +.7% -+.02 +.08 . 0004 . 0012
11 3.82 —5.00 —5.13 +.13 | —ratay —4,87 +.26 . 99 . 0676 . 2582
- 12 | Hastings._ 184 +7.00 +6.34 +.66 | —retus +6.94 +.80 +1.10 . 3600 . 6624

13 | Bailer... 23.33 +6.00 +8. 19 19 | —ritrs +6. 18 —. 04 —. 93 . 0018 . 037,
14 | Byers 1.96 +1.00 +2.50 =150 | —rtrs +1.28 —1.22 —2.39 1. 4884 2.9173
15 | Lee o moo oo 4,94 +1.00 +1.24 -2 | —r5tre +.15 -1, 00 —-5.38 1. 1881 5. 8692
16 | Bailer1 Thornherry.-.cccuoemnnae 2.04 +7.00 +5.32 +1.68 | —xitre ~+6.30 +.98 +2.00 . 9604 1. 9592
17 | Byers Thornberry. .o ooocven. 2,92 4-2, 00 +.67 +1.33 | —xatns +1. 43 +.76 42,22 . 5778 1. 6866
18 | Lee _____. Willis. ... 4,73 +19. 00 +17.92 +1.08 | —ostrr +18. 30 +.38 +1.79 o 1444 . 6316
19 | Thornberry Willis. . 12.23 --18. 00 +18. 40 —. 40 | —redx7 +18.15 —.25 —3.08 . 0825 . 7644
(I I T T, Gammill....._ceooooo 6.19 +13.35 -+13.37 —.02 1] +13. +.23 +1.42 . 0529 . 3275
91 | Thornberry oo _.____ Gammill...._._____..____ 1.12 +12.85 +14.39 —2.04 —Is +13. 45 —.94 —=1.05 . 8336 . 9506
22 | Willis._.. Gammill 9.73 - —4, 25 —1.40 —x7 —4.70 —.45 -4, 38 . 2025 1. 9703
23 | Willis_.._ i 15.32 —14.35 —13. 59 —.76 —I7 —13.40 +-.19 42,91 . 0361 . 5531
24 | Thornherry 7.82 ~+3.685 +4.37 -72 —~Is +4. 7 +.38 +2.97 - 1444 1. 1292
I pr? | 36.3529

1 Computed from nonreciprocal observations. Weight used here is one-third of that determined by the computation on p. 167.

SNOLLVATTA J40 INAWLSALAV ANV NOLLVLIJIWOD

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, A;—Ay, 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 -+,
hy—h, (assumed) =—18.90+ux,
hs—h, {observed) =—18.79+n
assumed —observed =—0.1142,— ;=0
7n=—0.114x (1)
For the difference of elevation of Benton and Keele, we have
(1) Benton, fixed elevation =301. 40
(2) Keele, assumed elevation + correction=311  +a,
hy—h, (assumed) =+9, 60+x,
ha—h, (observed) =+46.24+n,
assumed —observed =43.36+sm—1n=0
t=+3. 36+, ©)

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 (+x; in equation 1,
+i; 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 x'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 equations.
In the last column the products, p N, are given.
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Data for formation of normal equations

— f
© OO RN
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FORMATION OF NORMAL EQUATIONS

The normals are formed in the same manner as for condition
equations (see p. 11), except that the pNN 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)
+ (+1x40.3012)+ (—1X —1.2410) + (— 1 X —0.8680) = — 0.2695 +
4.8720+0.301241.2410+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 =

1 t+18.06 —7.30 —43 +18. 4227
2 +19. 56 —3.85 —. 757,

3 42107 -16. 7426
4 3 3 +2. 2036
] 4-42.98 —4, 94 -4,72 —9. 0465 —3. 7565
6 +3L07 | —12.23 | +18.0324 +27. 8724
7 +42.00 | 4-25. 4708 ~450. 5208

45861°—34——12
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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 7 b}
+18.06 | —7.30 —4.3¢4 +7.0127 |+13.4227
z1] +.40M3 | 424044 —.38851 | —.74364
+19. 56 —3.85 —4.2778 |~ —.7578
1| —29528 | —1.7552 +2.8361 | +5.4286
+16.6077 | —5.6052 | —1.84 —~1.4417 | +4.6708
x| +.33781 | +.11079 +.08681 | —. 28124
+21.07 —1.96 +2.5626 | -6, 7426,
1| ~1.0485 |.oco_ .. +1.6861 | 4302374
2 | —1.8918 | —.6210 —. 4836 | +1.5784
+18.1347 | —2.5810 | —2.02 (... __ —4.8494 | 37621 4115464
23 | 414232 436102 | +.28741 | —.20745 | —. 63670
+42.98 —4.94 ~4.72 —23.33 —0.9465 | —3.7565
2 | —2039 || —. 3379 —.1597 | +.5175
3 | —.3673 | —.4156 |- __ . —. 6902 +.5354 | +1.6433
+42.4088 | —5.3556 | —4.72 —24.3581 | —0.5708 | —1.5957
7y | +.12600 | +.11180 |  +.57436 [ -+ 22568 | <. 03768
307 |—12.3 —2.04 +18.9324 |+27. 8724
2| —g702 | - 7808 -.6057 | +1.8592
5 | —.676¢ | — 521 | —3.0760 | —1.2086 | —.2015
+29.9234 |-12.8261 | —58068 | 418.3295 [+29. 53010
rs | +.42%3 [ +.19706 | —.61255 | —. 986838
+4200 | ____] +25.4708  |+50. 5208
5 i —pa53 | —2.7110 | —1.0852 | —. 1776
8 | —5.4076 | —2.5275 | +7.8566 |+12.6576
4359771 | —5.2385 | 4322622 |+63.0003
x +.14561 | —.89674 | ~1.75113
+32.24 +zms +2. 2036
2 —. 5601 4-.8578
3 | —1o088 | 41 ooeo +3.0876
5 | —13.9008 | —5.4971 | —.9165
6 | —1.1620 | +3.6120 | 45.8193
7 —.7628 | 46076 | -+9.1733
414.4680 | 457573 |4-20. 22513
Iy —.39703 | —1.39793
Back solution
4 7 6 5 3 2 1
—0.39703 | —0.89674 | —0.61255 | +0.22568 | —0.20745 | +0.03631 | —0.38851
—. 05794 —. 07342 —. 22558 —. 10841 —. 07308 —. 12655
—. 39793 —. 40920 —. 10828 —. 17715 —. 02748 —. 07740
—.40 —. 95168 —. 13504 —. 03531 —. 17764
I —.95 —1.10017 —. 59246
I —1.10 —. 24808 —. 52632 —. 10130 —.50
T8 -.25 -5 —.19 n
X5 I3 I

The values of the x’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;—#%,) minus the ob-
served (ho—h,;) and is obtained by subtracting the quantity in column
6 from the corresponding quantity in column 9.

The column headed p» 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 pr'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 #’s. In computing this check the sign of
the # must be taken into account. For example, for station Keele,
correction symbol &;, we have

Zpo=(+1X —1.72) + (+1X +4.02) + (+1X —1.18) + (—1 X + 1.68)
+(—1%X —0.61)=—1.72+4.02—1.18—1.68+0.61 = +0.05.

For station Hastings, correction symbol x,;, we have,

Spo=(+1X —1.80)+ (+1X +1.68)+ (+1X +0.24)+ (—1 X —1.08)
+(—1X +0.08)+ (—1X +1.10)=—1.80+1.68 +0.24 +1.08—0.06
—1.10= +0.04.

All the remaining »’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:

Spv*

N,— N,

in which N, is the number of observed zenith distances, N, is the
number of unknowns, and = indicates as usual ‘“the sum of.”

= pr*=36.3529 (See p. .169)
N,— N,=24—-7=17 (See Fig. 43.)

log 36.3529=1.56054
colog 17=8.76955—10

ot
Py —0.33009

Probable error= +0.6745

at

log N

Ny

_v—o
log N:?’_”'Nu=o.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 wewht determined the difference of elevation of two points
with such a degre-e of aceuracy 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 i, is eliminated last. (See p. 172.)

The formula used in computing the probable error of the elevation
of any particular station is

(0. edum £y B2

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 C,, is the
weight coefficient of the elevation for the station in question.

The weight coefficient for any 2 is the corresponding diagonal term
before division in the solution of the normal equations. For i, the
correction symbol for station Bailer, it is +14.468. (See p. 172.)
The probable error of the elevation of Bailer is therefore

0,907
14,468

log 0.99=9.99402—10 (See p. 173.)
log (0.99)%2=9.98504—10
log 14.468=1.16041

=

(0.0 oo
log 77 755 =5:82763— 10
(099 o 11ocn
log\/——14_468—9.41333 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 oceupied, 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
V. 8. COAST AND GXODETIC SURVEY
Form 208

COMPUTATION OF ELEVATIONS FROM NONRECIPROCAL OBSERVATIONS.

Sration 1. occ. Momument Keele Hastings Lee
Station 2, obs. Cupola H.S.| Cupola H.§jCupola H.3{ Cupola K.Q.
Hastings Hastings Hastings| Haatings

Object sighted Top Top Top Top

: 6 1w 0 u e I = o+
3} 90 04 53.8 PO 00 29.6 189 53 57.4 90 05 42.2
aand mean ¢ 86.8 T4.2 19.5 34.2 [20.8 34.2|78.9 34.2
1og (0.5—m) 9.67403 9.67267 9.66502 9.65706
loge 4.25195 4.19443 3.78252 4.,41427
colog p 3.19485 2.19663 3.19660 3.19491
cologsin 17 | 5.31443 | 6.31443 | 5.81448 | 5.81443 [ 5.31443 | 5.31448
Tog (£ in secs.) 2:43526 2.37916 1,95857 2.58067
Ein secn. 22l 23904 9049 380.8

[

(#P—5+B) in secn. -:%4 | +20908 | 45855 | +@8l6
log ditta 1.33041,,| 2.3:81 2,71054 1,586569
T ‘ 4.68557 4.68558 4.68558 4,6855?
log s 4,25195 4,19443 3.78252 4.41427
Jog [# tan (90°=-g,+B)] 0.26793,,| 1.20182 | 1.17864 0.68643
log 4 2 2 2 2
log B 0 ] 0 [}

e € 0 0 0 0

| tog =) 0.26795, | 1.2013¢ | 1.17866 | 0.68645

: k=, -1.85 +15.92 +15.09 -+ 4.96

I Ay 329.90 310.41 312.81 319.75

1e-o +2,12 +2,12 +1.44 + 6,

l Corrected elevation 330.17 338.45 329.34 381.03
log p=9-2logs 0.4961 0.6111 1,4350 0,1715

o 3.13 4.08 27.23 1.48

Woighted menn clemtion of sla, os. 329.38

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.
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Table of elevations

Station

Elevation
Meters Feet
329,90 1,082.3
301, 40 988. 8
208, 80 980.3
333.35 1,093.7
324,65 1,065. 1
310. 41 1,018.4
312. 81 1,026.3
318,47 1,044.8
313. 60 1,028.9
319.75 1,049.0
319. 90 1,049.5
338.05 1,100. 1
329. 4 1,081




CHAPTER 6.—SPECIAL PROBLEMS 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
s 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 correections 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’ 21788 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
Prelimi- :
; Final
: Observed nary Difference
Station Finigiet corrected
direction corrected (3-2) ity
direction direction
-] ’ n ” ” ”
Grande_....... 25 00 27.23 27.23 0.00 26. 47
Corpus. .- 8) 32 48.42 49.11 +. 69 48.35
Garcia. .- 179 58 03.72 035. 31 +1. 59 04.55 |

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
14

in column 4. The mean of the three differences is +2?;28= + 0776.

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
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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.

DEPARTMENT OF COMMERCE
U. 5. COAST AND GEODETIC SURVEY
24A

Station . Monmument

C

12177 1 X — -
d by Y VY + 7y PO

Observer.CeVaH. 1917

Brarions OBSERVED

Checked by e aFeRe ..

DirecrioNs AeTER _ FINAL
Local ApJusTMENT SECONLS

Ringold G 00 00.00
Grande 25 00 27.23 26.47
Hebron 31 47 59.55
Corpus 80 32 48,42 48.35
Pancho 118 19 55.00
garcia 179 53 03.72 04,55

Fig. 48.—List of directions, with some directions previ-

ously fixed

The rule to be followed
then in making the direc-
tions already fixed consist-
ent with the new directions
is as follows: Take the ob-
served direction at one of
the fixed stations as an ini-
tial and add the fixed angles
in order to obtain a set of
preliminary corrected direc-
tions for the fixed stations.
Take an algebraic mean of
the differences obtained by
subtracting the observed
directions from these cor-
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

Ttfrequently happens that the mathema-
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-
cver, due to the fact that the sum of the
interior angles of a quadrilateral must
equal 360° plus the spherical excess of
the quadrilateral. This equation is
formed as follows:

Angle at Tide, Surf to Rail (fixed)
Angle at Rail, Tide to Marsh (4 5)

Surf

Marsh

Tide

F1G. 49.—First example of unusual

[~}

61
135

Angle at Marsh, Rail to Surf (—14-3) 53

Angle at Surf, Marsh to Tide (—4)
Sum — (1) 4+ (3)— )+ (5)

109
360

triangulation figure
7 7

09 52.0
09 30.6
44 335
56 13.2

00 09.3

As there is no spherical excess in this quadrilateral, we have
360° 00’ 0070=2360° 00’ 0973 — (1) + (3) — (4) + (5)

or

0=+93—-1+@B)— & +(5)
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DEPARTMENT OF COMMERCK
e 25 COMPUTATION OF TRIANGLES
State:
CWTERIER SR S &
N0, STATION ORSERVED ANGLE ~ CORE'N S/EERY Sitan  PLANE ANOLE LOGARITHN

23 Rall - Tide 3,437982
-1:2 1 Mareh 15 25 20.7
+5 2 Rall 135 09 30.6
1 -2-5 3 Tde (3 25 08.7)
13 Marsh - Tide 0.0
12 Marsh = Rail
2-3 Tide - Surf 3.634400
-2+3 1 Marsh 37 19 12.8
+2 - 3+4 2 Mde (32 44 34.0)
-4 3 surf 109 56 13.2
13 Marsh - Surf 0.0
1-2 Yarsh - Tide

F16. 50.—Triangle 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

7 n
Angle at Tide, Marsh to Rail (4+1—2—5) 28 25 08.7
Angle at Tide, Surf to Marsh (+2—3+4) 32 44 340

Angle at Tide, Surf to Rail (+-1—38+4—5) 61 09 427
Since the fixed angle at Tide, Surf to Rail, is 61° 09’ 52”0, we have
61° 09’ 4277 4+ (1)— (3) +(4)— (5)=61° 09” 5270
or
0=+493—(1)+(3)—4)+(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 0 D F E and two angle
and one side equations in the quadrilateral 4 B D O, 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 Bide

w

h

1

i

1

:

i

1

i

1

1

1

1

i
o | o~
WS~
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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 (. If the latter one is
used then the equation is, angle 0 A ) +angle A D E+sangle D EC
+angle E C A—the closure =360° + spherical excess.

A B

————2D

E F

F1a. 51.—~Second example of unusual
triangulation figure

SIDE EQUATION IN FORM OF LENGTH EQUATION

It frequently happens in the adjustment 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. (See fig. 52.)

Haliway Rock

Fia. 52.—Triangulation figure requiring length equa-
tion instead of ordinary side equation

Side equation

-2
Baker L.H.—HalfwayRock| 3. 588401 Baker L.H.—~EasternPoint| 4.045264 |.eeeu ..o
-] ’ ” o ’ ”
+2 47 46 5b.1 9. 8605707 +1.91 248 22 43 22,5 | 0.5809066 +5.03
=143 150 14 060 | 9.5496601 -5, 55 41 13 44 189 | 9.3750496 +8.61
3. 0077308 8. 0073100

0=--79.2—3.06(1)+ 6.94(2) —10.58(3)
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Correlate equation

v Adopted v
1 ~3.08 —1.430 —1.4
2 " 4694 +3.244 +3.2
3 —10. 58 —4, 945 —4.9

Solution of normal equation

0=—79.2+169.4636 C

181

COMPUTATION OF TRIANGLES

C=+0.4674
or COMMERCE
GLODETIC SURVEY
'm 25
State:
o STRER'L SrEIat  PLANE ANGLE
STATION OBSERVED ANGLE  Corm'N UL GrL FLANE ANGCR

23  EBagtern Polnt-Boker L.H.

Ijaznolls fleg pole 159 14 06.0
2 Eagtern Polnt 13 44 18.9
3 Boker L.H. 7 01 35.1

1-3)Magnolie flag aole-Baker L.H:

3.5 02.5
~l.4 17.5
+4.9 40,0

12 Maznolia fleg pole-Eastern Polnt

23  Halfwoy Rock-Beker L.H.

1 Megnolia flag pole 22 43 22.5
2 Halfway Rock 47 46 355.1
3 Baker L.H. 109 29, 42.5
1-3 Magnolia flag pole-Baker L.H.

-8.1 14.4 14.4

+3.2 58.3 8.3

+4.9 47.4 0.1 47.3
0.1

12 Magnolia flag pole-Halfway Rock
F1G. 53.—Triangle computation for Figure 52

IDENTICAL

EQUATIONS

LOOARITIIM

4.045264
0.450320
9.375637
9.037806
3.871221

3.583190

2.588491
0.413144
9.869536
9.974356
3.871221
3,975993

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.
of the identical equation will become zero, or nearly so, and the error
in selecting the equation thus becomes known.

In the solution, the diagonal term
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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.

Collins
(2N
ot
N4
Rye 8
¥ Chamcaok
N
)
Cooper
F1a. 5+.—Triangulation figure for which ‘identical equation®
was selected
Angle equations
L 0=+3.7—(1)+ @2+ (5)—(®)
2. 0=—24—-02)+@)+6)—@
8. 0=+411—-@)+D+@—(®
Side equalions
e ’ ” -] r ”
-7 27 53 43.7 | 9.8701150 +3.98 46 25 57 201 | 9.6411800 | 4-4.32
~6 16 52 355 | 9.4628623 +6.94 43 12 39 550 | 9.3108405 | -9.87
-8 37 22 42,4 | 9.7832137 +2.76 +7 59 13 352 | 9.931082¢ | 4125
8.9162219 8. 9162318
4. 0=—-9.9—11.26(6) —5.23(7) —12.13(8)
—13 -8
Rye-Chamecook 4, 4205047 Rye-Collins 43145841 oo __..
. 48 12 39 55.0 | 9.3400405 +9.37 || 42—47| 150 27 3.0 | 9.6028020 | —3.72
—243 | 126 08 45.1 | 9.9071522 ~1.54 =7 27 53 43.7 | 9.6701159 | +43.98
3. 8776051 3.6775921

5, 0=-+13.0+5.26(2) —1.54(3) —3.72(4) +-3.98(7) +-9.37(8)
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Correlate equations

(-]
©

Normal equations

1 2 3 4 5 n Za
1| 44| =2 | +11.26 +5.26 +3.7 | 42222
2 +14 -2 —6.03 —=10.78 —~2.4 -19,21
3 +4 +6.90 ~7.57 +L1 | +2.48
4 +-301. 2774 ~134. 4735 ~9.9 | +169.0339
5 +147.5149 | +13.0 | 12,9514
Solution of normal equations
1 2 3 4 5 ) Za
+4 e T I +1L.28 +5.28 +3.7 +22.22
G| s I —2.815 ~1.315 —.025 —5.555
+4 -2 —6.03 -10.78 —-2.4 —-19.21
S R N P +5.63 +2.63 +1.85 +11.11
+3 - - 40 ~8.15 —.55 —8.10
C: +. 66667 +. 13333 2. 71667 +.15333 +2.70
+ +6.90 —~7.57 +1.1 +32.43
2 -1.3333 —. 2667 —5. 4333 —. 3667 —5.40
+2. 6667 +8. 6333 —13.0033 +. 7333 -2.97
] —2.4875 4. 87625 —. 2750 +1.11375
+301.2774 | —134.4735 —9.9 -+160.0330
1 —31. 6969 —~14, 3069 —10.4155 —62. 5193
2 —. 0533 —1. 0867 —.0733 —1.0800
3 —16. 5003 432, 3456 —1.8242 +7.3878
+253.0260 | —118.0215 —22.2130 | +112.7024
Ci +. 45644 +.08779 —. 44577
+147. 5149 +13.0 12, 9514
1 —6. 9169 —4. 8655 —29. 2193
2 | —o2.1409 —1.4941 —22,0050
3 ~—63.4073 -+3. 5750 —14,4825
4+ | —55.0500 —10. 3611 +52, 6104
—. 0002 —. 1448 ~—. 1450

183
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DEPARTMENT OF COMMERCE
w5 AND GEODETIC SURVLY

SURVEY

COMPUTATION OF TRIANGLES

Form 28
State: ... Malne

NO. BTATION OBSERVED ANGLE

23 Coox r-Rye
142 1 Mag 24 29 20.9
+5 2 Cooper 25 52 15.7
-6 3 Rye 119 38 27.5

13 Mag-Rye

12 Mag-Cooper

23 Cooper-Colline
~143 1 Mo 160 38 06.0
+5 2 Cogper 6 09 35.8
=7 3 Collins 13 12 19.7

13 M=g-Collins

12 Mag-Cooper

23 Rye-Collins
=243 1 Mag 126 08 45.1
+6 2 Rye 25 57 29.1
-7 3 Collins 2 58 43.7

13 Meg~Collins

1-2 Mag-Rye

2-3 Collins-Chamcook
3+ 1 Meg 83 73 43.9
+7 2 Collins 59 13 36.2
-8 3 ghamcook 37 22 42.4

13 Mag=Chamecook

12 Mag-Collins

23 Chameook-Cooner
+1-4 1 Mog 115 58 10.1
+8 2 Chamcook 29 11 30.8
-5 3 Cooper 24 50 17.6

13 Mag-Cooper

12 Mag-Chamcook

23 Chamcock-Rye
+2-4 1 Mag 150 22 31.0
+8. 2 Chemcook 12 39 55.0
~8 3 Rye 16 52 35.5

13 Mag-Eye

12 Meg-Chemcook

FiG. 55.~Triangle computation for Figure 54

SrEa’L BrEER'L
CORBN “yair  sxceas

0.1
0.1
0.2
3.7 0.4

0.1

0.1
-1.3 0.2

0.1
0.1

0.1

0.2
0.1
0.1
=1.1 0.4

0.3
0.3
0.3
+2.4 0.9

0.1

0.1
~1.3 0.2

PLANE ANGLE

AND DISTANCE

LOGARITREM

4.190727?0

4.5286319

4.3145841

4.2624872

4.5299291

4.4295047
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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 frequently 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 v O—Muketeo L. H.
O—Muketeo L. H.”* O—Tall ™~ O—Ridge ™ O—Stump -
Substituting the sines of the angles opposite the sides for the sides
we have

sin (—3+4)Xsin (—6+7)_sin (—9+10)  sin (—2)=_1

sin (—54+6) "'sin (—8+9)" sin (—1+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



186 U. 8. COAST AND GEODETIC SURVEY

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 8 LS Talt
[]
0
&umpw

Muketo L. H.
Fi1G. 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 29—41.

Angle equations

1. 0=+49—1)+ @) —(9+(10)
2. 0=—20—-(2)+®H—B)+(6)
3. 0=1+34-3)+DO-G)+O—(®)+(©®)

Side equation

L] 1 " o ’ ”
—3+4 139 26 00.8 9.8131113 —2.5 —8+9 16 51.3 | 9.4420320 +7.3
—64-7 7 26 4L.4 9. 1125005 +16.1 —142 80 24 45.5 | 9.9038914 1.4
~9+10 76 04 521 9. 9370570 +.5 +3 11 53 0.8 | 93137156 +10.0
-2 11 37 %6.5 9. 3042404 +10.2 —5+6 17 03 20.9 | 9.4673165 +6.9
8. 2160182 8, 2169564

4. 0=—38.2+40. 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 equalions

1 2 3 4 . v Adopted
O N T 008 | —062 | +2202 [ +22
2 o —1 |- ~2.12 -3.12 —2. 541 —2.6
ER e i Zi| ~rs0 | —1s0 | — g1 —.8
4 |eoonoo 41 +1 —. 50 +1.50 —. 242 —.3
[ J T -1 -1 +1.38 -~.62 +. 543 +.5
[, I +1 | ~4. 00 —3.60 . 243 +.2
Y S O . +1 +3.22 +4. 22 -, 786 —.8
8 |l -1 4136 | 48 | 42888 | +2¢
9 -1 .. 41 ~1.58 —1.56 —. 245 -2
10 B 2 N [ +. 10 +1.10 —2.141 -2.1
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Normal equations

1 2 3 4 n Za c
1| 44 -2 | +0.08 +4.9 | 4608 —2,1752
2 +4 42 | -a3 —~2.0 —.38 +1. 8162
3 +6 —. 18 +3.4 | 49.22 —1. 8869
4 +45.0088 | —7.64 | 432608 +.8420
Solution of normal equations
1 2 3 4 " Za
I ~3 +0.08 +4.9 +6.93
(e +.5 —.02 —1.25 | —1745
44| 42 —4.36 -2.0 ~.36
cs| —5 | 4109 +.5 +.09
+6 - 18 +3.4 +9.22
1| -1 4+ 04 +2.45 +3.49
2| —1 +2.18 +1.00 +.18
+4 +2.04 +6.35 | +12.80
Ccs| —t —1.7125 | —3.2225
4450088 | —7.64 | -+32 9088
1| —.o0 —. 088 ~. 1308
2| —4752 | —2180 ~. 3924
3| ~—LO04 | —3.4935 | —6.5739
+30.2144 | —13.4115 | +25.8029
Cs | +0.32200 [ —. 65800
Back solution
4 3 2 1
+0.3120 | —L7125 | o5 -1.235
— 1744 | 3728 | ~.0083
40434 | 943
—1. 8569
+1.8162 | —2.1752
Computation of v's
1 2 3 1 5 8 7 ! 9 10

+2.175 | —1.816 | —2.175 | 41.816 | —1.816 | 41.816 | —1.887 | +1.887 | +2.175 | —2.175
+.027 —.725 | 41.887 | —1.887 | -1.887 | —1.573 | -1.101 . 400 | —L 887 +. 034

- 513 - 171 -+. 472 —. 533
42,202 | —2541 +.243 —.786 | 42.386 —2. 141
+2.2 -26 - §01 - 342 i 243 3 -8 +2.4 - ‘5’.45 -21

45861°—34——18
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DEPARTMENT OF COMMERCE
UL & COAST AKD GEODETIC SURVEY
Form 28

COMPUTATION OF TRIANGLES
State: .. Massachuaetta ... ... .

No. STATION OBSERVED ANGLE ~ CORR'N SIMRL SITXSh  FIANE ANALE LOGARITIN

2.3 Muketeo L. H. - Stump 5.526870
=910 1  Ridge 76 04 52.1 -1.9 50.2 0.012944
1 +3 2 laketeo L.M, 11 53 01.8 -0.8 01.0 9.212708
-1 3 Stump 92 .02 11.0 =2.2 08.8 9,999726
13 Ridge - Stump -4.9 2.8535:2
12 Ridge - Muketeo L.H. 3.539540

04.9
2.3 Muketeo L.H. - Stump 8.526870
~5+6 1 Tall 17 03 20.9 -0.3 20.6 0.532685
2 44 2 |lMoketeo L.H. 161 19 11,6 -0,3 11.3 9.881169
-2 3 Stump 11 37 25.5 +2.6 28.1 9.304267
1-3 Tall - Stump +2.0 3,740724
1.2 . Tall - Muketeo L.H. 3.363822

88.0
23 Muketeo L.H. - Ridge 3.539540
-5+7 1 fTell 24 30 02.3 -1.3 01,0 0,282263
3 =3+4 2 Moketeo L,He 139 26 09.8 40,5 10.3 9.813110
-8+9 3 Ridge 16 03 51,3 =-2.6 48.7 9.442014
13 Tall - Ridge =34 3.734918
12 Tall - Muketeo L.H. 3.363822

03.4
23 Stump ~ Ridge 2.853522
-64 1 Tall 7 2 4l.4 -1..0 40.4 0.837508
4 -142 2 Samp 80 24 45.5 -4.8 40,7 9.993890
-8R0 3 Ridge 92 08 43.4 -4.5 38.9 9.999696
13 Tell - Ridge -10.2 3.734918
12 Tall - Stump 3.74072%

10.3

F1G. 57.—Trlangle computation for Figure 56
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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  Bond 1l
careful about is the proper designation of
the angles. In the following example (see
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 Eastor Poiot L H
Pound Island L. H. is the sum of the tWo g s quadrilateral naving one
angles at Ten Pound Island L. H. between _ triangle with two concluded
Eastern Pt. L. H. and Bond Hill, and be- ¢
tween Ramparts flag and Eastern Pt. L. H. In triangles Nos. 1 and 3,

+4+3—5 (Ten Pound Id. L. H. hetween Eastern Pt. L. H. and ° ! "
Bond Hill)=104 53 11.1
—1+42 (Ten Pound Id. L. H. between Ramparts flag and
Eastern Pt. L. H.)= 16 09 19.0

3~~~ Ten Pound Island L. H.

A

N
\
*» Ramparts flag
s

—1+42+43—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.

-] ’ ”

—3+4 (Bond Hill) =30 52 02.6
—14243—5 (Ten Pound Id. L. H.)=121 02 30.1
—1+4+24-4—5 (sum of 2 angles) 151 54 32.7
180 00 00.0 .
+1—2—~4+45 (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

-] r ” o ’ n
—=1+2+3-5 121 02 80.1 9. 9328756 -13 —3+4 (30 52 02.6 9.7101620 +3.5
—4| 13 58 30.0 9.3320144 +8.5 +6 170 59 353 9. 9756521 +0.7
=546 | 40 43 19.0 9. 8145064 +2.4 —-142 |16 09 19.0 9. 4444218 +7.3
9. 1302964 9. 1302359

0=+60. 5+8. 6(1) —8. 6(2) +-2. 2(3) —12. 0(4$) —1. 1(5)+1. 7(6)
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1.

NO.

+3-5
+5
-3

+6
-4

-2
+5-6

~1+2

+1-2
-4-5
-3+4
-1+2
+3-5

23

. COAST AND GEODETIC SURVEY

Correlate equation

’ 4 Adopted »
‘1‘ +§'g I% 7::3, :‘—_1;
2 - T 1.
3 22 gy 1
4 ~12.0 +2.41 +2.4
5 =11 +.22 +.2
6 1.7 -3 -3

Solution of normal equation

0=-60. 54-300. 86C
=—0. 2011

COMPUTATION CF TRIANGLES

State: .. Massachusetts

s - o e SPHER'L SPEER',  PLANE ANAQLFE
OBEERVED ANGLE  CORRY “fuop” ‘pmiess  AND DISTANCE

Eastern Pt. L.H.- Bond Hill

Iffen Pound I4.L.E. 104 53 11.1 -0.6

ZEastern Pt.L.H.
3Bond Hill
Ten Pound Id.L.H.-Bond Hill
Ten Pound Id.L.H.-Bastern Pt.L.B.

1-3
12

30 16 16.3 +0.3
44 50 32.6 +0.4

23 Eastera Pt.L.H. - Bond Hill

1

2
“

3

9 01 54.7 +2.7

Ezstern Pt.L.H. 70 89 35.3 =-0.3

13 58 30.0 2.4

13 Remperts flag - Bond Hill

12

Ramparts fleg - Eastern Pt.L.E.

23 ©Xastern Pt.L,H.-Ten Pound I4.L.H.

1 Remperts fleg (123 07 22.0 ) -2.9
2 Eastern Pt.l.K. 40 43 19.0 -0.5
3 Ten Pound I4.L.H.16 03 19.0 +3.4

13
12

Ramparts flag-Ten Pound Id.L.H.
Ramparts flag-“asstern Pt.l.H.

23 Bond Hill ~ Ten Pound I4.L.H.
1 Ramparts flag (28 . 06 2.3) -5.6

2 Bond H1ll

30 52 02.6 42.8

3 Ten Pound Id.L.E(121 02 30.1) +2.8
13 Remparts flag-Ten Pound Id.L.H.
12 ' Ramparts flag-Bond Hill

Fi16, 59.~Triangle computation for Figure 58

10.5
16.5
33.0

57.4
35.0
27.6

19.1
18.5
22.4

2.7
05.4
32.9

LOGARITHM

3.517770
0.014326
9.702612
9.848288
3.235108
3.380334

3.517770
0.001677
§.575652
9.782894

'3.495009

2.902341

3.330384
0.077010
9.814505
9.444447
3.272399
2.902341

3.235108
0.327119
9.710172
9.932872
3.272399
3.495099
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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 ecircumference
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 nve
known sides @, b, ¢, and the known
angle A of the triangle 4 B C,
and the observed angles A P (=P’ and A P B=P"’, the problem
is to find the angles A BP and A C P.

For cases 1 and 2, let §=180°—1/, (4 +P’ 4-P"'),
and for case 3, let §=', (A—P'—-P"");

_c¢sgn P’
Let tan Z—b_—sin P
and tan e=cot (£ 4+45°) tan 8

F1G. 60.—Quadrilateral, three-point problem

Then angle A B P=8 +¢, and angle A ¢ P=S§—e¢ if tan ¢ is positive,
and angle A B P=8—¢, and angle A (' P=S8 +¢ if tan ¢ 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’ 0678, P’'=84° 12’ 5779,
A=86° 29’ 4273, log ¢=4.109221, and log 0=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

U. 8. COAST AND GEODETIC SURVEY

computed on Form 25.

DEPARTMENT OF COMMERCE
U, . GOAST AND GEODETIC SURVEY
Form

COMPUTATION OF THREE-POINT PROBLEM

Caze 1

- -]
“Ne
£
:
==
(S
<«

Case 3

Case 2

\ : //
S I /’
R N T
<
P
Cases 1and 8 Case 8
P 2l 38 06.8 P’
P 84 12 57.9 pr
A 86 X0 42.3
Sum
Sum 192 20 47.0 A
1$Sum 96 10 23.5 ——
A—sum
s-]so"—% SUI = 83 49 36.5 S-%(A—sum)-
Loge = 4,109221
Logsin P’ =  9,566668 ~10
Cologh =  6,355591 -10
Colog sin P"=  0,002217
Sum=log tan Z=~  0.033667

Z- % i3 142
Z+45°= 92 13 14.0
Logeot (Z+46%) =  §,588558, ~10
Logtan8=  0,9659:8
Sum=log tan e=  .9.554484,-10 Gign =)
o LJ
. 19 43 2.1
8 83 43 36.5
(Tan ¢+) (Tan =)
S+e=angle ABP 64 08 15.4 S—¢mangle ABP
8—e¢=angle ACP 103 32 57.6 S+e=anglo ACP
BPA 84 i2 57.9 APC 21 38 06.8 PCB 20 18 51.3
ABP 64 08 15.4 PCA 103 32 57.6 CBP 44 50 04.0
PAB 31 40 46.7 CAP 54 48 55.6 BPC 105 51 04.7

(For explanation of this form see Special Publication No. 26, 2d edition, paragraph 108, page 67)

SOVERNENT rRDITIN STNG 18810

F16. 61.—Computation of three-point problem
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COMPUTATION OF TRIANGLES

State: ... Naloe.

-—:;-m STATION OBSERVED ANGLE

2-3 Apple-Surf

1 Tide 74 14 10.9

2 Apple 19 16 12.3

3 surf 86 29 45.9

13 Tide~-Surf

12 Tide-Avple

23 Asple-Surf

1 ZEiwerds 84 12 57.9

2 Apple 64 06

3 Surf 3 49

13 Edwards-Surf

12 Ed.waré.s-ﬂpple

23 Apple~-Tide

1 Edwards 105 51 04.7

2 Apple 4 50

3 Tide 29 18

13 Edwards-Tide

12 Edwards-Apple

23 Surf-Tide

1 Edwards 21 38 06.8

2 Surf 54 48

3 Tide 103 32

13 Edwards-Tide

12 Edwards-Surf

CORR’N SMEFEL Srer'r.

~4.6
-0.9

aNaLE

2xcEny

=3.5 42.4 0.1

-~3.0

15.5
46.8

041

6l.4

57.7

0,1

0.1
0.1
0.2

0.1
0.1
0.2

0.1
0.2

PLANE ANOLE
AND DISTANCE

06.3
11.4
42.3

57,9
15.4

04.7
4.0
51.3

05.8
55.6
6?.6

F1G. 62.~Triangle computation for three-point problem

LOGARITHM

4.109221
0.016651
9.518537
9.999187
3.644409
4,125059

4,209221
0.002217
9.954045
9.720299
4,065483
2.831737

4.125089
0.016837
9.848226
9.689841
3.950022
3.831737

3.644409
0.433331
9.912382

9.967742
3.980182

£.065982 41
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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 isneeded in the adjustment. By designating the correction to
this direction as “‘ir,” it is possible to make an adjustment in which
the » 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-
Tde  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
Aople £2____ /e of the fixed stations is designated

7 Edwards “z.” In this example, the direc-

Fi6. 63.—Triangulation figure for which an “z” tion to Edwards from Surf is des-

direction s 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-Suri-Rail are computed as
follows:

Surf Rail

<,

(] ! 1

Angle at Surf, Tide to Apple, 86 20 42.4
Angle at Surf, Rail to Tide, 37 52 36.0
Angle at Surf, Rail to Apple, 124 22 18. 4
Angle at Surf, Edwards to Apple (—x) 31 40 46.8
Angle at Surf, Rail to Edwards (-r) 92 41 31.6
Angle at Edwards, Surf to Rail (—2+3) 18 18 16.0
Sum (—2+3+2) 110 50 47.6
180° +-spherical excess, 180 00 00.1

Angle at Rail, Edwards to Surf (+2—3—x) 69 00 12. 5
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Form =23

NO.

1,
3.
=142
3. +1-24x
-x
~1+4
4. +1-24x
¥ 2-4-x
=245
5., +x
+2-3-x

195

COMPUTATION OF TRIANGLES

SPECIAL PROBLEMS
State: .. Maine

STATION OBSERVED ANGLE ~ CORR'N Sfemne S/ESNL  PLANE ANOLE
23 Apple-Surt
1 Tide 74 14 10.9 -4,6 06.3
2 Apple 19 16 12.3 -0.9 11.4
3 suxf 86 20 45.9  -3.5 42.4 0.1 42.3
13 Tide-Surf ~9.0 0.1
12 Tide-Apple
2-3 Tile-Surf
1 'ge41 80 57 35.0 =3.0 32.0
2 Tide 61 09 353.5 «1.5 52,0
3 Surf &7 52 36.7 -0.7 36,0
13 Rail-surf «5.3 0.0
12 ‘Rail-Tide
23 Apple-Surf
1&1wuds_ 84 12 s57.9 40.1 58.0 58.0
2 sople 54 06 15.5 +2.9 13.4 0.1 18.3
3 Suxrf 31 40 46.8 «3.0 43.8 0.1 43.7
13 Edwards-Surf
12 Edwards-Aople 0.2
23 Anple~Tide
1 Edwards 105 51 04.7 0,2 04.5 04,5
2, Aople 44 50 041 42,9 07.0 0.1 06.9
3 Tide 29 13 5l.4 =2.7 43.7 0.1 8.6
13 Edwards~Tide 0.2
12 Edwards-Anple
23 Surf-Rail
1 Edvards 18 18 16.0 0.0 1e6.0 16.0
2 Surf 92 41 21.6 $3.0 24.6 0.1 4.5
3 Rall €62 00 12.5 2.0 09.5 08.5
13 Edwards~Rail 0.1
12 Fdviards-Surf

F16. 64.—Triangle computation for Figure 63

LOGARITAM

4.109221
0.016661
9.518537
9.999187
3.644409
4.125059

3.644409
0.005420

9.942508
9.788143

3.592347
3.437982

4.109221
0.002217
9.954048
9.720239
4,065436-1
3.831727

4.1250569

0.016837
9.848223
9.63982)1
3.990129-1
3.331727

3.502347
0.502579
9.955520
9.870159
4.094846
4.065435
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D:l'am'u:m' ©F COMMERCE

Yo COMPUTATION OF TRIANGLES

State: .. Maine
o, STATION OBSERVED ANGLE  CORR'N ¥/¥ING S1EIvw  FLANE ANOLE LoGARITIIN
23 Surf-Tide 3.534409
-244 1 Edwerds 21 38 06.8 ~0.2 06.5 06.56  0.433333
€. 4% 2 surt 54 48 55.6 3.0 58.6 58.6 9.912386
+4+3~4-x 3 Tide 103 32 57.7 «2.7 55.0 0.1 54.9 9.987743
1-3 Edwerds-Tide 0.1 3.990128
12 Edwerds-Surf 4.065485
23 Rail-Tide 3.437982
-344 1 Edwards 3 19 50.8  -0.3 50.5 1.235822
% -24Z4x 2 Rall 11 57 19.5 +3.0 22,5 9.316316
A2~4-x 3 Mide 164 42 49.7 -2.7 47,0 9.421033
1-3 Edwardg-Tide 0.0 3.990130_3
1.2 Edwards-Reil 4.094:847_1

F16. 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 oh-
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
problemy, 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 obfain
the angle at Tide in triangle No. 7.

Angle at Tide, Surf to Rail, 61 09 520
Angle at Tide, Edwards to Surf (4-2—4—z) 103 32 57.7

Angle at Tide, Edwards to Rail (4+2—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 “x” correction being ftreated 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 directions1, 2, 4, and z, the other 2, 3,4, and .
As both these equations contain @, it is possible to eliminate the z
and combine the two equations into one equation 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.
Side equations

Surf-Tide 3. 644100 Surf-Apple 4.100221  |oeooo..

o ? n o ’ ”

+x 54 48 55.6 9. 9123316 +1.48 —244( 21 338 06.8 9, 5666685 ~+5.81
+2—-4—z 29 18 5L4 9. 6898412 +3.75 [H1—24=x| 44 50 041 9, 8482267 +2.12
-14-2 8 12 57.9 9. 9977834 +.21 —r| 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 (z}
Or (z)=—0.3061—2.3775 (1)+411.6224 (2)—9.2449 (4)

Tide-Rail 3.437982 Tide-Burf 3.644409 (o........
2434 11 57 19.5 9. 3162360 +9.94 ~3-44 3 19 50.8 8.7641784 | -1-36.18
—2-+4 21 38 06.8 9. 5666685 -+5.31 +z 54 48 55.8 9. 9123816 +1.48
2.3209365 2. 3209690

2. 0=—32.5—15.25 (2)-4+46.12 (3)—30.87 (4)18.46 (x)

Multiplying equation 1 by 50 (=8.633) and adding to equation

2 we obtain the combined equation with the « eliminated.

0=— 2.59—20.11 (1)198.32 (2) —78.21 (4) —8.46(x)
2. 0=-32.5 —15.25 (2)146.12 (3) —30.87 (4)--8.46 (x)
0=—35.09—20.11 (1)+83.07 (2)+46.12 (3) —109.08 (4). (This equation
shoud be divided by 10 before entering it in the table of correlates.)

Correlate equation

t 0 Adopted
1] -200 | —o0.03 0.0
2| +a&: | 16 +1
3| +aa | +om +1
4| -1001 | -1 —.2
z +3.008 +3.0

Solution of normal equation

0=213.3764 C—3.509
C=+40.0164

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 & 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 x-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 ohserved
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 he so selected as to include the two
smallest angles in the adjustment. In Figure 65 are shown four
examples of mtersection stations. The way in which the pole is
selected in each is explained below.

In case No. 1, the smallest two angles being P A C and P B C, the
pole should be taken at P. In case No.2, 4 P B and A B P are the
smallest angles, and so the pole should be taken at A, the fixed
lengths A C 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 C' B and C 4 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 included 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 = is for this purpose alone. For example, in the second line
of the solution on page 201, the quantity — 1.32 in the = 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

F1i. 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 = 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
= column is +450.9180 this should be changed to +58.9179 before
the division is made. In the same way the quantity in the = 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 is 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 +8.0217—48.2605 —2.6372 = — 26.8327 which checks the
value in the = 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 = 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 4 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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Tn 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 4 column and a counterbalancing mistake in the = 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 7 Za
+6 +2 -2 +0.70 +1.22 +7.92
-1 G —. 33333 +.33333 —. 11667 —. 20333 —1.32
+2 +6 . +2 —16.81 —. 47 —6,28
-2 (1) —, 6667 =+. 6667 —. 2333 —. 4067 —2.64

0 -+5.3333 +2. 6667 ~16. 0433 —. 8767 —8.92
(1] -1 C: | —.50001 +3. 00814 +. 16438 +1. 67251
-2 +2 +6 —. 54 —1.80 +3.57
+2 +-.6687 (1) —. 6667 =+, 2333 +. 4067 +2.64
0 —2.6667 (2) | —1.3333 +8, 0217 +-. 4383 +4.46
0 0 44 +7.7150 —1.0450 +10.67
0 [ -1 Cs —1.92875 +. 26125 —2. 6675
+.70 |—-15.81 —54 +117. 7744 +5.13 107, 2544
—.70 —.2333 +.2333 El) —. 0817 - u3 —. 9240
[\] +16.0433 +8.0217 (2) | —43, 2605 —2.6372 —26. 8326
0 1] —-7.7150 (3) | —14.8803 +2. 0155 —20. 5708
[1] [1] (1] +354. 5519 -+4. 3660 -+58. 918079
o [\ [ -1 G -—. 03003 —1. 08003

INVERSE POSITION COMPUTATION

It sometimes hecomes 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. 14), but
it can be made more easily and silnply 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
The form is self-explanatory and needs no

Spencer to Peterson.

DEFAM’MENT OF COMMERCE
COAST AND GEODETIC SURVEY
Form 663

& sin (¢+—-)

Al co-a.

8 cos ¢+A§)—_A°‘B cos 'E‘
=

—damAh sln ¢, 208 S P(ans
in which log A\ =log (A'=-)) —correction for are to sin®; log A¢sm log (¢/—¢) —correction for arc to sln®; and log s=log s

INVERSE POSITION COMPUTATION

eorrection for are to sin*,
* NAME OF STATION

o » L 4 . o »’ [
L. ¢ 43 59 00,715 | Sbencer ‘ » | 123 05 41.248
2 & 24 30 38,203 | Peterson | » | 122 58 05.537
Ad (=¢'~4) + 31 37.578 AN (=N=-N) -7 3B

AN
2 + 15 48,789 T -3 47,856
(=¢+ D) 4 14 49.504 .
26 (sees) + 1897.578 A2 (sees) -455.711
log &5 3.2781697 Jrozax 2.6586896 ,
cor. are—sln - 15 cor. arc—sin i
log a4 3.2781982 log &N 2.6586895
. A
og cos 9.9995597 log c0s ¢ 9.2551177
eolog B 1.4894742 €0log Au | 1.4905902
log {s, €os ¢+A§-“)l 4.7676721  (opposite in sign to a¢)] lol{s, sl (u+ ) 4.0047974 m
togf cos (w5l 4:7676721 m

Yog &» 2.6530896, |[slogar| 7.976 |togtan(=4+7) |9.237m288 .
10g 5in ¢ny 9.8437024 |logF | _7.883 lap .| 189 47 40,69
Tog sec 5 0.0000046 _ |wgb | 5.824 |1ogain (a45) [ 9.2807433
log s 2.5022966 tog cos (a+%) | 9.2936220
[ -317.58 log 5 4,7740491
b 0,00 R cor. arc—sin + 18
—da (secs.) -217.93 log 8 4.7740507
& ) -158.58 8 59436.15

- 2 23.99
oty 189 47 40.69 *Use the tablo on the back of this form for sorseotlon of

to sin.
aliton 189 45 0170 e
2a 4+ 5  17.%
180

o @to1) 9 50 19.68

Nore.—For log s up to 4.52 and for A¢ or AN (or both) up to 10/, omit all terms below the heavy line except those printed

in heavy type or those und

d, if using }

to 6 decimal places,

FIa. 66.—Inverse position computation, Form 662

detailed explanation.

in which the angle (a +A‘¥

It should be noted, however, that the quadrant

2

)occurs depends upon the algebraic signs

of the quantities sin (a+ATa) and cos (a +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. Logs,is obtained in two ways, first by subtracting

log sin (a +%) from log { & sin (a +%) } and second by subtracting

log cos (a +A7a) from log{ 8 cos (a +A‘,—a)]-

Table of arc-sin corrections for inverse position computations

.-\rc-a"in Are-sin Are-sin
correction correetion correction
in units of Jog As in units of log a4 in units of log A¢
log & seventh or log 5 seventh Wy log & veventh or
decimal of log aA decimal of og AN decimal of log ax
logarithms logarithms logarithnis
4,177 1 2. 686 5.223 124 3.732 5. 525 497 4,031
4. 327 2 2, 836 5.234 130 3.743 5. 530 508 4,039
4,415 3 2. 924 5. 243 136 3. 752 5. 634 519 4. 043
4. 478 4 2. 087 5. 253 142 3. 762 5, 53 530 4. 048
4. 526 ] 38,035 5. 260 147 3. 769 5. b4 541 4. 052
4. 566 [] 3.075 5. 269 153 3.718 5. 548 553 4,057
4, 599 7 108 5. 279 160 3. 788 5. 553 565 4,062
4.628 8 3,137 5. 287 166 3. 796 5. 557 577 4.,066
4. 654 9 183 5. 204 172 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. 3811 186 $20 5. 570 613 4.079
4,718 12 3.225 5. 318 192 3. 327 5. 575 625 4. 084
4.734 13 3.243 5. 326 199 835 5. 579 637 4. 038
4. 750 14 3. 259 5. 334 206 843 5. 583 650 4.092
4. 765 15 3.274 5. 341 213 850 5. 587 663 4. 096
4.779 16 3.283 5. 349 221 . 858 5. 501 674 4. 100
4. 792 17 3. 301 5. 356 228 . 865 5. 595 7 4. 104
1..804 18 3.313 5. 363 236 . 872 702 4. 109
4,827 20 3. 336 5. 369 243 3, 878 5. 604 716 4,113
4. 857 23 3. 366 5. 376 251 3. 885 5. 603 729 4. 117
4.876 25 3. 335 5. 383 259 . 892 5. 612 743 4. 121
4.802 27 3.401 5. 390 267 . 809 b. 616 757 4.125
4.915 30 3,424 5. 398 275 905 5. 1 4,129
4. 938 a3 3. 445 5. 403 284 012 5. 624 788 4. 133
36 3. 464 6. 409 202 3.918 5.628 4,137
4.972 39 3. 481 5. 415 300 3. 5. 632 814 4. 141
42 3. 407 5. 422 309 3. 931 5. 636 829 4,145
45 3.512 5.428 318 3.937 5. 640 845 4,149
5.017 3. 526 5. 434 327 3.943 5. 644 861 4,158
5. 035 52 3. 544 5. 440 336 3. b. 648 877 4. 157
5. 051 56 3 5. 448 345 3. 955 5. 652 893 4,161
5. 062 59 8. 671 5. 461 354 3. 960 5. 666 909 4. 165
5. 076 a3 5. 457 3684 3. 966 5. 880 925 4. 160
8. 87 3. 699 b. 462 3713 3. 971 5. 663 941 4.172
5. 102 71 3.611 5. 468 383 3. 077 5. 667 957 4.176
5. 114 75 3.623 5.473 392 3. 982 5. 671 973 4. 180
5. 128 80 3. 637 5.479 402 3. 988 5. 674 089 4,183
5. 139 8.648 5. 484 412 3.993 5. 678 1005 4.187
8. 161 89 3. 660 5. 489 422
5. 163 94 8.672 b. 4956 433 4. 004
5.173 3. 681 5. 500 4: 4.009
5. 188 103 3.692 5. 453 4,014
5. 193 108 3.702 5. 510 4,019
5. 205 114 3.714 5. 515 474 4. 024
§5.214 119 3.723 5. 520 486 4. 029

F1%. 67.—Are-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’ 05537, the latitude 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 place of decimals.

145861°—34—14
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

° . »
a fo
£ & +
« 2. Peterson to 1. Spencer 9 50 19.83
Aa - 5 17.98
180
@ |1 spencer to 2.  Peterson 139| 45 | o170 °
First Angle of Triangfe
° ’ " o ’ ”
L4 44 30 | 38.293 2., Peterson A 1221 58| 05.537
ap| - | B |37.579 &= ar] o+ \ 7 ' 25.711
¢ 43 l 59 , 00.714+1 , 1, Spencer Fy I 123 I 05 I 41,248
8 4.'7740597 & 9.54810 -h 342781
cosa| 9,9935651 sin‘a | 8.46537 ©¢)| 6.5564 | o*sin*a| 8.0136
B 8.5105055 c 1.39664 D | 2.3025 b 2020
h 3.2781213 9.41011 8.9439 7.4936,
1st term, +1a97':2353 8 ferm, +o.o;as (axy | 7.976
od term. +0.2670 |istem|{ =0.0031 P 7.343
+1897.4929 5.819
$dand 4th torms. + 0.0858 8 4.7740507
y-14 -+1897.5787 |sine 9.2326831 Arg) A 2.6586899
He+ed (44 244953 | A 8.5090166 s § =63 [ink(p+g)| 9-8437025
seop’ 0,1429454 Al +4 leciad 46
2. 6.,"}‘3623% Corry =59 2.5023970
Timtss s e atl 4+ sss.m1s 1 —ae | ymm.07

Fi1G. 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 a 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
¢q is the geodetic latitude; N\, and A, the astronomic and geodetic
longitudes respectively; a, and o, the astronomic and geodetic
azimuths, respectively, then

€03 ¢ (A, — Ag) = —cot ¢G(aA"'aa)1

or (e, —ag)+sin ¢e (A—2Ne)=0,

or ag=sin ¢ (A —Ns) +a,,
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 ares
of triangulation. Then at each Liaplace 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 the 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’ 15”55; the observed astronomic longitude of Parkersburg
is 88° 01’ 48%30; 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:
[ ’ 144

Astronomic longitude of Parkersburg, A\, = 88 01 48.30
Geodetic longitude of Parkersburg, Ag = 88 01 49.00
A A RG = —0. 70
Sine of geodetic latitude of Parkersburg, sin ¢ = +0. 624
sin da ()\A — XG) = —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’ 15711, 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. S8
and 89 of the Figure of the Earth and Isostasy from Measurements
in the United States.) Let ¢, A, and ¢/, N’ be the latitudes and longi-
tudes of the given stations. It is required to find the distance, s,
in meters between the stations (6 being the arc distance) and the
azimuth ey and the back azimuth ag of the line joining the stations.
Let, a=90°—¢, ¢=90°—9¢',2=3 (a—¢) ¢*sin® } (a+¢),

@' =a—=z, ¢’ =c+x, B=N—A,
tan 3 (A’—C")=sin £ (@’—¢') csc & (@' +¢’) cot 1 B,
tan 3 (A’+0')=cos % (&' —¢’) sec § (¢’ +¢’) cot 3 B,
sin b=sin B sin &’ csc A’ =sin B sin ¢’ csc (',
and b=#@
Then ay=180°- (",
ap = 1800 +A’,

and ¢ (in meters)= (8 in seconds) (%)

or & (in miles) = (6 in seconds) (—i)x 0.00062137

In the formulas above e 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’ 2070 and 99° 08’ 3770,
respectively, and the latitude and longitude of Washington, D. C,,
as 38° 53’ 2370 and 77° 00’ 34Y0, respectively, the distance and
azimuths between the two cities are computed as follows.
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Sample computation of long distance

o ? Irs -] ’ 144
¢ 19 27 20.0) 44 (A'—C") —44 30 55
A 99 08 37.0 |14 (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 ) ap=180°—C’ 219 57 38
¢=90°—¢’ 51 06 37.0 | ap=180°+ A4’ 51 00 32
Y (at+o)=%(a"+¢) 60 49 388.5 [logsin B 9. 57608+-10
% (a—c) 9 43 015 | log sin @’ 9. 97433-10
B=N—-2XA —22 08 03.0|logecsc A’ 0. 10944,
¥% B —11 04 OL5 _—
34 (a—c) in seconds 34981. 5 | log sin 0 9. 65985-10
log 34 (a—¢) in seconds 4. 54384 log sin B 9. 57608,-10
log sin ® 15 (@ +¢) 9. 88§218-10 | log sin ¢’ 9. 89148-10
log & 7. 83050-10 | log csc C’ 0. 19229,
log z 2. 25652 log sin 6 9. 65985-10
z 18075 et o
o 1’ [} 27 11 21
o =a—z 70 29 30.5 | ¢ (in seconds) 97881'"
¢ =ctu 51 09 37.5 | log (8 in seconds) 4, 99070
1 (@’ —¢') 9 40 0L 0 | colog A 1. 49062
e R e s
72 - )
Jog cot 3¢ B 0. 70864, log 0.00062137 6. 79335-10
log tan 3§ (A’—C") 0.99265,-10 | % g’;t’;:)es) 82T 45
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 (4/+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 gquadrilateral 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 closures 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 was found that the angles at Anarchist between Gillespie
and Spur and between Spur and Oroville required corrections of
—3"28 and +3"37, respectively, and that the angles at Spur be-
tween Anarchist and Gillespie and
between Oroville and Anarchist
required corrections of 43778 and
—3"51. 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 equa-
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 1724, 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 0749.

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.

Anarchist

FIG. 69.—Quadrilateral used in side equation test



210 U. 8. COAST AND GEODETIC SURVEY

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 enor, it
can probably be located by the second test.

DIPI:ETMENT OF COMMERCE
T

orm COMPUTATION OF TRIANGLES
State: ... WAsRINgton.... .. . ..

No. BTATIONS OBSERVED ANGLE  CoRpN JZIRL Srmean FLANEANGLES .  gooantran
2-3 Gillesnie - Spur

-5+6 1 Oroville 77 58 50.51

~104¢11 2 Gillesnle 54 50 54.68
=749 3 Spur 47 10 15.78
1-3 Oroville - Spur -0,05 0.92
1-2 Oroville ~ Glllespie
00,97

2-3 Gillespie - Spur
-1+2 1 Anarchist 35 39 53.10
«10412 2 Gillespie 123 44 27.67
-849 3 Spur 20 35 40,14
1-3 Angrchist - Spur -0,15 0.76
1-2 Anarchist - Gillesovie
00.91

2-3 Gillespie ~ Oroville
=143 1 Anarchist 64 31 19.43
-114122 Gillesple 68 53 32.99
=445 3 Oroville 46 35 08.71
1-3 Ansrchist - Oroville =-0.49 0.64

1-2 Anarchist - Gillespie
01.13.

2-3 Spwr - Oroville
-2+3 1 Anarchist 28 Bl 26.33
-748 2 Spur 26 34 35.64
-446 3 Oroville 124 33 59.22

1-3 Anarchist - Oroville -0.39 0,80

1-2 Anarchist - Sour

Ol.19
F16. 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 a direc-
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tion of gg—g= 1”24, The second test with the pole at Gillespie gave

an approximate average correction of 3§—3= 1752, the third with the

pole at Spur, a correction of gg—'§= 1710, and the fourth with the pole
at Oroville, a correction of %=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.

Side equation with pole at Anarchist

o ’ ” o ’ ”

—104-12 {123 44 27.67 0.9193019 | —1.41 —8+9 20 35 40.14 0, 5462360 +-5. 60
~74+8 25 34 35.64 9.6506805 | 44.21 —4+46 (124 33 59,22 9. 9156471 —1.45
—4+5 46 35 08.71 9.8611781 | +-1.99 —11412 68 53 32.99 9. 9698331 +.81

9. 4317595 9, 4317212

0=138.3—3.44(4) 4 1.99(5) +1.45(6) —4.21(7) +9.81(8) — 5.60(9) + 1.41
(10)4-0.81 (11) —2.22 (12)

38.3 ..
sra=1724
30.9
Side equation with pole at Gillespie
-] ’ rn” o ’ ”
~749 | 47 10 1578 | 9.8653320 | +1.95 || —54+6 | 77 58 50.51 | ©.9903732 | +40.45
—4+5 | 48 35 0871 | 9.8611781 | 4199 || —143 | 64 31 10.43 | 0.9555679 | +1.00
—142 | 35 39 53.10 | 9.7656995 | -+2.04 || —S+9 | 20 35 40.14 | 9.5462360 | +5.60
9. 4622105 9. 4921771

0=-+33.4—1.94(1) +2.94(2) —1.00(3) —1.99(4) 4+ 2.44(5) —0.45(6) —1.95
(7) +-5.60(8) —3.65(9)
33.4

29.2__yy
25.0 1452
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Side equation with pole at Spur

o 7 ” ° ’ ”

—4+6 [ 124 33 59.22 0.9156471 | —1.45 —2+3 23 51 26.33 9. 6836143 -+3.82

=142 356 39 RB.W 9.7656995 | 4+2.94 | —10412 | 123 44 27.67 9.9108019 —1.41

—10+11 | 54 5 5468 9.9125683 | +1.48 —5+6 77 58 §0.51 9. 9903732 4. 45
9. 5939049 9. 5938794

0=+425.5—2.94(1) +6.76(2) —3.82(3) +1.45(4) 4 0.45(5) —1.90(6) —2.89
(10)+1.48(11) 4 1.41(12)
255 .,
931 1710
Side equation with pole al Oroville

° ’ ” ° ’ ”

—143 64 31 19.43 9. 9555670 —-11412 63 53 32.99 9. 9698381 +0. 81
—10+11 54 5 5468 9. 9125683 —749 47 10 15.78 9. 8653329 +1.95
—7+8 26 34 35.64 9. 6506895 —2+3 28 51 26.33 9. 6836143 +3.82

9. 5188157 9. 5187853

o
RES

0=130.4—1.00(1) +3.82(2) —2.82(3) —2.26(7) +4.21(8) — 1.95(9) —1.48
(10)+2.29(11) —0.81(12)

w

304_ .,
.6—1'48

[

Spur

FiG. 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)

1. 0=+
2. 0=+0. 39— (210) 4 (211) — (216) + (217) — (218) + (220)
3. 0=-0. 49—~ (208) + (209) — (215) -+ (217) — (218) 4 (219)
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COMPUTATION OF TRIANGLES

P T oo canorss sty
Form 23
State: .¥ashington
SUTEREEENT TRNTON VTN
NO. BTATIONS OBSBEVED ANGLE
2-3 Gillespie - Spur
21942201 Oroville T 58 50.61
~207+4208° Gillespie 54 50 54.68
-210+2138 Spar 47 10 15.78

1-3
1-2

Oroville - Spur
Qroville - Gillesple

23
-215+216!
-20742092

-2+
1-3
1-2

Gillesple ~ Spwr
Anarchist 35 33 53.10
Gillespie 123 44 27.67
Spur 20 35 40.14

Anarchist - Spur

Anarchiet =~ Gillespie

2-3 Gillespie - Oroville
21542171  Anarchist 64 31 19.43
-20842092 Gillesple 63 53 32.99
21842193 Oroville 46 35 08.71

1-3 Anarchist - Oroville

1-2 Anarchist - Gillesple

2-8 Spur - Oroville
21642171  Anarchist 28 51 26.33
21042112  Spur 26 34 35.64
-2184220% Oroville 124 33 59.22

1-3 Anarchist - Oroville

1-2 Anarchist - Spur

cormn Sy Smvl FUSVEAANCES  Locamram
4.3372464
40.54 51.45 0.31 51,14 0.0096254
~1,26 53.42 0.31 53,11  9.9125550
40,27 16.05 0,30 15.75 9.8653328
-0,05 0.92 4.3094238
4.2622056
4.3372184
~3,2849.82 0.25 43.57 0.2343109
-0,6527.02 0.25 26,77 9.9198531
+3.7843.92 0.26 43,66 9.5462557
~0.15 0.76 4.5414504
4.1678130
4,2622086
+0,0919.52 0.21 19,31 0.0444321
+0.6133.60 0,21 33.39 9.9698384
«1.1907.52 0,22 07.30 9.8611753
-0,49 0,64 4.2764761
4,1678130
4.3094288
+3.3729.70 0.27 2.43 0.3163738
-3.5132.13 0,27 31.86 9.6506736
-0,2558.97 0.26 58,71 9.9156478
~0,39 0,80 4.2764762
4.5414504

FiG. 72.—~Triangle computation for quadrilateral used in side equation test

Side equation

] r ”
~2074208 { 54 50 54.68 | 0.91255820  +1.48
—~2104211 [ 26 34 35.6¢ | 9.65068052 ; 44.21
~2184-219 [ 46 35 08.71 | 9.86117810 ( +1.99
~2154216 | 35 39 53:10 | 9.76560045 [ +2.94

9. 19012536

o 14 "
—2194220 | 77 58 50.51 | 9.90037327 | 40.45
—2164217 | 28 51 26.33 | 963361433 | 43.82
—2084200 | 68 53 32.99 | 0 96083806 | 40.81
—2114212 { 20 35 40.14 | 9.54623598 | 45.60
9. 19006164

4, 0=-63.72—1.48(207) +2.29(208) — 0.81(209) — 4.21(210) +9.81(211)
—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 . v Adopted
+0.63 -+0.64
—. 622 —. 82
— 014 —.01
+1.081 +1.08
—2.435 -2.43
+1. 354 +1.35
+1.067 +1.06
=2.221 -2.22
+1.154 +1.15
+.478 +.48
—. 707 -7
+.229 +.28
Normal equations
1 2 3 4 n =a 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 —. 2414
+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
carcfully 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. If
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 v’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 st 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 AN’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
log @ =6.80469857
Polar semi-axis, b, =6356583.8 meters
log b=6.80322378
.. Py ¥
Eeccentricity, ¢, = \/ pra
¢2=0.006768658,
log ¢ =7.83050257—10
Base of Naperian logarithms, ¢, =2.71828183
log ¢=0.43429448
Modulus of common logarithms, M, =0.43429448
log M =9.63778431— 10
7=3.14159265
log = =0.49714987
log sin 1’/ =4.68557487—10
log tan 1/’ =4.68557487~10
1 kilometer =0.621370 statute mile=0.539593 nautical mile.
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=239.37 inches (law of July 28, 1866).
1 meter =3.28083333 feot.
log. 3.28083333 =0. 51598417
1 foot=0.30480061 meter.
log. 0.30480061 =9.48401583 —10.

Probable error of an observation, r =0.6745 ?’—;
Probable error of result, r,= 1/——0 6745 ( 1)

Probable error of an observation of unit weight, u; =0.6745 %%

Probable error of an observation of weight py, r; = 17—21)- =0.6745 p—i?%—)-
> (i

Probable error of an observed direction,d =0.6745 \/ »‘Tﬁ where =v* =sum

of squares of corrections to directions, and ¢ is the number of
conditions.
AT
3n’
where ZA? is the sum of the squares of the closing errors of the
triangles, and » is the number of triangles.

45861°—34——15 219

Mean error of an angle, a =
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Logarithms of radii of curvature of the earth’s surface (in meters)
[Based upon Clarke’s spheroid of 1866 as expressed in meters].

Latitude

Azimuth (degrees)
0° 1° 2° 3° 4° 5° 8° 7° 8°

6.80175 | 6.80175 | 6.80175 | 6.80176 | 6.80177 | 6.80178 | 6.80180 | 6.80181 | 6, 80183
I 177 177 178 178 0 182 184 186

179 18
184 184 184 185 186 187 188 190 192
195 195 195 196 187 198 199 201 203
209 209 210 210 211 212 214 215 217
o 228 235

228 208 929 230 232 233
249 249 250 250 251 253 g;; 256
296 300 301

322 322 322 323 324 324 325 326 323

348 348 348 348 340 350 351 852 353
373 373 373 873 374 874 g;g 376 2&7)

398 306 398 396 37 398 399
417 417 417 418 418 418 419 420 421
435 435 436 436 436 437 437 438 439
450 450 450 451 451 452 452 453
461 461 481 461 462 462 463 463
468 468 468 463 463 469 469 470 470
470 470 470 470 471 471 472 472 473
Latitude
Azimuth (degrees)
8° 9° 10° 11° 12° 13° 14° 15° 18°

63

474

476

Latitude

e 18° 19° 0° 2° 22° 23° 24°
6.80213 | 6.80217 | 6,80222 | 6.80226 | 6.80232 | 6.80237 | 6.80242 | 6. 80248
A5 219 24 228 234 239 244 250
221 225 230 234 239 244 250 255
21 235 239 244 249 254 250 264
24 248 252 257 262 266 271 27
261 265 260 23 2 232 27 292
280 284 287 202 296 300 305
301 305 308 312 318 320 324 329
324 327 330 334 338 341 345

347 350 357 360 364 367 371
371 373 378 379 382 338 389 392
304 306 308 401 404 407 410 413
416 417 419 422 424 427 430 432
434 436 433 440 443 448 450
451 453 451 456 459 461 463 465
464 468 470 472 473 476 478
474 476 478 479 451 483 485 487

432 433 485

480 487 459 490 492
482 434 485 487 489 490 102 494
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Logarithms of radii of curvature of the earth’s surface (in meters)—Continued

Latitude
Azimuth (degrees)

2° 25° 26° 2° 2° 29° 30° 31° 32°

‘6. 80279 | 6.80235 | 6.20292 | 6. 80290
4 280 204 300

287
285 292 208 305
204 300 308 313
305 311 317 324
319 325 331 337
335 340 348 352.
353 353 369
372 377 382 388
891 306 400 405
411 415 419 423
430 434 437 441
48 451 453 458

4687 470 473
478 481 484 436
489 492 404 497
498 500 502 505
503 505 507 510
504 507 509 511

Latitude
Azimuth (degrees)
32° 33° 34° 35° 36° 37° 33° 39° 40°

6.80327 | 6.80335 | 6.80342 | 6. 20350 | 6. 80357
329 336

344 351 359
333 340 348 358 363
348 355 362 369
350 357 364 371 378
362 368 375 382
376 382 388 304 401
391 397 402 408 414
412 418 423 429
424 429 434 439 44
441 445 450 454 459
457 461 485 469 474
472 476 480 484 487
4386 480 493 496
498 501 504 510
508 510 513 516 519
515 517 520 523 535
519 522 524 527 520
521 523 526 528 531
Latitude
44° 45° 46° 47° 48°
6.80388 | 6.80305 | 6.80404 | 6.80411 | 6.80419
339 397 404 412 4
393 400 408 4156 423
308 408 413 420 428
406 413 420 427 434
415 422 420 438 442
428 433 439 446 452
438 444 450 456 462
451 457 462 474
464 470 475 480
478 482 487 492 496
400 495 499
502 508 510 514 518
514 517 520 524 528
526 520 532 536
531 534 536 539 542
639 542 54 547
540 6542 545 548 550
541 544 546 549 551
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Logarithms of radii of curvature of the earth’s surface (in meters)—Continued

Latitude
Azimuth (degrees)
48° 49° 50° 51° 52° 53° 54° 55° 56°

6.50419 | 6.80426 ) 6.80434 | 6.80442 | 6.80449 | 6, 80457 | 6.80464 | 6.80471 | 6.80479
420 423 435 43 450 458 465 472 479
423 430 438 445 453 460 467 474 481
423 435 42 450 457 464 471 478 485
434 441 448 455 462 460 476 483 489
442 449 456 463 460 476 482 480 405
452 458 465 471 477 48 490 496 502
462 468 474 430 486 492 498 503 509
474 479 485 490 406 501 508 512 517
435 90 495 500 505 510 515 520 525
496 501 508 510 515 520 524 528 533
508 512 516 520 524 528 533 537 541
518 522 528 530 533 537 541 544 548
528 531 534 538 541 545 548 561 555
- 536 539 542 845 548 551 554 557 560
542 545 548 561 554 557 569 562 565
547 550 553 565 588 561 563 566 568
550 5563 556 558 560 563 566 568 570
551 564 556 559 561 564 566 569 571

Latitude

Azimuth (degrees)
56° 57° 58° 50° 60° 61° 62° 63° 64°

6. 80500 | 6.80506 | 6.80513 | 6.80520 | 6.80526 | 6.80532
500 507 514 520 526 532
502 500 516 522 528 534
5 511 518 6524 520 536
500 515 521 527 533 539
514 520 526 531 537 542
519 525 530 536 541 546
525 531 536 541 546 551
532 537 542 546 b51 556
539 543 548 552 566 560
546 550 554 558 562 585
562 556 560 563 567 570
558 562 565 568 572 575
564 567 570 573 576 579
560 572 574 577 580 582
573 575 578 580 583 585
576 578 580 583 585 587
518 580 582 584 5868 588
578 580 583 585 587 589

Latitude

€7° €8° €9° 0 T1° °

6. 80550 | 6.80555 | 6.80560 | 6.80565 | 6.80570 | 6.80575
550 555 561 566 570 575
551 556 562 568 571 576
553 558 563 568 572 577
555 560 565 570 574 578
558 562 567 572 576 580
561 565 570 574 578 582
564 569 578 77 581 584
568 572 576 580 533 587
572 576 570 533 586 589
576 579 583 586 580 592
580 583 586 [ 501 504
584 586 589 591 594 596
587 589 502 504 506 | 6. 80508
580 502 594 506 | 6. 80598 | 6, 80600
592 504 596 598 | 6. 50600 601
593 595 597 | 6. 80599 601 602
594 506 508 | 6. 80600 601 603
595 597 508 600 602 603




CONVERSION TABLES

Lengthe—Feel to melers (from 1 1o 1000 unils)
[Reduction factor: 1 footw0.3048006096 meter]

|

Feet | Meters Feet Meters Feet Meters Feet Metors Feet | Moters
0 0.0 50 15.24003 100 30.48006 150 45.72009 200 60.96012
1 0.30480 1 . 54453 1 80.78438 1 . 02489 1 .26492
2 0.60060 2 5.84063 2 1. 08966 2 46.32960 2 61.56972
3 0.91440 3 16.15443 3 31.39446 3 46.63449 3 61.87452
4 1.21920 4 16.45923 4 . 69026 4 46.93929 4 62.17932
3 1.52400 5 16.76403 5 32.00406 5 47.24400 H 62.48412
[ 1.82380 6 17.06883 6 . 30886 6 47.54890 6 78363
7 2.13360 7 17.37363 7 . 61367 7 47.85370 9 63.09373
8 2.43340 8 17.67844 8 82.91847 8 48.15850 8 . 30853
9 2.74321 9 17.98324 9 3 9 . 46330 9 63.70333
10 8.04801 60 18.28304 110 . 160 48.76810 210 . 00813
1 3.35281 1 18.59284 1 . 8328 1 9.07200 1 64.31293
2 8.65761 -2 18.80764 2 34.13767 2 49.37770 2 64.61773
3 8.96241 8 19.20244 3 84.44247 8 0. 68250 3 64.92253
4 4.26721 4 19.50724 || 4 84. 74727 4 49,98730 4 65.22133
] 4.57201 5 19.8124 5 5 5 50.29210 5 65. 53213
6 4.87681 [] 20.11684 6 . 3568 6 50. 59690 6 . 83693
7 5.18161 7 20.42164 7 35.686167 7 50.90170 7 68.14173
8 b.48641 8 20.72644 8 . 96647 8 51.20650 8 66. 44653
9 5.729121 9 21.03124 9 86.27127 9 .51130 9 66.75133
20 8.00601- 70 21.33604 120 88.57607 170 51.81610 220 67.05613
1 6.40081 1 21.64084 1 . 88087 1 . 12090 1 67.36083
2 8.70561 2 21.94564 2 87.18567 2 52.42570 2 67.668574
3 7.01041 3 22.25044 3 7. 49047 8 52. 73051 3 . 97054
4 7.31521 4 22.55625 4 87.79528 4 . 03531 4 68.27534
5 7.62002 22, 88005 5 88.10008 ] . 3401 5 68.58014
6 2.92482 23.16485 6 88.40488 6 53.64401 6 68.88494
7 8.22062 23. 46965 7 88.70068 7 53.94971 7 60.18974
8 8.53442 B 23.77445 8 80.01443 8 54.25451 8 60.49454
9 8. 24.07925 9 30.31928 9 54.55981 9 60, 70034
80 9.14402 80 24.88405 130 39.62408 180 54.86411 230 70.10414
1 . 44882 24,63885 1 39.92888 1 55. 16891 1 . 40894
2 9.75362 24.99365 2 40.23368 2 55.47371 2 70.71374
3 10.05842 25.29845 3 40.53348 3 55. 77851 3 71.01854
4 10.36322 4 25.60825 4 . 54328 4 56.08331 4 7L
5 10. 66802 25.90805 5 41.14808 5 56.38811 5 71.62814
6 10.97282 26.21285 6 41.45288 6 . 60201 6 71.93204
7 11.27762 26.51765 7 41.75768 7 56.99771 7 72.23774
8 11.58242 26.82245 8 3 8 57.30251 8 2.
9 11.88722 27.12725 9 42.36728 9 57.60732 9 72.84735
40 12.19202 90 27.43205 140 42. 67200 190 57.91212 240 73.15215
1 . 49682 1 21.73630 i 97689 1 bB8.21602 1 . 450685
2 12.80163 2 28.04168 2 43.28169 2 58.52172 2 93.76175
3 13.10643 3 28.34646 3 . 58649 3 58.82652 3 4.
4 13.41123 4 28.65126 4 43.80129 4 69.18132 4 £4.37135
5 13.71603 5 28.95608 5 44.19600 5 50.43612 H 94.67615
6 4.02083 6 20. 26086 6 44.50089 6 59.74002 6 498095
7 14.32663 1 29. 56566 7 44.80560 7 60.04572 7 75, 28576
8 4.63043 8 . 87048 8 45.11049 8 60.35052 8 . 59065
9 14.93623 8 80,17528 9 #5, 9 9 75.89635
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Lengths—Feet to meters (from 1 o 1000 units)—Continued

Yeot | Maters Feoet | Moters Feot Meters Feet Meters Feot | Moters
250 76.20016 800 91.44018 8501 108.68021 400 ] 121.92024 450 | 137.16027
1 76.50495 1 91. 74498 1] 106.98501 1§ 122.22504 1 . 46507
2 78.30075 2 92.04078 2| 107.28081 2| 122.52085 2| 137.76088
8 77.11455 3 35458 3 L 59462 8| 122.83465 3| 138.0768
4 77.41935 4 65939 4] 107.80942 4| 123.13046 4] 138.37948
S 77.72416 5 92.96419 5 . 20422 5 3 51 138.68428
[ 02396 6 . 26899 6| 108.50002 6| 123.74905 6 93903
7 78.33376 7 93.57379 71 108.81382 7] 124.05385 71 139.20388
8 78.63856 8 03. 87850 81 109.11862 8 . 35865 8] 139.50868
L] 78.94336 9 94.18339 9 42342 9 66345 9 90348
260 79.24816 810 94, 48819 360 72322 410 | 124.96825 460 40,2023
1 55206 1 . 79200 1| 110.03302 1 - 27805 1 40. 51308
2 79.85776 2 95. 09779 2| 110.33782 2| 125.57785 2 40. 81788
.1 3 95. 40259 3| 110.64262 3| 125.88265 3 41.12263
4 80.46736 4 95. 70739 4| 110.94742 4| 126.18745 4 41.42748
S 80. 77216 5 01219 5| 111.25222 5| 126.40225 5 41. 73223
6 81.07696 6 96.31699 6| 111.55702 6| 126.79705 6 03708
¢ 81.38176 7 . 621 7| 11186182 7] 127.10185 7 42. 34188
8 81.68656 8 . 8] 112.16662 8] 127.40665 8 42, 64663
9 81.99136 9 97.23139 9] 112.47142 9| 127.71146 9 42.95149
70 82.20616 320 97.53620 370 | 112.77623 420 128.01628 470 43. 25629
1 82. 60007 1 97. 4100 1| 113.08103 1| 128.32108 1 43. 56100
2 82.90577 2 98.14580 2| 113.33383 2 . 62586 2 43, 86580
8 83.21057 3 . 45060 8| 113.69083 3| 128.93066 3 44,17060
4 83.51537 4 98.75540 4] 113.99543 4| 129.23546 4] 14447589
$ 83.82017 5 . 06020 5| 114.30023 5] . 120.51028 5| 144.78029
[] 8412497 6 99. 36500 6| 114.60503 6] 129.84508 6 45. 08500
v 84.42977 7 . 66950 7| 114.90083 7| 130.14988 7 45. 38989
8 84. 73457 8 90. 97460 8| 115.21463 8| 130.45466 8 45. 69469
] 85.03937 91 100.27940 9| 115.51983 9| 130.75046 9 45. 99949
280 85.34417 330 | 100.55120 880 | 115.82423 430 | 1331.06428 480 46.30429
i 85. 64397 1| 100.88900 1| 118.12003 1| 131.56808 1 46. 60909
a 85.95377 2| 101.193s0 2| 116.43383 2| 131.67338 2 48. 91389
8 86.25857 3| 101.49360 3| 118.73863 3| 131.97886 3 47, 21369
4 86.56337 4 80340 41 117.083 4| 132.28346 4 47. 52350
] 86.86817 5| 102.10520 5| 117.3 5| 132.58827 5 47. 82830
6 87.17207 6| 102.41300 6| 117.65304 6| 132.89307 48. 13310
v 87.47777 7] 102.71731 7| 117.95 7| 133.19787 48, 43790
8 87, 78258 8] 103.02261 8| 118.28281 8 . 50267 48. 74270
14 88.08738 9] 103.32741 91 118.56744 9| 133.80747 49.04750
200 88.30218 340 | 103.63221 390 | 718.87224 440 34, 11227 490 149.35230
1 88, 1| 103.93701 1| 119.17704 1| 134.41707 149. 65710
2 89, 00173 2| 104.24181 2] 119.4314 2] 1347087 F 149, 96190,
8 . 3| 104.54661 3| 119.79664 3| 135.02867 150. 28670
4 89,61138 4] 10485141 4] 120.09144 4] 135.38147 / 150, 57150
S 80.91618 5| 1051 5] 120.8 5} 13563627 £ 150. 87630
6 90. 22098 6 10546101 6| 120.70104 6 13594107 15118110
] 80, 52578 7| 10576581 71 121.00584 7| 136.24587 151.48500
8 83058 8 3 8| 121.31064 8] 136.55067 151, 79070
9 81.13538 g1 10687541 9 01544 91 136.86647 152, 09650



CONSTANTS, FORMULAS, AND TABLES

Lengths—Fecl Yo melers (from 1 to 1000 units)—Continued

225

Feot | Meters Feet Meters Feet Meters Feot Meters Feet | Meters

500 | 152.40030 550 7. 64034 600 182. 880387 650 198.12040 700 213.36043

1 152, 70511 1 167.94514 1 183.18517 1 108. 42520 1 213.66523

2 153. 00991 2 . 24994 2 183.48997 2 198. 73000 2 . 97003

8| 153.81471 3 168. 55474 3 183. 70477 3 190. 03480 3 214.27183

4| 153.61951 4 4 18400957 4 4 214. 57063

5 153.92431 5 169.16434 5 184. 40437 5 199. 64440 5 214. 88443

6 . 22011 6 169. 6 . 70017 6 199.94920 6 18923

g 154. 53391 7 169. 77304 7 185. 01397 7 200. 25400 7 215. 40403
8 54, 83871 8 170. 07874 8 185. 31877 8 . 55380 8

] 14351 9 170.38354 9 9 200.86360 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 8. 71323

2 156. 05791 2 171.29794 2 186..53797 2 201. 77800 2 217.01803

3 156.36271 3 171. 60274 3 186. 84277 3 202. 08230 3 217.32233

4| 156.66751 4 171.90754 4 187.14757 4] 202.38780 4 217.62764

] . 97231 5 172.2123, 5 7. 5 202. 69241 5 217.93244

[ ] 157.27711 6 172.51715 6 187.75718 6 202.99721 6 218.23724

7 7. 58192 v 172.821 7 06198 7 203.30201 7 218. 54204

8 157, 88872 8 173.12675 8 188.36678 8 . 60681 8 218. 84684

® 158, 19152 9 173.43155 9 188.67158 9 203.91161 9 219.15164

520 | 158.40832 570 173.73635 620 | 188.97638 670 . 21641 720 219. 45644

1 158.80112 1 174.04115 189.28118 1 204. 52121 1 219. 76124

2 159.10592 2 174.34595 189. 58598 2 . 82601 2 . 06604

] 159. 41072 8 174.65075 & 180. 89078 3 205. 13081 3 220.37084

L) 169. 71552 4 174.95555 190.19558 4 - 43561 4 220. 67564

5 02032 175. 26035 190. 50038 S| 205 74041 5 220. 98044

6| 160.82512 175. 56515 190 80518 6 206. 04531 6 221. 23524

9 62002 175. 86995 191.10008 7 206. 35001 7 . 59004

B 160.93472 176.17475 191 41478 8 206. 65481 8 221.80434

[] 23952 176. 47955 191.71958 9 » 95081 9 222.19964

B30 | 161.54432 580 176. 78435 630 | 192.02438 6801 207.20441 730 | 292.50445

3 161.84912 192.32918 1 . 56922 1 80025

2 162.15392 177 39395 192. 63399 2 207. 87402 2 223.11405

[ ] 162. 45872 E: 177, 89876 192.93879 3 17382 3 223. 41885

4| 162.76353 178.00356 4 193.24359 4| 208.48362 4 . 72560

5| 163.06333 5 5| 193.54839 S| 208.78842 5 224, 02845

5 163.37313 ] 178. 61316 6 193.85319 6 209. 09322 6 224.33325

163. 67793 178.91798 7 194,15799 7 . 39302 7 224, 63305

B 163. 98273 179. 22276 8 194. 46279 8 209. 70282 8 224. 94283

8| 164.28753 179. 52756 9 104.76750 91 210.00762 9 225.24165

B0 59233 590 ., 832 640 195. 07239 690 0. 31 740 205, 55245

1 164.80713 1 180.13718 1 195.37719 1 210.61722 1 225. 85725

2 165. 20193 2 180. 44196 2 105. 68199 2 0. 92202 2 226.16203

Bl 165.50673 3 180. 74676 3 195. 98679 3 211.22482 3 226. 45635

41 165.81153 4 05156 4 196. 20159 4| 21153162 4 226. 77165

B| 166.11633 5 181.35636 5 196. 50639 5 1. 83042 5 . 07645

6 166. 42113 6 181.66118 6 106.90119 6 212, 14122 6 237.38125

v 166. 72593 7 181, 96596 7 167. 20599 7 2. 44002 ? 68606

8 167, 03073 8 2707 8 197. 51080 8 212. 75083 8 . 99986

§1 167.33553 '] 182, 87557 Il 197, 81560 9 1577 '] 205688



226

U. 8. COAST AND GEODETIC SURVEY

Lengths—Feel to meters (from 1 to 1000 uniis}—Continued

Feet | Moters Feot Meters Feet Meters Feet Meters Foet Meters
w0l 2. 800 3 8501 259.08052 900 | 274.32055 950 5
228. 905208 1| 24414529 1] 259,38532 11 27462535 1] 239.36538
229.21006 2 . 45000 21 250.69012 2| 274.93015 2| 290.17013
229.51486 3| 244.75430 8| 250.00492 8| 205.23405 3| 200.47108
229.81966 4] 245.05969 4] 260.20972 4| 215.83975 4 . T7978
230.12448 5] 245.36440 H] 5 5 5. 84455 5] £91.08458
230.42926 6] 245.66020 6 . 6| 276.14035 6] 291.33938
. 73406 71 245.97409 7| 281.21412 7| 216.45415 ? -60413
231.03886 8 . 27839 8| 261.51802 8 . 75895 8| 201.99308
. 8] 246.58369 9] 261.8272 9| 277.08375 9] 202.30378
760 . 64846 810 . 88849 860 | 262.12852 910 .3 960 3
231.95326 11 247.19820 1] 262.43332 1| 277.67336 1 . 91330
. 25808 2 . 49800 2] 262.73813 2| 217.97818 2| 293.21819
232.56287 3 i 3| 263.04203 8| 278.23206 3 . 5229
4 232.86767 4( 248.10770 4| 263.34773 4| 273.58778 4| 203.82179
238.17247 S 3 5| 263.65253 S 218.89256 5| 204.13258
233. 47727 6] 248.71730 6| 263.95:33 61 279.19736 6| 204.43739
233. 78207 i . 02210 7| 264.26213 7| 2m.50218 7| 294.7428
. 8| 240.32690 8] 264.56603 81 279.30696 8 . 04693
234.30167 9] 219.63170 9] 264.8TIT3 9| 280.11176 94§ 295.35179
270 | 234.69647 820 5 870 265 17653 920 | 280.41636 970 |  205.85653
11 235.00127 1 .24 1 1| 280.72136 1| 295.95139
2 .30 2| 250.54610 2 285 78613 21 2381.02616 2| 296.26619
8| 235.61087 3 . 85090 3 6.00003 3] 281.3309%6 3| 296.5
4 . 91567 41 25L.15570 4 266 30573 4] 231.63576 41 296.87579
5| 236.22047 5 51. 5| 266.70053 5| 281.94056 51 297.13059
6 . 62527 6 7 6] 267.00533 6| 252.21536 6| 297.43339
7 6. 83007 71 252.07010 7] 267.31013 7| 282.55017 7] 207.70020
8| 237.13487 81 252.37400 81 267.61494 8] 232.85407 8| 208.00300
9 7. 9 . 67971 9| 267.91974 9 . 15977 9| 298.39930
780 | 237.74448 830 . 98451 880 . 20454 930 | 283.46457 980 |  208.70460
1 . 04928 1 . 23031 1| 268.52934 1 . 76837 1 . 00940
2| 238.35408 2| 253.50411 2| 268.s3114 2] 2407417 2| 999.31420
3 . 65838 3| 253.89301 8] 269.12804 3| 284.37897 3| 299.61900
47 238.96363 4 . 20871 4] 209.4437% 4] 284.63377 4] 200.92330
5 5 5 . S| 260.74854 S| 284.98357 5 .
] .5 6 x) 6| 270.05334 6| 285.20337 6 300.53340
7| 23987808 71 25%.11811 7| 270.35814 7| 285.59817 7 .
8 .1 8 . 8| 270.68204 8 . 90297 8| 301.14300
9] 240.48768 9| 255.72771 9| 270.96774 9| 286.20777 9| 801.44780
™0 3 840 . 03251 890 . 27254 940 | 286.51257 990 - T3
1| 241.09728 1| 256.33731 1| 271.57734 1] 286.81737 1| 802.05760
2 1.40208 2] 256.64211 3] 27.ss214 2| 287.12217 2 .3
8] 241.70688 3| 256.94601 8| 272.18604 31 2387.42697 3| 302.66701
4| 242.01168 4| 257.25171 4] 202.49174 41 281.78178 4| 802.9718L
5| 242.31648 5| 257.55652 5 5 . 03 5| 3803.27662
6| 242.62129 6| 257.86132 6| 23.10135 6] 238.34138 6| 803.58141
7 242. 92660 7 258.18612 4 273. 40615 7 238. 64613 7 203. 88621
8| 243.23089 8| 258.47002 8| 273.71005 ] . 05008 8| 804.19101
9 . 53569 9| 238.77572 9| 27.01575 9| 239.25578 9| 804.49581




CONSTANTS, FdRMULAS, AND TABLES

Lengths— Meters to feet (from 1 to 2000 unils)

[Reduction factor: 1 meter==3.280833333 feet]

Me- Me. Me- Me- Moe
ters Yoot fers Feet ters Feet ters Foot ters Foet

0 50| 164.04167 100 08333 150 492.12500 200 656.16667
1 . 23083 167.32250 331.36417 405. 40583 659. 44750
2 6.56167 170. 60333 . 64500 498. 63667 . 72833
3 9. 84250 373.88417 837.92583 501. 96750 666.00017
4 13.12333 4 177.16500 841.20667 505.24833 . 20000
B 16.40417 180.44583 844.48750 . 5201 . 57083
b ] 9. 68500 183. 72667 847.7 511.81000 675.85167
¥ . 96583 187.00750 351.04917 b15. 679.13250
B8 28.24667 8 190. 28833 354. 518.37167 . 41333
9 29.52760 9 193.56017 857.61083 . 685.60417

20 82.80833 60| 196.85000 110 | 860.80167 160 . 93333 210 688.97500
F 3 86.08017 . 13083 364.1' b528.21417 . 25583
2 . 37000 203.41167 367. 1. 49500 695. 53667
8 . 65083 . 370.73417 . T7583 698.81750
4 45.98167 209.97333 74, 538.06667 702.
5 5 213.25417 f 541.33750 706.37917
[] b52.4 6. 53600 380.57667 . 61833 3 708. 66000
2 55.77417 219. 81583 883.85750 B47.89017 711.94083
8 . 05500 8 . 7. .18000 715.22167
3 62.33583 O] 228.37750 890.41917 46083 . 50250

<0 63.61067 70 . 65833 120 3803. 170 | B57.74167 220 721.78333
1 68.89750 232.93917 1 8096. 1. 02250 1 725.08417
2 . 17833 . 22000 2 400. 26167 . 30333 2 . 34500
8 ¥5.45017 . 50083 3 . 54 567. 58417 3 731.62533
4 74000 L 242.78167 4 570.86500 4 734.90667
3. R2. 246.06250 410.10417 574.14583 788. 18750
6 85.30167 249.34333 413.38500 b77.42667 ] 741. 46333
b . 252. 62417 416.66583 . 70750 744.74917
8 al. 8 . 90500 419.94667 . 98833 748.03000
9 05.14417 ] 259.18583 . 22760 587.26017 751.31083

80 80 ] 262.46667 130 50833 180 |  590.55000 230 764. 50167
a 101.70583 265. 74750 429.78917 . 83083 757.87250
2 04. 9866’ 260.02833 . 07000 597.11167 761.16333
] 108.26750 272.30917 . 35083 . 39250 764. 43417
4 . 275.59000 439.63167 603.67333 7. 71500
5 114.82017 278.87083 442, 606. 95417 5
6 118.11000 282.15167 446.1 0. 23500 974.271667
2 121.39083 285. 43250 449.47417 613. 5158 777.55750
8 124.67167 288.71333 452.7 8. . 83833
] 127.95250 291.99417 456. 077! 784.11017

40 131.23333 20 295. 27500 140 459.81667 190 . 240 787.40000
1 134.51417 298.55583 462, 597! 626.63917 . 68083
2 137. 79500 801. 83667 465. 87833 629. '793. 96167
8 141.07533 305.11750 469.15917 633. . 24250
4 144.35667 4 308.39833 4 472.44000 §36. 48167 4 800.52333
5 147.63750 811.67917 475.72083 639. 76250 803.80417
[ 150.91833 314.96000 479.00167 . 04333 . 08500
7 154.19917 318.24083 . 28250 646.32417 810.385%3
8 321. 52167 485.56333 649. . 64667
9 h 224.80250 84412 ) 92750




228 U. 8. COAST AND GEODETIC SURVEY

Lengths—Meters o feet (from 1 to 1000 units)—Continued

=
o] Pt |l M| et [ M| et | Mo peet || Moo | et
250 |  820.20833 3001 984.25000 350 | 1,148.29167 400 | 1,312.33333 450 476.875(”
823.48017 987.53083 1,151.57250 l 315. 61417 ,479.65583
826. 77000 900. 81167 1,154.85333 1,318. 89500 ,482. 93667
830.05083 904.00250 1,158.13417 1,322.17583 486, 21750
833.58167 997.37233 LicL4a6o0 || 4] nadsoaseer || 4| 1489.40838
836.61250 1,000.65417 1,164. 60583 1,328.79750 92.77017
£39. 89433 1,003.93500 1,167.97667 1,332.01533 496.06000
843.17417 ,171. 25750 1,335. 20017 ,499.34083
3 1,010 49667 1,174.53833 1,338. 53000 ,502.62167
840.73583 1,013.77750 1,172.81917 1,341.86083 505.00250
260 sss.om607 [l 810 1,017.00883 | 360 | 1,181.20000 || 410 [ 3,305.14107 | 4D | 1,500.18083
£36.29750 1,020.33017 1,184.38083 1)348.42250 1512, 48417
. 57833 2 | 1,023.62000 1,187. 66167 1,351.70333 ,515.74500
862. 85017 1,028.90083 1,190. 94250 1,354.93417 ,519.02583
866.14000 | 4 [10%00867 | 4| nisazmmss || 4| Ladelasoon || 4 | 1622030067
1m0 || 81,107 50410 1,861 ,525.58750
872. 70167 1,036. 74333 . 78500 1,364. 82667 ,523. 86833
1,040. 02417 1 204 06553 1,368.10750 ,582.14017
£79. 1,043.30500 1 207.34667 1,371 33833 ,535.43000
86254417 1,046.58583 1,210.62750 1,374. 66017 1,538 71083
an 820 | 1,00.96067 || 370 | 1,213.908 || 420 | 1,977.05000 || 4r0 | 1,561.90m67
1 3 11 1,053.14750 1 1 217.18917 1] 1,381.23083 »545. 27260
2 892.35667 2 | 1,056.42333 2 1,220. 47000 2| 1,3584.51187 ,548.
8| §95.66750 3 | 1,059. 70017 3| 1,228.75083 3| 1,387.79250 551 417
4| 588.04333 4 | 1,062. 4 | 1,227.03167 4 1,391.07333 4 | 1,555.11500
s| o2l 5|1,00 s|1a.onmfl 51,3050 ,558.30583
6 905.51000 6 | 1,069.56167 6 l 397. 63500 ,561.67667
¥| 908.79033 ¢ | 1,072.83250 1,%6 87417 7| 1;400.915%8 ,564.95750
B| 912.07187 8]1,076.11333 1,240.15500 8 1 404.19667 ,568. 23333
9| 9153550 1073047 Lausiass3 [l 9 140747750 7151917
280 | 1©18.63333 830 | 1,082.67500 380 | 1,246.71667 430 1,410.75%33 420 | 1,674.80000
1 921.91417 1| 1,085.95583 1,249. 69750 1| 3;414.03917 1,578.08083
2| 925.19500 2 | 1,089.23667 1 253.27533 2 | 1,417.32000 1,581.36167
8| 928.47583 8 | 1,092.51750 1 256. 55017 3 1,4‘.'!).60033 1,584. 64250
4 su7eer| 4|nomess| 4|Laesono| 4] nesser| 4| 3sress
5| ssomoll  5]1,00.0m17 L | 5| 1,427.10%0 1,501.20417
6| 938.31833 6 | 1,102.36000 1,266 40167 6| 1,430.44333 1,504. 48500
g| 94159017 7 | 1,105. 1, 260'68250 7| 1,433.72417 1,597.76583
81 944.88000 8| 1,108.92167 272.96333 8]1, 1,601.04667
o] 04s.16083 8 | ;112 1,276 28417 9|1 ? 004,327
2901 951.44167 840 | 1,115. 3890 | 1,279.52500 440 | 1,443.56667 490 1 1,
11 054.72250 1] 1,118.76417 1 1,23" 80583 1 1,446. 84750 1,610.88017
2] 958.00%33 2 | 1,122.04500 2 2 1,450.1 1,614.
8| 061.28417 8| 1,125.32583 3 1 289, 36750 3 1, 453. 40917 1,617.450&!
4| ooadeoodfl & nascossy|| 8| Le2essea|  4[n4se00| 4 | 107167
5| oorswssfl siymissmofl  s|nsemr]  5|1,450.978 1,624.050
6] 971.12667 6 | 1,135.16833 6 | 1,299.21000 6| 1,463. 25167 6 20333
Yl 974.40710 711,138.44017 1 2. 49083 1 . 53250 l 630 57417
8 . 6833 8 | 1,141. 73000 8 1.3"5.77167 8 1 469. 81333 . 85600
ol amecazll olpusosall 9l 3 9 | 1;5a.00417 1, 652, 1353




CONSTANTS, FORMULAS, AND TABLES

Lengths— Meters to feet (from 1 to 1000 units)—Continned

229

Me- n Me- Me- Me- Me-
for | Teet tors Feot fers Fest torg | TFeet |l % | Teet
500 | 1,640.41667 || 550 | 1,804.45838 | 600 | 1,968. 650 | 2,132,54167 || 700 | 2,206.58333
1, 643.60750 1| 1,807.73017 SO7L. 7! 1| 213582250 2,299.86417
2 | 1,646.07833 2 | 1,811.02000 1,975.06167 2| 2,139.1 2,303.14500
1,650.25017 3 | 1,814.30083 1,978.34; 31 2,142.38417 2,306.42583
1,653. 54000 4 | 1,817.58167 4| 1,081 4| 2,145. 4 | 2,300.70867
1,656.82083 5 | 1,820.86250 1,084.00417 2,148. 5| 2,312.98750
1,660.10167 6| 1,824.14333 ,988.18500 2, 152. 22667 2,316.26833
,663.38250 9 | 1,827.42417 1,901. 46583 2,155. 50750 2,319.54017
8 | 1,666.66333 8 | 1,330.70500 1,904, 74667 2,158.78833 2,332.83000
8 | 1,669.94417 9 | 1,883,08583 > 998. 02750 2,162.08017 2,326.11083
B10 | 1,673.22500 560 | 1,837.260867 610 | 2,001.30833 660 | 2,165.35000 710 | 2,320.39167
1 | 1,676.50583 1] 1,840.54750 2,004.58017 . 63083 2,332.67250
1,679.786§7 2 . 32833 2,007.87000 2171 91167 2,335. 95333
1,688.06750 8]1,847.10017 2,011.15083 2, 175.19250 2,330. 23417
4 | 1,686.34833 4 | 1,850.39000 4 2,014.43167 2,178.47333 4 | 2,342.61500
5| 1,680.62017 67083 2,017.71250 2,181. 75417 ), 345. 79383
6 | 1,692.91000 1,856.95167 2,020.99333 2,185.03500 5 | 2,349.07667
¥ | 1,696.19083 1,860. 23250 2,024.27417 2,188.31583 2,352.35750
1,609. 47167 1,863.51333 2,027. 55500 2,191. 59667 2,355.63833
9 | 1,702.75250 1,866.79417 2,030.83583 ,194.87750 2,358.91917
520 | 1,'708.03333 570 | 1,870.07500 620 | 2,084.11667 670 | 2,198.15833 720 236220000
1| 1,709.31417 1,873.35583 2,037.39750 2,201. 43917 2
2 | 1,712-59500 1,876.63667 2,040-67833 .7 2,363 76167
8| 1715.87553 1,879.91750 2,043.95917 2,208.00083 E:
4| 1,710.15667 4| 1,883.19833 4 | 2;047.24000 2,211.28167 4 2,375.3:’.333
5 | 1,722.43750 5 | 1,888.47017 2,050. 92,914.56250 2378 00411
6] 1,725.71833 1,889.76000 2,053. 80167 221784333
7 | 1,728.90917 1,893.04083 2,057. 222112417 6583
811,732 1,506.32167 2,060. 222440500 2388 44667
O | 1,735.56083 1,899. 60250 2,063. 64417 2,227, 2)301.72750
(580 | 1,738.84167 580 | 1,902.88333 630 | 2,066.92500 680 | 2,230.96667 730 | 2,395.00833
1 | 1,742.12250 1 | 1,906.16417 1 | 2,070. 20583 2)934. 24750 2,398. 28917
2| 1,745.40333 2 | 1,909.44500 2 1 2,073.48667 2,237.52833 2,401 57000
1,748.68417 3 | 1,012.72583 3 | 2,076. 76750 2, 240. 80917
4 | 1,751.96500 4 | 1,916.00667 4 | 2,080.04333 4 | 2,244.09000 2,408.13167
5 | 1,765.24583 1,919.28750 5] 2,083.32017 , 247.37083 2,411.41250
6 | 1,758.52667 1,922. 56833 6 | 2,086.61000 2,250. 85167 241469333
% | 1,761.80750 192584917 71 2,089.89083 , 253. 93250 2,4.17 o417
8 | 1,765.08833 81,9 8 | 2,093.17167 2,957.21333 242195500
9 | 1,768.36917 ] 1, o | 2,096.45250 2,260, 49417 ? 424.53583
540 | 1,771.65000 590 | 1,935.60167 640 | 2,009.73333 690 | 2,263.77500 740 | 2,427.81667
1 | 1,774.93083 1,938.97250 1| 2,103 01417 2,267.05553 2, 431. 09750
2 1,778.21167 . 25333 2| 2,106. 2,270.33667 2,434.3.833
8 | 1,781.49250 1,945.53417 31 2,109.57583 2,73. 61750 2,437.65017
4| 1,784.77333 4| 1,048 4 | 2,112.85667 4 | 2,276. 4 | 2,440.94000
5]1,788.05417 511,952 g 2,116.13750 2,280.17917 9,444.22083
€ | 1,791.33500 1,955 37667 2,119. 4183.5 2,233.4 2 447.50167
7 | 1,794.61583 1,958. 65750 71 2,122.69917 2,256.7 , 450, 75250
38| 1,797.89667 1,961. 8 | 2,125. 2,200. 02167 45;06333
9 | L0750 806, 81212, 2,203, 2,451,34417
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Lengths—Melers Yo feet (from 1 To 1000 units)—Continued

Me- Me- Me- Me- Mes
ters Feet. ters Foot ters Feet ters Feet fers Feet
950 | 2,460.62500 800 | 2,624.66067 850 | 2,788, 70833 900 2,952.75000 950 | 8,118.79167
1] 2,463. 1| 2,627.94750 1 2 791 98917 1] 2,956.03083 3,120.07250
2| 2,467.18667 2 | 2,631.22333 2 27000 2 2,959 31167 3,123.35333
8 | 2,470.46750 3 | 2,634.50017 3 2,798 55083 3 59250 3,126.63417
4 | 2,473.74833 4 | 2,637. 4 | 2,801.83167 4 2,965 87333 4 | 3,129.91500
5 | 2,477.02017 5 | 2,641.07083 5 2 805 11250 5 2 069.15417 3,133.19583
6 | 2,480.31000 6 2 644.35167 6 6 972 8,136. 47667
7 | 2,483.59083 7 7 63250 ? 2,811 67417 7 2 975. 71683 3, 139 75750
8 | 2,486.87167 8 91333 8 | 2,814.95500 8 2 978.99667 43.03833
8| 2,490, 9 654.19417 9 2 $18.23583 9 2,982 27750 3,146.31917
460 1 2,493. 810 2 657.47500 860 | 2,821.51667 910 | 2,985.55833 960 | 8,149. 60000
1] 2,496.71417 1 1 2 824. 79750 1] 2,988.83017 8,152.85083
2 1 2,499.99500 2 2 664 03667 2 2 828.07833 2 2 992. 12000 8, 156.16167
8 | 2,503.27583 3 2 667.31750 3 2,831.35917 3 995 40083 8,159. 44250
4 | 2,506. 55667 4 | 2,670.50833 4 | 2,834.64000 4 2,998 68167 4fs,
5 | 2,500.83750 5 ( 2,678.87917 5| 2,837.92083 5 3 001 96250 5| 8,168.00417
6 | 2,513.11833 6 | 2,677.16000 G | 2,841.20167 6 6 | 3,169.28500
7 | 2,516.80917 7|2 . 44083 7 | 2,844.48250 7 3 008 52417 7 | 3,172.58583
81 2,519.6 8 | 2,688.72167 8 | 2,847.76333 8| 3)011-80500 8| 3,175.84687
9| 2,522. 9 | 2,687.00250 9 2,851 04417 9 3,015.08583 9 | 8,179.12750
770 | 2,526. 24167 820 | 2,600.28333 870 | 2,854.82500 920 | 3,018.36667 970 | 3,182. 40333
1 ,529 1| 2,693.50417 1] 2,857. 3 021.64750 1] 3,185.68017
2 | 2,532.80333 2 . 84500 2 | 2,860.85667 ,024 92333 2 | 3,188. 97000
81 2,536.08417 3 | 2,700.12583 3} 2,864.16750 3,028.20017 3| 3,192, 25083
4 | 2,539.36500 4 | 9,703 40667 4 | 2,867, 44533 4 | 8,031, 49000 4 | 3,195.53167
5 | 2,542.64583 5 | 2,706.68750 5 | 2,870.72917 3,034.77083 5| 3,108.81250
61 2,545.92667 6 | 2,700.96833 6 | 2,874.01000 3,038.05167 6
4 2 549. 20750 7 | 2,713.24017 7| 2,877.29083 , 041. 33250 7 205 37417
8 2 552. 48833 8 | 2,716.53000 8] 2,8%0.57167 8 | 3,044.61333 8 208. 65500
9 2 555.76017 8 | 2,719.81088 9 | 2,883. 3,047.89417 9 ,211 93583
780 2,559 05000 830 2 'm 09167 880 | 2,887.13333 930 | 3,051.17500 980 | 3,215.21667
1| 2,562.33083 1 . 37250 1 2,890 41417 11 3,218.49750
2 2 565. 61167 2 2 29. 65333 2 893. 69500 3 057. 73667 213,221.77333
3 2 8. 89250 3 | 2)732.93417 3 2 896 97533 3 061.01750 38 | 8,225.05917
4| 2,572.17333 4 2 736. 21500 4 2,900 25667 L 3 064. 20833 4 | 3,228.31000
5| 2,575.45417 51 2,739.49583 51 2,903.53750 3,087.57917 5] 8,231.62083
6 | 2,578.73500 6 2 742.77667 6 2 908, 81333 ,070. ,2'34 90167
7 | 2,582.01583 7 2 746. 05750 7 2 910, 09917 3,074.14083 ,238. 18260
81 2,585. 7 8 2 749.33333 8 2 913. 33000 8 | 3,077.42167 3 | 8,241.46333
0 | 2,588.57750 9 2,752.61017 9 2,916 66033 8,080. 70250 , 244, 74417
790 | 2,591. 85833 840 | 2,755.90000 890 | 2,919.94167 940 | 3,083.93333 990 | 8,248.02500
1| 2,595.13917 1 2 759.15083 1 2,925.22250 1] 3,087.26417 , 251. 30583
2 | 2,598.42000 2 2 762.46167 2] 2,926.50333 2 | 3,000. 54500 5 254. 53667
8 | 2,601. 70083 3 2 765. 74250 3| 2,929. 73417 3 | 8,083.82583 ,257. 86750
4 | 2,604.98167 4 2,769 02333 4| 2,933.06500 4 | 3,097.10667 4| 3,261.1
51 2,608. 5 | 2,772.30417 5 | 2,936.34583 5 3,100 38750 ,264. 42017
6| 2,611.54333 6 | 2,775.58500 6 | 2,939.62067 6 03. 68833 ,267. 71000
¥ | 2,614.82417 7 | 2,778.86583 7| 2,942.90750 7 3 106 04037 , 270. 99083
8 | 2,618. 10500 8 | 2,782.14667 8| 2,846.13833 8 10.23000 , 274. 27167
9 | 2)621.38583 9 | 2,785.42750 9 | 2,949.46917 9 | 8;113.51083 5277,
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Correclions to log s and log A for difference in arc and sine
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Log dif- Log dif- Log dif-
Lo (ferqgscef Lo_g'_Ah Lo (fere_?ce‘ Lof an || Lo ( ferenc(; AN
X units o g s units o g 8 units o
=) eighth (&) - eighth +) ) elghth %+)
decimal decimal decimal
place) place) place)
3.3760 1 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 | 21230 4. 8500 889 3.3 5. 18230 4215 | 3.6070
3.6770 4 | 2.1860 4. 8620 939 3.3710 5. 1940 4333 | 3.7030
3.7250 5 2 4. 8710 979 5. 1990 4434 3. 7080
3.7650 6 | 2.2740 4. 8820 1030 | 3.3010 5. 2040 4537 | 8.7130
3. 7980 7 | 2.3070 4. 8920 1078 | 3.4010 5. 2000 4643 | 3.7180
3. 8270 8 . 3360 4.9040 1140 3.4130 5.2140 4751 3. 7230
3. 8530 9 | 2.3620 4.9130 1188 | 3.4220 5. 2190 4862 | 3.7280
3. 8760 10 | 2.3850 4.9220 1238 | 3.4810 5. 2240 4975 | 8.7330
4, 0260 20 | 2.5350 4. 9330 1303 3. 4 5. 2290 5091 3. 7380
4.1140 30 2.6230 4, 9420 1358 3. 4510 5. 2330 5186 3. 7420
4.1770 40 2. 6860 4. 9520 1422 3. 4610 5. 2380 5306 3.7470
4, 50 2.7340 4, 9580 1468 3.4680 5. 2420 5405 3. 7510
4, 2650 60 | 2.7740 4. 9680 1530 3.4770 5. 2470 5531 3. 7560
4.2980 70 | 2.8070 4.9730 1603 3.4870 5. 2520 5660 | 3.7610
4,3270 80 | 2.8360 4. 9860 1663 3. 4950 5. 2560 5765 | 38.7650
4, 3530 90 | 2.8620 4.9930 1717 5020 5. 2600 5872 . 7690
4.3760 100 | 2.8850 5.0020 1790 8. 5110 5. 2650 6009 | 3.7740
4. 3960 110 | 2.9050 5. 0100 1857 3.5180 5. 2890 6121 3.7780
4, 4150 120 2.9240 5.0170 1918 3. 5260 5.2740 6263 | 3.7830
4. 4330 130 | 2.9420 5.0250 1900 3.5340 5.2780 6380 | 3.7870
4, 4490 140 | 2.9580 5.0330 2064 3. 5420 5. 2820 6498 | 3.7910
4. 4640 150 2.9730 5. 0400 2132 3. 5490 5.2860 6619 | 3.7950
4.4780 180 | 2.9870 5.0480 2212 3.5570 5.2900 6742
4. 4910 170 | 3.0000 5. 0550 2085 3. 5640 5.2940 6868 | 3.8030
4. 5030 180 | 3.0120 5. 0620 2359 3.5710 5. 2090 7027 | 8.8080
4. 5260 200 3.0350 5. 0630 2435 3. 5770 5.3030 7158 | 3.8120
4. 5560 230 3.0850 5.0750 2505 3. 5240 5.3070 7201 3. 8160
4, 5750 250 5.0820 2587 3.5910 5.3110 7427 | 8.8200
4. 5910 270 | 3.1000 5.0890 2672 3. 5980 5. 3150 7505 | 8.8240
4. 6140 300 3.1230 5. 0950 2747 3. 6040 5.3160 7705 | 3.8280
4. 6350 330 | 3.1440 5. 1020 2837 3.6110 5. 3230 7849 | 8.8320
4.6 360 | 3.1630 5. 1080 2916 3.6170 5. 3270 7905 | 3.8360
4.6710 300 | 3.1800 5.1140 2998 3.6230 5. 3310 8143 | 3.8400
4, 6870 420 3.1960 5.1210 3096 3. 6300 5.3350 8205 | 3.8440
4. 7020 450 3.2110 5.1270 3183 3. 6360 5. 3380 8449 | 3.8480
4.7160 480 | 3.2250 5. 1330 3273 | 3.6420 5. 3430 2606 | 3.8520
4.7340 521 3.2430 5.1360 3364 3. 6480 5.8470 8766 | 3.8560
4. 7500 561 3.2500 5. 1450 3458 | 3.6540
4.7610 500 8.2700 5.1500 3538 3. 6500
4.7750 629 3.2840 5. 1560 3637 | 3.6650
4,7890 671 3.2080 5.1610 3722 | 3.6700
4, 8010 709 3.3100 5. 1670 3326 3. 8760
4, 8130 750 . 3220 5.1720 3916 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 occupied of occupied
station by | Of Ofth place | “geogion p, | of ffth place
Meters Metcrs
1] 0.0 3009 20.5
A 3156 2L5
22 L5 3303 22. 5
367 2.5 3449 23.5
514 3.5 3596 24.5
661 45 3743 25.5
207 5.5 3590 26.5
954 8.5 4036 27.5
1101 7.5 4183 23.5
1248 &5 4330 20.5
1394 0.5 77 30.5
1541 10.5 4624 3L5
1688 1L 5 4770 32.5
1835 12,5 4917 33.5
1982 13.5 3.5
2128 14.5 5211 35.5
075 15. 5 5357 385
2492 16. 5 K504 37.5
2569 17.5 5651 38.5
2715 185 5708 39.5
2862 19.5 5945 40.5
Log B and log C
Log approx-
1_l&nat‘.e
difference
of elevation u]‘}',?{;sf[ Log s Log €
=logstan | sth place
( =t 1) .
2
0.0 0.0
2.167 .9 4.875 .5
2. 644 L5 5.113 15
2. 866 25 5, 02 2.5
3.011 3.5 5,297 3.5
3.121 45 5. 352 4.5
3.208 5.5 5. 395 5.5
3. 281 8.5 5.432 8.5
3.343 7.5 5. 483 7.5
3.397 &5
3.445 9.5
3. 489 10.5
3.528 1.5
3. 565 12.5
3. 508 13.5
3.629 14.5
3.658 15.5
3. 685 18. 5
3.711 17.5
3.735 185
3.758 19.5
3.779 20.5
3. 800 21.5
3.820 2.5
3. 839 23. 5
3. 857 24,5
3.574 25,5

L)
20r log # cot [ &1—(0.5—m) ;si_nl_”] 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,

_aby sin Gy (1—¢* sin® ¢)* .
€= 2a*(1—¢) sin 17 =a;b, sin Oy Xm.

In this formula e is the spherical excess; a; b, and C; are two sides
and the included angle, respectively, of the corresponding triangle;
¢? is the square of the eccentricity, and a 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 spheroid 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 unequal distribution of the spherical excess among
the three angles of the triangle.
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Table of log m
[Computed for the Clarke spheroid of 1866 as expressed in meters]

Latitude Logm Latitude Log m Latitude Logm Latitude
-] r -] ’ -] ! o 7
0 00 | 1.40695 —10 20 00 | 1.40626 --10 40 00 | 1.40452 —10 60 00
0 30 605 —10 20 30 | 623 —10 40 30 46 —10 60 30
1 00 605 —10 21 00 619 —~10 41 00 41 —10 61 00
1 30 694 —10 21 30 616 —10 4 30 436 —10 61 30
2 00 694 —10 22 00 612 ~10 42 00 431 —10 62 00
2 3 694 —10 22 30 608 —10 42 30 426 —10 62 30
3 00 693 —10 23 00 605 —10 43 00 421 —10 63 00
3 30 693 —10 23 30 601 —10 43 30 416 —10 63 30
4 00 602 —~10 24 00 597 ~10 4 00 411 —10 64 00
4 30 691 —10 2 594 ~-10 43 30 406 —10 64 30
5 00 690 —10 25 00 530 —-10 45 00 400 ~10 65 00
5 30 689 —10 25 30 586 —10 45 30 395 —10 65 30
6 00 638 —10 2 00 -10 40 390 —10 A8 00
6 30 687 —10 26 30 578 —10 46 30 385 —10 66 30
7 00 686 —10 271 00 573 —10 47 -10 67 00
73 685 —10 27 30 ~10 47 30 375 —10 67 30
8 683 —10 28 00 565 —10 48 00 369 —10 638 00
8 30 682 —10 28 30 560 —10 48 30 364 —10 30
9 00 680 —10 20 00 556 —10 49 00 359 —10 69 00
9 30 679 —10 29 30 552 —10 49 30 354 —10 30
10 00 677 —10 30 00 58 —10 5 00 349 —10 0 00
10 30 675 —10 30 30 544 —10 50 30 34 —10 70 30
1 00 673 —10 31 00 530 —10 5 00 339 —10 71 00
11 30 671 —10 3l 30 534 —10 51 30 334 —10. 71 30
12 00 669 —10 32 00 530 —10 52 00 329 —10 72 00
12 30 667 —10 32 30 525 —10 52 30 324 —10
13 00 6656 —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 32 00 511 —10 54 00 309 —10
14 30 658 —10 34 30 506 —10 54 30 304 —10
15 00 6556 —10 35 00 501 —10 55 00 209 —10
15 30 653 —10 35 30 496 —10 55 30 205 —10
16 00 650 —10 25 00 . 4681 —10 5 00 200 —10
16 30 647 —10 36 30 486 —10 5 30 285 —10
17 00 644 —10 37 00 482 —10 57 00 280 —10
17 30 642 —10 37 30 477 —10 57 30 278 —10
18 00 639 —10 38 00 472 —10 58 00 2711 —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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COMPUTATION OF STRENGTH OF FIGURE

235

In the following table the values tabulated are [6,%4 6,0p+ 05%.
The unit is one in the sixth place of logarithms.
of the table are the length angles in degrees, the smaller length
angle being given at the top of the table. _
the angles in each triangle opposite the known side and the side

The two arguments

length angles are

required. 6, 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

10° | 12° | 14° [16°(18°[20° | 22°|24° | 26°28°}80°(35° | 40° [ 45° 50"@‘60"'65 70 10#80°|85° 90°
-]
10 | 428 | 859
12 295 ¢ 253
14 | 315 | 253 | 214 [187
16 | 284 | 225 | 187 |162 143
18 § 262 | 204 | 168 143 |126 Q113
20 | 245 | 189 | 153 |130 (113 §100 | 1
220 232|177 | 142 |119 (103 § 91 | 81 | 74
221 (167 | 134 (111 | 95§ 83 | 74 | 67 | 61
26§ 213 (180 { 126 (104 | 89 | 77 | 68 | 61 | 568 | 51
153 | 120 | 90 |83 72 (63 | 57| 51 (47| 43
301199 | 148 | 115 (94 (70 J 683 | 50 1 53 | 48 | 43 | 40 | 33
35]153 (137 | 106 [ 85|71 § 60|52 |46 (41 |37083 |27 |28
40§ 179 1120 69 (70 (65 54 (47} 41 136(32320 1231016
4501721124 | 93174| 60850 (43137 |32128025!20(16113(11
504167 (119 | 89|70 |57 |47 |39 |34 |20 (26]123 |18 (14|11 | 98
550162 (115| 86|67 |54 Q44 (37|32 (2724721 (16]|12]|10} 87 |5
600150112 | 83 (64 |51 §4235(30(25( 221914 11} 9| 7h5(4|4
65155109 | 80| 62|49040 |33 |28 124211813 (10| 7| 6J5{4(3]2
70§152(106{ 78|60 |48 433 (32|27 (23| 19Q17 12| 9| 7| 6|43 [2]2]|1
750150 (104 | 76| 58 146937780 25[/21)18)18) 11| 8} 6] 43 |2|2|1|1]1
1471102 | 74|57 (450436 (20|22 |20 (17q15(10( 7] 8] 4312{1[1{1§00
85 145]100| 78|55(43)34|28| 23|19 1614(10| 7| 5| 3J2|2]1|1|[0fO]|0O
0143 | 98| 71 (64{42]33|27(22]19]|16]13 61 4| 8]2|1|1]|1|0}0(0
o50140] 96| 70|53 (41§32 |28f22|18|15013| 9| 6| 4| 8]211{1j0]|040]|0O
100138 05| e8| 5L (4031|2521 |17i14012| 8| 6 4] 312|1|1]|]0]|0]0O
1050136| 93| 6750|3930 |25(20(17| 1412 8} 6| 4] 2fj2|1|1]|0]|0
110134 91| 65|49 3830|2410 |16 (13311 7| 5} 3| 221|111
1150132 89! 644813720123 |19b151 18011 71 &5( 38F 2121111
1201120 | 88 62|46 (3828122 |18|15(12J10] 7| 5| 8] 2]2]1
1250127 | 86| 61]45 (352722118 1412010 71 5| 4| 82
130125 84 50 (44 (3426 |21 (17| 14]12820) 7| 5] 4| &
1350122 82| 58143 (33261211714 | 12010 7] 5] 4
1400119 | B0{ 56|42 32§25/ 20117|14]12110( 8| 8
45116 77| 55(41132025|21 (17|15 18311} 9
150 112 | 75| 54 (40 (3226 21 (18(16(15]13
2Q111) 75| 53(40(83]26|22(19]17 |16
154 J110| 74 53| 41|33 }27 23| 21|19
15611081 74| 54 (42| 34]025)25(22
1588107 74| 54 (43| 353027
160§ 107 | 74| 56| 4538333
182107 76| 59 (48| 42
16441090 79| 6354
66 113) 86| 71
168 § 122 | 08
170 § 143

45861 °—34——16
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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.

u—

(d) Multiply each sum by the factor D D for that figure, where

D is the number of directions observéd and € is the number of con-
ditions to be satisfied in the figure. The quantities so obtained,

s
namely, D D ¢ = [64%+ 8408+ 887, will for convenience be called R,

and R, 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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