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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.



FOREWORD

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

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

Acknowledgment is gratefully made to C. H. Swick, Dr. O. 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 Wavurer F. REvyNoLps, 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 1s given a sample abstract of observed directions on tri-
angulation of the first order, as received in the office, from which
the list of directions is computed. This abstract and the instructions
for making out the list of directions for first-order triangulation are
taken from Special Publication No. 120, Manual of First-Order
Triangulation.

It is important that this form be made out carefully, because the
mean directions derived from the akstract 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 K. Sample forms are shown
in Figures 1 and 2.

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

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

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’ 4470, while the direction of Westedge
from South Base, position 1, is 17° 17/ 4975, and the sum of the two

et or coemcy, ' ABSTRACT OF DIRECTIONS
TForm §10
LN - § o) 54 - 1 S
Station . GLOI1E_..... Copued by .. IO Wﬂ— o
Obserser . Co MM Ctaitty MMDB R 1nd e I
“ET—— STATIONS ORSERVED

MW Union %ﬂl N BacrZfolliams Frises
Baat
&' 7 /7 89 58 288 29 318 34 325 &4 344 12

'O o5 s 88T figR 480, 570

2 000 530 004  I5IT 465 5307 545
3 00 496 596 3247 498 ST 567
& 00 55  JO08B 36T 473 533 s9s
s 00 508 022 37T 462 513 583
¢ o™ 5.0 o288 36SPiSwR s eor
g 7 O™ 452 55 328 448 Ga" s
s s 00 504 030 368 468 S22 60.0
E 0?00 522 50 355 468 530 545
O™ @ 520 o052 417 58 o7
£ 00 505 006 357 464 522 557
g 13 0% 5.7  o07 353 463 538 597
13 00 505 025 323 480  Slo 565
M 00 507 038 354 472 S0 S92
15 00 438 Z92 342 470 528 596
18 oW 5.7 046 337 470 S22 S78
Sum, 8J21 245 se05 7557 8363 9230
Mess, 5076 0153 3503 4119 5221 5169
tetem -0.26
Direction, SO076 0121 3508 4719 S227 5769

F16. 1.—Sample abstract of directions

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

:'.':.."‘;':_.'.5:.::"— ABSTRACT OF DIRECTIONS
Skt ... AriZONG..... S
Sction ._GORULE.......... Computedly P ... MM.H:. £ .
O . O K L. Gty AT,  1ni Mo @—.‘z
Loy - STATIONS OBSERVED

pTIAL) °© ’
¢ % 27/ 1 30/, /7 326 &5

¢ 00 4o 595 072

3 0.00 42.7 600 065

3 o™ 428 615 . 07/

« oo 38 090

s 0.00 465 oro

¢ o0 473 10.0

z L 00 ~ 063

g 8 0.00 ~ 087

i [ 0.00 07!

: 10 0.00 ] 059

§ n o 9 | 082

'g 3 0% 080

13 0.00 06.7

" 000 07.0

B 000 09./

0.0 L) 073

bes, 1211

Y, 0757
Qo.tean,

Dhctias, 0757

F16. 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, thdt 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 a 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 I, 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 & sufficient guide to the rejection of
observed directions:

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

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

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

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

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

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

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

the rule.
LIST OF DIRECTIONS

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

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

On the back of the form for the list of directions are instructions
for its preparation. (See fig. 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

"s"""-""..".'.'é'-""" - 137 0F DIRECYIORS
W Z2S . suten Computed by
M_C.m_ Crnctatty ZLER. . crraere Checked by
Seazsows Ozexavao Pronows Arran e, Enaniows Oxmavd Pasczom Arma

LuuA-—th':“u
[ ] ’ ~ ~ [ ] » -~

Soulp Base 00 00 cac0

Wesfedge 17 17 Som
RN W] ik 6.738m. 28 36 03
Lrion ' 89 58 o2z
MJMM
32 43 214
i o.ozlm 103 o8
3 Bar #2;dad 29760, 200 25 08
i 288 29 3500 (Hethod of. recording eccentricily
5 N Bose 318 34 4219 when theodolite 73 eccerntricand
8 Williams 325 54~ o227 accentrye Jght 15 mare hen 0./ m
Fr/sco M4 12 30 From Fthe froe stavion)
Eccentrielght
Fve Sistiar
Granife ""’M
Light accentrio as gtver abon Mlm”.'
»’im Showp Bo Zriey and Williams. (Position o£ 72 *)
Mo cecanlricily of light % otber skiiens. ) .
M&w#‘l«f/'/M//k- (Pecord most state fo what
) stations rhe L9k was showr
A diroclions rednnd for cosenticd). i 3bove positron.

Measoring the distance #rom
the frue Slatien fo the eccentrrc
Lght will give @ check on the rofees
for fhe clemerts of the smalfipl)

F1G. 3.—Bample list of directions from horizontal directions

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

The second point to be emphasized in the preparation of the list
of directions is the computation of the eccentricity and the reduction
of the observed directions to center. If a direction has not been
reduced to center, the seconds pertaining to that direction should
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not be written on the form in ink, but in 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 hetween 360° and the sum of all the angles by
the number of angles involved.

Observed angles, Vance Mt.

Final

Observed stations Angle C&{)r:o- sec-
onds

° ’ ” ”n ”
Neal-Tomah Mt_.__..__.__._. 22 18 41.5 -0.5 41.0°
Tomah Mt.-Spruce Mt..__._. 50 51 12.0 -5 11.5
Spruce Mt~-Mt. Henry.._____ 116 54 371 —.5 36.6
Mt. Henry-Brandy Hill______ 60 36 00.3 -5 50.8
Brandy Hill-Oak____....__... 45 23 4672 -6 45.6
Oak-Neal ... ... 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
e ARESEr OF COMMERCE directly from that record on
bR T e State:..... Maine . Form 24A, as shown in Fig-

Suton__Vonce MS:  Compundpy . OaBaSa_. UTC 4, Compl.ete instruc-
tions for making out the

. HER. o . .
Obssrver..QaVele . Chockedby list of directions, which are

Srations OBsBRVED &‘::f'j{’m.m‘,; sfgﬁ. given on the back of Form

o + u »  24A, are given in Figure 5.
Yeal 0 00 00.0 STATION ADJUSTMENT, DI-
Pomgh Mt. 22 18 4.0 RECTION METHOD
Speuce Mto 82 09 53.5

Under the present system

W, Heary 199 x 2: of observing, no local ad-
2::“” nn :: 04 14.5 justments are necessary, and

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

F1G. 4.—Sample list of directions from horizontal angles
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many angles as possible, including sum angles, the method used in
computing the list of directions at a station where local adjustment
is necessary is given here.

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

State: Kansas.
Station Chase Computed by A. T. M,
This form, properly filled out and Obseiver A. T. M. Checked by A. R, L.
checked, must be ‘furnished by field - -
pnmez. z'o be :cc;)pgble it must contain SrarIons OBSERVED 11‘);::31'?:’: 'IT\;?' ‘sr‘e:::;-
every direction obse:
Tt is to be used for observations with Cont e s ”
entral 0 00 00.00
repeating theodo'ites, as well as direction;
theodolites. White church spire, 8 miles —......... 6 28 68.4
Start each new station at the head
of a new column. Chage M. E. church, white spire.._..| 18 10 1.9
X a repeating theodolite is used, do Little River .| 18 20 10.78

not abstract the angles in tertiary tri-
angulation. The local adjustment cor- Lyons, eait works, center hoist..—.. 24 33 53.0
rections (to close horizon only) are
to be written in the Horizontal Anglo |I Lyons, whito epire, shorto ... 27 19 30.7
Record, and the List of Directions is

Itis for Office computation only.

to bes made from that record directly. Lyous, courthouse.. 7 s a2
Choose as en initial for Form 24a Lyons, white spire, slim .| 28 02 54.2. &
some station involved in the local . E
adjustment, and preferably one which || Gilmore e - 53 32 83.44 3
has been used as an initial for a round . | =
of directions on objects not in the main SaVEEE e - 83° 5 b2.32 <
scheme. Use but one initial at a sta-~ Reference mark distant 00.85 1m 34 s
tion. Call the direction. of the initial meters. .20, B 10 W., NW w0 37 38 kS
> 00’ 00." : jon 3, T. 20, R. 10 W., NW. cor- 7 =
0° 00 0000, and by epplying the cor- | SRl ML L g
rected angles to this, fill in opposite eac! ———— 34 52 2361 8

station its direction reckoned clock —
around the whole circumference regard-

less of the dircction of grndumon of the instrument. The clockwise reckoning is necessary for
uniformity and to make the directi rablo with azimuths,

If a station has been occupied cccenmcally, reduco to the center and enter in this form, in ink,
the resulting direclions at the center. 1f the reduction is not made for some directions, l.hcy should
bo cntered in pencil, with & footnote to that cfiect.

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

It is recommended that the following simple plan of obscrving be used with a repeating instru-
ment: Meosure each single angle in the scheme at cach station and the outside angle necessary to
closo the horizon. Measure no sum angles. Follow each measurement of every angle immediately
by & messurcment 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.

Lo

In next to the last varagraph sbove the designation "primary" should be
changed to "first-order,” "secondary" to "second-order" 2nd "tertisry" to
fthird-order."

F1a. 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 anyles, Mag

. Adjusted
Observed station Angle Weight ? final
seconds !
o ’ ”
115 58 00.8 ’
Chamcook-Cooper -....._... }8‘3 10.1... 4 0 10.1
10.2
l34 20 21.3]
Cooper-RY®e .. _-cccmcmnaane- l g(l)g 20.9.... 3 /] 20.8
Rye-Middlemiss - .._....... {45 oL gg-?}zs.n.. 2 » 28.4
i iss-Collins..__._....
Middlemiss-Collins. {so 07 }g:?}m‘s__ 2 % 16.8
Rye-Mohannas - ..._.... { 16 16 gg}om.-- 2 1] 06.3
Anderson-Mohannas ... { 1n s 82'1}06.4... 2 ] 05.6
83 23 44.
Collins—Chameook ... { ﬁg} 43.9._. 3 0 43.9
. 126 08 443
Rye-Colling .o _.oaaeo . { 32.40}45.1_.. 3 v 45.2
Anderson-Middlemiss - _.... { 41 M ggg 208 2 » .7
Mohannas—Collins..........{'_09 52 ggzg}w.s... 2 o 38.9

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

List of directions, Mag

Adjusted
Observed station Direction final
seconds !
o ’ IIl
00.0 00.0
10.14-a 10.1
3104412 30.9
30.7 401 ra-os—re 31.6
37.14m4retrs 37.2
28 59.7+a1+retrs 59.3
16.0+n ooyt 16.1

1 This eolumn 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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-] 7 [ 4
Angle Collins—-Chameook, observed, = 83 23 43.9+
Angle Collins—Chamcook, from list, = 83 23 44.0~y—va—v3—,

Condition 1, 0=—0.14+ v+ vo+ o3t v+ 07
Angle Rye—Collins, observed, = 126 08 45.11-us
Angle Rye—Collins, from list, = 126 08 45.0+ vt us
Condition 2, 0=+4+0.1—v3—wvs+ v

Angle Anderson—Middlemiss, observed, 41 44 26.81 v

Angle Anderson-Middlemiss, from list, = 41 44 29.0+tuy—ut v,
Condition 8, 0=—22—vtvs—vgt 1

Angle Mohannas—Collins, observed, = 109 52 89.6+ vy

Angle Mohannas—Collins, from list, = 109 52 38.9+ vt wv—us
Condition 4, 0=40.7—v—pvst+ v5t+ 2

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

Correiate equations

a - » Adopbed
) 1 2 3 4 So ? ot
1 3 +1 NN (R +1 —0.024 0.0
2 4 [ . O PRV PR +1 —. 032 -.1
3 ] +1 ~1 -1 -1 ~2 —. 342 -3
4 ] +1 =1 Jeeees -1 -1 +. 510 +.5
§ [ RN PSR +1 +1 +2 +. 168 +.2
6 (] ~1 —. 852 -8
7 4 +1 —. 032 .0
8 4 +1 +.084 +.1
9 8 +1 +. 852 +.9
10 6 +1 —. 684 -7

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

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 intégers, 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 Za c*
1] Jes| -12] -6| -12f -01 —7.1| —o.0078
2 418 46| +12| 41| 4221 +.0208
3 +24| +12| -22| 4888 +.1417
4 +24 +.7 +-36.7 —. 1140

® See p. 13 for values in this column,
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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(%- 1-1) + 2(5-1-2) + z(%-1-3) + 2(5-1-4) ot

[2 (% . 1.Ec) +m:|, normal equation No. 2 as z(% . 2.2> +

E(% . 2-3)+2 (% . 2_-4)+m+[2 (% . 2-3,,>+n,:|, normal equation
No.3es=(2:33) +3(2 3:4)rm+[2(2-3.3)+m], and

normal equation No. 4 as E(E . 4-4)+17.+ [2 (E . 4-Eo>+m:|’

in which the = before each parenthesis indicates the sum of the
products in the parentheses and should be distinguished from the =,
and the I, of the preceding tables. 7% 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 I, 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 -E,,>+ m]= —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=-17.1, Whlch checks the formation of this
equation.

In the same way the term in square bra.ckets of the second normal

equation l:.. (5 . 2-2,,)+11,]=22.1, and this checks the sum of the

coefficients of the terms in this equation, —12+164-641240.1'=
+22.1. The third and fourth normal equations are checked in the
same way.

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

1 2 3 & 7 Za

1 +\zs 12| —6] —~12 | —0.1 -71
B2~ 416 | 46 | 412 | 401 | 4221

—eﬁ\ﬁu +12 | —22 | taas

—-12 +12 +1 +24 +0.7 ~+36.7

oW N

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

page.
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 Za
423 | —-12 -8 -12 —0.1 -1.1 o
(o) +.5217 -+ 2600 +. 5217 +.0043 +.3087
+16 +6 +12 +.1 +22.1
1 —8. 260 —3.131 —8. 260 ~.062 —3.703
+9.740 +2. gﬂ +5.740 +. 048 +18.397
[»3 —. 2046 —. 5893 ~—. 0049 —1. 8888
+24 +12 —-2.2 +33.8 -
1 —1. 565 —3.130 ~.026 —1.852
2 —.845 —1.601 -, 014 —5.419
+21. 590 +7.179 —2.240 +26. 529
G —.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 +1.365 +13.33¢
C —. 1140 —1.1140

Back solution (computation of C’s)

4 3 2 1
—0.1140 +0.1038 —0. 0049 +-0. 0043
+. 0879 +. 0672 —. 0695
—. 0417 +. 0870
+0. 1417 +. 0107
+0. 0206

~0.0075
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EXPLANATION OF SOLUTION

The forward solution is computed as follows:

Normal equation No. 1 is written down and divided by its diagonal
term, + 23, all the signs being changed. (, is thus given in terms of
C,, Ci, Oy, and the constant term. Normal equation No. 2 is next set
down, and since it has a coefficient of —12 for (, the divided coeffi-
cients of equation No. 1 are multiplied by —12, and the products are
placed under equation No. 2. The quantities in each column are
then added algebraically and are divided by the new diagonal term,
+9.740, all the signs being changed. C; is thus given in terms of
G;, C,, 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 algebraically and these sums divided by the new diagonal
term, all the signs being changed. (; is thus given in terms of C
and the constant term. Normal equation No. 4 is then set down,
and since it has a coefficient of —12 for €}, +5.740 for (., and
+7.179 for C;, 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;—0.5893C;—0.0049; and C,=+0.5217C;
+0.2609C; + 0.5217C;+ 0.0043. These (’s can be obtained most
conveniently by arranging the back solution in the form shown on
page 13. There will be as many columns as there are C'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 algebraically to give C;. The value of G, +0.1417, is then
multiplied into each of the quantities of the divided equations in
the column headed 3 of the forward solution, these products being
placed in the third line of the back solution, beginning with the
column headed 2. The quantities in the column headed 2 of the
back solution are then added algebraically to give C;. The value of
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C,, +0.0206, is multiplied into the quantity of the divided equation
in the column headed 2 of the forward solution, this product being
placed in the fourth line of the back solution in the column headed 1.
The quantities in the column headed 1 of the back solution are then
added slgebraically to give 0.

COMPUTATION OF 's

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

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

=30, 1,=40, =6 (1—C;—C;,— 0), v,=6 (C,—C.—C)), v=
6 (03+ 04), Vg = —603, W™= 401, 'vs 402, 279—603, and '010—604

The #’s are best obtained by means of a table as shown below,
which has a column for each ». The values of G, C:, C;, and C; are
placed in the different columns to correspond with the set of corre-
late equations on page 11. These are then added algebraically in
each column, and each sum is then multiplied by the corresponding
weight for that » 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 #’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 equatxon (1) we substitute the values
of the »’s computed to the nearest tenth of a second, we have 0=
—0.1+0.04+0.0—0.3+0.54+0.0, or 0=+0.1; and in equadion (3)
we have 0=—2.2+0.34+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, v; has been
given the value —0.1 instead of 0.0, and », —0.8 instead of —0.9,
in order that equations (1) and (3) may be satisfied.

Computation of v's

3 4 5 6 7 8 9 10

9
—0.008 —0.002 —0.008 | —0.008 | +0.142 | —0.142 | —0,008 | -0.021 | 4-0. 142 —0.11:

3 =02l —.021| —.114 6 4 4 6
— 13| 114
—o024 | —o2| 4114 +.028{ —-.852( —.032| +.084| -.852( —. 684
.0 -1 +.085 6| —8 0 +.1 +.9 -7
—: 057 6
6 +. 168
+.2

+. 510
.32 +.5
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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 lg;’f:gﬁ]‘;t‘:nn:;l Fipal seconds

Chamcook 0 00 00.0
L1 ) 115 58 10.1
Rye.. . ceeeee- 150 27 30.9
Anderson 154 4 3L6 ([ ..
Mohannas_____.. 168 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 horizontsl angles, at the end of the observa-
tions of angles for each station, there is always given an abstract of
the observed angles. Where the station adjustment is made by
the angle method, the corrections are applied directly to the observed
angles in this abstract, and the list of directions is made directly
from the abstract.

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

Station Cora

Observed stations Observed angle Final
seconds!

© r ” ”

9) Decision—Mae. ..._.__....____ 16 11 53.6+m 53.5
2) Declswn—Nauon - 99 42 50.6402 50.9
(3, 83 30 57.64m 57.4
74 11 11.04ns 1.1

9 19 46.14w 46.3

260 17 08.8-vs 09.1

P ll’g"hls column is filled in after the adjustment is completed. See
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In the above table , v;, 73, vy, 95, and v, 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)+ @) gives 0=+0.6+v,—v,+v,.
2d —(@)+ @)+ () gives 0=—0.5-0v3+ v+ ;.
ad )+ (6) gives 0= — 0.6+ v, + vs.
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 13-186.

Correlale equations

. Adopted
1 2 3 Ze v ot

1 +1 +1 —0.062 0.1
2 -1 +1 0 +-.331 +.3
3 +1 —1 |eecmaaaa 0 ~. 208 -2
4 +1 +1 +-.146 +.1
5 +1 +1 =+ 148 +.2
(] +1 +1 -+. 269 +.3

* This column is filled in after the adjustment is completed.
1 8ee explanation of this column on p. 15.

Normal equations

1 2 3 7 Zn c

+3 -1 -1{ -40.6 +1.6 | —0.0616
.5 +1.5 +. 1462
.6 +:4 -+. 2602

:
1

Solution of normal equations

1 2 3 1 Zn
+3 -1 -1 +0.6 +1.6
G -+.33333 - +.33333 -2 -
+3 -8 +1.5
1 -. 3333 —. 3333 +.2 +. 5333
-+2. 6667 —. 3383 -3 -+2. 03334
Cy +.125 +.1125 —. 7625
+2 -6 +.4
1 —. 3333 +.2 -+ 5333
2 —. 0417 —.0375 +. 2542
+1. 6250 —. 4375 +1. 1875
] +. 26923 -, 73077
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Back solution

3 2 1

0. 26023 +0.1125 —0.2
=+.0337 +. 0897

-+. 0487
+. 1462

—. 0616

Computation of corrections (¢'s)

1 2 3 4 5 [
—0.062 +0.062 —0.062 +0. 146 40,146 | +0.269
+. 260 —. 146
—. 062 +. 146 4. 146 +. 269
-1 -l; .';31 - gos +.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.)

DEPARTMENT OF COMMERCE
U. §. COAST "lg:mmc SURVEY
States oo oeaneee.. —
Station.._.COP&__________  Computedby... Qs P: 8o

Observer..Ca¥aBa Checkedby .. W= B Ro

- Direcrions Arrer  Finav
Sramions Ozszxvep Locan ApjusTuENT SECONDS

o ’, ” r

Decision 0 00 00.0
Mac 16 11 53.8
Howard 25 31 39.8
Nation 99 42 50.9

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

REDUCTION TO CENTER

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

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



PRELIMINARY COMPUTATIONS 19

INSTRUCTIONS

The required reduction to center is, in seconds, ¢= d sin o

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. a is the direction of the distant station involved,
reckoned in a clockwise direction as usual but referred to the direc-
tion from the eccentric to the true station, or center, taken as zero.
This definition of a 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.

WO RGeS SURIEY LIST OF DIRECTIONS
PoRse MA
State:
Sttion .. Ken_Ecce c dby..Q:BoS. __ Sution Kem . Computedby QePe8a
Obssever_Ca¥als Checkedby — WaKaBa. . Observer SoVeBe . Checked by . WeXeRe
o Arrsz  Foas o D Arrzr _Foos
LocaL A & Locau Aprustusnr Szcowns
L ’ ” cﬂ,:”for L ’ ~ ”»
Chevy 0 00 00.00eccentr. Chevy 0 00 00,00
Tank west of & Dulce 29 03 37.0 =-62.5 Tank west of A Dulce 29 02 34.5
Ken (center) 3.469 m. 176 42 Forest Glen Standpipe 313 28 Ol.
Torest Glen Stondpipe 313 24 63.0 +128.5. Home . . 326 32 09.3.
Bome iraley, 3B 3302 . A - gf Stand wive- 4o 17338
» of Stend. wireless 252 17 20.8 +13.0 Bemo 25 2 64.78
Reno 357 28 48.63 +6.18

/(een €CC. 53969, Hen
-fo \-lo'" r4qe 50

F1a. 7.—Lists of directions before and after reduction for eccentric station

Carry e 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 s_indl #* 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 24 A from the reduction
¢ for the required direction and apply the difference to the observed
direction. Similarly, the correction to any angle is the difference
of the reductions on this form to the two directions involved in that
angle.

°':.‘."!.F'..'.".:.‘::,_:‘i::'.‘.'..=.‘.,“ REDUCTION TO CENTER
FORM 3|
Eccentric Siation:  Ken Log 4—0.54020
Cologsinl1"=5.31443
= 3,469 meters Sum =5.8 5 463
STATIONS a Loo st a Loos l.oo# b Ko Repyorion
° IN SECONDS »
Center 0 00
Chevy hes 18 | s.76018| 376880 5,0@# o,g.-.;ﬁ -
fank west of A Dulcd212 22 | 9.72863 | 3.73 55988, | 1.04433 | -e0.08
Forest Glen standplpel?6 435 | 9.83608 s.aaig 6.40388 3.352“ 8158
Bome X ha9 50 | 9.70118| 4.0518%. | 5.60088 1.soa§ w8
Bu. of'ﬁﬂn&i%d?‘,’\“ h75 35 | ©.88654| 3.98487 | 4.50167 | 0.75630 | +5.71
Reno 180 47 8.13681 | 3.9263%. | 4.20088. | o. -1.16

F16. 8.—Reduction to center of eccentric station

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

However, as the other three stations observed from Ken eccentrie,
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)
= 118826; at Home, +31791—(—7731)=439722; at Bureau. of
Standards wireless pole, +5”71—(—7"31)=+1370; at Reno,
—1716 — (—7731) = +6715, The corrected directions are shown
in Figure 7.

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

REDUCTIONS FOR AN ECCENTRIC OBJECT OBSERVED

If the object observed is 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 a is the direction from the eccentric object to the distant
station involved, reckoned in a clockwise direction as usual but
referred to the direction from the eccentric object to the true station,
or center, taken as zero. (No distinction need be made between the
direction from the eccentric object to the distant station and the
direction from the true station to the distant station except when the
eccentric reduction is more than one minute.) The remainder of
the computation on Form 382 is made in the manner indicated
above with reference to an eccentric instrument. The reductions to
directions are, however, to be applied to observed directions, at the
stations named in the first column, to the eccentric object at the
station named in the heading. The directions to which these reduc-
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o G Ereeric sur COMPUTATION OF TRIANGLES
State: .. MAXYLeDA.
Crrmewmey FrwTy enYS
NoO. STATIONS OBSERVED ANGLE  CORR'N Srmmww rmran ELANE ANGLES LOGARITEM
23 Home-Reno 3.772214
¢ 1 Ken 30 56 'gg;g- +3.5 48.8 0.388&-
2 Home 47 09 57.7 3.4 61.1 9.86!
3 Reno 101 53 06,7 +3.4 10.1 9.99058‘3\
1-3 ‘Ken-Reno 3.9263;
1-2 Kexn~Home 4.051616-
49.7
23 Home~Chev) 50.6 3.8609?.%
e 1 Ken 33 27 L& +2.3 B52.9 0. 258503~
2 Home 25 20 54.6 +2.2 56.8 9.631533'
3 Chevy 122 11 08,1 +2.2 10.3 9-93321#\
13 Kea-Chevy 3.7500%8
1-2 Ken~Home 4,0516
53.3
2-3 Ken-Reno 3.925508
° ::ank near Dulce(1ll e '7.) o-mgsg&
en 31 9.7
3 Reno 37 18 26.6 9.782538
1-3 Tank-Reno 3,67
1-2 Tank-Ken 3.739%
49
2-3 Reno-Ken 3.926300-
o 1““5&&3:;11)3 s 4|95 3325'69 ) 0.061233-
2Reno 16 09 44.2 9.444605
3Xen w 8-2E 9.8480%
1-3  Forest Glen Standpipe - Ken 3.4.%9 ]
1-2  Forest Glen Standpipe - Reno 3.830008
2-3 Reno-Xen 3.93633
Bu. of Stand. 14.8 b
¢ 1 wireless pole (31 22 96:8) 0.283
2 Renmo 143 26 24.2 9,775001
3 Xen 5 1 £ 8.95680k-
1-3 Wireless pole-Ken 3,984068,
1-2 Wireless pole-Reno 3.156331-

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 all in one list, as is the case when the
instrument is eccentric.

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

(BETNTMINT oF CoMMENCE LIST OF DIRECTIONS
Pomms State: . MAXYLEOA ... e e
Satin__HOD®  Computedby.Q:BaSe . Sttion.Berk . Computedby QeRela
Observer. fa¥eBe . Checkedby . TeTaRe Obsarvar Galiek Checkedby JadaRa
o B tn Sxons i et AL
e v w ” -+ w -
Park 0 00 00.0 Cedar 0 00 00,0
Cedar 47 07 49.6 Vellace 44 46 54.8
Gerat 187 42 15.9 {xom 116 24 38.8
Garfield 152 26 42.7 Home Eco 116 26 12.1
Home Tcce 2.79 m. 232 55 20. Reno 173 33 28.9

Station..Cedax ... ... Computed by QaPaSa ...

Observer Galuata . Checked by TelsRe ..

Locar Auvmn.r I%

° 4 ” ”

Tallace 0 00 00,0
Home 43 02 10.8
{Hom Eeo 43 02 07.4
Takoma, 58 59 17.6
Park 59 29 28.5

Station..Goxet . Computed by - QuPsfa Station__Gaxrfield . Computedby .OaP.S._ . ..

Obsorver Qslos@s _ Checkedby — MaXoRa  Observer _Gulia@®s  Chocked by .—LBa oo
8 O LocaL A AT e b Locar Awulm‘:l sm:"m
1 ] ’ ” ” L] ’ o” ”

Gerfield 0 00 00.0 Insane 0 00 00.0
Stanton 12 13 22.0 {xm 623 58 17.2
{!om 45 2 3.0 Home Ego 63 57 26.9
Home Bog 46 20 53.3 Stanton 88 40 09.C
Potomac 93 11 08,1

F1G. 10.—Lists of directions for eccentric observed object

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

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

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

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

""‘."'e'.“.."ﬁ.‘lfn‘:::‘.‘:ﬁ.':f‘ REDUOTION TO CENTER

o'blervetl object at

d=0,
Eocenirio Station:  Fome Log d=0. 445 60

Cologsin1"=5.31443

d= 2.79 meters Sum =5, 76 003
BTATIONS s Loasma 100s Loo 0% uil:l‘g.l(:ctl::?nlf | mwsucmiox
Center 0 00
Cedar 4 12 8.86474 4.12189 4,74285 | 0.50288 | 43,18
Gerst 94 48 9.99850 4.10683 5.89167 | 1.65170 H44.84
Garfield 109 20 9,97435 4.02427 6.95008 | 1,71011 H61,30
Park 317 08 9.83297 3.62200 6,21097 | 1.97100 [-93.54

F1G6. 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

e%h sin 2a cos? ¢
2p sin 1//

’

a2 —_ b2
where ¢#=—;

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

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

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

: Log
Observed station | & a 2a I‘°25¢sm Logh | etcosio | corree- C:ggc—
2psin 17| tlon
m. o I3 L] ’ n
Snake_ . ._.... 813 50 45 101 30 9. 991 2.910 5. 634 8, 585 0. 04
(ladys._. 761 21 52 83 44 9. 907 2,881 5. 684 8. 562 +.04
Bonetrail. .| 740 29 21 118 43 9. 943 2,869 5. 684 8.496 =+.03
Willistony_.__.... 723 208 57 27 M 0 870 2. 859 5. 684 8.413 - 03
Buford________.. 56 353 42 47 24 9.339 2.879 5. 084 7. 902 -.01

Since ¢ is a constant for a particular station, e* does not vary,
and p does not vary enough for any given latitude to affect the
é® cos? ¢
2p sin 1”7
directions at any given station. The values of & are obtained from
the vertical angle computations, and the values of ¢ and « are
obtained from the geographic position computations which, neces-
sarily, must be made before the sea-level corrections can be deter-
mined. To obtain the corrections to the directions it is necessary to
e cos? ¢
2psin 1’/
which, as was stated, is the same for all directions at any given station.
The sign of each correction is determined by the sigh 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 & table is given on page 26.

result, the same value of the factor can be used for all the

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

] 2
[Corr.=+,;——:T:—1,-, cos? ¢ sin 2«; —m cos? ¢ sin 2« is tabulated below for the sizth decimal place. Tt is

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

Azimuth of direction
L] -] o -] -] o o ] o o ° o o -] o
+ 0 5 10| 12.5 15| 17.5 201|225 25| 27.5 30| 32.5 35 401 45
90 85 80| 77.5 75| 72.5 70| 67.5 65( 62.5 60| 57.5 55 50| 45
- |90 95 100 [102.5 | 105 |107.5 110 [112.5 | 115 | 117.6 | 120} 122.5| 125 130 | I35
180 | 175 170 |167.5 | 165 |162.5 160 {157.5 | 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 [257.5 |- 255 |252 & 250 [247.5 | 245 | 242.5 | 240 ( 237.5| 285 ( 230 | 225
_ 270 275 280 [282,.5 | 285 |287.5 290 (292.5 | 205] 297.5 | 300 | 302.5| 305 | 310 | 815
\360 355 350 1347.5 | 345 1342.5 340 (337.5 | 335 832.5| 330|327.5| 325 | 320} 315
¢
2|0 17 33 41 48 55 62 68 74 79 83 91 95| 97
211 O 17 33 40 48 55 61 67 3 78 83 86 90 94| 95
210 16 32 40 47 54 60 67 72 77 81 85 88 93| 04
231 0 18 32 39 46 53 60 66 71 ] 80 84 87 91) 93
241 © 16 31 39 46 52 59 65 70 75 79 83 86 9] 91
25| 0 18 31 38 45 52 58 64 69 7 78 81 84 8| 9%
26| 0 15 30 37 44 51 57 63 68 72 77 80 83 871 88
27| 0 15 30 37 43 50 56 61 67 71 75 9 82 86| 87
28| 0 15 2 38 43 49 55 60 65 70 74 7 80 84| 8
29| 0 15 29 35 42 54 59 64 69 73 (] 79 82 84
30| 0 14 9 35 41 47 53 58 63 67 71 74 i 81
31| 0 14 28 34 40 46 52 57 62 66 70 73 78 9| 8
3210 u 27 3 39 45 51 56 60 64 68 71 74 79
3] 0 13 26 33 44 49 54 59 63 67 70 72 % 7
34; 0 13 26 32 38 43 48 53 62 65 68 71 4] 75
3| 0 3 25 31 37 42 47 52 56 60 64 67 69 2| B
38| 0 12 25 30 36 41 46 51 55 59 62 65 67 7] 72
37| 0 12 4 30 35 40 45 49 53 57 60 63 66 60| 70
8]0 12 23 20 34 39 44 45 52 56 50 62 64 67| 68
39| 0 12 2 28 33 38 42 47 51 54 57 60 62 65| 68
40| 0 11 2 27 32 37 41 45 49 53 56 58 60 63| 64
4| 0 11 21 26 31 36 40 44 48 51 54 56 59 6l | 62
42| 0 10 21 26 35 39 43 48 50 52 55 57 60| 60
43| 0 10 24 29 34 38 41 45 48 51 53 55 58| 59
41 0 10 19 24 28 32 36 40 43 46 49 51 53 56| 67
45| 0 10 19 2 27 31 35 39 42 45 47 50 51 64| 55
6| 0 9 18 22 26 30 34 37 40 43 46 48 52| 53
471 0 9 17 2 25 29 33 36 39 42 44 46 48 50 | 51
48| 0 9 17 21 25 28 31 35 38 40 42 44 48 481 49
9| 0 8 18 20 24 2 30 33 36 39 41 44 46 | 47
5] 0 8 15 19 23 26 29 32 35 37 39 41 42 45 45
51( 0 8 15 18 2 25 28 31 33 36 38 39 41 43 43
52| 0 7 14 18 21 24 27 29 32 34 36 39 41| 41
53| 0 7 14 17 20 23 25 28 30 32 34 36 37 39| 40
54| 0 7 13 16 19 2 2 27 29 31 33 34 37| 38
55| 0 6 2 15 18 21 23 25 28 29 31 33 34 35| 36
5| 0 6 12 14 17 20 2 24 26 28 30 31 32 34| 34
57| 0 (] 11 14 16 19 21 23 25 27 28 29 31 32
58( 0 5 11 13 15 18 20 22 24 25 27 28 29 30 31
59| 0 5 10 12 15 17 19 21 22 24 25 26 a7 29
60| 0 5 9 12 14 16 18 19 21 22 24 25 26 27| 27
6L 0O 4 9 11 13 15 17 18 20 21 22 23 24 35| 26
62| 0 4 ] 10 12 14 15 17 18 20 21 2 23 23| 24
63| 0 4 8 10 11 13 14 16 17 18 20 20 21 2| 23
6] 0 4 7 9 1 12 14 15 18 17 18 19 20 21| 21
65| 0 3 7 8 10 11 15 14 15 18 17 13 18 19 20
66! 0 3 6 8 9 10 12 13 14 15 16 16 17 13| 18
671 0 3 (] 7 8 10 11 12 13 14 14 15 16 16| 17
68| 0 3 5 6 8 9 10 11 12 13 13 14 14 151 15
60| v 2 5 6 7 8 9 10 11 12 12 13 13 141 14
0] 0 2 4 5 6 7 8 @ 10 10 11 12 12 1B 13
71| 0 2 4 5 6 1 7 8 9 10 10 11 u i 12
72| 0 2 4 4 5 6 7 7 8 9 9 9 10 10 10
73| 0 2 3 4 5 5 6 7 7 8 8 8 9 9 9
4] 0 1 3 4 4 5 5 6 6 7 7 8 8 8 8
751 0 1 3 3 4 4 5 5 6 6 G 7 7 7 7
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The arguments used in this table are the latitude of the station at
the Ieft 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, 1atitude 48° 20’}

2 sin 2a cos?
Observed station h ] ¢ s;: sin(;.” g C'(')irg:c-
m. o ’ n
Snake. 813 50 45 0. 000047 +0.04
Qladys 761 221 52 . 000048 +.04
Bonetrail 740 239 21 . 000042 +.03
Williston. 723 203 57 . 000036 —-.03
Buford 756 353 42 . 000011 —.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

(SITTener o coungnce LIST OP DIRECTIONS
Fomm L State:. BAEE0 DRROLR... ... oo e eeeernee —
Stationew BOIY Computed by wQePeSe  _ Station_Bull Computed by ...QeBeSe
Obsorver .. Sa¥eBe ____  Checkedby e BeXsBo . Obsarver Co¥eBo ____  Checked by wBsFeBy
8 o " Locas A . Bhaaam 8 Locay A.NUI'I'A:'I'II.? SIHQ::LDI
Tilliston 0 00 m filliston ' 0 00 00,00
Buford 59 45 20.08, Buford 59 45 10,08
Sueke 116 48 35,58 Sneke 116 48 35,39
oladys 27 55 2.18 Gladys 27 56 2,19
Bonetrail 305 24 sa.éi Bonetrail 306 2¢ 33.86

F16. 12.—List of directions corrected for sea-level reduction

€ sin 2a 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°
t0.180°) and fourth (270° te 360°) quadrants.

After the sea level corrections have been determined, they -re
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,
sssociate mathematician of the division of geodesy of this bureau.
Directions for using this nomogram are given on the figure.

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 B c
formed by connecting it with stations on the
fixed line or previously named stations should
be written in clockwise order. L ™ i

After the local conditions, that is, those aris- I:,m - D
. " . 14,—Typical quadrilateral
ing from the relations of the angles at each
station to ome another, are satisfied (see pp. $-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
notnecessary to spend much

Yellow time in making the sketch

FiG. 15.—Quailrilateral used for sample adjustment absolutely to scale, although
it should be approximately correct in order to give an idea of the
relative size of the angles, the sketch being used as an aid in. forming
the equations.

Spencer

Fairview

| EIARTMENT o CoMMEmcE LIST OF DIRECTIONS
Fomna State;... Oregonm . ...
Station ROWED | Computed by FeFeRe . Sution__SPencEr ... Computed by AR R ...
Observer Qe BeFrench . Checkedby QsPsSs Otserver QsB.Frengh .. . Chechedby QeP.S. .
Brarions OszaveD Dirzetions Arrer  FiNat 8 0 D Arrex  FinaL

AL LocaL Apiustxent 8zconps

o s u ” e 4 ”

Spencer 0 00 00,00 59,96 Peterson 0 00 00,00
Falrview 31 04 11.58 11.86 ‘Twin 108 19,28
Yellow 65 12 45.72 45.48 TFairview 131 12 05.23 04.91
Mary 261 34 34.04 Yellow 197 25 26.30 36.80
Peterson z21 25 23.53 Roman 251 46 38.49 38.31
Twin 330 41 33.42 Rench 270 37 26,91

Mllanette South Base 311 51 09.89

tary 318 12 01.16

Ridge 319 15 00.47

Willamette North Base 328 26 41,12

Computed by ...iaieBe ... Station. _Esirview C d by .....daFaR
Checked by _0u2e80. . Observer .QuB.Frepeh..... Checked by 1 7Y T

Direcrioxs Arrea Finar
LocaL AruystdENT SEcoNDS

Station ._Yellow

Observer Qe B

Direcrions AFtErR  FinaL

Local. ApsusrMesxT Secosrs SrattoNs UBSERVED

Srarions OnserveD

Taite 0 00 00.0 Tnite 0 00 00,00

Roman 178 40 28,63 38,69 Scott 23 26 03,35

Spencer 239 06 47,30 47.52 Yellow 54 53 23.69 23.22

Fairview 297 46 V9.74 09.55 Roman 8l 39 4.54 .90

Scott 337 15 43.07 Spencer 110 00 45.96 46.06
Black 310 44 55,62

Fi16. 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

DEFARTMENT OF COMMERCE
U & COAST ARD GEDDITIC SURVEY
Form 35

State: ...Oregon

COMPUTATION OF TRIANGLES

i 7 8
ComrN STN: Srann FLANEANNCES  nooAmmEM
4.7176307

-0.34 08.83 1.95 06.88 0.0605813
-0,20 45.52 1.96 43.56 9.9580218
-0,68 11.51 1.95  (09.56 9.9098872
-l.22 5.86 4.7362338
4.6880992

4.6880092

40.83 01.68 2.19  59.49 0.3464441
40,16 31.27 2,19  29.08 9.9414345
=0,52 33.62 2.19 31.43 9.7491538
+0,47 6.57 4.9759778
4.7836971

4,7362338

40,57 22.84 2.39 20.45 0.0859876
40.50 22.44 2.39 20,05 9.9314862
+0.82 21.89 2.39 19.50 9.9614757
+1.89 7.17 4,7537076
4,7836971

) 4,7176307
-0.2621.16 2.15  19.01 0.3233636
+0.3211.90 2.15 09,75 9.7137133
40.1433.40 2.16 31,24 9.9349835
+0.20 6046 4.7537076
4,9759778

1 2
L
NO. STATIONS OBSERVED ANGLE
2-3 Roman~-Spencer
=445 1 Yellow 60 26 09.17
~1+3 2 Roman 65 12 45.72
=1142 3 Spencer 54 2 12.19
1-3 Yellow-Spencer
1-2 Yellow-Roman
o7.08
2-3 Yellow-Romen
«748 1 TFairview 26 46 00.85
-446 2 Yellow 119 05 31.11
=243 3 Roman 34 08 34.14
1-3 Fairview-Roman
1-2 Fairview-Yellow
06.10
2-3 Tellow-Spencer
~749 1 Fairview 55 07 22.2¢
=546 g Yellow 58 39 21.94
=10+411 3 Spencer 66 13 2A.07
1-3 Fairview-Spencer
1-2 Fatrview-Yellow
05,28
2-3 Roman-Spencer
-849 1 TFeirview 3B 2 21.42
=142 2 Roman 31 04 11,58
=10+412 3  Spencer 120 34 3B.26
1-3 Fairview-Spencer
1-2 Fairview-Roman
06.26

FiG. 17.—Triangle computation for stations of quadrilateral

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

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

To obtain the angle at Roman between Peterson and Fairview, it
is necessary to add 360° to the direction to Fairview before subtracting
the direction to Peterson; (31° 04’ 11758+ 360°)—321° 25’ 23’53
=69° 38’ 458”05. In other words, if a direction is less than the one
which is to be subtracted from it, then 360° must be added to it
before the subtraction is made.

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

: SPHERICAL EXCESS

The total spherical excess for each triangle as given on Form 25
is obtained by the formula (see Special Publication No. 8. p. 7)
= b, sin (| (1—¢* sin® ¢)*

5 0 71 N Lt 477 =a, blsin (",Xm
2a (1—¢*)sm i

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 a the semimajor axis of the spheroid of reference; and
¢ is the mean latitude of the three vertices of the triangle. The
letter m is used to designate that part of the expression above which
depends only on the latitude and the dimensions of the spheroid and
the values of log m are given with the latitude as an argument in
the table on page 234,

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

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

log a; = 4,7176

log b, = 4.7362

log sin Cj= 9.9099—10
19, 3637

log m = 1.4041—10

log € = 0.7678

€ = 57859
“"ams.;:g:g::r:.zm:f"“ COMPUTATION OF TRIANGLES

State: ...0%e800

xo, STATION ODSLRVED ANGLE ~ CORR'N STEINL Erzmii  RLANE ANOLE LOGARITHM
2-3 Roman-$oencer 4.7176
1 Yellow 60 26 09.17 0.0606
2 Roman 65 12 45.72 9.9580
3 Spencer 56 2 12.19 9,9099
1-3 Yellow-Saencer 4.7262
1-2 Yellow-Roman 4.6881

Fi1G. 17a.—Preliminary triangle computation to obtain lengths for spherical excess computation

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

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

In computing the spherical excesses, it is sometimes found that these
sums fail to check by 0701, due to the dropping of the third decimal
place. They should always be made to check by arbitrarily changing
the spherical excess of one of the triangles by 0%01.

1 This 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’ 05”86, so the triangle closure is 180° 00’ 05786 —
180° 00’ 07708 = — 1722,

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

NUMBER AND SELECTION OF EQUATIONS

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

Condition equations must be included in the adjustment to elim-
inate the closing errors of the triangles, that is, to make the sum of the
angles of each triangle exactly 180° plus the spherical excess of the
triangle. These are called angle equations. A condition equation
must also be included to insure that the lines at the pole (the peint
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=»'—8'+1,
nuraber of side equations=n—28 +3,

in which 7 is the total number of lines, #’ is the number of lines sighted
over in both directions, S is the total number of stations, and S’ 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.)



ADJUSTMENT OF A QUADRILATERAL 35

In the quadrilateral Roman-Spencer-Fairview-Yellow (see fig. 15
n=6,n"=6, S=4, 8'=4. Therefore

number of angle equations=6—-4+4+1=3,
number of side equations=6-—-843=1.

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

The corrections to directions are designated by vy, 2, . . . . . ¥,, but
for convenience it is customary to drop the r's, and simply write
1), @), (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, -+ B) -+ BG)—U1)+(12)=—1.22, or
as usually written 0= +1.22—(1)+ 3)— @)+ (56)— (11)+ (12),

angle equation 2, =—047—2)+ @) — @)+ (6)— (7Y + (8),

angle equation 3, =—1.80—-(B)+®6)—(T)+(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)—(8)+(9)— (16) + (12).
But equation 1 is, 0=+122—-(D)+@)—@D+G)—(11)+(12),
and equation 2 is 0=—047—2)+@)— @)+ ®B)— (7) +(8).
Therefore equation 1—equation 2 is,
0=+160—(1)+@)+BY—6)+(T)—(®)
—-(11)+(12).
But equation 3 is,
0=—1.89—(5)+(6)— (7)+ (9)— (10) + (11),
therefore equation 1—equation 2+ equation 3 is,
0=—-0.20—(1)+(2)— (8) + (9)— (10) 4+ (12)



36 U. 8. COAST AND GEODETIC SURVEY

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 5¢ Roman-Fairview , Roman-Yellow
Roman-Fairview " Roman- Yellow Roman-Qpencer

=1.
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[—114+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] +logsin[— 11 + 12] =log sin[ — 10+ 12]
+log sin[ — 7+ 8]+ log sin[— 4+ 5]

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

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

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

Side equation

1 2 3 4 5 f 7 8
-] ? ” o ? ”
-~849 28 21 21.42 | 9.67664586 | +3.90 | —10412 120 34 33.26 | 9.93498007 | —1.24
—446 119 05 31.11 | 9. 94143208 —1.18 ] 26 46 00.35 | 9.85356160 | -+4.15
—11412 54 21 12.19 | 9.90959120 +1.51 —4+45 60 26 09.17 | 9.93942144 +1.19
9. 52796914 9. 52796401
4. 0=+5.13+2.37($) — 1.19(5) — 1.18(6) ++.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 v’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 —0.46640.362+0.104=0; and at Spencer on (10}, (11),
and (12) they are —0.317+0.498—0.181=0.

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

The full solution, both forward and backward, of the four normal
equations, is given on page 38. The computation of the v’s is-given
on page 39. As a solution similar to this was fully explained on
page 14, it is not necessary to explain this one.
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Correlate equations

1 2 3 4 = p |Adopted
1 ~1.00] —0.039| —o0.04
2 ~1.60 +.284 | +.28
3 +2.0 —245| -
4 +.37 +.056 1 +.06
5 —1.19 - -
6 +.82 +.22 .92
7 +2.18 —.406 | —.47
8 —7.08 .362 | +.36
9 +44.90 +.104] 410
10 —2.24 —317| -.32
11 —1.51 +.4987 4.5
12 +3.75 —131| —.18
Normal equations
1 2 3 4 n Su c
1| +6| 42| -2 +0.70 +1.22 4792 4-0.03928
2 46| 42 —15.81 —.47 —6.28 —. 28422
3 +6 —. 54 ~1.89 +3. 57 +. 41561
i 4117.7144 | 4513 | 41072544 | —. 08003
Solution of normal equations
1 2 3 4 n Zn
46 | +2 —2 +40.70 +1.22 +7.92
G —. 33333 +.33323 —. 11687 —. 20333 —1.32
+6 +2 —~15.81 —.47 —6.28
1 —. 6667 +. 6667 —. 2333 ~. 4067 —2.64
+5.3333 +2. 6667 —16.0423 —~. 8767 —8.92
(4 —. 50001 +3.00814 - 16438 +1.67251
- 54 —1.59 +3.57
1 —. 6667 +. 2333 -+. 4067 +2.64
2 —1.3333 +8.0217 +. 4333 +4.46
44,0000 +7.7150 —1. 0450 +10. 67
G —1.92875 +. 26125 —2.68675
+117. 7744 +5.13 +107. 2544
1 — 0817 ~. 1423 —. 0240
2 —4%, 2605 —2, 6372 —26. 8326
3 —14. 8803 +2.0155 —20. 5793
7
+54, 5519 +4. 3650 +-58. D180
Cs ~—. (18003 —1.08003
Back: solution
4 3 2 1
—0.08003 | +0.26125 | +0.16438 | —0.20333
+. 15436 —. 24079 +. 00933
—. 20781 4. 13854
+. 41561 +.09474
—. 28422
+. 03928
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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 (v's)

1 2 3 4 L] 8 7 8 9 10 11 12

—0.039 [+4-0.284 |4-0.039 |—0.039 |4-0.039 {—0. 284 |4-0. 284 |—0.284 |+0.416 |—0.416 |—O0. 039 +0.%

—.04 [ +.28 | —284 | 4-.284 | —. 416 | +.416 | —. 416 | +. 646 | —. 312 [ . 009 | . 416
—~.189 | +.095 | 4-.084 | —. 334 +.121
—. 245 <4.362 | +.104 | —. 317 ~. 181
—24 | 4-.056 | —.282 [ +.226 | —. 466 | +.36 {-+.10 | —.32 | +.498 | —.18
+.06 | —.28 | 4.22 | —. 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 is8 —4+45=—(+0.06)+ (—0.28)= —0.34; the cor-
rection to angle Roman is —1+43=—(—0.04)+ (—0.24)= —0.20;
and the correction to angle Spencer is —11+12=— (4+0.50)+
(—0.18)=—0.68. These three corrections should sum up to the
closure of the triangle, —1722, 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. 1f 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 LENGTHS

The plane angles in column 7 (see fig. 17) can now be computed
and finally the logarithms (or co-logarithms) of the sines of these
angles are placed in column 8. (In the case of the first angle of each
triangle the co-logarithm of the sine of the angle is used.) In each
triangle, the logarithm of the length 2-3 is added to the co-logarithm
of the sine of angle 1 and the logarithm of the sine of angle 2 to give
the logarithm of the length 1-3; and the logarithm of the length 2-3
is added to the co-logarithm of the sine of angle 1 and the logarithm
of the sine of angle 3 to give the logarithm of the length 1-2.

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

Where there is a difference of one or more in the last place of deci-
mals in the adjusted logarithms of the lengths, the logarithms should
be made consistent before going ahead with the work. The question
naturally arises: To which logarithm should the correction be applied?
Other things being equal, the correction should be applied to that
logarithm which was computed through the smallest angles. How-
ever, in taking out the logarithms of the sines, one more decimal place
than is necessary should be taken out and placed in small figures to
the right of each logarithm. It can then readily be seen where the
adding or dropping of units in this decimal place has accumulated
enough to change any particular logarithm of a length one in the last
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
+0.08, —0.28, and +0.22, respectively. Then in the list of direc-
tions at Yellow, Figure 16, we apply these corrections to the direc-
tions Roman, Spencer, and Fairview as follows: To Roman, 38763 +
0706 =38769; to Spencer, 47780 — 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’ 058”83. 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° 467 09796 —178° 40’ 38769=119° 05’ 3127 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

- Romaa to Spenoer 261 o4 63,49
p3 Spencer & Tellow Y6 12 | 452
« |2 Roman to 1. Yellow 26 | 17 | W
P . 13 | 83,28

180

¢ |1 Yellow to 2. Rom.n 146 31 | 3227
First Angleof Triangle 60 26 08,83

. . .
v ] a3 Romea 1|28 | “ | 1907
ar] - ai]l - | | o549
vl Yollow w128 | 28 | oosea

s | 4,688 0992 . 9, 37620 Y 3,1187
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44 TU. S. 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 positiens for first-order triangulation are computed on form
26. The formulas used in the computation of geographic positions,
the development of these formulas, and the tables used in the position
computation, are found in United States Coast and Geodetic Survey
Special Publication No. 8, and are not repeated here.

The computation of the geographic positions of stations Yellow
and Fairview are given on pages 42 and 43.° (See fig. 18.)

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

For example, in computing the geographic position of station
“Yellow,” the angles used are 60° 26’ 08783, 65° 12’ 45752, and
54° 21’ 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;
thatis, 146° 31’ 32727 +60° 26’ 08”83 should equal 206° 57’ 41710,
which they do.

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

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

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

2 After the manuseript of this publication was prepared new forms with the same numbers (26 and 27)
as the old forms were prepured for the computation of geographic positions of the first and third orders.
Although there has been na 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 computas
tions. These new forms have not yet been finally adopted by this bureay, but are ot present being tried
out in the division of gemlesy A copy of each of these forms with sample computations of geographic
positions are shown in Figure. 19 and 20.
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Form 27

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
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F1G. 19.—Sample position computation, third-order triangulation, new form
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ORPARTMENT OF COMMERCE
U. $. COAST AND GEODETIC SURVEY
Form 26

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION
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F16. 20.—Sample position computation, first-order triangulation, new form
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ADJUSTMENT OF A QUADRILATERAL 47

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

LIST OF GEOGRAPHIC POSITIONS

After the geographic positions of the stations are computed a list
of these geographic positions, together with the azimuths and loga-
rithms of the distances to the other stations, is made on Form 28B.
(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’ 01”68,
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’ 21”16,
so the azimuth of Fairview to Roman as derived from the second
triangle is 141° 15’ 27783 —28° 21’ 21716=112° 54’ 06773, which
checks the value above.

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

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

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

- decession No. of Computation: _35.607
Locality  Bugene Datum  North American State eregon
DISTANCE.
STATION. - L o Bxcoxoe m AZIMUTE BACK AZIMUTH, TO STATION.
Locanrred (METERS). MxTERe. Frer,
* ’ ” - ’ ” - ’, ”
Yellow 43 32 48.846 1507.5 146 31 32,27 326 17 39.01 Roman 4.638 0992 48753.99 159986.5
1904 d.m. 123 24 09.568 214.8 206 57 41.10 2 10 2.7 Spencer 4.7326 2338 54479.50 178738.5
Fairview 43 35 10.453 322.6 86 08 05.05 =265 37 03.54 Yellow 4.783 6971 60771.10 199379.9
1904 a.m. 122 39 08.614 193.2 112 654 06,73 292 09 05.39 Roman. 4.975 9778 94618.87 310428.7
141 16 27.89 320 57 05.85 Spencer 4.753 707 53716.26 186076.6

F1a. 21.—List of geographic positions for new stations of quadrilateral
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CHAPTER 3.—ADJUSTMENT OF A NET OF TRIANGULA-
TION BY THE DIRECTION METHOD

CONDITIONS INVOLVED

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

§ Pancho

7 hl"edro

F1G. 22.—Trigngylation 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
sketch as shown in Figure 22. The triangles (fig. 24) are next written
out and the angles filled in from the list of directions in Figure 23.
Particular attention should be paid to the order in which the tri-
angles are written. (See p. 29.)

As full instructions for determining the spherical excess and triangle
closures, and for checkingsthe 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, »’ =29, s=13, and s’ =13. The number of
angle equations is therefore n’—s’+1=29—13+1=17, and the
number of side equations is n—2s+3=20—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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Corpus

Station.__..COTTMS .
Observer .CoVeBs 1917

Ringolad
Grande
Hebron
Corpus
Panoho
uareia

Checked by Y.F.R,
Dineers Arru:l FinaL & Obseavep
P -
0 00 00,00 59,64 Pancho
25 00 27,23 27.85 uarcia
31 47 59,55 59,97 lomument
80 32 48,42 48,61 Grande
118 19 55,00 54,61 Hebron
179 58 03,72 03.26

F1c. 23.—Lists of directions for stations of net

Cheched by 75 7 P

Directions Arter  Fixap
LocalL Arsversent Szcovps

LI ) ’

0 00 00,00
20 23 46,79
64 28 16,62
92 56 19,84

142 14 59,23

00,43
46,52
16,92
19,79
68,83

Cemputed by

Chesbed by ...

Directions Arrer  FinaL
Locau Aorustaest Secoxps

s 4 ’

00, 68
03,37
16.83
15,26
58.00

0 00 00,00
63 356 03,71
92 54 15,91
135 12 15.04
186 42 58,48



ADJUSTMENT

DEPARTMENT OF COMMERCE
U. 5. COAST AND GEODITKC SURVEY
24

Station .. GRENAE. .._..... -
Observor..Ca¥eHe A927_

Srarioxs OpagrveD

Rinzold

Hebron
Corpus
orment

STATIONS (IDSERVED

State:... . Texas

OF NET BY DIRECTION METHOD

Computed by ceheCoBa .
Checled by I 757 : PO

e Ko Stcanta
0 00 00,00 00,09
63 08 11,31 11,49
152 41 08,92 06,87
230 50 49,05 48,82

Computed by ... AeCalle___
2LaRs

DirecTioNs APTER  Finan
AL ADJUSTMENT SECONUS

Cheched by ..

o P ’

Gorgora 0 00 00,00 00,03
Garcena 41 19 43,99 44,21
Hebron 70 44 38,44 38,50
Grande 140 13 45,67 45,83
lomment 166 04 05,90 05,45
Station _GOrgore C. ted by A.C.D.

Observer ..g.

Srations Osazzven

Garoena
Hebron
Kingold

Chacled by ...

IMRECTIONS ArTER _FINAL
LocaL ApivsTMENT S:iconps
e 4w o

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

Staton.... BebEOR .
Cbserver _GoYeHe 2917 ..

SrattoNs Qaserven

53

LiST OF DIRECTIONS

Computed Ly "Q-D_- ........
Checbed by comn-TaXaBs. ...

Inkecrions Arren  Frvaw
f.ocat ApyvsTMENT SECONDS

vorpus 0 00 00,00 00,55
Monument 37 26 30,55 30,03
Grande 42 56 20,48 20,61
Ringold 90 19 02.33 02,02
uorgora 16l 52 15,8 16,58
rarcena 173 35 47.89 47,73
Station ¢ dby....AeCeDs

Obsarver....ColiaGe 1917

STATIONS BAERVED

hebron
Ringold

Gorzora

Chechedby o JoToBe

Dinecrions Arrer  Fivan
Locar ApjustMENT SECONDS

o . ” ’”

0 00 00,00 00,16
67 18 20,19 20,26
162 14 05,66 05.43

F1G. 23.—Lists of directions for stations of net—Continued
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U. 8. COAST AND GEODETIC

DEPARTMENT OF COMMERCE
¥ K. COAST AND GLODETIC SUAVET
Form 23

SURVEY

COMPUTATION OF TRIANGLES

State: ..Texas
-—“.—.-
NO. STATION OBSERVED ANGLE
23 Palo - Pedro
~15061 Fordyce 43 00 09,94
=445 2 Palo 61 27 Z21.83
“143 3 Pedro 70 I2 18.%4
1-3 Fordyce - Pedro
12 Fordyce - Palo
00.41
23 Palo - Pedro
-748 1 Eltoro 36 27 T6.43
=446 2 Palo 9 37 25.05
=243 3 Pedro 43 54 59,13
13 Eltora = Pedro
12 Eltorg - Palo
00,61
23 Palo - Fordyce
-3 1 Eltoro 77 47 14.58
=546 2 Palo 38 09 53.52
-14415 3 Fordyce 64 02 53.85
1-3 Eltoro - Fordyce
12 Eltoro ~ Palo
) 01.95
23 Pedro - Fordyce
-849 1 Elton 41 19 38.15
=142 2 Pedro 26 37 13.81
~14416 3 TFordyce 112 03 03.79
13 Eltoro - Fordyce
12 Eltoro - Pedro
01.75
23 Eltoro - Fordyce
-20+21 1 Garcia 3 20 13.41
~-9+410 2 [IEltoro 71 51 46.93
=12414 3 Tordyce 76 47 59.67
13 Garcla -~ Fordyce
12 Garclia - Eltoro
00.01

g Sraxr’n SrEee’L
CORR'N Tyt Excess

-0.01 09.93 0.08

$+0.:23 21.76 0.09
=0.37 18.57 0.09
~0.15 .76

-0.29 26.04 0,09
-0.07 24.98 0.09
40.12 59.25 0.09

~0.34 0.27

=0.73 13.85 0.07
-0.30 53.22 0,07

=0.71 53.14 0.07
=1.74 0.21

~0.34 37.81 0.07
-0.49 15.22 0.06
~0.72 03.07 0.07
-1.55 0.20

-0.45 12.96 0.09
+0.36 47.29 0.09
40.35 60.02 0.09
+0.26 0.27

PLANFE AKNLE

AXD DISTANCE

09.85

31.67
18.48

35.95
24.89
59.16

13.78
53.15

53.07

37.74
19.26
03.00

12.87
47.20
59.98

F16. 24.—Triangle computation for stations of net

LOGARITOIM

3.9781520
0.189079
9.9427288
9.9744497
4.0507887
4.0815096

3.9781520
0.2280226
9.5938449
9.8411144
4.1980195
4.0452890

4.0815096
0.0099416
9.7909358
9.9538377
3.8823870
4-04528%1

4.0507887
0.1302208
9.6513775
9.9670100
3.8823870
4.1980195

3.8823870
0.2839337
9.9778678
9.9883711
4.1441935
4.1546968



ADJUSTMENT OF NET BY DIRECTION METHOD

T Sl ity ™ COMPUTATION OF
State: ... TeXA%
————T————
o, STATION OBSERVED ANGLE ~ CORR'N SJIML S7amad  FLANE ANOLE
2.3 Eltoro - Fordyce
=224¢33 1 Pancho 20 23 46.79 ~0.70 46.09 0.08 46.01
~94112 FEltoro 116 31 05.84 +0.07 05.91 0.09 05.82
-12414 3 Fordyce 43 05 08.33 -0.07 08.26 0,09 08.17
13 Pancho - Fordyce -0.70 0.26
1.2 Pancho - Eltore
00.86
23 Eltoro - Garcia
-22¢241 Pancho 64 23 16.62 =~0.13 16.49 0.13 16.36
«10411 3 Eltoro 44 39 18.91 -0.29 18.62 0.12 18.50
~194203 Garcia 70 52 25.04 +40.23 25.27 0.12 25.14
1-3 Pancho - Garcla =0.19 0.38
1-2 Pancho ~ Eltoro
00,57
2-3 Fordyce - Garcia
~23424 1 Pancho 4% 04 29,83 +0.57 30.40 0.13 30.27
=1213 2 Foriyce 23 42 51.34 40.42 51.76 0.13 51.63
<1941 3 Juwrcia 102 12 38.45 -0.22 38.23 0.13 33.10
13 Pancho - Sarcia +0.77 0.39
1-2 Paacho - Fordyce
59.62
2-3 Pazcho - Garela
=314+321 Monument 61 38 08.72 -0.08 08.64 0.06 08.58
-244252 Pancho 28 28 03.22 -0.,35 02,87 0.05 02,82
=17+193 Garcla 89 53 49.28 -0.62 48,66 0.08 48,60
1-3 ¥omunent - Garcia =1.05 0.17
1-2 Yonument - Pzncho
01.22
2.3 Pancho - Garcia
33434 1 Corpus 63 I5 03.71 ~1.02 02.69 0.07 02.62
=-24+26 2  Pancho 77 46 42.81 -0.70 41,91 0.07 <1.94
-18+19 3  Garcla 38 38 15.79 -0.17 15.61 0.07 15.54
1-3 Corpus - Gareia -1.89 0.21
1-2 Corpus - Pancho
02.12

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

55

TRIANGLES

LOGARITHM

3.3823870
0.4577866
9.95172
9.8244781

4.2918957
4.1746517
+1

4,1546968
0.0446159
9.8468552
9.9763391
4.0461679
4.1746518

4.1441935
0.1576402

9.7443342
9.9900620

4.0461679
4.2918957

4.0461679
0.0555446
9.6782082
9.9995993
2.7799207
4.1017118

4.0461879

0.0478917
9.9500438
9.7954531
4.0341034
5.8895177
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U. 8. COAST AND GEODETIC SURVEY"

D!?alru:nr or COMMERCE"

COMPUTATION OF TRIANGLES

R g
. State: ... TOX88
NO. STATION OBSERVED ANGLE
23 Pancho - Monwaent
=33#+25 1 Corpus 92 54 15.91
-25405 2 Pancho 49 13 79.39
-30421 3 loausnent 37 47 06.58
13 Coryus -~ Nonument
12 Corpus - Pancho
01.33
23 Garcia - Monument
-24435 1  Corpus 29 19 12.20
-17418 2 Goreia 51 13 83.50
~30432 3  llonumnent 99 25 15.30
13 Corjus - Honument
12 Corpus - Garcla
01.00
23 Sorpus - Monument
-404+411 GranGe 78 09 40.13
«35+362 Corpus 46 17 59.13
-23+303 Honument 55 32 21,19
1-3 Grande - lonument
12 Srande ~ Corpus
00.45
23 Corpus - Honument
=42#431  Hebron 37 26 30.35
-35437 2 Cormus 93 48 42.57
=-29+303  MNonument 48 44 48.37
13 Hebron - Monument
1.2 Hebron - Corpus
01.99
23 Corpus - Grande
424441  Hebroa 42 56 20.48
36437 2 Corpus 47 30 43.44
~394403  Crande 8 32 57.61
13 Heron - GCrande
12 Hebron - Corpus
01.53

rn; SPNER'L SruEm't
CORR™N Tixore mxcrss

=0.76 15.15 0.07

-0.35 39.04 ¢.06
-0.58 06.00 0.06

-1.59 0.19

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

~0.1839.95 0.05
40.3059.43 0.04
=0,4320.75 0.05
-0.31 0.14

-1.07 29.48 0.09
~0.40 42.17 0.10

-0.23 48.54 0.10
~1.70 0.29

~0.42 20.06 0.06
«0,70 42,74 0.06
~0.23 57.38 0.06
«1.35 0.13

PLANE ANGLE
AND DISTANCE

15.08

38.98
05.94

12.41
35.00
14.59

39.90
59.39
20.71

29.39
42,07
48 .54

20,00
42,68
67.32

Fiq, 24.—~Triangle computation for stations of net—Continued

LOGARITIIM

4.1017118
0.0005581

9.8798163
9.7872478
3.9820857
3.8895177

3.7793207
0,3100800
9.8920860
9.9941028
3.5820867
4.0841035

3.9820867
0.0093379
9.8591173
9.9161972
3.8505419

3.9076218

3.9820867
0.2161314
9.9990382

9.8761043
4.1972563
4.0743223

3.5076218

0.1667139
9.8677132
9.9999866
3.9420439
4.0743223



ADJUSTMENT OF NET BY DIRECTION METHOD

DEPARTMENT OF COMMERCEK
U 5. COAST AND GLOCKTIC -
Form 23

57

COMPUTATION OF TRIANGLES

State: ... Tex88
SOV A S
NQ. BTATION OBSERVED ANGLE
23 Y¥onument - Grande
-43+441 Hebron 5 29 49.93
-284292  lonument 6 47 32.32
~394413 Grande 167 42 37.74
13 Hebron - Grande
12 Hebron - Monument
55.59
23 Hebron - Grande
~50461 1 Ringold 69 29 07.23
~44t45 2 Hebron 47 22 41,85
-38439 3 Grande 63 08 11.21
13 Ringold - Grande
12 Ringold ~ Hebron
00.39
23 Hebron - Monument
-50462 1 Ringold 95 18 28.46
-43+45 2 Hebron 52 52 71.78
=21-29 3 Monument 31 47 59.55
13 Ringold - Monument
12 Ringold - Hebroa
59.79
23 Grande - Monument
=552 1 Ringold 25 50 21.23
+38-41 2 Grande 129 09 10.95
~27438 3 Momument 2 00 27.23
13 Ringold - Monument
12 Rinzgold - Grande
A
23 Hebron = Ringold
-534¢54 1 Garcena 67 18 20.19
-45¢47 2 Hebron 83 16 46.56
=4%:50 3 Ringold 29 24 54.45
13 Garcia - Ringold
12 Garcia - Hebron

00.20

conmw SHaRr fmEE:  FLANRANG LOGARITITM
3.8505419
+0.65 50.53 0.01 50.57 1.0136334
-0.20 32.12 0.01 32.11 9.0723735
-0.41 37.33 0.01 37.32 9.3230810
40.04 0.03 3-94MB+1
4.1972563
3.9420489
+0.1007.33 0.05 07.28 0.0284539
-0.4441.41 0.04 41.37 9.8687328
4+9.0911,40 0.05 11,35 9.9504064
-0.25 0.14 3.8372856
3.9209092
4.1972563
-0.5127.95 0.09 27.86 0.0018779
+0.2131.99 0.09 31.90 9.9016361
40.7360.33 0.09 60.24 9.7217750
+0.48 0.27 4,1007703
3.9209092
3.8505419
-0.61 20.62 0.03 20.59 0.3606682
+0.32 11,27 0.04 11.23 9.8895602
4+0.98 28.21 0,03 28.18 9.6260755
40,69 0,10 4.1007703
3.3372856
3.9209092
-0.10 20,09 0.03 20.06 0.0349980
40.15 45.71 0.03 45.63 9.9970055
=0.16 54.29 0.03 54.26 9.6911991
=0.11 0.09 3.9529127
3.6471063

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

DEPARTMENT OF COMMERCE
UL 5. COASY AXD SLORMTIC SURVEY
Form 25

State: .. TeXaS

COMPUTATION OF TRIANGLES

STATION OBSERVED ANQLE

Sz, B
cornn S IRy

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

-1.23 30.84 0.07
-0.29 48.18 0.07
40.19 44.18 0.06

-1.33

~0.75 07.23 0,08
40.61 14.56 0,08

40.03 38.47 0.09

-0.11

PLANE

ANQ!
AND DIITAN'?.“E

LOGARITRM

23 Garcena - Hebron
-56467 1 Gorgzora 6 02 24.09
-534656 2 Garcena 162 14 05.66
«46+47 3 Hebron 11 43 31.61
1-3 Gorgora - Hebron
12 Gorgora - Garcena
01.36
23 Garcena - Ringold
-56+58 1 Gorgora 43 44 32.07
=54455 2 Garcena 94 55 45.47
-48+48 3 Ringold 4 19 43.99
13 Gorgora - Ringold
12 Gorgora - (Garcena
Q.53
23 Hebron - Ringold
=558 1  Gorgora 37 42 07.%8
~45#46 2 EHebron 71 33 13.95
-43+50 3 Ringold 70 44 38.44
13 Gorgora - Ringold
12 Gorgora - Hebron
00.37

3.6471063
23.60 0.9773983
05.26 9,4844655
31.14 9.3079664
0,03 4.1094711
3.9329710
3.9529127
30,77 0.1602639
45.11 9.9983908
44.12 9.8197944
0.20 4.1115674
3.9329710
3.9209092
07.15 0.2135649
14.47 9.9770934
38,38 9.9749970
0.26 4.1115675_1
4.1094711

F1G. 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 net

Equations
Station

Angle | Side

Fordyee.......... 1 0
Eltoro. 2 1
Garcia 1 0
Pancho 2 1
Monument. 1 0
Carpus 2 1
Grande.___ 1 0
Hebron._.. 2 1
Ringold._____..__ 2 1
Gareena._.._.._. 1 ]
Gorgora...___.._. 2 1
Total ... 17 []

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.



60 TU. 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

1. 0=+4015— )+ B)— @+ ((6)— (15)+(16)
2. 0=+4+0.31— 24+ 3)— O+ B— O+ 8
3. 0=+1.74— (5)+ (6)— D+ (9— (14)+(15)
4, 0=—0.26— (9)+(10)— (12)+ (19— (20) +(21)
5. 0=+40. 19— (10)+ (11)— (19) + (20)— (22) + (24)
6. 0=—0.77— (12)+(13)— (19) + (21)— (23) + (29)
7. 0=+105— (17 + 19— (24) +(25)— (31) +(32)
8.  0=-41 89— (18)+(19)— (24) + (26)— (33) + (34
9. 0=-1 69— (25)+(26)— (30) + (31)— (33) + (35)
10.  0=+0. 31— (28) 4 (30)— (35) + (36)— (40) + (1)
11 =—0. 69— (27) +(28) + (38)— (41) — (51} + (52)
12.  0=-+1 70— (29) +(30)— (35) + (37)— (42) + (43)
13.  0=-+1. 35— (36)+ (31— (39) + (40)— (42) + (44)
14, 0=-0. 25— (38) + (39)— (+4) + (45)— (50) + (51)
15. 0=-0. 11— (40) + (50)— (45) + (47)— (53) + (54)
16.  0=-1. 33— (48) + (40)— (54) + (55)— (56) +- (58)

17, 0=-40. 11— (45) + (46)— (48) + (50)— (57) + (58)

Side equalions

Symbol Angle Logarithm d’il;a}l‘_‘c‘ll&,'; Symbol Angle Logarithm (’lli‘gsggze
-] ’ " (-] ’ n
—154-16 | 48 00 (.94 | 9.8710923] +1.90 —445 | 61 27 31.53 | 9.94372863 +1. 15
—84+9 | 41 19 3815 | 9. 81975015 +2.40 —142 | 36 37 19.81 | 965137982 +4. 20
=545 | 338 09 53.52 | 9, 70063675 42,67 || —14415 | 64 02 53.85 | 9. 95353853 +1.02
~24+3 (43 51 59.13 | w.84111431 “+2.19 —7+8 |36 27 36.43 | 9. 77397878 | +2.85
9. 32202352 9. 32292576

118, 0=—2.2444.20 (1)— 6.39 (2)+2.19 (3)+1.15 (4)—3.82 (5)+2.67
(6)+2.85 (7)— 5.25 (8)+2.40 (9)+1.02 (14— 2.92 (15)+1.90 (16)

—204-21 [ 31 20 13.4i | 9. 71606319 +3.46 || —12414 | 76 47 59.67 | 9. 98337040 ( +-0.49
—224-24 | 54 2% 16,62 | 9. 95538435 +1.00 || —19420 | 70 52 2504 | 9. 97533004 +. 73
—134-14 | 43 05 0K 33 | 9. 83447848 42,25 (| —22+4-23 | 20 23 46.79 | 9. 5421776 | +5.66

9. .5059260_1 9. 50502779

19. 0=—1.78-+0.49 (12)— 2.25 (13) 4+ 1.76 (14) +0.73 (19)— 4.19 (20)43.46
(21) +4.66 (22)— 5.66 (23)+41.00 (24)

1 This equation is formed with the pole at the intersection of the two Jdiagonals. (See explanation on
p. 185.)
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Side equations—Continued

Tabular
difference

Tabular

Symbol ditference

Symbol Angle Logarithm Angle Logarithm

o 7 »

°
—34435120 19 12,20 | 96399198 +3.74 ) —30432 ) 99 25 15.30 | 9.99410258 | —0.34
—244-26 [ 77 46 42.61 [ 9. 99004413 4. 45 | —334-34 ' A3 36 03.71 | 9.95210943 | -+1.05
—314-32 [ 61 38 O08.72 ( 9. 84445583 L3 [ —24425 [ 28 23 03.22 | 9.67820974 [ +43.80

|

’ ”

9, 6244184 9, 62442175

20.

o

=—2.81+3.44 (24)— 3.59 (25) +0.45 (26)— 0.34 (30)— 1.13 (31) +1.47
(32) +1.05 (33)— 4.79 (34) +3.74 (35)

—osto0 | 6 41 3.3 | o.omserm! bires || —a3ras | 5 29 49w | s esdsn

3. +21.88
—51+52 |25 50 21.23 | 9.63933451 | +4.34 || —27428 |25 00 27.23 [ 9.62607119 | +4.52
—44+45 | 47 22 41.85 | 0.8667R373 | +1.U3 || —50+51 | 69 20 07.23 [ 0971564607 | +.78
Mahiiadaell
8. 57800546 | 8. 5TSOGOS

121, 0=+25.58+4.52(27) — 22.20(28) 4 17.68 (29) +21.88 (43)— 23.81(44)
+1.93(45) +0.78(50)— 5.12(51) + +.34(52). (Thisequation should be divided
by 5 before entering it in the correlates.)

=440 | 47 22 41.85 | 9.86678373 +1.93 || —50451 [ 69 29 07.23 | 9.47154607 | +0.78

—36-+37 1 47 30 43.44 | 9. 86771468 +1.93 || —42444 | 42 56 20.48 | 9. 83328715 | +2.27

~28+30 | 55 32 21,19 [ 9. 01619788 4145 || 35436 | 48 17 50,13 | 9. 85411681 | +2.01

—=51452 | 25 50 21.23 | Y. 63033451 +4.34 || —27428 | 25 00 27.23 | 9.62607119 | +4.52
9, 28003080 9. 20002122

392, 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).

—48+49 | 41 19 43.99 | 9.81979414 +2.39 || —56+58 | 43 44 32,07 | 9.83973804 ( 4-2.
—45+47 [ 83 16 45,56 | 9. 90700544 +.25 || —494-50 | 29 24 5445 | 969119975 | 43,
—86467 | 6 02 24.00)9.02211142 | -19.90 (| —46-+47 | 11 43 3L.61 | 9.30797112 | +10.

8. 83801100 8. R3SWURL

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

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

EXPLANATION OF AZIMUTH EQUATION

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

Computation of azimuth equation

° , ’" Final
seconds*
Palo-Pedro (fixed azimuth)._____________________ 12 02 25.00 25 00
Snk T o TSSO +99 37 25.05 24.98
Palo-Eltoro. . _ - e eealo- 111 39 50.05 49.98
— 2 4512 45.11
Eltoro-Palo. . - e - 291 37 04.93 04, 87
— 74+ eiia- +194 18 20 .42 19.76
Eltoro-Pancho_ __ el 125 55 25.35 24.63
— 3 14.32 14.32
Pancho-Eltoro_ __ . __ .. .. 305 52 11.03 10.31
— 2 2B i eiiicca_- +142 14 59.23 58. 40
Pancho-Corpus._ - - __ ... 88 07 10.26 08 71
- 2 04.55 04.55
Corpus-Pancho_ _ - __ 268 05 05.71 0416
— 83487 i +186 42 58.48 57.32
Corpus-Hebron__ . ____ ... 94 48 04.19 01 48
— 3 10.09 10.09
Hebron-Corpus - - - o 274 44 54.10 51.39
— AT e iealo. +173 35 47.89 47.18
Hebron-Garcena_ - __ . 88 20 41.99 38 57
— 1 11.31 11.31
Garcena-Hebron. . _____ . _____________.____ 268 19 30.68 27.26
= B34 55 e +162 14 05.66 05. 27
Garcena-Gorgora (computed azimuth) _____________ 70 33 36.34 32 53
Garcena-Gorgora (fixed azimuth)__________________ 70 33 32.53 32 53
Closing error. _ _ e immemmmaoo +3.81 0.00

24. 0=+43.81{— W+ B)— (N+ U~ (22)+(26)— (33) +(37)— (42) + (47)

~ (53) +(55)

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

® This column is filled out after the adjustment is completed.
{The azimuth constant should be corrected by the amount sin ¢m (A\n—M\x’), Where ¢m is the mean latitude
and Aa—Aa’ is the discrepancy in longitude.
Sm=26° 20 49 and A,—\p'=—07006
log 0.006= 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 ’ 17

Azimuth, Palo-Eltoro= 111 39 50.05

Difference of azimuth and back azimuth= {18_(_) 03 gg (1)9_,

Azimuth, Eltoro-Palo= 291 37 04.93

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

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

EXPLANATION OF LENGTH EQUATION

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

must not exceed that represented by an error of ;,—5% after the

angle and side equations have been satisfied in the adjustment. The
closure in length can easily be expressed as a ratio by dividing the
discrepancy in the logarithm by 0.4343, which is the modulus of the
common system of logarithms. For instance, in the following length
equation the discrepancy in length is 2.27 in the sixth place of loga-
rithms and therefore the closure in length before adjustment is

. 227 . 1 .
()—()(?—ggg?) or approximately 191000" 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 T approximately 50060"
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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 (sce 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 ares 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 =R for that quadrilateral. A good general
rule to follow is to avoid the small angles in the formation of the
length equation.

Hebron Pancho

Garcena Corpus
5 -
Gorgora 2 ;
“ .

Monument \s\"’ a

4 Eltoro

Fordyce
Pedro

F1G. 25.—Triangulation net, showing triangles used in forming latitude and lungitude eyuations

The logartithms of the fixed lengths are written in the first line of
the length equation computation in the columns headed *logarithm.”
The logarithms of the fixed lengths used in the length equation must
be corrected for the difference between are 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 ares are proportional
to their sines. Similarly, in the derivation of the position computation
formulas it is assumed that small arcs, & and AN, are proportional to
their sines. As this assumption introduces a slight error in the com-
putations a correction must be applied to take account of the error.
In the length equations we are econcerned 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 worlk, 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 threugh which
triangles the length is to be carried, the following rule can be used
in filling out these columns: In the first column is placed the desig-
nation of the angle adjacent to the starting length but opposite the
side through which the length is next carried, while in the fifth
column is placed the designation of the angle opposite the starting
length. For instance, in Figure 25 the line Palo-Pedro is the starting
length and the line Palo-Fordyce is the line through which the length
is to be carried next, so —1+3 is placed in the first eolumn, and
—15+16 in the fifth column. Palo-Fordyce now becomes the start-
ing line and Eltoro-Fordyce becomes the next line through which
the length is carried so —5+46 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 cbtained by subtracting the sum of the quantities in the

- seventh column from the sum of the ¢uantities 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 lenglh equation

4 8
1 2 3 Tabular 5 A 7 Tabular
Symbol Angle Logarithm | differ- Symbol Angle Logarithm | differ-
euce ence
—1p _l *
Palo-Pedro IR o Garcena-Clorgora 3.9329710 [o_____.__.
o r ” -] ’ ”
—143 170 32 18,91 ] 9. 97445004 40.74 || —15416 | 4% 00 09.9%4 | 9. 87109231 +1.90
—5+46 | 38 04 53.52 | 9. TW0U3LTS 2 A7 —7+9 | 77 47 14.58 | 9. 9NCSTL =+.45

—12414 | 76 47 59.A7 | 9. 9883709 +.49 || —20421 | 31 20 13.41 [ 9. 71606319 [ 43,46
—10411 [ 44 39 1891 | 9 S4AR5608 4213 || —22+24 | 64 2% 16,62 | 0.95538436 | -1.00
—17419 [ 83 53 40.2R% | 9 90auG430 L00 |l —314+32 | 61 38 0872 | 0. 04445563 | 1,13
—254-26 [ 49 15 39.30 | 9 87981749 +1.81 || —33-+35 | 92 54 1501 | 9. 09044177 —. 11
—28430 [ 55 32 21.19 | 9 Q1619788 41,45 || —40+41 [ 78 09 4. 13 | 9. 990AA223 -+ 45
—36+37 | 47 30 43.44 | 9. 8HTTI468 +L 03 )| —424+44 | 42 &6 2048 | 0 R3P28T1SH | 4207
—38+39 | 63 08 11.31 { 9 95HO2 +1.06 || —504-51 | 60 29 07.23 | 9. 97154R07 +.78
—454-47 | 83 16 45.50 | 9 00700544 .35 [| —83+54 | 67 18 20.19 | 0. 96500200 . 88
—48449 | 41 19 43.99 | 9. 8197044 42,30 || —56458 | 43 44 32,07 | 0.539735%4 | 42,20

3. 00970105 3. 00970332

® See p. 64,

25. 0=—2.27—0.74(1) +0.74(3)— 2.67(5) + 2.67(6) +-0.45(7)— 0.45(9)
—2.13(10) +2.13(11)— 0.49(12) +0.49(14) 4-1.90(15)— 1.90(186)
+3.46(20)— 3.46(21) 4-1.00(22)— 1.00(24)— 1.81(25) +1.81(26)
— 1.45(28) 4-1.45(30) 4-1.13(31)— 1.13(32)— 0.11(33) +0.11(35)
—1.93(36) +1.93(37)— 1.06(38) 4-1.06(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) +2.20(56) — 2.20(58)
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LATITUDE AND LONGITUDE EQUATIONS

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

Until a few years ago the usual practice was to adjust a net of
triangulation for only angle, side, length, and azimuth conditions
at first and then, using the adjusted angles and lengths, to compute
the geographic positions and determine the latitude and longitude
closures. A new adjustment was then made to 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 iength
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 coneluded.

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:

(-] ’ 17
—15+16 Fordyce 48 00 09. 94
—1+3 Pedro 70 32 18.94
—14+3—15+ 16 sum of Fordyce and Pedro angles 11S 32 28. 88
180° +spherical excess 180 00 00. 26
+1—-3+15—146 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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DEPARTMENT OF COMMERCE
LS G0A3Y AXD GEODLTXC SURVEY
Form 38

SNTERIION it erhen |

No.

STATIONS

2-3 Palo-Pedro

B-1546 ; Fordyce 49
c 2 Palo (e2
A -143 3 Pedro 70
1-3 Fordyce~Pedro
1-n Fordyce-Palo
2_3 Palo-Fordyoce
B -7+9 1 Eltoro ™
p =5+6 2 Fralo 38
c 3 Fordyce (&4
1-3 Eltoro-Fordyce,
1-2 Eltoro-ralo
2-3Eltoro-Fordyce
B -2 1 Garcla 31
C 2 Eltoro (m
A -4 3 Fordyce 76
1-3 Garcia~-Fordyce
1-oGarola-Eltoro
2-3Eltoro-garcia
B —2224 1 Pancho 4
A =101 2 Eltoro 44
(& 3 Garoia (7o
1-3 Pancho-Garcia
1_2tho-ﬁltoro
2-3 Pancho-Garcia
f-sl32 1 lonument 61
C 2 Pancho (=8
A1) 3 Garoia 89

1-3 Momument-Uarcia
1-p idomment~-Pancho

BY DIRECTION METHOD

67

COMPUTATION OF TRIANGLES

Texas
OBSERVED ANGLE  comR'N Spami Grmk  FLANE ANOLES
00 09,94 0,08 09,86
27 3,38) 0,09 31,29
32 18,94 0.09 18,85
0.26
47 14.58 0,07 14,51
09 53.52 0,07 53,45
02 52,11) 0,07 62,04
' 0.21
20 13.41 0,09 13,32
51 47.19) 0,09 4710
47 69,67 0,09 59,58
0,27
28 16,62 0,13 16,49
39 18,91 0,12 18,79
52 24.,85) 0.13 24,72
0.38
38 08,72 0.06 08. 66
28 02,17) 0.05 02,12
53 49,28 0.06 49,22
0,17

F1G. 26.—Triangle computation Lo obtain latitude and lungitude closures of net

LOGARITEM

3.978
0,128
9, 943
9,974

4, 050
4,081

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

3,882
0,283
9, 977
9,988
4,144
4,154

4,154
0,044
9.846
9,975
4,046

4,174

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

1520
9079
7283
4500

7882
5099

5099
9414
9366
8366
3879
2879

3879
9371
8678
3710
1928
6960

6960
6158
86569
3368
1677

6506

1677
65444
20556
9993
9176

7114
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DEPARTMENT OF COMMERCE
W 5. COAST ARD GLODETIC SURVEY
Form 28

COMPUTATION OF TRIANGLES

State: ..Toxas
.
No, STATION OBSERVED ANOLE  CORR'N S[EJRL Sruman  FLANE ANOLE LOGARITRM
2-3 Panoho-iomment 4,101 7114
P B335 1 Corpus 92 54 15,91 0.07 15,84 0,000 5682
A #5426 2 Panoho 49 18 39,39 0.06 39,33 9,879 8174
C 3 Monument (37 ar 04,89) 0.06 04,83 9,787 2448
1-3 Corpus-Momment 0,19 3,982 0870
1-2 Corpus-Pancho 3,889 5144
2-3 Corpus-Momment 3,982 0870
R40M ; Grande 78 09 40.13 0,05 40,08 0,009 3378
C 2 Corpus (46 17 ss.82) 0,04 58,78 9,859 1161
A8430 3 Momment 65 32 21,19 0.05 21,14 9,916 1978
1-3 Grande-Monument . 0,14 3,850 5409
1-2 Grande-Corpus 3,907 6226
2-3 Corpus-Grande 3,907 6326
R%2«4,; Hebron 42 56 20,48 0.06 20,42 0,166 7130
G537 2 Corpus 47 30 43,44 0,06 43,38 9,867 7146
c 3 Grasde (69 32 s6,26) 0,06 56,20 9,999 9866
1-8 Hebron-Grande 0,18 3,942 0502
1-» Hebron-Corpus 4,074 3221
2-3 Hebron-Grande 3,942 0602
50l ; Ringold 69 29 07.23 0.06 07,18 0,028 4539
c 2 Hebron {47 22 aLe0) 0.04 41,66 9,866 7851
A-283 3 Grande 63 08 11,31 0,06 11,86 9,950 4064
1-3 Ringold-Grande 0.14 3,837 2872
1-2 Eingold-Hebron 3.920 9106
2-3 Hebron-Ringold 3,920 9106
p €54  Garcena 67 18 20,19 0,03 20,16 0,034 9979
A-4B8A72 Hebroa 83 16 45,66 0,03 46.63 9,997 0054
c 3 Ringold (29 2¢ B54,34) 0,03 54,31 9.691 1992
1-3 Garcena-Ringold 0.09 3,962 9138
1-2 Garoena-HEebron 3,647 1076

F1a6. 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):

Lat,it,ude: 0=7238.24 (d’n - ¢n')” + E[(d’n - ¢¢‘)’ 6.4 ('l’A) - ((bn - ¢C) !
5.8 (Z’B)] + E[ + a (xn - xc)’ ('l’c)]

Longitude: 0=7238.24 (\,—X\)""+Z[(\.—N\)" 84 (00)— \u—2NY
53 (vﬂ)] + E [ =+ (l-g (¢n - ¢E) ! ('I’(‘)]

In these equations v,, v5, and »c are replaced by their cnrrection
symbols, care being taken to use we=—v4—v5 if the azimuth
angle has been concluded in carrying the position computation through
the chain. For convenience in computing, it is important to arrange
the computation in the form of a table as shown on page 81.

EXPLANATION OF COMPUTATION, LATITUDE AND LONGITUDE EQUATIONS

In the column headed *‘station’ is placed the name of the station
corresponding to the € angle of each triangle of the preliminary set
of triangles. (See p. 67.) The values in the columns headed ¢, and
\. 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 5, is placed the tabular difference of the length angle
adjacent to the starting length in each triangle, and in the column
—~8p is placed the tabular difference, with minus sign, of the length
angle opposite the starting length in each triangle. If the position
computations are carried through the same triangles as the length
equation, as they should be, then the values in the columns headed
6, and —35 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 — 65.

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

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



POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

« Palo o Padro 12| oz | 25,00
Vi Bedro & Fordyce + 6| 27 | 3.3
a |2 Palo to 1 Fordyoe 75| 29 | 68.30
as - 3 04,84
180
< |1 Pordyos to 2. Palo 253) %6 | 61,64
Firat Angle of Trisngle 48 00 09,94
Palo L] s l 27 { 48,248
ad + | 6 56,930
Pordyoe ] e ] £ I 45,238
. 4,081 5099 . 8, 156308 -u 2.0467
cos«| 9,465 3676 sin'a | 9.96347 ey | 40947 | g | 81268
8,511 8083 ¢ 1, 10025 p | 22821 E 56,8511
[ 2,046 6857 9, 22674 | i 68,3868 6,0243
1st term. +111.;1‘C Nl .po.oo:n (ady
2 term, |+ _0,1686 Wkm| =~0.0001 F
11,5174
Snd fi me. | 4 0.0001 . 4,081 5099
—ar | 41,6175 sine | 9,961 7347 Arg, a1 | R.60 1267
doty) | 26184329 | & 8,609 4379 i | B |aperen| 006 S
secer|  0.047 4432 ar] B lecitan
2, 620, 1267 0 2,266 783
s al +416, 9901 —as {,184,8%

Dy not write in this margia,

Do ot write in this margin,

. Padro to Palo 192 | o1 | 83,3
P Fordyos & Palo 7% | 32 | 18,9
3. pedro to 1 Pordyos 121 29 34,41
ae - 2 | 32,93
180
« |1.  Pordyce o3 Pedro 01 | 27 | 0)48
Pedro
Fordyce

2 | 4,060 7982 & | 8,10158 —h | &.2806
cona| 9,717 9972 sine | 9,86160 ()| 45307 | #sin"a| 7,9632

B |8.611 8134 ¢ | 10988 p | 22011 E 5.8407

n | 2.280 5988 9,06183 8,8518 6,0036
18t torm. | - uo."_sm U tm, eo.oot;'l (axy

adterm. |+ 01353 | 40,0002 F

= 190, 6957

Hadthirm |+ 0,0008 s 4,050 7682

—ae | =190,6929 |sina| 9.930 7980 Im al [2,63 4581
tle+en (26 16 12,08 A 8,609 43719 i =% lai{e+e)] 9, 546 0134

sece’| 0.047 4432 ai] B Jeci(an)
2,638 81 0 2,164,4815

Eaad all . a5,6160 4% 1, 152,928

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

. Palo to Fordyce 73| 29 56,38
¢ Fordyoe &  Eltoro + a5 o9 | b352
a {2. Palo to 1. Eltoro | 39 49,90
Aa - 2 45, 12
180
& {1. Eltoro to 2, Palo 291 { o 04,78
First Angle of Triangle 77 47 14,58
. ' - . f v
v 25 ] 19 |[2,951 |2 salo a 98 | 27 | 48,448
ar +| 2 13008 |, ai +| 6 |12087
el 26|22 |5957 |1  Eltoro 2 9 I 34 | 00, 305
N 4,045 2879 s 8,09068 —-h 2,1243
ocoas| 9,667 2154 sin"e | 9,93957 (3¢)'] 42477 sin’e| 08,0270
B 8,511 8083 [ 1, 10026 p | 2.2921 E 5,8511
Iy 2,1243116 9,12720 I I 6.6398 6,004
18t torm. | =133, 1:09 8. 40.000:1 (aly
d serm, | + 0.1330 0 1, | 40,0001 F
=133,0069
Sl il oms. |+ 0.0004 . 4,045 2679
—ap |-133,0086 {una| 9.963 2866 Arg, a1 |2.570 00
o+y) |26 20 45,45 | A 8,509 4365 s | -2 ia(y+y)| 90 647 1776
socet| 0,047 6930 at| # |ecitan
2,570 $0% Fnl [ 2,217 7866
Lad all , 372,0566 —ae |,165,115
]

Do not writa in this argin

Do not write in thin marin.

51,54

. Fordyoe to Palo &3 28
Z Eltoro & Falo — 64 02 [52,11
a |3, Forayce o 1. Eltoro 189 23 by, 48
an + 19,93
180
« | 1. Eltore te 3. Fordyce 9 24 19,36
. . " - . -
’ 26 47,433 | 3. Fordyoe 2 98 34 | 45.238
el + 04,524 |z arf - I l , 953
L 1. Eltoro Iy 98 | 34 l 00, 305
[ 3,382 3879 & 7, 79478 =h 2,3883
conn | ¥.994 1291 sin" a | 8.42610 (o) 47766 1 pginra] 6.1909
B | 3.51) al0z ¢ |1.09988 p | 2.2918 E 65,8306
h %,388 S272 7.43063 I | 7.0584 14,4298
" -
1st term. | =244,5272 Uwe. | 40,0012 (a1
sdtorm. |+ 00020 [y, | 0.0000 F
~i44, 6062
Hudlers. |+ 0,0012 2 3,842 387y
—-ay ~&dd, 540 sine ¥,213 0430 Arg. al 1,652 5703
te+r) 26 19 49,68 | &' | 8.509 4306 s | =1 fudle+rr| 9 646 09
sacy’| 0.037 5950 at)l 0 lwcitan
1,652 ,D'IO{ =1 1,299 5109
it al ~ 44, 9335 —ac - 19,930

F1G. 27.—Preliminary position computation to obtain latitude and longitude closures of net—Continued
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L]
POSITION COMPUTATION, FIRST-ORDER TRIANGULATION
. Eltoro o Pordyoe 9 |24 §19.36
Vi Fordgoe & Garols m |8 e
« 2.  Eitoro to1. uerols 81 |16 |o06.65
As - 3 45,96
180
“ (L cerete t02. Elwre 261 |12 | 20.60
First Anglo of Triangle 31 20 13.41
. . " . . -
v |28 2. Elwro 1 9 | 34 00, 305
ar| - o a1 ...l [ I 28,973
v |2 1. Garoia | 98 | “° | 29,270
s | 4.154 6960 # | 8,30959 —h | 1.8478
cosa| 39,101 2848 sin*« | 9, 90987 ey| 3.6987 | s ain"a | 8, 2993
B | 8.511 8060 ¢ |1.10088 D | 2,295 E |5.8517
1,847 7666 9, 40021 I 5.9912 6,9988
1et torm, +1o.:uv 3 . .po.ooo; (a2)
odtorm. |+ 0,2513 | i wm. | -0.0001 P
+70, 8860
Mndihm | 0,000 . 4.154 6960
~ar | +70.6860  |aine| 9,994 9378 gl at |2,706 6946
tets) 2621 26,60 | A’ 8,609 43569 2] -4 |air+s)]9, 67 3100
soc ¢’ 0,047 6243 lat] +“A seci(a v)
2,706, 6946 icorr [ 2,364,0046
e sl ,o08,9m8 | ~ae | 4225945

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

Do not write in this margin.

Do not write in thia margin.

DyraETuENT or Commnnch
Wk Canst s @ioerix eeecy
Porm 28

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. Pordyoe Eltoro 109 | 23 | 59.43
[ Garoia & Eltoro -7 | a7 59,67
« } 3.Fordyae tn 1. Garcla 112 35 59,76
ae - 3 | 257
180
« |1 Garcia to 3. Pordyce 292 32 | 301
. . f . ' .
v |26 |17 47,433 |3. Fordyoe 1 ]9 34 | 45,238
ar | + 2 53,838 L: ar| + 7 | 44,000
¢ |2 |20 41,271 , 1. CGarola i |98 a2 | 29.278
s 4,144 1928 s | 8,28839 ~h 2.2407
cosa| 9.584 6639 sin'a | 9,93060 ()| 4,4803 | oiinta| 8,2130
B 8,511 8102 c 1,09966 p | &2918 E 56,8506
b 2,240 6569 9, 31864 | 6, 7721 6.3103
Ist term. | =174, ;c'n U tem. w.oo;s (ary
2 term. + 0,2083 wom. | +0.0002 P
-173, 8308
+ 0,0008 A 4.144 1928
—ay | 173,830 |sine 9,966 3008  |Arg] at | 2,666 B549
te+re) (26292435 | & 6.509 4369 s | =3 Jukr+s)| 92.646 7901
soc ¥ 0.047 6243 ar] M eci(a v)
2,656 suz Core] +1 2,313 3450
W al + 464,039 —as | 4206762

6L
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

- Eltoro fo  Garoia 81| 16 | 06,68
¢ Carola &  Panono tul3 (18,0
« {2 Xltoro to 1. Panoho 125 | 65 | 25,46
As - 3 14.32
180
« [f§. Panoho v 2. Bltoro 305 | 62 [ 1L14
Firat Angle of Trianglo o 28 15,62
. ' . . B
vr]la |2 Eltoro 3 )98 |34 |o00305
ay + 4 ad - 7 15,977
ETEET Pancho v | o8 e |ir.zee
s | 4,174 6508 L 8,34930 ~h | B,4549
coea| 9,760 4220 sin'a| 9.81676 tapy| 49092 | ot | 8.1860
g | 8.511 soeo ¢ 1,30096 p | 2.2928 £ 6.8517
2,454 8786 9,26700 l l 7.2017 6,4726
1ot term, | =285,0228 . 40,0026 (aly
od term. | 40,1849 Guw| +0.0003 ¥
-284, 8373
Nedidim.| 40,0019 B 4,174 6506
—ap | 264,834 |eine 9,908 3110  [Arg a1 | 2.640 4581
tr+y) | 26 242437 | 4 8.609 4349 | , | 4 [ay(psen| 90048 0640
ot ooar9sr | | 8 L,
2,600 488 o] 1 2,208 5229
b at + 456,9765 —as 4194322

Do ot write in this margia.

Dw not write in this masgin.

Devauvugur o Camsernce

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

“ Garolia o Eltoro 261 12 | 20,60
4 Panoho & Xltoro -7 52 | 24,85
« | 3. uarcia o 1. Panoho 19 19 | 86,76
sa + 32,01
130
o | 1. pancho to 3. Garota w | 20 {2776
. , e . . "
v | 26 | 20 | 42,272 |3 Garota 2 9 | 4 | 29,278
Ay + 5 55,521 l,.= Al - | ) 1 | 11, 996
v | 2 | 26 | 36,792 I 1.  Pansho PO ] | 41 | 17.282
x| 4,006 1677 el 8,09233 —h 2,5509
cona| 9992 9000 sinta | 860742 o] 8.2007 1 | 65998
B | 8.511 8072 ¢ 1, 10067 p | 2.2923 E 5,8613
b | 2,650 8749 7,70032 I l 7,3940 £,0020
18t term, | =385, sn‘) 4w, -.D.M:'ab (a2y
2d torm. | + ©,0050 Py 0,0000 F
=355, 6239
Motk |+ 0.0025 s 4.046 1677
—~ay | -385.5214 sine 9,253 7118 Al 1,867 3101,
Hv+e) | 26 23 39,03 | A 8,509 4349 «2  [ide+9)| 9,647 9148
secy’|  0.047 9957 e 4(a )
1,859, 2203 1,50p 2249
Ll al - 71,9963 —as | o 32,006

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

. Pancho to Gardia 10 20 27,76
¢ uareia & Momnens ts j28 | ozav
a |2 Pancho to 1.  Momument 38 4 29,93
as - 2 07,02
180
< {1 Mopument to 2, Panoho 218 “% 22,91
First Augle of Trisngle 61 38 08,72 .
. . - . "
(4 26 26 36,79 |2 Pancho * ) 41 |17.282
avl =1 8] 30,200 [, a1 | + & [45.680
o | 26| 21 | 16,683 |g, Momument | 98| 46 |oz.962
s | 4101 N4 s 8,20342 -h 2,8052
cosa| 9,891 &751 sin'a | 9,59424 (e [5:0206 | paire| 77976
B 8,511 6012 c 1.10280 D 2,293 E 65,8529
2,805 1877 8, 90006 I I 7. 3080 6,1567
Ist term, | 4320, ozme M. +, ;m a1y
wiom, | +0.07% || =0.0002 r
+320, 1072
Mwithom | + 0,0018 . 4101 N4
—ay 4320, 2091 sina 9,797 0714 Arg.| al 2,455 8805
Hip+e) |26 23 66,74 A 8,509 4367 '] -3 ailr+e)| 9,647 9901
secy’ 0,047 6612 ai]l # secf(av)
2,488 o001 -2 2,108 8706
b at +266, 6806 —As +127,020

Do not write In this reargin.

Do not write in this margin.

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION
.

.
° ' "
a Garola to Pancho 19 | 19 |55.75
z Monuzmeat & Pancho -89 | &5 |49.28
s« 13. Garoia to 1. ommeat 100 | 26 06,47
'Y - 1 | 34.84
180
¢ |1 Momment to 3. Garoia 280 | 24 |31,83
. ' “ . . -
v | 26 |20 41,271 | 3. Garoie 1 98 | 42 | 29,278
oy + I 35,412 |s= at + 3 33. 684
v | 26 | 21 ‘ 25,683 |1, Momment | 98 | 46 | 02,962
2 | 3,779 9176 & | 7,56983 -h 1,6497
cona | 9.257 9717 sin'a ' 9,98561 (97)'] 3.0983 | s*sin'«| 17,5453
B | 8.511 8072 ¢ | L10057 D | 2.2923 E 5. 8513
1,549 6966 8, 64591 56,3906 4, 9463
18t term., | = :5.;.555 i o.ooo; (ady
2d term. | 4 0.0442 {thrm.| 0,0000 F
- 35,4124
Sard {1k 1o, 0, 0000 . 3,779 9176
—ar | - 3%.4124 |sine 9,992 7570  |Arg] al  [2.329 7725
tir+y) 126 20 68,98 § A’ 8.509 4367 ] =1 |uailr+e)[9 647 2352
seop’|  0.047 6612 ar]l R fueian
2,329 T2 Icl,,,_ o 1,977 gorr
- al + 213, 6642 —as |4 94,000

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

. . -
L FPancho to lbmment 38 48 29.93
L4 Momusens & Corpus te9 |20 | 309
« |2 Panobo to 1. Corpms 88 o7 09,32
s« - 2z | oa.55

180

« {1 Corpus to 2. Pancho 268 06 04,77
First Angle of Triangle L Ll 15,91
- . . "
L4 26 Pancho 1 9% l 41 l 17,282
ar) = a2] + | & ]39.106
o I 1 Corpus NENREED

. 3,889 5144 £ 317.77903 ~h 0,974

cose| 8.616 1292 sin' « |9.99963 oy 1.0028 | pginra| 7.7786
B | 9.511 8012 ¢ |Llo250 p | 2.2934 B 5.6529
h 0.917 4448 8,88106 ’7. 1362 4,5489

et term. u.u-u LTS 0, o;oo (aly
ad torm. | +40.0760 h ke, 0,0000 F
48, 3448

Natinem.|  0.0000 N 3,889 5144

—ay +8, 3440 sine 9,999 7680 Arg al 2,446 7024

tosy) 3626 32,62 | o 8,509 4350 |, | -1 fayipsgn| 9640 6505
soc e’ 0.047 3870 ai] # sec §(a #)

2,445 7024 L] 2,096, 3629

- at 4279, 7084 —ae | 4124,553

Do not write in this margin,

Do ot write [ this margin.

« domument to Pancho 218 |46 [22.91
Z Corpus & Panoho — 37 | 47 | 04,88
« |3. Momument to L. Corpus 180 | 69 18,02
Ae + 02, 66
180
« |1. Corms to 3. lomupent 0 |59 20,68
. f B o ' -
[4 15,683 | 3. Monument 2 9 | 46 02,962
sy = at| - | 0%.97
vy | 26 28,447 |1, Corpus Iy 9 | 45 I 56,988
s 3,982 0870 L 7.96417 —h 2,4938
cosa| 9 999 9354 sin"e | 6,47352 (49)] 49877 | o gine o | 4.4377
B | &.511 8oss c | 1.0076 D |2.2924 E | 8.8516
2,493 5290 5,53848 ' 7,2001 2,703
wttorm. | <0762 [sen [ 400029 (a3
2d torm. o000 | 0,0000 F
-311, 7662
Hwéihiom, [+ 0,0029 2 3,962 0870
—ay | -311,7643 Jsine| 8,236 7617 Arg a1 | 0,776 2708
dlr+e) (26 23 62,66 | A 6,509 4350 2 -2 [ii(v+e)| 9,647 9722
sece'| 0,047 9870 N} 0  facci{ar)
o, 116_210% -2 0.424, 2427
- a2 - _5.97;.1 —-aa -2,656

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

. Corpas to Monument 0| 69 | 20.68
z Nomment & Grende + 46| 27 | sa.62
e« |2 Corpus tol. Grande ar | 17 19,60
ae S X
180
o |1. Grande to 2. Corpus 227 | 16 4,16
First Angle of Triangle 0 40,13
. . . .
v | 28 Corpus 1) %8 | 46 | 66,988
ay - al + 3 34,29
¢l 2 Grande A EREREED
2 | 3.907 6226 2 | 7.81525 _h | Z.2508
cosa| 9,831 214 sin'e | 9.73232 o] 4.5019 | 4 gint o | 7.5476
8,611 8015 ¢ | 220280 p|=2ese| g [s.es20
2,250 8483 8. 64997 | | emss 5. 6513
tterm. | 4178,1756 | Hum | 40,0006 (a2)
9d term. | + 0,0447 it lew 0, 0000 F
+176,2203
Hnithim| _ +0-0008 . 2,907 8225
—ap | RTR.2209 || 9866 2582 ars a7 o1
Hete) |28 245938 | o | 8.509 4369 P I N P X
sacyr| 0-047 8006 Y I
l 2,351,0175 lﬂl 0 1979 2728
B all . 2142976 —ae | + 9,359

Do not write i this margia.

Do not write in this margia.

. Nomument to. Gorpus
L4 Grande & Corpus
« 13. JMomment to 1. Grapde
A= i
o 1. Grande to 3. Momument 05| 28 24,29
. . -
Momment 1 8 | 46 | 02,962
e e
Grande v | 98 ldﬂ I 31,286
[ 3,850 6409 s 7.70108 ~h 2.1268
cose| 9.763 4128 dn'e | 9,88292 (de)] 42622 & sin' « | T.5230
B | 8.511 s0ss c | 1.200% D [2-2984 £ |5.8625
2125 Y603 8, 62376 | |o.uu 5.5003
1st term. -m.i:ﬁl -8 40.01!';8 (aly
9d term. {4+ 0,04R1 Wum| 0,0000 r
=133, 6437
Nl + 0,003 . 8,650 5409
—ar |=133.5434 sine{ 9,910 9808 Arg. al [2.338 7362
to+y) |26 22 23,45 | A’ | 8,509 4359 sl =2 iai(r-+9)|9. 647 5900
socy| 0.047 6006 ar| ¥ voc (A #)
2,318 7382 [ 1.966 gs22
u-- al | 4 208,323 H—_ —as | 492,643

Fi1G. 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 4t 17 19,60
¢ Greade & Hebron a7 0 |asa
a |2 Corpus to 1. Hebron 94| 48 02,94
aa - 3 10,09
180
« |1 Hebroa to 2. Corpus 27 | ¥ 52,85
First Angle of Trinngle 42 b6 20,48
. . - . . "
v ] 26 Corpus ] 98 | 4 l 56,988
ay * al . 7 1 06.826
v | 2 Habron 1 | %8 I 53 | 03,84
+1
L 4,074 3221 £ 6.146564 I =h 1,6088
oowe| 8,922 6842 inta | 999695 (0[3.0128 | i o [ 81456
B 8,511 8013 [+] 1, 10240 D [2.2936 E 65,8529
1,508 8076 9,24799 I |§. 3062 65,5073
1t term, | =32.2706 %ime | 00000 (ad)
2d term, b term. 0.0000 F
-32,0936
2.
Sl i iorms. o_,oooo . 4,074 3221
—ap | ~32.0936 ina | 9.990 4737 Arg) a1 | 2.6% 2512
Hr+v) (26 26 44,49 | A° | 8,509 448 s | =3 |aip+y)| 9648 7008
socy’| 0.048 0206 ai +3 en d(s ¥)
2,630 2612 {Corr. Q 2,278 9520
[ al + 426,8263 —ne + 190,087

Do oot write in this margia.

Do not write in this margin.

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

- r -
e Grasde o Corpus 227 |16 |16
Z Hedroa & Corpus -~ 89 |32 56,26
« [ 3, Grande to 1. Eebron 137 |42 47,90
se - 1 |34,57
180
« | 1. Hebron to 3. Grasde 37 |a |1s,33
. . . . .
v |28 30,226 | 3. Orasde 1] 98 | 49 |31.286
sl * 20,314 |s= o L= l 3 |s2.529
¢ | 26 00,540 | 1. Hebron FUB I} | 53 ‘os. 015
5 | 3,942 0602 £ | 7.88420 —-h | 2323
cose| 9,869 2069 sin"a | 9.65562 (d¢)'|4.6468 | #*sin" | 7.5899
B | 9,511 8043 ¢ | 110146 p |2.%920 E |5.8621
b | 2.322 9514 8. 64138 Is.saes 57150
18t term. | =210, ;691 Ui | 404 001;9 a1y
wterm, | ¥ 00438 |y | +0.0001 F
-210, 3153
Shasb itk |+ 0.0010 s 3,942 0502
—ay | -210.3143  |eine | 9,827 9122 Arg. Al 2,327 4178
He+v) | 2625 15,36 | o' | 6.509 4348 s | =1 |atte+e)] 9,640 323¢
sece’| 0,048 0206 at ]+l secd(a ¥)
2.327 4178 1K) 1,976, 7412
n—e Al , 212,6288 ot Te 94,567

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

- Hebron to Grande 13,38
Z Grande & Ringnld 41.60
¢ |2 Hebron te1.  Ringold 54,93
ae 11,81
« |1. BRingola to 2.  Hebron 43,12
Firet Angle of Triangle 69 29 07.23
Hevroa 1} 98 |53 ]03.815
ak + 28,546
Ringold s ] o l 53 Iso.:ssx
2 | 3,920 9108 2 | 7.84182 ~h | 2.4310
cosa| 9,998 2007 sin’« | 7.89183 ¢y 4.8620 | ;tsin'a | 5.7336
B | 8.611 8008 o | 1.20287 p |2.29% g | 5.65%
b | 2.431 0120 6.83622 | ]1. 1865 4,0176
" "
18t term. | 4269, 7814 Hum | 40,0014 (a1y
sdterm, | T 99997 ||  ©0.0000 F
«269,7621
Nt +0.0014 |, 3520 9108
—ap | +269,78% |sina| 8.945 9131 Arg a1 | 1,423 9983
Ho+s) PO 24 45,66 | o' | 6,509 4363 o | 2 fajere| 9-648 2973
oce'| 0,047 7386 ar| 9 lecitan
1423 goek Ig._,l a 1073 2956
sam all , 288469 —as | 4 1,809

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

Do not write in this roargin.

Do not write in this margin.

47,90

. Grande to Hebron 137 | 42
r'4 Ringold & Hebron - 63 | 08 11,31
« |3 Grande to 1. RAingold 7% | 34 | 36,59
Aa - 1 46,24
180
a 1. Rinaold te 3. Granode 254 | 32 50,36
. . - o . -
’ 26 23 | 30,228 3. Grende 2 98 49 31,2086
ar | - 59,469 |4= ail + ! 3 l 59,075
¢ | 26 22 | 20,757 |1, Ringola | 98 | 63 | 30.361
[} 3,837 2872 s 7.67467 —h  |1,7739
cona) 9,424 7935 sina] 9. 96814 (4)'] 3.6486 | 4 sin'u |7.6427
p | 8.511 8043 ¢ | 1016 p | 2.2928 g [5.8521
b 1. 773 8850 8, 14417 I | 5.8414 5, 607
Ist term. | 469, 4’;35 Hiem 40.00:)1 (ad)
2d term. | 4 0.0666 45 kerm. 0,0000 ¥
+59. 4590
Haad itk terms. | 40,0001 P 3,837 2872
—-ay +69, 4691 sina 9,984 0716 Arg.l al 2,378 5336
tlote) |26 2300,49 | A’ | 8,509 4363 e | «1  Jidle+#)| 9,647 7625
secy'| 0. 047 7385 ai] 42 sec §(a ¥}
2,378 5336 Corr] © 2,024 2651
nan at + 339,0747 =ae | 4,106,239

8L
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

« Hebron o  Ringold 5 {05 |[54.93
3 Ringold &  Garcens Yes (186|458
« |2 Hedroa to 1. Garoena 88 |20 |40.49
as - |1 |ua
180
<1 Garcena to 2, Hedron 268 |19 |29.18
First Angle of Triangle & 18 20.19
. ' v
2. Hebron 1| 98 [ 65 [05.615
al + 2 |[40.096
Garoens 1 98 | -] |H.9M.
2 | 3,647 1076 ¢ | T.2M22 b | 0.6296
cone | 8,400 7280 sin'a | 9,99964 aer(1o2ats | . | 702939
s | 8-61 008 o | L.10267 p [2-29% g |5.8%
1 | 0-619 633¢ 9.39643 3,6379 35,7665
”
1ot torm. | #2652 Moo | 0:0008 (a1
ad term. |+ 0, 02849 Uk | 0,0000 P
44,1901
i 0,0000 s | 3,647 2076
—ar | 441901 sina | 9,999 8187 Arg. al  [2.208 3774
He+e) |26 26 68,08 | A | 8.509 4248 . 0 lajirre)[t 90 TBH
sece’| 0,048 0163 a1l 9 |wcitanm
2,204 U [] 1,883 )73
- a2l 4 360,099 —as {71,300

* Fixed position,

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

Do ot write in this mangls

Do not write in this margin.

. . -
. Riagold o Hebron 185 | 03 | 43,18
£ Garcena &  Hebron ~ 29 {24 |5434
« [3. Ringola to 1. Garcena 155 | 38 48,78
ae - 1. 59,41
150
< |1 yarcena to 3. Ringold 338 i 37 49,57
. . -
3. Ringold 4 198 |65 |30,361
.= ar] + | &2 |13.649
1. Gareena r | 98 l 86 | 43,910
s | 3.952 9138 +* | 7,90683 =h ] 24242
cosa| 9,959 6206 sin*a | 9,2305% (%v)'| 4.8484 & sin’a | 7,1364
B | 8,511 8053 ¢ | Lilous D |2.2926 E 5,8619
2,424 2477 8,23753 7,140 5,4126
ist term, | -265.6120 Sum | 40,0014 (a2
sdtorm, | + 00173 | 1 0.0000 F
-265. 5947
Sasd i lerme, +0.0014 N 3,952 9138
—ay -265, 5933 sina | 9,616 2756 Arg. al  [2,125 6403
d(r+y) (26 24 43,55 | A | 0.609 4348 a1 -2 in}(r+v))9, 648 1885
sece’| 0.048 0163 ar] o sec (A 5)
3
2,125 405 Corr] -2 1,773 9208
- al ]l 4 133,5409 —ae Iy 69,406

AOHLANW NOILOTYIA A9 LEN JO INTWLSALAY
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80 U. S. 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. Ifitis 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 1s 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 @, are obtained from the tabic on the right-
hand side of form 496, using as argument the computed latitude, ¢,
of the fixed point at the terminal of the arc, which in this case is
26°.45.

The quantities in the three columns headed ““Lat. equation” and
in the three columns headed ‘“Long. equation,” in Figure 28 are, as
indicated in the headings, simply products of quantities in other
columns previously filled out. The three columns headed Lat.
equation (¢, —o.) 84, Lat. equation (p,—¢.) (—55) and Long. equation
(@.—¢c) az, 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 Long. equation (\,—\.) 34, Long. equation (\,—X\;) (—45) and
Lat. equation (\,— \.) a,, respectively, should be filled out at the same
time, since they contain the multiplier (\,—\c).

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 (¢,—¢.) 6.1 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 column headed
Lat. equation (\,—\.) @, are the coefficients of the symbols in the
column headed C.
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Correlale equations

~3

DI O I
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—. 200 .0404

—. 08 .0074

—. 05 .0029

+-. 18] .0310
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+.04) .0017

—.30 0912

+.06; . 0034

—. 23] .0515

—. 01} .0001

+.41 1722

+.34| .1163
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—. 35 .1420
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- 40[ . 1832
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- —1.93 +.219) +.22)
37| et Y R - | +1.98 +1] +1.93 — 478 —. . 2288
o e[ —1 .| —1.08] +.008( +.09{ .0092
39| __|.. =1 41 +1. 06 +.184| +.18 .0339
177 R N U OSSN PO A S U ] OO 1 O S N I | +-45 —.049] —.05 .0024
....... —.45 —.231) —. 23| .0534
............. 2. 27 +.564| .55 .3069
—.516] —.52| .2663
+.133f +.18| .0177
—.310, —.31] .0961
+.208) +.30 .0888
—.150) —.16| .0253
+.028| .03 .0008
+.219] +.22| .0480
+.056( .06 .0031
+.154] +.16 .0237
52 —.456| —.45| .2079
53 3.161] .16 .0259
54 +.067| .08 .0045
55 —.2m —.28| .0515
3R +.571| +.57 -3260
57| +.086 +.09 .0074
58 —.657| —.66| .4316

* In the 2, 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 baving been fixed by
:—g%‘;iogsm ald.uas&%eu(ti) is equal to zero. . For example, (1)+(2)+(3)=-+3.43—7.3943.96=0. The same thing applies to the # column, in which the corresponding values are
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84 U. 8. COAST AND GEODETIC SURVEY

In the same way in forming the longitude equation the quantities
in the column headed Long. equation (A,—X\,) 84 are the coefficients
of the symbols in column A, the quantities in the column headed
Long. equation (A\,—\,) (—85) are the coefficients of the synibols in
column B, and the quantities in the column headed Long. equation
@=—¢.) 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 X\,’ 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 & 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 ‘“x’’ column which should be checked by
another mathematician. It should be remembered that the cong
stant term of a divided equation (see p. 61) must be divided by
the same factor before entering it in the table of normal equations.
The table of normals is given on the folded page facing this page.

SOLUTION OF NORMAL EQUATIONS

The solution of the normal equations is shortened considerably if
the equations are taken in the proper order. In a net of triangulation
composed of simple quadrilaterals, the rule is to eliminate the three
angle equations and the one side equation of each quadrilateral in
order. If the net is more involved, the order of solution should be
such that each succeeding equation will introduce the fewest new
terms.
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ADJUSTMENT OF NET BY DIRECTION METHOD 85

The solution of the normal equations is given in full on pages 86-92.
The method used is the same as for the adjustment of the quadri-
lateral on page 38, and it is therefore unnecessary to describe each
step of this solution.

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



Solution of normal equations

98

a 1 ¢ A
2 3 18 4 5 6 19 24 25 26 7 ] sy
+2 -2 =216 | el +1 —4.99 —29.21 -3.12 +.15 —32.33
—. 33333 +. 33333 +.86 e [PPSR RSy (IR —. 16667 +. 83167 +4. 86833 +.62 -, 025 +5. 38833
+6 +2 F2.00 e oo e e +3 —+2.96 35,22 +4.15 +.34 +27. 67
—. 6667 +. 6667 +.72 RSPRS00 SR RpSEpeyua FPRESURPRS RS —. 3333 +1. 6633 +9. 7367 +1.04 —. 06 +10. 7767
+5.3333 42. €667 F2T2 e e meee +2. 66687 +4.6233 +-14. 9567 +5.19 +.29 +38. 4467
Cs | —.50001 = 51000 ||| —. 50001 —. 86687 —2. 50440 —~. 97313 —. 05438 —7. 20880
+6 +2.10 +5.85 ° +30. 44 +2. 11 +1.74 +46. 48
14 —.6667 - 72 —1. 6633 —9. 7367 —1.04 +.05 —10. 7767
2] ~1.3333 —1.36 -2.3117 —7.4783 —2 595 —. 145 —19. 2233
+4. 0000 +.02 +1.8750 -+13. 2250 —1. 5250 1.845 +16. 4800
Cs —. 005 —. 46875 -3. 30625 +. 3812 —. 41125 —4. 12000
+140. 9338 +7. 3852 +13. 4924 +1. 2067 —2.4 —+161. $033
1 - 1716 —1.7964 —10. 5159 —1.1232 -+, 054 —11. 6388
2 —1.3872 —2.3579 ~7.6780 —2. 6469 —. 1479 —19. 6079
3 —. 0001 : —. 0094 —. 0661 +.0076 —. 0082 —. 0824
-+-138. 7689 =137 |t +1. 8040 —2.3350 -+3. 2215 —4.7173 —2. 5568 -2, 3421 -+130. 4742
Cu | +.00087 | o |iameailo —. 01300 -+. 01683 —. 02321 +-. (3399 -+. 01842 +. 01688 —. 040232
-+6 -2 +2 +8.92 ... —7.62 —26. 82 —6. 44 —.28 —20.60
3 [ -1 : . 88 +. 50 . 9375 +46. 6125 —. 7625 -} 8225 +8.24
18 ~.0135 -. 0231 +. 0318 —. 0406 —. 0252 —. 0231 +1. 2881
+4. 9565 -2 +2 +8. 0578 +.4769 -6. 6507 ~20. 2641 7. 2207 +. 5394 -20. 0719
Cy +. 40108 —. 40108 —1. 61592 —. 00564 | 41.33374 +4. 06179 +1. 44945 —. 10817 —+4. 02525
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@ 1 [-] A »
5 [ 19 7 8 9 20 2% 25 26 7 7 “n
+6 +2 —8.58 ] -2 emmee +3. 4 +2 +5.72 +20.01 +3.39 +.19 +28.17
—.8022 | +.8022 R IP<1 ¢ S R U I, +.1013 —2.6675 —8,1236 —2, 8089 +. 2163 —8. 0505
45.1078 | +2.8022 —5.3482 | -2 -2 +3.44 +2.1913 +3.0525 +11. 8864 +. 4911 +.4083 | -+20. 11954
Cy | —.s53011 +1.02804 | 438478 | .38478 |.oo_. ... —. 66182 | —.42158 —. 58727 —2. 28681 —. 00448 —. 07817 | —3.870754
+6 —5.11 —8.95 -7 —.71
4 | —~.s022 48,1236 +2. 8980 —. 2163 +8. 0505
5 | —L5107 —6. 4081 —. 2648 —.2190 | —10.8466
+3.6871 —3.3045 —4.3159 —1.2053 —3. 5061
Cs +. 92064 +1. 17054 +. 32690 +. 95001
—58, 6049 —35. 2072 —1.78 —10. 3916
3 +5. 8100 —. 6710 +. 7238 +7. 2512
18 +. 0613 +. 0332 +.0305 —1. 6062
4 +32. 7201 +11. 6794 —. 8716 | 4324347
B +12. 2303 . 5053 4. 4181 | 420. 7015
6 +85. 8014 +7.3762 +2. 0600 +35. 9922
—1.9638 —16.3741 +.5808 | +45.20187
+.03111 +. 25941 —. 00019 —. 717543
—-15.73 —.60 +1.06 —21.35
+4. 5736 +. 1890 +. 1563 +7. 7415
~—. 8486 —1.0790 —. 3013 —. 8765
—. 0234 —. 1952 +. 0069 +. 5399
—12.0284 —1.6852 +.9110 | —13.94513
+2. 41007 +. 33765 —. 18271 | +2.79415
+.13 +2.08 +1.80 | 4592
+4. 5736 +. 1890 +. 1563 +7.7415
. —. 8488 —1.0790 —.3013 —. 8765
19 | — 0020 Jeoeoo...._ T +. 0509 —. 0043 —. 0205 —, 0234 —. 1952 . 0069 -+ 5399
7 | —.1067 +-.3971 +. 5875 —. 0984 +. 5285 +2. 3881 +.3346 —. 1810 +2. 7687
447942 | 423971 | —6.4716 | +2.3073 +3.8565 +86. 2197 +1.3204 +1.5700 | +16. 00365
Cs | —.50000 | +1.34088 [+ —. 50004 —. 80441 —1.20734 —. 27729 —.32767 | —3.35687
|
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Solution of normal equations—Continued

a H @ A P
9 20 10 12 i1 13 22 21 2% 25 26 27 " »
6 +8.24 +3. 52 +14.03 —1.55 +1.69 +28.49
7 —. 8015 —1.1858 —1,0667 ~4. 8201 —. 6753 +. 3654 —>5. 5883
8| —1.1985 +3. 2358 —1.9283 —3.1099 —. 6647 —. 7854 —8. 0467
+4 8, 20 +.5250 | +6.1000 | —2.89 +1.27 414,855
Co| —2.0725 —. 13125 | —1.525 +. 7225 —.3175 | —3.71375
+-68. 7558 +1.2803 | +17.3235 | —15.5804 | —2.81 +70. 2246
5| —2.2767 —2.0202 | —7.8666 —. 3250 —.2680 | —13.3153
8 —. 6817 +1.2676 | +1.4596 1 185s8 +.5183 | +1.5076
19 —. 2880 +. 1676 +.1328 | 411077 - —3.0639
7| —1.7545 -1, 57 —7.1316 —. 9991 +.5407 | —8.2682
8| —8.7359 +5,2058 | +8.3050 | -+1.7045 | 421205 | 4217243
9| —17.1810 —1.0881 | ~12.6422 | +5.9805 | —2.6321 | —30. 7870
+437.8371 +3.2347 —.3286 | —6.1660 -2, 5707 | +4-38.0221
Cxn —. 08549 | +.00868 | . 18206 | 4. 06794 | —1.0048990
— 04 ~11.03 +3.23 +.31 —3.70
9 +.2625 | +3.05 —1.445 +.635 +7.4275
20 —. 005 ~+. 0006 +.0106 +. 0044 —. 0653
+.2160 | —7.9794 | +1.7956 +.9494 | 43.6622
—. 04338 | +1. 59591 —.35013 | —. 18988 | —.73245
+1.00 —1.44 +.92 +1.70 +8.03
+.2625 | +3.05 —~1. 445 +. 635 +7. 4275
—. 0056 +. 0006 +.0108 +. 0044 —. 0653
— 0434 | +1.5958 —. 3501 —. 1899 —. 7324
12135 | +3.2064 —.8735 { +2.1495 | +14.6508
—. 252 —.66801 | +.18198  —.44782 [ —3.05419

88
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a & A 3,
1 13 14 2 a1 15 17 p-3 24 25 26 27 " -
-1.28 +4.66 ~1.25 —0.69 -1.04
10 . 2000 4.0868 | —3.1918 +.7183 4.3798 | +1.4649
12 . 2000 —. 1011 —. 2672 +.0728 —. 1791 | —1.2217
5. 1667 —.2525 | —L6692 ..o .0000 | —L2M43 | +1.2010 —. 4589 —. 4803 —. 79685
Cu 4.38700 | +.04887 | +.32307 .0000 +4.25051 | —.23245 | .08882 | 09470 | +.15416
-1.29 +6.84 ~3.60 +1.35 +3. 04
10 40868 | —3.1918 +.7183 +.3798 | 414649
12 —.6068 | —1.6032 +4.4368 | —1.0749 | —7.3200
1 —. 2505 +.2324 - —. 0947 —. 1542
—2.005 | 422774 | —2.5337 4.5602 | —2.0792
4.54133 | —.59831 | +.66564 | —.14717° . 54624
42,58 —2, 94 +3.30 +.25 +86. 10
—. 5010 -+. 4649 —. 1776 —. 1804 —.3083
—1.2022 | +1.4282 | —1.5880 +.3513 | —1,3039
+.7868 | —1.0469 | -+1.5335 +.4119 | 448780
—.21101 |  +.23076 | —. 41126 | —. 11046 | —L. 203587
+4153.6386 | 460.4347 | —L15 ~1.15 —. 6815 —.34 J-41. 1156 +.7059 | 428.7425 | +9.58  |+297.7402
9 —. 0734 —. 14 —. 0735 —. 8540 -+.4046 —.1778 | —2.0797
20 —. 9087 . —. 5013 . 0509 +.9556 +.3084 | —5.8025
10 —. 6055 —.0755 | 42 7767 —. 6247 —.3304 | —12744
12 —. 1993 +.2473 . 6534 —. 1780 +.4380 | +2 0873
1 —.0123 —. 0633 +. 0587 - —. 0239 —. 0389
13 —. 0755 +. 2003 —. 3208 +.3569 —. 0780 +. 2020
14 —. 0559 —. 0989 +. 1316 —. 1927 —. 0518 —. 5640
+151.7000 | 459. 0974 —. B9R7 —. 8987 —.7695 —.3880 | +40.%407 | 43.2024 | 420.4418 | $-9.7536 |-291.17p910
Cx —.38 +. 00592 : 4.00507 | +.00256 | —.26922 | —.02170 | —.19408 —1. 0193940
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Solution of normal equations—Continued

a 1 ¢ A -
21 15 17 18 23 24 25 26 27 7 “n
+76. 7816 +18. 0583 —9,3813 +18. 0000 +5.118 +169. 4373
10 —3.9428 —. 1926 +7. 0358 —1. 5045 —. 8431 —3. 2521
12 - +. 0146 +. 0387 —. 0105 +. 0259 +. 1768
11 —. 5393 —. 4182 . 3580 —. 1483 —. 1581 —. 2573
13 —2.8231 —-1.7745 +1. 9613 —2.1820 +. 4824 —1. 7906
14 —. 4381 —. 2697 +.3588 —. 5255 —. 1412 ~1. 5383
2 | --23.0226 ~15.9102 —1.2824 —11. 4696 —3.8000 ~113.4315
+46. 0150 —. 4023 —. 8311 -+2. 0695 . 6819 +49. 34420
Ca +.01070 +. 01808 —. 04497 —. 01482 —1.07235
—2.87 +1.62 —4.20 +.11 —4.64
14 +.4220 —. 5615 +. 8225 —+.2209 +2.4071
22 +. 2419 +. 0195 +. 1744 +. 057! +1.7250
21 +. 0085 +.0144 - —.0118 —. 8520
—2.1976 +1. 0924 —3. 2389 +.3769 —1.360812
+. 44774 —. 2225 +. 65990 —. 07679 +. 277332
+1.22 +1.03 —-.78 +.11 +5. €0
+. 4220 —. 5615 +. 8225 +. 2209 +2.4071
+. 2419 0105 +. 1744 +.0578 +1. 7250
. 0085 +. 0144 —. 0358 —.0118 —. k529
+.40% —. 2021 +. 5093 —. 0397 +. 2519
+4.7401 +2.3701 —1.5833 —. 1032 42.2000 3003 4. 8004 +.3072 +9. 131106
Cn —. 50001 —+. 33402 +.02177 —. 48501 —. 03335 —. 1688 ~. 03481 —1. 92625
+6 . 81 +1 +1.26 -0 +1.23 +1.33 +15.60
15 —. 8150 —1.4416 +. 9484 —. 8955 +. 4451 —1.3198 +.1536 —. 5546
17 —1.1850 +. 7916 +. 0518 —~1.1495 —. 1501 —. 4002 —. 1536 —4.5654
+4 +4.16 +2.00 —. 7450 +. 2650 —. 49 +1.33 +10.48
Cu | —1.0% -5 +. 19625 —. 06625 +. 1225 —. 3325 —2.62

06
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ADJUSTMENT OF NET BY DIRECTION METHOD

Solution of normal equations—Continued

91

a 1 @ A
=z v 25 26 27 " Zn
4380152 | —1L. —3. 8006 ~1,3979 417268 | H0.238 +31.8776
184 | 177 — 1477 +. 1965 —. 2870 —. 0773 —. 8425
—.0039 | —.o002 +. 2072 +. 0167 +. 1403 +.0495 +1.4770
—. 0001 . —. 0008 —. 0013 +. 0033 +. 0011 +. 0775
—2i5502 | +1 6777 —1.5841 +. 7874 —2.3347 +. 2717 —. 6811
5289 | —.0845 +. 7679 +. 1003 +. 267 +.1026 +3. 0498
—4.326¢ | —2.08 +. 8164 - 2756 . —1.3832 | —10.8092
+31.3743 | —2.5359 —3.7417 —.573 +.0334 —.7976 | -+23.759186
Cn . +. 11926 +. 01820 — 00108 | 02542 . 75726
+12 +4.30 +23.20 —5.88 +5.81 +47.52
1| —.1687 +.8317 +4. 8683 +.52 —.025 +5.
2 | —1.3334 —2.317 ~7. 4785 —2. 5950 — 1450 | —19.2237
3| —.2 —. 4638 ~3, 3062 +.3812 —.4112 41
18 | —. 0303 +. 0542 —. 0794 —. 0430 —. 0394 42, 1954
4 | —oi58 +. 6361 41,6371 +. 6012 —. 0518 +1. 9196
5 | —.988 —1. 2869 ~5.0111 —. 2070 —.1713 —8. 4820
6 | —.5111 —1.0978 ~1.2 —1. 5068 —. 4487 —1.305
19 | —.0020 . 0141 . 0112 —. 0933 +- 0033 . 2580
7| — o402 +. 2844 1. 147 -+ 1674 —. 0906 +1.3851
8 | —1 1687 —1.8284 ~3. 1101 —. 6847 —. 7855 —R. 474
9 | — 2500 — 1312 ~1. 5250 +.7225 —.3175 —3.7138
20 | —. 0000 —. 0019 +. 0002 -+. 0035 +. 0015 —.0219
10 | —.0500 — 0217 +.7979 —. 1790 —.0M9 —. 3862
12 | —1.2000 —. 8068 ~1. 8032 44368 | —L0748 —7.3209
it - 600D ~0000 - 0000 ~0000 . .
138 | —.o627 +.5113 —. 5983 +. 6656 — 472 +. 5462
14 | —.1055 —. 1323 +. 1761 —. 2579 —. 0693 — 7548
2 | - o010 +. 1045 +. +. 0753 +. 0249 +. 447
2 | —. 0032 - 0041 +. 0069 —. 0172 = 0057 —. 4102
15 | —1.1087 +1. 0421 —. 5180 +1.5350 — 1787 +. 6455
17 | —.o022 +. 0501 + 0065 +.0174 +. 0087 +. 1688
18 | —1.0000 +.3025 —.13% - 2450 —. 6650 —5. 2400
2 | —. 205 —. 302 —. 0264 +. 0027 —. 0645 +1.9203
+3.2069 —. 0828 +7. 5124 ~6, 0799 —. 9305 +8. 708771
Cx | +.02511 —2.27863 - | 184413 | 28496 | —L 124423
+116.2130 | +117.4082 | 41216126 | —2.27 +401. 0159
1| —41500 | —21.200 23,5048 4.1248 | —26.8878
2 | —soo7s | —12 9856 —4, 4991 —.9514 | —33.3284
3 —. 8760 6. 1092 +. 7148 —. 1 —7.7950
18 —. 0748 +. 1095 +. 0503 +. 0544 —3. 0289
4 | —ss708 | —270137 —9. 6399 +.7194 | —2.7707
5| —1L —4. 9805 —. 2884 —. 2386 | —1L.8154
6 | —2a72 —2 71l —3. 4509 —. 0837 -2,
19 —. 0972 = 0771 — 6128 +. 0228 +1.7775
7| —L4198 —6.4156 —. 8988 +. 4884 —7.4380
8 | —3102 —5. 0032 ~1.069¢ | —1.2637 | —12.9458
9 —. 0880 —. 5006 +. 8708 —. 1867 —1.9407
20 —. 2765 0281 +. 5271 +.2198 —3.2506
10 —. 0094 +.3462 —. 0779 — 0412 —. 1589
12 —.3068 —. 8100 +. 2208 — 5434 —3.7063
11 — 3242 3009 —. 1150 — 1226 —. 1995
13 | —11154 +1.2328 ~1.3718 +.3082 —1.1255
14 —. 1860 +. 2209 —. 3236 —. 0869 —. 0470
2 | —109951 —. 8862 —7.9%84 | —2.6261 | —78.3806
a1 —. 0033 —. 0039 +. 022 o+, 0073 +. 5279
15 —. 9840 +.4801 —1.4502 +.1688 —. 6094
17| —11150 —. 1456 —. 3882 —. 1490 —4.4984
16 — 1541 +.0520 —. 0962 +. 2610 +2. 0567
2 —. 4462 —. 0884 +.0040 —. 0851 2. 8334
24 —. 0021 +-. 1887 ~. 1827 -, 0238 +. 0931
+73.4932 | 4250041 | 488.5543 | —7.2452 | -+180. 79024
Cas g —1.20483 . —2.4
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Solution of normal equations—Continued

2'% 2)_, 7 ap
+451. 5432 4-3. 6191 +641. 4826
1 —142. 2039 4. 7302 —157. 3631
2 —41. 0446 —. 8133 —107. 8199
3 —43. 7252 —5. 4388 —54. 4870
18 -1 —. 0796 +4. 4333
4 -82. 2679 +2. 1909 =31, 5278
3 —27. 1819 L1 -, 0292 —46. 0092
6 —3. 1251 . —1. 1097 —3.2279
19 —. 0611 . 4. 0180 -+1. 4001
7 —28, 9893 . +2.1977 —33. 6092
& —8. 0691 . -2, --20, 8787
9 —9. 3025 4. 4072 -1 —22. 6539
20 -, 0029 —. 0535 —. 0223 +-. 3302
10 —12.7344 +2. 8656 +1. 5151 +35. 8145
12 =2.1419 +. 5835 —1. 4359 =9, 7930
11 - 2792 —+. 1067 +. 1137 -+. 1551
13 —1.3628 +1. 5159 —. 3352 +1. 2440
14 —. 2930 +. 4305 +. 1156 1. 2600
22 -.0714 —. 6340 —. 27 —6. 3194
21 —. 0150 +. 0374 -+.0123 —+. 8912
15 —. 2431 +. 7309 —. 0839 —+. 302
17 —. 0190 —. 0507 —. 0195 —. 5785
16 —. 0176 +. 0325 —. 0581 —. 6343
23 —. 0105 +. 000G —. 0146 +. 4346
24 —17.1180 +13. 8538 42, 1407 —8. 4472
25 —9. 1939 —31. 3211 +2. 5625 ~63, H465
—+21. 0039 —+18. 7666 +. 5592 40, 433947
Can —. 89327 —. 03138 —1. 92465
—+-235. 2684 —4. 4429, 2015
1 —1. 6224 +. ~—16. 8116
2 —5. 05605 -2 —37.4137
3 —. 5814 +. 6 —+6. 2830
18 —. (7l - 2. 4030
4 —10. 4762 +.78 —29, 0933
5 —. 0464 - —1. 9009
8 —5.0519 —1. —4. 1040
19 —41.2476 +. +11. 7459
7 —. 5690 +. 1 —4, 7087
8 —., 3686 —. 43 —4, 4626
9 —2. 0850 +. +10. 7327
2 —1. OH8 - 6, 1962
10 —. 6419 - —1.3152
12 —. 1540 +. 2, 6678
11 —. (408 -. —. 0707
13 —1. 6865 +. 0
14 —. 6307 —. 16
22 -5, 7141 -1
21 —. 0031 .
15 —2. 1374
17 —. 1352
16 -. 3
23 - —. 02
24 —11, 2121 2, —+-6. 8364
25 | —106. 7017 . 729 ~217. %471
26 —16. 7636 —. 5890 —36. 1191
+-58. 1351 +-. 9462 +-59. 08156
Cy ~. 01628 —1.01828
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Back solution

w7 25 25 24 z 16 17
—0.01628 —0.03138 0. 00858 =+0. 28496 +0. 02542 —0.3325 —0. 06481
+.01454 +. 01962 —. 03002 +. 00002 —.00199 +. 00275
+. 00596 +. 03837 —. 00031 +. 00112 -+. 00107
—.01684 +. 00312 +.C1481 +. 02437 —. 06022
+. 12416 +. 02396 —. 14822 +. 00645
+. 29643 —. 06646 +. 02134
+. 06390 +. 28185
—. 52368
+. 16843
15 21 22 14 13 11 12
—0.07679 —0.01482 —(. 06430 -0, 11046 —0. 14717 -+0. 03470 —0. 44782
—. 01074 +. 00073 . 00316 +. 00670 —. 01084 —.00145 —. 00298
+. 00375 ~. 00030 +. 00037 . —. 00473 +.01008 -+. 00391 +. 01125
+. 05559 +.00133 —. 03343 ~—. 02620 +.06721 +. 03110 —. 03139
—. 14057 —. 00246 -+. 00076 —. 04985 —. 07788 0 —. 14322
+. 04606 +. 00010 =+. 00032 —. 01200 —. 01032 —. 00387 — 00014
—. 21339 —. 00201 . 00100 +. 08866 +. 01262 -. 00438 ~—. 01826
—.03117 +-. 00635 —. 00217 —. 19899 —. 18155 —. 11206 +. 16803
+. 00467 —+. 00411 —. 08539 +. 00479
—. 36726 —.01198 +. 01126 —. 33785
—., 08062 —. 05744 —. 46382
—. 23050
10 20 9 8 7 19 6
—0. 18988 -+0. 06794 —0.3175 —0.32767 —0.18271 —0. 00819 0. 32680
+.00586 —. 00285 —. 01178 +. 00451 —. 00550 —. 00422 —. 01908
—. 02688 —.00015 +. 02568 +. 02185 —. 04059 —. 00052 —. 01550
—. 00539 —. 01061 —. 01630 —. 09488 +. 06622 . 00487 —+.09927
—. 02964 —. 00017 —. 07411 —. 14823 —. 02044 +. 00169 +. 11036
=+. 01084 <. 01389 +. 01255 +. 09383 +. 04121 —. 00470 —. 02089
-+. 03119 —+. 00030 -—. 23191 +. 44608 —. 35751 —.00011 —. 00238
—. 13514 +. 00046 - 13474 +. 00189 —. 00604 —. 12661
—. 02298 —. 14406 ~. 00951 +. 03114
+. 00275 . 06651 —. 50643 —.01822 }————
- —. 80215 +.37423
—. 26648
5 4 18 3 2 1
—0.07817 -0. 10817 ~-+0. 01688 —0.41125 —0.05438 —0.025
+. 00154 —. 02360 —. 00030 —. 00621 +.01584 -—. 00847
+. 03851 —. 06840 —. 00057 +. 5568 +. 04723 —. 08198
—. 07292 +. 16560 -~. 00288 —. 05820 —. 10763 +.10326
~—. 12497 —. 02835 +. 00488 —. 07411 —. 14822 —. 04041
—. 04600 +. 02044 . 00024 —~. 00802 —. 00702 +. 00406
-, 00366 —. 15010 —. 00459 —~. 83238 +. 36729 —. 24486
—. 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 »’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 #’s is then
adopted to make all the equations consistent. (See p. 15.)
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Compulation of corrections (v's)

1 2 3 4 5 [ 7 8 9
+0.0614 | —0.0880 | —0.0614 | —0.2064 | +0.0563 | —0.0563 | —0.0501 { —0.0723 +0. 0501
-. 0798 —. 1131 +.0798 +. 0158 +. 1079 —. 1079 +. 0508 +. 1131 —. 0508
-.0919 +.0019 —. 1131 —. 3315 —+.3315 =+. 0559 —. 0569
+. 0578 —. 2011 . 0302 + 3392 —. 0528 —+. 2964 —. 2064 +. 0408 +.0330
+.3392 -2 +. 1131 +. 7346 +. 0368 +. 0303 +.04 +. 4648
—.3302 —. 0545 —. 3392 —, 7346 +. 7346 —. 7346
+. 2867 —. 05 +.1131 —-. 1131
+.29 —. 0856 +.1755 ~. 3024
—.08 +.18 -.1210 +. 4300 —.30
—. 12 . 43
10 11 12 13 14 15 16 17 18
+0.0221 | —0.0221 | -+0.0366 | --0.0410 | —0.0366 | —0.0586 | -H0.0586 | -4-0.0013 . 0085
+. 045 —. 0645 —. 0650 +.3742 +.0650 —. 1122 +.1122 —. 0460 +.01
—. 2645 +. 2645 —. 0608 +. 0608 +. 2359 —. 2359 +. 5064
+.7010 +. 2964 —. 0089 +. 4152 —. 0321 —. 0402 -+. 0262
—. 4648 —. 7010 —. 3742 +.41 +.0140 —.7346 —. 3302 +. 4617
+. 4648 —. 4648 +.3392 +.46
+.0583 —. 2267 +.7348 —. 3781
+.06 -2 —. 0075 —. 3705 —.38
-.01 ~+.3409 -.37
+.34
19 20 21 22 23 24 25 28 x
—0.0013 | —0.1031 | +0.1031 | —0.0454 | 40.1081 | +0.0454 | 40.0070 | —O0.0070 —0. 4051
+. 0460 —. 0987 +. 0987 +.0317 —. 3742 —.0317 +. 0480 —. 0480 —.0108
—. 0133 +. 4206 —. 4298 +.1242 —. 1242 —. 2247 +. 2247 +. 0574
-—. 0005 +.0763 —. 0630 —. 2064 —. 2711 +. 2391 —. 2704 =+. 2064
—. 5064 —. 7010 + 3742 —. 0849 - 27 —. 0182 +.8022 +.0313 —. 3585
—. 3742 +. 4648 —. 4648 +. 7010 +-. 0095 - —. 8922 —.36
+. 7010 . 5064 —. 0095
+.0679 —.3814 -+, 4302 +.3742 —. 0543 -
—. 1577 +.07 -.38 +.43 —. 7010 —.05 —.4043
—.16 —.40
+.2095
+.30
28 2 30 31 32 33 34 35 36
+0.0249 | —0.0424 | —0.0249 | —0.0254 | 40.0254 | —0.0199 | —0.3330 | +0.0199 ~+0.0063
—. 0300 +. 4638 . 0300 —. 0466 +. 0468 +.0318 —. 0095 ~.0318 +. 0310
—. 1800 +. 1800 +-. 1403 —. 1403 —.0137 +.0137 —. 2398
+. 5350 +.4214 —. 1200 —. 0786 +.1022 —. 2064 —. 3425 —. 1801 + 3531
+.0532 +.42 -.0236 —. 8022 —. 5064 +.0730 —.34 . 2600 +.3378
—.0574 —.4638 +. 5084 +. 8922 +. 4638 —. 2695
+. 2695 -—. 2005 —.4725 +. 0095 . 2605
+. 8922 —. 3961 -4 —. 8022 +. 2191
+. 6152 -39 4. 6765 +.22
.82 +-. 1905 +.68 —.Q772
.19 —.08
37 38 39 40 41 42 43 44 45
—0.0063 | +0.0044 | —0.0044 | ~—0.005¢ | 4-0.0054 | —0.0361 | —0.052¢ | +0.0361 —0.0160
—. 0310 —.0086 +. 0086 —. 0315 +.0315 ~+. (0668 —. 4638 -. 0066 +. 0088
+. 398 . 1316 +.1316 . 0659 —. 0559 +. 2818 —. 2818 —.0310
+. 2064 + 2885 —. 2805 —.3378 —+. 057 —. 2664 —. 5162 +.3764 —.0032
-. 1730 ~. 0574 +.3378 +. 2695 —. 26 —. 2034 -.52 +. 0570 —. 1730
—.3378 +.3378 . 2805 —. 0046
—. 4638 +. 0963 +. 1841 —. 0493 —-. 211 +. 4638 —. 3378 —. 1684
+.09 +.18 —-.C5 -.23 -+.3673
—. 4759 +. 5541 +.1328 -. 2895
—48 +.55 +.13
—. 3085
-.31
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Computation of corrections (v's)—Continued

46 47 43 49 50 51 52 53 54
+0.1297 | 40.0160 | —0.2067 | 40.2967 | —0.0036 | +0.0036 | —0.3830 | —0.0200 0. 0200
+. 1684 —. 0089 —. 0307 +.0788 ~. 0084 +. 0084 ~.0104 +. 0005 —. 0005
+.0310 —. 1684 —. 5237 -+. 0968 —. 0068 —. 0674 -+. 1003 —. 1093
=+. 2081 +. 2084 +. 5237 +. 3673 ~. 047 +. 4580 —. 2064 -+. 5237
+.30 —. 1265 -~. 0699 +.0122 —~. 4568 +.3673 —. 3673
—. 3673 +-. 0279 +. 2139 -. 0018 —. 2805 —~. 45
+.03 +.22 ~+.1684 +.0574 +. 1607 -+. 0666
—. 1563 ~.3673 +.16 +.08
-.16 +. 2805 +. 15642
+.16
+. 0558
+.06
55 58 57 58
+0. 2964 +0. 2732 +0. 2543 —0. 2732
-. 5237 —. 2262 —. 1684 —. 0281
+. 5237 +. 1634
—. 2273 ~+. 0859 —. 5237
-2 . 5707 +.08
+.57 —. 6568

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 continued on p. 107)



POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

Do not write in this margin.

« | Palo to Pedro 12| oz | 2500
£ | Pearo & Fordyoe teal 2r| 3nte
« [2.Pado to . Pordyce 73| 29| 86,76
A« - 3| 0483
180 I
« [1. Fordyos to 2. Palo 253 26 61,93 I
First Angle of Trinngle 48 [+ ] 09,93
. ' M
Palo a1 98 | 27 | 48,248
a| + I 6 | 56,99
Fordgoe R
s | 4,081 5096 s 8, 16302 —h ) 20487
cose| 9,453 3648 sinte | 9.96247 oy 40987 | prgia | 81208
B | 0.511 8083 c 1,10025 p | 2882l E 85,8511
b | 2,046 cs27 9,22674 I I 6.3860 65,0843
st lerm, | + 111.3“1 Rim. 40.0;02 (aiy
wdiorm, |+ 0-3086 || -0.0002 r
- & 121, 5167
Ml |+ 900001 N 4,001 5098
—ay | 4111,81068 |uine| 9,961 7349 Arg] a1 | R.620 1266
$lr+¢) [26 18 43,29 | A' | 6,509 4379 s 1 =8 lapiere)) 2646 6678
pocgt| 0-047 4432 ai| P lecitan
2,620 1268 orr] © 2,266 7631
- al + 416,9900 —ae | $184,836

Do 5ot write In this margia.

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

« Pedro o Falo 192] 01 | 53,36
£ fordyos & rslo —~ 70} 2 18,0%
a fa. Podro o1 Fordyce 121 29 4,78
o - 2 | 3,92
. 180
< 11 rordyoce to 3. Pedro 01| a7 01,88
. ' M . , B
r 26 36,740 |3- Pedro A 98 | 26 |&69.722
ar 10, 694 {a= at + | & [4a5.B18
v | 26 1. Pordyce v 98 | 34 | 45,238
s 4,050 7887 L 8.10158 ~h 2.280§
cone | 9,717 9984 sin'a [ 9,86160 (%)) 4.5607 | »uin’s| 7,9632
p | 8.B11 8134 P 1,09865 p | 22911 E 5.8497
4,280 6006 9,06183 | , 6.8518 .6.0938
1ot term. | =190, 8097 Skm | 40,0007 (aly
sdterm. | +0-12688 |4, | +0.0000 ?
«190, 6944
Ml e, | + 0.0000 B 4,050 7887
—ay | -190,6936 |uma| 9.930 7983 Asg. al | 2,538 4681
dir+y) (26 16 22,08 | o 8,509 4379 [ =2 laj(r+s)) 9,646 0134
secy’) 0,047 4432 at] 2 luacitan
2,638 4681 oorr] © 2,104 4015
e atl 4 38,5160 —as 1 \e2,926

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

- Palo to Fordgoe 73| 29 | 58,78
¢ Fordyos & Eltoro + 38| 05 | s3.2¢
« |2 Palo tof. ELltoro 11 39 | 49,98
Aa - 2 45,11
180
¢ |1 Eltoro o2 Palo 291 | 37 | 0a.87
First Anglo of Triangle ” o 13,86
: 98 | 27
al + []
Eltoro a 9% | B
& | 4,045 289 L 8,09068 ~h |2,1243
ocous| 9567 2158 sinte | 9.93637 (| 4. 2877 | o iy o [8.0269
B | 0.511 8083 a 1, 10026 p | 2.2922 g |5.8511
b | 2124 313 9, 12720 l 6,5390 6,0023
M M
10t term, | ~333. 1424 Uum | 40,0003 (a1
2d term, | + 0-1300 wom| 0:0001 ¥
-135,0074
Ntthiem| + 0.0004 s | W04 2690
—ay |-133.0070 sina | 9:960 18685 Avg. a1 |2.570 6100
totv) |26 20 a8 | . | 8,509 6365 o | lajgan|roer 1718
socy’| 0:047 6960 N L T
2,670 6100 0 2,217,7676
st al } 4 72,0878 ~ae | 4166,116

Do not write (o this margin.

Do not write in thia margin,

s Fordyce to Falo 263 | 26 [5L93

y: Elvoro & ralo _ 64 | o2 |63,14

3. Fordyse 1. Eltoro 19 23 |56,79

Aa + 19,93
180

¢ |1 ®toro to3. Fordyoe 9| 24 [18.72

Forayos
Eltoro
« | 3802 3870 s | 776477 -h | z,3888
cme| 9.954 1205 sin' « | 8.42600 o] 4.7TT66 o[ 61508
B | ®8.511 802 ¢ |1.0me p|zen8 | o | 50508
n | 2388 3267 7.29050 | 44297
stterm, | ~284.5269 g, 40,0012 (a1y
N .
2d torm. 0.0020 iy | 0000 F
-243.5249
Umiitem| + 0.0012 | , | 3.882 3670
—av | -244.5237 |uno| 9,215 0398 Arg) a1 |2.682 B61
H(r+9) | 26 19 49.70 | A' | 8,509 4366 e | 2 |fayrre| 9648 906
socer| 0-047 6960 ail % lxeptang ‘
Lese gl Ic,. -1 1,299 6017
- Al | - w9328 —ae lo19920"

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

- Eltoro o Fordyae 9 {20 |29,72
2 Fordyee & Garola m |51 | anee
« |2 Eltoro to1.  Uaroia 81 | 16 | 06,01
ae - 3 | 46.9
180
PR Garaia to 2. Eltoro 261 12 20,06
Firat Angle of Trisngle 31 &0 12,96
. f . . f "
v 1 51,958 2. Eltoro 2 00, 306
ay = al 28,974
f [ 26 | 2 41,271 N 1. Garcls Iy 29,279
2 | 4150 5968 s 18,30939 —h | 1.8478
cosa| 9101 2922 aint « |9 98987 (or] 38987 | pgn o | 82993
B | 8.511 8080 ¢ [i.10088 p | 22925 E 6.9517
b ) 1L.0847 7949 9, 40021 | ls,ssxz §.9988
18 term, | 70+ 4360 urm | 400001 (azy
2 term. |+ 02513 Wt |02 0002 F
470, 5073
Sand i fers. 0000 s | %154 6968
—ap |¥70.0873 sine| 9.994 9372 Arg) a2 |2.706 6952
He+s) fs 21 3660 A | 8,009 4389 s | & - lage+en] o sa7 3200
secy’| 0,047 6243 s} H kecstan
2,706 §952 Core] O 2,354 0052
e Al 4 508973 —ae | , 225,946

Do 1ot write 1n this margin

Do not write in this margia.

. . .
« Pordyoe to  Kltoro 189 |23 (68,79
Z Garola & Eltoro -7 |48 (00,02
« | 3. Tordgee to 1, Garoia 2 |35 |ss, 7
Ax - 3 25,76

I 180
¢ {1 Garola to 3. Fordyce 292 |32 33.02
. ' .
e | 26 47.4354 [g, Fordyoe,
2 53,836 |,m
¢ 1, Garcis
s | 4144 1936 ¢ | 8.20839 —h | 2.2407

come| 9,584 6848 sinte ] 9.93060 ey 44803 | 4 4in’ « | 8.2190
B | 8.511 8102 ¢ | 100966 p |2.2918 g |5.8608
1 | 2,240 6626 9.31864 | ls.'nu (%311
attorm, 1740468 | guen | 40,0006 (a1
o term, & 02088 gy, | 40,0002 F

-173, 8371

Sudithim [+ 0.0008 s | %144 1935
—ae |-173.8383 sine| 9.965 3017 Arg) ar | 2.686 5565
tio+y) |26 19 14,36 | A’ | 0,509 4369 s {3 linitps+s)| 9646 7502

secy’| 0.047 6245 ar] 4 T
2,656 556k a2 2,513, 3466
non al | 44600022 ~as | 205,768

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

a Eltoro to varois 81 16 | 06,02
2z Garols & Panoho +a | 39 | 20,62
e |2 Lltoro to 1. Pancho 125 | 65 | 24,63
Aa - 3 14,32
180
FEEN Pancho, t0 3, Eltoro 305 5 | 10,31
First Angleof Triangle 64 28 16,49
. ’ -
o, Eltoro 2119 3% 00,305
o= al * 7 l 16,979
4, Panomo v |90 Ja farzse,
» |41 6618 & | 8.34930 —h | 2.4549
cosa|9.768 4295 sinta | 9-81676 r| 49092 | o ginra | 82661
B [8.611 8060 ¢ | L.1009% p |2.2928 g | 5.0827
n |2.484 0773 9, 26701 I lv.zorr 64787
1at term, | =£85.0213 $iwm | 40,0016 (ady
adtorm, | + 0-2849 o m | 40-0003 r
84, 8364
Sasd il lrae | # 0,0019 a1 %174 6518
—ae | -284.8345 sina | 9908 3784 Avg, Al |2-640 4507
oty FO 26 24,38 A | 8509 4349 A e 9,648 0648
sccgr| 0-047 9957 il P lecitan
2,640 4508 | 2,288 5265
e a3 | 443697191 —os | 4194,324

Do uot write in this margin.

Do not write in this margin.

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. . »
« Garoia to Eltoro 26112 20,06
¢ Panono & Rltoro - 70|52 |es.i7
o |3 Garola 401,  Panoho 19 )19 [ea,79
2e + | o |az01

180
2 {1 Pancho 3.  Garcie 10|20 |26.80
. . M
Garoia 2] 9% |42 | 29,279
ol - | 1 | 11,994
Pancho v 9% 'ﬂ ! 17, 265
» | 4,046 1679 ¢ | 8.09233 —-b | 2,6509

cose | 9 99% 9004 sin'e | 8.50740 tog8:1017 | s o | 625997

p |@-511 so72 ¢ | 310087 p [2.2923 E |5.8618
2.550 8765 7.70030 I'I.m 65,0019
16t term. | =395.5255 | uiem | 40.0028 a1y

sdterm, | +0-0%50 [, [ 0.000 -

-355, 5243

Sk lhvem | +04 0025 . 4,046 1679
—ar |-%6,6218 }un.| 9.253 7007 'Arg al  ),857 2989
Ho+y) 623 39,03 | 4 | 8,509 4342 2} 2 |aje+rp.6a7 9109

secy'| 0.047 9“;; o L sec §( & ¥)!
1,057 2994 lm,, -2 k. 505 2137

n-es at | . m,990 —as | 32,008

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

o . ~
- Paacho t0 Caroia 10 | 20 26,80
2 Garoia & Homument +20 |28 |o0207
'Y Panoho o1,  Lomment 38 | 48 |29.67
- 2 07,02
ae
180
FEEN Mommeat 2. Fanoho 218 | 46 &2, 65
6 38 08, 64

First Anglo of Triangle

Pancho 2 9%
ad) +
Momment ” 98
. § 4101 7116 o | 8.20342 _u | 2.5052
.7
copa| 9891 5786 aa| 2.59428 o 80106 | | 7796
2,293 5.8529
s | 8811 8012 e | om0 .
» | 2.506 1886 8,90006 | 73080 61557
. .
1ot term, | 4320.0288 | 0 [ 40,0020 (ar
wdverm, |+ 901% |y | 00001 .
+ 320,107y
01 7118
unithm | * 0000 |, 40
oy | 43202098 || 9,797 ov08 Ars a1 |2.485 asos
rtorer po 23 8678 | o | 8,509 azey B LI A PR
poc | 0:087 6812 sl ® fuesian
2.455 8808 o] 2 4,108 8704
: ) k
nen 24 | + 286, 5303 —ae |R2T.019

Do not write in this margin.

Do not write i this margin,

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. f -
- Garcla % Pancho 1% 19 54,79
z Eomumant & Yanoho - 89 53 48, 66
e |3 cavia o3, ~onument 100° | 26 | 06,13
an - 1 34,84

I 100
« §1. omument to 3. Garcia 80 24 3,29
. . . "
v |26 Garola 11 9% | 42 29,279
+
ar | al + 3 |33, 566
¢ 26 Nomment » 98 46 |02,965
5 3,779 9207 2 7.55984 —h 1,5497

conu | 2257 9677 imra | 9.98851 ey 30983 | ogira| 7.5454
B 8,511 8072 c 1, 10057 D 2.2923 E 5,8513
h 1.549 6956 8, 64692 I I 5.3%06 4. 9964

1t term. | ~55.4565 Uim | 0.0000 (ary
2l torm, | 30443 wiew| 979700 F
=35,41L2

Hawl th Lerm 0000 i 3.779 %07
-ay =35, 4122 9,998 7671 Arg) LY 2,329 1757

Yiy+y) | &6 20 58.98 A 8,509 4357 ~ =1 ind (v + 9| 9, 547 2352
vy 0,047 s012 at +1 e M ¥)
2,389 o lCorr] [} 1,977 0109

e al + &13, G858 —Aas 494,844

F16. 29.-Final position computation for stations of net—Continued
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K
POSITION COMPUTATION, FIRST-ORDER TRIMGmTlON POSITION COMPUTATION, FIRST-ORDER TRIANGULATION
. . . . . .
N raacho . tonument 3 | 48 [ 29.é7 . Kommeat ” Pancho 218 | 46 | 22,68
z Jumument & Corpus +49 | 18 | 304 ¢ Corpus & Pancho _ 37| a7 ]o0s,00
« |3  Panomo o1, (orms 88 | 07 | 08.71 o |3 sooument tal. vorpus 100 | 59 [ 16,66
N < 2| 0456 o . 02, 66
180 I 180
¢ L Corpus o2 Famdae 268 | 05 | 04,18 @ |1. vorpus t 3. ibmument ol 59 19,3

Firat Anglo of Trisngle 92 54 15,15

OHILAW NOLLOFTIId A LEN J0 INFNWISArav

Paacho E i .26 Lomument 1% |46 |02.965
] g ae| * al - | 05,972
Corgus £ - s |26 Corpus vl | |s609
¥ | ] +L
s 3,889 5177 . 7.77904 § § 2 3,982 0867 s 7, 96417 —h |2.4938
cosu | 8515 1383 sin'a | 999953 ()" 1,8428 { oo, | 77786 a & coue| 95999 9354 sin'e | 6.47319 (31| 2. 9877 | 5 sin o [4.4374
| 8622 802 o | w20 p B2 g | 60829 5 | 8511 8066 c | 1007 p |229ea | o o[s.es18
0,917 4872 6,08107 R 4,5430 n | 2493 8287 663813 | |7.ze00 2.7827
1ot tormn, | ¥9-2697 Wi, | 0-0080 (aiy sot torm, | 8107680 | 3y yem | 40,0019 iy
srerm. | ¥ 0T e ) 2d term. 0.0000 {,, | 0.000 ¥
+8, 457 ~311. 7650
T 0000 R 3,689 5177 . snliiem| 90,0019 . 3,982 0967
—ap | 48.2487 sina| 9999 7660 |, a1 | 2446 7067 —ar | -BLTEL  fhna] 8,286 5945 A at | 0,776 2019
rioser |26 26 3202 | . | 8.0 ass0 e | fagtern| >0 B® Horer | 2623 52,86 | &' | 8,509 4350 | -2 |apese)| 9,687 9722
| 00T [ e L eor| 0007987 | 40 fucian
2,446,067 o] O 2,008 3662 0,775 108 ‘G,.., -2 0.424, 0741
weas at + 279, 7085 —as 4124, 584 v al - 56,9718 —Ae -2, 658

F16. 20.—Final position computation for stations of net—Continued
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T
POSITION COMPUTATION, FIRST-ORDER TRIANGULATION POSITION COMPUTATION, FIRST-ORDER TRIANGULATION
. . . . . .
- Gorpus I Mommant o] 69} 19,31 « Momument o Corpus 180 | 89 | 16,65
z Momment & Grande +46| 17| 59.43 z Gronde & Corpus -66 | 32 | 20.78
« f2. Coms w1y, Orenle 47| 7| 1874 « |3 somment Wl  Grasde 125 | 26 | 66,89
ae -] 1] = a -] 1| s
180 180
¢ 1. Graots to2, Corms 27| 15| 3.0 « |1, crosde to5.  Monamst 305 | 26 | 23.36
First Angle of Triangle b 09 39.9%
. s . . . - . - . . .
v | 26 28,446 |2, Corpus 2 98 |46 56,994 i i v 26 [ 21 15662 |3  Momment 1 98 | 46 02,965
ar 568,221 |[,= al + | 3 | 54,297 g a ae rs | 2 | 13.643 l,= al + | 3 |=28,328
. . Groade v |98 [e0 [anam % s o | 26|25 |w0.225 |y Greste v | e |=1.m‘~1
[
. | 3907 s218 s | T.81524 _n | S.2808 ; § s | 5,850 5419 s | 170108 ~b | 2,1258
ocma| 9,831 4261 sine | 973231 agy| 45019 | i | T-B476 cosa| 9.763 4101 sinte | 9,082292 (ooy| 4.8622 | o sinve| 7.5230
p | 8611 8013 o | 1020 p | %20 | . | 6.08629 B | 8.511 s0es ¢ | 3.10078 p |2.2924 x | 5.8%16
» | 2.250 Bage 8, 64996 | [esea 5.6613 » | 2125 7506 8, 62376 | leee36 5.5003
" . .
torm. | BTV Ny | 40.0008 (ary 1ot torm, | =135.5853 | simm. | 40,0003 (a1y
40,0047 :
3d term. um | 0.0000 r wdiorm. | 0081 |uym| 0.0000 ]
4178, 2207 -133, ba32
it w006 | - 3.507 620 Soltiom| +0.0003 | ,  3.860 6A29
sy | w2213 || 9.066 2568 arg) a1 |38 0182 —ay | -133.6429 |,ina| 9,920 9623 Arg) a1 |2.318 7007
ile+e) | 26 24 69.34 | & 8.509 4359 . =1 laje+9) 9,648 2556 jlp+y) |26 22 25,45 A 8,509 4359 s -1 in (p+ v}| 9. 6AT 5940
poce’] 0.047 8006 st P lecitan secy’| 0-047 8006 at | B lecian
2350151 o] © Lo ans| - l 2,318 M07 ll,,,,l ° 1,966 3347
e ot ] 428,296 —a« | 495,39 [ ar | 4 208,3207 —aa | 492,50

F16. 20.—Final position computation for stations of net—Continued




POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. . -
« Coxpus {0 Grands 47 17 18,74
P Grande & Hedron +a7 0 2.7
« 13 Corpus i 1, Hebron 9% 48 01,48
- 3 10,09
A
180
& |1, Hedron o 2. Corpus 274 “ | 5139
First Angioof Triangle 42 56 20,06
B f - . -
o | 26 | 26 , 28,446 g Corpus 19 9% (4 | 56,994
ar .00 |,_ al + | 7 | os821
- 00,637 |1, Habrom o | 98 Isa | o382
2 | 4074 3223 o | 8.14864 _n | 1.5088
cosu| 8:922 6476 st | 999695 ey 30120 | Y a2eme
B -8, 511 8013 c 1.10240 D 2,2934 E 5,8629
1508 7712 924799 | [ ss0e 5.5073
1ot torm, | =32.2679 dim | 0.0000 anp
sdtorm, | ¥ 01710 | 049900 .
-3&,0909
Sdand Uk (o, 0,0000 % 4,074 3223
cay | =0 1.l ssssame ) a1 | 2630 2516
5 2 509 = |, 9.648 7008
p+e) 26 26 44,49 A 8, 4348 ., e+ #)
0,048 0206 l .3
sy’ |22 sccitan)|__
26302516 .| O z,278 9524
- ry 4426,8287 —as | 119,087

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

Do not write in this margin,*

Do not *rite in this margia.

re S
POSITION COMPUTATION, FIRST-ORDER TRIANGULATION
. L] L]
e Urande to Corpus a7 5 43,40
z Hebron & Corpus -89} 32 | 57.3
« |3 Ureode to1 Habroa 137 42 46,02
e - 1| 387
180
« |3, Hebronm % 3. Grande ar | a 11,45
. . -
Grande 198 (a9 8,291
ak Fe I 3 32,530
Hebron » |38 |ss Josem
& | 3,942 0489 B 7.88420 -h 2,3:30
cose| 9869 2033 me| 96E583 cer] 49458 | o] 7.5399
B | 8.511 8043 c 1,10146 p | 22928 E 5,85z
2,322 9586 8, 54139 6,9306 65,7150
1st term. -210.-:5“ Him .o.o:)os (aly
aterm, | * 00438 |y, 00001 ¥
~210, 3130
Usei il |+ 0.0010 P 3.942 0489
—ay | —210,3120 {aine 9.827 9167 Arg al | 2,327 4x10
He+r) |26 25 15,38 | & 8,509 4348 g =1 Jhi(p+e)| 9,648 334
ey 00480206 1., ] Loy
2,327 4210 Coer] @ 1.975 Teda
U al + £12,5304 ~aa 494,568

JOHLHW NOILDIYIA Ad LIN JO INIAWISALav
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

= Hebron w Grande T {4 11,45
2z Graade & Ringold +47 (22 |l @
als Hedron to 1. Ringold 5 |03 52,86
ae - 11,81
160
e Bingold w0 2. Hebron 186 | 03 41,06
First Aogle of Triangle 89 29 07,33
. . ’ -
v 26 Hebron F 98 | 53 03.821
ar - al + I 26,543
| 26 Bingold R EICEEXS
. 3,920 9092 ra 7.64182 ~h 2,4310
cosa | 9998 3020 ste| 7.89173 (49| 48620 | o sin® « | 6.7336
8.511 8008 ¢ 1. 10267 p | 293 E 5,8530
2,431 0110 6,083612 I I ?.1656 4,0176
" -
1t term, |+269. 7608 i | 10-0014 (aty
2d term. 40,0007 Ty, 0020 F
+269, 7815
indidim| 40:0024 4 | 3.920 9052
_ay [+269.7029 sina] 6,945 8639 Arg. a1 [L423 9476
Hore) 26 24 45, 66 A 8,509 4363 s -1 ‘“(,_._,,)9.5« 1973
sec e’ 0,047 7385 a1 ] eci(ay) .
]
1,423 U768 Core) 2 1.072 2449
2] ad | *26,8429 —ae | 411,807

Do not write in this mengla.

Do not. wrile in this margin.

M Grande to Hebron 137] @ | 4602
p Ringold & Bebroa - 83| 08 11,40
e |8 Granls to 4. Ringnld n| x 34, 62
ne -1 1| 4624
180
PAR! Ringold to 3, Urande 254 | 32 48,38
. -
Gracde 1] 99 |49 31,291
a2] +1]8 59,073
Kingold o | o8 |5! f 30, 364
+ | 3,037 2056 £ | 7,67457 -b | L7739
cona| 9424 8085 sinta | 996814 o] 36486 | oinra| 75427
p | 8.511 8043 ¢ | 120148 p | 2.2928 E 5,8521
1,773 8964 8.74417 I | 5,644 5,2607
" .
1st term. | 459, 4163 Sl tm. [ 40,0001 (aly
sd torm, | + 0-0586 Whw | 000000 F
+59,4708
Sdaed Gk o | + 90001 » | 3.837 2856
—ayp |462.4709 sine | 9+984 0704 Arg at |2.378 6308
Hory) |26 230049 | .. | 8.609 4363 .|t inj(e+yr| ¥ 547 7513
secyr| 0047 7385 sl sec(a v
2,378 5308 lco,,| 0 2,026_2621
v ald | 4239,0732 ] =os | 206,239

F1:. 20.—Final position computation for stations of net—Continued
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. . .
r Hebron to Ripgold L] 03 52,86
2 Ringold & Garoena +a3 16 45,71
« |2 Hebron wl. Garceas 88 20 38,87
as - 1 11,31

180
e ] Garoens’ to 2. Hebron 268 n. 27,28
Firat Angle of Triangle 67 18 20,09,
. ' -
Hebron 1] 9 (53 | 03,821
al + | 2 40,096
Garoena R
'] 3,647 1063 ] 7.29421 —h 0,6198
cosa| 8.460 8649 dnte | 9.99966 opy| 22008 | e | 7,093
8,611 8008 c 1,10287 D 2,293 E 5,862
n | 0.619 7720 8.396542 | [3.83m 3.7666
A
M »
16t tarm, | v 1665 Num | 0.0000 (atp
ad term. 40,0249 . 0,0000 ¥
+.1914

Sl o |__ 0,000 o | 047 2063
—ay +. 1914 sna | 9-999 0186 Arg. al | 2,204 3780
tie+9) 26 26 0. 44 A 8,509 4348 . [ ] ailo+e) 9,648 7699

socgr| 0-088 0163 atl 0 lecitan
2000 370 g | o 1,853 1369
[ ad +180,0944 —as | 471,308

Do not write ia this margin,

Do not writs in this margha,

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. Ringold to Hebron 185 03 | 4108
Z Garoena & Hebron - 29 | 24 | 5429
Pl 8 Ringold ol Garoens 165 30 | 46,76
ae - 59,41
180
¢ |1  carcema 3. Bingod w6 | 3 | arz
. . - . -

*) o | 26 22 20,764 |3, Ringold 2 98 | &3 30,364
ar| * 4 | 86,501 |-= al +|2 l 13,662
e |26 | 26 [ a2 |5 caroene v | v |ss | snss
2 | 5,952 9127 £ | 7.90883 ~h R,4242

cons | 9959 0267 sin' « | 9023057 o[ 08488 | poipra| 2360
p | 8511 8053 o |3-10118 p |2.2926 B 56,8619
2,424 2047 8,33760 7. 1420 85,4125
Lat term. 265, 8102 o en. -00.0?1; {ad)
2 torm, | 40,0173 wim| 000 F
-285,5929
unttim| + 0008 | | 3982 91er
—~ar =265, 6916 sine | 9,616 2860 Arg.) al 8,125 6488
Hp+e) |26 24 43,85 | o' | 6.509 aMB | -2 atip+e)| 9048 2388
secy’| 0,048 0163 ail 0 nec§(4 #)
2,125 §488 -2 1.773 8573
[ al | ¢ 135,5616 —Aas + 69,407

Fi16. 20.—~Final position computation for stations of net—-Continued
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. . -
a Hebron © Ringold s ) o5 | b2.86
2 Ringold & Gorgora +971| 35 | 1456
« |2 Hebdron to 1. Gorgora 76| 37 | 07.42
ae -l s |an

180
« | 1. « Gorgora to 2. Hebran 256 | 3B 46,31
First Angleof Trisngle_ 37 42 07.23
Hedron 1 90‘ 55’ 03.851
al + ? l 31,723
torgore v | ] o[ spm
a | 4109471 s | 8.218% -L  |1.9857
coun| 90364 419 aintu | 997609 R B LR
B | 9.511 8008 ¢ | .10257 p | 295 g [5-80%
L | 2988 e914 9.29760 I ] 8,2667 65,0337

1t term, | +96.75%0 stum, | 40,0002 (ady
ad tern, |+ 0-1984 mm‘_l -0, 0001 F

+95,9574

ot | 4 0,091 | | 4,109 4711
oy |+96.9578 wina | 9938 0466 Ari a1 |%684 8722
eay) | 55 % 2os | . | 8.609 4353 R -3 a4 9) 9,648 56356

| 0.047 9191 ai| P lecstan
2,064 8728 core] 4 2,203 4%7
S sl | 61 7230 —ac {42011

¥16. 29.—~Final position computation for stations of net—Continued

Do not write in this margin,

)

Do bot write in this margin.

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

- Ringold to Hebroa 186 o3 41,06
z Gargora & Hebron =70 | 4 | 38.47
- :2 Bingols tol. Gorgora 14 19 02,58
aa - 3 | 09,04
180
« |1. Gorgora %0 @ Ringold 294 15 53,54
. . -
2] 98 | 53 ) 30.3c4
al + l 7 l 05, 280
r | 9 l 00 | 35,64
s | 4111 5674 s 8,.2313 ~h | 2,23%0
cose| 9-614 6767 sinte | 9.92930 13)°] 44152 | painta] 8,424
p | 9511 8053 ¢ 1,10116 D | 22926 £ 5,0619
b | 2238 043¢ 9, 24368 I 6,767 6,253
It berm. -113.3013 T oo.oo';;s (ad)
Aterm. |_+ 0.1762 Jmtem| +0.0002 ¥
~172,8261
Madidim| + 0.0008 P 4,111 5374
—ap | =172,8258 |uine] 9,959 6510 Arg al 2,628 6728
$lp4+9) | 26 23 57,27 | A 8,509 4353 2 -3 injty + )| 9.647 9918
socy!| 0.047 9191 s ¥ lechian
2,528 p12b la,,.l 0 2,276 Boss
- al | 4 &26,12000 —ae | 409,06
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ADJUSTMENT OF NET BY DIRECTION METHOD 107

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

The computed position of Garcena should agree with the fixed
position. Such being the case all the equations are now satisfied.
The values of the (s should now be placed in the proper column in
the table of normals, facing page 84. The values of the ¢'s and the
adopted »’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
observed direction is computed from the formula, p. e.= =+ 0.6745J "'—:;-,

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,
Zv®=5.9667
c=27
Therefore the probable error = +0.6745 \/ 5.9667 =+0.""32.

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 he obtained
directly from the position computation see page 47.

Statistics showing accuracy of iriangulation

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 closures____._______.__ 18
Number of concluded triangles____.______. ____________ 0
Average closure of triangles without regard tosign___._____ 0:82
Maximum closure of a triangle. __ . ____________________ 1789
Mean errorof anangle___________________.___________ +0759

Probable error of an observed direction_-- - ____._____.. +0732



DXPARTMENT OF COMMERCK

Locality Rlo Grande River

Fordyce
1917

Eltoro
1917

Garcia
1917
Pancho
1917
Mormment

1317

Carpus
1917

d.m.

d.m.

d.m.

d.m.

d.m.

LATITUDE an
LONGITURE.

. , ”

26 17 47.u34
98 3b 45.238

26 21 51.958
98 34 00.305
26 20 W.270
98 L2 29.279
26 26 36.792
98 Y1 17.285
26 21 16.682

98 k46 02.965

26 26 28.446
98 k5 56.994

GEOGRAPHIC POSITIONS

8zconpa Ix
Marezs,

1459.8
1254.9
1599.0
8.5
1270.1
811.8
132.3

478.9

513.4
82.2

875.4
15719.1

291
328
9

261
292

305
326
10

218
280

268

n
0

Datum

AZIMUTH

’

26
27

37
ol
24

12
32

52
15
20

46
24

05
o
59

51.93
01.86

ol.87
%0.91
18.72

20.06
33.02

10.31
56.40
26.80

22.65
31.29

ok.16
06.85
19.31

North American

BACK AZIMUTH,

73
121

m
18
189

81
112

125
146
190

38
100

&8
151
180

29
29
39

06
23

16
35

5
18
13

us
26

o7
Y
%

”

56.76
34.78

49.98

54.10°

58.79

06.01
58.77

2h.63
%.53
.79

.67
06.13

08.71

39.18
16.65

TO STATION,

Palo

Pedro

Palo

. Pedro

Fordyce

Eltoro
Fordyce

Eltoro

Fordyce
Garcia

Pancho
Garcia

Pancho
Gereia
Mormument

Fi1G. 30.—List of geographic positions for stations of net

Aocession No. of Compulation:

State  Texas
DISTANCE.

LooaRiTEM (METERS). Metzns. Ferr.
4.0815096 12064 .51 39581.5
4.007337 112k0.58 36878.5
Y .0452890 11099.13 34414 Y
%4.1380195 15776.82 51761.1
3.8523870 7627.58 25024.8
4.1546968 14278.97 L6246.9
4.14n935 15937.78 u5727.5
4.1746518 14950.37 kaokg.7
%.2918957 19583. 74 6u251.0
4.0461679 11121.62 36488.2
4.1017118 12638.97 [N
3.7799207 6024.50 13765.4
3.88951771 7753.85 25439.1
4.0841034 12136.78 39818.8
3.9820867 9595.92 31482.5

801

AHAYNS DILHAOED ANV LSVOD 'S ‘L



DEPARYMENT OF COMMERCK
W 1 COMST ARD GLOOETIC SUaVEY

Locality

Grande
1917

Hebron
1917

Ringold
1317

Garcena

1917

Goreora
1917

Rio Srande River

STATION.

d.m.

d.m.

d.m.

d.m.

26
ag

26
98

26
°9

GEOGRAPHIC POSITIONS

LATITUDE axp
LONGITUDE.

30.754
30.364

56.345
43.916

23.519
35.544

Sxzconps i
Mateny.

930.2
€67.3

16.5
105.8

46.5
8u1.7

1734.0
1216.7

725.6
ogh.9

155
254
280

268
335

250
256
24

Datum

AZIMUTH

uL
1

I

03
32
23

19
31

3
33
15

43.4%0
23.35

51.39
20.87

11.45

41.05
4g.38
09.00

27.26
47.35

22.70
16.31
53.5%

Forth American

BACK AZIMUTH,

k7
125

9k
132
137

5
T4
100

88
155

70
76
14

,

17
26

4
1%
L2

03
34
26

20
38

33
31
19

"

15.74
55.89

01.kg
26.01
4§.02

52.86
3k4.62
27.68

38.57
46.76

32.53
07.k2

02.58

TO STATION.

Corpus
Konument

Corms
Monument
Grende

Hebron
Grande
MHonument

Bebron
Ringold

Garcena
Hebron
Ringold

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

Aooession No. of Computation: .,

State Texas
DISTANCE,

LoaaRITEM (METERS). Mrrzas, Frry,
3.9076218 8083 .92 26522.0
3.8505419 7088.30 232565.5
4.0743223 11866.49 38932.0
}%.1972563 15749.12 51570.2
3.9420189 8750.82 25710.0

3.9209092 8335.07 27346.0
3.8372856 6875.20 22556.%
%.1007703 12611.60 41376.6
3.6471063 W437.17 W557.6
3.9529127 8972.49 20437.2
3-9329710 8569.51 28116.1
%.109%711 12866.82 42213.9
4.111567% 12929.07 =N ERY

JOHLHW NOILOEYIA X4 LIN JO INTWISALAv
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CHAPTER 4.—ADJUSTMENT OF A NET OF TRIANGULA-
TION BY THE ANGLE METHOD

EXPLANATION OF METHOD

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

Alberta

Lat

Enter Flofes

Fi1ci, 31, —Triangulativn 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
trinngulation 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 acdjusted.

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
? 8

F1G. 32.—Triangulation net showing the triangles used in adjustment by angle method

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

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

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



112 U. 8. COAST AND GEODETIC SURVEY

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

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

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

NUMBER AND FORMATION OF EQUATIONS

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

Angle cq'u.alion-s

0=—2. 3+ (1la)+ (1b)+ (1¢)
0=—2 7+ (2a)+ (2b)+ (2¢)
0=+0. 1+ (3a)+ (3b)- (3¢)
0=-F1. 0+ (4a)+ (4b)+ (dec)
0=- 5. 4+ (5a)+ (5b)+ (5¢)
0=+ 2. 9+ (6a)+ (6b)+ (6c)
0=—0. 1+ (7a)+ (7b)+ (7¢)
0=+ 3. 3+ (Su)+ (8bY+ (8¢)

PNC 0N

Since there are two fixed azimuths, namely, the azimuths of the
lines Alberta-Fish and Enter-Flores, there will be one azimuth equa-
ticn. 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)



ADJUSTMENT OF NET BY ANGLE

DEPARTMENY OF COMMERCE
U. & COAST AND GEOOETIC SURVEY
Fonu MA

Stats:.._._..Alasks

METHOD

113

LIST OF DILECTIONS

Station._Alberta . Computedby..BeS.. . SwtionFigh __ Computed by .Q.BuS.
Observer C.Y.H. Chocked by wieXaR Obsetver __C.Y.H Checked by WeE.R.
Lo o Locas A A Seinas & o local Amv::::r B:gl‘l:l
. ’ ” ” ° . ” ”
Tish 0 0000.0 00.0 ¥og 0 00 00.0 E5.7
Fog 40 09 09.1 09.1 Man 24 54 02.9 02,2
¥an 57 22 26.5 26.4 Alberta 118 48 46.6 47.5
Station._ Nan C dby..Q:R-8, ... Sttion._TFog. - Computed by . Q2. S
Obasever... G T4 Chackedby ... EaR Observer La¥.5 Cheched by .. M.X.R
B LocaL A T Seaans o Locar Amvu:::':r S?c::lu
o 4w " o 4w "
Alberta 0 00 00.0 59.0 Dug 0 00 00.0 00.1
Tish 28 42 47.6 47.4 Gura 65 49 45.3 44.5
Fog 109 26 z4.4 =25.5 Kan 129 24 59.9 59.4.
Dug 120 52 16.6 17.0  Alberta 182 45 14.9 15.7
Gura 171 37 1.1 11,1 TFish 203 47 17.6 13.9
Station.._.Qura. Computed by ... Q2.8 Station g Computed by 0.P.8
Observar .0 YT Checkedby ToFeRo .. Observer . Co¥aBeo.. . Checked by ... HaFaRu .
8 o Locas A T Siran o llaocu. Amvne::'n"‘r S:g::-
° ’, ” ” ° ’, o” ”
¥en 0 00 00.0 59.9 lLat 0 00 00.0 02.0
Yog 54 33 58.8 59.4 Gura 61 35 02.7 Ol.7
Dug 93 03 00.7 0l.1 Nan 07 07 08.4 06.4
Mond 109 08 46.2 46.9 Fog 137 16 16.5 15.6
Lat 172 30 45.7 44.0
Sation_ LAt . Computedby_... Q:P.8a . Station_ MONA.______._  Computedby. Q:ReS.
Observer .. L. J.K Chackedby Y. EaR Observer . Ca¥aBe Chevked by . TeFaRa ..
& a Locau A L rd f.otar Amle:::l Bml‘(l'u
o« 1w ” o s+ n ”
Gura 0 00 00.0 0Oi.1 Flores 0 00 00.0 04.7
Dug 38 57 17.8 18.6 fEnter 20 54 53.5 50.8
Mond 60 10 27.4 27.7 Ilat 115 25 02.3 00.6
Tlores 94 59 06.5 09.3 Gura 171 52 38.3 36.9
Enter 109 18 30.8 28.7

Station..Entar ________  Computed by . O:P.S.

Station. Flores

Computed by I « 1% 7% - FRE.

Obaerver ... CoYa X Checkedby W EaRa Obssrver ... CoVoHs Chocked by .. JeFeRe
n o Arrzz Fiway ArteR  Finan
Looar A Local ADJUSTMENY SzcoNDs
o ] ” r” L] ’ ” ~
Lat 0 00 00.0 B7.8 Enter 0 00 00.0 89.1
Wond 36 A 46.8 47.2 lat 65 28 20.7 16.0
Flares 100 12 19.9 21.6 Mond 95 14 37.7 38.6

Fre. 33.—Lists of directions, angle method of adjustment
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U. 8. COAST AND GEODETIC SURVEY

DD&T&:E:&“ME“"
State: .. . Alaaca
ST TR stV
NO. STATION OBSERVED ANGLE
23 Alberta~Fish
b 1 Han 28 42 47.6
a 2 Alberta 57 22 26.5
e 3 mMa 93 54 43.7
13 Nan-Fish
1-2 Nan-Alberta
57.8
23 Nan-Fieh
2 % 1 yog 74 22 17.7
c Nen 80 43 36.8
e 3 Fieh 24 54 02.9
13 Fog-Fish
12 Fog-Nan
57.4
23 Yan-Fog
3 % 1 gura 54 33 58.8
2 Run 6l 50 46.7
3 Fog 63 35 14.6
13 Gura-Fog
1-2 Gura=Nan
00.1
23 Cura~Fog
4 1 Dug 75 41 13.8
2 Gura 38 29 0l.9
a 3 Fog 65 49 45.3
13 Dug-Fog
12 Dug-Gura
01.0

CORR'N SMEIR'L Semix’t  PLAN

ANGLE

+0.8 48.4
=0.1 26.4

+1.6 456.3
+2.3

1.8
.3
-0.4
2.7

19.5
8.1
02.5

+0.7 59.5
~1.1 45.6
+0.3 14.9
=0.1

+0.1
-0.2
~0.9
-1.0

13.9
0L.7

4“4.4

COMPUTATION OF TRIANGLES

Al
EXCESS  AND DISTANCE

3.669907
48.4  0.31337
26.4  9.925419
0.1 45.2  9.998986
0.1 3.912697
3.937264
3.913697
19.5 0.016360
0.1 38.0  9.994287
02.5 9.634330
0.l 3.524344
3.564387
3.554387
§9.5  0.0439565
45.6  9.945212
14.9  9.952121
0.0 3.503654
3.595463
3.538654
13.9  0.013694
017  9.793995
4.4 9.960151
0.0 3.396343
3.562499

Fia. 3..—Triangle computation, angle method of adjustment

LOGARITHM



ADJUSTMENT OF NET BY ANGLE METHOD

DEPARTMENT OF COMMECRACE

W % COAST 4nD GLOCETC SURVEY
Yorm

NO, STATION
23
5 b 1 Lat
¢ 2 Gura
a 3 mug
13
1.2
23
6 v 1 jond
¢ 2 Lat
a 3 Gura
13
1.2
23
7 b 1 Enter
2 Lat
3 Mond
13
1.2
23
8 v 1 Flores
c 2 Enter
a 3 Mond
13
1.2

F1c. 34.—Triangle computation, ang'le method of adjustment—Ccntinued

State: ... Alaska ...

OBSERVED ANOLE

Gura-Dug
33
79
61

Lat-Dug
Lat-Gura

Lat-Gura

56

60

63

Mond-Gura
Mond-Lat

Lat-Mond
36
49
94
Enter-Yond
Enter-Lat

Enter-}ond
95
63
20

Flores~-Mond

57
27
35

10

8 R

14
50

Flores-Enter

17.8
45.0
02.7

05.5

36.0
7.4

§9.5

02.9

46.3
03.4
09.3

37.7
33.1

§2.5

03.3

115

COMPUTATION OF TRIANGLES

Sraxz. Ermrn’t  PLANE ANGLE
CORR'N “yurx kxcess AND DISVANCE

-0.3 17.5 17.5
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 57.1 57.1
2.9 0.0
+2.5 49.3 49,3
-2.4 01.0 01.0
0.0 09.8 0.1 09.7
+0.1 0.1
+1.8 29.5 39.5
+1.3 34.4 34.4
-6.4 46.1 46.1
-3.3 0.0

LOGARITIIM

3.562499
0.201551
9.992613
9.944240
3.756663
3.708290

3.708290

0.079094
9.938290
9.951283
3.725674
3.733667

3.738667
0.227012
9.878668
9.993653
3.244337
3.964337

3.844337
0.001822
9.553077
9.552603
3.759236
3.393763
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u.

et s coacer roer S
Form 2|
State: ... Alaska
PR —
NO. ANQLE
23 Alberta~Fish
1% 1 ¥an 3 42 47.8
2 Averta 57 22 26.5
3  Fieh (93 54 46.0
13 Nan-Fish
12 Nan-Alberta
23 Yan-Fish
2 b 1 Fog 74 22 17.7
2 gan (80 43 329.5)
a 3 PFish 24 54 02.9
1-3 Fog-Fish
12 Yog-Nan
23 Nan-Fog
3 1 Gura 54 33 58.8
a 2 Nan 6l 50 46.7
3 Pog (63 35 14.5)
13 Gura-Fog
12 Gura-Nan
23 Gura~Fog
6 v 1 Dy 75 41 13.8
2 Gwa (28 29 00.9)
a 3 Yog 65 49 45.3
13 Dug-Fog
12 Deg-Gura

Preliminary triangles

Brza’t Srwrn’L
CORRN “yoix sxcass

0.1
0.1

0.1

S. COAST AND GEODETIC SURVEY

PLANE ANGLE
AND DISTANCE,

45.9

39.4

COMPUTATION OF TRIANGLES

LOGARITIIM

3.669907
0.313374
9.925419
9.598987
3.913700
3.987268

3.913700
0.016361
9.994288
9.624332
3.924349
3.564393

3.5343583
0.038956
9.545314
9.95212)
3.533663

3.595470

3.588663
0.0135894
8.755993
9.960152
3.356350
3.56:2509

¥16. 35.—Trisngle computation to obtain latitude and longitude closures of net, angle method
of adjustment



ADJUSTMENT OF NET BY ANGLE METHOD

DEPARTMENT OF COMMERCE
% & COAST ARD GEODITIC SURvLY

Form 25
State: ... Alaske
-—;l:.-—- STATION OBSERVED ANGLE
23 Gura-Dug
§ b 1 Lat 38 s7 17.8
2 gura (79 27 39.6)
a 3 Dug 61 35 02.7
13 Lat-Dug
12 Lat-Gura
23 Lat-Gura
6 b 1 Mond 56 27 36.0
2 1t (60 10 24.5)
2 3 gura 63 21 59.5
13 Mond-Gura
1-2 Mond-Lat
23 Lat-Yond
70 1 Enter 36 21 46.8
2Lat 49 08 03.4
3 rond (4 30 09.9)
1-3 Enter-l‘ond
12 Entcr-lat

117

COMPUTATION OF TRIANGLES

CORR'N SPEENL Eramat  PLANE ANGLE

ANOLE

axczs8  AND DISTANCE

0.1 39.8
0.1

0.1 09.3
0.1

LOGARITAN

3.562609
0.201660
9.992611
9.944244
3.766670
3.708303

3.708303
0.079094
9.928287
9.951285
3.7<5684
3.738682

3.733632
0,227019

9.873662
9.998658
3.344363

2.954359

F16. 35.—Triangle computation to obtain latitude and longitude closures of net, angle method
of adjustment—Continued



POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

s |8 verta w3 Tish 356 02 14.8
24z Tieh & ¥an * 22 25.5
« {8 LDiverta o1 ¥ s3 2 a3
e - 6 05.8
’ 180 00 | 00.00
¢ 11 gm 0%  Alberta 233 18 385.5-1
Fmst Anorx oy TriaxarLe > @ 47.6
- [ . L] ’ L
4 55 40.715|2  Alberts L3 133 | 11 33.444
ap 07.293| ¢= a |+ 7 23.898
v’ 33.322) 1 ¥an » 133 | 18 57.342 1\
3.987268 ’
9,775293 Sins b | 4,544
c D
9.35016 6.907
0.2240 0.008
[ 4
Sine
A a 2.647283
00y’ Siny(p+e) | _g.
2.547:33 2.563297
&+ 443.8978 -8 |+ 365.54
ST, e S Y-

DO NOT WIITE IN THIS MARGIN

OO0 HOT WRITE IN THIS MARGIN

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

FIG. 36.—Preliminary position computation to ebtain latitude and longitude closures, angle method of adjustmeuc

- |8 Fish “ws Alberta 176 03 2.9
8¢z Han & Alberta - 93 | 54 | 46.0 |
« |3 Tish to1 ¥an 82 [+/4 43.9
A | = 6 0.9

180 | oo | 0o.00
e 1 ¥an o3 Fish 62 23.0
R , R . . .
v 55| 28 ] 09.666 |3 Fun 133 | 11 | 1s.002
a0 . o= a l— 2.} 42,293 |
4 ss | 2 33.322 (1 Nan ¥ s | 18 | sraa
1 2820
Sin's| g 99178 ¥l sa2
c
9.28476 5.483
0.2425 0.0000
. 3.913700
Sine | g g5sa39
» a 2.664923
necy’ Sin § (e +¢')
2.580818
A |+ 462.2990 =8 + 330.91
L ]

811
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I.I.q.-_—"ﬂ-l
POSITION COMPUTATION, THIRD-ORDER TRIANGULATION . POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
L] ’ L4 ° ’ ®
o l2 Nen 3 Fish 262 o 5.0 a |8 Pma L3 Yan 82 o 43.9
9%z Fish & Yog + | 43 | 0.5 ] 8¢ Yog L Eea 24 56 | o249 |
« |2 Bon ol Yog 342 45 02.5 « |8 Fuah tol Yog s7 13 41.0
As + 49.8 as - 5
180 00 | 00.00 180 00 | 00.00
o |12 Yog DX} ¥ea 162 | 52.3 o |1 Tog w8 . TFish 237 o8 10.0
Fmsr Axare or Tmianos o 2 17.7
a ’ L - e . L] L] -
¥an A | 133 | 18 | s73a z i v | 55 | 29 ] 09.866 |3  Fian | 13 | n | 1s5.042
o= 1 00,458 | ; i e | = 22,252 o= a 6 | 41840
- -
Tog ¥ | 123 | 17 | s6.883 41 f E Lol 85 | 25 | 42634 |1 Tog ¥ l 133 | 17 | 56.882
z z
3.554368 i E ¢
9.980014 i § Sio*e
3 H ¢
2.044083
Sin } (e 49"
2.519867
8 Ha01.839% +331.03
———— L -

Fi1G. 36.—Preliminary position computation to obtain latitude and longitude closures, angle method of adjustment—Continued

AOHLAW TTONV X4 LEAN 40 LNEWISALAV
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DEPARTMENT OF COMMYIRCE
ity
POSITION COMPUTATION, THIRD-ORDER TRIANGULATION POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
. . . . . .
s |2  Em o8 Fog 342 45 | ozs .8 Yog "3 ] ¥an 162 45 | 523
e Yog & Gura + 50 46,7 ¥y Cura & Hag — 63 | 35 14.5
e |2 Han tol Gura “u 35 49.2 . (3 Tog to L Qura 99 10 37.8
2 - 2 . e - 2| soq
180 | oo | 00.00 180 | oo | 00.00
.
@ |1 Ouwa %] Man 2% s 39.6 o« |1 Gura 3 TFog 279 o7 | 8.4
Fmet Axore or TrianoLe 54 33 58.8
L ’ - L] ’ Ll ° ’ »
¥an 13| 18 | sraa E z ¢ 55 | 25 | 4a2.634 |3 Teg A ‘ 133 | 17 | s6.e32
a4 2 | argws| % E & | + 19.948 (4= a | + 3 {az.8xz |
Gura g ﬁu a | une| §f fFlel ss| 22 |o02%82 (1 oura v | w3 a [ns
-1 4
£ £
= [3
3.595470 ¢ § ; o v . : 7.17733
g.s52518  |Siv's 3.915 H ; et 55 26 2.6 |Cote 993031 W | 2,02
c B |
;
1.957664 6.278 b 8.73106 [ 4,966
0.0003 0.0538 0.0000
. 3.595470 . : 3.583663
Sine | 9.846400 Sina | 9094405
A 2.196935 x 8.508727 a
necy’ Sin § (v +9")
2.338124 2.253846
a a |+ 279322 ~4e 417,42
[ .

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

* 14
a |2 Oua w8 Tog 273 o7 38.4
4 Tog & g + 38 125 1009
« |2 Ous 1 Dug a7 2 9.3
A + 1 56.3
180 00 | 00.00
o |2 g to® COura 137 3 | 348
Fresr AxoLx o Taiaxarx "5. ‘1 u‘f
2  GQura A 133 2 | 4.5
- AN - 2 | 19.979
35.045,,/1 Dug » I 133 19 | 14.736
o s = : 3.562509
io+¢)| 55 26 19.0 [Coss| g 368400 3.881
B | 8.509678 2.364
h | 1.940887 6.246
0.0223 0.0002
s 3.562509

Sine | 9.820764
A" | 8.50878
socy’
2061737
a —4a -115.27

————— u—ar

0O NOT WRITE IN THIB MARSIN

DO NOT WRITE IN THIB MARZIN

I.l.-l"=- -
POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
« |8 Tog tof Gure [1] 10 7.8
L] Dug & Gura .55 49 48,5 ]
« |8 Yog to 1 Dug 3 20 |’ 2.8
A - 1 4.1 |
180 00 | 00.00
o |1 Dug s Tog a3 19 ®.e
L] 14 L4 L] [

v | 65| 26 | 42.64 |8 rog » l 133 [ 17 [s6.882

ar | = 1 07.288 | o= 5 + |3 7.854

v [ E- 35.346 12 ug » | 133 {19 he.738

1.827895 7.83791

a 1.891283
Sin} (e 49"}

1.305943
~as + 64.11

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

JOHLAW TTONV A4 LEN 40 ILNANLSAray
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DEFPARTMENTY OF COMMBACE
I.l.—l'=- o~
POSITION COMPUTATION, THIRD-ORDER TRIANGULATION POSITION COMPUTATION, THIRD-ORDER TIIANGULATION
- ’ o . . L
- Oura 3 Dug 17 % 39.3 . |3 Dug o2 Gura 137 38 4.6
2/ Dug & Lat + 22 | 2.6 | L4 Lat & Gura =~ @ |3 | 027 |
- Qurs tol Lat 7 o4 18.9 .« (8 Dog tal Lat %6 o3 31.9
A - 2 An - 4
180 0o | 00.00 180 00 | 00.00
o Lat 2 Gura a7 oL 54.8 ¢ 1 Lat o3 ;ng 255 59 12.8 2
Frsr Anorx or Taranayz 38 57 17.8
. ” ° v . . ’ L] [ [ L
v 2 02.582 |2 oura [ o133 a | uns E z v | s I F ]35.345 13 Dag A1z | 19 | 140728
™ 2 - a|_+ 2 |_ss.042 ] ! ap | o | 44.600 |o~ a | _+ 5 1s.0a |
v % 1 Iat S l w3| 2l mow | § ilel s l 2 |soms |1 Lat ¥ I 1337 2 | 2.9
z z
£ H
[ ; ; {1 ¢ I H H
3.706303 7.41661 § o 4 s 3.756670 7.51334 i H
9.901937 |Sin's| 9,56037 B 4,240 H g Yo4+¢)| 55 25 13.0 o[ 9.3812082 Sin*a( 9 97408 W 3.2
B.s09E78 | © D B |asnasaa | C D _2.35¢
2.115913 | a.sa8s 6.60¢ L Ix.maaa l l 9.05200 | | s.e60
0.0343 0.0004 o.1127 0.0000
a
Sins
A
socy’
2 2.154784
a 176.04:3 —&s 4 144.14 a |4 385.0007 —2a + 259.27
- aveay

Fic. 36.—Preliminary position computation to obtain latitude and longitude closures, angle method of adjustment—Continued
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u-l--'a-_l.“ Sy
‘THIRD-ORDER ATION POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
L[] ’ 2 L] ’ [
01 54.8 « |8 Oura to 2 Lat 37 04 18.9
10 | 24.5 | 8¢ Mond & Let - 63 | 21 | so.5 |
12 | 19.2 « i3 Gura ol  Mond 333 | a2 | 194
4| 143 ™ + 1 | s0.2 |
00 | 00.00 180 | oo | 00.00
16 | =6 o |1 Nond w3 ouwa 13 |« | os.e
» 3.0
’ L4 o . - L] . L
2 | 2 | : | v |88 |2 02.502 |8 oura Y| am| a | ums
s | 08.505 ! g ] - 2 34,165 | o~ o - 2| 13.863
19 | wesz | Flelss laa | marls Nomd * | 133 1 19 | .52
x z
£ E
§ 5 »
2 . 7.45137 |
¥ 2694 2 B s Site| gz5zm || 476
D 8 [ |
5:058 st tem 2.187926
0.0000 2dand Mt | +0.0200

-4y
. ¢ 3.725684
Sine Sine | g se6301
& A | 8.s0e7a8 a
woy’ Sin§ (o+9")
3 3,1355'51 3.06?5
a | -308.9050 —da -254.30 L -133,8631 ~sa -110:23
——— L] [ _
FiG. 36.—Preliminary position computation to obtain latitude and longitude cl angle method of adjustment—Continued
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POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

. . .
« |8 Lat w3 Homd o 12 | 19.3
Dy Mond & Enter + 8 04.4.
« {2 lLat o1 Enter 326 20 | 227
fa + 3 58.4
180 0o | 00.00
o |1 Eater 02  Let 146 2 | aa
Fizsr ANoLE OF TRIANGLE 2 46.8
. . . . , .
v | 55 24 |50.746 |? 1at A l 123 | 29.757
ae | - 4 |os.033 |a- i |- 4 {49.720
e | 55 | 20 l42m3 |1 Eoter ¥ l 13 |19 | s0.037
Pized 55 .20 42,230 ~133, 19 40.049 ..
e o e : 3.964359 e | .92
He+e}| 55 22 46.7 [O9%%) g.920000 [Sioe| g.487a b | 4,789
B 8.509681 [
b | 2.394340 7.153
0.0956 0.0024
' 3.9€4259
Sina | 9.743720
Iy 8.508730
secy’
Ax
-

DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

Form ¥7
POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
. ' .

.« |3 Nond tog Lat 97 16 33.6
312 Enter & Lat Z 94| 30 09.9 |
. |3 Mozd to 1 Enter 2 46 23.7
e - 15.8

180 00 | 00.00
o |1 oter 038 Mond 182 | 46 07.9
v 28.417 Mond A 133 19 | 20.852
Ay - ar , + 19,185
¢ |42 74_,11 Enter ¥ l 133 19 | 40.037
[P * | 3.844263
Wo+e)| g5 22 35.6 [C%| 9.900401
. B
let term  H-225.7018 b | 2353535
2dand M terma | +
—ap 225.7034
. 2.344363
Sine | g_ggase7
A 8.508730 a
Sin § (¢ +#")
1282960 1.198309
a | o4 18.1848 -2 |415.79

F1a. 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 125

Azimuth eguation

Final

° 4 77 seconds!
Fish-Alberta__ .. _.____ 176 02 20.9 20.9
e [ —93 54 43.7 453
Fish-Nan.__._.._.____ 82 07 46.2 446
- 6 20.9 209
Nan-Fish__ . ____..____ 262 01 25.3 23.7
2 o +8) 43 36.8 381
Nan-Fog. .- - _..____ 342 45 021 01.8
+ 40.8 49.§8
Fog-Nan_____________ 162 45 51.9 51.6
— 30 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
+de+50a e +117 56 46.9 44.6
Gura-Lat_ _._.—__.____ 37T 04 248 219
— 2 241 241
Lat-Gura_ ... .__._ 217 02 00.7 57.8
+6e . +60 10 27.4 26.6
Lat-Mond _ . . _________ 277 12 281 244
+ 4 1483 143
Mond-Lat__ . _.______ 97 16 42.4 3.7
— e o —94¢ 30 09.8 09.8
Mond-Enter._ - _____._ 2 46 32.6 289
- 15.8 15.8
Enter-Mond_. . _______._ 182 46 188 131
+ 80 oo +63 50 33.1 344
Enter-Ilores (computed) 246 306 49.9 47.5
Enter-Flores (fixedj__._ 246 36 47. 5 47. 5
+24 00

0. 0=+2.4— (le)+ (2¢) — (3e)+ (4e)+ (5e)+ (6¢) — (7e)+ (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 equation

Fish-Alberta 3.869007 ... ... Enter-Flores RB9RT62 | ...
o ’ ” °o ’ ”
la 50 22 26,5 9. 9274194 +1.3 1b 2 42 476 4, (816265 +3.8
23 24 54 02,9 9, 6244321 +4.5 2bh 42T . UR36304 +.6
3a 6l 50 46.7 9. 9453135 +1.1 3b M o33 MM 4. 9110442 +1.5
49 65 40 453 9. 9601516 +.¢ 4b 70 41 13.8 9. 9sE3060 =+.5
ba 61 35 0.7 0. 9442440 -+1.1 ah 35 57 18 Y, TOR4497 +2.4
62 B 21 56.5 9. 951 2853 +1.1 &b 5627 36.0 9. 9209058 41.4
7a 40 08 03. 4 9. 3756625 +1.8 7h 36 21 468 . 7720807 +2.9
8a 20 M 525 9. 5526388 +5.5 Sb 95 14 37.7 9. QuS178G -.2
2. 4519542 2. 4518629

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(Sa)+ 0.2(8b)

! The values in this column are filled in after the adjustment is completed.
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LATITUDE AND LONGITUDE ADJUSTMENT w550 20870, A 2133239467
i1 F

" R N S =t | I S o T v, ) B -] b il IR it | P i
o il iz
F 12 i
HELE]
4 LR e
58 20M6038 %5l 845 | e84z | 913 | 3.8 [-1m0 [ 1a | s209 | e323 | 2v [32.0 | 400 Masm| e HEE R
55 28.56033 18.98 ~7.85 | 0.1 | #4.5 0.6 [-35.3 2a 3.2 |+ W,7 2 |-o0.4 +0.9 {28 -2y | +29.0 H :: ::
55 26.71033 17.95 -6.00 | +1.72 |[+11 |15 [-66 [3a +19 | +9.0 | 3b .26 |+2a [a+dny | 4222 [ i
55 27.04]133 21,54 «6.33 | <191 | +0.9 0.5 |- 5.7 he =17 | +3.2 by le1d -2.3 ['« -Up | +23.0 [f B 1% R
55 27.0% L; 2,54 <633 | <191 |+l 2.6 |-1.0 5a - 2,1 | +16,5 5b |+50 =23 [5a-5) <234 || Bt 38 i
b5 24.85 133 24.50 -4k |-4.83 | «1.2 =14 |- 46 Ga ~5.3 |+ 5.8 6v [|+6.8 - 5.8 lGa-6b! +15.3 {| B} i% ::
55 24,47 133 19.35 ~3.76 | +0.32 [ +1.8 2.9 |- 6.8 Ta +0.6 | +10.9 7% |-09 +04 ke e | €139 ﬁ E:E ii’:

ES 19
55 20,71 £33 19. : :: ::
2 ovel i@
= 55¢ D' k2th3 A, = 133° 29t 5| 12 &2
»n 1 e
' = 130 Agt = & = +1.20 5 E:,‘ EE
(th) -55’1 -Ojl" ¢ ) .% & = -3.70 H :: ::
m T ; }: EE
~123.05408 -86{85858 3| mal 1w
H in
“a s
0 =-123.0501 + 0.9 (1 4) + R.2/(18) - }6.2 (2 8) +3.8 {2 D) - U5 (3a) 412 BP -3 [4a) + 550w ru(sp H E‘f
+18.8 (5b) + 1.2 (6a) +[12.6 (6D) - 6.4 {7 ) + 103 (7T D) H =
(Tnis tion shpuld de divided by|10 befory entering 1t ia the correlptes.) HE
R
Bl 1w 14
0 = -86.8589 + k2.2 (1 a} - 0.7 {} b) - 25)8 (2 )  29.% {21v) + 24.} (3 a) +]19.6 {3 r) - 25.1{(k 8) ~ 22.4 (U b) = 25.5 (9 =) HE
- 18.4 (5 b) - 20.6 {6 a) - sLs (6 1) ¥ 14.5 {7|a) + 134 (T V). 8l i
(‘his eguation should be Jivided by 10 befors enterihg it 1n khe correlates.) H :::' ]
of 1| om
HE
al R 48
HIE R
N—':.-w-'lzaﬂ

Fia. 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 |.-\dopte«l

1 (213 |45 ]|c|7 |81y 10 11 12 e v v »
T o N —0.1 [ 0.01
b {+1 +.8 .64
e (41 +1.6 | 2.5
—. 4 .16
+1.8 ] 3.2¢4
+1.3 ) 1.69
—1.1 1.21
+.7 .49
+.3 09
—.9 .81
+.1 .01
-.2 .04
—3.0| 9.00
-3 .09
—2.1 | 4.41
ta eeea| F1L1 +.12 | —=2.06 | -+.16 [—2.400 —2.4| 576
b ceee| =L 4| +LI6[ — 85| —. 09} +.331 +.3 .cg
¢ b o) U (SR R, F—, +2.00 | —. 831 —.8 .64
7a |. ceee| L8| — .84 | +1.45 | +3.81 |—2.370 —241 &76
b|. oo =291 4113 | +1.30 | +.53 [+2.455 2.5 6.25

[ 0 0
—6.4 | 4C. 96
+1.8 | 3.24
+L31 169
Total__| 8%. 84

ot " 84
p.e. —:}:0.674-JT =:|:0.6:4-Js%‘
=:1483

Normal equations

" a 1 @ A
1(2(38i4 (5816|7819 o 1 12 7 Z, c
1 5| +4.13 +4.15 -2.3 +5.48 140.8125
2 9| ~3.24 —5. 52 =27 —3.56 |42 1131
3 4| +.68 +4.37 4.1 -+6.73 —. 5449
4 . - .4 4. 21 ~4. 75 +1.0 ~+. 88 . 6186
5 43 ||| L5 41.41 —4.39 +5.4 +4.92 1-1.3028
6 A3 |1} -3 [ 128 —2.91 +2.9 +4.97 —. 0205
7 A3 |1 | =LY | +.49 +2.75 —.1 -+4. 04 —, 7087
3 R G o S B o PR S +3.3 +13.00 |42 1475
9 b - N TSR PR I, +2.4 +12. 40 —. 8106
10 —---|494.34]—46. 7380 | —5, 7700 [4-61. +107. 3230 |—1. 5670

-
oy

+30. 7198 | +5.3068 |—12.3050| —9.0764 [—1.4152
+72.7274 | —-8. 8859‘ +57. 2603 | +.2360

—
L]




128 U. S. 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

1 {213{4|5 (6|78 9 10 I 12 ) Za
1 —2.5 413 +4 15 -2.3 +5.48
. 33333 4. 83483] —1.37nG7] —1.38333 . 76667 — 1 82067
1 +i.9 —3.24 -5 52 -7 -3, iy
. 33333 —1.3 +1.08 +1. 54 +.9 +1. 15667
-1 +. 66 +4.387 +.1 +i. 73
. 33333 4 13333] —.02 — 1. 458067 ~ O3Bk —2. 243334
+.4 +.21 —4.75 +1.y ~+. 56
L 33433 —. 13333  —.07 -+ 1, 58333 — A — 2T
1 —1.5 +1.41 4. 39 +5.4 4 g2
L3338 4.5 —.A47 4146333 | —L§ —L0d4
—.3 +1. 2 —2.91 +2.9 497
—. 33333 4.1 —. 42667 +.97 ~. 96667 — L G5RRT
-1 —1.1 +. 40 +2.75 -1 +4.u4
4. 333331 - 38667 - 10333 —. 01667 +.03333  ~1. 34667
+1 +a.7 +3.3 +13.00
—. 33333 —1. 4 ~1.1 —4, 143433
+8 - ] 24 +12. 40
Dl ~os333 | —.waas | L3767 | L ssus —. 76T | -1 8267
21 —3333 1 ~1.3 +1.08 +L 8 +.9 1. 1867
Bl —.A833 ) —. 1333 22 +1. 4567 40333 [ 42,2433
4| =33 —. 1333 —.07 +1. 5833 —. #3383 —. 2867
s —. 3 +.5 — 47 +1. 4533 -1 - 164
G| —33 +.1 —.4m7 | .97 —. 067 | —1.6567
Tl = —. 3667 +. 1638 [ 4. 9167- —. 0333 | +1.3467
8|~ L9 e -1 4. 3333
—4. 0606 | +1.8733 | +9. 6133 —16 +11. 08674
+. 76 351 +. —2, (78698
+ua.: +61.3  [+107.3230
=2, -1 +4. 5667
2| -3 3. f .
3 - 7
4 -
5 -
] -
7 -
8 |—10.
9 | —3.

47106623 | —36.5833 [--11. 9232 +105. 49189

Cw +.50834) —. 16568 —1. 465856

+39. 7198 | +5. 3068 _ —U.0784

1| —boussp | —a 7182 —7. 5l

2 | ~3.49492 | —5.0616 —3. 8448

3 — 52 | — a6 —1. 1806

4 —.0147 | +.3335 —. 0602

5 — 6627 | +2.0633 —2.3124

6 — 5461 | L 2416 —2. 1905
7 —. 0800 | —. 4402 —. 65

9 —. 6579 | —3.3764 . —R.3040

10 | —18.5068 | +6.0611 +53. 5260

0. 83106 | —1 4565 +22. 6331

Cn | + 48M4 =2 30208

Fr2. 7274 +57. 2603

1 | —5 7408 —7. 5807

o -1, —6. 5504

3 . —9. 8034

4 7 +1 +1.3616

5 7 7. 1996

G 2,813 | 48209

7 +.0017 | —3. 7033

9 +3.0041 | —19. 9830

10 —u. (402 | —17.4777

11 +2. 122 | +3.35%0

—2.7517 | +8.903060
+23601, - 76396
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The back solution, as well as the forward solution, is much shorter
than when the direction method is used, as only 4 of the ('s are
carried back through all the equations.

Back solution

12 11 10 @ 8 7 (4 13 4 3 2 1

40. 2360| - 1. 4502)~—0. $085+0. 3125(—1. 1 [+0.0333|—0.9667|—1.8 10, 3333)~-0. 0333/4-0.9  [+0. 7167
4. 0350 —. 0301} —. 4254 L2163 4, 22800 +. 3454, 4. 3737 —. 3438( 4. 4342 —. 3265

7 +.6038] +. 60510 +.0091| 4. 3113—1. 5251(41. 9433

—1.4152 —1. 148 46| —. 1567) —. 78350 4. 2089 —, 2080|4-2,0371|—1. 3058
02| . 2702 +. 2702 4. 2702 —. 2702 . 2702 —.2702

—. 0205|—1. 3028) +. 6186] —. 5419|4-2. 1131 +. 8125

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

Compulation of corrections (v's)

ia b e 28 b [ 3a b c 4a b ¢
+0.812 (4-0.812 |4+0.812 [4+2.113 -2 113 |42, 113 |—0.545 [—0.545 |—0. 545 |40. 619 |40.619 | +0.619
—2,037 |+5.955 | +.811 —7 052 | 4. H0 | 4. 811 [—1. 724 [42.350 | +. 811 (—1.410 | 4. 784 ~. 811
+. 127 1—5. 072 +5 123 | —. 538 +. /37 |—1 571 +.481 | —. 778

4,096 | —.017 (4+1.623 | —. 609 | —. 6% |41.302 | +.560 | +.463 | +-.266 | —. 592 [ —. 520 | ~.162

+1.6 +1.3 +.3 ~.2

—. 102 4+.778 —. 425 [+1.821 —1.063 | 4.697 —. 902 | 4. 096

-1 |48 —4 |+L8 L1 |+.7 -9 |41

5a b [ 6a b [ 7a b e Sa b c

—1.303 |—1.303 }-1.303 |—0.020 —0.020 —0.020 [—0.797 |—0.797 |—0.707 |42. 148 |42 148 | 4-2. 148

=172 |4+4.074 | — 811 |—1. 724 [4+2.1 —. 811 |—2. 821 |4+4. 544 | 4. 811 |—8.618 | — 313 | —.811
+. 665 |—2. 661 —. 170 —1.642 -+. 908 |—1. 599
—. 602 | —. 434 [—2.114 | —. 486 | —. 201 | —. 831 | 4. 342 | +.307 | +.014 {—6.470 |+1.835 | +1. 337
2.1 —-.8 4 .0 |-6.4 |+1.8 +1.3
—2,084 | —.3M4 —2.400 | 4.331 —2.370 |42.455 :
—-3.0 -8 —-2.4 +.3 -24 425

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

f Prelimi- :

: Observed diree- Final

Station tion nary | seconds
a ’ ” ” "

0 00 00.0 00.0 59.0

28 42 47.6 48 4 47.4

109 26 24.4 26. 5 25.5
129 82 166 |oeema i |emmoeoaaa

171 17 11.1 12,1 11.1

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

) ’ 1

Triangle 1, angle Alberta to Fish.___________ 28 42 48.4(4)

Triangle 2, angle Fish to Fog.______ ... _____ 80 43 38.1
Angle Alberta to Fog . _________ 109 26 26. 5(B)

Triangle 3, angle Fog to Gura________.____._ 61 50 45.6
Angle Alberta to Gura_ ... _._ 171 17 12.1(C)

The values of the seconds for the angles (A), (B), and (C) 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

§  Aberts 3 Tioh 356 [] 14.8
Y & ¥an * 22 2.4
g  Alberts to1 Yan &3 24 a.2
- [] 05.8
180 00 00.00
1 %¥an o2 Alberta 18 35.4
Frmsr AnoLE or TeiaNoLE 4l3 ‘e“
2 Abverta
Ll
1 Yan

0.0008

DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

-
R

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

« (38 M w2  Alberta 176 | o2 2.9 l
82 Fan & Alverta - 93 | 54 | 45,3 |
« |8 mm o1 ¥m 82 | o 4.6
Ba - & 2.9

180 00 00.00
o |1 Eem ©3  Fish %2 | a 2.7
. . . R . .
¢ | 5] a0 Josses |3  mimm Az | 1| 1s.0e2
Ap - o a -+ k4 42,296
v 55 38 |33.33 (1 Yan 1y | 133 18 | 57.338
« s . 4 | 3.913697 7.82739
Wr+e)| 55 m s1.6 |9 9.126557 9.99178 3.120
B 2.353
.
Isttenn |4 35 3003 h 5.483
2 and M ems | + 0.0000
-4p |+36.5428
. 3.913697
Sina | g, go5889
& 8.508727 a
secy’ P Sin§ (p+¢')
2.664920 2.580814
A | 4 482,205 ~a | + 280.50
—

Fra. 88.—Final position computation, angle method of adjustinent

OHLIW TIONYV X9 LIN J0 LNIANLSNLAV
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Form KT
POSITION COMPUTATION, THIRD-ORDER TRIANGULATION POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
« |2 Men 3 Fieh %62 oL 23.7 e |3 Fish to2 Nan 82 o7 4.6
24/ Yish & Yoz +80_ |43 38,0 | 314 Yoz & ¥an -2 | s 02.5 |
e« l2 Yen tol Yoz 342 45 o1.8 e |3 Fish to 2 Tog 57 13 42.1
sa 'y 43.8 I - 5 21.0
180 00 | 00.00 180 6o | 00.00
o )1 Yog to 2 Ran 162 45 51.6 o |3 Yog 3 Fish 237 [+"] n.1
. 74 22 19.5
First ANaLe oF TRIANULE
o . . o . . ° , . . . .
v | 55 | = | 33.33 |2 Sm A sz |1s 57.338 j : vl 55 | 28 [o9.866 |3 Fish s | n [15.042
8¢ - b S0.687 | 8= A= 1 00.958_ | § H A - 2 | 27.230 |s~ a | 4 6 8
v 56 26 42.636 11 Tog A 1133 a7 56.880 é E ¢ | 55 26 ]42.636 J1 Fog » I 133 17 ls6.879 ;3
z z
H H
5 §
o 4 s * | 3.554237 5 5 o v . 7.84869
Meteh] 55 2 38.0 5| 9.980014 | 4.088 H H Hete)! g5 27 56.3 9.84842
B | 8.509675 D |2.263 1.56558
. 1
15t term ! 110.6320 b | 2.044077 7.61836 6.451 fatterm |+147.0456 | b | 2.167452 9.26369
za...amum-L 0.0045 0.0042 0.0003 2dend M terms | + 01840 0.1835
-ap 110.6865 ~ap
' 3.554387 * 3.924344
Sine | 9.q72078 Sine | g 9aemy
A 8.508727 1.781454 A
secy’ sy’
1.781455 1.697242 2.519864
. " "
A | -60,4582 —~Aa I ~49.80 a + 331.03
A R— —v o—-y ._-

F1i. 38.—~Finul position computation, angle methed of adjustment—Continued
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POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

° ’ .
- |2 ¥Nan o3 Yog 342 45 01.8
o4/ Tog & Oura hd |50 | 456
a |2 ¥en to 1 Gura 4“4 35 47.4
Aa - 2 | 09.
150 0o | 00,00
e |1 Qura tog Nan 224 3 37.8
Firs? Anorre or TeiaNaLE sa 3:: 59.5
2 Nen 18
2=
1 Gura
o s . * | 3.595453 ¢
Hete)| g5 27 48.0 Co%s| g.952522 Sin’e 3.915
B | 8.509676 c 2.363
. | 22220 |
1st term | +90.7112 b {1.357661 8.44917 6.278
24 and 3d tenms | _+ 0.0281 0.0002
-ap |t 390.7395
r
3.595463
Sine | 9 g46405
A"} g.50e727 a 2.196923

2.196524
A
a |4 1572708

2.112726
”
+129.64

-y

DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

R L S
Form 87
POSITION COMPUTATION, THIRD-ORDER TRIANGULATION-
N . .
« {8 Fog Y] ¥an 162 | 45 8.6
] dure & ¥an - 63 | 36 14,9
e« |8 7o to1 Gura 99 | 10 36.7
Aa - 2 59.4
180 ) 00.00
« |1 Gura to3 Tog bl o7 7.3
N . . . . .
s | 17 | ss.e80
A 3 37.829 |
N l 133 2 34.709
7.17731 |
5.96861 1 2,602
D| 2.36¢
4.966
0.0000
|
a
Sin § (p+o’) | 9-925222
2.253836
M
—ha + 179.41
M-

F1G6. 38.—Final position computation, angle method of adjustment—Continued
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POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

. . ,
= |2 Gurs o3 Fo3 9 o7 27.3
2z Fog & Dug + 38 | 20 | w2
a (2 Gura ol Dug 27 j % | 39.0
e i+ | 1 | s53
H T
] 150 | oo | ao.00
o |1 Dz 2 Gura 137 28 4.3
N FirsT AXoLE OF TRIANGLE 2 4 13.3
s . . o . .
v 55 | 2 ]oz.503 |2 Gure A s ] a , 34.709
Ay - s AN - ! 2 19,578
s | 56| 25 | 1 Dug » | 123 I 19 14.7:3
= . &t
o & o 3.552459 7.12500
$e+ed| e 26 10.0|%%¢] s.messe (99| agrss | M| z.em
. B | 5,359573 ] 1.56301 !'D| 2.202
fat term  fp37.7120 b | 3,940576 l 8.34754 6.245
2dand X terms |40, 0o 0.02:3 2.0002
-as 37,3245
! 2, 56:459
Sine | ¢ 2ra785
A 3.008728 a £.146053
Sin § (v 44¢")
2.146054
.
& -129.5761 —ie
-

DO NOT WRITE 18 THIS MARGIN

0 NOT WRITE IN THIS MARGIN

DEPARTMENY OF COMMENCE
T LN g o oy
Ferra al
POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
L] r .
s |3 Fog to 2 Gurd 59 10 35.7
31, Dug & Gura | - 65 29 .4
« I3 Fog to 1 Dug a3 9 32.3
Ae - 1 01.1
150 oo | ae.op
o’ 2 Dug, to 3 Fog a3 19 43.2
° ’ . s . ’
v | 85 { 26 | 42.506 |3 oz LT 17 | s6.230
Ay f_ = | _1 237 a= AN + 1
o 55 25 I £55.349 1 Dug b 123 | 19
: |
LI 3.205343 €.79268
¥ete)| 35 15 o09.0 [0S 5.¢21068 Sm-.] 9.43028 v s ass
B| s.goss78 | € | 12.56492 | D
’
15t term |Q57_3305 b 1.327389 | 7.83708 5.020
2dand 3d tems | +0.0070 0.0069 0.0001
8y
’ 3.396343
Sina | 9.740142
A ar 1.891274
see Sin 3 (p+¢")
1.391275 1.806933
H A
a 4-77.3529 ~da +64.13

¥1G. 38.—Final position computation, angle method of adjustient—Continued

¥EI

XFTAYAS DILHAOEAD ANV ISVOD 'S 'L



POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

« |2 Gura to3 Dug 317 a6 9.0
g1z ug & Lat + " 79 20,9
s |2 Gura to 1 Lat ‘ a7 04 .0
Aa = 2 4.1
l 150 00 | 0o0.00
@ (1 pet w2 Gura a7 01 57.8
N s Fiast ANorr or TRIANGLE 3.3 53 “.'5
v ] s | = 2 Gura e | & 34.709
Ap 2 s P3N 4 2 040 !
¢ 55 24 1 Lat a | 133 24 29.749
o v - * [ 3.708290 -
Mete)| 55 25 s56.7 |O%¢| o.g01s33  [Sin'e 4.240
B (8,509678 | C
Ist term k | 2,119900 | s.5us 6.504
2 and M terms 0.0348 0. 0004
—Aap
s 3.708290
Sine | g 730094
£.508728 a
Sin § (v +¢)
2.158779
~da 144.14
v

DO NCT WRITE Il Thi3 MARGIN

00 NOT WRITE IN THIS MARGIN

Form 27
POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
° v »

« |3 g to 2 Gura 127 28 | 24.2
Bz Lat & Gura - g x4 | 59,7 |
a |3 Dug to 1 lat 76 [+-3 34.6
du - 4 19.4

180 an | 0o.00
L Iat o3 Dug 2585 59 13.24)
N . . o , .
v 55 25 | 35.340 |3 Dug A 133 19 | 14.733
ae __,._’_\I 2 = a I_«L 5_|_15.016
'y S5 o |5o.753 1 Lat » | 123 2% 9.749 |}
e v o | * |z7ssees | ¥ | 7.51282
He+e')| 35 25 13.1 Cose| 9.781859 Sin*al ¢ go403
! B |8.509580 | ¢ | 1.36463
i 15t term ;-;-44.4;33 bk '1.643202 I 9.051¢3
Zdan-l!dlemsl + 0.117
] -4y l-:«.ssas
S0 3736863
Sine 5.987016
A a 2.458732
secy’ Sing (v+¢') 9.615578
2.413910
a | + 25,0163 ~4a + 5026
S

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

. .
e |9 Lat 03 Gura 27 01 57.8
Lt Gura & Mond + 60 10 26.6 |
|2 lat ol tond P 12 | 214
Aa + 4 143
180 o0 | 00.00
e 11 Yond to 2 Lat 97 16 38.7
. ) First A!ﬂul.l ©oF TRIANGLE 56' ‘?” :EG-Z
v | 55| 2 | s0.758|% Iat | 23] 2 | 29.m8
Ap l_;_ s g AX - 5 08.39% |
v | 55 24 38.420 |1 Zomd LY I 133 | 19 20.856
P * | 2.738667 | 7.4v723
MUeted| 55 24 39.6 || 9.0sears  |5i'e| 9.903n

B lg.sogea) | € 2
h
b | 1.236821 | 9.03487

0.1084

s 3.738667

9.996555
A’ 8.508728

l 2.439808 2.405837
A ~308.3930 —as -254.29

r———— .

DO NOY WRITR IN THIZ MARGIN

00 NOT WRITE IN THIS MARGIN

%ﬂ:‘flﬂﬂl‘o’ COMMERGE
oo

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

. . .
a |3 Gura to 3 Lat 37 M 2.9
3¢ Hond & Lat =& | 2l sy |
« |3 Gura tol Mond 333 LT] “.8 |
P -+ _E
150 20 | 00.00 |
o |1 Mond 03 Gura 153 44 15.0 !
. . o . .
¢ s5 | 22 o0z.583 |3 Gura A l 153 a | z4.709
Ao | - | 2 34.163 | o= A - 2 | 13.453 |
v 55 | 24 8.420 | 1 Mond » [ 13t 19 | ro.ese
o 4 . * 1 3.725674 7.45135
Hebv)| 55 25 45.4C°%%| g.oszses  [S07°| 0.2z ¥y o478
B {_8.509673 ¢ |3 s D .

1st term 1-4-154.1430
2dand 3 tems | +

Sina
A
Becy’
2.12623
a -133.8530

Fi:. 38.—Final position computation, angle method of adjustment—Continued

h 2.,137921

;
| 8.z0910
0.0204

6.740
0.0005

9¢€1
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DEPARTMENT GF COMMENCE
. 5. Ghaay 1 Cwomer ey

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

° ’ [
« 13 Mom L Y I 97 16 | =8.7
8 Enter & Lat ~ 94 | 30 | 09.8
« (8 uomd tol  Enter 2 % | 3.9
s - 15.8
Enter UMond 180 0o 00.00
o |1 w3 192 | 56 [ 131
. . . . . .
H H e s 24 | B.a20|8 Mond * lass s 20,456
H H A& 1 - 3 | 45 - ax |4= 19:1494
% Elelss | 20| sgmsolt Inter x| s 12 w0.0%0 |
7.92867 ; ; ] . ® | a.844387 =
9.48742 b | 4789 H H He+e)| 55 22 35.6 (T4 g.g09¢er |Sin'e
1.56443 D ¢
7.153
0.0014
A\
Sin § (p+e")
2.377314
-238.40 —ae
L Lty

F16. 38.—Final position computation, angle method of adjustment—Continued
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138 U. 8. COAST AND GEODETIC SURVEY

A mean correction is therefore computed by taking the differences
between the directions in the column headed ‘““Observed directions”
and those in the column headed ‘‘Preliminary seconds.”

At Alberta, the correetion is._____ . ________.._ 0.0
At Fish, the correction is. ... .. +0.8
At Fog, the eorreetion is_ ... ... +2.1
At Gura, the correetion is___ . _ . _____ . ____._.___ +1.0

Total o e e +3.9
Average correclion. .. _________ +1.0

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

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

A

B ; ¢

F1:. 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’ 48”4, which checks the angle at Nan in triangle 1.
Similarly, the angle at Nan between Fish and Fog is 80° 43/ 3871,
which checks the angle at Nan in triangle 2, and the angle at Nan
between Fog and Gura is 61° 50° 4576, 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



ADJUSTMENT OF NET BY ANGLE METHOD 139

diagonals omitted were Alberta-Fog, Nan-Dug, and Lat-Flores.
These are computed by the two-sides-and-included-angle method.
(See pp. 141-143.)

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

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

tan (45° + ¢) = %, where a>b

tan 1/2 (A— B)=tan ¢ tan (90°—g)

1/2 (4 +B)=9o°—%'

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

The logarithms of the sides Fish-Alberta and Fish-Fog (see fig. 31)
are given in the triangles, Figure 34, as 3.669907 and 3.924344,
respectively. The angle at Fish between Fog and Alberta is the sum
of the two adjusted angles between Fog and Nan, and between Nan
and Alberta, namely, 24° 54’ 0275 plus 93° 54’ 4573, or 118° 48’
47"8.

The triangle, Alberta-Fish-Fog, is written as shown in Figure 40.
The asterisk is placed opposite the fixed angle and the logarithms of
the fixed lengths are placed in the last column. As there is 0”1
spherical excess, this is applied to the large angle making the plane
angle at Fish 118° 48’ 47”8 — 0”1, 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’ 09”1, 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’ 157.



140 U. S. COAST AND GEODETIC SURVEY

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. (Seefig. 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, flioT'?=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
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DEPARTMENT OF COMMERCE
(1Y

COAST AND GEODLTC SURVEY

TRIANGLE COMPUTATION USING TWO SIDES AND INCLUDED ANGLE

[§= tan (35°+¢) (Call longer side a) :

tan ¥ (4,—B;) =tan ¢ tan 3.(d,+Bp) :

(Fo;) B

3.924344
3.669907
118 48 47.7 Logten (45+¢) 0.254437
60 53 54.88
15 53 54,83

09 09.07 Logtan} (4. +By)
02 08,22 Logtan} (4,-5,)

CHECK COMPUTATION

EFUERICAL ANQLE

09.1
47.8
03.2

16.3
26.5
17.3

SP'h. excosy 11; “2 ’ 47,8 Loga
: 0.1 Logd
c‘l
16 59 24 23.85 (15°+4)
90°-1C,=3(4L+B) 30 35 36.15¢
3 (o= By 9 33 32,92Logtene
Sum=4, %0
Diff.- B, 2
Gy
Loga 3.974344
Log sin C; 9.942501
Colog sin 4, 0.190558
Loge 4.057503
NO. STATION
23 Figh-Fog
1 Alverte 40 09
2 Fish 18 48
3 Tog 2 o2
13 Alberta-Fog
1z Alverta-Fish
=3 Nen-Alberta
1 R . 53 20
2 Nen 108 25
3 Alverta 17 13
s Fog-Alberta
1-2 Fog-en

Aruranae
KScEss

0.1

0.1

¢

141

ntsﬁ_fi-]*

sin 4,

Log m 1.403
Logsin 0y 9,943
Loga 3.924

Logd 3670
Logsph.ex.g_g49

Sph.excess 0.09

PLANE ANGLE
AND DISTANCE

A Alberta)
(]

C (Fish)
LOGARITHM
3.924344

09.1  0.190558

47,7 9.942601

03.2 9.555004
4,057503
3.669907
3.987264

16,3 0.095733

26,4 9.974506

17.3  9.471389
4,057503
3.554387

+The subscripts s and p on this form refer to spherical and plape angles respectively.

FiG. 40.—Triangle computation using - vo sides and included angle
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DEFARTMENT OF COMMERCE
Ul S COAST AND GIOBSTIC SURVES

TRIANGLE COMPUTATION USING TWO SIDES AND INCLUDED ANGLE

{% =tan ($5° +¢) (Call longer side a) :

[
Sph. excess
3
(',
i ("l
90°—§Cp=3(4,+ B;)
3 (- By)
Sum=4,
Diff. = B,
Gy
Loga
T.og sin €
Colog sin A,
Log e
NO.
2-3
1 Van
2 Fog
5 g
1-3
1-2
2-3
! oo
Gura
Nen
1-3
1-2

STATION

o ’

tan § (4,—By)=tan ¢ lan } (d,+Bp) c-“__sil‘&] *
sin -4,

129 24 59.3 Lege 3.554237 Logm 1.403

0.0 Logd 3.396343 Logsin €, 9.888

129 24 59.3 Logtan (15+¢) 0.158044 Log a 3.554
a , -

6 42 2.65 (5749) 55 12 09.93 8¢ 3,356

25 17 30.35 ¢ 10 12 08.93
4 5. 28,90 Logtan s 9.2552076
30 09 09.25 Logtand(d,+B)  9,6744220
20 26 51.45 Legtand(4,-B)) 8,9296206
{Sketch)
s.ssswr  (Dug) A c
9.887927
0,299023 b &
3.741347 C (/by )
CHECK COMPUTATION
SPHERICAL ANGLE SratucL
Fog-Dug
20 25 51.5 0.0 51.5
129 24 59.3 0.0 59.3
30 09 09.2 0.0 09.2
Nan-Dug
Tan~Fog
Gura~Nan
45 32 047 0.0 04,7
93 03 01.2 0.0 .2
41 24 54.1 0.0 54,1
Dug-Han
Dug-Gura

*The subscripts & and p an this form refer to spherical and plane angles respectively.

Logsph.ex. g,241
Sph.excess 0. 62

8 Wan)

LOQARITIIM

3.396242
0.457077
9.837927
9.700967
3.741347
3.554287

3.595463
0,146500
9.999384
9.820535
3.741347
3.562499

Fic. 40.—Triangle computation using two sides and included angle—Centinued
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DEPARTMENT OF COMMERCE
. % COAST AND GLODITIC SUPVEY
Form

TRIANGLE COMPUTATION USING TWO SIDES AND INCLUDED ANGLE

[%= tan (45°+¢) (Call longer side a) : tan § (4,—B;) =tan ¢ tan } (4,4 B;) : c-'ﬂ!] *

sin 4,
c 15 24 65.9 Loge 3.795285 Logm 1.403
Sph. £xcesy 0.1 Legh 3.738667 Logsin C,  9.956
c, 115 24 55,8 Logtan (45+¢) 0.060569 Loga 3.799
3c, 57 42 .S U5+e) 48 58 56,98 Logd 2.739
90°-3C,=§(4,+B;) 32 17 321 ¢ 3 58 56.95 Legsph-ex. g ggy
i (4,- By 2 31 09.5 Logtane¢ 8.8427327 Sph.excess 0.08
‘Sum = 4, 34 48 41.6 Logtani(A+B)  9,8007064
Diff.= B, 29 46 22,6 logtani(4,—B)  8.643439)
[&8 (Sketch)
Loga srsezms  (Flores) B 3 A llat)
Log sin €, 9.555793
Colog sin 4, 0.243456 a .
Loge 3.998485 C (Mﬂﬂd}
CHECK COMPUTATION
NO. STATION SPHERICAL ANOLE Fenrmcan R LANEANOLE LOGARITHUM
2-3 Mond-~Flores 3.795236
1 Lat 3¢ 48 4.6 41.6 0.243456
2 Mond 115 2¢ 55.9 0.1 55.8 9.555793
3 Flores 29 46 22.6 22,6 9,695975
1-3 Lat-Flores 0.1 3.998485
1-2 Lat-Mond 3.738667
23 Enter-Lat 3,964337
1 Flores 65 28 16.9 16.9 0.041076
2 Enter 100 12 23.7 23.7 9,993072
3 Lat 14 19 19.4 19.4 9,393350
1-3 Flores-Lat 0.0 3.998486
1-2 Flores-Eanter 3.398762

¥ The subscripts s and p on this form refer to spherieal and plane angles respectively.
F1G. 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, % COAST AND GLOBLTIC SURYES
Form 25

COMPUTATION OF TRIANGLES

State:
xo. STATION OBSERVED aNGLE  CORR'N SIPEXL Brnms  FIANF ANGLE LOGARITUM
23 Vond-Flores 3.739236
+3.031  Let 24 48 29.2 4l.6 %;g 0.24345;0
2 wond 115 25 02,3 -6.4 B5.9 0.1 55.8  9.955788
43.683  Flores 2% 46 17.0 22.6 gi;g 9. 6959386
+6.71 1-3 Lat-Flores 3.998485
1-2 Lat-Mond 3.73862?5

Fic. 1.—Triangle computation using two sides and included angle, method of approximation

logarithm of the second fixed length by the algebraic sum of the tabu-
lar differences, and apply this quotient with the same sign as a cor-
rection to the approximate angle which appears as the third angle in
the triangle and with the opposite sign as a correction to the approxi-
mate angle which appears as the first angle in the triangle. Finally,
recompute the triangle using the corrected angles.

The probable error of an observed angle is determined by the same
formula as that used to obtain the probable error of a direction.

(See p.107.) Inthe table of correlates on page 127, =¢*=88.84, and
since there are 12 equations,

88.84 _
12
After the adjustment has been completed and the omitted diagonals

have been computed, the list of geographic positions is made out on

form 28B in exactly the same manner as the list on page 108. (See
fig. 42.)

p-e.= £0.674 +1783



T GEOGRAPHIC POSITIONS

-
Locality Prince of Yales Island Datum North American
SFATION. LATITUDE aun Sxconna i AZIMUTE BACK AZIMUTH, TO STATION,
Ban 55 28 32.323 1030.5 223 18 35.3 53 24 41.2  Alberta
1507 d.m. 133 18 §7.333  1007.2 262 0L 8.7 82 07 4.6 Fisn
Fog 65 26 42.¢36 1318.6 1é2 46 51.6 342 45 01L.8 Nan

1507 d.m. 133 1?7 56.880 1000.0 216 06 07.9 36 11 3.9 Aloerta
27 8 111 57 12 321 Flsh

Gura 55 27 02.583 79.9 = 33 378 44 I 4.4 Yan
1907 d.m. 123 A 34.909  610.1 @e o7 3.3 99 10 36.7 Fog
Dug 656 25 35.249 1093.2 137 38 34.3 317 26 39.0 Gura
1907 a.m. 123 19 14.732  259.1 183 10 29.0 3 10 53.3 Hea
213 19 48.2 33 20 523 Fog
Lat S5 4 50.752 1569.6 a? o 578 37 04 2.9 Gura
1507 a.m, 133 24 29.749 53,3 255 59 15.2 76 03 24.6 DU
32 01 06.0 132 05 51.8  TFlores
326 20 25.4 146 24 3.8 Enter
Mond B5 24 28.420 878.9 341 51 42.8 161 53 14.4  Tores
1907 dam. 123 19 20.856  367.0 2 46 2.9 182 46 13,1  Enter
97 16 28.7 27 12 2.4 Lat
153 44 15.0 233 42 24.8 Ouwa

FiG. 42.—List of geographic positions, angle method of adjustment

No. of Co:
State Alaska
s b e
DISTANCE.

Louastrau (usTERS).

3.587264
3.513557

Z.554387
4.057503
2.9:4344

2.595463
2.530654

2.562499
2.741347
3.396343

2.708290
3.756663

3.958455
3.564337

3.799136
3.84433”
3.738667
3.725674

MzrTERe.

9711.0
8147.8

2584.2
11415.7
8401.2

3939.7
2873.4

2651.7
S512.5
24%0.8

5108.5
5710.4
9965.2
9211.6

6298.5
6987.7
5478.6

5317.1

Fuar.

21s60
26396

11759
37453
7563

12925
1724

11981
18086
8172

16760
18725
22694
20222

20664
22925
17974
17445

JOHLANW JTONY A4 LAN JO0 LNIWLSALAV

oPT
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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 closures_________________ 5
Number of coneluded triangles____ . __.________________ 0
Average closure of triangles without regard tosign________ 272
Maximum closure of a triangle___ . __________.___________ 574
Mean errorof anangle__._ . ___________________ +1%6
Probable error of an observed angle__._______________.____ +178

COMPARISON OF DIRECTION AND ANGLE METHODS OF TRIANGULA-
TION ADJUSTMENT

Comparing the direction and angle methods of adjustments it is
seen that each has its advantages and disadvantages. The direction
method gives a more rigid adjustment by making use of all the direc-
tions observed, and when the adjustment is completed the azimuths
and lengths of all the lines are immediately available. There is no
necessity for two-sides-and-included-angle computations. The dis-
advantage of the method is that the solution of the normals is more
laborious, especially where the scheme of triangulation is much
involved. However, for first-order and second-order triangulations,
the adjustment should be as rigid as possible, and the direction method
should, therefore, always be used.

The angle method of adjustment has the advantage that the number
of equations is reduced considerably, there being one less angle
equation in each full quadrilateral and no side equations at all. The
solution of the normal equations is very simple as all the angle equa-
tions are independent of each other, and the azimuth equation does
not, ordinarily, involve the same #’s as the length equation. The
disadvantage of this method is that a number of two-sides-and-
included-angle computations must be made after the adjustment is
completed to obtain the azimuths and lengths of the lines omitted
in the adjustment. However, the advantages of this method far
outweigh the disadvantages in the adjustment of third-order trian-
gulation and it should ordinarily be used for this class of triangulation.



CHAPTER 5.—COMPUTATION AND ADJUSTMENT OF ELE-
VATIONS FROM ZENITH-DISTANCE OBSERVATIONS

GENERAL STATEMENT

In connection with the observation of horizontal directions for
triangulation it is customary to observe zenith distances, in order that
the elevations of the stations may be determined. These elevations
are needed for reducing the horizontal directions to sea level and, in
some cases, if precise elevations are not available, to reduce the hase
lines to sea level. As there are usually two or more lines ohserved
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.

@@e Monument

Gammill

Benton

Cube
FiG. 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 reciproecal
observations or that zenith distances were observed in both direc-
tions over that line. Where only one arrowhead appears on a
line, zenith distances were observed only in the direction in which
the arrowhead points. All the stations shown in Figure 43, except
“Hastings high school,” are main scheme stations. The elevation
of Hastings high school is computed after the elevations of the other
stations are fixed.

All zenith distances are abstracted on Form 29 and checked in the
field. The abstracts, Figure 44, therefore, contain the starting

147
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data for the office computation. It is sometimes necessary, however,
to compute in the office the values in the column headed “Reduction
to line joining stations.” This column is used only when the observa-
tions are reciprocal. Each value in the column is an angle which in

seconds equals — s:in%' 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 élevation, 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

ho—hy=s tan (5—;‘—‘)A BC 1)

in which %, is the elevation above mean sea level of station 1 and #%.
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; ¢, 1s the zenith distance of station 1 from station 2; and
A, B, and C are correction factors whose values are close to unity
and whose logarithms are given in the tables on pages 232. The
station designated 1 is the station whose elevation is already com-
puted.

The formula for the computation of elevations from non-reciprocal
observations is

8

hz—h1=scot[§'1——(0.5—m) em 17 ABC 2)

in which %, and A, 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 ... Moxmment State Oklahoma
Obsorver ...B.0.B Instr: t.¥a0...108
b wen omeowns SN ARDT RS T owmmames gz
=-o =t = dramons
1923 Meers Meters Meters . s 1w » s »
5/19  1:16  Benton 1.17  2.115+0.945 -11.8 90 10 20.5
2:19 80 10 15.0
2:29 90 10 15.4

2 90 10 06.5

1:24 Hastings 1.24 2.11540.875 -8.6 90 08 01.7

125 90 08 05.0
1:35 _ S0 08 12.6
1:39 90 08 05.8
2:09 80 mﬁ

07.2 90 07 58.6

1:42 Keele 1,92 2.115+0,195 -2.0 90 08 23.4
1:46 90 08 23.9
1:49 90 08 25.2
1:51 90 08 Z2.7
1:54 90 08 22.3

25.5 90 08 23.5

2:52 Cupola of 2,115 90 04 49.4
2:55 Schoolhouse S0 04 58.2
Hastings. 53.8
Station ... Benton. State Ok ghoma
Observer . B:0.He Instr . Vo0 109
R
Pare Houn OmsEcT OBSERYED :‘,E:’:"E T:E:,i:: g:'n'lot: "’:E-:; Oms::;!a:mﬂ C""‘,')f,’,'&g:m
] -0 - R <28
1923 Maen Maers Maere . + o+ w o .
5/22  1:14 Xeele 1.92 1,375 -0.545+7.4 90 01 56.7
1:19 (Hello) 90 02 02.5
1:24 90 01 56.2
1:29 90 01 58.0
90 01 58.4 90 02 05.8
1:57 Cube 9.37 1.375 -7.995:58.2 90 06 41.0
2:09 (Helio) S0 06 _35.6

38.2 90 07 368
Fi1G. 44.—Abstract of zenith distances for sample computation of elevations
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DEPARTMENT OF COMMERCE
U. 8. COAXT AND GEODETIC SURVEY
25

ABSTRACT OF ZENITH DISTANCES

Station ...... Cudea.. State ........ Rexad . o
Observer ... HeQeHa = APB. . ... Instrurent. V2. 109
b e omowns SR, HET B HE  omgmageen  compgmzoms
-0 -t STATIONS
1923 Melers Meters Mders - v .
5/28 2106 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
5/29 3:38 90 04 16.2
3:38 S0 04 08.9
3:44 90 04 15.2
2.6 90 03 02.4
5/28 2:18 Byers 3.61 9.575+45,965 -79.5 90 01 09.0
2:26  (Hello) 90 01 07.3
3:32 90 01 04.1
337 90 01 09.1
6/29 30 S0 01 07.0
3:12 90 01 02.2
3:20 90 00 56.2
3:25 90 00 51.7

90 0L 03.2 89 59 43,7

5/8 2:56 Hastings 1:24 9.57518.335 =61.3 90 06 37.9

3:21  (Hello) 90 06 34.5
3123 90 06 30.1
3:45 90 06 37.4
5/29  4:02 90 06 07.4
4:12 90 06 07.0
4:22 S0 05 56.4
4:34 90 06 01.1

90 06 18.8 9% 05 17.5

FIG. 44.—Abstract of zenith distances for sample computation of elevations—Continued
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DEPARYMENT OF COMMERCE
Y. S. COAST AND GEODETIC SURVEY
29

ABSTRACT OF ZENITH DISTANCES

Station ....Keele State ... Oklaboma
Observer .E<0.B. - A.T.B, Tnsir ¢ V0. 109
b pom  ommowme GG N BES HD  owpmines  Compmines
=0 -t O gramows
1923 AMeers BMeters .Ianl_ . ’ L . ’ »
5/22 2106 Byers 3.61 2.125 -1.485420.2 90 O1 33.8
2:09 (Helio) 90 01 36.4
2012 90 01 33,0
24.4 S0 01 54.6
2116 Bastings 1l.24 2.125 40.885 -15.6 90 02 37.8
2:20 {Helio) 90 02 20.0
2:28 90 02 37.0
2:40 90 02 32.5
34.3 90 02 18.7
2146  Cube 9.37 2,125 -7.245 +74.9 90 06 04.9
(Hello) 90 05 52.8
90 05 54,9
90 05 57.5 90 07 12.4
3:02  Monmument  1.91  2.125 40.215 -2.2 90 02 03.4
3:10 (Eelio) 90 02 04.6
90 0l 58.6
02.2 90 02 00.0
4:07  Cupola of 12,125 90 00 32.8
Schoolhouse 90 00 26.4
Hastings 29.6

FIG. 44.—Abstract of zenith distances for sample computation of elevations—Continued
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ABSTRACT OF ZENITH DISTANCES

Station ... Hastings State Cilahoma.
Observer ... BeQoMe .= AeFaBe .. ... Instrument.... Va8, 109 ..
B - Rruve
Dare Houz OByECT OBSERVED ;’z::’;‘;:; T;‘:‘:":"E: Boms Do Zearm ConRecTED 28
=t S e
1923 Meters Maters Mders . L L
5/24 1:27  Momment 3 g7 1,445 -0.465+.5 90 02 32.3
1:34  (Helio) 90 02 41.5
1:40 90 02 32.1
35.3 90 02 39.8
1:47 Keele 1,92 1.445 -0.475f8.4 90 03 26.1
1:50 (Hello) 90 03 26,8
1:52 90 03 27.8

26.9 90 03 35.3
2:08 Bailer 1.21 1,445 +0.235 -2.7 90 04 37.9

2:12 (Helio) 90 04 43.9
2:15 : 90 04 44,2
42.0 90 04 39.3
2147 Byers 3.61 1.445 -2,16547.7 90 02 15.4
2:50 (Helio) 90 02 24.8
2:59 90 02 16.7
3124 90 02 13.4
3140 S0 02 03.4
3:37 90 02 11.9
5/26 2:40 90 02 23.2
2:45 90 02 15.7
3:52 90 02 12,8
15,4 90 02 43.1
5/24 2:22 (ube 9.37 1.445-7.925 +58.3 90 07 41.3
2:25 90 07 39.0
227 90 07 47.6
42.6 90 08 40.9
5/26 2357  Lee 1.09 1,44540.355 -3.1 90 04 60.1 '
3:04 (Belio) 90 04 53.6
3:19 90 04 55.2
3:30 90 04 50,3
54.3 90 04 BL.?
5/24 448 Cupola 1.445 89 53 05.9
4:54 Schoolhouse 89 52 59.0
5/25  3:26  Hastings 89 52 51,3
3:30 89 52 53.5
89 52 57.4

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



Station ... BYexrs

Observer

Date

1923
5/30

5/31

6/4

5/31

6/4

COMPUTATION AND ADJUSTMENT OF ELEVATIONS

ABSTRACT OF ZENITH DISTANCES
State Texas

153

AsFeB. = E.Q.H.

Hoor

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

1:53
2:00
2:06
2:11
2:13
3:15
1:35
1:40
1:45

2:27

1:56
2:00
3:04

2:43

2:56
3303

2:33
2:38
244

Onszer
AROVE

OnrEct OBSZRYED RTIATION
-0
Meters
Cube 9.37
(Helio)
Bailer 1.2
(Helio)

Thornberry 3.01
(Helio)

Keele 1.92
(Helio)

Hastings 1.24
(Belio)
Tee 6.12

(Top of stand)6.2l
(Hello) 6.21

LX5C0 Rrpuc-
'"‘ sove Hiranrs T
S1amy t—o JonNG
=t Sramons
Meters Meters .

Instrument....YaQe. 308 o ooooees

Zx;
Distance

3.815 -5.556+74.1 90 06 53.6

3.815 +2.605 -33.2

3,815 +0.8056 -9.0

3.815 41,8956 -26.8

3,815 42.575 -32.9

3.815 =2.305 +21.0
«2.395 +21.8

90
90

07 05.7
06 54.5

20 06 95,7

90

90
90
90
90
20
90
90
90
20

90
90
90
90
90
9

90
90
90

90
0
90

90
90
90

06 88.6 90

05 42.5
05 33.4
08 26.3

05 35.1
05 30.4
05 39.4
05 44.4
05 47.8
06 45,6
38.2 90
04 33.0
04- 36.7
04 36.5
04 20.5
04 29.8
04 35.3
32.0 90
06" 02.1
06 06.3
06 015
03.3 90
05 47.7
Q5 48.2
05 47,8
47.9 90
04 40.7 90
04 46.8 90
04 51.8 90
90

Zenra
Diataxce

08 12.7

05 06.0

05 37.5

05 15.0

05 01L.7
05 08.6
05 13,6,
05 08.0

F16. 44.—Absiract of zenith distances for sample computation of elevations—Continued
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U. 8. COAST AND GEODETIC SURVEY

ABSTRACT OF ZENITH DISTANCES

Station _....Haller State —......Oklabhoma ... ..o ...
Observer A.F.3. Instrument.....Ya8. 109 ... . ...
- REDUC
Datx Houn OBMECT URIZRVED ;‘1‘3‘:‘2‘: T:‘.‘:':"EE{' BZ’&'.: b - Omsg:'ﬁm Corrzcrrn Zewra
mon s IS e
1923 Melers Melers Afeters . . ’ » . ¢ 4

6/2 2:20 Thoramberry 3.0l 1.415 ~1.595 +25.7 90 Ol 16.9
2123  (Helio) 90 01 18.1
2:28 90 01 19.3

18.1 90 O1 43.8&
2:42 Byers 3.61 1,415 -2,195 +28.0 90 02 24.6
2:46 (Helio) 90 02 29.2
2:50 90 02 25.2

26,3 90 02 54.3
2:55 Hastings 1.24 1.41540.175 2.0 90 05 01.5
3:00 (Hello) 90 04 59.7
3:05 80 04 55.1

90 04 58.8 90 04 56.8
3:12 Lee 1.09 1.41540.325 -10.2 89 58 56.1
3:17  (Mello) 89 58 51.8
3: 1 89 58 48.9

52.3 89 58 42.1

F16. 44.—Abstract of zenith distances for sample computation of elevations—Continued



Station ... Lo,

COMPUTATION AND ADJUSTMENT OF ELEVATIONS

ABSTRACT OF ZENITH DISTANCES

Observer .AsFeBs

1923
6/5

155

State ...._- (1) 1717, S, -

Instr bo... ¥e8..209 ..

2:10
2:15
2:18

2:25
2:29
2:34

2:43
2148
2:52
3:00
4:00

3:13
3125
3:31

3:50
3:52

3:56

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

B:33
5:40

Oeser
OnszcT OBSERVED s‘;:‘;:l;'
-0
Melers
Byers 3.61
(Helio)
Baller 1.2
(Hello)
9.28

ety

(Top of stand)9.14

9.14
9.14
9.14
Willis 1.77
(Hello)
Thornberry 3:01
(Hello)
Hastings 1.24
(Hellio)
School House
top, Hastings

6.415 +5.205 ~164.0 90
90
90

6.415 -2.815 +45.7 89
-2.725 +44.2 89

89

89

89

6.415 14.645 =-65.8 90
920

90

6.415 +3.405 -49.3 90
90

90

6.415 +5.175

90
90
80

6.418

20
90

R ERE WS owmmppe  cowgmps
- A)
Meters Afelers . . ’ " . . hd
6.415 $2.805 ~-25.6 90 06 15.5
90 06 21.3
90 06 20,7

19.2 90 05 53.6

07 53.2
07 55.2
07 59.4
55.9 90 0511.9

58 47.0
58 43.4
68 35.5
58 23.5
5 23.5

33.5

89 59 32,7
89 59 27.6
89 59 19.7
89 59 07.7
89 59 17.7
89 59 2.1

00 23.1
00 8.2
00 29.4

26.9 89 59 2.1

04 29.5
04 31.1
04 27.6
29.4 90 03 40,1

07 25.4
07 33.3
07 23.2
0733
29.3 90 06 43.6

05 41.4
05 43.1
42.2

F16. 44.—Abstract of zenith distances for sample computation of elevations—Continued
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ABSTRACT OF ZENITH DISTANCES

Station .. Thoraberry State TOX88 o
Obsorver .. AsFeBs = E.0.H. Instrument......Y:Cs. 209
b o omcomwn  SHE, ARET MR HE  oemmiee owmmET
=0 -t StaioNs
1823 Muters Meters Maters 4 . .
6/3 1:53 Byers 3.61 3.215 -0,395+4.4 90 04 34.4
1:56 (Helio) 90 04 35.5
2:02 20 04 31,0
33.6 90 04 38.0
2:07 Lee 1,09 3.215 +2.125 ~30.8 90 04 47.4
2111 (Relio) 80 04 44.7
2:19 90 04 48.3
46.8 90 04 16.0
2:29 Cashion 1.16 3.215 +2,055 -37.5 90 02 28.3
2:34 (Hello) 90 02 34.8
2:37 80 02 26.6
2145 90 02 35.3
3:23 S0 0218.2
2.6 90 01 51.1
3:00 Gamnmill 9.23 3.215 -6.015+71.8 90 00 01.3
3:08 (Hello) 90 00 05,9
3:12 80 00 14.1
3:20 90 00 04.2
05.4 90 Ot 13.2
3:30 Wllis 1.68 3.215 +1.535 -35.0 89 55 39.1
3:45 (Top of stahd) 89 55 37.8
3:50 89 55 40.3

39.2 89 55 04.2

F1G. 44.—Abstract of zenith distances for sample computailon of elevations—( ‘vntinued
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DEPARTMENT OF COMMERCE
U. 5. COAST AND GEODETIC SURVEY

157

Form 29
ABSTRACT OF ZENITH DISTANCES
Station Willis State Oklahoma.
Observer ... EsO.He = A.¥,B. Tnstrument 7.C. 108
OmEcr  TMISOTE  poryor Reoue
Die  Hove  OmmorOsmwes  gOE,  gaoE  Hums o cwgmobom  Compers Zpe
-0 -t STATIONS
1923 Mas  Mues  Mdm . . v . L
6/6  1:55 Gemmill 9.25 1,975 -7.256 4147.6 90 OL 21.7
2:01 (Helio) S0 0l 24.0
2:05 % Ol 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 80 06 88.1
4.9 90 07 48.9
2:55 Cashion 1.16 1,975 +0.815 -20.8 90 08 22.0
2:68  (Bello) 80 08 7.8
3:02 S0 08 22.8
22.2 90 08 014
6/7 8:10  (Light) 2.26 1,975 +0.715 -18.83 SO 07 56.7
8:20 % 07 50.9
8:25 90 07 46.9
9:15 90 07 45.9
50.1 90 07 31.8
20.6
8:40  Thormberry 3.11 1.975 -1.135425.9 90 07 54.1
8:45  (Lizht) 90 08 01.0
8:52 90 08 16.7
9:00 90 08 13.5
9:05 %0 08 13.6
9:08 90 08 08.8
90 08 08.0 90 08 33.9
2L
%0 09 03.5

FiG. 44.—Abstract of zenith distances-for sample vomputation of elevations—Continued
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DEPARTMENT OF COMMEREK
U.S. COAST AND GEODETIC SUAYVEY
Form 20

ABSTRACT OF ZENITH DISTANCES

Station .....Gammill State Oklshome
Observer ....AeFeBe n BeQeBeo Instrumeont....Yefa. 109 . . ..
EDUL-
Date IIove OBIECT OBSERVED ﬁﬁ:‘: T;.‘,“':‘Eg':g Hglril';"s ﬂl(::n:m Ol!%l,\’;:“%:"'l‘l c-:nsf‘l_'rx‘x-"?.l it
s -t = Sramions
1922 Maters Afeters 2Meters . . ’ - . ’ -
6/18  4:49 Lee 6.12 9.483513.215 -53.8 90 07 26.2
5:12 (Top of stend) 90 07 28.2
5:14 90 07 3l.7
29.0 90 06 35.2
5:26 Willis 1.68 9.,43547.766 -157.8 90 03 36.3
5:30 (Top of stand) 90 03 36.2
5:31 - 90 03 33.8
35.4 90 00 57.6
Station:_.Cashion State: Texas
observer: A:F-8..= . E.01t. Instrument:. V. Ce 109
11-815 &
Onsxcr  TELESCGRE puyy o ZDUS
Darz Hour OBJXCT OBSERVED sﬂﬁ& s"l‘z":‘;g)l :Tor :%?; B v i “ch‘ln'n Co;im z‘:
MrrEss MrTERs METERs STATIONS
1923
611 1:07 Viilis 1.77 1.365 =0.405410.3 89 56 2.2
1:10 (Hello) 89 56 14.0
1:14 89 56 16.0
17.1 89 56 27.4
1:35 Gammill 9.23 1.365 -7.865+4+92,2 90 Ol 43.1
1:35  (Helio) 90 01 53.0
1:40 90 01 45.0
1:49 90 01 36.0
90 01 42.2
43.9 90 03 l6.2
4126 Thornberry 3.01 1.365 -1.645+30.0 90 04 01.5
4136  (Helio) 80 03 59.6
4:41 0 7.

80 04 00.6 90 04 30.6
F1G. 44.—Abstract of zenith distances for sample computation of elevations—Continued
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COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIP-

ROCAL OBSERVATIONS
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Form 29A is used in computing differences of elevation from
(See fig. 45.) The coeflicient 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.

DEPARTMENT OF COMMERCE

Us . COAST AND GEODETIC SURVEY

Form 29 A

COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIPROCAL OBSERVATIONS.

Station 1, occ, Monument Cube Yonument Cube Keele
Sustion 2, obe, Keele Eeele Hastings Hastings |Hastings
L ] “ o r w . ] " o Ll ] s "
h 90 08 23,5 90 03 02.4 90 07 58.6 BO 05 17.5 |90 02 18.7
' 90 02 00.0/90 07 12.4 |90 02 9.8 HO 08 40,9 |90 O3 363
s - 6 23.5| +410.0 - 518.8| +323.4{ + 116.6
Y ) - 311.8] +205.0 - 239.4| +141.7 | + 0383
§ o=ty in necs, - 192.8{ + 125.0 - 159.4 | + 1017 ( + 383
Jog ditto 2.28285 , | 2.00661 2.20248,, | 2.00732 |1.58320
T } 4.68567 | 4.68557 4.68567 | 4.88857 |4.68557
Jogs 4,20560 | 4.29977 4.22395 | 4.44750 [4.08840
lloglotsa g g—t] | |1-27392,. | 1.08225 1.21201, | 1.14089 (0.33717
' 1og 4 ‘ + 2 + 2 + 2 + 2] + 2
log B ] [} [s] [b] ]
1og € ] 0 0 0 0 0
Tog (o) 1.27394,, | 1.08227 1.21208,. | 1.14041 (0.Z3719
hhy -18.79 +12.08 -16.29 +13.82 | +2.17
h l 329.90 298.80 329.90 28.80 | 310.99
h 311.11 210.88 212,61 312.62 | 313.16
alogs 8.6110 8.6995 8.6479 8.8950 | 8.1368
' log ped-2 g s 0.2850 0.4005 0.3521 0.1050 | 0.8632
pol (h~h;) . 2.45 o . 3-51', o 2,28 ol 1-?1’ .7-20 N
o nd mean ¢ 3.7 34,2(18.5 34,0 71.6 34.212.2 34.1(29.1 34.1
fib§—180° 16 23.5| 10 14.8 10 28.4| 13 58.4) 05 54.0
ot - 180° fn e, 623.5  614.8 638.4| 828.4| 3540
Tog ditto | | 2-7o48a | 2.78873 2.80609 | 2.92345 | 2.54900
1gs | | 6.803%4 | 6.80334 6.80496 | 6,80314 | 6.80394
colog e 5.69460 | 5.70023 5.67605 | 5.55250 | 5.93160
Jog M T 045 4.28454 | 4.28454 4.20454 | 4.28454 | 4.33454
Jog (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 (0.5—m) 4.08 3.98 4.45 7.85 1.27
arymematt IRD NN T W—em
310,99 313.19

Fi6. 45.—Computation of elevations and refractions from reciprocal observations
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DEPARTMENT OF COMMERCE
U- 5. COAST AND GLODETIC SURVLY

COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIPROCAL OBSERVATIONS.

Station 1, oce, Keele Cube Hastings Byers Hastings
Station 2, obs, Byers Byers Byers Baller Baller

i ° A - 0 4 v ¢« 4 o 1+ o« |l
t 90 Ol 54.6 89 59 43.7/90 02 43.1 90 05 05.0 90 04 39.2
b 90 05 37.5{90 08 12.7(90 05 15.0 90 02 54; 90 04 56.8
fHi-h +3 42.9| +8 29.0| +2 3.9 -2 10.7 + 0 17.5|
§ (et +1 5l.4{ +4 14.5| +1 16.0 -1 05.4 + 0 08.8
# (5.~ in secs, + 1ll.4] + 254,5/ + 76.0 - 65.4 + 8.8
log ditto 2.04689 | 2.40569 | 1.88081 1.81558,,| 0.94448
T 4.68557 | 4.68558 | 4.685857 4.68557 | 4.68557

[ togs } 4.16110 | 4.18949 | 4.20738 4.20908 | 4.25792

| 10g [s tan § try—t0] 0.91356 | 1.28076 | 0.77376 0.71018_,| 9.88797

f log 4 { + 2 + 2 +2 +2 +2
log B 0 0 0 0 0
log © J 0 0 ] 0 0
log (ha—hy} 0.91358 | 1.28078 0.77378 0,71020,,| 9.88799
[y + 8,20 +19.09 -+ 5.94 = 5,13 + 0.77

A } 310.99 298.80 313.19 218.73 313.19
b, 319.19 | 317.89 319.13 313.60 | 313.96
2oge 8.3622 | 8.3790 8.4148 8.4181 | 8.5168

Jog pa=92 log s 0.6378 0.6210 0.5852 0.5818 | 0.4842

pof (hy—h) Rl S8 ga.es. Lﬂ_ 3.82. 5,08
 sad mean ¢ 68.5 234.1 |30.3 34,0|24.7 34,1 .5 34,1{80.8 34.2
fith,—180° 7’ 32;1 o' 56.4| 07 53'-:1 o’ 59;3 o' 35’:—}
hhEs—180° in sec. 452.1 47.4 478.1 - 479.3 576.1
log ditto ] 2.65523 | 2.67797 2.67952 2.68061 | 2.76050
log» l 6.80488 | 6.80365 6.80349 6.80409 | 6.80511
colog 2 ] 5.81890 | 5.81051 5.79262 5.79097 | 5.74208
log 5 m T 38454 4.38454 | 4.28454 4.28454 4.28454 | 4.78454
Tog (0.5—m) 9.66356 | 9.67667 9.66017 9.66021 | 9.69223
©5~m) 0.4608 0.4750 0.4573 0.4573 | 0.4923 R
pol 0.5-m) 2.30 2.39 2.60 2.62 3.28
enEmAATeTIRD TS aTXE 318.73.—_ 513.76 110080

F16, 15.—Computation of elevations and refractions from recirrocal observations—Continued ,
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Form 20 A
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COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIPROCAL OBSERVATIONS.

Station 1, occ. Byers Hastinzs | Baller Byers Lee
sm.hmﬁ.nbf. Lee | Lee Lee Thornberry Thornberry
° I L o 1w ° [ o PN
5 90 05 08.0 90 04 51.7 | 89 58 42.1 90 04 23.0(90 03 40.1
f 90 05 53.6 |90 06 43.6 | 90 05 11.9 90 04 38.0(90 04 16.0
f=h +0 45.6[{+1 5l.9]| + 6 29.8 + 015,0| +0 325.9
(=) +0 22.8| +0 56.0| + 3 14.9 + 007.86/4+ 0 18.0
(5.~ in secs. + 22,8 + 56,0 + 194.9 + 7.8{ + 18,0
log ditto 1.25793 | 1.74819 | 2.28981 0.875068 | 1.26527
T ] 4.68557 | 4.68557 | 4.68557 4.68557 | 4.68557
| 1ogs 4.35434 | 4.36805 | 3.81606 4.26766 | 4.15328
R p— 0.39784 | 0.80181 | 0.79144 9.82829 | 0.09412
! og 4 l + 32 + 2 +2 +2 * 2
g B I 0 0 0 o 0
log € 0 0 0 0 0
 log (h—hy) 0.39786 | 0.80183 | 0.79146 9.82831 | 0.09414
ha=hy + 2.50 | +6.34 + 6,19 +0.67 +1.24
b ] 318.73 313.19 313.76 318.73 320,01
. 321,23 | - 319.53 319.95 319.40 321,25
2logs 8.7087 8.7361 7.632 8.5353 8.3066
log p=0—21logs 0,2013 0.2639 1.3679 0.4647 0.6934
p of (hy=hy) 1.96 1.84 23.23 2,92 4.94
«nd mean & a2 340 8872 2472565 34n2 86:z 34.1[7.8 3401
b1 1 0§ n'ssld  o'sao 09'01%0| o7's6.1
Bt E-190° imace. 661.4 695.3 234.0 541.0| 476.1
og ditto 1 2.82060 | 2.84217 | 2.36922 2.73320 | 2.67770
Yog o i 6.80428 | 6.80516 | 6.80455 6.80815 | 6.80317
oolog s 5.64566 | 5.63195 | 6.18394 5.73234 | 5.84672
Tog 201" 338454 4.38454 | 4.38454 | 4.38454 4.38454 | 4.33454
Tog (0.5~m) 9.65502 | 9.66382 | 9.74225 9.665623 |9.71213 -
©5—m) 0.4519 0.4611 0.5524 R 0.4521 |0.515¢ R
ol (05-m) ‘511 5.45 0.43 3,43 2.03
S PESRE L 1T G CPFRE 1i—0049
320,01 320.56

F16. 45.—Computation of elevations and refractions from reciprocal observations—Continued
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OEFARTMENT OF COMMERCE
3 surver

5. COASY AND GEODEDC
Form 29 A

COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIPROCAL OBSERVATIONS.

Station 1, occ. Lee Thornberry Lee Mllds
i

. Station 2, oba, Willis i mllis Gammill Gamnill
j > " e 1 n « 1 m e 1 w
b 89 59 21.1 89 55 04.2 89 59 21.1(90 03 50.3
% 90 07 48.9!90 09 03.5 90 06 35.2}90 00 57.6
r—h + 8 27.8| +13 59.3 + 7141 -2 52,7
(1) + 4 13.9] + 6 59.6 +337.0 -1 26.4
§ (.~ 1) in secs. + 253.9| + 419.6 + 217.0| -~  86.4
log ditto l 2.40466 | 2.62284 2.33646 | 1.93651
T 4,68558 | 4.68558 4.68558 | 4.68557
Jog s ] 4.16315 | 3,95628 4.10401 | 4.00605
loglstand (—sy] | : 1.25339 | 1.26470 1.12605 | 0.62813,,
log A I + 2 + 2 + 2 + 2
log B } o 0 o o
log C 0 0 0 0
log (hy=hy) L l.o5341 | l.esarz | 1.12607 | 0.62815,,
by +17.92 | +18.40 +13.37 | - 4.25
M ] 320.01 320.56 320,01 338.67
M 337.93 338.96 333.38 334,42
2logs 8.3263 7.9126 8.2080 8.0121
log p="—2log ¢ 0.6737 1.0874 0.7920 0.5879
pof th—h) 4.72 12.23 6.19 9.73

) i °© o - [y . °
a 80d mean ¢ 44.) 34.1[66.2 34.1) 87.1 34.2{14.7 34.1
Febgr18 o7'10001 04’ o707 05'56.3] 04’4709
Fobda— 1809 i e 430.0 7.7 356.3 28729
log ditto ] 2.63347 2,39393 2.55182 2445924
logs ( 6,30411 | 6.80483 6.80515 6.30526
cologs 5.98685 | 6.04372 | 5.89599 5.99395
log 321"~ 28454 4.38454 | 4.38454 | 4.38454 4,38454
log (0.5—m) 9.65897 | 9.52702 ! 9.63750 9,64099
(0.5~m) 0.4560 0.4237 0.4340 0.4376
pof (0.5—m) 2,12 1.6 1.03
TR ERY FEDNSS B = T DR

324,02

F1G. 45.—Computation of elevations and refractions from reciprocal ohservations—Continued
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COMPUTATION AND ADJUSTMENT OF ELEVATIONS

DEPARTMENT OF COMMERCE
U, 5. COAST AYD GEDOETIC SURVEY
Form 28 A

COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIPROCAL OBSERVATIONS.

j
! Station 1, oce. Mnbeﬂ'A Willis
t

Stasion 2, ole. Cashion | Cashion

! o L o ¢t M
f Iso 01 51.1 90 08 Ol.4
f 190 04 30.6 |89 56 27.4
ta=ha i+ 2 39.5|~ 11 34,0
$ 0 j+1 19.8 |- 5 47,0
§ (ty—ty) in seca. ¥ 798 347.0
log ditto 1,90200 2,54033
T ] 4.68557 | 4.68558
| 1og s 4,05335_ | 3.90728
| vog.00 tan 3 (5, =101 0.34092 | 1.1339,,
llogA ' + 2 + 2
log B i 0 (¢}
log C ] 0 0
log (h,—A) 0.64094 | 1.13321,,
-y + 4.37 - 13.59
n } 320,56 338.67
A 324,93 325.08
2logs 8.1067 7.8146
log pm=9-2log s 0.3933 1.1854
ol (hy—h) La' 7.82 Js.22
aand mean ¢ 7 '34:'0 15.2' 34.1
bt ta—190° 06 21.7 | 04’ 28.8
£1+$,—-180° in sec. 331:7 268.8
log ditto 2.58172 2.42043
loge { 6.80489 | 6.30329
colog s 5.94665 | 6.09272
log 24 =7 35454 4.38454 | 4.38454
log (0.5—m) 9.71780 | 9.70998
(0.5—m) 0.5222 R | 0,5128 R
pof (0.5~m)
i p—p—— — Ti—tew

325.03

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

The mean corrected zenith distances, {; and {., are taken from
Form 29. (See fig. 44.) Log s, the logarithm of the length of the
given line, e, 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 s’ 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 ({,—¢;) from minutes and seconds, to seconds, use the
tables at the bottom of pages 2-185 of the Vega Logarithmic Tables.
The logarithm of the value in seconds and the corresponding value of
T are found on the same page as the conversion, in each case, and
should be taken out at the same time. Log [s tan 14 ({:—{)] is the
sum of the three logarithms next above it. Log.4,log B, and log C are
obtained from the tables on page 232, which are self-explanatory.
The sum of these three logarithms and log [s tan 14 ({a—{1)] gives
log (ha—h;). The elevation A, in each case is obtained from preceding
computations.

The relative weights to be assigned to the various values of h,—5;
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 %,. By this formula a
line 31.6 kilometers long is given unit weight.

After the value of h; and its weight, p, have been determined, the
coefficient of refraction is computed by the formula,

_ite— 180°)p sin 1’/

0.5—m o8

in which m, the coefficient of refraction, is the ratio of the mean angle at
the two stations, between the tangent to the line of sight and the chord
joining the two stations, to the angle between the lines of gravity at
the two stations. The azimuth « of the line and the mean latitude,
¢, of the two stations are taken out to the nearest tenth of a degree
only. The radius of curvature, p, is taken from the tables on pages
220-222 with @ and “mean ¢” as arguments. The relative weight,
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P, to be assigned to each determination of (0.5~ m) is proportional
to s*. The logarithm of §* (or 2 log ¢) has already been taken out
for use in computing the relative weights of (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:

2.45:4311.11=762.2195
2.51 ¥.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 Kesle.
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 '

ho—hi=s cot (¢&;— k) ABC=s tan (90°—¢,+ k) ABC

(0.5—m) s

psin 17
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, ¢, 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
(t—o) are obtained from Form 29. (See fig. 44.) The quantities
log ¢, @ and mean ¢ are all obtained from the list of geographic
positions, or from the triangle and position computations. Colog p
is determined by subtracting the value of log p as taken from the
tables on pages 220-222 from 10. Log 4, log B, and log € 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 Thornbherry-Cashion line
it is 0.5222. Both of these values are rejected since they are greater
than 0.5. For the Byers-Thornberty line (0.5—m) is 0.4521 with a
weight of 3.43, and for the Thornberry-Willis line it is 0.4237 with a
weight of 0.82. The weighted mean value is then

(0.4521 X 3.43) + (0.4237 X 0.82)
3.43+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
W. 5, COAST AND GEODLTIC SURVEY

COMPUTATION OF ELEVATIONS FROM NONRECIPROCAL OBSERVATIONS,

Station 1, occ. Benton Baller Thornberry
Station 2, obs. Eeele Thornberry { Gammill

; Object sighted Eelio Hello Helio :

o 1 “ . u 8 PR

h 90 O1 58.4|90 O1 18.1 {40 00 06.4
o and mean ¢ 88.1 34.134.9 34.1|38.9 34.1
Tog (0.5—-m) 9.63248 9.66021 9.64992
Tog s 4.,18146 4,10702 4.23756
colog » 3.19485 3.19620 3.19606
colglinl” 5.31443 5.31448 5.31443 5.31443 5.81443 5.31443
Tog (k in secs.) 2.32320 2.27786 2.39797
Ein secn. 210.5 18916 250.0
@-ftbinscs | 492,10  |4111.5 | +243.6
log ditto 1.96426 2.04727 2.38668
T 4.68557 4.68557 4.63558
log s 4.13146 4,10702 4.23756
log (s tan (90°—¢,+8)]) | 0,833129 0.83986 1.30982
log 4 + 2 +2 +2
log B 0 0 [+}
lg C Q [+] Q
log (h—k) 0.83131 | 0.83988 1.30984

|

| b=y + 6.78 +6.92 +20.41

i| &

L —0.54 -1.60 -6.02

|| Correrted (g = By)) 4. 6.24 +5.32 +14.39

log p=9=2logs 0.6371 0.7860 0.5249

{P 4.34 6.12 3.35
Weighted mean cleration of als. obe.

1z

Fi1G. 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 ’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

Monument. 320.4n 1,052.3
Benton____ 301. 41) 058, 8
Cube._. - 29K, 50 980. 3
Gammill. _ . 333.35 1,088 7
Cashion_.__...__ 24, 65 1,065, 1

Assumed and adjusted elevations

Elevation
i Adju 1
Station Assumed, justed
plus cor-

rection Meters Feet

Meters
Keele 31141 310. 41 1,018. 4
Hastings, 313402 312.81 1,026.3
Byers 31945 318. 47 1,044.8
Bailer 314414 313.60 1,028. 9
Lee. .. 320415 319.75 1,049.0
Thornh - 3214-re 319. 90 1,049.5
Willis. . ........ 339417 338. 05 1,109.1

1 This ecolumn is filled in after the adjustment is completed.
FORMATION OF OBSERVATION EQUATIONS
There are just as many observation equations as there are computed

differences of elevation. They are tabulated in the form shown
below.



Formation of observalion cquations

Assumed | Observed Adjusted
3 dilTerence | ditference | Assumed difference | Adjusted
Station 1 Station 2 Weight of of minus Symbol of minus pr 2] et
p . | elevation | elevation | ohserved elevation | observed
ha— Ry a—hy . ha—hy r
1 2.45 —18.90 —~18.79 —0.11 + —19.49 =0. 7 —-1.72 0. 4900 1. 2005
2 1.45 +9. ti) -5, 24 +3.38 4+ 9. 01 +2.77 +4. 02 7.6729 | 1L 1287
3 2.51 +12.20 +12.08 +.12 +o +11.61 —.47 —1.18 L2209 L5545
4 2.2 —16.90 —16.29 —. 81 12 —17.09 —. 80 —1.80 . 5400 1. 4400
5 7.30 -+2.00 +2. 17 —. 17 | —ntre +2.40 +.23 1. 68 . 0528 <3862
6 1.27 +14. 20 +13.82 +.38 +12 +14. 01 +.19 +.24 . 0361 . 0458
7 3. 85 +h. 60 +5 94 +.06 | —r2tn: +5, 66 —.28 —1.08 0784 .3018
8 4.34 48, 00 45, 20 —.20 | —n+4mn +-R, 06 —. 14 -, 1 0196 . (851
9 4.18 +20.20 +19. 09 +1.11 +13 “+10. 67 +. 58 +2.42 . 3354 1. 4062
10 3.05 +1.00 +.77 +.28 | ~rtm +. 7 +.02 -+. 06 .0o12
11 P Byers. o oaeoooiiiaee - Bailer ..o 3.82 —5, ) —5.13 +.13 | —rn —4. 87 +. 26 +.99 . 0876 . 2582
12 | Hastings. Lee.. L3 | +7.00 46,34 +.66 | —retrs +6. 94 +. 60 +1.10 . 3600 . 6624
13 Bailer. ... 23.33 +6. 00 +6. 19 ~.19 | —1¢t15 +6. 15 —. 04 —. 93 . 0018 L0373
14 J 1.96 +1.00 +2. 50 —1.50 | —nat1s +1.28 —-1.22 —2.39 1. 4354 29173
15 4.94 +1.00 +1.24 —. 29 | —I1trs +.15 —1.09 —5, 38 1. 1881 5. 8692
16 Thornherry ... 2.04 +7.00 -+5.32 4168 | —ritzs +6. 30 +. 98, . 9504 1, 9592
17 Thornberry - 2,92 +2.00 +.67 +1.33 | —r4-76 4+1.43 +.76 . 5776 1. GE66
18 Willis_._. . 4.72 +19.00 +17.92 +1.08 | —rstrn +18.30 +.38 . 1444 . 6816
19 Willis .. e 12.23 +18.00 +18. 40 —.40 | —retx7 +18. 15 —. 25 0R25 7644
20 Gammill ... _.______ 6.19 +13.35 +13.37 —.02 —Is +13.680 +. 23 . 0529 .3275
21 | Thornberry ! | Gammill ... L2 +12.35 +14.38 —2.04 —Is +13.45 —.94 . 8836 . 9896
22 | Willis. _..__ 4 Gammillo_ .. ... 1 9.7 —5.685 —4. 25 —1.40 -1 —4. 7 —.45 . 2025 1. 9703
23 | Willis.._._. Cashion_ ... .ecoos 15,32 —14.35 ~13. 59 —. 7 —I7 -13. 40 +.1¢ . 0361 . 6531
24 | Thornberey.oooooooeeoe- Cashion_....coo.ocoaoos | 782 +3.65 +4.37 —.72 —rs +4.75 +.38 L1444 1. 1292
i
' = pr? 30.3529

1 Computed from nonreciprocal observations. Weight use:d here is one-third of that determined by the coruputation on p. 167.

SNOLLVATTH 40 LNIAWLSArAdV dNV NOILVLAdWOD

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, hs—h,, is determined from nonreciprocal observations the
weight, p, used in the adjustment is one-third of the weight determined
in the computations. The quantities in the fifth column are obtained
from the data given in the tables of fixed and assumed elevations on
page 168.

The observation equations are formed in the following manner:
First, take the equation for the difference of elevation of Monument
and Keele.

(1) Monument, fixed elevation =329. 90
(2) Keele, assumed elevation+ correction=311  +ux;
ha—h; (assumed) =—18.90+x,
hs—hy (observed) =—18.794 ¢
assumed —observed =—0.114+x,—r;=0
n=—0.11+x (1)

For the difference of elevation of Benton and Keele, we have

(1) Benton, fixed elevation =301. 40
(2) Kecele, assumed elevation+correction =311 4,
ha—h,; (assumed) =49, 60+x
hy—k, (observed) =+46.24+u
uassumed —observed =43.36+o— =0
n=+3.36+m 2)

The other 22 observation equations are formed in a similar manner.
The constant terms of the equations (—0.11 in equation 1, +3.36 in
equation 2, ete.) are placed in the column ““ Assumed minus observed ”’
and the symbols for the unknown corrections (+x; in equation 1,
+x; in equation 2, cte.) 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
cquations 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, pN, are given.
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Data for formation of normal equations

p N 1 2 3 4 ] 6 7 PN
1 2.45 —0.11 L 20 U [EEURVRPER DRSSP SR S R, —0. 2695
2 1.45 +4. 872
3 . 51 +.3012
4 2,25 —1.3728
5 7.30 —.17 -1 e S IR ORI PR F, —1,2410
6 1.27 4. 4526
7 3.85 +.2310
8 4.34 —. 8680
] 4.18 +4. A308
10 3.05 +. 7015
11 3.82 -+ 4066
12 1,84 +1, 2144
13| 23.33 —4.4327
14 1.96 —2. 9400
15 4.94 —1. 1856
16 2.4 +3. 4272
17 2.92 3. 8836
18 4,72
19| 12.23
20 6.19
21 1.12
23 9.73
28| 1532
2% 7.82

FORMATION OF NORMAL EQUATIONS

The normals are formed in the same manner as for condition
equations (see p. 11), except that the pN values are multiplied by
the coefficients in each numbered column in turn and the sums taken
for the constant terms in the normals. For example, the constant
term of the first normal equationis (+ 1 —0.2695) + (+1 X +4.8720)
+ (+1x+0.3012)+ (—1X —1.2410) + (— 1:< — 0.8680) = —0.2695 +
4.8720+0.3012+1.2410+0.8680 = +7.0127.

The constant terms of the other normal equations are obtained in
a similar manner. The complete set of normal equations is given
below.

Normal equations

1 2 3 4 5 6 7 7 A
+18. 05 —7.30 —41.34 +7. 0027 +13. 4227
+19. 56 —3. 85 —4. 2778 —. 7578

+2. 5626 6. 7426
+2. 2036 —+2. 2036
—9. MA5 —3. 7565
23 | Is.u32d +27, 8724
00 25, 4708 =+350. 5208

+21.07

- GO -
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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 cquations

1 2 3 5 8 7 4 n =
+18.05 | —7.30 —4.34 ... . B P +7.0127  |413.4227
2| 40443 | 2048 ool . . I —. 38851 | —. 74364
+19.58 ~3.83 B N e —3.05 —1. 2778 —. 7578
1| -29523 [ —1.7552 ... ... [P PO +2.8361 | 5 4286
+16.6077 | —5. 6052 —3.05 —1.4417 | +4.8708
I +. 33751 +. 18365 +.08681 [ —. 1zu..;
21,07 : | o—s82 :
1| —1.0435 .. - 1 P
2 | —1.8918 —1. 0294
+18.1347 | —2.85810 | =292 (L. —4. 8494 +3.7621  [+11. 5464
I | 41422 +. 26741 ~. 20745 | —. 63670
+42.9% —4. 44 —4.72 —23. 33 —0. 405 | —3.7565
2 —. 2039 | =87 ~. 1507 +. 5175
3 —. 3673 —. (o902 +. 5354 | +1.6433
+42.4088 | —5.3556 | —4.72 —24. 3581 —9. ’:‘0'2 —1. 5957
Is +.12629 | 4 11130 +. 57436 +. 2 —+. 03768
; : ~2 04 +15.9324  |+27.8724
3 L4702 | I ) +. 6057 | +1.8562
5 M —. 5951 —3. 0760 —1. 2086 ~. 2015
+20. 9231 |—12. 8261 —5.%068 | 4183205 (429, 53010
F O R +. 19708 —. 61235 | —.U865A6
’ +25.4708  |+50. 5208
5 —1. (652 -. 1776
6 +7.8566 | +12 6576
-|+35. 9771 —5, 2385
I; -+ 145651
+32.24
2 —. 5601
3 —1. 2968
5 | ~13.9903
6 —1. 1620 , 615 X
7 —. 728 16976 | +9.1733
+14.4680 | 57573 |-+20. 22513
I —.39793 | —1.39793
Buack solution
4 7 [ 5 3 2 1
~0. 39753 — 1. SO6TY —0. 1255 +0. 22568 —0.20745 | 0. 08681 —0. 33851
—. 05794 —. 07342 —. 22856 —. 10641 —. 07308 —. 12455
—. 30793 —. 40020 —. 10626 —. 17715 —. 02748 —. 07740
—. 40 —. 05468 —. 13504 —. 03531 —. 17764
I —. 05 ~1.10017 - —. 59246
x —-1.10 —. 24808 —. 52632 —. 19139 —. 59
£ —. 25 —. &3 —. 19 I
Is I3 x2

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
h;—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 (h,—h,) and is obtained by subtracting the quantity in column
6 from the corresponding quantity in column 9.

The column headed pv is obtained by multiplying column 10 by
column 4, and the column headed pt* is obtained by multiplying
column 12 by column 4.

As a check on the computation the sum of all the pv’s for any sta-
tion in columns 2 and 3 should equal zero, except for a possible dis-
crepancy of a few hundredths due to dropping decimal places in
adopting values for the x’s. In computing this check the sign of
the # must be taken into account. For example, for station Keele,
correction symbol x;, we have

Spo=(+1X—-172) + (+1X +4.02)+ (+1X —1.18)+ (—1X + 1.68)
+(—1X —0.61)=—1.72+4.02-—1.18_—-1.68+0.61= +0.05.

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

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

All the remaining x’s can be checked in a similar manner.
COMPUTATION OF PROBABLE ERROR

The probable error of an observation of unit weight derived from
the adjustment is determined from the formula:

Spot

N,— N,

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

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

log 36.3529=1.56054
colog 17=8.76955—10

Sprt
log N— Nu—0.33009

Iprt
log\/ N 2y, =0-16504

log 0.6745=19.82898—10
log probable error =9.99402 — 10

Probable error= +0.6745

Probable error (observation of unit weight)= +£0. 99 m.



174 TU. S. COAST AND GEODETIC SURVEY

This means that the reciprocal observations over a line 31.6 kilo-
meters (1924 miles) long, this being the length of line corresponding
to unit weight, determined the difference of elevation of two points
with such a degrec of accuracy that it is an even chance whether the
error is greater or less than 0.99 meter.

It is the general practice in the United States Coast and Geodetic
Survey to compute the probable error of the elevation for that station
of the net which is the farthest away from a fixed elevation and whose
elevation, therefore, is least accurately determined. The probable
error of this elevation can be very readily determined if the equation
involving it is eliminated last in the solution of the normals. For
example, in the net here considered the elevation of station Bailer
is assumed to be least accurately determined. The correction to the
elevation of Bailer is designated by z, in the adjustment, so the equa-
tion containing r, is eliminated last. (See p. 172.)

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

n e).2
. e)rm g ZEE

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 (,, is the
weight coefficient of the elevation for the station in question.
The weight coefficient for any x is the corresponding diagonal term
- before division in the solution of the normal equations. For a,, the
correction symbol for station Bailer, it is 4 14.468. (See p. 172.)
The probable error of the elevation of Bailer is therefore

(0.99)?
14.468

log 0.99=9.99402—10 (See p. 173.)
log (0.99)2=9.98804—10
log 14.468 = 1.16041

+

(0.99)° 7~ oo
log 71 755 = 8-82763— 10
(0.9 o
logy/ T4 gag = 94138210

Probable error of elevation of Bailer = +0.26 meter.
COMPUTATION OF ELEVATIONS OF INTERSECTION STATIONS

Figure 43 shows that Hastings High School was not occupied, but
was sighted upon from four stations, Monument, Keele, Hastings, and
Lee. After the final elevations of these main scheme stations have
been determined, the elevation of Hastings High School may be com-
puted from the non-reciprocal observations on it from the four stations.
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(See fig. 47.) The values of (0.5—m) used in this computation are
obtained in the manner explained on page 166. For the final elevation
of Hastings High School a weighted mean of the elevations deter-
mined from the four stations is taken.

DEPARTMENT OF COMMERCE
V. 5. COAST AND GEODLTIC SURVEY
Form 29B

COMPUTATION OF ELEVATIONS FROM NONRECIPROCAL OBSERVATIONS,

Station 1, occ. Monument Eeele Hastings Lee
Station 2, obs. Cupola H.S.| Cupola H.S{Supola H.3{ Cupola E.SJ.
Hastings Hastings Hastings| Hastings
!l Object sighted Top Top Top Top
o ¢t L3 o o L4 t a C 4
h 90 04 53.3 BO 00 29.6 |89 B3 57.4 90 05 42.2
aand mean ¢ 86.8 34.2 9.5 34.2 |20.8 34.2(78.9 34.2
1og (0.5—m) 9.67403 9.67367 9.66502 9.65706
logs 4,25195 4,19443 3.78252 4.41427
colog » 3.19485 3419663 3.19660 3.19491
rolggsinl” 5.31443 5.81443 5.31443 5.31443 5.31443 5.314438
log (k in secs.) 2043526 2.37916 1.95857 2.58067
in secs. 224 2394 90’9 380.8
“ [t [
(00— +1) in secs. -4 | +200.8 | . 5135 | +3.6
log ditto 1.33041.,.| 2,328 2.71054 1.58659
T } 4.68557 4,58558 4.68558 4.68557
log » 4.25195 4.19443) 3.,78252 4.41427
log {# tan (90°—1,+k)] 0.26793,,,| 1.20132 1.17864 0.68643
lg 4 2 2 2 2
log B 0 4] [+] [¢]
loz € 4] 0 0 o]
log (b~ ) 0. 26795“ 1.20134 1.17866 0.68645
j b=k -1.85 +15,.92 +15.09 -+ 4.86
i|h 329.90 310.41 312.81 319.75
t-o +2.12 + 2,12 +l.44 | * 6.42
Il Correvted etevation 330.17 328.45 | 320.3¢ | 381.03
j
Jug pm9~2log # 0.4961 0.6111 1,4350 0.1715
I, 3.13 4.08 27.23 1.48

Weighted mean cheration ofsla. obe. 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 elerations

Elevation
Statien

Meters Feet
Monument .o 329, 90 1,082.3
Benten____.___..____ 30140 Y88, &
Cube._.. R 208, 80 9%0. 3
Gammill__. R 333,35 1,088, 7
Cashion 324,65 1,065, 1
310 41 1,018, 4
312,81 1,026, 3
318, 47 1,044, 8
313. 10 1,028, ¢
31475 1,(49.0
319, 90 1,049.5
23805 1,100, 1

Hastings High Sehool cuy 3.4 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 corrections to
the observed values of these adjusted directions to make them
consistent. At station ‘“Monument” the angle from Grande to
Corpus as fixed from a previous adjustment is 55° 32’ 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

. Ohserved nary Difference

Station direction corrected (3-2) fi‘i’gf_g".’g
direction v

o ? ” 1 " "
Grande______.__ 25 00 2923 27.23 0.00 26. 47
Corpus.. ... R) 32 48,42 49, 11 +. 4 48. 35
Garcia._ ... 179 58 03.72 05,31 +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

DY
FXB_ g
This mean is then applied with opposite sign to each of the values in
column 3 to obtain the final values in column 5, which are the values
to be placed in the final seconds column of the list of directions at
Monument. (See fig. 48.) As a check on the computation the
direction to Grande should be subtracted from the direction to
Corpus and the direction to Corpus from the direction to Garcia,

177

in column 4. The mean of the three differences is
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using the values in the final seconds column. The angles thus
obtained should be identical with the fixed values given above.

BT O ey The rule to be followed
Fonm 24a - T — then in making the direc-
Station. Monument Computed by ... AsleDe . tions _alrez;ldy fixed consist-
obsorver GaYeHe 1917 Chockedby — MaEeRar ent with the new directions
is as follows: Take the ob-
Sza7i08 OBEzRVED Pmecrione A sweones  served direction at one of
- " the fixed stations as an ini-
tial and add the fixed angles
Ringold 0 00 00.00 in order to obtain a set of
¢rande 25 00 27.23 26.47 preliminary corrected direc-
Hebron 31 47 59.55 tions for the fixed stations.
Corpua 80 32 48.42 48.35 JTake an algebraic mean of
Pencho 118 19 55.00 th;‘. :11ffet.r_'ence:hobta;)ned b_zfl
1. o v
Garcia 179 58 .72 04,55 .0 TOO IS O 0OSArve
F1z. 48.—List of directions, with some directions previ- air e('t‘lon.s r ?nl t'hese cor-
ously fixed rected directions and apply

it with opposite sign to the latter to obtain the values for the final
seconds column.

NUMBER OF EQUATIONS IN ADJUSTMENT OF UNUSUAL FIGURES

Itfrequently happens that the mathema- Marsh
tician in forming equations for an adjust-
ment makes a mistake in using either too
many or toofew. 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 hoth have one concluded angle.
It would appear at first as if there were
only one side equation and no angle equa-
tions. There is an angle equation, how-
ever, due to the fact that the sum of the
interior angles of a quadrilateral must
equal 360° plus the spherical excess of
the quadrilateral. This equation is Tide

F1a. 49.—First example of unusual
formed as follows: triangulation Bgure
1 7

Surf

(-]
Angle at Tide, Surf to Rail (fixed) 61 09 52.0
Angle at Rail, Tide to Marsh (4 5) 135 09 30.6
Angle at Marsh, Rail to Surf (—1+3) 53 44 33.5
Angle at Surf, Marsh to Tide (—4) 109 56 13.2

Sum — (1) +(3)— (4} +(5) 360 00 09.3
As there is no spherical excess in this quadrilateral, we have
360° 00" 0070=1360° 00’ 0923 — (1) + (3) — (4) + (5)
or
0=+93—(1)+@)— (@) +(5)
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DZPARTMENT OF COMMERCE
UL & COAST AND GROONTIC SURVLY
Forma 25

COMPUTATION OF TRIANGLES

State:

NoO, BTATION OBSERVED ANGLE ~ CORR'N ETRIRL SPRERL  FPLANE ANOLE

ANGLE  ZxCk83  AND DISTANCR LOGARITIIN
23 Rail - Tide 3.437332
=142 1 Margh 16 25 20.7
+5 2 Rall 135 09 30.6
+1 256 3 Tide (8 =25 08.7)
13 Marsh - Tide 0.0
12 Marsh - Rail
23 Tide -~ Surf 3.614409
-2+3 1 Marsh 37 19 12.3
+2 - 3+4 2 Tide (32 44 34.0)
-4 3 surf 109 56 13.2
13 Yarsh - Surf .0
12 ¥arsh - Tide

F16. 50.—Triangle computation for Figure 40

Or the equation may be formed in another way. The sum of the
two concluded angles should equal the fixed angle at Tide. That is

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

Angle at Tide, Surf to Rail (+1—3+44—5) 61 09 42.7
Since the fixed angle at Tide, Surf to Rail, is 61° 09’ 52”0, we have
61° 00’ 42”7 +(1)— (3) +(4)— (5)=61° 09’ 52”0
or
0=+93—(1)+(3)~ () +(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 C D F E and two angle
and one side equations in the quadrilateral A B D C, or a total of
six equations. However, if the figure is built up point by point, it is
seen that there are seven equations, as shown below:

Number of equations

Station
Angle Side

o | -
N -
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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 C A D +angle A D E +angle D EC
+ angle E C' A— the closure=360°+ spherical excess.

A B

E F
Fi1G. 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.)

yageotia fl28 pote

3 -l
Baker L. H. e -

Eastern Point

1
Halftway Rock

Fi16. 52.—Triangulation figure requiring length equa-
tion instead of ordinary side equation

Side equation

-2
Baker L.H.—HalfwayRock| 3.588401 [ .cca....- Baker L.H.—EasternPoint| 4045264 |.c.... ...
e s+ » e ¢+ n
+2 47 46 5.1 9, 8895707 +L91 -24-3 22 43 2.5 9. 5868968 +5.03
-~1+3 169 14 06.0 9. 5406601 —5.55 +1 13 4 189 9. 3756496 -+8, 61
‘ 3. 0077308 3. 0078100

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

v Adopted r
1 —3.06 —1. 430 —1.4
2 0. 94 +3. 244 +3.2
3 —10. 58 —4. 045 —4.9

Solution of normal equation

0=—179.2+169.4636 C
C=+0.4074

DEPARTMENT O* COMMERCE
U & COAST AND GEODETIC SURVEY

Ctate:

COMPUTATION OF TRIANGLES

NO.

.
-3

-3

STATION OBSERVED ANGLE

23  Eastern Polnt-3cker L.H,

Iammolia fleg pole 159 14 06.0
2 Eastern Poln? 13 44 18.9
3 Boker L.H. 7 OL 35.1

1-3yagnolia flag sole-Baker L.H.

g SrUPRL SrmEm’r PLANE ANGLE
CORR'N Tycis zxcems  AND DISTANCE

12 Maznolia flzg pole-Zastern Point

23  Halfway Rock-Saker L.H.
1 Megnolia flag pole £2 43 22.5
2 Ralfway Rock 47 46 35.1

3 Beker L.H. 109 29 42.5
13 Magnolla flaz pole-Baker L.H.

3.5 02.5

1.4 17.5

+4.9 40,0

-8.1 14.4 14.4

+3.2 53.3 58.3

+4.9 47.4 0.1 47.3
0.1

1-2 Magnolia flag pole-Halfway Rock
F16. 53.—Triangle computation for Figure 52

IDENTICAL

EQUATIONS

LOGARITEM

4.045264
0.450320
9.375637
9.087605
3.871281
&.583190

2.588491
0.413144
9.369536
9.974356
2.871221
5.975991

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

Chamcook

Cooper

Fi1G. 54.~Triangulation figure for which “identical equation®
was selected

Angle equations

1. 0=+43.7—(1)+ 2+ (5)~(6)
2. 0=—24—(2)+(3)+(6)—(7)
3. 0=411—-@)+ B+ (M —(8)
Side equations
(-] ’ ” -] [ ”
-7 27 53 43.7 9.6701159 +3.98 +6 I 25 57 20.1 9, 6411809 +4.32
—8 16 52 3556 9. 4628623 +6. 94 +8 12 39 55.0 9. 3409405 +9. 37
-8 37 22 42.4 9. 7832437 +2.76 +7 59 13 35.2 9, 9340924 +1.25
8.90162219 8, 9162318
4., 0=-—9.9—11.26(6) —5.28(7) —12.13(8)
-13 —8
Rye-Chamecook 4.4295047 |ooomaae - Rye-Collins 4.314581 |__.___.__
+8 12 39 55.0 9, 3409495 +49.37 +2—4 150 27 310 9. RY2RG29 —-3.72
—243 126 08 45.1 9. 9071522 —1.5¢ -7 27 53 43.7 9. 6701159 +3.98
3. BTT6051 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

1 2 3 4 5 =,
1
2
3
4
5
6
7
8
Normal equations
1 2 3 4 5 " Za
1| +4 | =2 | +11.26 +5.28 43.7 | +22.22
2 +4 |22 —6.03 —10.78 —2.4 | —19.21
3 +4 48,90 —7.57 +1.1 2,43
4 +301.277¢ | —134.4735 —9.9 | +160.0339
5 +147.5149 | +13.0 | +12.9514
Solution of normal equations
1 2 3 4 5 7 Xa
+4 ey 2 (R +11. 26 +5.26 +3.7 -+22, 22
G +.5 [t ~2.815 ~1.315 —.925 —5. 555
+4 -2 —6.03 -10.78 —2.4 —19.21
I S T +5.63 +2.63 +1.85 +11.11
+3 -2 —.40 —8.15 —.55 —8.10
(o +. 66667 +.13333 +2. 71667 +. 15333 +2.70
4 +6.90 —7.57 +1.1 +2.43
2 | —1.333 —. 2667 —5.4333 —. 3667 —5.40
+2. 6667 +6. 6333 —13.0033 +.7333 —2.97
(4 —2, 4875 +4. 87625 ~. 27 +1. 1137
4301 2774 —134.4735 —9.9 +169.0330
1 —31. 6969 —14. 8069 —10. 4155 —62. 5403
2 —.0533 —1.0867 —.0733 —1.0800
3 —18. 5003 +32. 3456 —1.8242 -+7. 3878
-4-253.0269 ~118.0215 —22.2130 +112. 7924
[} L4 +. 08779 —. 44577
+147. 5149 +13.0 +12.9514
1 ~6.9169 —4.8655 —29.2193
2 ~22, 1409 —1.4941 —22.0050
3 —~£3. 4073 +3. 5759 —14. 4525
4 —E5. 0500 —10. 3611 +52. 6104
—.0002 —. 1448 —. 1450

183
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DEPARTMENT OF COMMERCE

. 2. coMT tnD caouetic sumCH COMPUTATION OF TRIANGLES
State: .. Malne e
[
No. ETATION OBSERVED ANGLE ~ CORR'N STUENL Srmpmi  PLANE ANGLE LOGARITESM

23 Coox r-Rye 4,1907:70
=142 1 Mag ¢ 29 0.9 0.1
+5 2 Cooper 25 52 15.7 0.1
-6 3 Rye 119 38 27.5 0.2

13 Mag-Rye :3.7 0.4

12 Mag-Cooper

2.3 Cooper-Collins 4,5286319
1A 1 Mag 160 38 06.0 0.1
+5 2 Cogper 6 09 35.8
-7 3 Collins 13 12 19.7 0.1

13 M=g-Collins =1.3 0.2

12 Mag-Cooper

23 Rye-Collins 4.3145841
243 1 Mog 125 08 45.1 0.1
+6 2 Rye 25 57 20.1 0.1
=7 3 Collins 7 53 43.7 0.1

1.3 Ueg-Colling +2.4 0.3

12 Msg-Rye

23 Collins-Chamcook 4.2621872
~3+4 1 Mag 83 = 43.9 0.2
+7 2 Collins 59 13 25.2 0.1
-8 3 Chamcook 37 22 42.4 0.1

1-3 Mag~Chamcock -1.1 0.4

1-2 Mag-Collins

23 Chamcook~-Cooper 4.5299291
+1l-4 1 Mag 115 58 10.1 0.3
+8 2 Chamcook 29 11 30.8 0.3
-5. 3 Cooper 24 50 17.6 0.3

13 Mag-Cooper +2.4 0.9

12 Mag~Chamcook

23 Chamcook-Rye 4.4295047
$2-4 1 Mag 150 2 2.0 0.1
+8 2 Chemcook 12 39 55.0
-6 3 Rye 16 &2 35.5 0.1

13 Yag-Rye -1.3 0.2

12 Meg-Chamcook

F1. 55.—Triangle computation for Figure 54
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A careful inspection of the side equations on page 182 will show
that both equations relate to the quadrilateral Rye-Mag-Chamecook-
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

0O—Tall ..O—Ridge ,O—Stump ,O—Muketeo L. H.
O—Muketeo L. H.”* O—Tall ~ O—Ridge ~ _ O—Stump =1

Substituting the sines of the angles opposite the sides for the sides
we have
sin (—3+4)_sin (—6+7)_sin (—9+10)Xsin (=2)_
sin (—5+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

1.



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.

; 8 7 . Tal
T
S!um; 3 &

Muketo L. H.

Fia. 56.—Quadrilateral with pole at intersection of diagenals

The remainder of the adjustment of the quadrilateral is simiar
to the one previously adjusted on pages 29—41.

Angle equations

1. 0=+4+4 9~ (1 +(3)— (M +(10)
2. 0=—20—-2)+ ) —(5)+(6) .
3 0=434—(H+H—(B)+ () —(8)+(9)
Side equation
o ’ ” © r ”
—3+4 139 26 0u.8 9. 8131113 —2.5 —8498 186 03 51.3 | 94420329 +7.3
—6+7 7 26 41.4 9. 1125005 +16.1 —142 S) 24 455 | 9.943%014 i
—9+410 76 04 521 9. 9870570 +.5 +3 11 53 01.8 | %.3137156 +10.0
=2 11 37 25.5 9. 3042404 +10.2 =848 17 03 20,9 | Y.4673165 +6.9
8. 2169182 §. 2169564

4. 0=—38 2+0. 4(1)—10. 6(2) — 7. 5(3)—2. 5 () +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 cquations

12| 3 4 = p | Adopted
1 -0 | 222 | +22
2 -312 | -2.81 | -28
3 —Ls0 | —s | -8
4 +Ls0 | -2 | =3
5 —62 | .42 | +5
8 360 | +23 | +2
7 +im | =7 | -8
8 46 | +23 | 424
g -Ls6 | -5 | -2
10 +r0 | -2 | -2
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Normal equations

187

1 2 3 4 7 T c
1| 44 | -2 40,08 +4.9 +6.98 —2.1752
2 +1 2 —4.36 —2.0 —.36 +1.8162
3 +6 —. 18 +3.4 +49. 22 -1, 8869
4 445,008 | —7-A4 | 432 0083 +.3420
Solutiorn of normal equations
1 2 3 4 " =)
e —2 +0.08 +4.9 46,08
C1 +.5 — 2 —1.225 —L 745
) a —4.38 —2.0 —.36
Cs -.5 +1.09 +.5 +. 00
+8 — 18 43.4 4. 22
1| -1 +.04 245 43.40
2] —1 2.18 +1.00 +4.18
+4 +2.04 +6. 85 +12.89
Cs —.51 ~1.71256 | —3.2225
45, 0058 —7.54 432, C088
1 —. 0016 —. 008 —. 116
2| —4.7524 —2.180 —. 3004
3| —1.0404 —3.4935 | —6.5730
+30.2144 | —13.4115 | -+25.8020
Ca 40.34200 [ —. 85800
Back solution
4 3 2 1
+0.34M | —L7126 | +0.5 ~1.225
— 1744 +.37R —. 008
+.9434 —. 9431
—1.5860
+1.8162 | —2.1752
Compuiation of v's
1 2 3 4 5 )l 6 7 8 9 10
42175 | —1.816 | —2.175 | +1.816 | —1.816 | +1.816 | —L.887 | +L8S7 | 42175 | —2.175
+.027 | —.725 | 41.887 | ~1.887 | +1.887 | —1.573 | +1.101 | +.499 | —1.887 | +.034
—.513 | —. 171 | +4.472 —.533
+2.202 | —2.541 +. 43 -, 786 | 42388 —2.141
+2.2 -2.6 - 301 - gA2 -+|- 543 .2 -~.8 2. 4 - ;.45 -2.1
- — .5 -
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DEFPARTMENT OF COMMERTH
©. 5. coasY

M
ooka 4y EzoncTic suavir COMPUTATION OF TRIANGLES

State: .. Massachusaetts........... ..

No. STATION ODSCRVED ANGLE  CORRN SFEERY S/ren  FLANE ANCLE LOOARITIM
2.3 Muketeo L. H. - Stump 5.526870
=910 1 Ridge 76 04 52.1 ~1.9 50.2 0.01:944
1 +3 2 lMuketeo L.H. 11 53 01.8 -0.8 0l.0 9.21T708
-1 3 Stump g2 02 11.0 -2.2 08.8 9.9%9726
13 Ridge ~ Stump -4.9 2.8535:2
12 Ridge - Muketeo L.H. 3.589540
04.9
23 Muketeo L.H. - Stump 3.526870
=56 1 Tall 17 03 20.9 -0.3 20.6 0.532685
2 44 2 |lMaketeo L.H. 151 19 11.6 -0.3 11.2 9.681169
-2 3 Stum 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
58.0
23 Muketeo L.H. - Ridge 3.539540
=5+7 1 Tell 24 30 02.3 ~1.3 0l.0 0.23:2283
3 -3+4 2 Muketeo L.H., 139 26 09.3 +0:5 10.3 9.812110
-84+ 9 3 Ridge 16 03 51.3 2.6 48.7 9.442014
1.3 Tall ~ Ridge -3 3.734918
12 Tall - Muketeo L.H. 3.363822
03.4
23 Stump - Rldge 2.853522
-647 1 Tall 7 26 41.4 -1.0 40.4 0.837506
4 -142 2 Soump 80 24 45.5 -4.8 40,7 9.993890
-840 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

FiG. 57.—Trianygle 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 sond Hill
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 Pouund Island L. H. In
triangle No. 4, Figure 59, the angle at Ten ]

. Eastern Point L. H.
Pound Island L. H. is the sum of the tWo . s Guadrileeral having 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. 1In triangles Nos. 1and 3,
+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

~~._Ten Pound Island L. H.

A
‘} Ramparts flag

—14243—5 (Ten Pound Id. L. H. between Ramparts flag and
Bond Hill}=121 02 30.1
The angle at Ramparts flag in triangle No. 4 is obtained by sub-
tracting from 180° 00’ 00’°.0 plus the spherical excess (which in this
case is 070) the sum of the angles at Bond Hill and Ten Pound Island
L. H., using the proper designations as shown below.

o 1 144

—3+4 (Bond Hill) =30 52 02.6
—14243—5 (Ten Pound Id. L. H)y=121 02 30.1
—14+244—5 (sum of 2 angles) 151 54 32.7

180 00 00.0
+1—-2—445 (Ramparts flag) 28 05 27.3

After these angles have heen 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 cquation

o ’ ”
—14243—-5 | 121 02 30.1 9. 9328756 -13
—4| 13 58 300 9, 3320144 +8.5

=5+6 | 40 43 19.0 9, 8145064 +2. 4

9. 1302964

o ’ ”
=344 |20 52 0286
+6 |70 5 353
| =142 |16 00 190

©.7101620 +3.5
9. 4756521 +0.7
O 4344218 +7.3

9. 1302359

0=460. 5--8. 6(1) —8. 6(2) +2. 2(3) —12, 0($) —1. 1(5) +1. 7(B)
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NoO.

+3-5
1. +5

<

-4

a2
+56

=1¢2

-2
-4+5

4, ~3+4
=-1+2

-5

23

. COAST AND GEODETIC SURVEY

Correlate equation

’ » Adopted ¢
1 +8.6 -1, 7 -1.7
2 —8.6 +1.73 +1.7
3 2.2 —, 44 -4
4 —~12.0 2,41 R
5 —11 .22 +.2
[ +L7 —.34 -.3

Solutinn of normal equation

0==4-60. 5+300. 86C
'=—0. 2011

| COMPUTATION CF TRIANGLES

State- .. Nassachusgtts

GEIERYLD A%GLE corpis STRFRL Srmven FLANE ANGLE

ANGLE  EXCESS

Eastern Pt, L.H.~ Bond Hill

Iven Pound I4.L.H., 104 55 11.1 =0.6

ZZastern Pt.L.H.
3Bond Hill
Ten Pound Id.L.H.-Bond Hill
Ten Pound Id.L.H.-Eastern Pt.L.H.

1.3
1.2

23

1

"
i

3

13
12

23

1
2

3

13
12

30 16 16.3 +0.2
44 50 2I.6 +0.4

Eastern Ft.L.H. - Bond Hill

95 O1 54.7 +2.7

Eastern Pt.L.H. 70 89 35,2 -0.2

13 53 30.0 ~2.4

Ramperts flag ~ Bomd Hill
Ramparts flag - Eastern Pt.L.E.

Eastern Pt.L.H.-Ten Pound Id.L.H.
Ramparts flag (123 O7 22,0 ) -2.9
Eastern Pt.L.H. 40 43 19.0 -0.5
Ten Pound I4.L.H.16 09 19.0 +3.4

Ramperts flag-Ten Pound Id.L.H.

Remparts flag-“astern Pt.L.H.

23 Bond Rill ~ Ten Pound Id.L.R.
1 Remparts flag (38 05 2*.3) -5.6

2 Bond Hill

30 52 02.6 +2.8

3 Ten Pound I4.L.E(121 02 30.1) +2.8

13

Ramparts flag-Ten Pound Id.L.H.

1-2 ' Ramparts flag-Bond Hill

FIG. 59.—Triangle computation for Figure 58

D DISTANCE

10.5
16.5
23.0

S7.4
<5.0
27.6

19.1
18.5
22.4

2.7
05.4
32.9

LOGARITEM

3.517770
0.014326
9.702512
9.8482838
3.236108
3.380334

3.517770
0.001677
$.575652

»232894
3.495099
2.902341

3.3805384
0.077010
9.814505
9.444447
3.272399
2.902541

3.235108
0.227119
9.710172
9.922872
3.272359
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 circum{erence of the
circle which passes through the
vertices of the fixed triangle, the
problem is indeterminate, since
any point on this circumference
would have the same values of the
angles P’ and P’’ (or the supple-
ment of one of the angles).

The formulas used in the com-
putation are as follows: From the M
known sides «a, b, ¢, and the known
angle A4 of the triangle A B C,
and the observed angles A P O=P’ and A P B=P’’, the problem
is to find the angles A B P and A C P.

F16. $0.—Quadrilateral, three-point problem

For cases 1 and 2, let S=180°~'/, (4 +P’ +P""),
and for case 3, let 8=/, (4—P'—P");
_csin P’
Let tan Z =bsin P
and tan e=cot (Z +45°) tan §

Then angle A B P=S8 +¢, and angle A (' P=8—¢ if tan e is positive,
and angle A B P=8—¢, and angle A ( P=8 +eif 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 5=3.644409. The
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problem is to find the angle at Apple between Surf and Edwards
and the angle at Tide between Edwards and Surf. After these
angles have been determined, the logarithms of the lengths are

U. 8. COAST AND GEODETIC SURVEY

computed on Form 25.

DEPARTMENT OF COMMERCE
. 5. COAST AND GEODETIC SURVEY
Form 853

COMPUTATION OF THREE-POINT PROBLEM

_Case 2 Case 3

1
1
]
\\\ : I,'
~ [} ’
N ] 4
L N PO L
N
P
Cases 1and 2 Case 3
P’ 21 38 06.8 P’
P 84 12 57.9 P
A 86 20 42.3 -_——
T Sumn
Sum 192 20'47.0 A
136um 96 10 23.5 -
A-sum
S=2180°~15 sum = 83 49 36.5 S=14 (A~sum) =
Logc =  4.109221
Logsin P’ =  9.566668 -10
Cologh =  6.355591 -10
Colog sin P”=  0.002217
Sum=log tan Z=  0.033697
z- $ i3 140
Z+45°= 92 13 14.0
Log cot (Z+45%)=  §.588556, 10
Log tan S= 0.965928
Sum=log tane=  9.554484,-10 (sign « )
o n
] 19 43 21.1
S 83 49 36.5
(Tan e+4) (Tan e-)
S+e¢=angle ABP 64 06 15.4 S—¢=angle ABP
S—¢=angle ACP 103 32 57.6 S+e¢=angle ACP
BPA 84 12 57.9 APC 21 338 06.8 PCB 29 18 51.3
ABP 64 06 15.4 PCA 103 32 57.6 CBP 44 50 04.0
PAB 3L 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 57)

SSYERIRIERT FARTING AR 11--8610

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

State: .....Naine.
R —

NO. STATION ODSERVED ANOLE ~ CORR'N SZEve Sramh  FLANE ANOLE LoGaRITHM
23 Apple-Surf 4.109221
1 Tide 74 14 10.9 -4.6 06.3 0,016651
2 anple 19 16 12.3 =0.9 11.4 9.518537
3 surf 86 29 45.9 =3.5 42.4 0.1 42,3 9.999187
13 Tide-Swrf -9.0 0.1 3.644409

12 Tide-Apple 4.125059
23 Apple-Surf 4,109221
1 Edwards 84 12 57.9 57.9 0.0022127
2 Apple 64 06 15.5 0.1 15.4 9.954045
3 Surf 31 40 46.8 0.1 46.7 9.720299
13 Edwards-Surf 0.2 4.065483
12 Edwards-Apple 3.931737
23 Apple-Tide 4.125059
1 Edwards 105 51 04.7 04.7 0.016837
2 Apple 4 50 04,1 0.1 04.0 9.843226
3 Tide 29 18 5l.4 0.1 6l.3 9.639841
13 Edwards~Tide 0.2 3.950122
1.2 Edwards-Apple 3.831737
23 Surf-Tide 3.644409
1 Edwards 21 38 06.8 06.8 0.433331
2 surf 54 48 55.6 9.912382
3 Tide 103 32 57.7 0.1 57.6 9.907742
1.3 Edwards-Tide Q.1 3.950132
1.2 Edwards-Surf 4.065982 43

F1G, 62.—~Triangle computation for three-point problem
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ADJUSTMENT OF A FIGURE WITH AN x-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 “i,’ 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-
Tide  Qurf, 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

Surf Rail

@

Aople £2____ | fe of the fixed stations is designated
7 Edwards “z.”” In this example, the direc-
Fi6. A3.~Triangulation figure for which an *x" tion to Edwards from Surf is des-

direction is used

ignated “x.” By using the fixed
angles of the triangles Tide-Apple-Surf and Rail-Tide-Surf and the
angles in triangles 3, 4, and 6 computed by the three-point problem,
it is possible to obtain the angles of the triangles Edwards-Surf-Rail
and Edwards-Rail-Tide. Care must be taken in computing these
angles to obtain their proper designations.

The angles of the triangle Edwards-Surf-Rail are computed as
follows:

< ’ 17

Angle at Surf, Tide to Apple, 86 290 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 (4x) 92 41 31.6
Angle at Edwards, Surf to Rail (—2-3) 18 18 16.0
Sum (—2+3+%) 110 59 47.6
180° +spherical excess, 180 00 00.1
Angle at Rail, Edwards to Surf (+2—3—=2) 69 00 12.5
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COMPUTATION OF TRIANGLES

No. STATION OBSERVED ANGLE  CORE'N S/t

Srmxat  PLANE ANGLE
axczm AND DISTANCE LOGARITHM

23 Apple-Sucf 4.10922-
1 Tide 74 14 10.9 4.6 06.3 0.016651
1, 2 Apple 19 16 12.3 -0.9 11.4 9.518537
3 Ssurf 86 20 45.9 -3.5 42.4 0.1 42.3 9.999187
13 Tide-Surf =9.0 0.1 3.644409
12 Tide-Apple 4.125059
23 Tidc-Surd 3.644409
1 Reil 80 57 35.0  -3.0 32,0  0.005430
2. 2 Tide 61 09 33.5 -1.5 52.0 9.942508
3 Surf &7 52 36.7 0.7 36.0 9.788143
13 Rall-Surf =5.3 0.0 3.592347
12 ‘Rail-Tide 3.4379823
23 Apple-Surt £.109221
=}+2 1 Edwards 84 12 57.9 +0.1 58.0 58.0 0.002217
3. +1-2¢x 2 Ajple 64 06 15.5 +2.9 13.4 0.1 18.3 9.954048
-x 3Surf 21 40 <6.8 3.0 43.8 0.1 43.7 9.720289
13 Edwards-Surf 4,065486-1
12 Edwards-Aople 0.2 3.831727
23 Aople-Tide 4.125059
=144 1 Edwards 105 51 04.7 ~0.2 04.5 04.5 0.016837
4,41-24x 2 Aople 44 50 0O4.1 +2,9 07.0 0.1 06.9 9.343223
+2-4-x 3 Tide 29 13 51.4 -2.7 43.7 0.1 48.6 9.639831
13 Ed7ards-Tide 0.2 3.990129-1
12 Edwards-Apple 3.831727
23 Surf-Rail 3.592347
=233 1 Eivards 18 18 16.0 0.0 16.0 16.0 0.502579
5. +x 2 Surf 92 41 21.6 43.0 24.6 02 34.5 €.958520
+2-3-x 3 Rail 69 00 12.58 -3.0 09.5 09.5 9.e270139
13 Edwards~Rail 0.1 4.094846
12 Féwards-Surf 4.065445

F1G. 84.—Triangle computation for Figure 63
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bzl-am;um orF COMMERCE

s s e COMPUTATION OF TRIANGLES

State: ..Maine

NoO. STATION OBSERVED ANGLE ~ CORR'N MIEINL SrEwi  PLANE ANOLE LOGAMTIIN
23 Surf-mide 3.644409
<244 1 Edwerds 21 38 06.8 -0.2 06.5 06.5  0.423333
€. 4x 2 Surf 54 438 55.6 +3.0 58.6 58.6 9.012336
4+3-4-x 3 Tide 103 32 57.7 =2.7 55.0 0.1 54.9 9.987743
13 Edwerds-Tide 0.1 3.990128
1.2 Edwards-Surf 4.065485
23 Rail-Tide 3.437582
=244 1 Edwards 3 19 50.8 -0.3 50.6 1.235822
% -2424x 2 Rall 11 57 19.5  +3.0 22.5 9.316316
A2-4-x 3 'ride 164 42 49.7 =-2.7 47,0 9.421033
1-3 Edwardg-Tide 0.0 3.990130_2
12 Edwards~Rail 4.094847_1

FiG. 64~Triangle computation for Figure 63—Continued

The angles of the triangle Edwards-Rail-Tide with their proper
designations may be obtained in the same manner. In this triangle
the angle at Edwards is an observed angle, the angle at Rail is ob-
tained by subtracting the angle at Rail in triangle No. 5 from the
fixed angle at Rail in triangle No. 2, and the angle at Tide is obtained
by adding the angles at Edwards and Rail, and subtracting this sum
from 180° plus the spherical excess of the triangle.

To make sure that the angles of the triangles have been correctly
taken out they are checked as follows before the adjustment is made.
The angles in triangles 3, 4, and 6, determined by the three-point
problem, are checked by computing the lengths. (See fig. 64.)
The other two triangles are checked by adding the angle at Tide in
triangle No. 6 to the fixed angle at Tide in triangle No. 2 to obtain
the angle at Tide in triangle No. 7.

Angle at Tide, Surf to Rail, 61 09 52.0
Angle at Tide, Edwards to Surf (+2—4—=z) 103 32 57.7

Angle at Tide, Edwards to Rail (+2—4—2) 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 treated just the
same as the numbered corrections in forming the equations. Since
there are four lines from station Edwards, there will be two side



SPECIAL PROBLEMS 197

equations, one involving directions 1, 2, 4, and z, the other 2, 3,4, and .
As both these equations contain z, it is possible to eliminate the x
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

-3
Surf-Tide 3.644409  [aeoo..-.- Surf-Apple 4.100221  |..o.ooo.
-] ’ ”n o ’ ”
+z 54 48 55.6 9. 9123816 +1.48 —~2+4| 21 35 06.8 9. 5666685 +5.31
+2—d—-z 29 18 5.4 9, 6498412 +3.75 |[H1—24x| 44 50 041 9, 8432267 +2.12
—-142 84 12 57.9 9, 9977834 +.21 —z | 31 40 46.8 9, 7202996 +3.41
3. 2444152 3. 2444155

1. 0=—0.3—2.33 (1)+11.39 (2)—9.06 (4)—0.98 ()
Or (z)=—0.3061—2.3775 (1) +11.6224 (2) —9.2449 (4)

Tide-Rail 3.437982 |- Tide-Surf 3.644400 |.o.._..__.
—243+r 11 & 19.5 -| 9.3162360 +0.94 —34-4 3 19 50.8 8. 7641754 +36. 18
—244 21 38 06.8 Q. 5666685 -+5.31 +z 54 48 55.6 9. 9123516 —+1.48
2.3209365 2. 3200690
2. =—32.5—15.25 (2)+46.12 (3) —30.87 (4) +8.46 (z)

Multiplying equation 1 by g—gg (=8.633) and adding to equation

2 we obtain the combined equation with the x eliminated.

0=— 2.59—20.11 (1)+98.32 (2) —78.21 (4) —8.46(x)
2. 0=-32.5 —15.25 (2)+46.12 (3) —30.57 (4) 4-8.46 (x)

0= —35.09—20.11 (1)+83.07 (2)+46.12 (3) —109.08 (4). (This cquation
shoud be divided by 10 before cntering it.in the table of correlates.)

Correlate equation

1 » i Ado"pted
1 —=2.01 —0. 033 0.0
3 +8.31 -+. 136 +.1
3 +4.61 +. 076 +.1
4 —10.91 —. 179 —.2
T -+3. 0u8 +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 a field position were available
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for Edwards, the approximate direction for Surf to Edwards could
be obtained by an inverse position computation between Surf and
Edwards instead of by the three-point problem. It is only necessary
to know this direction closely enough so that the tabular difference
of the logarithm of the sine will be practically the same for the approx-
imate angle as for the final angle. If the z-correction obtained by the
adjustment is large, it is no indication that the observations are
poor but only that the computed direction is considerably in error,
In some cases involving very small angles it may be necessary to
make a second adjustment unless the changes in the small angles
necessary to make the lengths check are estimated and the tabular
differences are corrected accordingly before the solution of the equa-

tions.
ADJUSTMENT OF INTERSECTION STATIONS

Observations are sometinies made upon an intersection station
from four or more main scheme stations. Only three of the observed
lines should be used in the adjustment but these three should be
selected to give the strongest intersection at the new station unless
the field computation indicates that a more accurate result can be
obtained by using some other combination of three lines. In forming
the side equation the pole should be so selected as to include the two
smallest angles in the adjustment. In Figure 65 are shown four
examples of intersection stations. The way in which the pole is
selected in each is explained below.

In case No. 1, the smallest two angles being P A C and P B C, the
pole should be taken at P. In case No.2, A P B and A B P are the
smallest angles, and so the pole should be taken at A, the fixed
lengths 4 C and 4 B being used in the formation of the equation.
In case No. 3, C P A and C A P are the smallest angles and so the
pole should be taken at C, the fixed lengths ¢ B and €' 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 T 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

Case 2 Case 4

FI6. 65.—~Typical figures in adjustment of intersection stations

it does, exactly. When making this check for the *‘divided” line,
or the last lme 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 bé 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 T column, which it does, exactly. In the next 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 +50.9180 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 hbold-faced type. In the second line of the solution we find
that the sum of —0.70—0.23334+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 +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 soluiion 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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TIn the same way, for the second line of the solution of equation 4,
all the omitted terms except one will be found in eolumn 4 in the sec-
ond line of the solution of the other equations. The exception is the
quantity in the sum line of equation 2 which must be multiplied by
—1. The omitted terms for the third line of the solution of equa-
tion 4 are obtained in a similar manner.

Particular care should be taken in the solution of normal equations
to guard against compensating errors since they usually cause a
great deal of trouble and may not be found until the triangles are
computed. For example, if a mistake is made in one of the constant
terms in the n column and a counterbalancing mistake in the = col-
umn, the solution will check and the errors will not be discovered
until the triangles are solved.

Solutio 7 equations, tncludis -rms usually omitle
Solution of normal equations, including term ually omitted

1 2 3 4 n .
+6 +2 —2 +0.70 +L22 +7.92
-1 C —. 33333 ~+. 33333 —. 11867 —. 20333 —1.32
+2 +6 —+2 —15, 81 - 47 —f 23
—2(n| —.0e67 +. 6667 —. 2333 —. 4067 —2.64

0 +5.3333 +2, 6GR7 —16. 0433 —. 8767 —8.02

0 -1 ¢:| = s00m +R 00514 4. 16438 | 4167251
-2 +2 +6 —. 54 —1.80 +3.57
+2 +.6667 (1) | —. 6667 +. 2333 +. 1087 +2.64

0 —2.6667 (2) | —1.3333 +8. 0217 41358 +i4g

0 0 +4 47,7150 —LO450 | +10.67

0 0 -1 Ca | —192875 406125 | —2 6675

+.70 {-15.81 —.54 T TR +5.13 +107. 2544

—.70 | —.2333 +.2333 (1) —. 0817 — B3 —. 2210

+16.0433 480217 (3) | —48 2605 —24372 | —26.%3%

0 0 —5.7150(3) | —14.5503 +2.0155 | —20.5798

0 [1 0 +54. 5519 -+4. 3660 -+-58. 112073

0 0 0 -1 G —. 08003 —1. 08003

INVERSE POSITION COMPUTATION

It sometimes becomes necessary in the adjustment of triangulation
to compute the azimuths and length of a line joining two stations
which are fixed in position, but which have not been directly con-
nected by the observations. In order to compute this line an inverse
or back computation must be made. This computation can be made
on Form 26 or Form 27 (see Special Publication No. 8, p. 14), but
it can be made more easily and simply on Form 662.

An example of an inverse position computation on Form 662 is
given in Figure 66. The formulas for the computation are given at
the top of the form. The table for the correction of arc to sine is given
on the back of the form. (Do not confuse this table with the table
given on page 17 of Special Publication No. 8, sixth edition, which is
an entirely different table.) Triangulation stations Spencer and
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Peterson are fixed in position (latitude and longitude) and it is de-
sired to determine the azimuth, back-azimuth, and length of the line
The form is self-explanatory and needs no

Spencer to Peterson.

DEPARTMENT OF COMMERCE
U.S COAST AND GEODETIC SURVEY
Form 82

B sin a+e‘$

ANy CO8 bay
=Eh 208 4

—=Ag; cos %}

non (s =720

—Aa=A\ sin ¢ €eC -A:—‘+F(A\)‘

INVERSE POSITION COMPUTATION

in which log A\;=log (A —)\) —correction for are to sin®; log A¢,= log (¢/—¢) ~correction for arc to sin®; and log sw=log s+

correction for arc to sin%,

’

NAME OF STATION

S 4 59 00.715 | Spencer A 123 05 41.248
2 ¢ 44 30 38.203 | Peterson Y 122 88 05.537
A (=¢’—¢) + 31 37.578 AN (=N—N) -7 35.711
A A
3 1+ 18 48.789 T -3 47.856
Ag’
en(=e+%) 4 14 49.50 .
8 (aeen) + 197,57 4 (aecs) -455.711
tog 44 2.2731567 log a3 2.6586896 ,,
cor. arc—sin — 18 cor. are—sin — 1
log a4x 3.2781382 log an 2.6586895 »
M
log cos 3 9.5295597 log cos ¢,, 9.3551177
colog B, 1.4394742 colog An 1.4905502
log {s. eos(a+A2—")] 1.7376721  (opposite fn sign to a¢) log{s. sin (¢+‘-¥) 4,0047974 "
lon{s, cos (¢+Af) _4.7676720 m
log A\ 2.€533896, [3lgar( 7.976 | logtan (a+9,—“) 9.2371253 .
Tog sin ¢ 9.3427024 g F 7.348 { o+ ‘-‘,1' 189 17 40,69
Iog se0 &2 0.0000026  [1gb | 5.824 |rogsia (at) | 9.2307183
loga 2.5022966 4 log cos (a+9,—') |_8.2936220
s -Zl7.58 log 8, 4,.7740491
b 0,00 cor, are—sin 4+ 16
-

e (secs.) -317.58 log s 4.7740507
- . -1m.5e N 59436.15

- 2 38.99
¢+ef 139 47 40,69 * Use the table on the back of this form for cozrestion of

to sln,
«lton) 189 45  0L.70 preted
b + 5 17.%8
180

o (2te ) S 50 19.€8

Note.—For log s up t0 4.52 and for A$ or AX (or both) up to 1, omit all terms below the heavy line excopt those printed
in heavy type or those underscored, if using logarithms to 8 decimal places.

F1G. 66.—Inverse position computation, Form 662

detailed explanation. It should be noted, however, that the quadrant

in which the angle (a+%—a—‘) occurs depends upon the algebraic signs

of the quantities sin (a+%ﬁ and cos (a +é§)- 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,isobtained in two ways, first by subtracting

. ; . A .
log sin (a + ATa) from log ][ & sin (a + ?a) } and second by subtracting

log cos <a+éf,g) from log { 8 COS <a+é)of)}-

Table of arc-sin corrections for 1nverse position compulations

Arc-sin Arc-sin Arc-sin

rorrection correction correction

log s, in units of lo%er log & in units of l"%;“ log & iu units of log a¢
g 8 seventh log AA 8 & seventh log AA g & seventh I °:n

decimal of 8 decimal of v decimal of o8

logarithms logurithms logarithims
4177 1 2. 636 5.223 124 3.732 5. 525 07 4. 033
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. 534 519 4.043
4. 478 4 2. 987 5. 253 142 3. 782 5. 53! 530 1. 048
4. 526 5 3.035 5. 260 147 3. 769 5, 54 541 4. 052
4. 566 [] 3. 075 5. 269 153 3.778 5. 548 553 4, 057
4. 599 7 3.108 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 3. 163 5. 294 172 3. 803 5, 581 588 4,070
4.677 10 3. 189 5. 303 179 3. 812 5. 566 600 4. 075
4. 697 11 3.206 5. 311 188 3. 820 5. 570 613 4.079
4.718 12 3.235 5. 318 192 3. 827 5. 576 625 4. 084
4. 734 13 3. 243 5. 326 199 3. 835 5. 570 637 4. 088
4. 750 14 3. 259 5. 334 206 3. 843 5. 583 650 4. 092
4. 765 15 3.274 5. 311 213 3. 550 5. 587 663 4. 096
4.779 16 3.288 5. 319 221 3. 858 5. 591 674 4. 100
4. 792 17 3.301 5. 356 228 3. 865 5. 595 657 4. 104
4. 804 18 3.313 5. 363 236 3. 872 5. 600 702 4, 109
4. 827 20 3.338 5. 369 243 3.878 5. 604 716 4.113
4. 857 23 3. 5. 378 251 3.885 5.6808 729 4. 117
4.878 25 3. 385 5.383 259 3. 802 5.612 743 4,121
4. 892 27 3. 401 5. 390 267 3. 899 5.616 757 4, 125
4.915 30 3. 424 5. 396 275 3. 905 5. 620 771 4,129
4. 936 33 3. 445 5. 403 284 3.912 5.624 785 4, 133
4. 956 36 3. 464 5. 409 292 3.918 5.628 800 4,137
4.972 39 3. 481 6. 415 300 3. 924 5. 632 814 4, 141
4. 088 42 3.497 5. 422 309 3,931 5. 636 829 4. 145
5. 003 45 3.512 5. 42 318 3. 937 5. 640 845 4. 149
5.017 48 3. 526 5. 434 327 3. 943 5. 644 861 4. 153
5. 035 52 3. 544 5. 440 336 3. 949 5. 648 877 4. 157
5. 051 56 3. 5! 5. 446 345 3. 955 5. 652 8§93 4. 161
5. 052 3. 571 5. 451 s 3. 960 5. 656 4, 165
5. 076 63 3. 585 5. 457 364 3. 966 5. 660 925 4, 169
5. 090 87 3. 599 5. 462 373 3. 971 5. 663 941 4,172
5.102 71 3.611 5. 468 383 3.977 5. 667 957 4.176
5.114 75 3.623 5. 473 392 3. 982 5. 671 073 4, 180
5. 128 80 3. 637 5. 479 402 3. 958 5.674 989 4, 183
5. 139 84 3.648 5. 484 412 3. 993 5.678 1006 4. 187
5. 151 89 3. 660 5. 489 422 3.998
5. 163 94 3.672 b. 495 433 4, 004
5.172 98 8. 681 6. 500 443 4. 009
5.183 103 3. 6 5. 505 453 4,014
5. 193 1 3. 702 5. 510 464 4,019
5. 205 114 3.714 5. 515 474 4, 024
5.214 119 8.723 5. 520 436 4. 029

Fi6. 67.—Arc-sine corrections for inverse position computation, back of Form 662

The values of a and log s determined by this inverse computation
may be checked in the following manner. Starting with the azimuth,
Peterson to Spencer, 9° 50’ 19768, the logarithm of the length,
Peterson to Spencer, 4.7740507, and the fixed latitude and longitude
of Peterson, 44° 30’ 387293 and 122° 58’ 05”537, the 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.
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

e to )
y & +
a 12, Peterson to 1. Spencer 9 50 19,63
Aa - 5 17.58
180
@ J1.  spencer to 2. Peterson 1891 45 | 01,70
First Angle of Trianglle
o ’ " ° ’ "
L4 44 30 §38.293 2. Peterson 3 122 58 | 05.537
ap | - ' €1 | 27.579  |s= Al o+ 7‘ 25,711
¢ 43 l 59 J 00.714 4 , 1. Spencer 'y l 15 I 05 l 41.248
s 4,7740597 s 9.54810 ~h 3.2731
cosa| 9.9935651 sin*e | 8.46537 (°¢)*] 6.5564 | s"sin’«| 8.0135
B | 8.5105055 C 1.39664 D | 2.3025 E .2020
h 3.2781213 9.41011 8.9489 7.4926,
1st torm, +1397,: 2358 8 ferm, +0.0,8'89 (a3) 7.976
2d term. + 0.2571 | ith term. -0.0031 b 7.343
+1397.4929 ' 5.819
3dand {1k terms, -+ 0.0858 8 4,7740307
—Ag -+1397,57387 sina 9.2326331 Arg. AR 2.63585899
He+e) [44 14 49.53 | A 8.5090166 s =63 Lind(p+¢)| 948437035
sece’ 0.145945¢4 [ al +4 lseci(ad) 46
2. 6§858‘9§g Corr, -59 2.5023970
U st s A4 1 4 4s5.m14 —ae | 4mz,079

Fi6. 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 ohserva-~
tion, whether derived from the observed longitude or from the
observed azimuth. This relation may be expressed as follows: If
¢s is the geodetic latitude; N\, and A, the astronomic and geodetic
longitudes respectively; a, and o the astronomic and geodetic
azimuths, respectively, then

€08 ¢g(A,—Ag) = —cot polan— o),

or (a,—ag)t+sin ¢ \—Ag)=0,

Or ag=sin (58 O\A—ka)'l'a.u
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 aceuracy 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
Swrvey in determining the true geodetic azimuth is to establish
Laplace stations; that is, make astronomic observations for both
longitude and azimuth at various stations along the continuous arcs
of triangulation. Then at each Laplace station the observed azimuth
is corrected for the deflection of the vertical by means of the Laplace
equation, and the true geodetic azimuth obtained. The true geo-
detic azimuth is then held fixed in the adjustment of 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
1s 143° 16" 15755; the observed astronomic longitude of Parkersburg
is 88° 01" 48730; the geodetic longitude (that computed through the
triangulation) of Parkersburg is 88° 01’ 49700; the geodetic latitude
of Parkersburg is 38° 34’ 51752; and the geodetic azimuth of the line
Parkersburg to Denver is 143° 16" 15764.

The computation necessary to obtain the true geodetic azimuth of

the line Parkersburg to Denver can best be arranged as follows:
[+ 4 77’

Astronomie longitude of Parkersburg, A, = 88 01 48.30

Geodetic longitude of Parkersburg, Mg = 88 01 49.00
)\A - )\G = - 0 70

Sine of geodetic latitude of Parkersburg, sin ¢ = +0. 624
Sin ¢G (XA_XG) = _0 44

Astronomic azimuth, Parkersburg to Denver, ¢, = 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”7 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. 88
and 89 of the Figurc of the Earth and Isostasy from Measurements
in the United States.) Let ¢, A, and ¢’, A’ be the latitudes and longi-
tudes of the given stations. It is required to find the distance, s,
in meters betveen the stations (f being the arc distance) and the
azimuth ap and the back azimuth ap of the line joining the stations.
Let, e=90°—¢, ¢c=90°—-¢",x=% (¢—c) €*sin® % (a+¢),

a' =a—w, c’=c+x, B=N—A,
tan 3 (A’—C")=sin % (@’ —¢') csc & (a’+¢’) cot % B,
tan ¥ (A’+C")=cos } (@'—¢’) sec 1 (@’ +¢’) cot % B,
sin b=sin B sin a’ csc A’ =sin B sin ¢’ ¢sc (7,
and b=60
Then ay=180°— (",
ap=180°+A4’,

and ¢ (in meters)= (f in seconds) (i}

[T

or s (in miles) = (9 in seconds) (711>’< 0.00062137

In the formulas ahove 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’ 200 and 99° 08’ 3770,
respectively, and the latitude and longitude of Washington, D. C.,
as 38° 53’ 23”0 and 77° 00’ 3470, respectively, the distance and
azimuths between the two cities are coniputed as follows.
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Sample computation of long distance

-] 1 1

o 4 144

¢ 19 27 20.0| % (A'—C) —44 30 55

A 99 08 37.0{ 14 (A'+C" —84 28 33

¢’ 38 53 23.0| A’ —128 59 28

A 77 00 340 | C’ —39 57 38

a=90°—¢ 70 32 40.0} ar=180°—C’ 219 57 38

¢=90°—¢’ 51 06 37.0 ) ap=180°4 4 51 00 32

Y (at+cy=%(a'+c") 60 49 38.5 | logsin B 9. 57608,~10

14 (a—¢) 9 43 01.5 | logsin a’ 9. 97433-10

B=N-—\ —22 08 03.0logcsc A’ 0. 10944,

% B —11 04 OL5 —_—

34 (a—c¢) in seconds 34981. 5 | log sin @ 9. 65985-10

log ¥4 (¢—c) in seconds 4. 54384 log sin B 9. 57608,-10

log sin? 14 (a+4-0) 9. 88218-10 | log sin ¢’ 9. 89148-10

log €* 7. 83050-10 | log cse C’ 0. 19229,

log z 2. 25652 log sin &8 9. 65985-10

z 180%5 oo
° ’ ”" [/ 27 11 21

o =a—zx 70 29 39.5 | @ (in seconds) 97881"

e’ =ctzx 51 09 37.5 | log (8 in seconds) 4. 99070

14 (a’ —c') 9 40 01.0 [ colog A 1. 49062

ig: :is: ié tz’,:_‘:,)) 8 ggg;g_m log ¢ (in meters) 6. 43132

Jog cot 14 B 0. 70864, log 0.00062137 6. 79335-10
" S o7 dn

log tan 34 (4'—C") 9. 99265,-10 lsO%itf x(xlzt:;lsl; ) . "7;,3;9145

log cos ¥4 (a’—c¢") 9. 99379-10 8 (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 quadrilateral by
means of the side equation one is usually able to find the direction or
directions which should be rejected in the adjustment.

The side equation test should be made in the following manner:
Add together the coefficients of the terms of the side equation, dis-
regarding their signs. Divide the constant term of the equation by
this sum. The result is the approximate average correction that
must be applied to a direction to eliminate the discrepancy in the
figure and should not be greater than 074 for first-order work.
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For the following example the quadrilateral used (fig. 69) is one
taken from an arc of first-order triangulation executed in 1925, and
it illustrates very clearly the value of the side equation test.

The four triangles in this quadrilateral (see fig. 70) have closures
of 0705,0715, 0749, and 0739, or an average of 0727, disregarding
the signs. These small 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 +3737, respectively, and that the angles at Spur be-
tween Anarchist and Gillespie and
between Oroville and Anarchist
required corrections of +3%78 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
thé 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

> Spur
F1:. 69.—Quadrilateral used in side equation test
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If necessary, the test may be further extended by using the third
and fourth vertices as poles in forming other side equations. In
most cases, however, especially if only one direction is in error, it
can probably be located by the second test.

DEPARTMENT OF COMMERCE
[ T

A COMPUTATION OF TRIANGLES
State: .. Waabington .. ... ...

NO. STATIONS OBSERVED ANGLE CORR'N SIBERL Srmmy  FLANE ANGLES LOGARITHM
23 Gillesnie - Spur
~546 1 Oroville 77 53 50.51
-10411 2 Gillesple 54 50 54.68
-749 3 Sour 47 10 15.78
1-3 Oroville - Spur -0.05 0.92
1-2 Oroville - Gillespie
00,97
2-3 Gillespie - Spur
=142 1 Anarchist 35 39 53.10
«10+412 2 Gillesnie 123 44 27.67
-849 3 Spur 20 35 40.14
1-3 Anarchist - Spur -0,18 0.76
1-2 Anarchist - Gillesoio
00.91
2-3 Gillespie -~ Oroville
~143 1 Anarchist 64 31 19.43
=11+122 Gillesple &8 53 32.99
4456 3 OQroville 4 35 08,71
1-3 Anarchist - Oroville =-0.49 0.64
1-2 Anarchist - Gillesple
01.13
2-3 Spuwr -~ Oroville
=243 1 Asarchist 2 51 26.33
748 2 Spur 26 34 35.64
-4+6 8§ Oroville 124 33 59.22
1-3 Anarchist - Oroville -0.39 0.80
1-2 Anarchist - Sgur
01.19

Fi1G. 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 3(8) g=1" 724, The second test with the pole at Gillespie gave
an approximate average correction of ,,—:3%—1’.’ 52, the third with the
pole at Spur, a correction of ,,g ? 1710, and the fourth with the pole
at Oroville, a correction of gg——%=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 ’ ”

—10+12 | 123 44 27.67 9.9198919 | —1.41 -89 20 35 40.14 9, 5462360 +5. 60
~74+8 25 34 35.84 9, 6506395 | 4-4.21 =446 | 124 33 59.22 9. 9156471 —1.45
—4+5 46 35 08.71 9.8611781 | +-1.99 —11+12 68 53 32.%9 9. 9698351 +.81

9. 4317595 9.4317212

0=+38.3—3.44(4) 4 1.99(5) +1.45(6) —4.21(7) 4-9.81(8) — 5.60(9) +-1.41
(10) +0.81 (11) —2.22 (12)

383 _1ro4
30.9
Side equation with pole at Gillespie
(-] ’ ” o 14 ”
—749 | 47 10 1578 | 9.8653320 +1.95 || =546 | 77 58 50.51 | 9.9903732 | +0.45
—4+5 | 46 35 03.71 | Y.8611781 41,99 [| =143 | 64 31 1943 | 9.9585679 | +1.00
—1+2 | 35 39 8.10 | Y.7656995 4204 || —849 | 20 35 4014 | 562360 | +5.60
9, 432105 9.4921771

0=+33.4—1.94(1) +2.94(2) — 1.00(3) — 1.99(4) +2.44(5) — 0.45(6) — 1.95
(7) +5.60(8) —3.65(9)
33.4

5.0 1752
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Side equation wilh pole at Spur

L] ’ " -] ’ ”
~—446 | 124 33 59.22 9.9156471 | —1. 45 —243 23 51 26.33 9. /836143 +3.52
—1+2| 35 39 53.10 9.765995 | +2.u4 —104-12 | 123 44 27.67 9, 9195919 —1.41
10411 | &4 50 5468 9. 4125588 | +1. 48 —5+6 w88 80.41 9, 9903732 +.45
9, 5939049 9. 5038794

0=+25.5—2.94(1) +6.76(2) —3.82(3) +1.45(4) +0.45(5) — 1.90(6) — 2.89
(10) +1.48(11)4+-1.41(12)

2531110
23.1
Side equation with polc at Orouville
o I ” o ’ ”
—-143 64 31 19.43 9. 9555679 | --L.00 —1l412 63 63 32.99 9. 9698381 +0. 81
—10411 | 54 50 5168 | 6.u12553 | 4148 ~7HY | 47 10 1598 | 9.8653320 | +1.05
~7+8 | 26 34 3561 | 9.6500895 | +44.21 ~243 | 28 51 2633 | 9.68G143 | +43.82
0. FISBIET 0. 5187353

0=+30.4—1.00(1) +3.82(2) —2.82(3) —2.26(7) +4.21(S) — 1.95(9) — 1.48
(10) +2.29(11) —0.81(12)
30.4
70_()_1”48

Anarchist

2™ Spur

F1c. 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 are.

Angyle equations
0=+40. 05— (207) 4 (208) — (210) 4 (212) — (219) 4+ (220)

1.
2. 0=+40.39—(210)4+(211) — (216) + (217) — (218) 4 (220)
8. 0=40. 49— (208) 4 (209) — (215) + (217) — (218) + (219)
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DEPARTMENT OF COMMERCE
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CalsT AN GLooCTiE Uiy COMPUTATION OF TRIANGLES
State: .Woshington ... ..
~o. ETATIONS OBSERVED ANGLE  CORR'N SPEERL Eemmnx  FLANE ANOLZS LOGARITHM
2-3 Gillesnie - Sour 4,3872451
21942201 (Qroville 77 58 50.51 2.5 31.45 0.71 51,24  0.0036364
-207+4208° Gillespie =i 50 54.63 -1.26 £3.42 0.51 33.11  9.%125589
-210+213B  Sgar 47 10 15.73 40,27 15.05 0.30 15.75 6.8533323
1-3 Oroville - Spur -0.05 0.92 4.5794283
1-2 Oroville - Gillespie 4.:2622056
2-3 Gillespie - Spur 4.53875454
-2154716! Anarchist 35 39 53.10 -3.2849.82 0.25 48.57 0.22343109
-207+2092 Gillespie 123 44 =27.67  -0.8527,02 0-25 25,77 9.51%8531
-211+218  spur 20 35 40,14  +3.7843.92 0.26 43.66 9.5133557
1-3 Anarchist - Sour -0.15 0.76 4.5414504
1-2 Anarchist - Gillesple 4.1€73130
-3 Glllesple - Oroville 4.2622056
-2154+207  Anarchist 64 31 19.43 +0.0919.52 0.21 19.21 0.0444321
-208+2092 Glllespie 68 53 32.99 +0.5133.60 0.21 33.39 9.9653384
-21347198 Oroville 46 35 08.71 ~1.1907.52 0,22 07.20 9.3511733
1-3 Anarchist ~ Oroville -0.49 0.64 4,2764761
1-2 Anarchist - Gillespie 4.1673130
2-3 Sour - Oroville 4,3094238
-216+217! Anarchist 28 51 26.33  +3.3729.70 0.27 2.43 0.2163738
2204712 Spur 26 34 3%.66 -3.5132.13 0.27 31,86 $.5505736
-213+220% Oroville 124 33 55.22  -0.2558.97 0.28 58,71 9.9156473
1-3 Anarchist ~ Oroville -0,39 0.80 4.2764782
1-2 ,Anarchist ~ Spur 4.5414504
F16. 72.—Triavgle computation for quadrilateral used in side equation test
Side equation
-] ’ " o ?
—207+208 | 54 &0 maes |0 +148 | =24 | 77 5 Y, 99037327 | +0.45
—204211 | 26 34 356t | v K —=20i4017 [ 28 51 (5361433 . ]2
—2I%4219 ] 46 33 0871 |9 —s4ug | 68 33 32 .
—2154216 | 25 3v 310 |4 214212 | 3% 014 |4 SAC23508 | +5 60
5. o rwmwing
4. 0=463.72—1.48(207) +2.20(208) — 0.81(209) —1.21(210) + 9.81(211)

—5.60(212) —

2.94(215) 4 6.76(216) — 3.82(217) — 1.99(218) + 2.41
(219) —0.45 (220)
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Correlale equations

Adopted
1 2 3 4 . v !

207 e S I S, —1.48 —-2.48 +10. 636 +0. 64
208 +1 | -1 +2.20 +2.24 - 022 —. 62
209 | eao-. +1 —. 51 +.14 —. 0OL4 —.01
210 -1 -1 —4.21 —6.21 +1.081 +1.08
b1 5 B (R [ o S +4.51 | 410.81 —2.435 -2.48
212 b oF S (PR [, =500 —4. 60 +1. 34 +1.35
215 S | —2 04 —3.94 +1. 067 +1.06
216 || =1 |oco_... A+, 76 +5. 76 —2,22] —2.22
217 +1 —3. 82 —1.82 +1.154 +1.15
218 -1 —1.99 —3.99 +. 478 +.48
219 =1 |- +1 =+2 4 +42. 44 - 07 —.71

20 +1 +1 | —. 45 +1.55 +. 229 +.23

Normal equations

1 2 3 4 7 pory ¢
+6 2 =2 —0. 51 +0.05 +5. 54 —0. 21996
+6 +2 +4.98 +.39 +15.37 +. 32198
+8 +.45 +.49 tad | Zo2hg
+232. 4606 +63. 72 +301. 1006 | —. 28102

RECTANGULAR COORDINATES

The results of the triangulation computed by the United States
Coast and Geodetic Survey are always given in geographic coordi-
nates, since the triangulation usually covers a large area, and must
necessarily be computed by means of geographic coordinates (lati-
tudes and longitudes) on account of the curvature of the earth.

For the survey of a relatively small area, such as a city or small
county, it is much more convenient to use plane coordinates, since
the computations are simpler. If in the small area being surveyed,
however, there are triangulation stations, these should be used to
control the local survey and to connect it to the triangulation of the
country.

In order to make its results of value to city and county surveyors
using plane coordinates the United States Coast and Geodetic Survey
has issued Special Publication No. 71, entitled “Relation between
plane rectangular coordinates and geographic positions,” in which
tables are given that make the computations for transforming
geographic to plane rectangular coordinates or vice versa very
simple. This publication can be purchased from the Superintendent
of Documents, Washington, D. C., for 10 cents.



CHAPTER 7.—GENERAL RULES AND SUGGESTIONS

All computations can be made much more rapidly and can be
checked more easily if the work is arranged in a systematic manner.
This bureau has printed forms for nearly all triangulation computa-
tions and these should be used whenever possible, as they expedite
the work and lessen considerably the chances for errors.

The mathematician should bear in mind that accuracy is desired
above everything else. Of course speed is desired also, but accuracy
should not be sacrificed to it. Nothing is gained if a piece of work is
done in an unusually short time, if as a consequence it afterwards
needs considerable revision.

For a great many computations no fixed rules can be laid down, but
the proper procedure depends upon the judgment of the mathema-
tician doing the work. For instance, it is impossible to specify the
number of decimal places to be used for the numbers and logarithms
in all the various computations. This depends upon the particular
piece of work being computed.

All work should be done neatly and all figures should be written
carefully and legibly. Do not write one figure over another. Either
erase entirely the one which is superseded, or draw a line through it
and write the correct figure above it.

Every computation, unless self-checking, should be checked by a
mathematician other than the one who made the original computation.
The mathematician who does the checking should first make his
changes in pencil, and then he and the mathematician making the
original computation should agree on the proper values before the
final corrections are made in ink.

An inexperienced mathematician should feel free at all times to
consult the man under whom he is working or, in an emergency,
any of the more experienced mathematicians in regard to the work.
It is well to make sure you are right before carrying a computation
too far. This consultation suggestion should not be abused, however.
Beginners should proceed upon their own initiative in the work
assigned them, unless there is doubt as to the proper method. Knowl-
edge obtained by study and hard work is much more easily retained.

In all triangulation computations meters are used, but the final
results are converted to feet, and both meters and feet are published.

In an adjustment of a large net of triangulation the selection of
the equations, as well as the formation, should be checked before the
work is carried ahead, as often an ““identical’”’ equation {see p. 181) will

215
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not become apparent until the forward solution of the normals is
made, and considerable recomputation will then be required to sub-
stitute the proper equation.

Intersection stations, that is, unoccupied points, unless they are
main scheme stations, should be adjusted by using only the three
lines which give the strongest angles at the vertex.

The mathematician making the first check of a list of geographic
positions should also check the angles in the triangles for all “no-
check” points,

In those adjustments in which the logarithms of certain lengths
each appear in only one triangle these logarithms should be carefully
checked before the list is made out.

The mathematician making out a list of geographie 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 ¢'s as the length equation, and the solution of the normal
equations will be simplified.
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In using the Shortrede logarithmic tables, the tables of propor-
tional parts at the right of each page and the tabular difference for
one second at the bottom of each minute column should be used
except for very small angles. For small angles, where the tabular
difference for one second is changing rapidly, the difference should
be taken out for the particular second used. -

In forming the correlate equations, the coefficients of some of the
equations should, in some cases, be divided by 5, 10, or 100 to make
them of approximately the same size as those in the other equations.
This makes it possible to obtain a given accuracy with a smaller num-
ber of decimal places in the solution of the normal equations.

In the computation of a geodetic position for which the signs of
the 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 4’ 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 ccmputation 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 muech 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
numboer 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, ¢,=6378206.4 meters
log a =6.80469857
Polar semi-axis, b, =6356583.8 meters
log b=6.50322378
- ac—b?
Eccentricity, e, = —
¢’ =0.006768658,
log ¢*=17.83050257 — 10
Base of Naperian logarithms, ¢, =2.71828183
log e=0.43429448
Modulus of common logarithms, M, =0.43429448
log M =9.63778431—10
x=23.14159265
log = =0.49714987
log sin 1’/ =4.68557487 — 10
log tan 17" =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 =39.37 inches (law of July 28, 1866).
1 meter = 3.28083333 feet.
log. 3.28083333 =0.51598417.
1 foot =0.30480061 meter.
log. 0.30480061 =9.48401583 — 10. o
Probable error of an observation, r =0.6745 1%;
Probabl £ result, ro=—=0.6745 5| ="
robable error of resu ,ro—‘/ﬁ— . \/m

N2
Probable error of an observation of unit weight, u;=0.6745 \/ ,E,Pi 11’

Probable error of an observation of weight p,, r, = FL =0.6745 J _=pY
VD1 pu(n=1)

S
Probable error of an observed direction,d =0.6745 \/ ‘%2 where =#* =sum

of squares of corrections to directions, and ¢ is the number of
conditions. L

SA?

?_nj‘)

where TA? is the sum of the squares of the closing errors of the
triangles, and n is the number of triangles.

Mean error of an angle, a = J

219
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Logarithms of radii of curvature of the earth’s surface (in meters)

[Base«] 1pon Clarke's spheroid of 1865 as expressed in meters].

Latitude
Azimuth (degrees) :
00 lo 20 30 40 50 Go 70 80

6. 80178 | 6.80180 | 6 80181 | 6 80183
150 182 184 158
187 188 190 192
188 199 201 03
212 214 215 207
230 232 233 235
251 252 254 256
274 26 prg 278
299 300 301 303
32U 32! 326 328
350 351 352 353
374 375 376 37
308 398 399 400
418 419 420 421
437 437 438 43¢
451 152 452 153
462 463 463 464
469 169 470 17
471 472 472 473

Latitude
Azimuth (degrees) E
8° 9° 10° e 12° 13° 14° 15° 16°

Latitude
Azimuth (degrees)
18° 17° 18° 19° 20° 21° 22° 23° 24°
6.80242 | 6. 80248
244 250
250 255
250 264
il X7
287 202
305 309
324 329
345 350
367 3l
349 392
410 413
430 432
448 450
463 465
476 478
485 487
490 492

102 404
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Logarithms of radii of curvature of the earth’s surface (in meters)—Continued

Latitude
Azimuth (degrees)
24° 25° 25° e %0 a° 30° 31° 32°
6. 80260
242
Latituds
3 30° $7° 38° 39° 1#°
6.80320 | 6. %0327 | 6. 80335 | 6.80342 | 6. 80350 | A. 80357
322 329 336 344 351 359
2 333 344} 345 355 383
333 340 4R 355 362 349
H3 350 357 304 37 378
355 362 263 374 382 338
370 376 382 38 Bt 401
355 391 397 402 408 414
402 407 412 418 43 429
419 424 420 434 139 144
436 441 445 450 154 459
453 4537 461 485 469 474
460 472 476 480 484 487
433 486 489 443 196 500
4495 498 501 804 07 510
505 508 510 513 516 519
512 &1 517 52 A2 525
517 ALY 522 524 527 529
518 821 513 826 A28 531
Lutitude
40° 41° 42° 43° 44° a° 45° 47° 4%°
6.50357 | 6.80365 | 6.80373 | 6.80380 | 6. 80388 | 6.80306 | 6.80404 | 6, 30411 | 6.80419
330 366 374 a%2 384 3497 404 412 420
3R3 370 378 385 303 400 40% 415 423
3Jug 376 384 391 308 406 413 420 428
378 385 302 39 406 413 420 427 434
388 395 402 408 415 422 429 - 436 442
401 407 413 420 426 433 439 446 452
414 420 4326 432 438 444 450 456 462
429 434 440 44A 451 457 442 488 474
444 49 454 459 404 470 475 430 483
450 464 468 473 478 482 487 492 496
474 478 482 486 4490 495 499 03 508
487 491 495 499 502 508 510 al4 518
500 &3 57 510 14 517 520 824 523
510 514 517 520 823 526 523 332 538
514 622 a5 828 &1 534 536 530 542
525 528 531 534 536 539 2 A o7
520 532 531 537 &0 542 M5 S48 550
531 333 536 538 541 &4 &6 549 551
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Logarithms of radii of curvature of the earth’s surface (in meters)—Continued

Latitude
Azimuth (degrees)
48° 4° 50° 51° 52° 53° 54° 55° 56°
6. 80449 | 6. 80457 | 6.80464 | 6.80471 | 6.80479
450 458 465 472 479
453 460 467 474 481
457 464 471 478 485
462 469 471 483 480
469 476 482 489 4905
477 484 490 496 502
486 402 498 503 509
496 501 508 512 517
505 510 515 520 525
515 520 524 528 533
524 528 533 537 541
533 537 541 544 548
541 545 548 551 555
548 551 554 557 560
554 557 559 562 565
558 561 563 566 568
560 03 506 568 510
561 564 566 569 571
Latitude
Azimuth (degrees)
56° 57° 58° 59° 60° 61° 62° 83° 64°

Latitude
Azimuth (degrees)
64° 65° 66° 67° 6a° 6y° 70° 71° 72°
6. 80 6. 80565 | 8.80570 | 6.80575
561 566 570 575
62 566 571 58
563 568 572 577
565 570 574 578
587 572 576 580
570 574 578 582
573 517 581 584
576 580 583 587
579 583 586 589
583 536 589 502
586 589 591 504
&80 591 594 300
592 594 596 | 8, 80508
594 596 | 6. 80598 | 6, 80600
508 568 | 6. 80600 601
597 | 6. 80590 601 602
598 | 6. 80600 601 603
598 600 602 603




CONVERSION TABLES

ZLengthe—Feet to melers (from 1 1o 1000 undts)
[Reduetion factor: 1 foot=0.3048006096 meter}

Foet Meters Feet ‘Meters Feet Meters Feet Meters Feet Meters
0 0.0 50 15. 24003 100 0. 45008 150 3 200 60.96012
1 0.30480 1 15. 54483 1 30. 78488 1 46.024%9 1 61.20402
2 0.60960 2 15. 84963 2 1. 08! 2 6. 321 2 61.56072
3 0.91440 3 16.15443 3 31.30446 3 46.63449 3 61.87453
4 1.21920 4 16. 45923 4 1. 60026 4 46.93929 4 62.17932
5 1.52400 5 16.76403 5 32.00406 5 47.24400 ] 62 48413
6 1.42880 6 17.06883 6 32.30835 6 47.54800 6 2. 78393
7 2.13360 7 17.37363 7 32.61367 7 47.85370 7 63 08373
8 2.43840 8 17.67844 8 32.91847 8 48.15850 8 63.39853
9 2.74321 S 17.08324 9 . 2232 9 48,46330 9 63.70333
10 3.04801 60 18.28804 110 33.52807 160 48.76810 210 64.00813
1 8.35281 i 18.59284 1 33.83287 1 9.07200 1 64.31203
2 3.65761 2 1R8.897G4 2 84.13767 2 49.37770 2 64.61773
3 3.96241 3 19. 20244 3 34. 44247 3 45.68250 3 64.92253
4 4.26721 4 19.50724 4 84.74727 4 49.95730 4 65.22733
5 4.57201 5 19, 81204 5 5 50.29210 ] 65.53213
6 4.87681 6 20.11654 6 5. 35687 6 50. 59690 6 65.83
i 5.18161 7 20.42164 7 35 66167 7 50.90170 7 66.14173
8 5.48641 8 . 72644 8 35.96647 8 51.20650 8 66. 44
9 . 70121 9 21.03124 9 36.27127 9 51.51130 9 68.75133
20 6.00601 70 21.33604 120 36.57607 170 51 $1610 220 67.05613
1 8.40081 1 21.64084 1 36.83087 1 12790 1 7.36003
2 6.70561 2 94564 2 37.18567 2 52 42570 2 67.66574
3 7.01041 3 22.25044 3 87.49047 3 52.73051 3 67.97054
4 7.31521 4 22.55525 4 87.79528 4 53.03531 4 68.27534
£ 7. 5 29, 5 38.10008 5 53.34011 5 68. 58014
7.92482 6 23.16485 6 88.40438 6 53.64491 6 68.88494
. 2206 7 23.46963 7 . 70968 7 53.94071 7 69.13074
8.53442 8 23.77445 8 89.01448 8 54. 25451 8 69. 40454
8.83922 9 079: L] . 31! 9 54.55031 9 69.79934
80 9.14402 80 24.38405 130 39.62408 180 54.86411 230 70.10414
9.44882 1 24.68885 1 39.9258% 1 55.18801 1 0.40894
9.75362 2 . 99365 2 40, 23368 2 55.47371 2 70.71374
10.05842 3 25.29845 3 40.5354 3 55.77851 3 71.01854
4 10.36322 4 25. 60325 4 40. 4 56.08331 4 71.32334
10. 66802 5 . 90805 H] 11.1 5 56.38811 5 71.62814
10.97282 6 26.21285 6 41,45288 6 58.69291 [ 71.93204
11.27762 7 26.51765 7 41.75768 7 56.99771 7 72.23774
11,58242 8 . 82245 8 . 06! 8 57.30251 8 72. 54
11.88722 9 27.12725 9 42.36728 9 57.60732 9 72.84733
40 12.19202 90 27.43205 140 42. 190 57.01212 240 73.15218
12.49682 1 27.73688 1 42.97689 1 58.21692 1 . 45605
12.80163 2 28.04166 2 43.28169 2 58.52172 2 73.76175
13.10843 3 28.34646 3 43.5%649 3 58. 82652 3 4.06655
L 13.41123 4 28.65126 4 43.80129 4 60.13132 4 94.37135
5 13.71603 5 28.95600 ] 44,19609 5 59.43612 5 v4.67615
14.02083 6 , 26086 6 . 50089 6 59.74092 6 94.98085
14.32563 7 29. 56566 7 4. 80569 7 60.04572 ? 75. 28575
14.63043 8 . 87046 8 45.11049 8 680.35052 . 8 75.59065
14.93523 '] 80,17626 9 9 60, 65532 [] 75.8&535
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Lengths—Feet to melers (from 1 to 1000 units)—Continued

Feet | Metors Feet Meters Feet Meters Feet Meters Feot | Meters
250 76.20015 300 91. 44018 350 106.68021 400 121,92024 450 137.16027
1 76. 50485 1 91.74498 1 106. 98501 1 122.22504 i 137. 46507
2 76. 80975 2 92.04978 2 107. 28981 2 122. 52985 2 137. 76988
8 77.11455 3 92.35458 3 107. 59462 3 122. 83465 3 138. 07468
4 77.41935 4 92.65939 4 107.89942 4 123.13%45 4 138.37348
5 71.72418 5 92.96419 S 108.20422 5 123. 44425 5 133.63428
6 78.02896 6 93. 2689 6 108. 50902 6 123. 74905 6 138.93908
7 48.33576 7 93. 57379 7 108. 81352 7 124. 05355 7 139. 29388
8 S. 63 8 93, 87859 8 109. 11862 8 124. 35855 8 139. 50368
] 78.94336 9 94.18339 9 109. 42342 9 124. 61 9 130.90348
260 79.24218 310 04.48819 360 | 100.72822 410 124.98825 460 | 140.20328
1 79. 55296 1 94. 79209 1 110. 03302 1 125. 27305 1 140. 51308
2 79. 85776 2 95. 09779 2 110. 33752 2 125.57785 2 140. 81788
8 80. 16256 3 95. 40259 3 10. 64262 3 125. 88265 3 141.12263
4 80. 46736 4 ©5.70739 4 110. 94742 4 126.18745 4 141.42748
H) 80.77218 5 96.01219 5 111.25222 5 126. 49225 5 141,73228
6 81. 07696 6 95.31699 6 111. 55702 6 126. 79705 6 42.03708
14 81.33176 7 96. 62170 7 111. 56182 7 127.10185 7 142.34188
8 81.68656 8 96. 92639 8 112. 16662 8 127. 40665 8 142. 64663
1] 81.99138 9 97.23139 9| 112.47142 9] 127.71148 9| 142.95140
270 82, 20616 320 97.53620 370 | 112.77623 420 | 128.01626 470 |  143.25629
1 82. 60007 1 97. 84100 1 113.08103 1 128.32106 1 143.56109
2 82.90577 2 98. 14580 2 113.38583 2 128. 62586 2 143. 86589
8 83. 21057 3 oR. 45 3 113. 69013 3 123.93068 3 144.17069
4 83.51537 4 a8, 75540 4 113.99543 4 129. 23548 4 144.47549
S 83.82017 5 . 06020 5 114.30023 5 129, 54026 5 144.75029
6 §4.12497 6 99. 36500 6 114. 60503 6 129. 84508 6 145.08509
bd 84. 42977 7 9. 66030 7 114.90983 7 130.14956 7 145.38989
8 84, 73457 8 99.97460 8 115.21463 8 130. 45466 8 145. 69469
9 85.03037 9| 100.27940 9 115.51%43 9| 130.75946 9| 145.99949
280 85.34417 330 100. 58420 380 115. 82423 430 131.06426 480 46. 30429
1 85. 64897 1 100. 58900 1 116. 12903 1 131. 56006 1 46. 80909
F] 85.95317 2 101. 19380 2 116. 43383 2 131. 67386 2 46.91380
8 86. 25857 3 101. 29860 3 118. 73863 3 131.97866 3 47. 21869
4 86.56337 4| 101.8034 4 117.04343 4| 132.28346 4| 147.52350
H] 86. 86817 5 102.10820 5 117.34823 5 13258897 5 147.82330
6 87.17297 6 102. 41300 6 117, 65304 6 132. 89307 6 48. 13310
¥ 87.47177 7 102. 71781 7 117.95754 7 133.19787 7 48.43790
8 87. 78258 8 103. 02261 8 118. 26264 8 133. 50267 8 48, 74270
9 &8.08738 9 103.32741 9 118. 56744 9 133. 80747 9 149.04750
290 88.39218 340 103.63221 300 | 118.87224 40| 134.112%7 490 | 149.35230
1 88. 69698 1 103. 93701 1 119. 17704 1 134. 41707 1 49. 65710
2 §9.00178 2 104, 24181 2 119. 48184 2 134, 72187 2 49, 96190
3 89. 30658 3| 10454601 3| 110.73684 3| 135.02667 3 50. 26670
4 £3.61138 4 104. 85141 4 120. 09144 4 135.33147 4 150. 57150
5 80. 91618 5| 105.15621 51 190.39%624 5] 135.63627 5| 150.87630
6 90. 221 6 105. 46101 6 120. 70104 6 135, 94107 6 151.18110
g 90. 5.573 7 105. 76581 7 121. 00554 7 136. 24587 7 151. 48590
8 90. 83058 8 106. 07061 8 121.31064 8 6. 55087 8 151 70070
9 91.13538 9! 106,37541 9 61544 91 13685047 9! 152,00550
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ZLengths—TFeet To melers (from 1 2o 1000 units)—Continued

Feot | Meters Feet Meters Feet Meters Feet Meters | Feet Meters

500 152. 40030 550 167. 64034 600 182, 85037 650 198. 12040 700 213. 36043
1 152, 70511 1 167. 04514 1 15318517 1 198. 4-u. 1 213. 66523
2 153. 00991 2 168. 24964 2 153.48097 2 198. 73000 2 *13. 97003
8 153. 31471 3 168. 55474 3 183. 7477 3 199. 03480 3 214, 27433
4 153. 61951 4 168. 85954 4 154. 09957 4 199.33%60 4 214. 57963
5 153.92431 5 169.16434 5 184,40437 5 199. 64440 5 214. 88443
[ 154.22011 6 109. 46014 6 184. 70017 6 199.94020 6 215.19923
g 154. 53301 7 130,773 7 185. 01397 7 200, 25400 7 215. 49403
8| 154.83871 8| 170.07504 8| 185.218:7 8| 9200.558% 8| 215.79583
[ 155.14351 9 170.38354 9 185.62357 9 200. 86350 9 216, 10363

510 155. 44831 560 170. 68824 610 185.92337 660 201. 16840 710 218. 40843
1 135. 75311 1 170. 09514 1 186. 23317 1 0L, 47320 1 216. 71323
2 156. 05791 2 17120704 2 186. 53707 2 201. 77300 2 217. 01803
8| 156.26271 3| 17160208 3| 185.8427 3| 20208290 31 217.32233
4 156. 66751 4 171. 90754 4 187. 14757 4 202. 35760 4 217.62764
5 156.97231 5 179.21234 5 187.45237 5 5 217.93214
6| 157.27711 6] 17251715 6| 1S7.75118 6 3 6| 218.23721
7 15%. 55192 7 172. §2105 7 188. 06193 7 203. 1 7 218, 54204
8] 157.858072 8! 193120573 S1  1.33078 8| 203.60G5L 8| 218.84584
] 158, 19152 9 173.43155 9 188. 67158 9 203.91161 9 219.15164

B20 158. 49632 £70 173.72635 620 188 9:63“ 670 204. 21641 720 210, 15644
11 158.80112 1| 17404115 1 . 1| 204.52121 1] o0.76124
2| 159.10502 2| 174.34605 2 13 2| 204.82601 2| 320.06004
B8 159. 41072 3 174. 63005 3 159. 80078 3 205. 13081 3 220, 37084
4| 159.71552 4] 174.95533 4] 190.19558 4| 205.43561 4] 220.67564
5 160.02032 5 5 190. 50038 5 205. 74011 5 290. 95044
6 160.32512 6 6 199. 80513 6 206. 04521 6 201,28524
i 60, 62092 7 71 1910098 7] 206.35001 7 1 004
B| 160.93472 8 8| 19141478 8| 208 55151 g1 231.30i84
1 1. 9 9 101, 71958 9 206.95031 9 222.19964

B30 161. 54432 520 630 192, 02438 680 207. 26441 730 2292, 5445
1| 161.84012 1 1| 19232018 1| 207.56922 1| 9222.80923
2 162.15302 2 2 192, 63309 2 2 223. 11405
8 162.45572 3 3 192, 03879 3 3 223. 41385
4 162. 76353 4 178.00256 4 193.24359 4 4 223, 72365
H 163. 06533 5 178.30836 5 193. 54839 5 208. 78842 5
5 163.37313 6 178.61316 6 193, 85319 € 200, (19322 6
g 163.67793 7 178.91796 7 7 204, 20502 7
8 163. 9827, 8 179. 22276 8 8 209, 70232 8
9 164, 28753 9 179, 52756 9 194 7b7.:9 9 210.00762 9

540 |  164.059233 500 | 179.83236 640 |  195.07239 690 | 210.31242 740
1 164. 50713 1 180. 13716 1 195.37719 1 210. 61722 1
2| 165.20193 2| 180.44196 2| 1956810 2 2 0 9 2
8| 165.50673 3( 180, 74670 3! 105.98877 3 3 26. 46685
4| 165.81153 4 181.05156 4 136. 29159 4 211. a316.. 4 226. 77165
5| 186.11633 5 181. 35636 5 . 59 5 21183642 5 m 07645
6| 166.42113 6| 181.65118 6| 196.90119 6} 212.14122 6| 92735125
g1 16872503 7| 181.96508 7| 197.2059 7| 212.44602 7 ©27.65608
8 167, 03073 8 182, 27076 8 197. 51080 8 212, 75083 8 . G446
] & 9 2 5755 9 7s 9}  2L3,ud% ] 24568
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Lengths—Feet to meters (from 1 to 1000 units)—Continued

Feet Meters Feet Meters Teet Meters Teet Meters Feet Meters
750 228.60046 800 243.84049 850 259.08032 900 274.32055 950 239. 56058
1 228.90526 1 244.14529 1 259. 38532 1 274,62535 1 289. 86338
2 229. 21006 2 244.45009 2 259.69012 2 274.93015 2 290 17018
3 229.514%6 3 214.75489 8 259.99402 3 2i5. 23495 3 200.47195
4| 229.81966 4 5. 05960 4| 260.20972 4| 275.53975 41 290.77978
51 230.12446 S| 245.36449 5| 260.60452 S| 275.8455 5| 291.08438
6 230. 42926 6 245.66929 6 . 90932 6 276. 14935 6 201.35038
g 230. 73400 7 215.97409 7 261.21412 7 278. 45415 7 291.69418
8 231.03886 8 246. 27389 8 261.51392 ] 276. 75895 8 201.90398
[ [ 6. 55369 9 1.82372 9| 277.0637 9| 292.30378
760 | 231. 64846 810 . 88849 860 | 262.1 019 | 277.36835 960 | 202.60859
1 231 “53 1 247.19329 1 D252, 43332 1 277. 61330 1 292.91339
2 232. 2550 2 247.49309 2 2532, 73813 2 277.97816 2 203.21319
8 232. 56237 3 247. 50290 3 263.04293 3 27895206 3 293.52299
4 232. 86767 4 218.10770 4 263.34773 4 278.58776 4 293.827
233.17247 S| 248.41250 51 263.65253 S| 278.89256 5| 294.13259
. 47727 6 248.71730 6 263.95753 6 279.19736 6 294. 43739
233. 75207 7 249. 02210 7 264.26213 7 a279. 50216 7 204.74218
234.08687 8 249.32690 8 264. 56603 8 279. 80696 8 2065.0469
234.39167 ] 219.63170 9 264.87173 9 280.11176 9 295.35179
70 234. 89647 820 249.93650 870 265. 17653 920 250. 41656 970 . 63!
] 235. 00127 1 250. 24130 1 205. 45133 1 230. 72136 1 205.96133
235.30607 2 250. 54610 2 285. 75613 2 a221.02618 2 206. 25619
& 235. 61087 3 250. 55090 3 266. 00003 3 2R1.32096 3 295. 57093
235.91667 4 251. 15570 4 266.39573 4 2581.63576 4 208.87579
236, 22047 5| 951.46050 5 51 281.04056 5| 297.13059
236.52527 6 251. 70530 6 6 282. 24536 6 297.45539
3 7 252.07010 7 7 232, 55017 7 207.79020
237. 13457 8 £32.37490 8 8 8 208. 09500
7. 43967 9| 252.67971 9 9 Q . 39930
780 237 74448 830 3 880 930 | 253.46457 980 | 293.70460
1 (4928 1 53. 2393 1 1 283. 76937 1 299. (0940
2 238 35408 2 233. 59411 2 2 254.0V 1T 2 200.31420
8 235.65888 3 233.89591 3 3 28437897 3 209. 61900
4| 238.96368 4 - 203 4 4| 284.68377 4 299.923%0
239. 26848 5 . 5 5 5 . 22850
239. 57328 6 254.81331 6 6 6 300.53340
239. 87803 7 255.11811 7 7 7 300. %3820
240. 18288 8 255. 42201 8 3 8 5. N207 8 301.14300
240, 48768 9| 255.72771 9 2‘0 96774 9| 5se.20777 91 301.44780
0| 240.70248 840 |  256.03251 890 | 271.27254 940 | 286.51257 930 [ 301.75260
241.09728 1 256.33731 1 271.57734 1 286. 81737 1 302. 05740
241. 40208 2 256. 64211 2 271.88214 2 287.1227 2 302. 3n!20
241.70688 3 . 04691 3 272. 13604 3 D87. 42697 3 302.
4 242.01168 4| 257.25171 4| 272.40174 4] 287.73178 41 3802. 9"181
£ 242.31648 5 . 5585 5| 272.70855 5] 288.03658 5 . 27661
242.62129 6 257.86132 6 273.10135 6 238.34138 6 303.58141
242. 92609 7 258. 16612 7 273 40615 7 288. 654618 7 303. 88621
9 8 . 47002 8 73. 71095 8 23R8, 45098 8 304. 19100
9 268. 77572 8 274 01575 9 289. 25573 9 . 40




CONSTANTS, FORMULAS, AND TABLES

Lengths— Meters to feet (from 1 to 1000 units)
[Reduction factor: 1 meter=3.280833333 feet]

tné‘t‘;- Feet gt‘: TFeet g&f Toet tlgres- Feet ggg Feet
0 50 164.04167 120 828.08333 150 402,12500 200 .1
1 8.28083 1 167.32250 1 33L.36417 1 405. 40553 659. 44750
2 6 56167 2 170. 60333 2 334. 64500 2 498, 68687 . 72533
3 84250 3 173.8%417 3 337.92383 3 501.96750 666.00317
4 13 12333 4 177.16500 4 841.20667 4 505. 2 . 29000
5 16. 40417 5 180. 44583 5 344.48750 . 52017 672.57083
) 19. (8500 6 183. 72667 347. 70833 511. 81000 675.85167
4 22. 96583 ? 187. 00750 351. 04917 5. 000! 679.13250
8 926. 24667 8 1J0.28833 354.33000 518.37167 682.41333
9 29. 52750 g 193. 56017 357.61083 521. 652! 685. 69417
a0 32.80833 60 198. 85000 110 360. 89167 160 524.93 210 688.97500
- 36. 08917 200.13083 564.17250 528. 21417 602. 255583
2 39.37000 203. 41167 367.45333 531. 49500 695. 53667
3 42. 65083 206. 69250 370. 73417 834. 77553 698. 81750
4 45.93167 4 209.97333 4 374.01500 538.05667 4 . 03
5 49.21250 213.25417 . 205 541.33750 705.37912
6 b2. 49333 5 216. 53500 380. 57667 544.61833 708. 66000
2 55 71417 219. 81583 338. 85750 547.89917 711.94083
8 59.05500 8 233. 09667 387.13533 551. 13000 8 715.22167
L) 62 33583 9 226.37750 3090.41917 £54.46083 718.503250
<20 65. 61667 70 229. 120 393.70000 170 §57.74167 220 721.7%333
1 68.89750 232.93917 396.93053 561.02250 7—5 06417
2 ¥2.17833 236. 23000 400. 26167 5h4.30333 728.34500
8 75.45917 239. 50083 403. 54250 867. 58417 731.62583
4 78.74000 4 242.78167 4 408.52333 §570. 86500 4 734.90667
- 82.02083 246.06250 410.10417 574.14583 738.18750
85.30167 ] 249.34333 413.35500 577. 42667 741. 46833
88. 58250 252. 62417 415. 66583 580. 70750 744.74017
01.86333 8 255. 90500 419. 94667 5R%3. 98833 748.03000
05.14417 9 259. 18583 423.22750 587.26017 751.31083
30 . 80 282. 46667 130 . 180 . 230 754.59187
F 101. 70553 1 265. 74750 429.78017 593. 33083 757.87250
p- 104. 98667 2 . (02833 ) 537. 11167 761.15333
108.26750 3 272.30917 436. 35033 600. 39250 764. 43417
4 111.54833 4 275. 50000 4 439.63167 603.67333 .7
E 114.82017 5 9278.87083 442.91250 606.95417 § 770.99583
118. 11000 6 982.15167 416.19333 610. 23500 [ 774. 27667
121.36083 7 285. 43250 449. 47417 613.5155 777 55750
124.67167 8 288.71333 452. 75500 616. 70667 780.33833
k. 127.95250 9 291.99417 458.03583 620.07750 784.11917
40 131.23333 a0 295.27500 140 450.31667 190 623.35833 240 787. 40000
1 134.51417 1 298. 55553 1 462. 59750 626.63917 790. 63083
2 137. 79500 2 301. 83667 2 465. 57833 629. 92000 203.96167
3 141.07583 3 305. 11750 3 469.15917 633. 20083 797.24250
4 144.35667 4 808.39833 4 472, 44000 6306. 48167 4 800.52333
5 147.63750 5 311.67917 5 475.72083 5 639.76250 803. 80417
[3 150.91833 6 314. 95000 6 479.00167 6 643.04333 807. 08500
7 154.19917 7 318. 24083 7 482. 25250 7 646. 32417 810.36583
8 157. 48000 8 321.52167 8 435. 56333 8 649. 60500 813. 64687
L] 160,76083 9 324. 80250 9 ¥4417 3 0862, ) 92750




228

U. 8. COAST AND GEODETIC SURVEY

Lengths—Meters to feet (from 1 fo 1000 units)—Continued

—————

Mo | Teet Mo | Feet Mo | Feet o | Feet gfs' Toet
250 e s0p| So45000 || a5 f,momer || 400 131 | 4s0 | 1,476.37500
1 8D3. 45917 1 987. 53083 1 l 151. 57250 1] 1,315.61417 1
2 $26. 77000 2 990. 81167 2 l 154. 85333 21 1,318.89500 2 1 482-93667
8| £30.050%3 3 . 5| 1,158, 13417 3| 1)320.17583 3| 1,486.21750
6| 533.33167 4| oo7.37333 4 | 1161.41500 4 | 1,325.45667 4 | 1,450.40533
£36.61250 1,000.65417 5| 1,184. 60583 1,328.73750 5| 1,492 77017
§39. 29333 93500 6 | 16797567 1,332.01533 6 | 1) 466.06000
843.17417 1,007 21583 7 1,17).257 1,335. 20017 7| 1,499.34083
6. 45500 1,010, 49667 8| 1174.53833 1,338, 58000 8 | 1'502.62167
£§19.735%3 X 50 o | 11781017 1,341, 9 | 1,505.90250
260 | ss3.01667{| 810|1,017.0583 || 360 | 1,151.10000 || 410|1,315.24167 || 460 | 1,500.1%033
$56. 29750 1,0?.0 33917 11 1,184.32083 1,34 . 422. 1 1512 46417
850, 57333 1023, 62000 2 | 1157, 6167 1,351, 70333 2 | 13515. 74500
862. R5917 1,026. 90083 31 1,190.04250 1,354. 98417 38 1,590"’-383
¢! 866.14000 1,030. 18167 4] 1)104.22333 e RN & | 1,522:30067
5 | 1.033.46250 5 | 1,197.50117 5| 1,361. 54588 s | 1,595.58750
. 7161 1,036, 74323 6 | 1200, 75500 7364.82 6 | 1558050
875. 95250 1,040, 02417 7 6553 1,368.10750 7| 155214017
879.24333 1,043-30500 8 | 1,207 34867 1,271.3383 8 | 1/535.43000
8254417 1,04658583 9 | 1,210.62750 1)374.66917 9 | 1,538.71053
20| gm0l se0|vo0m.e6cr || 70| 1,213.0088 | 420 | 1,577.05000 || 470 | 1,541.90107
1 889. 10583 1 00314150 1 1214 18917 i 1381 23083 1| 1,545.27250
2 $92. 38667 2 1056-42833 2 47000 2 1334 51167 2 | 1,543.
8 £95. 68750 3| 1,059.70917 3 5053 3 1 387.79250 3] 1,551.83417
4 8. 94533 4 | 1,062:99000 3 1,227 03167 4| 1)391.07333 4 | 1,555.11500
5| 002.22017 5 | 1,066.27053 5 | 1,230.31250 5| 1,304.35417 5| 1,68.3
6| 905 51000 6 | 1’00, 55107 6 | 1233 50333 6 | 12307, 63500 6 | 1,561. 67667
v 008 7o0s3 g | 1'0:2.83250 7 | 1336, 57417 7 | 1040091553 7 | 1)564.95
8| e2.0m4 8 | 1707611333 8 | 1,240, 15500 8| 1,404 19807 8 | 1,568.23
o | 9i5.35250 9 | 1,079.39417 o | 1,243. 43583 9| 1,407.47750 9 | 1,571.51917
280 | o1s.eam3|| 930 v,082.67500 )| 380 |1,208.71s67 || a30| 1,410.75583 || 4e0 | 1,674.500
1 021.91417 11 1,085. 1 1 249.99750 11 1,414.03917 1| 1,573.0%)
2| 92519500 2 | 1°089. 23667 2 | 105327533 2| 1,417.32000 2 | 1)51.30167
8| 92847583 3 | 1’002.51750 5 1,356, 55017 3| 1742060053 3 | 1255464350
4! 93175667 3|1 4 | 125051000 4| 1,423.88187 41587
5 037 5| 1,000.07917 5 | 1,263.1208 5] 1,427.16950 5 | 1,501.20417
6| 938.3153 6 | 1/102.36000 6 | 1,265, 40167 6 | 1,430, 44333 6 | 1,594. 43500
g1 94150017 7 | 1,105. 64083 7 | 13260. 68350 7 | 1433, 2117 7 | 1,597.76583
8| 93453000 8 | 1102 92167 8 | 1,27, 06333 8| 1,437.00500 8 | 1,601-04667
o) 81816083 9 | 1)113.20250 o | 1,278.24417 9 | 1440, 28533 9 | 160432750
20| ost4uer |l 840 1,115.48833 () 300 1,270.52500 || 440 | 1,443.56867 || 490 | 1,607.60833
1] 95472950 1| D118, 7887 1| 1,282.50553 1| 10446, 84750 1 | 1/610. 82017
2| 95500333 2 | 12122.04500 2 | 1] 256 6867 2 | 1,450.12833 2 | 11614.17000
3| eelosny 3| 101253283 5 [ 1,259 36750 3| 1)452.40917 8 | 1'617.45088
§| 95456500 4 | 1,125.60667 3 1,292.64%33 4 | 1, 456.€5000 4 | 1)620. 3187
5| 967.94553 5| 1,131.88750 5 | 1,295.92017 5 | 1,450.97083 5 | 1,624.01250
6| on 12667 6| 1°135.16333 6 | 1223021000 6 | 1,483 25167 6 | 1)627.20333
7 974. 40750 7 1 138.44917 7 11,302.49083 7 | 1,466.53250 7 | 1,630.57417
8 977.6§533 8 l ]-ﬂ 73000 8 1305 7167 8] 1,469.81333 8 | 1,633. 85500
9 e80.00917 9314 9 | 1,308,05250 9 | 14700417 § | 1,637, 12553



CONSTANTS, FORMULAS, AND TABLES

Lengths— Meters to feet (from 1 to 1000 units)—Continued
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Me- : Me- . Me- . Me- Me-
ters Teet ters Feet fers Teet tors Fect ters Feel
500 | 1,640. 41667 550 | 1,504.45883 600 | 1,968, 650 2,132 54167 700 | 2,296.
1| 1,043. 6975 1 | 1,807.73017 1| 1,971.75083 1| 2,135.82250 1 | 2,290.86417
2 1,646.97533 2 | 1,811.0 2| 1,9075.06167 2| 2:132:10373 2 | 2,303.14500
8 | 1,650.25017 3 | 1,514.3008 3| 1,978.34250 3| 2,142.3%417 3 | 2,306. 42583
4 | 1,653.54000 4 11,817.58167 4 | 1,981.62333 4 | 2,143. 4 | 2,309.70667
’ - Ou " . 1D , 312,
1 8. 5 11,890.56250 511,084, 00417 51 2,148.94583 5192,312.08750
1,660. 10167 6 | 1,824.14333 6 | 1,08%.18500 6 2. 22067 6 | 2.316.26533
1,663. 35250 7 1 1,827.42417 7| 1,991.46553 7|21 7 2319 54017
1,666. 68333 8 | 1,30.70500 8 | 1,994, 74067 8| 2,158 78833 8 22, 83000
1,669.9411 9 | 1,833.98583 9 | 1,998.027 9 | 2,162.06017 9 2,326 11083
510 1,673 20500 560 | 1,837.26667 610 | 2,001.30833 660 | 2,165.35000 710 | 2,329.30167
3 6. 50583 1 | 1,510. 54750 1 | 2,004.58017 11 2,168.63083 1 | 2:332.67250
F 1079 73667 2 | 1,843.82833 2 2,007.57000 2 | 2,171.91167 3 | 2,325.95333
16830600 3 | 1,847.10017 3 | 2,011.15083 3 | 2,175.19250 3[2330.23417
1,686 4 | 1,850.3 4 | 2,014.43167 4| 2,178.47333 3 | 2,342.51500
51 1,680.62017 5 | 1,853.87083 5| 2,017.71250 5 | 2.181.75417 5 2345 79583
6 i 1,692.91000 6 | 1,858.95167 6 [ 2,020.99333 6 | 2,185.03500 6
1,606.190S3 7 | 1,560.23250 7 | 2,024.27417 7 | 2,188.31583 7 ;
169951107 8 | 1,863. 51333 8 | 2,027.55500 8 | 2,191.50667 8 3333
1,702.75250 9 | 1,868.79417 9 | 2,030.83583 9 | 2,194.87750 9 2358.91917
820 | 1,708.03333 570 | 1,870.07500 620 | 2,004.11667 670 | 2,198.15%33 720 | 2,362.20000
1 | 1,700 -3L417 1 [ 1,873.35553 11 2,037.39750 1] 2,201.43017 1 | 2,365.48083
2 1,.12.5m 2 | 1,876.63667 2 | 2,040.6:833 2| 2,204.72 2{2 637()167
911,715.8583 3 | 1,879.91750 3| 2,043.95017 3 | 2,208.00083 3 23 . 04250
4 | 1,719.15667 4 | 1,883.19833 4 | 2,047.24000 4221128167 4 | 2,375.32333
5 | 1,722.43750 5 | 1,886.47017 5 | 2,050.52083 5 | 2,214.56250 5 | 2,378.60417
61 1,725.71833 6 | 1,889.76000 6 [ 2,053. 80167 6 | 2,217.84333 6 | 2,351-85500
9| 1,728.99917 7 | 1,593.04083 7 | 2,057.08250 712221.12017 7 | 2385.15583
8 | 1,732.28000 8 | 1,806.32167 8 | 2,060.30333 8 | 2,204, 40500 8 | 2,358.44667
9 | 1,735.56083 9 | 1,899, 9 | 2,063.€4417 9|2271. 9 1 2,391.72750
{890 | 1,738.84167 580 | 1,902. 630 | 2,086.92500 680 | 2,230.96667 730 | 2.395.00833
1 11,742.12250 1 | 1,006.16417 1 | 2,070.20533 1| 2,234.24750 1 235»3 28017
@i 1,745.40333 2 | 1,900. 44500 2 | 2,073. 48667 2 | 2.237.52833 2 01 57000
8 1,748.68417 3| 1,012.72583 3 | 2,076. 76750 3| 2,240.80017 3 85083
4:1, 6500 4 | 1,916.00667 4 | 2,080 4 | 2,244.09000 4 2403 13167
5 | 1,755.24583 5 | 1,919.28750 5 | 2,083.32017 5 2247 37083 5 | 2,411.41250
6 | 1,758.52667 6 | 1,923.56833 6 | 2,086.61000 6 22 . 55167 6 | 2,414, 69233
] 1161 80750 7 | 1,925.84917 7 | 2,080.39083 7 | 2.253.93250 7 | 2,417.97417
] 08333 8 | 1,929.13000 81 2,003.17167 8 2?.57 2:333 8 | 2,421. 25500
9 1,768-36917 9 | 1,932.41083 9 | 2,0086.45230 2 22 9417 9 | 2,424.53583
B40 | 1,771.65000 590 | 1,935.60167 640 | 2,009.73333 690 | 2,263. 77500 740 | 2,427.81667
1| 1,774.93083 1 | 1,935.97250 12,103 01417 1 | 2,267.05583 1 | 2,431.09750
2|1,778.21167 2 | 1,942.25333 2| 2,106.20500 2 | 2,270.33687 2 | 2,431.3:833
3| 1,781.49250 3 1,945. 53417 31 2,100.57583 3 | 2,273.61750 3 | 2,437.65017
411,7 1,948.81500 4 1 2,112.85667 4 | 2,276.89833 4 1 2,440.94
5[ 1,788.05417 511,952 2 2,116 13750 5 | 2,280.17917 519,44,
€ | 1,791.33500 6 | 1,955.37667 2,194183.5 6 | 2,288 46000 6 | 2,447.50167
Y | 1,794.61583 7 | 1,058.65750 7 | 2,123.60017 7 | 2,286.74 7 | 2,450.78250
8|1,797. 89667 8 | 1,961.93833 8 | 2,125.98000 8 | 2,290.02167 8 | 2,453.06333
§ | 1801172 9 | 1,95, 21817 8 | 2,129, 24083 9 12,293, 9 1 2,467,34407



230

U. 8. COAST AND GEODETIC SURVEY

Lengths— Meters Yo feet (from 1 to 1000 units)—Continued

Me- Me- Me- Me- Mo=
tors Feet ters Feet ters Feet ters Feet ters Feet
750 | 2,460.62500 800 | 2,624.66667 850 | 2,788.70833 900 | 2,952.75000 950 | 3,116.79167
11| 2,463.90583 1 2,627 94750 11 2,791.98017 1 2 956. 03083 1| 3,120.07250
2| 2,467.18667 21 2,631.22833 2 | 2,795.27000 2 2 959. 31167 2| 3,123.35333
8 | 2,470.46750 3 2 634. 50017 3 | 2,798. 55083 3 2 962. 53250 3| 3,126.63417
4 12,473.74833 4 2,637 79000 4 | 2,801.83167 4 2,965.87333 4 | 8,129.9;
5| 2,477.02017 5 1. 5 | 2,805.11250 S [ 2,960.15417 51(3,133.1
6 | 2,480.31000 6 | 2,644.35167 6 | 2,808.39333 6 | 2,972.43500 6 | 3,136.47667
| 2,483.59 7 | 2,647.63 7 | 2811.67417 7 | 2,975. 71583 7| 3,138.75750
B | 2,486.87167 8 | 2,650.91333 8 | 2,814.95500 8 | 2)a78.99667 8 .03
9| 2,490.1 9 2 654.19417 9 | 2,818.23583 9| 2,982.27750 9 | 8,146.31917
460 | 2,403.4 810 { 2,657. 47500 860 | 2,821.51667 910 . 55833 960 | 8,149.60000
1| 2,406.71417 1| 2,660. 75583 1] 2,824.79750 1| 2,988.83017 1 | 8,152.85083
2 | 2,409.99500 2 | 2,664.03667 2 | 2,828.07833 2| 2,992.12000 2 | 38,156.16167
8 | 2,503.27583 3 | 2,067.31750 3| 2,831.35917 3| 2,995.40083 3 | 8,159.44250
4 | 2,506.55687 4 | 2,670.50833 4 | 2,834. 64000 4| 2,908.68167 4 | 8,162.72333
5 | 2,500.83750 5 [ 2,673.87917 5 [ 2,837.92083 S | 8,001. S | 3,166.00417
61 2,513.11833 6 1 2,6877.16000 G 2 841, 20167 6 | 3,005. 24 6 | 3,169.28500
7] 2,516.39017 7 | 2,650.44083 7 2 344. 48250 7| 3,008.52417 7| 3,172.56583
8| 2,519.68000 8 | 2,683.72167 8 2 847.76333 8 | 8,011.80500 8| 3,175.84667
9 | 2,522.96083 9 ,6 7.00250 9 2,851 04417 9 | 3,015.08583 9 | 3,179.12750
7 2,526 24167 820 | 2,600.28323 870 | 2,854.32500 920 { 3,018.36667 970 | 3,182.40833
11| 2,529.52250 1| 2,693.56417 1| 2857.60553 1 3,021.64750 1| 3,185.68917
2| 2,532,833 2 | 2,606.84500 2 | 2,860. 85667 21| 3,024.92833 2 | 3,188, 97000
8| 2,536.08417 3 ,:00 12583 3 2,864 16750 3 | 3,028.20917 3| 3,192,25083
4 | 2,539.36500 4 | 2,703.40667 4 | 2,867.44833 4 | 3,031.49000 4 | 3,195.53167
5| 2,542.64583 5 2 708. 68750 5 | 2,870.72017 5| 8,034.77083 5| 3,198.81250
6| 2,515.92667 6 709 96833 6 2 874.01000 6 | 3,038.05167 6 | 3,202.00333
¥ i 2,549.20750 7 | 2:713. 21017 71 3,877.20083 7 | 3,041.33250 7] 3,205.37417
8| 2,552.45833 8 2,716.53000 8 | 2,880.57167 8| 3,044.61333 8| 3,208.65500
9 2,555.76017 9 | 2,719.81083 9 | 2,883.85250 9 3,047 89417 9| 3,211.93533
780 . 2,559.05000 830 | 2,723.09167 880 , 2,887.13333 930 | 3,051-17500 980 1 3,215.21667
1| 2,562.33083 1 2 726.37250 il2 S90 41417 1 3 054. 45583 11 3,218.49750
2 | 2,565.61167 2 | 2,729.65333 2 | 2)293. 69500 2 | 3,057.73667 2| 3,221.77833
3 | 2,568. 89250 31 2,732.93417 3 2 896 97583 3 3 061.01750 3 [3,225.05017
4] 2,572.17333 4 2 736. 21500 4 00. 25667 4 3,064.29833 4| 3,228.
5| 2,575.45417 5 | 2,739. 49583 5 ‘2 903 53750 S| 3,067.57917 51 3,2:1.
2,578. 73500 6 2 742. 77667 6 | 2,906, 81533 6 | 3,070. 86000 6 | 3,234.90167
2,582. 01583 7 2 746 05750 7| 2,910.09017 7 | 3,074.14083 71 3,238.1
2,585. 20667 8 | 2,749.33833 8 2 913. 38000 8 | 3,077.42167 8| 3,241.46333
2,588.57750 9 2 752.61917 9 2 916. 66083 9 } 3,080, 9| 3,244.74417
790 | 2,591. 840 | 2,755.90000 890 | 2,919.94167 940 5 990 | 8,248.
1| 2,595.13017 1 | 2,750. 15083 11 2,923.22250 1} 8,087.26417 11 8,251.30583
2,598.4 2 2 762. 46167 2 | 2,926. 50333 2 | 3,080. 54 T 2 8,254.586687
2,60L. 70083 3 2,765.7-1250 3| 2,929. 78417 3 | 3,003.82583 3 3,257.86750
4 | 2,604.98167 4 | 2,769.02333 4 | 2,933.06500 4 3,097 10667 4 | 3,261.14833.
2,608. 26! 5 2 772.30417 5 | 2,936.34583 5 3 100 38750 5| 8,264.42017
2 811. 54333 6 77' 58500 6 2 939. 62667 6 6 | 3,267.71000
2,614.8.417 7 2 778.86553 7 2 942.90750 7 3 106 94917 7 | 8,270.99083
3 | 2,618.10500 8 | 2,782. 14667 8| 20asb.15833 8 3 110. 23000 8 ] 3,274. 27167
2,621.35583 9 | 2;785.42750 9 | 2;949.46917 9 | 3,113.51053 9 | 3,277.55260
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Corrections to log s and log AN for difference in arc and sine
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[

Log dif- Log dif- Log dif-

ference ference ference
Log & (units of | Log AM Logs | (unitsof | Log AN ~og 8 |(units of |Log AN

(=) eighth (+) (=) eighth +) (=) eighth -+

decimal decimal decimal

place) place) place)
3.3760 1 1. 8850 4. 8270 709 3. 3380 5.1780 4025 3. 6870
3. 5260 2 2.03:0 4, 3380 841 3.3470 5. 1830 4119 3. 6920
3. 6140 3 2.1230 4, 8500 839 3. 3540 5. 1880 4215 3. 6970
3. 8770 4 2, 1860 4, 8620 939 33710 5. 140 4333 3. 7030
3. 7250 3 2.2340 4. 8710 979 3. 3800 5. 1990 4434 3. 7080
3. 7650 3] 22740 4. 8820 1030 3. 3910 5. 2040 4537 3.7130
3. 7980 7 2. 3070 4. 3920 1078 2.4010 5. 2090 46843 3. 7180
3. 8270 8 2. 3360 4. 9040 1140 3. 4130 52130 4751 3. 7230
3. 8530 9 2. 3620 4. 9130 1183 3. 4220 52190 4862 3.7
3. 8760 10 2. 3850 4, 922 1238 3. 4310 & 2240 4975 3.7330
4. 0260 20 2. 5330 4. 9330 1303 3.4420 5.2290 5091 3. 7380
4.1140 a0 | 2.6230 4,9420 1358 | 3.4510 5.2330 5156 | 3.7420
4. 177 40 2. 4840 4, 9520 1422 3. 4610 5. 2380 5308 3. 7470
4. 2250 50 2. 7340 4. 9590 1468 3. 4680 5.2420 5400 3. 7510
4. 2650 80 2. 7740 4. 9680 1530 3. 4770 5, 2470 5531 3. 7560
4, 2080 70 2. 8070 4. 9730 1603 3.4870 5. 2520 5660 3. 7610
43270 80 2. 8360 4. 9860 1663 3. 4950 5. 2660 5765 3. 7650
4. 3530 90 2, 8620 4, 9930 1717 3. 5020 5. 2600 5872 3. 7680
4, 3760 100 2, 8850 5, 0020 1790 3.5110 5. 2650 3. 7740
4. 3960 110 2. 9050 5. 0100 1857 3.5190 5. 2690 6121 3.7780
4. 4150 120 2. 9240 4. 017 1918 3. 5260 5. 2740 6263 3. 7830
4. 4330 130 2, 8420 5. 0250 1990 3. 5340 5. 27 6380 3. 7870
4. 4400 140 2, 9580 5. 0330 2064 3. 5420 5. 2820 6498 3. 7910
4, 4610 150 2.9730 5. 0400 2132 3. 4490 5, 2860 6610 3. 7950
4. 4780 160 2, 9870 5. 0480 2212 3. 5570 5. 2900 6742 3. 7990
4. 4910 170 3. 0000 5. 0550 2285 3. 5640 52040 6863 3. 8030
4. 5030 180 3.0120 5. 0620 2359 3.5710 5. 2990 027 3. 8080
4. 5260 200 3.0350 5. 0680 2425 3.5770 53030 7158 3.8120
4. 5560 230 3. 0650 5, 0750 2505 3. 5840 5. 3070 7201 3. K180
4, 5750 250 3.0840 50820 2587 3.5010 5.3110 7427 3. 8200
4, 5910 270 3. 1000 5. 0800 2672 3. 5980 5.3150 7505 3. 8240
4.6140 300 3. 1230 5, 0950 2747 6040 5.3190 7705 3. 82
4, 6350 & 3. 1440 &, 1020 2837 3.6110 5. 3230 7849 3. 8320
4. 8540 360 3. 1630 5. 1080 216 3.6170 5.3270 7995 3. 8360
4. 6710 390 3. 1800 5. 1140 2908 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 51270 3183 3. 6360 5.3390 %449 3. 8480
4. 7160 450 3. 2250 a. 1430 3272 3. 6420 5.3430 RAOG 3.8520
4. 7340 521 3.2430 5. 1390 3364 3. 6480 5.3470 8766 3. 8560
4. 7500 561 . 2580 5, 1450 3458 3. 6510
4, 76810 590 3.2700 5. 1500 3538 3.65%0
4, 7750 629 3. 2840 5. 1560 3637 3. 6650
4. 7860 671 3. 2080 5. 1610 3722 3. 67
4, 8010 709 3. 3100 5. 1670 3828 3. R760
4, 8130 0 3,320 & 17 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 . L~y A units
of occupied 3 of aceupied 2y
station iy | OF fifth place [| "o i b M | of fifth place
Meters Meters
0 0.0 3009 2005
T .8 3456 215
220 15 3303 2.5
387 2.5 2440 235
514 3.5 3506 245
661 4.5 3743 2.5
807 5.5 3500 .05
0954 6.5 4036 205
1101 ) 4183 P ]
12458 85 4330 2005
134 9.5 4477 30.5
1541 10.5 4624 3.5
1588 1.5 4770 EAR)
1535 12.5 4917 33.5
1982 13.5 5064 345
2128 4.5 211 35.5
227 15.5 5357 6.5
2422 16. 5 &304 3.5
2560 17.5 5651 88. 5
2715 18.5 5748 3.5
232 19.5 O H 0.5
Log B and log C
Log approx-
" Hn.xte
difference Loy R
of elevation| ynits of Log & Log €
=logstan | sth place
( fi—¢ 1) .
2
00 0.0
2,167 .o 4. 875 .a
2. 644 L5 5. 113 L5
2. 866 26 5,024 2.5
3.011 3.5 5. 297 a5
X121 45 5,352 4.5
3,208 5.4 5. 395 39
3. 281 6. 5 5. 432 6.5
3. 343 7.6 5463 T3
3. 397 8.5
3. 445 9.5
3. 48y 10.5
3. A28 1L 5
3. 565 12.5
3. 508 13.5
3. 620 14.5
3. 458 15. 5
3. 685 16. 5
3.711 17.5
3.735 185
378 19.5
3.779 20. 5
3. 800 21.5
3. 820 22.5
3. 839 23. 5
3. 857 24,5
3.574 26.5
*Orlogs ('Ot[s 1—(0.f i—m)P sn 1,,] for nonreciprocul observations.

Log B has the same sign as the approximate difference of elevation.
Log (' is always positive.
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COMPUTATION OF SPHERICAL EXCESS
The spherical excess of a triangle is computed by the formula,

_ayby sin (1 —€* sin’ ¢)?
2a*(1 —¢) sin 17/

=a,b, sin > m.

In this formula € is the spherical excess; a; b; and €} are two sides
and the included angle, respectively, of the corresponding triangle;
¢* is the square of the eccentricity, and 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 ecuilateral 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 secound.

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 sphericul 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 Log m Latitude Log m Latitude Logm I Latitude Logm

o 7 ° ’ < ’ o 7 l

0 1.40695 —10 20 00 | 1.40626 —10 40 1. 40452 —10 60 00 : 1.40253 —10
0 30 695 —10 20 30 623 —10 40 30 446 —10 60 30 | 219 —10
1 00 695 —10 21 0 619 —10 41 00 441 —10 6l 00 244 —10
1 30 684 —10 21 30 616 —10 41 30 436 —10 61 30 240 —10
2 00 694 —10 22 00 612 —10 42 00 431 ~10 82 00 235 —10
2 30 60 —10 22 30 608 —10 42 30 426 —10 62 30 231 —10
3 W 693 —10 23 00 605 —10 43 00 421 —10 63 00 227 —10
3 30 693 —10 3 30 60 —10 43 30 416 —10 63 30 223 —10
4 00 792 —10 24 00 507 —10 44 00 411 —10 64 G0 219 —~10
4 30 691 —10 24 30 594 —10 43 30 406 —10 64 30 215 —10
5 00 690 —10 25 00 500 —10 45 00 400 —10 65 00 210 —10
5 30 689 —10 25 30 546 —10 45 30 395 —10 65 30 207 —10
6 00 683 —10 2% 00 &2 —10 46 00 390 —10 a4 00 203 —10
6 30 687 —10 2 30 578 —10 46 30 385 —10 66 30 199 —10
7 00 686 —10 27 00 573 —10 47 o0 3%0 -10 67 00 195 —10
7 30 685 —10 27 30 569 ~10 47 30 375 —10 687 30 192 —10
8 00 633 —10 2 60 5656 —10 48 00 369 —10 65 00 188 —10
8 30 632 —10 28 30 580 —10 48 30 364 —10 68 30 185 —10
9 00 680 —10 20 00 556 —10 49 00 350 —10 69 00 181 -10
g 30 679 —10 28 30 552 —10 49 30 354 —10 69 30 178 —10
10 00 677 —10 3¢ 00 548 —10 50 00 349 —10 70 00 174 —10
10 30 675 —10 30 30 544 ~-10 50 30 344 —10 70 30 171 —-10
11 00 873 —10 31 00 539 —10 81 00 339 —10 71 00 168 —10
11 30 671 —10 31 30 534 —10 51 30 334 —10 71 30 164 —10
12 00 669 —10 32 00 530 —10 52 00 320 —10 72 00 | 1.40161 —IC
12 30 7 —10 32 30 525 —10 52 30 34 —-10

13 00 665 —10 3 00 520 —10 53 0) 319 ~10

13 30 663 —10 33 30 516 —10 53 30 314 —-10

14 00 660 —10 o4 511 —10 5 00 309 —10

14 30 658 —10 34 30 506 —10 54 30 304 —10

15 00 855 —10 35 00 501 —10 55 00 200 —10

15 30 853 —10 35 30 496 —10 55 30 205 —10

16 00 650 —10 2% 00 491 —10 5 00 290 —10

18 30 847 —10 36 30 486 —10 5 30 285 —10

17 00 644 —-10 37 00 482 —10 57 00 230 —10

17 30 642 —10 37 30 477 —10 57 30 276 —10

18 00 639 -10 38 00 472 —10 58 00 271 —10

18 30 636 —10 33 30 467 —10 58 30 266 —10

19 00 632 -10 33 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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In the following table the values tabulated are [8,°+da0s+ d5°].

The unit is one in the sixth place of logarithms.

The two arguments

of the table are the length angles in degrees, the smaller length
angle being given at the top of the table.
the angles in each triangle opposite the known side and the side

required.

The length angles are

1 second for the length angles A and B of a triangle.

Table for determining relative strength of figures in triangulation

8, and 8p are the logarithmic differences corresponding to

10° | 12° | 14° {16° | 18°]20°| 22° | 24°| 26° | 28°030° | 85° | 40° | 45° | 50° l55° 60"'65 70°(75¢ lﬂo“ 85°)
o
10 | 428 | 859
12 ] 359 | 295 | 253
14 | 315 | 253 | 214 {187
16 225 | 187 |162 {143
18 | 262 | 204 | 168 [143 |126 J113
20 | 245 | 189 | 153 (130 (113 J100 | 91
2212320 177 | 142 j119 103 1 91 | B1 | 74
2452211167 | 134 {111 | 95§83 | T4} 67 | 61
26| 213|160 | 126 104 | B9 } 77 | 63 | 61 | 58 | 51
28 153 | 120 | 99 |83 | 72| 63 | 57 | 51 | 47 ] 43
300199 [ 148 | 115 | 94 (7968 | 50 | 53 [ 48 |43 ]| 40| 33
351188 (137 (106 | 85 | 71§60 (52|48 (41 |37 ]33 (2723
400179 | 120 | 99179 |65 54 |47] 41 |36]32])20 (2311016
4501721124 | 9317460350 4313732128025 20161311
501671119 | 8 |70 (574739 |34/20|260123|18;14111| 9]8
551162 | 115 86|67 |54 )44 (3713212701241 21116}12110) 875

159{ 112! 83164 |510842(35(30(25122019|14111| 9§ 7051414
65] 155|109 | 80 (624040 |33 (28|24 (21}18|13|10| 7| 6J5f4[3]2
70152106 | 78|60 (4838|3227 |23 | 19§17 |12| Of 7| 54({8]2]|2]|1
50150 (104 | 76| 58463730125 (20| 18J16|11] 8( 6} 443|221 (2,1
80147 | 102 | 74|57 |45 36{20f24(20(17]25(|10| 7| 5| 4]3(2|1{1|1}0]|0O
851145)|100| 73|55 ) 4334|281 23110 18] 14]10) 7] 5] 3]J2]2)1]1)0}0 0
90143 98| 71|54 | 4283 |27 |29 |16]13| 9] 6 4| 3}2|1|1|{1[0)0(0
954140| 06| 70|53 (4132|286 ]22[18)150913) 9] 6] 4} 3712111 |0)0]0 |0
00138 | 95| 68 | A1 (40031 (25| 2 (17f1aQ12}f S| 6| 4] 3J2|1[1(0|OF0O
1050136 | 93| 67|50 |39]30|25|20|17] 14312 8| 5| 4] 2]2j1|1|0]0O
1104134 | 01| 65|49 (3830 |24 (19 (16| 13]J1L| 7| 5] 3| 2J2|141(1
1n51132| 89! e4|48!lgzj20!l 23|19t 15| 311y 71 51 31 2p2:1]|1
1200120 | 88 62|46 |36 28[22|18f{15)12Q10} 7] S| 3| 2]2]|1
1250 127) 861 eL{45(3af2rj22|1®l4l12010) 7} 5} 4} 8}2
1304125 | 82| 50 (44 (3426|2017 |13 Q10| 7] S5 4] 3
135|122 82| 58 |43 (332621 |17j14|12]10| 7| 5| 4
140 | 119 56|42 )32)25{20|17)14)1210] 8] 6
u5fu6| 77| 55|41 32252 |17 |15|1311] ®
150f112] 75| 54|40|32]26|21)18)|18|15]13
152|111 75| 53|40 32]26|22]19|17]| 16
154110 74| 53)41(33]27(23]21]19
156 ] 108 | 74| 54 (42| 34| 28| 25] 22
158 1107 | 741 541431350301 27
160107 | 74| 56| 45( 38|33
162107 | 76| 59 | 48 42
184 100} 79| 63| 54
161113 | 8| 71
183] 122 | 98
170 | 143

90°|
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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.

() For each triangle in each chain enter the table with the
length angles as the two arguments and take out the tabular value.

(¢) For each chain, the best and second best, through each figure,
take the sum of the tabular values.

— (.’

(d) Multiply each sum by the factor D D for that figure, where

D is the number of directions ohserved and C is the number of con-
ditions to be satisfied in the figure. The quantities so obtained,
namely, DTFC 2 [0a%+ 8,85+ 6857, 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 R, 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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