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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 expiam 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 WavLter 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 théory 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, Manusl 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 ahstract of horizontal directions
constitute the basis for all the later computations. Every position
observed at a station, except observations on objects where only one
or two positions are taken, should appear on the abstract, the rejected
readings being indicated by the letter R. Sample forms are shown
in Figures 1 and 2.

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

At station Granife 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’ 44”0, while the direction of Westedge
from South Base, position 1, is 17° 17’ 4975, and the sum of the two

R ABSTRACT OF DIRECTIONS
Form §70
LY - ¥ o &1} -
Sution ... GrGRITe........ Compatedly . (5. TORL..... 7 —
_Obserses __C’.//Z ..... . Gy AR R... iNe S
Pomrion - : STATIONS OBSERVED

Mru.#,uldfeé‘ Union @ya[ N Bacr 2lliame Fviaer
.?;.m) ° r L] r o ’ ° . e . L] ’
o W [7,17 89 58 288 29 318 34 325 54 344 12

e >

R o5 a3 35T GiGr 480, 570

2 00 530 004 3577 465 5307 545
8 0% 496 596 s247 493 ST 67
¢ o0 55  F98 36T 478 533 s9e
& 0% 508 o022 .38731' 462 513 583
6 o0 50 28 355?3”;“4;93 58 607
: — G7IIR
z ? 00 482 585 328 458 528 S68
§ 8 00 504 030 368 468 S22 €00
§ 9 00 522 050 355 458 530 545
50 00 520 005 362 477 528 ser
§ u 00 505 06  2av 464 522 s57
g 13 00 577 g7 355 483 538 597
13 000 505 025 323 480  Slo 565
u 00 507 038 354 472 5S40 S92
B 0w 4g8  FIZ  s42 470 528 sus
16 00 5.7 046 3837 470 S22 578
Bum, 8i21 245 seos 7557 8363 9230
Yean, 5076 0153 3508 4719 5227 5769
o b, -0.26
Dissotion, J076 0121 3503 4719 5227 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

:::.,'-;':E:.-;':_-‘:-_-. ABSTRACT OF DIRECTIONS
Sett e AL AZONG...... N
Stin .. Gronife...... Copudty OFR...... MM A5z £ .
_Gloerr P HLBE.... Cotdiy AT ... Ik a‘«.«gn
PoR STATIONS ORSERVED

AL ° . © ’ o
0'"““' 27/" V/4 301" /7 325" &

° » e A ° . L] .

¢ M 40 595 072
2 00 427 600 Q&5
3 0.00 428 61.5 o7/
¢ 0.00 zgj 090
L3 0.00 m 07.0
6 00 473 100
g ! ~ 063
g 08w N 087
Poo % % ors
: 10 000 ) 059
E 1 0.00 ﬂ A\ 082
Z n .00 080
B u om 06.7
1" 0.00 07.0
B w 05./
19 0.00 L 'L) 073
Bem, 12t
Yuwa, 0757
a .
Olewten, o757

Fia. 2—Sample abstract of directions for missing signals

with South Base as inifial, gives 344° 12’ 58733. The mean of this
value of the direction to Frisco and that obtained with South Base
as initial, 844° 12/ 57769, is used in the list of directions shown in
Figure 8. If more than 10 or 12 acceptable positions are obtained
on any one night for a direction, that night should be given unit
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weight with any other night in determining the mean direction. In
general, where 10 or more positions of a direction have been meas-
ured on each of two or more nights no one night’s observations should
be rejected unless it is more than one-half second from the mean of all
the values for that direction. If the divergence from the mean is
greater than one-half second, that night’s observations should be
selected which will best close the triangles, provided that at least 12
acceptable positions are available for the retained direction.

It will be noted that since the angles were measured from South
Base to Westedge, from Westedge to Frisco, and from South Base
to Frisco, the proper value of the direction from South Base to the
other two points could be secured most accurately by a least-squares
adjustment (see pp. 8-16). In most cases, however, the results
obtained by this station adjustment do not justify the time required
to make the computation, but 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 1, has two
acceptable values for position 6. In such cases the mean is taken
of all values for a position and that mean given unit weight in the
final mean, on the theory that a symmetrical distribution of the
readings around the circle is essential to accuracy. With an accu-
rately graduated circle it is probable that the variation due to the
graduation is not quite so large as that due to errors in reading, but
the rule of unit weight for each position is the safest to follow as a
uniform procedure.

REJECTION OF OBSERVATIONS

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

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

1. No reading should be re]ected if it falls w1th1n the limit of
retention (in the sample this limit is £470 from the mean) unless
rejected at the time of taking the observation. The observer’s
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reason for rejection should then appear in the original record.
This rule will not apply to the case where one set of observations of
a direction is rejected in favor of another set of 12 or more positions,
as provided for on page 5.

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

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

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

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

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

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

the rule.
LIST OF DIRECTIONS

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

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

On the back of the form for the list of directions are instructions
for its preparation. (See fig. 5.) Only two points covered by those
instructions need be emphasized here, viz, the number of decimal
places to be shown in the mean angle and the treatment of eccentric
directions. As regards the first, on first-order triangulation the
directions to main-scheme stations should be carried to hundredths
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of a second, directions to second-order stations and to sharply defined
permanently marked intersection stations to tenths of seconds, and
directions to other points, such as mountain peaks, to seconds. Di-
rections to near-by objects, such as witness or reference marks, need
be taken to the nearest 10 seconds only. In general, two uncertain
figures should be given; that is, the third digit from the right in the

Oy LIST OF DIRECTIOND
e
Swtion CLA2IE .. CompuadVy L. Sution Compuied by
Oboorver O Cruskadty ZLER.. Oveuree Chockad by
. e s & ~ [ ] ” o
Soulh Base 00 00 0000
es/edge 17 17 Som
F ¥ £/ €738m. 28 38 08,
Unrion 89 5§ a2y
MMM
92 43 210
i 0ozlm 103 08
8 At w2, 25.562m. 200 25 08
fi 288 29 3500 (Metbod o, recording eccentricily
H N Base 318 34 41419 when theodolife 13 eccerntric and
3 Williams 325 54 o227 eccentpye fght 1s mare than 0/ m
Frisco 344 12 S58m Lrom the Free stabon)

EccentricLipht

Granife H: )

Light: eccentio as gtsen abws Eectntrk Stadivs
i-n Sbonn %o Urriors and Wiklioms. (Positian of Theoctiite)
No secanlricily of light b atther Sklians
o eccanricily of Mheodlolife (Recard’ must state fo what
SFations Ffhe /ohF was showr
A dliroltns rediced for cocentticil. w72 Sbove position.
Measuring the distance From

Yhe frue Slation fo the eccentre
Light wilf give a check on the wafues
For fhe elemerts of he smal/fringh)

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

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

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

LIST OF DIRECTIONS FROM HORIZONTAL ANGLES

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

Observed angles, Vance Mt.

Final
Observed stations Angle C;’i‘gﬁ"' sec-
on
o ’ ”» ” ”
Neal-Tomah Mt ... _...._.. 22 I8 415 -0.5 41.0
Tomah Mt~Spruce Mt_.._._. 5 51 12.0 -5 1L5
Spruce Mt.-Mt. Henry.__.... 116 54 37.1 —-.5 36.6
Mt. Henry-Brandy Hill__..__ 60 36 00.3 —.5 59.8
Brandy Hill-Oak_.._.________ 45 23 46.2 —.8 45.8
Oak-Neal _______ .77 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
S —— directly from that record on
T i e State:. Maine . Form 24A, as shown in Fig-
ure 4. Coniplete instruc-
tions for making out the
list of directions, which are

Station..Vance Mty Computed by . QePafe
Observer_.. QaVeHe . Checked by . 1.0 TR

Srations OpsgaveED Dumzomows Az Foui. given on the back of Form

o ¢ u » 24A, are given in Figure 5.
Neel 0 00 00.0 STATION ADJUSTMENT, DI-
Pomsh M. 2318 4.0 RECTION METHOD
Spruce Mt. 82 09 52.5

Under the present system

Mt. Henry 199 z: :: of observing, no local ad-
l;::ndy H1) 22: o 14'5 justments are necessary, and

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

F16. 4.—Sample list of directions from horizontal angles
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many angles as possible, including sum angles, the method used in
computing the list of directions at a station where local adjustment
is necessary is given here.

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

PRELIMINARY COMPUTATIONS

State: Kansos.
Computed by A. T. M.
Checked by A. R. L.

Station Chase
This form, properly filled out and Obsever A.T. M.

checked, must be furnished by Seld ;
perties. To be aceeptable it must conlain StaTioNs OBSERVED Dueerions Arren | Foaw
every direction observed. .

It_is to be us:gd for observatio.ns with. f . ; o;) 0('1:00 ”
repeating theodo'ites, as well as direction, "
theodolites. White church spire, 8 miles oomune] 6 28 56.4 H

Start each new station at the head . <
of & now column, Chase M. B. church, white spire_.._] 18 10 11.9 E

. . ]

Xf a repesting theodolite is used, do || ;o0 o | . am 2
not abstract the angles in tertiary tri- g
angulation. The local adjustment cor- Lyons, salt works, center hoist —..... 24 33 53.0 s
rections (to close horizon only) are o £
to be written in the Horizontal Angle Lyons, white spire, short.w ... 27 19 39.7 5
Record, and the List of Directions is -

p Lyots, COUrBOUSE. . oeewemecermsnrenass 2; 34.2 2
to be made from that record directly. yous, courthouse. 7 58 =

Choose as an initial for Form 24a Lyons, white spire, slim e v... 28 02 b54.2- &
some station involved in the local ) E
adjustment, and preferably ons which |[| Gitmere e 63 33 83.44 s
has been used as an initial for & round . K]

g - . ; BATAZY oo e e 59 67, £
of directions on objects not in the main vage 87 50 b7.32 ';
scheme. Use but one initial at a sta- Refercnce mark distant 06.65 s N
tion. Call tho dircction of the initial S:e*m- .20, B. 10 W N - 3

> 00" 00." : tion 3, T- 20, R. 10 W., NW. cor- 200 37 3 =
0° 00° 00."00, and .by app lying '1:}10 c‘:; nc?:tme, distant 252.6 meﬁer:.o " 3 36 2
rected angles to this, fill in 0ppos:to1en. Bossine. a4 52 241 3
station its direction reckoned ¢ —

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

If a station has been occupied cccentricelly, reduce to the center and enter in this form, in ink,
the resulting directions at the center. 1i the reduction is not made for some directions, they should
be entered in pencil, with a footnote to that effect.

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

It is recommended that the following simple plan of observing be used with a repeating instru-
ment: Measure each singlo angle in tho scheme at cach station and the outside angle necessary to
close the horizon. Measure no sum angles. Follow each measurement of every angle immediately
by & measurement of its explement. Six repetitions ere {0 constitute a mepsurement. The local
adjustment will consist simply of the distribution of the error of closure of the horizon.

SOTIRFWERT FRONTINS CTYRS

In rext to the last varagranh above the designation "primsry” should be
changed to "first-order," "secondary" to "secomd-order" and "tertisry" to
fthird-order."

Fiq. 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.



10 T. 8. COAST AND GEODETIC SURVEY

In the example below the angles were measured with different
numbers of sets, and so are weighted.

Observed angles, Mag

. Adjusted
Observed station Angle Weight » ﬂ"nal
» seconds 1
° ’ ”
115 58 098
Chamcook-Cooper ..._.___.. ig?) 10.1._.] 4 2] 10.1
1032[
34 20 213
Cooper—RYe - -uocmneenes f 20.5}20.9_.- 3 7 20.8
l 210
Rye-Middlemiss .. oo.o.oooo- { 46 oL gg:";}zs_';___ 2 - 8.4
Middlemiss-Collins.._.._....
{80 07 188hes.. 2 o [ 168
Rye-Mohannas - ... { 16 16 %zg}om___ 2 . 06.3
Anderson-Mohannas ... { 1 59 %-;}05_4___ 2 % 056
. 8B
Collins~-Chameook -« acee.-- { 43 5}43.9_._ 3 i d 43.9
. 126 08 448
Rye-Colling - I 45.4\-45.1___ 3 7 45,2
| 450]
Anderson-Middlemiss ____... { @ %:2}28.8-._ 2 % 2.7
Mohannas~Collins - ... ... { 109 52 gg-ﬂgg‘ﬁ___ a "o 38.9
el )
This column is filled out after the adjustment is completed. (See p. 16.)
List of directions, Mag
Adjusted
Onhserved station Direction final
seconds 1
00.0
o 10. 1
L 402 30.9
n4-rat-es—re 316
14m-eetes 37.2
7401402403 59.3
Ford-ra+-v3t0a - 16.1

1 This ecolumn 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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o ! L4
Angle Collins—Chamcook, observed, = 83 23 43.91
Angle Collins—~Chamecook, from list, = 83 23 44.0—p—v—5—y

Condition 1, = —0.14 v+ vt vyt ot oy
Angle Rye—Collins, observed, = 126 08 451+
Angle Rye—Collins, from list, = 126 08 45.0+utu
Condition 2, 0==40.1—ny—ot ng

Angle Anderson—Middlemiss, observed, 41 44 268t

I

Angle Anderson—Middlemiss, from list, = 41 44 29.04u—vst v,
Condition 3, 0=—22—v+tvs—vgt+ 0o

Angle Mohannas—Collins, ohserved, = 109 52 39.6- 1y
Angle Mohannas-Collins, from list, = 109 52 38.9+F wst-vs—us

Condition 4: 0=-+0.7— V3— l!4+ t’5+ V1o

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

Correlate equations

] 1 2 3 4 | = ps |Adopted
P L4
1 LT G 3 U O AU I, +1{ —0.024 0.0
2 4] e +1 —.032 -1
3 el +1| -1 —1 -1| -2 —. 342 -3
4 6 +1 =1 |eeeee -1 ~1 +.510 +.5
5 [ ) N +1{ +1{ 42 +. 168 +.2
& -1 —. 852 -.8
7 +1 —. 032 0
8 +1 4. 034 +.1
[ +1 +. 852 +.9
10 +1 — 534 -7

* This column is filled out after the adjustment is completed. (See p. 15.)
{ See explanation of this column on p. 15.

a .
In the second column above, headed > ¢ is some constant, and

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

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

Normal egquations

1 2 3 4 n Za c*
1| 42| -12 -6 -12| —0.1 —7.1| —0.0075
2 +18| 46| +i12 +1) +e21| --.0208
3 424 | 12| —22| +33.8| +1417
rt +21 +7| 4367 —110

® See p. 13 for values in this column,
640737°—45 2
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The normal equations are obtained by taking the algebraic sums of
% times the products of the various columns in the correlates. For

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

z(p 11)+ ( 12)+“( 13)+z( 14)+n1

[u (— . 1.2 ) +171:| normal equation No. 2 as a(— . 2-2) +
( . 2. 3>+E( 2. 4>+11, I: (p .,c)+17,] normal equation

No. 3 as H(I—) . 3-3) + E(I—) . 3-4>+773+[2(5 . 3'Ec)+"’3 , and

normal equation No. 4 as E(E . 4-4)+m+ [E (g'- < 4.2 )+m:|’

in which the = before each parenthesis indicates the sum of the
products in the parentheses and should be distinguished from the =,
and the =, of the preceding tables. 7 is the constant term for
the corresponding 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 », in the
same horizontal line, including the omitted terms as explained
below. This gives a check on the formation of the normals. In
obtaining the Z, it must bé remembered that due to symmetry,
as explained below, certain coefficients have been omitted in the
preceding table of normal equations and that these must be taken
into consideration. The term in square brackets of the first nor-

mal equation is [E (% -1 -Ec>+ m:l= —7.1. Adding the coefficients

- of the terms in the first normal equation as given in the table we have
+23—12—6—12—0.1=—7.1, which checks the formation of this
equation.

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

equation I:E (% . 2-Ec)+ng:|—..... 1, and this checks the sum of the

coefficients of the terms in this equation, —12+16+6412+0.1=
+22.1. The third and fourth normal equations are checked in the
same way.

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

-

1 2 3 & L] —n

1 2| —s| -2 | ~01 | ~71

\+23
-%\He 46 | 412 [ 401 | 4em1
S g2t | 2 | 22 | +sas

~12 | 412 %\4-24 40.7 | +36.7

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.

e
|
)

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 9f the computation.

Forward solution

1 2 3 4 ] Za
+23 | -12 —6 —12 —0.1 -7.1 .
(1) +. 5217 +. 2600 +. 5217 +.0043 +.3087
+16 +6 412 +.1 +22.1
1 —~6. 260 —3.131 —6. 260 —. 052 ~3.703
+9. 740 +2. 860 +5.740 +.048 +18.397
C: —. 2046 -, 5303 —. 0049 —1.8888
424 +12 —2.2 +33.8
1 —1. 565 —3.130 —.028 —1.852
2 —. 845 —1.691 —. 014 —5.419
+21. 590 +7.179 —2,240 -26. 520
(2 ~.3325 +.1038 —1.2287
424 +.7 +386.7
1 —6. 260 —. 052 —3.703
2 —3.383 —.028 —10,842
3 -2, 387 +.745 —8.821
5
+11.970 +1.365 413,334
A —. 1140 —1.1140

Back solution (computation of C’s)

4 3 2 1

—0.1140 +0. 1038 ~0. 0049 4-0. 0043

+. 0379 +. 0872 —. 0895

-, 0417 4. 0370

+0. 1417 +. 0107
0. 0206




14 U. 8. COAST AND GEODETIC SURVEY
EXPLANATION OF SOLUTION

The forward solution is coniputed 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
G, Cs, C,, and the constant term. Normal equation No. 2 is next set
down, and since it has a coefficient of — 12 for (}, the divided coeffi-
cients of equation No. 1 are multiplied by —12, and the products are
placed under equation No. 2. The quantities in each column are
then added algebraically and are divided by the new diagonal term,
+9.740, all the signs being changed. (; is thus given in terms of
G;, 0,, and the constant term. Normal equation No. 3 is then written
down, and since it has a coefficient of —6 for ¢, and +2.869 for Cs,
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
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 (, 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;=—0.33250,
+0.1038; C:=—0.2946C;—0.5893(;~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 lme is written the constant term for each d1v1ded
equation of the forward solution; that is, the quantities in the column
headed ». 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 (. The value of C;, +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 (5. The value of
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C:, +0.0206, is multiplied into the quantity of the divided equation
in the column headed 2 of the forward solution, this product being
placed in the fourth line of the back solution in the column headed 1.
The quantities in the column headed 1 of the back solution are then
added algebraically to give C.

COMPUTATION OF v'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 2+ It can be easily seen from this table that

91=301, =40, v;=6 (01"02—03,_04), 2=6 (Ci—C:— ), v5=
6 (03“" 04), Vg = —‘603, ?)1=401, ?)3=402, 7)9=603, and '010=604.

The v's are best obtained by means of a table as shown below,
which has a column for each ». The values of 0,, (;, C;, and C; are
placed in the different columns to correspond with the set of corre-
late equations on page 11. These are then added algebraically in
each column, and each sum is then multiplied by the corresponding
weight for that » 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. Oeccasionally, 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 equation (1) we substitute the values
of the v’s computed to the nearest tenth of a sécond, we have 0=
—0.14+0.0+0.0—0.3+0.5+0.0, or 0=-+0.1; and in equation (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, », has been
given the value —0.1 instead of 0.0, and v —0.8 instead of —0.9,
in order that equations (1) and (3) may be satisfied.

Computation of v's

1 2 3 4 5 6 7 8 9 10
—0.008 | —0.008 | —0.008 | —0.008 | +0. 142 | —0.142 | —0,008 | 0.021 | +0. 142 | —0.114
3 4| —021| —02| —114 6 4 4 6 6
— 2] 114
—024| —032| +.114 +.028{ -.852( —.o032| +.084| +.852( —.684
-1 +.085 6] —8 0 .1 +.9 -7
—.057 [
[ +.168
+.2

+.510
+.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 sfter the local adjustment should appear in the

following form:
List .of directions, Mag

Direction after

Observed station local adjustment

Final seconds

58
27
“
166 43
28
36

STATION ADJUSTMENT, ANGLE METHOD, OBSERVATIONS OF EQUAL
WEIGHT

The method of station adjustment explained on pages 8-16 is used
in cases of first-order triangulation, and particularly where the
observations are of unequal weight and the adjustment is involved.
When the observations are of equal weight and the number of sum
angles observed is not great, the adjustment can be much simplified
by using the method shown in the example below:

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

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

Station Cora
Observed stations Observed angle seFoig?ilsl
o ’ ” n
(1) Decision—Mae. ... 16 11 53.64m 53.5
(2) Decision—Nation 99 42 50.6+-ve 50,9
(3) Mae—Nation._ __.__._.._....._. 83 30 57.6+4m 57.4
(4) Howard—Nation. - 74 11 110424 11.1
(5) Mac—Howard..............___. 9 19 46.14us 46.3
(6) Nation—Decision. .. __._..... 260 17 08.8+4uvs 08.1

» ll’ghis column is filled in after the adjustment is completed. See
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In the above table », v, v3, 2, ¥5, 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 —(3)+ @)+ () gives 0=—0.5—v3+v,+ 05
3d (2)+ (6) gives 0= —0.6 + 02+ v;.
The correlate and normal equations below are formed in the same

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

Correlate equations

- . Adopted
1 2 3 e [ ot

1 +1 +1 —0.062 —0.1
2 -1 +1 0 +.331 +.3
3 +1 -1 0 —. 208 -2
4 +1 +1 <4148 +.1
5 +1 +1 +.148 +.2
6 +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 2 Zn c
+| 1] 1| +os 416 | —0.0616
2 NEN N —5 +L5| 1462
3 2| -6 +.4| 2002
Solution of normal equations
1 2 3 7 Zn
43| -1 -1 +0.6 +1.6
G| 433333 | o333 -2 —.53333
+3 -5 +1.5
1| —.3383 —.3333 +.2 +. 5333
-+432. 6687 —.3333 -3 +2.033%4
G 4+ 125 41125 | —.7625
+2 T -8 +.4
1 —. 3333 +.2 +. 5333
2 —. 0417 —0375 | +.2542
' +1.6250 —.4875 | +1.1875
G +.28023 | —.73077
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Back solution

3 2 1

0. 26923 +0.1125 -0.2

+. 0337 -+. 0897
+.0487

=+. 1462

—. 0616

Computation of corrections (v’s)

1 2 3 . 4 5 6
—0. 062 +0.082 —0. 062 +0. 148 +0.146 | +0.269
+. 269 —. 146
—. 062 +. 146 +. 146 +. 269
-1 i.gﬂ —.2308 +.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, 8 COAST AND GEODETIC SURVEY
Fonm 244

17T T

Station .. Cora. Computed by ...Qs_B: 8.
Observero.BaVaHa . Checkedby — We Fo Ro

] o D ArTER qu..

= Local ADJUSTMBENT SEcONDS

° ’ ” »

Decision 0 00 00.0
Y¥ac 16 11 53.5
Howard 25 31 39.8
Nation 99 42 50.9

Fia. 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 g list of directions for a station oecupied eccentncally
(fig. 7) and the computations necessary to obtain the corrections for
reducing the directions to center.
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INSTRUCTIONS

. ] .. dsin a
The required reduction to center is, in seconds, ¢=

ssin 17’
which d is the distance from the eccentric station to the true station,
and s is the length in meters of the line hetween the true stations
involved, and, therefore, log s is taken directly from the computation
of triangle sides. @ is the direction of the distant station involved,
reckoned in a clockwise direction as usual but referred to the direc-
tion from the eccentric to the true station, or center, taken as zero.
This definition of @ is true for the case in which the object pointed
upon is eccentric, as well as for the case in which the instrument is
eccentric.

DEPARTMINT OF COMMERCE . LIST OF DIRECTIONS
[

State:
Station,__Ken Ece. c dby Q:P.S. . Station_Ken . . — Computed by — QeP.8.
Observer _O..YaHe . Checkedby —JeFaRa . Obssrver CoF-H. Checked by o WeBeBe
8 0 l‘:ocu. A A S 8 Os l':otll. Amvr‘r::‘l: Sltgl‘l:l
o ’ ” Co’:”f‘or ° ’ ” ”
Chevy 0 00 00.00eccents. Chevy 0 00 00,00
Tank west of & Dulce 29 03 37,0 -62,5 Tenk west of & Dulce 29 02 34.5
Ken (center) 3.469 m. 176 42 Forest Glen Stemdpipe 313 28 016,
Forest Glen Standpipe 313 34 53.0 +188.5. Bome 326 z2 09,
Hone 528 31 30.2 439.28 ™ f5.5%2, YT 352 37 m.e
Bu. of Stond. wireless 252 17 20.8 #13.0 Remo 357 2 6478

Reno 357 28 48.63 46,18

F1¢. 7.—Lists of directions before and after reduction for eccentric station

Carry a 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 mames 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 24 A, subtract the reduction
¢ for the station which is the initial on Form 24A from the reduction
¢ for the required direction and apply the difference to the observed
direction. Similarly, the correction to any angle is the difference
of the reductions on this form to the two directions involved in that
angle.

Home 1 i 49
Bu. or'éignﬂa%agf\“ 75
. Reno 80

8.88654 | 3.98487 | 4.90167 | 0.75630 | +5.71
8.12681 | 3,02638. | 4.20088 | 0.064%8-| -1.16

"‘.':_‘.!‘T..‘:.‘.'E:‘::.%:‘.'."..',':f' REDUCTION TO CENTER
N 382
Eooentric Station:  Ken Log d=0.54020
Cologsin1"=5.31443
d= 3.469 meters Sum =5.8 5 463
STATIONS a Loa g1x a Ioas Log 2 lﬁlg"l;‘-l:-ov Repuerron
o s IN BECONDS .'
Center 0o 00
Chevy 183 18 8.76015| 3.75439 5.0091% o.ssﬁ =7.31
Dank west of A DulodZl2 22 | 9.72963 | 3.729B% | 5.9e98%. | 1.844 R
Forest Glen standpipel3s 43 9.83608 | 3.43 6.40388 3.258 +181.16
50 | o.70115( 4.05168. | 5.60988 | 1. +al.
25
4

Fi¢. 8.—Reduction to center of eccentric station

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

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

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

The corrections thus determined are now applied to the corre-
sponding directions observed at Ken eccentric, as shown in Figure 7.
As it is desired to keep the initial direction (in this case to station
Chevy) 0° 00’ 0070, the correction at Chevy is subtracted algebrai-
cally from each of the other corrections and these differences applied
to the other directions. The following corrections are therefore
applied: At Chevy, 0700; at Tank, west of Dulce, —69786~—
(—7731)= —62%5; at Forest Glen Standpipe, +181726 —(—7/31)
= 118876; at Home, +31791—(—7731)=1+39722; at Bureau of
Standards wireless pole, +5"71—(—7"31)=+13%0; at Reno,
—1716—(—7731)= +6"15. The corrected directions are shown
in Figure 7.

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

REDUCTIONS FOR AN ECCENTRIC OBJECT OBSERVED

If the object observed is 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 & 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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DEP.'A.RTMEN'I' OF COMMERCE
)

oMo e SUREY COMPUTATION OF TRIANGLES
State: .. MaXYhond.
No, STATIONS OBSERVED ANGLE  CORR'N SMEINT Srmxwn FLANE ANGLES LOGARITEM
23 Home~Reno 6.3 3.7?221:&
¢ 1 Ken 30 56 556 +3.5 48.8 0,288868-
2 Home 47 09 57.7 +3.4 61.1 9.865
3 Remo 0L 55 06,7  +3.4 10,1 9.9908588,
1-3 Ken~Reno 3.9 2
1-2 Ken~Home 4.051616-
49.7
2-3 Home~-Chevy 50.6 3.86092%
¢ 1 EKen 33 27 5 +2.3 52,9 0, 258 563~
2  Home 2 20 54.6 +2.2 56.8 9.631533-
3 Chevy 121 11 08,1 +2.2 10.3 9. 93321\#\
-3 Ken~Chevy 3.75092‘3-
12 Ken~Home 4.051658
53,3
2-3 Xen~Reno 3.9263
¢ 1Tank near Dulce(1ll -83—22%3-) 0, 030:
2Ken 31 gg-%g-:-;- 9.7138%8-
3 Reno 37 18 26.6 9.782238
1-3 Tank-Reno 3.6755
1-2 Tank-Ken 3.739%%%
2-3 Reno~Ken 3.9253§g-
o iforestllm 6 2 28, 0.0613
2Reno 16 09 44:2 9'“‘:1.23;
3Ken 44 v 9,84288%-
1-3  Forest Glen Standpipe - Ken 3.4%9 A0
1-2  Forest Glen Standpipe - Reno 3.830088
2-3 Reno-Ken 14.8 3-9263%”?'
¢ 1 ?:;eg:lit;g%; (31 22 86:8) 0.335%
2 Reno 43 26 4.2 9.775001
3 T 5 u B8 8.956
13 Wireless pole-Ken 3.984868.,
1-2 Wireless pole-Reno 3.16

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 eccentrie.

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

O 4 “gﬁuﬂun;'l“ i LIST OF DIRECTIONS
State: . MAXTLIARA....o.. e - _

Station.. . Hom& . Computed by .QeP.Ss . Station m—————— CWP“M hY -Q-J‘Lil———n

Obsorver.GaYeBla . Checked by WeF.Re Observer SalinG Checked by 7 2 P
& O 1:,“,, lons Arrze  Fueas o I':ocu. Amuﬁnw SE:I“:Q

. o ’ ’” »” e . ” -

Park 0 00 00,0 Cedar 0 00 00,0

Cedar 47 Q7 45.6 Wallace 44 45 54.8

Gerst 187 42 15.9 {Hom 116 24 28.6

Garfield 152 25 42.7 Home Eco 116 26 12.1

Home Eoc. 2.79 m. 222 56 20, Reno 173 33 28.9

Station.Codax . ... Computed by QaRaSa .

Observer Galiaae i Chocked by TeBeBe
Sramoms ¢ [k e R
L ’ ” ’”

Tallace 0 00 00.0
Home 43 02 10.6
{Home e 43 02 07.4
Telkome 58 59 12.6
Home ecc. Park 59 29 28.8

Station..38%8t. ... Computedby ..Q.PoSa__ Station_Qarfleld.. . Computed by OaPul
Obsorver SsDie®e . Checkedby —WadsRs . Observar .Caliae . Checked by ~TaBuBuo ..
Arrer  FixaL o Arrer  Frxan

Osaen: . LooAu A 8 I.ocu. ApjusTeRNT SEcoNDS
e r # ” o 2 & ”n
Garfield 0 00 00,0 Ingane 0 00 00,0
Stenton 12 13 22.0  Home 62 58 17.2
Home 46 22 38,0 {xome Xeo 62 B7 26.9
{Bnu p .1} 46 20 53.2 Stanton 88 40 09.C
Potomac 83 11 0.2

F16. 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 tria,ngles 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 A REDUCTION TO CENTER

observed object at

Becontrio Station:  Home Log d=0. 445 60

Cologsin1"=5.831443

d= 2.79 meters Sum =5, 76 003
STATIONS . Leasmia Yoo Loo 0t LE.‘;J.&%;” Reoyorzox
Center o 00
: Qedar 4 12 8.86474 4.12189 4,74286 | 0.50288 | +3.18
Gerst 94 45 9.99850 4,10683 5.89167 | 1.65170 +44.84
Garfield 109 30 9,97435 4.02427 6.95008 | 1.71011 [61.30
Park : 317 06 9.83207 3.62200 6.21097 | 1.97100 [-93.54

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

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

e?h sin 2a cos® ¢
2p sin 17/

’

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']

. : Yog Log
Observed station | & « 2a Logasm Logh |etcosis [ corree- Cgitg;e-
Zosin1’ | ton .

o ’ -] ’ ”n

50 45 101 30 9. 901 2.910 5. (684 8. 585 +0.04
231 52 83 44 9, 97 2. 831 5. 634 8. 562 +.04
239 21 118 43 9.043 | 2.880 5. 684 8. 496 ~+.03
2 57 227 M 9. 870 2, 859 5. 684 8.413 —.03
353 42 HT A 9339 2,876 5,684 7.902 - 01

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

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

2ec§)_s_q,5’ can be used for all the
p sin 1
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
& cos? ¢
2p8in 1’
which, as was stated, is the same for all directions at any given station.
The sign of each correction is determined by the sign of sine a.

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

result, the same value of the factor

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

[

1 2
[Corr.=+.,_psi—%, cos? ¢ sin 2e; Qp_s;nTi cos? ¢ sin 2e is tabulated below for the sirth decimal place. Itis

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

Azimuth of direction

- o o o o o o o ° o ] o o L] o o
+ 0 5 10| 12.5 151 17.5 2| 22.5 25| 27.5 30| 32.5 35 40| 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 2.5 [ 115 | 1175 [ 120 | 122.5 | 125 | 130 135
180 | 175 170 (167.5 | 145 {162.5 160 [157.5 ) 155 | 1525 | 150 | 147.5 | 145 | 140 | 135
+ 180 | 185 100 (192, 5 | 195 [197.5 200 [202.5 | 205 (207.5] 210 (212.5| 215 220225
270 { 265 260 [257.5 | 255 [252.5 250 [247.5 | 245 | 242.5 | 240 | 237.5 | 235 | 230 | 225
_ 210 275 280 [282.5 | 285 |287.5 200 |9292.5 | 205 (207.5| 800/ 302.5| 305 310 | 315
\ 360 | 355 350 [347.5 | 345 [342.5 340 [387.5 | 835(332.5| 330 327.5| 325 320 315

¢ a

20 17 33 41 48 55 62 63 74 79 4 83 91 95 | 97
21 bYy 33 40 43 55 61 87 73 78 53 86 90 o4 9
15 32 40 47 54 60 67 72 7 81 85 88 93| 94
23 18 32 39 46 53 60 66 71 76 80 84 87 911 83
24 15 31 45 52 59 65 70 75 9 83 86 9] 91
25 12 31 38 45 52 58 69 7 8 81 84 8} 9
26 15 30 37 44 51 57 63 68 2 7 80 83 87| 88
1 15 30 37 43 50 56 61 67 71 7% il 82 861 87
28 15 20 36 43 49 55 A0 ] 70 7 it 80 84| 8
2 15 29 35 42 43 54 59 64 69 73 76 9 2] 84
14 28 35 41 47 53 58 63 67 71 T4 w7 81| 82
31 14 28 34 40 48 521 ,5 62 66 70 73 (] 7| 8
32 14 27 33 39 45 51 56 60 64 63 71 74 78| 79
33 13 28 33 38 44 49 54 59 63 67 0 72 )| T
34 13 26 32 38 43 48 53 58 62 65 71 740 75
35 13 25 31 37 42 47 52 56 60 64 67 69 2] B
36 12 25 30 36 41 46 51 55 59 62 (] 67 71t 72
37 12 24 30 35 40 45 53 57 60 63 66 70
38 12 23 29 34 39 44 45 52 56 59 62 64 67) 68
] 12 23 ol 33 38 43 47 51 5 57 80 62 65] 66
40 11 2 2 32 37 41 45 49 53 56 58 60 63| 64
41 1 21 26 31 36 40 44 51 54 56 59 61| 62
10 21 26 30 35 39 43 46 2] 52 55 57 60| 60

10 20 24 29 Bl 38 41 45 43 51 53 &5 58| 59

10 19 24 28 32 36 40 43 45 49 51 56 { 57

10 19 23 27 31 35 39 42 45 47 Y] 51 4] 56

18 2 26 30 34 37 40 43 46 48 50 52| 53

17 2 25 20 33 36 39 42 44 46 50| 51

17 21 25 28 31 35 33 2 44 48 431 49

13 20 24 27 30 33 36 39 41 ig 47

43 44
15 19 23 26 2 82 35 37 39 41 42

COCOe CCOoOd OCOOE OOOOO OCOOoOo OO0 COOOCC COOOO OO0 oo coooCo

SFdI Z2SST ORSA2 SELuT SRUNE SBRRS HEES

9

9

9

8

8

8

7

7

7

6

8 2 14 17 20 22 24 26 28 31 32 34| U
(] 11 14 16 19 21 23 25 27 28 29 31 2] 82
5 11 13 15 18 20 2 24 25 27 23 29 31
5 10 12 15 17 19 21 22 24 25 2 a7 2

5 9 2 14 18 18 19 21 22 24 25 26 271 27
4 9 1 13 15 17 13 20 21 2 23 24 257 26
4 3 10 12 14 15 17 18 20 21 b 23 2B 24
4 8 10 11 13 14 18 17 18 20 20 21 21 3
4 7 9 11 12 14 15 16 17 18 19 20 21| 21
3 7 8 10 11 13 14 15 16 17 18 18 9] 2
3 [ 8 9 10 12 13 b3 15 18 16 7 181 18
3 (] 7 8 10 11 12 13 4 14 15 18 16| 17
3 5 6 S 9 10 11 12 13 13 14 14 151 18
2 5 6 7 8 9 10 11 12 12 13 13 14 14
2 4 & 6 7 8 9 10 10 11 12 12 13| 13
2 4 5 8 7 7 8 9 10 10 11 11 11| 12
2 4 4 5 6 7 7 9 9 9 10 10| 10
2 3 4 5 3 [} 7 7 8 8 8 9 9
1 3 4 4 5 5 [ [] 7 7 ] 8 8 ]
1 3 3 4 4 ] 5 6 6 [ 7 7 7 7
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The arguments used in this table are the latitude of the station at
the left and the azimuth of the direction at the top. For conven-
ience the computation should be made in tabular form as shown
below.

Computation of sea-level corrections using table

[Station Bull, latitude 48° 20’]

2 sin 2a coS? '
Observed station | & « £ s;: FES g ® Cﬁr;:c'
m. o ’ ”
Snake. 813 50 45 0. 000047 0. 04
QGladys. 61 221 52 . 000048 +.04
Bonetrail 740 239 21 . 000042 +.03
Williston. | 728 203 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

WS ANTUIT OF COMMENCE . LIST OF DIRECTIONS
Fomim State: NORS DAKOA oo
Station emeen BOEL Computed by QsPeSe __ Staton.. Bull Computed by 0P8,
Observer.—..Ga¥ele .. Checkedby .. MePsBe . Observer Co¥eBle . Chacked by —BaFsRo ...

& o Locar A e Brann d Locaxn Am:::ll:l SR:::-
Tilliston o 00 m Milliston 0 00 00,00
Baford 59 45 10,08, Baford 59 45 10.08
Suske . 116 48 35,88 Snake 116 48 26.39
Gladys 27 55 2.8 Sladys 27 85 21.19
Bonetrail 305 24 33,88 Bonetrsil 305 24 23.86

F1G. 12.—List of directions corrected for sea-level reduction

2 o1 2

e—-s;n—p————:i?l (i(:? ¢ as taken from the table on page 26, and in the last
column the sea level correction which is obtained by multiplying the
tactor in the fourth column by the height in the second column.
The correction is plus for azimuths in the first (0° to 90°) and third
(180° to 270°) quadrants and minus for azimuths in the second (90°
to 180°) and fourth (270° te 360°) quadrants.

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

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

Directions for using this nomogram are given on the figure.
640737°--45—3
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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
formed by connecting it with stations on the
fixed line or previously named stations should
be written in clockwise order. R Z—— | b
. After the local cqnditions, that is, those aris- _ | 4 Typical quadrilateral
ing from the relations of the angles at each
station to one another, are satisfied (see pp. 8-18) there are general
conditions arising from the geometrical relations of the various parts
forming a closed figure which must be satisfied.

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

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

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

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

line joining them.
The sketch showing the
relative positions of the
Fairview Stations is drawn and the
directions numbered as
shown in Figure 15. It is
notnecessary to spend much
Yellow time in making the sketch
F16. 15—Quadrilateral used for sample adjustment absolutely tosc ale, although
it should be approximately correct m order to give an idea of the
relative size of the angles, the sketch being used as an aid in forming

the equations.

Spencer

(BITARTme o coummer LIST OF DIREQTIONS
Fomarts State:_._Qrezon
Station ROman . Computedby sFeRse ... Station_Spencer .  Computed by . FafeRa ..
Observer. Qe BaFrench Checkedby OsBeS. . Observer Q2B.Xxench _  Checkedby . QeBeSs
& Op I::cu. Aww&:::r Stioms § o T ocat Amnlmnr Sﬁg:’l‘a-
« s ow ” o s » ”
Spencer 0 00 00,00 59.96 Peterson © 00 00,00
Fairview 31 04 11.58 11.86 Twin 1l 08 19.38
Yellow 65 12 45.72 45.48 Fairview 131 12 05.33 O04.91
Yery 291 34 34.04 Yellow 197 25 26.30 28.80
Peterson 321 25 23.53 Roman 251 46 38.49 38.31
Twin 220 41 33.42 Rench 270 37 26.91
Mllazette South Base 311 51 09.89
ary 318 12 Ol.16
Ridge 319 15 00,47

Willamette North Base 328 26 41.12

Station..Yellow . Computedby..feleBa . . Station FallView C d by .. ilaEaR

Observer QaBeZRe0CR . Chechedby 0P8 Observer QaBuFrench..... Checked by .o QeBnSs.. .

Dmecrioxe ArTER FinaL

Direcrions AprER  FivaL
LocAL ADJUSTMENT SEcoNDe

AL ADJUSTMENT SECONDS Starions OBsERYED

SramioNs OBSERVED

o s u ” e 4 s .

Tite Q0 00 00.00 Talite 0 00 00,00

Roman 178 40 38.68 38,69 Scott 23 26 03.35

Spencer 239 06 47.30 47.52 Yellow 54 53 23.69. 23.22

Falrview 297 46 09,74 09.96 Roman 81 39 24.54 24.90

Scott 337 15 43.07 Soencer 110 00 45,96 46.06
Black 210 44 55.62

F1a. 16.—Lists of directions for stations of quadrilateral

The triangles are then written out in clockwise order on Form 25 as
described on page 29. (See fig. 17.)
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EXPLANATION OF TRIANGLES

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

DEPARTMENT OF COMMERCE
. 8 COASY

Porm s COMPUTATION OF TRIANGLES
o "Lw“ 2 State: Qr.egan4_5_6 . 8

Xo. STATIONS OBSERVED ANGLE ~ CORR'N SIEIN™ Srmmpn FLANE ANOUES LOGARITEM
2-3 Roman-Spencer 4,7176307
-445 1 Yellow 60 26 09,17 -0.34 08.83 1.95  06.88 0.0605813
=l+3 2 Roman 65 l2 45.72 -0,20 45.52 1.96 43.56 9.9580218
=112 3 Spencer 54 21 12.19 -0.68 11.51 1.96 09.56 9.9098872
1-3 Yellow-Spencer ~1.22 5.86 4.,7362338
1-2 Yellow-Romen 4.6880992

7.8
2-3 Yellow-Romen 4.6880992
~748 1 Teirview 26 46 00,85 +0.83 0L.68 2.19  59.49 0.3464441
«446 2 Yellow 119 05 3l.11 +0.16 31.27 2.19 29.08 9.,9414345
«243 3 Roman 34 08 34.14 -0.52 33.62 2,19 31.43 9.7491528
1-3 Fairview-Roman +0.47 6.57 4,9759778
1-2 Fairview-Yellow 4.7836971

06.10
2-3 Yellow-Spencer 4.7362338
<748 1 Falrview 85 M 22.% +0.57 22.84 2.39 0.45 0.0859876
=546 o TYellow 568 39 21.94 +0.50 22.44 2.39 20,05 9,9314862
=10+11 3 Spencer 66 13 Z21.07 +0.82 21.89 2.39 19.50 9.9614757
1-3 Fairview-Spencer +1,89 7.17 4,7537076
12 Fairview-Tellor ' 4.7836971

05,28
2-3 Roman-Spencer 4.7176307
=849 1 Fairview 28 21 21.42 -0.2621.16 2.15 19.01 0.3233636
=142 2 Roman 31 04 11.58 +0.3211.90 2.15 09.75 9.7137133
=10412 3 Spencer 120 34 33.26 +0.1433.40 2.16 3l.24 9.9349838
1-3 Falrview-Spencer +0,20 6.46 4.7537076
1-2 Fairview-Roman 4.9759778

06,26

Fia. 17.—Triangle com_putation 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’ 48”705. 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 excéss for each triangle as given on Form 25
is obtained by the formula (see Special Publication No. 8. p. 7)

a; b, sin C) (1—é? sin? ¢)? )
€= ! lzsalf(ll__(ez) sinsl" ¢) =qq b1SID. 01><m.

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

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

log a, = 4.7176

log b, = 4.7362

log sin C,= 9.9099—10
19,3637

log m = 1.4041—10

log € = 0.7678

€ = 5’859
T o St COMPUTATION OF TRIANGLES

State: ..Oregqn

~o. STATION ODSCRVED ANGLE ~ CORWN SPENL Erammi  BLANE ANOLE LOGARITHX
2-3 Roman-Spencer 4,7176
1 Yellow 60 26 09.17 0.0606
2 Roman 65 12 45.72 9.9580
3 Spencer 54 21 12.1% 9,9099
1-3 Yellow-Saencer 4.7382
1-2 Yellow~Roman 4.6391

FIG. 17a.~Preliminary triangle computation to obtain lengths for spherical excess computation

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

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

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

1 This sum can be obtained directly from the triangle computation without recopying the individual
values,
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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’ 05”86 —
180° 00’ 07708 = —1722.

In a similar manner the closures are obtained for the other three
triangles of the quadrilateral. The closure for the whole quadrilateral
should be the same when computed by adding together the closures of
either pair of triangles which cover its area. For example, the alge-
braic sum of the closing corrections of the two triangles, Yellow—
Roman—Spencer and Fairview—Yellow—Spencer should equal the
algebraic sum of the closing corrections of the two triangles
Fairview~Yellow—-Roman and Fairview—Roman—Spencer, that is,
—1.224+1.89=+0.47+0.20. This check should always be applied
before beginning the adjustment.

NUMBER AND SELECTION OF EQUATIONS

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

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

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

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

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

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

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

The corrections to directions are designated by v, s, . . . . . 5, but
for convenience it is customary to drop the #’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, —M+B) -+ GB)—A1)+(12)=—1.22, or
as usually written 0=+1.22—(1)+ 3)— @)+ (5)— (11)+ (12),

angle equation 2, 0=—047—(2)+B)— @)+ (6)—(7)+(8),

angle equation 3, 0=—1.89—(5)+(6)— (7)+ (9)— (10)+ (11).

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

0=—-0.20—(1)+(2)—(8)+(9)—(10) + (12).
But equation 1 is, 0=+1.22—(1)+@B)— @)+ (5)—(11) +(12),
and equation 2 is 0=—047— @)+ B)— @)+ (6)— (7) +(8).
Therefore equation 1—equation 2 is,

0=+1.69—- 1)+ @)+ B)—©6)+ (7)—(8)

—(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) + (12)
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which is identical with the fourth equation above. This shows that
the fourth equation is simply a combination of the first three and so
will necessarily be satisfied by any values of the #’s that satisfly 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+49, 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,

L J
Roman-Spencer Roman-Fairview Roman-Yellow
Roman-Fairview ” Roman-Yellow * Roman-Spencer

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

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

1.

Or for computation by logarithms! we have

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

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

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

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

Side equation

1 2 3 é 5 6 g 8
o 7 ” o 7 "
-840 | 2821 21.42| 0.67664586 | +3.90 | —104-12 [ 120 34 33.26 | 0. 93408007 [ —1.24
—4+6| 119053111 | 0.94143208 | —L18| ~7+45| 26 46 00.85 | 9.65356160 | 44.13
—11412 | 54 201219 | 9.90089120 | 1.51 | —4+5]| 6026 00.17 | 9.93042144 | +41.19
" | 9. 52798014 9. 52796401
4, 0= +5.1342.37(4) —1.19(5) — 1.18(6) +--1.18(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 #'s are determined, the extra decimal places
are dropped to give the adopted values. In first-order work the
adopted v's are taken to hundredths of a second.

As a check to insure that the C's were properly substituted in the
correlates in computing the #’s, the #’s on all directions around a
point are added together. The sum should equal zero, unless there
is at the point a fixed direction to which no correction is applied. For
example, at Roman the corrections on directions (1), (2), and (3) are
(see p. 38) —0.039+0.284—~0.245=0; at Yellow on (4), (5), and (6)
they are +0.056 —0.282+0.226 =0; at Fairview on (7), (8), and (9)
they are —0.466+0.362+0.104=0; and at Spencer on (10), (11),
and (12) they are —0.317+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 #; on p. 38.)

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

COAST AND GEODETIC SURVEY

1 2 | 3 4 =, e |Adopted
1 -1 —1.G60 —0.039 | —0.04
2 -1 - —1.60 +.284 +.28
3 1 H +2.60 —245( —24
' [ ) S — 237 +.37 +.056 | +.06
5 +1 -1 =119 —1.19 —. 282 —.28
6 +1| 41| -L18] .82 +.226 | +.22
7 —1| =1| 4418| 4218 —. 406 | —.47
8 +1 —8.08 —7.08 +. 352 +.36
9 +1 +3.90 +4.80 +.104 +.10
10 -1 —L24| -224 —317| —3
)1 (R 41} —L5L| =151 +.498 | 4.5
Fil I I +2.75 |- +3.75 —131| —18
Normal equations
1 2 3 4 n za c
1| 46| 42| -2 +0.70 +1.22 +7.92 -+0.03928
2 46| +2 —15.81 — 47 —6.28 —. 25422
3 +5 —.54 —1.80 +3.57 441561
4 +ura | 4513 | 41072514 | — 08003
Solution of normal equations
1 2 3 4 n Zn
+6 | +2 -2 +0.70 +1.22 +7.92
G —.33333 +.33333 —. 11867 —.2 —1.32
+8 42 —15.81 —-.47 —-6.28
1 —. 8667 +. 6667 -. 2333 ~—. 4087 —2.64
+5.3333 +2. 6667 —16.0433 —. 8767 —8.92
Cs —. 50001 +3. 00814 +.16438 +1. 67231
+6 —. 54 —1.59 +3. 57
1 —. 8667 -+. 2333 +. 1267 +2.84
2 | —-1.3333 +8.0217 +. 4383 +4.46
=-4. 0000 +7. 7150 —1. (45 +10.67
Cs ~1.92875 +. 26125 —2 6675
+117. 7744 +5.13 +107. 2544
1| » —0817 —. 1423 —. 9240
2 —13, 2605 —2. 6372 —26. 8326
3 —14. 8803 +2.0155 —20. 5798
[}
—+54. 5519 +4. 3660 -+58. 9188
Cy —. 08 -1
Back solution
4 3 2 1
~0.03003 | +0.26125 | +0.16438 | —0.20333
+.15436 | —.24079 | +. 00033
—.20781 | 13854
+. 41561 +.00474
—. 28422
+.03028
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In the forward and back solutions of the normal equations for a
simple quadrilateral it is not mnecessary 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 5 6 7 8 9 10 11 12
—0.039 [4-0.284 |4-0.039 |—0.039 [4-0.039 [—0.284 |40.234 |—0.284 |40.416 |—0.416 |—0.039 | 0. 039
- 04 (+.28 | —. +.284 | —. 416 | +.416 | —. 416 | +.646 | —. 312 [ +.009 [ +.416 | —.220
—.189 | 4-.005 | +.004 | —. 334 +.121
—. 245 +.362 | +.104 | —. 317 —-. 181
—24 | +4.056 | —282 | +.226 | —.466 | +.36 | +.20 | —.32 | 4-.408( —.18
+.06 | -.28 | +.22 | —. 47 +.50

COMPUTATION OF TRIANGLES

After adopting values for the »'s the next step is to substitute
these values in column 4 of the triangle computation. (See fig. 17.)
For instance, in the triangle Yellow-Roman-Spencer, the correction
to angle Yellow is —4+5=— (+0.06)+ (—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=— (+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. If the total spherical
excess were 0704, then 0702 should be placed on the largest angle,
and 0701 on each of the two smaller angles; or if the spherical excess
were 0705, then 0702 should be placed on each of the smaller angles
and 0701 on the largest angle.
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COMPUTATION OF LOGARITHMS OF 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 v’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 v’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 » 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 & bar should be placed
over the value in the final seconds column. For example, in Figure
16, in the list of directions at Roman, the observed direction at
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Spencer is 0° 00’ 00700 and the final seconds are 59.96, that is, the
final direction is 359° 59’ 59796.

At station Yellow the directions to Roman, Spencer, and Fairview
are numbered 4, 5, and 6, respectively. In the table of correlates,
page 38, we find the values of the adopted ¢’s for 4, 5, and 6 are
+0.06, —0.28, and +0.22, respectively. Then in the list of direc-
tions at Yellow, Figure 16, we apply these corrections to the direc-
tions Roman, Spencer, and Fairview as follows: To Roman, 38763 +
0706 =38"69; to Spencer, 47780 — 0728 =47"52; to Fairview, 9”74+
0722 =09"96.

The values of the final seconds in the list of directions should be
checked by using them to verify the corrected angles in the triangle
computation. The directions at Yellow should be checked, therefore,
by the adjusted angles at Yellow in the‘various triangles. In the
triangle Yellow—Roman—Spencer, Figure 17, the spherical angle at
Yellow is 60° 26’ 08783. From the list of directions at Yellow the
final angle between Roman and Spencer is 239° 06’ 47752 —178°
40’ 38769=60° 26’ 08”83 which checks the adjusted angle in the
triangle. In the triangle Fairview—Yellow—Roman, the adjusted
spherical angle at Yellow is 119° 05’ 31727. From the list of direc-
tions at Yellow the final angle between Roman and Fairview is
207° 46’ 09796 —178° 40’ 38769=119° 05’ 31727 which also checks
the angle from the triangle. In the triangle Fairview-Yellow-
Spencer the adjusted angle at Yellow is 58° 39’ 22744. From the
list of directions at Yellow the final angle between Spencer and
Fairview is 297° 46’ 09796 —239° 06’ 47752 =>58° 39’ 22"44 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 quadnlateral are NOwW con-
sistent due‘to the adjustment, any triangle may be used in the com-
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. Spenoer o Boman a1 a 29,25
Z Yallow & Roman 54 2l | 11,61
a |3. Spemoer tof, felluw 21 | 1, 2L
I - 1z | 46,64
180
& |1 Yellow t0 3. Speucer 206 57 41,10
. , ) .
7 |4 |59 Spencer :
Apd = 26 ad
e | a3 2 Yellow 2
s | 4,736 2358 L 9.47247 3.1960
coas| 9,949 2049 sine | 9.31925 8,7917
B | 8,510 5462 c 1, 38869 3,102
b | 5.196 9849 0.18042 8,1779
1st term. -uavo.:ms Hon .o.o;m (| 9.1%
tdierm. | & 21,5060 Jwum| -0,0152 P | e |
+1571, 8233 §,962
Uand it v |_+_0, 0469 s | 4,736 2338 .
~av {1671,6692 sine | 9,659 6311 Arg. al | 35,044 6650
F{r+v) [4AS 45 54,78 A' | 8,509 0278 s =52 [idr+v)| 9,839 9209
secy’| 0,139 7754 lat] #21  beciton 32
504 658 =3 2,084, B89
1 al ], 1108, 3196 —ac T WT80,536
2 001
<766, 637

F16G. 18.—Position computation for new stations of quadrilateral
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. . -
. Tellow 3 Suencer 206 | 57 | 4110
Z Spencer & Feirview +58 39 22.44
a |2 Yallow to1. Fairview 265 37 03.54
ae + |3 | aso

160
< L Fairview 2 Tellow a | 08 05,04
First Angle of Triangle S5 o 22,84
. ' -
Yellow 2 123 24 09.568
al - | 45 l 00,954
Falrview I 1:»z| 3 | 08.614
[l 4,733 6971 9.56733 -h 2.1774
cosa|  8.883 1608 9.99746 9.56i8
B 8.510 5798 1.23311 E 6.1805
h 2,177 4377 0.94596 ?.9227
8t term. -15(;.4558 i 10.0!;05 (ady 0,295
3d term. +8.8503 i | +0.0034 ¥ 7.881  _|
-141.6155 8.146
Slud i 40,0789 | » 4.783 6372
—ar =141,5066 ] sine 9.998 784 |agg a1 | 8.481 5172
Hote) |43 3359085 | & 8.509 0288 2 | -85 |hitr+y)| 9.838 2433
pece’| 0,140 0590 Ja2] 4194 leeci(as) 0
3.431 51 loore] 450 3.2698 605
B s ai ~2700,9540 —as | 1361.439
= 0.004
-1861.503

Do not write io this margin

Do not write in this margin.

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. ’ .
. Speaser to Yellow 27
Z Fairview & Yellow = 66
« |3. spencer i Fairview 320
I'Y] +
130
« |3 rairview to 3. Spencer 141

. , -
Spencer )iz | o l 41,248
ar| - | 26 { 22,638
Falrview ‘¢ Jaze | a9 | 08,3
- A
2 | 4,763 7078 s 9,50742 -k 3,1545
ca=| 9,890 2054 sin*e | 9,69865 r| 6.3106 | #sin'e| 9,2082
B | 8.510 546 c 1, 30869 p | 23928 E 6,1902
3,164 4592 0,49475 | I 8,7031 8,4508
“ .
Istterm. | +3427,1168 | Miem [ 40,0505 (ady | 9,008
21 term. + 33244 |wem| -0.0202 F 7.848
+1430,2402 7,454
Mudiem |___ ¢ 0.0223 | 4,753 076
—ar 21430, 2626 |sin= 9,799 3242 Arg. ad 3,202 118
tr+v) | 43 47 05,60 | A& 8,509 0268 s | =57 |aile+e)| 9,840 OVG4
scp’| 0,140 0530 1] 43 ecstan 24
3.202,11%6 orry =14 3,0421 953
bl al =1592, 6318 —as | .1102,0%8
- 0,003
-1102,038

F1G. 18.—Position computation for new stations of quadrilateral—Continued
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44 U. 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 positions for first-order triangulation are computed on form
26. The formulas used in the computation of geographic positions,
the development of these formulas, and the tables used in the position
computation, are found in United States Coast and Geodetic Survey
Special Publication No. 8, and are not repeated here.

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

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

For example, In computing the geographic position of station
“Yellow,” the angles used are 60° 26’ 08783, 65° 12’ 45752, and
54° 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;
that is, 146° 31’ 32727460° 26" 08783 should equal 206° 57’ 41”10,
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

? After the manuseript of this publication was prepared new forms with the same numbers (26 and 27)
as the old forms were prepared for the computation of gengraphic positions of the first and third orders.
Although there has been no change in the formulas used for the computation, the different terms of the
formulas have been rearranged in a more compact form, which, it is believed, will expedite the computa-
tions. These new forms have not yet been finally adopted by this bureau, but are at present being tried
out in the division of geodesy A copy of each of these forms with sample computations of geographic
positions are shown in Figure: 10 and 20.
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Form 27

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

e |2 Outer o3 Herd Wh |43 | 425 « |8 Hard 2 Quter 324 |y | om.g
2o/ mara & Parson +25 |51 | 163 (3% Parson &  Quber —52 |56 | 2531
a |2 Outer tol  Papson 168 .._3!&7_5:.6 @38 Fard  t1 Parson o1 L6 | 038
Aa : - da + 52.9
180 | 00 | 00.0 150 | 00 | o0.0
o« 11 Pargon to2 _ Outer 348 134 | 37,9 o i1 Paraon  to3 Bard 91 146 | 567
o , FirsT ANGLE OF TRIANGLE 105., 12’ 1'8,'8 o ’ " o . ”
o | 4o |35 |18 7422  outer 2| 73 {36 B3ogu] o |30 |37 | 5 mara )73 |38 |
a |+ 1 159,853 a4 Ap | = 1.9 M 1 <281
| % |37 +995!1_ Parson v | 73 |37 o5.727 1l ¢ | ho {1 v 1 73 | 37 D5.727
. Logarithms Values in d e " Logarithms Values in d e
s |3.576526 teten | o 3 1 s | 3.281346 | weren| Mo 37 19.6
Cosal9.991320 | Logarithms | VANUSSIn icos.| g 4ggons | Logsrithma | Valuesin
B 18.510807 . s | 3.576526, | B | §.510%0h ” r__|3.280348 |
_h |2.078653 i1t tern}119.8541 ) sina | 9,20655% b | 0,281372 It ternrt] .9115 Sine_ | 9.999793
£ [7.15305 A | 8.500103 | s | 6.56269 | A’ £.509103 -
Bin’a|g, 59311 _=mcw’ | 0,119745 - Sinz) 9.99999 sec ¢ 5 o
€ 11,3373 a1 1.501928 #31.7635 | _C | 1.33783 a 1.909&&1_-11‘21565_
—|71.08347 |24 werm | 40,0012 |sinde+en| 9,813476 7.90011 _|2d ﬁerrHI 10.0079  |Sinite+e))| §.8136
b 43573 -aa | 1,315u0h & w |0.5627 | —ta_ | 1.723613 L62.92
D 12,3672 D | 2,3873
65,5445 3d term | 40,0001 | 2.,9500 sterm!s  Q
. =5 1119.8525 —as 1+1.919%

L& GUIRVNENT FROVTIFS deicn

F16. 19.—Sample position computation, third-order triangulation, new form
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION
° . "

OEPARTMENT OF COMMERCE
.8, COAST AND SIEGDATIC SURVEY . ° , -

« {2 Mt Nebo to8 Tushor_ 20| os5|:36.08| « |8 Tshor to2 MF Mebo 1991 91| 0858
20s) Tushor & Wheeler Pogk 1983 ou ) oxs0 i 302) Yheeler Peak & Mt Nebo —88) /6 |30.92
a |2 pME Nebo - tolWheeler £2 |09 | 4150 | o |3 Tashor - w1 Wheeler Feof 101 ) 24) 37.66
Aa . =1 137 ] 0/%8| sa =111 l2022
) 180 | 00 | o000 180 | o0 | 00.00
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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 geographie 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’ 06773. In a
similar manner the azimuth Fairview to Spencer already in the
list is 141° 15’ 27789, and the angle at Fairview from Roman to
Spencer in the triangle Fairview—Roman—Spencer is 28° 21’ 21”16,
so the azimuth of Fairview to Roman as derived from the second
triangle is 141° 15’ 27789—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’ 05739,
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 colummn 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.



DEPARTMENT OF COMMERCE

ST GEOGRAPHIC POSITIONS

v dooession No. of Computation: 35,607
Locality  Sugene. Datum Forth Awerican State  oregon
L
DISTANCE.
STATION, A Taoaw  Spowsem AZIMUTH BACK AZIMUTE. TO STATION.
LoGARITHN (M3TRRS). Merzns. Faxr.
L] ’, ” . ’ ” - . ’”

Yellow 43 32 48.846 1507.6 148 31 32.37 326 17 29.01 ' Roman 4,638 0992 48763,99 159986.5
1904 d.m. 123 24 03.568 214.8 206 57 41.10 & 10 2 Spencer 4,736 2338 54479.59 178738.5
Fairview 43 35 10.453 322.6 86 08 05.05 265 37 03.54 Yellow 4.783 6971 60771,10 199379.8
1904 [ XN 122 39 03.614 193.2 l12 & 06.73 292 09 05.39 Roman 4.975 9778 94618,87 = 310428.7
141 16 27.88 320 57 05.85 Spencer 4.753 7076 56716.26 186076.6

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

CONDITIONS INVOLVED

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

Pancho

Garcena g, :.-Rs’:.z Corpus

) i; o A
Gorgora g Grande \§ .

ngold 27 8%
§& ) o
§ Fordyce 7%

Fic. 22.—Triangulation net used in sample adjustment

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

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



ADJUSTMENT OF NET BY DIRECTION METHOD 51

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

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

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

A 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 checking-the triangle closures are given on pages
32-34 for the single quadrilateral, they will not be repeated here.

NUMBER OF EQUATIONS

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

Another way of determining the number of angle and side equations
in a net is to build up the figure point by point, starting from the
fixed line at one end, and count the number of equations at each

(Text continued on p. §9)



Station ... Palo,

State;_-.__Texas

U. 8. COAST AND GEODETIC SURVEY

LIST OF DIRECTIORS

c dby o BoQele.

Observer _Ga¥eMa 1917 .  Chockedby — MaXeBa ..

Arrer  FinaL

Computed by ...AeCaDe...m
Checked by .. MoXeRe ..

sution__Pedre
Observer QoVoHe 1917

Direcrions Arrer  FiNaL

o Locat, AbivsTuENT SEcONDS Sraions Osezeveo TocaL AprusTMENT SECONDS
P ” o ¢ s .
Pedro 0 00 Q0.00 59,95 Fordyce 0 00 00.00 00,29
Fordyce 6l 27 31.53 31.71 Eltoro 26 37 19.81 19.61
Eltoro 99 27 25,05 24.93 FPalo 70 32 18.94 18.86
Station .Fordyoe c 3 by —.AaGeD Station ___ELtQX0 c d by . AnGal)
Observer Ca¥aBe 1917 . Checkedby — MeXeRe. Observer .Ca¥aMle 197, Cheched by .. MaTaBu... ...
P N F)
° b erei P o Do Koz Siconsa
o s u ” o ¢ ”
Garcia 0 00 00,00 59,99 Palo 0 00 00,00 00,43
Pancho 33 42 51,34 51.75 Pedro 36 27 36,43 36.47
Eltoro 76 47 59,67 60,01 Fordyoe 77 47 14,68 14,28
Palo 140 50 _58.52 53, 16 vareisa 149 39 01,51 01,57
Pedro 188 51 03,46 03.08  Panche 194 18 20,42 20,19
Station.___Garcia G d by AsGoD Station Pancho Computed by .. AaGele ...
Observer._CoVeBe 1917 Checked by o BeTsRe _ Observer _.CoVoBs 1917,  Chected by TleEaRe
& ° Loone Maveraawe Soous Onavrvzo Dot Aoraruevs Sttousa
o s+ m ” o+ ”
Lomument 0 00 00,00 00.46 Liltoro 0 00 00,00 00,43
Corpus 61 15 33,60 33.51 [Fordyce 20 23 46,79 46,52
Pancho 89 53 49,28 49,12 Garecla 64 28 16,62 16,92
kltore 160 456 14,32 14,39  pnument 92 56 19,84 19,79
Fordyce 192 06 27.73 27.35 corpus 142 14 59,23 58,83
Station . Monument [ dby....AsQeD Station..... COPDWS . Computed by .. As@eDe .. .
Observer_Go¥olle 1917 Chocked by W.¥.R, Otserver CoVeBo 1907  chetedby .. JoFeRe
Arrer  Finaw & 0 Directions Arrer  FiNaL
Locar A LocAr ApIusTMENT BSEcoxps
« - o« s ”
Hingold 0 00 00,00 49,64 Pancho 0 00 00,00 00,68
Grande 256 00 27,23 27,85 uarcia 63 36 03,71 03,37
Hebron 31 47 59,55 69,97  lomument 92 54 15,91 16.83
Corpus 80 3R 48.42 48,61 Grande 139 12 15,04 15,26
Panobo 118 19 55,00 54,61 Hebron 186 42 58,48 58.00
varcia 279 58 03.72 03.2b

F16. 23.—Lists of directions for statlons of net



ADJUSTMENT OF NET BY DIRECTION METHOD

DEFARTMENT OF COMMERCE
U. 5. COAST AND GEODETIC SURVEY
Form 24a

Station. Grande .
Observer..CeYaHe 1917

Srarions OpsERvED

Siate:... Texas

Computed by —8:CeRe
Checked by 79 7Y TR

Direcrions Arrer  Finay
LocaL ADIUSTMENT Seconpa

Ringold 0 00 00,00 00,09
Hebron 63 08 11,31 11.49
Corpus 152 41 08,92 08,87
aiorument 230 50 49,00 48,82
Sution . Ringold Computed by ... AsCaD

Observer GoYoHe. 1907 Chacked by e NeEsRe

STATIONS OBIERYVED

Dingcrions Arter  FiNaL
LocaL ADIUSTMENT SECONDS

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
donument 166 04 06,90 06.46
Station ...GOT 508 Computed by A.C.De
Observer G.!I'.'G_'_.ls.r’.... Checked by .._L.’.I_.'..n_'_ ......

Sramions Osezzven

Garscena
Lebron
Hingold

Fia.

DirecTI0N8 APTER _FrvaL
Locaw ApsusTMENT Erconns

o s ”

0 00 00.00 00,57
6 02 24,09 24,18
&3 44 32,07 31,41

" Station ... HEPTOR

Observer ..GaVaHe 19

Srations Osserven

53

LIST OF DIRECTIONS

Computed by Q.!R.' ..... -
Chected by .o HaFaBr.........

Dixecrions APTER  Frvan
locaL ADJUsTMENT Seconpa

o s s ’”

corpus 0 00 00,00 00,55
tomment 37 26 30,66 30,03
Grande 42 56 20,48 20,61
Ringold 90 19 02,35 02,02
yorgora 151 52 16,28 16,58
Garcena 173 35 47,89 47,73
Station .. GAECENA C d by

Otserver....ColinGe, 1917

Cheched by ...

FinaL

Arter

8 )

Liebron
Ringold

Gorgora

Locar ADJUSTMENT SECONDS

o ¢ ’”

0 00 00,00 00,16
67 18 20.19 20.26

162 14 05,66 05,43

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

DEPARTMENT OF COMMERCE
U8, COMT AKD $L0DITIC
Form 35

Stato: .. Texan
STV AN
NO. STATION OBSERVED ANCLE
23 Palo - Pcdro
-1561 Fordyce 48 00 09.94
-45 2 Palo 61 27 2.53
=143 3 Pedro 70 32 18.94
13 Fordyce - Pedro
12 Fordyce - Palo
00.41
23 Palo - Pedro
~78 1 Eltoro 36 27 36.43
-446 2 Palo 95 37 25.05
=243 3 Pedro 43 54 b59.13
13 Eltoro - Pedro
12 Rtoro - Palo
00.61
23 Palo - Fordyce
-79 1 ZEltore 7 47 14.58
<546 2 Palo 38 09 53.52
14416 3 Fordycs 64 02 53.85
13 Eltoro - Fordyce
12 Eltoro - Palo
01.85
23 Pedro - Fordyce
-84 1 Elton 4 19 38.15
=142 2 Pedro 26 37 13.81
-14416 3 Fordyce 12 03 03.79
13 Eltoro - Fordyce
12 Eltoro - Pedro
01L.75
23 Eltoro - Fordyce
=20421 1 Garcia 31 20 13.41
-9+10 2 Eltoro 71 51 46.93
-12§14 3 TFordyce 76 47 59.67
13 Garcia - Fordyce
12 Garcla - Eltoro

COMPUTATION OF TRIANGLES

00,01

oy EPRERT SrHEz'L
coRm SEIT st

-0.01 09.93 0.08
+0.23 31.76 0.09
-0.37 18.57 0.09
=0.15 0.26

-0.39 26.04 0.09
-0.07 24.98 0.09
40.12 59.25 0,09

~0.24 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 19.22 0,06

-0.72 03.07 0.07

~1.85 0.20

-0.45 12.96 0.09
+0.36 47.29 0.08
+0.35 60.02 0.09
+0.26 0.27

PLANE ANGLE
AND DISTANCE

09.85

31.67
18.48

35.95
24.89
59.16

13.78
63.15

53.07

37.74
19.26
03,00

12.87
47.20
59.93

Fia. 24.—Trlangle computation for stations of net

LOGARITIIM

3.9781520
0.1289079
9.9437288
9.9744497
4.0507887
4.0815096

3.9781520
0.2260226
9.9938449
9.8411144
4.1980195
4.0452890

4.0815086
0.0099416
9.7905358
9.9538377
3.8823870
4;04528831

4.050788%7
0.1302208
9.6513775
9.9670100
3.8828870°
4.1980195

3.8823870
0.2839337
9.9778678
9.9883711

4.1441936
4.1546963



ADJUSTMENT OF NET BY DIRECTION METHOD 55

D':”Mﬂl’ oF COMMERCK

4 CONST A SIDDETS: PURTEY COMPUTATION OF TRIANGLES
State: ....TeXan
a— - .
o, sTATION OBSERVED ANGLE ~ CORR'N PNINY Smmi  BLANEANOLE LOGARITHX
23 Eltoro -~ Fordyce 3.3823870
22433 1 Pam:ho. 20 23 46.79 -0.70 46.09 0.08 46.01 0.4577866
~84112 Eltoro 116 31 05.84 +0.07 05,91 0.09 05.82 9.9517221
-1%+14 3 TFordyce 43 05 08.33 -0.07 08.26 0,09 08.17 9.8244781
13 Pancho - Fordyce -0,70 0.26 4.2918957
12 Pancho - Eltoro 4.1745517+1
00.98
23 Eltoro - Garcla 4,1546968
-224241 Pancho 64 28 16.62 ~0.13 16.49 0.13 16.36 0.0446159
=10€115 Eltero 44 39 18.91 -0.29 18.62 0.12 18.50 9.8468552
-194203 Garcia 70 52 25.04 40.23 26.27 0.12 25.14 9.5753391
1-3 Pencho - Garcla =0,19 0.3 4.0461679
12 Pancho ~ Eltoro 4.1746518
00,57
23 Fordyce -~ Garcia 4.1442935
~23¥24 1 Pancho 44 04 20.83 +40.57 30.40 0,13 80.27 0.1576402
-13H13 2 Fordyce 23 42 51l.34 40.42 51.76 0,13 51.63 9.7443342
12 3 Jurela 102 12 38.45 -0.22 33.23 0.13 38.10 9.9900620
13 Pancho - Garela 40.77 0.39 4.0461679
12 Paacho - Fordyce 4.2918957
59.62
23 Pancho - Garcia 4.0461679
314321 Momument 61 38 08.72 -0.08 08.64 0.06 08.58 0.0555446
-244252 Pancho 28 28 03.22 -0.35 02.87 0.05 02,82 9.6782082
=17193 Garcie 89 53 49.28 -0.62 48.66 0.06 48,60 9.9999993
13 Monuwnent - Gerela  -1.06 0.17 2.7795207
12 Yorument - Pancho 4.1017118
o1.22
23 Pancho - Gercia 4.0461579
~35434 1 Corvus 63 35 03.71 -1.02 02,69 0.07 02.62 0.0478917
=24426 2  Pancho 77 46 42.61 =0,70 41,91 0.07 41.34 9.9900438
~18+19 3  Garcia 38 38 15.78 -0.17 15,61 0.07 15.54 9.7954581
1-3 Corpus - Garcia =1.89 0.2 4.0341034
12 Corpus ~ Pancho 3.8895177
02.12

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

DEFARTMENT OF COMMERCE'
3. conat r

COMPUTATION OF TRIANGLES

GEODETIC SURVE!
Form 23
State: ....TOXAR
[,

No. BTATION OBSERVED ANGLE
23 Pancho ~ Monmunent
-3535 1  Corpus’ 92 54 15.91
-25%25 2 Poncho 49 13 39.39
-30+81 3  lomuzent 37 47 06.88
13 Cornus - Momument
1-2 Coryus - Pancho

01.83
23 Garcla - Momwment
-24+25 1  Corpus 2 19 12.20
=17418 2 Gorcia 51 15 33.50
=-30432 3  Lonument 99 25 15,30
13 Corpus - Homument
12 Corpuz - Gercia
01.00
23 Sorpus ~ Monument
-40+411 Grance 78 09 40.13
=25+¢362 Corypus 46 17 59.13
=25+303 Monument 55 32 21.19
13 Grande - lomument
12 Grande ~ Corpus
00.45
23 Corpus - Monument
=43443 1 Hebron 37 26 30.55
-35437 2 Corous 93 48 42.57
=204+303  Momunent 48 44 48.87
13 Hebron - Monument
12 Hebron - Corpus
01.99
23 Corpus - Grande
-424+441  Rebron 42 56 20.48
-26+37 2 Corpus 47 30 43.44
=39+03  Crande 89 32 57.61
13 Heron ~ Grande
12 Hebron ~ Corpus
01.53

o SPRER'L SraEa’L
CORR'N Tivaiz sxczss

~0.76 15.15 0.07

~0.35 39.04 C.06
~0.53 06.00 0.06

-1.69 0.19

+0.26 12.46 0.05
~0.45 33.05 0.05
~0.66 14.54 0.05
-0.85 0.18

-0,1339.95 0.06
40.3059.43 0.04
~0.4320.78 0.05
-0,31 0.14

-1.07 29.48 0.09
~0.40 42.17 0.10
-0.73 43.64 0.10
1,70 0.29

~0.,42 20.06 0.06
-0,70 42.74 0.06
-0.23 57.38 0.06
-1.35 .13

PLANE ANGLE
AND DISTANCE

15.08

33.98
05.94

12.41

33.00
'14.59

39.90

69.39
20.71

79.39
42.07

48.54

20.00
42.68
-57.32

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

LOGARITAM

4.1017118
0.00055381
9.8793163
9.787:2478
3.9820367
3.8895177

2.7799207
0,3100800
9.8920860
9.9941028
3.9820867
4.0841035

3.9820867,
0.0093379
9.8591173
9.9161972
5.8505419

2.9076213

3.9320867
0.2161314
9.9990383

9.8761042
4.1972563
4,0743223

3.5076218

0.1667139
9.8677132
9.9999866
3.9420439
4,0743228



ADJUSTMENT OF NET BY DIRECTJON METHOD

DEPARTMENT OF COM|
& 3, CONSY 0 SR vty

57

COMPUTATION OF TRIANGLES

Form 25
State: .. RexX88
L
NO. STATION OBSERVED ANGLE
23 Monument - Grande
-434441 Hebron 5 29 49.93
-284202  Monument 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
=44145 2 Hebron 47 22 41.85
=38439 3 Grande 63 08 1l.31
13 Ringold - Grande
12 Ringold ~ Hebron.
00.29
23 Hebron - Monument
~50452 1  Riagold: 95 19 28.46
-43+456 2 Hebron 62 52 .78
-24-29 3 Momment 31 47 59.55
13 Bingold - Monumeat
12 Ringold - Hebron
59.79
23 Grande - Monument
~61-52 1 Ringold 25 50 21.23
+38-41 2 Grande 120 09 10.85
=248 3 Momment 25 00 27.23
13 Ringold - Momument
12 Ringold - Grande
w4
23 Hebron = Ringold
-53164 1 Garcena €7 18 20.19
-45¢47 2 Hebron. 83 16 45.58
=49450 3 Ringold 20 24 54.48
13 Garcia - Ringold
12 Garcia ~ Hebron
00,20

comaN NI R RIANRANNE: LOGARITHAE
3.8505419
40.65 50.58 0.0% 50.57 1.0136334
-0.20 32.12 0.01 32.11 9.0723735a
-0.41 57.33 0.01 37.32 9.3280810
+40.0¢ 0.03 3.9420088
4.1972563
_ 3.9420489
40.1007.33 0,05 07.28  0.0284539
-0.4441.41 0.04 41,37 9.8667338
4+9.0911,40 0.05 11.35 _ 9.9504064
-0.25 0.24 3.8572856
3.9209092
4.1972563
-0.5127.95 0.09 27.86 - 0.0018779
40.2131.89 0.09 31.90  9.9016361
40.7860.33 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
40:32 11.27 0.04 11.23 9.8895602
40.98 28.21 0,03 2.18 9.6260755
+0.69 0.10 4.1007703
3.8372356
. %.9209092
-0.10 20.09 0.03 20.06 0.0349980
40.15 45.71 0.08 45.68  9.9970055
-0.16 54.29 0.03 54.26  9.6911991
-0.12 0.08 3.9520127
3,6471063

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

DEPARTMENT OF COMMKRCE

COMPUTATION OF TRIANGLES

U % COAST AND GLODETIC SURVEY
State: ..TeX8S
L
NO. STATION OBSERVED ANGLE
23 Garcena - Hebron
-56+57 1 Gorgora 6 02 24,09
~52455 2 Garcena 162 14 05.66
-16447 3 Hebron 11 43 31.61
13 Gorgora ~ Hebron
1.2 Gorgora - Garcena
01.36
23 Garcena - Ringold
-56458 1 Gorgora 43 44 32,07
=54+55 2 Garcena 94 55 45.47
-48+49 3 Ringold 4 19 43.99
-3 Gorzora - Ringold
1.2 Gorgora ~ Garcena
01.53
23 Hebron - Ringold
-5%#58 1  Gorgora 37 42 07.98
-15+46 2 Hebron 71 33 13.95
-43450 3 Ringold 70 44 38.44
13 Jorgora - Ringold
1-2 Gorgora - Hebron

00.37

Brexz’. &
CORRN Tiyas li-z"

-0.48 23.61 0.01
-0,39 05.27 0.01
=0.46 31.15 0.01
=1,33 0,03

-1.23 30.84 0.07
-0.29 45.18 0.07
+0.19 44.18 0.08
-1.33 0.20

0,75 07,23 0.08
+0.61 14.56 0.09

40.03 38.47 0.09

=0.11 0.26

PLANE ANGLE
AKD DISTANCE

23.60
05.26
3l.14

30.77
45.11
44.12

07.18
14.47
38.38

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

LOGARITRM

3.6471263
0.9773983
9.4844636
9.3079664
4.109471)
3.9329710

3.9529127
0.1602639
9.9983908
9.8197944
4.1115674
3.9329710

3.9209092

0.2135649
9.9770934
9.9745970
4.1115
1115675 2
4.1094711
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point. The rules to follow in this case are: At each point the number
of angle equations is one less than the number of full lines (observed
at both ends) and the number of side equations is two less than the
total number of lines, counting both the full lines and those dotted
at one end.

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

Number of angle and side equalions in net

Equations
Station
Angle | Side
Fordyee...—..__ 1 0
Eltoro. R 2 1
i 1 0
2 1
1 1]
2 1
1 0
2 1
2 1
1 [}
2 1
Total. .. 17 8

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.

840787°—456——5



60 U. 8. COAST AND GEODETIC SURVEY

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

Angle e-é-uat-ions

0=140.15— (H+ @— B+ G)— 15 +(16)
0=+0.3— D+ @)— D+ B— D+ ¥
0=+174— (B)+ ©B)— M+ O—AH+@15

=—0.26— (9)+(10)— (12)+(1H— (20) +(21)
0=+0. 19— (10) + (11)— (19) + (20)— (22) + (24)
0==—0. 77— (12) + (13)— (19) + (21)— (23) + (24)
0=+1. 05— (17) + (19)— (24) + (25)— (31) + (32)
0=+1. 89— (18) +(19)— (24) + (26)— (33) + (34)
0=+1. 69— (25) + (26)— (30) + (31)— (33) 4 (35)
10.  0=-0. 31— (28) +(30)— (35) + (36)— (40) + (41)
11, 0=—0. 69— (27) +(28) 4+ (3%)— (41) — (51) + (52)
12, 0=+1 70— (29)+(30)— (35) + (37)— (42) + (43)
13.  0=+1 35— (36)+ (37— (39) 4 (40)— (42) + (44)
14, 0=10. 25— (38)+ (39)— (44) + (45)— (50) + (51)
15.  0=+0. 11— (49) + (50)— (45) + (47)— (53) + (59
16.  0=-+1 33— (48) + (49)— (54) + (55)— (56) +- (58)
17.  0=+0. 11— (45) + (46)— (48) + (50)— (57) + (58)

COND bW

Side equations

Symbol Angle Logarithm d’irﬂs"el;gzl:ael;\. Symbol Angle, Logarithm ('lli‘ggruelna;e

—15+16 | 48 00 09.94 | 9.87100231 =+-1.90 —44-5 [ 61 27 3L.53 | D.948372863 | 4115
—849 [ 41 19 38.15 | 9.51978015 +2. 40 =142 [ 26 37 19,81 | 9.65137982 | +4.20
—54-6 | 38 09 53.52 | 9. 70043675 +2.67 || —14+15 [ 64 02 53,85 | 9.95383%53 | +1.02
—243 | 43 54 59.13 | 9.81111431 -+2.19 ~7+8 |86 27 86.43 | 077897878 | +2.85

9. 32202352 9. 32292575

118, 0=—2.244-4.20 (1)—6.39 (2)+2.19 (3)+1.15 (4)— 3.82 (5) +2.67
(6)+-2.85 (7)— 5.25 (8)4+2.40 (9)+1.02 (14H)—2.92 (15)+1.90 (16)

~204+21 | 31 20 13.41 | 971608819 [ +3.46 || —12414 | 76 47 5b.67 | 9.98537099 | +0.49
—22424 (64 28 16.62 | 0.95538488 | +1.00 || —194+20 | 70 52 25.04 [ 9. 97533904 .73
—13+14 | 43 05 08.33 | 9.830478468 | 42.25 | —20423 | 20 28 46.79 | 9.54221776 | +5.66

: 9. 50592601 . 9. 50592779
19. =—1.784-0.49 (12)— 2.25 (13) 4-1.76 (14) +0.73 (19)— 4.19 (20)1-3.46

(21) +4.66 (22)— 5.86 (23)+1.00 (24)

1 'glis equation is formed with the pole at the intersection of the two diagonals. (See explanation on
D- 185.)
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Side equations—Continued

Symbol Angle Logarithm drli‘gglf:_ﬁge Symbol Angle Logarithm th?Prlggze
o r L4 -] ’ L4
—344-35 1 29 19 12.20 | O.6899191% +3.74 | —304-32 1 09 25 15.30 | 9,99410258 | —0.34
—4426 1 77 46 42.61 | 9. 99004413 -+.45 | —33+34 1 63 35 03.71 | 9.95210M43 | +1.05
—31+432 ( 61 38 08.72 | 9. 84445563 +1.13 | —24-25 : 28 28 03.22 | 9.67820074 | --3.89
9. 62441804 9. 62442175

20. 0=—2.81+3.44 (24)— 3.89 (25)4-0.45 (26)— 0.34 (30)— 1.13 (31) +1.47
(32)+1.05 (33)— 4.79 (34)+3.74 (35)

—2%420 [ 6 47 32.32 | 0.07287722 | +17.68 [ —43444 | & . 63 | 8 08135262 | +-21.
—51452 | 25 50 21.23 | 9. 63933451 +4.34 | —274-28 [ 25 00 27.23 | 9.62607119 | 4.
—44+45 | 47 22 41.85 | 9. 86678373 +1.93 |{ —504-51 | 60 29 O7.23 | 9. 97151607 +

8. 57899546 & 57896088

s58
FBB

121. 0=125.5814.52 (27) — 22.20 (28) 4 17.68 (29) 4 21.88 (43) — 23.81(44)
+1.93(45) +0.78(50)— 5.12(51) + 4.34(52). (Thisequation should be divided
by 5 before entering it in the correlates.)

—44445 | 47 22 41.85 | 0.86678373 +1.93 || —504-51 | 60 20 07.23 | 9.97154607 | -+0.78

—36437 | 47 30 43.44 | 0.86771468 +1.63 || —42444 | 42 56 20.48 | 9.83328715 | 42,27

~25430 | 55 32 2L.10 | 9.9161978% +1.45 || —354-38 46 17 59.13 | 9.85911681 { --2.01

—=51452 | 25 50 21.23 | 9. 63933451 +4.34 || —27423 00 27.23 [ 9.62607119 | +4.52
9. 26003080 9. 20002122

122, 0=+ 9.58+ 4.52(27) — 5.97(28)+ 1. 45(30)+ 2.01(35) — 3.94(36)
+ 1.93(37)+ 2.27(42) — 4.20(44) + 1.93(45)+ 0.78(50) —5.12(51)
+ 4.34(52).

—451+49 | 41 19 43.99 | 9.81970414 +2.39 || —564-68 [ 43 44 32.07 | 9.33973804 | +2.20
—45447 | 83 16 45.56 | 9. 99700544 +.25 || —404-50 | 29 24 54.45 | 9.69119975 | 4-3.74
—56+567 | 6 02 24.09 §9.02211142 | 419.90 || "—46+447 | 11 43 3L.61 | 930797112 | +10.14

8. 83891100 8. 83800081

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 correlates.)

1 The coefficients of the different equalions of a net should be approximately the same size. If the coef-
ficients of an :i;ustwn are too large, they should be 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

-] ? n Final
seconds®
Palo-Pedro (fixed azimuth) ________________.____._ 12 02 25.00 25.00
— 446, . e +99 37 2505 24 98
Palo-Eltoro___ e 111 39 50.05 49.98
- 2 45.12 4511
Eltoro-Palo____ o 291 37 04.93 04 87
— 01l e +194 18 20.42 19.76
Eltoro-Pancho. .. . ___________ . ________________ 125 55 25.35 24.63
— 3 1432 14.32
Pancho-Eltoro_ __ . 305 52 11.03 10. 31
— 22426 e eeemn +142 14 59.23 58 40
Pancho-Corpus.. . - .. 88 07 10.26 08 71
— 2 0455 04.55
Corpus-Pancho_ . ________ . _____________ 268 05 05.71 04. 16
—33+387 s 4186 42 58 48 57.32
Corpus-Hebron_ _______ . ______ 94 48 04.19 01.48
— 8 10.09 10.09
Hebron-Corpus._ - .. 274 44 5410 51.39
— 40447 - +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
—~ 58455 - +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. .o - e +3.81 0.00

24, 0=+43.81{— )+ (6)— (1) +(11)— (22)+(26)— (33) + (37)— (42) + (47)

— (58) + (55)

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

® This column is filled out after the adjustment is completed.
$The azimuth constant should be corrected by the amount sin ¢m (Aa—An"), Where ¢m is the mean latitude
and Aa—Ax’ is the discrepancy in longitude.
$m=26° 20’ 49" and Ao—\o’=—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,

© 4 144

Azimuth, Palo-Eltoro= 111 39 50. 05

Difference of azimuth and back azimuth= 18_0 Og gg (l)g

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 aloeng
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 2_5(1)W) 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

0.00000227 , 1 _
0.4343 ~ Or approximately jgraase 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 5000
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The length equation is formed as shown in the table on page 65.
It differs from a side equation in that it involves the logarithms of
two lengths. Starting with the line Palo-Pedro the length is
computed through the best chain of triangles (see fig. 22) until the
computed length of the line Garcena-Gorgora is obtained. The
angles turned through in carrying the length through the scheme are
indicated by small 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 TR for that quadrilateral. A good general
rule to follow is to avoid the small angles in the formation of the
length equation.

Garcena  Hebron Corpus

F16. 25.~Triangulation net, showing triangles used in forming latitude and longitude equations

The logarithms of the fixed lengths are written in the first line of
the length equation computation in the columns headed ‘‘logarithm.”
The logarithms of the fixed lengths used in the length equation must
be corrected for the difference between arc and sine. A table of
these corrections is given on page 231, This correction is — 16 in the
eighth place of logarithms for the length Palo-Pedro and —13 for
the length Garcena-Gorgora. These corrections should be placed
just above the logarithms of the lengths themselves. (See p. 65.)

The arc-sine correction may be explained as follows: In the forma-~
tion of a length equation it is assumed that small arcs are proportional
to their sines. Similsrly, in the derivation of the position computation
formulas it is assumed that small ares, s and A\, are proportional to
their sines. As this assumption introduces a slight error in the com-
putations a correction must be applied to take account of the error.
In the length equations we are concerned only with the corrections
corresponding to log s, which are always negative. In the case
of the position computation, however, the differences are taken out
for both the arguments log 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 AX. A table similar to the one on page 231 is
given on page 17 of Special Publication No. 8, sixth edition, but as
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it is only carried to seven places of decimals it can not be used for
first-order work, which should be carried to eight places of decimals.

Columns 1 and 5 of the length equation, headed ‘““symbol,” can be
filled out directly from Figure 22. After determining through which
triangles the length is to be carried, the following rule can be used
in filling out these columns: In the first column is placed the desig-
nation of the angle adjacent to the starting length but opposite the
side through which the length is next carried, while in the fifth
column is placed the designation of the angle opposite the starting
length. For instance, in Figure 25 the line Palo-Pedro is the starting
length and the line Palo-Fordyce is the line through which the length
is to be carried next, so —1+3 is placed in the first column, and
—15+186 in the fifth column. Palo-Fordyce now becomes the start-
ing line and Eltoro-Fordyce becomes the next line through which
the length-is carried so —5+6 and —7+9 are placed in the first and
fifth columns, respectively. In g similar manner, the rest of the first
and fifth columns are filled out.

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

Compulation of length equation

B 4 )

1 2 3 Tabular 5 6 7 Tabular

Symbol Angle Logarithm | differ- Symbol Angle Logarithm | differ-
ence ence
—16* —13%
Palo-Pedro 39781520 (... Qarcena-Gorgora 3.9320710 | _______._
o ’ ” -] ’ ”
—143 | 70 32 18.61 | 0. 97445004 +0.74 || —15416-( 43 00 09.94 § 9.87109231 | +1.90
—5-+6 | 38 09 53.52 | 9. 7093675 +2.67 —74+9 | 77 47 14,58 | 9.99005871 +. 45
—dJ24-14 [ 76 47 50.67 | 9. 98837099 +.49 || —20421 [ 31 20 13.41 | 9.71806319 | 43.46
—104-11 [ 44 39 1391 | 9. R4685608 42,13 || —22424 { 64 28 16.62 | ©.95538436 | +1.00
—17419 | 89 53 49.25 | 9, 99949930 .00 )t —31432 | 61 38 08.72 [ 994445563 | --1.13
—25426 | 49 18 30.39 | 9 S7081749 +1.81 || —33+35 | 92 54 1591 | 0. 00044177 - 11
—23430 | 55 32 21.19 | 9. 91616788 +1.45 || —104+41 | 78 09 40.13 | 9. 99066223 .45
—364-37 | 47 30 43.44 | 9. 86771468 4193 || —42444 [ 42 56 20,451 0.83328715 | +2.27
—384-39 | 63 08 11.31 | 9. 95040642 +1.08 || —50+51 | 69 29 07.23 | 9. 97154607 =+.78
—454-47 | 83 16 45.56 | 0. 99700544 +.25 || —53+54 [ 67 18 20.19 | 9. 9500209 -+. 88
—484-49 | 41 19 43.99 | 9. 81979414 +42.39 || —56458 | 43 44 32,07 | 9.83973894 | 42,20
3. 0970105 3.00870332

* 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) 4-0.49(14) 4 1.90(15)— 1.90(16)
+3.46(20)— 3.46(21) +1.00(22)— 1.00(24)— 1.81(25) +1.81(26)
— 1.45(28) -+-1.45(30) +1.13(31)— 1.13(32)— 0.11(33) +0.11(35)
— 1.93(36) +1.93(37)— 1.06(38) -+ 1.06(39) +-0.45(40)— 0.45(41)
+2.27(42)— 2.27(44)— 0.25(45) +0.25(47)— 2.30(48) +2.30(49)
+0.78(50)— 0.78(51) +0.88(53) — 0.88(54) 42.20(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 length
angles (the angles in each triangle through which the length is carried).
The azimuth angle in each triangle is concluded by subtracting the
sum of the two length angles from 180° plus the spherical excess.
This angle should in every case be placed in parentheses to show
that it is concluded. However, if one of the length angles is not
observed, then the observed azimuth angle must be used, and the
unobserved length angle concluded.

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

o ’ n

—15+16 Fordyce 48 00 09.-94
—1+3 Pedro 70 32 1894
—1+ 3—15+ 18 sum of Fordyce and Pedro angles 118 32 28. 83"
180° +spherical excess 180 00 00.26
+1-3+15—16 Palo 61 27 31.38

The concluded azimuth angles of all the triangles and their corre-
sponding correction symbols are obtained in a similar manner. These
triangles are given in Figure 26.
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DEPARTMENT OF COMMERCE
W . COAST AND GEODETIC SURVEY
¥Form 25

State: ... Toxas

TP TpoTme omes
NO. STATIONS
9_3 Palo-Pedro
B-1546 1 Fordyoe 48
C 2 Palo (s1
A =143 g Pedro 70
1-3 Fordyce-Pedro
1-o Fordyce-Palo
. 0.3 Palo~Fordyoe
B =7+8 1 Lltoro 7
p -5+6 2 Zralo 38
c 3 Fordyce -* (ee
1-3 Eltoro-Fordyce, |
1-2 Bl toro=rPalo
2-3 Eltoro-Fordyce
B-0a 1 Garota oA
c 2 kltoro (m
A~k 3 Fordyoe %
1-3 Garcia~Fordyce
1-2 Garoia-Lltore
2-3Eltoro-Garcia
B —2224 1 Pancho 64
}\- I o Eltoro 44
c 3 Garoia (o
1-3 Pancho-Garcla
1. P8noBO-ELtoxo
2-3 Pancho~(arcia
f-SL32 1 Monument 61
C o Pancho (28
A% 3 Garcia 89

1-3 lomument~Garcia
1-p Homment-Pancho

F1a. 26.—Triangle computation to ohtain latitude and longitude closures of net

00
27
32

47
09
02

51
47

28
39
52

38
28
[
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COMPUTATION OF TRIANGLES

OBSERVED ANOLE

09.94
31.38)
16,94

14,58

53,52
52,11)

13,41
47,19)
59,67

16,62
18,91
24,85)

08,72
02,17)
49.28

N SPRER'L
CORR'N SrmEn

8purw'. PLANE ANGLES
EXCE’s AND DISTANCES

0,08 09,86
0.09 31.29
0.09 18,85
0,26

0.07 14,51
0,07 53.46
0,07 62,04
0.21,

0,09 13,32
0,09 47,10
0,09 69,58
0,27

0,13 16,49
0,12 18,79
0,13 24,72
0,38

0.06 08, 66
0,05 02,12
0,06 49,22
0.17

LOQARITHM

3,978
0,128
9,943
9,974
4,050
4,081

4,081
0,009
9,790
9,953
3,882
4,045

3,802
0,285
9,977
9,988
4,144
4,154

4,154
0,044
9,846
9,975
4,046

4,174

4,046
0,085
9,678
9,999
3,719
4,101

1620
9079
7283
4500

7882
5099

5099

9414
9366

8366

3879
2879

3879
9371
8678
3710
1928
6960

6960
6158
8659
3388
1677

6506

1677

2055
9993
9176

7114
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DEPARYMENT OF COMMERCE
. % COAST AN GEOUETI SUMVEY
Form 3

COMPUTATION OF TRIANGLES

State: ..T0OX2R.
J—
No, STATION OBSERVED ANGLZ ~ CORR'N S[EINL fmmmwn FLANE ANOLE LOGARITRM
2-3 Pancho-jlomment 4,101 7114
B 28351  Corpus 92 54 15,91 0,07 15,84 0,000 5582
A #5426 2 Panoho 49 18 39,39 0.06 39,33 9,679 8174
C 3  Momment (37 47 oa.89) 0,06 04,83 9,787 2448
1-3 Gorpus-lomment’ 0.19 3,968 0870
1-2 Corpus-Panoho 3,889 5144
2-3 Corpus-domument 3,982 0870
R-041 | Grande 78 09 40,13 0,05 40,08 0,009 3378
c 2 Gorms (s 17 58.92) 0,04 58,78 9,859 1161
A8430 3 Momumeng 65 32 21,19 0.05 21,14 9,916 1978
1-3 Crande-Momument 0.14 3,850 5409
1o Grande-Corpus 3,907 6226
2-3 Corgus-Grande . 3,907 6az26
R4244 1 Hebron 42 56 20.48 0,06 20,42 0,166 7130
AS837 5 Corpus 47 30 43.44 0,06 43,38 9,867 7146
C '8 Grands @9 3 s6.28) 0,08 56,20 9,999 9865
1-3 Hebron-Grande 0,18 3, 942 0502
1-2 Habroa-Corpus * 4,074 3221
2.3 Hebron-Grande . 3,942 0502
Ib-ao.a 1 Bingold 69 29 07.23 0,08 07.18 0,028 4839
(a 2 Hebron (47 22 41,60) 0.04 41,66 9,885 7831
A-5839 3 Graade 63 08 11,31 0,08 11.86 9,950 4064
1-3 Ringold-Crande "0.14 5,857 2878
1-2 Bingold-Redron 3,920 9106
2-3 Rebron-Ringold 3,920 9106
p 65541 garcens 67 18 20.19 0,03 20,16 0,034 9979
A-48472 Hebdron 83 16 45,56 0,03 45,63 9,997 0064
c 3 Ringold (29 24 54.34) 0,03 54,31 9,691 1982
1-3 Geroena-Eingold 0.09 3,952 9138
1-2 Garcena-Hebron 3, 647 1076

Fic. 26.—Triangle computation to obisin 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 LONCITUDE EQUATIONS

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

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

Latitude: 0=7238.24 (¢n - ¢n')” + 2[(¢u - ¢t)’ 04 (vA) - (d’n - ¢6)’
85 (a)]+Z[xa: (\a—N.) (v0)] :

Longitude: 0=7238.24 (\,—\y)"" +Z[(A.—N) 64 (4)— (Aa—No)’
53 (Z’B)] + E[ L@ (¢n - ¢c), ('DC)]

In these equations v, vs, and v are replaced by their enrrection
symbols, care being taken to use vg=—vs—vp, 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 C 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 \,— A, are self-explanatory. In the
column headed &, is placed the tabular difference of the length angle
adjacent to the starting length in each triangle, and in the column
—3&p 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
54 and —d5 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 — 35.

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

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



POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

Do not Write in this rargtn,

« Palo to Pedro 12| oz | 25,00
¢ Pedro & Fordyoce + 6| 21 | 3,3
« |2 Palo to1.  Fordyce 73| 29 | 66,38
As - 3 04,64
180
¢ |1.  Fordyoe to2  Palo 253 %6 | 61,54
. First Angle of Triangle 48 00 09,94
’ IG. ' ﬂ.;il 2. Palo 2 9; 27 ' u.g‘-g
ar 51,518 [a= | + | 6 | 86, 920
v {26 4a7.438 |1, Fordycs r| se | N | 48,238
. 4,001 8099 s 8, 26308 -1 2,0467
oona| 9,453 3876 ein*a | 9.96347 (o) #0947 | suinve 98,1268
B | 0,511 8083 c | 10028 piza | g | .o
2,046 6807 o2 | | o260 6,0243
18t term. ...111.;ua Hin -o.oo;: (ad)y
2d term. | 4~ 0. 1686 Hhm| =0,0001 ¥
11, 5174
Sdsad f rms. | 40,0002 s 4,081 5099
—ay |410B175  Jeina| 9981 7T Jarg a1 | 2620 1257
Flory) | 2618 43,29 | o 8,509 4379 o | 3 lajpanm| 548 6575
sec e’ 0,047 4438 a| ¥ vecd(a v)
2, 620, 1257 0 2,266 7832
Ymtma al +416, 9901 —as | ,184,838

Do mot write in thia margin.

« Pedro to Palo 192 | o1 | 83,36
2 Fordyos & Palo -7 | 32 [ 1894
« |3, pedro to 1. Fordyoe 121 | 29 34,41
A - 2 32,93
180
« | 1. Fordyce to 8. Pedro 301 | 27 | on48
. . . . -
[ 2 |14 36, 740 8.  Pedro 1 98 8 59, 782
ap| + | 8 |10,698 |a= ar| + 1| 8 45,516
o] 28 |17 [ar.e33 l 1. Pordyce ] s | s 48,238
2 | 4,060 7882 e 8, 10158 -h 2,2806
cosa] 9.717 9972 vin'a | 9,86160 (3)| 4.5607 | #sinva| 7,9632
B | 8.511 8134 ¢ | wosees p | 22012 E 65.8457
n | 2.2680 5988 9,06183 8,8518 6,0936
et term. | - 190,"_3099 LIS ¢o.00<;1 (a3y
2d term. 40,1163 | um| 40,0001 ¥
- 190, 6937
+ 0,0008 . 4,050 7862
~ap | =190,6929 |[sine| 9,930 7388 . Iu; al | 2,533 4681
tlo+9) |26 16 12,08 A 8,509 4379 ) ] =2 lai(e+v)] 9,546 0254
secy’| 0,047 4432 ar] B leci(ar
2,830 4581 [ 2,184,4815
- all , xs.6160 —ae T, 102,928.

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

. ' .
- Falo o Purdgce 73| 29 | Be,38
2| rortyes & Eoro ‘aolog |sase
« |2 Palo to 1. Eltoro 1 | 39 | 49.90
Ae - 2 45, 12

r 190
« |1, Eltoro to 2, Falo 291 | 3 [ o047
First Angle of Triangle 77 47 14,48

.

[ 24 2alo

as} +

el 2 Eltoro

» } 4,045 2879 # ] 6,09068 ~h 2,1243

cosa| 9,667 2154 sin"a | 9,93037 )| 4,2477 | Sain'e| 8.0870
B | 8.511 8033 o 1, 10026 p | 22921 2 5,8611

2,1243116 9,12720 I I 6,6398 6.0084
18t term. | =133, 1409 N im 40,0003 (a1y

ad term, | + 0.1340 b tern, | 90,0001 ¥

=135,0069

i ith + 0,0004 s 4,045 £879
—ay | =153,0066 sine| 9,968 1866 Arg. a2 | 2670 6090

tr+y) |26 20 46.45 | A’ | 6,509 4365 s | R (g} 9647 1776

socy’| 0,047 6980 ] # |scitan
L 2,670 50% 0 2,217 7866
n-a atl , 372,056 —ae |,166.115

Dy not write ia this reargin

Do not write In this margin,

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. , .

- Fordyca to Palo 3 | &6 |51.64

Z Eltoro & Palo — 64 02 {E2,11

a | 3. Pordyce to 1. Eltoro 189 23 |ov.43

as + 19,93
180

¢ |1 Eltoro f0 3. Fordyos 9 | 24 [19,36

Pordyoe
Eltoro
2 | 3,382 3879 * | 7.75478 =b 2,3883
copa| %994 1291 sin' « | 8.42620 (3| 47766 | paine| 6,199
B | 8611 8102 o |3.09966 p | 2.298 B 65,8506
b | 2,348 8272 7.%9063 l 7.0584 4.4298
18t torm. -244.;5.72 Uhm ...o.oollz (a2
2dterm. | ¥ 90,0020 Ah e 0,0000 ¥
-244. 5852
Nasd itk e, | + 0,0012 P 3,392 387y
—ap | =zid.bi40 sine| 9,213 0480° Arg. ak 1,652 5703
dHr+e) |25 19 49,69 | A’ 8,503 4368 2] =1 ird(p+9)| 9,646 3409
sece’| 0.047 s980 al [ sec 4(a ¥)
1.652.570{ =1 1,289 5109
N at - 44, 933 —as | -19,9%

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

F16. 27.—Preliminary position computation to obtain latitude and longitude closures nf net- Cortinued

. . »
. Rltoro to Tordyoe ¢ |24 |19.38
Z Pordyae &  garola m |5 [
« |2 Eltoro to1. varola a1 |16 |oe58
ae - 5 | 45,96

180
< |1 careta to 2. Elwore w1 |12 | m.60
First Angle of Triangle 31 %0 13,41
. . . P "
v | 28 2, Eltoro L] 9 | 00, 305
ar) - = al +I 8 l 28,975
v |2 1. Carola ] %[ | 2o
5 | 4,184 6960 & | 8.30929 -k | L84a¥8
cose| 9,181 2848 sin’ « | 9, 9898 (3¢)| 3.6967 | #sin"e | 8,2995 .
8,511 8060 ¢ [1.10095 D | 2.8986 ® 15,867
1,847 7666 940021 5.9912 65,9988
1gt term. Ho.;uv Ui -;0.000; (a3y
adtorm. | 40,2523 | iiuem {00002 . F
470, 6860
|umiibum]  0.0000 . 4,164 6960
~ap | 40,6060 |uine| 9,994 9574  (arg) a1 |&,706 69a8
Hr+e) [26 22 26,61 | & 6,609 4369 e | -4 faiess)] 9,647 3100
secy'| 0,047 6243 ! s ] #4  |seoklan
2,706, 6946 X 0 2,364,004
(- al + 508, 9728 —as | 4225946

Do ot write in this argin.

Do not write in this margin.

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. Fordyoe to  Eltore 189 | 23 | 69,43
2 | carels &  Eltoro -7 | 41 | 69,67
« | 3. Pordyoe tc 1. Garcia 112 3% | 59,76
as - 3 | 25,76
. 160
« | 1. garota to 8. Fordyos 92 | 32 | 34,01
° ' .
Pordyce 119 | 3 | 45,238
ar + 7 44,040
Garoia |98 ! 42 ! 29.278
s 4144 1928 s 8, 28339 —h 2, 2407
cusa| 9,584 8639 sin'e | 9,93060 (%)'| 49,4803 | s*sin’«| 8.2190
B 8,511 6102 ¢ 1,09966 p | 2298 E 65,8506
2,200 6669 9, 31864 I ls.ﬂn_. 6.3103
15t term. -11‘.;411_ 8 lerm. .po.oo;o (any
2dterm, | _+0.R085 |y | 40,0002 F
«173, 8388
el b |+ 050008 . 4,144 1928
—-ay =173, 8380 sine 9. 966 3008 Arg) al 2,666 85649
Hr+s) |26 19 2438 | A’ 8,809 4369 a | =5 [air+e)| 5. 586 7901
stce” 0,047 6243 ar] ¥4 jsec §{ & ¢),
2,656 ] Corr] +1 2,313, 3450
net al + 464,0396 —a= | 4206, 782

¢l
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

i Eltoro to  garols 81| 15 | 06,65
¢ dareia &  Pascho tulm 1890
« {8 EKlsoro to 1. Pancho 1z6 | 65 25,46
ae - 3 | 14,82
180
o [1. Pansho to 2, ¥ltoro s06 | 62 | 1L14
Firat Anglo of Trianglo 64 28 15,62
N ' " . . M
v | 26 | 21 | 51,967 |2 Eltoro 1198 |34 | 00,306
ar| + | & [ @03 o= al o+ | 1 |
o | 26 | 26 | 367192 |4 Pancho v | 8 | a1 | 1r.zee
8 | 4.174 6606 L2 8,34950 ~h [ 2,454%
cosa| 9,768 4220 sore| 9.81675 ey| 4909 | o gipra| 8.1660
B | @511 8060 o 1,10096 p | 22926 E 5.8517
2,454 8788 s,2e00 | |v.ror 6,472
" N
1at term, | =288,0223 Ui 40,0026 (ady
sdterm, | 40:1849 em| 49,0003 "
-284, 8373
Nl lhrm [ + 0.0018 N 4,174 6608
~ap | -204,8354¢ |aina 9,908 3770  [arg) Al | B.640 4581
to+e) |26 242437 | 4 8509 4349 |, | 4 |ayppyyn| %540 0048
2ooe’ ooarossr | 1 8 [ ...
2,600 s Fgg_i -1 2,288 6229
Yt al + 436,9765 —ae |+ 294,322

Do not write in this margia.

D not write i this margln.

Devawrunnr or Cawumnex
W 5 CONT 1xp goecric Uty
Form v

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

- Garols to Eitors 26 | 12 | 20,60
¢ Panoho & Xltoro ' ~7 | 52 {24,686
a 13, uaroia oL Panoho 190 19 |5656,75
an + 32,01
160
« | 1. rancho to 3. Garola 01 20 l27,76
. , B . o , B
] 26 | 20 | 41,271 | B  Garola 4 98 | 42 | 29,278
ae| * | 5 | 55821 |i= al| = 1| 131,996
s ) 26| 2z | 36,792 |1  Pancho r | s | | anee
& | 4.046 1677 » | 80933 —n | 2,5509
coga| 9992 9000 sinta | 8,50742 (| 5.2027 | .| 65998
p . 8.511 8072 o 1,20067 p | %2023 E 5,6513
b | 2,560 8748 _ 7.70032 7, 3940 56,0020
1at torm, | =385, ;209 8 iorm. 10.0;8 (ady
wderm, |+ 00050 lpyyem| ©.0000 F
«355, 5239
Stad il forme.{ 4 0. 0025 . 4,046 1677
—ay | =366.5224 |sin« 9,253 7118 at 1,657 3101
r+ed | 26 83 39,03 | & 8,509 4349 ai(r+¢)| 9,647 9148
oo’ 0047 9967 e 104 )
1,887, 361 1,505 2249
L ax - 71,9963 =& 1 o 32,008

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

dOHLAW NOIIN@YIG Xd LAN J0 ILNIANWILSALAV

gl



POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. . B
. Pancho to Gardia 0 |2 27,76
3 Garels & Mooument s | 28 02,17
« |2 Pancho to 1. Momament 3B |48 29,93
be - 2 07,02
180
FRER Monument to 2. Panohg 218 |48 22,91 |
Tirst Angle of Triangle 61 38 08,72 .
. . . v
’ 26 Pancho : 98 | 41 ]1ir.282
ay s ar| + 4 | 45,680 ‘
s | B6 | 21 | 26683 [y, Momament | %8| 4 Ioz. 962
| 4101 714 L 8,20342 I =h 2,6062
cosa| 9,891 6751 ola'e | 9,69414 (49)'15:0208 | pgpra] 7.7976
B | 8511 6012 o | 11020 p [2-2984 E b,8529
3,606 1677 8,90006 7.3040 6, 1857
st term. | 4820, ;ln Hum -.o.;oao (al)
cdterm. | +0:979% |yum| =0.0001 r
+320, 1078
Yl e | + 0.0019 s 4,101 7124
—ap | 4920,2090  |aine 9.797 0714 |Arg a2 2,455 8805
tle+y) |86 33 5674 | A 8,509 4367 a | =8 [Jaile+s)| 9,647 9901
1 ooce’| 00470812 [aa] 42 |emcitan
2,485, uo: PI -2 2,103 8706
- al $265, 6805 —aa 427,020

‘Do not write in this margin.

Do not write in thia margln,

. Garois to Pancho 190 19 55,75
4 ¥onument & Panchp -89 | 53 | 49,23
e |8 Gavots ., to 1. iomument 100 26 | 06,47
ae - 1 | %8¢
| 18
« | 1. Jomumat to 3. Garola 280 24 |3.63
. . " . f .
f 2 | a0 41,271 [ 3. Garola 1 98 @2 29,278
apl + 1 | 6,418 (o= all & 3 | 33,684
e | 86 |21 | 15683 |1 Momumens o] 98| 48 | o298
s | 5,719 9176 & | 7,56083 ~h | 1,5497
cona| 9.267 9717 sin'a | 9,98551 (dp)) 3,0983 | & oin'a| 79,5463
B | 8.511 eor2 c | L10067 p|asses]| x 5, 8613
1,549 6965 9. 64591 5, 3906 4, 9463
st term, | - 4566 | st o.ooo; (aly
od term. | 4 0.0442 Hm | 0,0000 - F
- 35,4124
| $dand fth torme. 0. 0000 F) 3,719 N76
—ay - 35,4124 sine 9, 992 1570 Arg. az |2,329 7726
t(r+#) |26 20 50,98 A’ 8,609 4387 e =1 e+ o'}, 64T 2362
5009’ 0,047 8812 al]l H sec (A ¥)
gasmes o | o 3.977 gom
- al + 213, 6842 ~as 14 94,004

Fi16. 27.—Preliminary position computation to obtain latitude and longitude closures of net—Continued
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. Pancho to Nommeny
4 Momment & Corms
« |2 Pancho to 1. Corpus
as
< |1 Corpus to B Panabo
- ° . -
v ] 28 8 ' 4 ' 17,282
ar] = + | 4 | 39,706
s | 28 %8 | a5 | 56 988
s | 3.889 5144 2 |7.7793 —L | 0.9174
cona| 8.516 1292 sin® « | 9.99968 | 2.8028 | i a | 7.7786
B | 6.511 8012 ¢ |.10280 p | 2.29%¢ E £,8629
b | 0.917 w0 8,88106 | I 4.1362 4,649
1at term. .u.:s.u Himm. o.o;oo (aly
2d term. | 40,0760 wam| 0.0000 "
48,348 .
Uiy | 0,0000 N 3,809 5144
—ar | 48.3m8 sine 9,999 7660  |Arg] a1 | 2,446 T024
Lety) |26 26 30,02 A 8,509 4350 s 1 "1 |[aitpsyn] 9048 6606
o’ 0,067 9870 (2] N hecyay)
2,445 7024 P._.I [ 2,096, 3629
- al 4279,7064 —a« | 4124853

Do not write in this margin.

Do not write in this margin,

‘ Nommens L] Pancho 218 | 45 |[22,91
4 Corpus & Pancho — 37 | 47 04.89
« | 3. Mommeat to 1 Corgus 180 | 69 18,02
ae + 02,66
180
« |1. Corps to 8. Yomumng o |59 20,68
. ' "
H 9 | 48 ] 02,968
a| - l 05,974
v | e | 4 |5s.m
s | 3,982 0870 @ 7. 96417 ~h | &,4938
cose| 9.999 9354 sin'e | 6,47352 (9] 49877 | 2 pin’a | 4,4377
B | 8511 8066 c 110076 p | 82924 E 5.8515
b | 2.493 8290 5,53846 I I 7.2801 32,7630
stteem. | G1L7882 | yym | 40,0029 (aiy
24 term. 0000 | 0,0000 ¥
=311, 7662
Hud it wm |+ 0.0029 2 3,982 0870
—-oy =311, 7643 sine 8.238 7817 Arg. al 0,778 27086
He+v) |26 23 52,66 | A’ 8,509 4360 ] -2 flr+v)| 9,647 9722
soce’| 0,047 93": a2 0 leci(an
0,776 2708 -2 0,424, 2427
- a2 - 6.9741 —aa 2,656

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

9.

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

. . . . .
- Corpas o Homuent 0| 59 | 20,68 « Mommens o Gorpus
Y. Mommen & Grande +46| 17 | se.e2 Y Grande - & Corpus
« {2 Corps to 1.  CGrande 47| 17 19,50 « |3, Momment to 1. Grande
aa -] 1| %3 ae
180 180 |
« |1 crante to 2. Corms 227 | 16 | 4,16 ¢ | 1. Grande to 3. Momment 306 | 25 | 24,29
First Angle of Trisugle B 0% 4,13
. " . . M . N . . .
[ 26 26 28,447 2, Corpus i 9 “® 56,968 g § v 26 21 18, 688 3. Momument 1 98 46 02,982
ay - 2 | 68.221 |, al + 3 | 329 3 5 ae| *+ 2 I 13.543 |, Al + I 3 | 20,324
¢ | 28 | 23 [ 30,228 |, orame N EED 2 -é e | 26 [ 5 | maze |, oramse vl 98 [eo | m,20
s | 3.907 6226 & | 7.81525 —h [ 22608 ; H + | 3,860 5409 & | v.70108 —h ] 2,1268
cosa| 9,831 4244 sin'a | 9,73232 (2)"| 4:5019 | 4*pin’ o | 7. 5476 & & cos«| 9,763 4128 sin"« | 9.82192 (3r):1 422812 | 5'sin’ « | 725230
B | 8,521 8013 ¢ | 1.10240 p | %2934 g |5.8620 B | 8,511 8066 ¢ | 130076 p |2.29%¢ E | 5.8615
2.250 0483 8. 64397 | | e 6.6513 2,125 7608 8.02376 1 leoess 5,5003
sotserm. | 4110,1956 | stuem. | 40,0008 (asy 1ot torm, | 133, 5660 wn | 40,0003 (aay
tdterm. | + 0.0947 lidim| 0.0000 ¥ od term. |4 0,0422 k|  0,0000 ¥
+178, 2203 <133, 5437
| +0.0006 |, | 3,97 6e26 i ibirm | 40,0003 « | 8,860 5409
—ap | ATB2200 || oess 82 |, ar [RIRL O —ar |-155,643  [aine| 9,920 5008  [azm al 3,330 7382
Hrsy) |26 248926 | 4 | 8,509 4369 s | U fageam) 00 266 po+ry |26 3545 | &0 | 8,509 4z69 o | a1 Jagernls.oar 550
soc y' 0.047 8006 at + seo §(a v)| s0cpe| 0. 047 8006 ar]l 8 sec §(A p)|
2,331,073 ° 1,979 2728 2,218 7382 0 1,966 gsee
Ui a2 + 214,2976 —ae | + 95,339 o ad | 4 208,323 ~aa | 492,840

XHAYAS DLLAJOTD ANV ISVOD 'S ‘N1



POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. Gorgus to Grande a7 1 [ 19,80
z Grands & Hebron Tl » |asu
« |2 Corpus to 1. Hebron 94| 48 | 02,94
aa - 5 | 10,09
180
< |1 Hebron to 2, Corpus 274 | 4 b2, 85
-First Angle of Triangle 42 &6 20,48
. . . N
¥ a6 Corpus A 98 45 66,988
ar| ¥ v R "
| 28 Hebron ] e
s | 4,074 3221 £ | 8,14864 —h | 1.5088
cose| 8,922 6842 pin'a | 999696 {de)t|3.0128 & sin’ o | 8 1466
B | 6,511 8015 o | 110240 p |2.2934 g |5.8629
1,508 8076 9.34799 6, 3062 8.5073
M A
1ot term. | ~32.2706 Him, [ 00000 (a1)
od term, | * 03770 thiem | 00000 P
o | w074 321
ina | 9999 4757 arg) a1 | B30 2512
A’ | 8.509°4348 s | =8 lase+e) 9648 7008
wecy’] 0,048 0206 ai] B lecstan
2.6% 2512 0 2,276 9520
Ll at | 4 426,8263 ~aes | o 190,087

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

Do not writs In this eargin

Do not write in thin margin.

POSITION COMPWTATION, FIRST-ORDER TRIANGULATION

o r »
a Grande o Corpun 227 |16 44,16
Z Hebroa & Corpus —89 |32 56,26
« |8 oranse to 1. Eebron 137 |42 47,9
ae - 1 34,57
180
« |1. Hebron to 3. Grande 37 |4 13,33
. ' o ' "
v |2 | 25 | 20,226 |3. Grande 1] 98 | 49 |31.286
ar | + 3 | 20.854 |s= - l 3 |a2,629
¢ |2 | 2 | 00,640 |1 Hedrom v} oes I &3 'o.s.su
s | 5,942 0602 ¢ | 7,808420 -h | 2.32%0
cosa| 9,869 1069 sin*a | 9.65682 (2¢)'| 4, 6458 & gin" « | 7.5399
8,511 8043 ¢ | 1.10246 p (%2928 E (6.8621
2.322 9514 8, 64138 ]s.sau 57150
16t term, | ~210, §591 YHm | 40, 0059 (az)y
sdterm, |+ 00838 {yypn 40,0001 F
-210, 3153
Mund ik e |+ 0,0010 s | 3.942 0502
—ap | =210,3143 )sina| 9,827 9222 Arg. ar | 2,327 2178
y+y) | %6 25 25,38 | A’ | 8,509 4348 s | =1 i d(v+¢")]| 9,648 3234
secy’| 0.048 0208 ad | 9l ’ sec4(A ¥)
2,327 4278 Corr] © 1,975, 7412
Lo al | 4 212,6288 —a* Ty 94,567
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

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

« Hebron to Grande
¢z orande & Ringold
« |2 Hebron to 1 Kingold
As .
« |1. Ringold to 2.  Hebron
First Angle of Triangle 6% 29 07,23
. ' . . ' -
’ 2, Hebron 1] 9 |53 I 03, 815
Ay o= Al + 26,546
v 30,767 |1, Ringold 2 9 I 63 lao.su
2 | 5,920 9206 # | 7.84182 -b | 2.4300
cosa| 9,998 3007 sin' « | 7.89188 (0¢)*[ 48620 | 5 ain* o | B.7336
B | 8.511 soos o | 220287 D |2.29% g |B6.85%
2,431 0120 s.63628 | [r2se8 4.0176.
. v
1ot term. | 4269,7814 | Mim | 40,0014 a2y
| sae + 0,007 .| 0,000 ¥
+269, 7623 :
adiaum| + 000U |, 5520 9205
—ar | +269,7886 |uine| 8.945 9151 Arg a2 | 1.423 9993
derr) RO 20 05,66 | 4 | 0,809 4363 s | 1 fagersn| 5-000 2973
’ sece’| 0.047 1385 ai] O . lecitan
L4238 i"t H -1 1,073 1966
e all , 26,6459 —as | , 1,809

Do not write iu this margin,

Do not writs in this marglo.

. Grande to Hebroa 157 | 48 47,90
¢ Ringold &  Hebron — 63|08 |13
« (3. grante - fo1. Ringala | |3869
ae - 1 {es2e
180
¢ |1 Kol to 3. CGrante 264 | 32 | 60,36
. . M . . .
¢ 26 23 | 30,226 3. Grande a 98 49 31,2086
rY) - 59,489 |s= Al -+ I 3 l 59,078
v | 26 1. Ringold v |8 l 53 | 30,361
s | 5837 2872 & | 7.67467 —h L7739
cosa| 9,424 7936 snte | 9.98814 ()] 3.5486 | 52 ginv o |7, 5427
B | 8.511 8043 ¢ | .01 D | #2928 E [5.6521
1,773 0850 8, 74417 | ls. 8414 5, 2667
1st term. .;59.41:5 Him [ 40, 0021 (a2y
2d term, | 4 0.0568 ik im. 0,0000 ¥
4694690
Hundikiem,|__40. 0001 s | 5.837 2072
—ay | +59.4691  |gine| 9984 0T6  [arg a2 | 2,378 B336
pir+er |26 2500,49 | &' | 8,509 4363 . ' -1 [fadtr+e)] 9,647 7828
secy’| 0047 7368 at| ¥ leci(as)
#,378 k336 ] 2,024 2051
baad At 4 239.0m7 —ae | 4,106,239

82
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. Hekron fo  Rinaold
Z Ringold &  Gevoena .
« |2 Hebroa to 1, Geroena
A
FRE Garoena 1o 3, Hebron
First Anglo of Triengle &7 18 20,19
2 9l. 53 ' os.eu'
al + I & |40,098
o | o I [ Ia.slo_
s | 3,647 1076 & | v.29428 —h [0;6196
cose| 8.480 7250 sinta | 9499964 ey |Le2etd | o gim o | 7.2089
‘p | 8.511 €008 o | 1.10887 p |8:89% g |5-85%
n | 0.629 633¢ 8, 39645 3.6379 35,7665
1ot vorm. | 42052 Wi | 0-0006 a3y
ad term. |¥ 0.0849 e | 0,0000 ]
+4,1901
st (6 0, 0000 o | 5847 1076
—ap | 4402001 sne| 9,999 8107 Ace. A (8,204 4
tlo+y) |26 26 58,44 | 4’ | 8,509 4348 N 0 lisi(p+s)| 840 T899
l soce’| 0.048 0163 s} 9 lecitan
’ 2,204 374 0 1,853 373
Lo al | 4 1260,0949 ~ae 71,308

* Mixed position,

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

Do ot write in this margh

Do a0t write In this macgin

° » L]
. Ringold fo  Hebron 185 | 05 | 43,12
Z Carcena &  Hebroa ~ 20 | 24 | 64,34
« [3. Riagold to 1. Ceroena 165 | 38 48,78
- 59,41
As -
18 l
« [1.  yarcena to 3. Ringold 38 [ ar 148,97
. . ' -
r | 2 3. Ringold 2] 9 l 3 | 20,361
arl *+ 5= arl 4+ 1] 13,549
v |26 1. Garoena v |oee Iss lﬂ.sm
s | 3,952 9138 o ) 7,90503 —h ] 2,422
cosa| 9,969 5286 sin*e | 9,23055 (%)) 4,8084 | & sin’ e} 72,1364
B | 8,511 8063 ¢ |1.10118 D |2, 2926 E | 58629
2,424 2477 8.23763 7,140 6.4126
v B
tatterm. | ~265.6120 | %uem | 40,0024 a2y
adtorm, | + %003 || 0.0000 F
~266, 5947
st | ¥ 000014 s 7 5.952 9138
—ap | -265,5935 |sine| 9,615 2768 Arg)| a2 12,125 6403
tlr+e) |26 24 43,55 | A | 8,509 4348 s} g |mi(r+¢)]9,648 1885
secy') 0.048 0163 Al '] sec }{a ¢)
1]
2,125 4405 ] -8 1,773 8268
el al | 4 133,5489 —as 1y 69,406
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80 U. 8. COAST AND GEODETIC SURVEY

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

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

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

The quantities in the three columns headed ‘Lat. equation’ and
in the three columns headed ‘“Long. equation,”’ in Figure 28 are, as
indicated in the headings, simply products of quantities in other
columns previously filled out. The three columns headed Lat.
equation (¢p,—o.) 84, Lat. equation (¢,—¢.) (—85) and Long. equation
(@=—0.) a2, respectively, should be filled out at the same time, since
each of the three products contains the multiplier (¢,—¢.), which
can be set up on a multiplying machine and used without change for
the three multiplications. In a similar manner the three columns
headed Long. equation (A\,—2.) 84, Long. equation (\,—2,) (—&5) and
Lat. equation (A,— ;) ay, respectively, should be filled out at the same
time, since they contain the multiplier (A,—2,.).

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 guantities in the column headed Lat. equation {¢,—¢.) 64 are
the coefficients of the symbols in column A, the quantities in the
column headed Lat. equation (¢.—¢.) (—85) are the coefficients of
the symbols in column B, and the quantities in the column headed
Lat. equation (A\,—M.) a; are the coefficients of the symbols in the
column headed C. '



L2 BEE I R 4

4 8 ¥ )

Palo
Fordyce
Xltoro
Garcia

26. 9.

Yo

28 19165
26 17.79
26 21.87
26 20.69
26 26.61
26 21.28
26 26.47
26 23.50
26 27.00
26 2.5

98 27180
98 34.75
98 34.01
98 42,49
98 41.29
98 46.05
98 45.95
98 49.52
98 53.06
98 53.5%

LATITUDE AND LONGITUDE ADJUSTMENT

Pa—e0 A=) +4, =&

+T.29 [+#271.93 [+0.7% | -1.90
+49.15 la0.98 [+2.67 0,45
+5.07 2172 |+0.19 -3.46
46,25 [+13.24 [+2.13 =1.00
40,55 (+14.4% | 0.00 ~2.13
45.66 | 49.68 |+1.81 | +0.12
4047 | w.78 245 [ -0
+3.44 | +6.22 [¥1.93 -2.27
-0.07 | +2.67 |+1.06 -0.T8
403 | +2.22 [+0.25 | S0.88

P 66,6 (
L 17.80 (350) + 27.

o7 (A7) [+ 0.77 (

bty

+5.39
ol 43
42,18’

+13.31
-]

+10.24
+0.68
+6.64
~0.07
+1.11.

A

-1+3
5+ 6
=12 + 14
=10 + 11
=17 + 19
=25 + 26
28 + 30
-36 + 371
=38 + 39
45 + U7

+ 37.73/(3) = 3451 (5) + Bui6L (6) + 30.8 K7) - 30.85 (9) -

F16. 28.—~Formation of latitude and longitude equations of net

e 26° 26008 A:.98° 55413
‘(.T."—"):)‘: —rSe B Fem Xine) fx".l'"i')'i'. (+n£-1.\ ?:::): L : D
I
HRIH R
+20.67 |-13.85 |15 + 16| -53.07 | 452,79 1_115 6| <1108 || 3| 2l 1%
456,02 (-%.12 [ T+9 |- 94 {43965 12 * % =214 HEH B
0.6 Lato feo + 21( 755 |05 [0 2| || B 18] 38
+28,20 |~ 6,25 |22 + 24| -13.24 |+25.02 |32 ¥ 2k -au.6e || 4] iE| &
0 [-0a7 [31432)-1632 | 42T E;I:;g -0 || 8 1l 3%
47,52 {+0.62 |33 + 35( + 1,06 | +18.30 E 135 32w (| B B 52
+14.18 [« 0.21 [-0 + b1 - L.lo | +18.48 5§ 10 (13| 15 &8
+11.99 |- 7.81 |42 & B4] k.20 | 411.7H A2 + -8.05 {| &| i8] 25
+2.83 |+0.05 [-50 ¢ 51 - 2.08 | + 5.05 |4 ;g 40,16 5 ;-:5 ﬁ
40.56 (= 3.90 |53 + 54| - 2.95 | + ¥.20 15§ + 54 -10.37 || 3] i%] i%
. u| vm| 28
8 = +1.89 gLl i@
£l i3 ia
- =g ol 18l i3
=" B
[7) + 35.55 (9) - 38.33 (10) + 38.33 (n)+3&-ﬂ (12) HE R
(20) - p8.59 (21) - 18.77) (22) + 18.77 (2u)|~ 28.54 [25) i
(33) + 5,92 (35) - 28.38 (36) + 13.38 (37)|+ 5.32 (fs) & 1 sa
+ 531 (47) + 5100 (50) ¢ 5.00 (54) - 0.30| (53) +0p0 (F).)| 4| 14| 1%
correlatps.) HE R
R
3,56 (10) + 13,58 (11) =~ 22.% (n)+ae.5ojd)= IR
) + 27,85 (22) - 27.86 (2] - .28 (25) + b.2€ (26) - (15.28 (4] &] B ¥
+3.9% (57) - 2.67 (38) ]+ 2,67 (39) + 3.30 (¥0) = 3.30 (W)|[ 3| :B| &
(%0) - 2.24 (51)|+ 12.32 {53) - 12{32 (5M). R
I ) l Bxirnaranze
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Correlate equations

z8

34
]
°%

@ 13 ] A
1|2 |34 5|6 |7 (8]9|10(11]12(13 (1416|1617 18 19 20 21 22 23 Se* [ad

24 it} 26 27
1 +0. 287
2 —. 201
3 - —. 056
4 . —. Q54|
5 . 176
6 41 +2.67| +6. 41| +3.46/418. 21| —. 121
7 —1| .45/ —8.55 43.08] —. 17| +.430
8 VRO PRI EI A —4. 25| 4. 041
9 - —. 45 +3. 55 —3.08) +-2. 42| —. 302,
10 JERU S I _..-| —2.13] —3.83| —1.36] —7.32! 4. 058
—. 227
—. 008

+1| +1 .
20|--- =1 +1|-_.: JESE [PRRER SR [, —419 [ - +3. 46; 5. 86| 1-6.33(111. 46 +-. 068
21 +1 [ +1 S VS S — a—- +3.46] |- —3.46| —5.86) —6.83|—10.19| —.381
22 L —1; +1.00 —1.88) +2 79 4-4. 57) 4. 430
23 JRURTORS SRR PSR E———" —6. 66| —. 271
24 +1.88 —2.79; +2. 53| +. 300
25 —2.85 —.43] —8.98 —.054
26)--- RS [V B +2.85] +.43] 4-8. 54 —. 404
b7 ¢ I P Y [ P PSRt AU FRPIPUPY WU DS RN v R o | R B o N> SR R RO IR ER—— 2] —. 358
23 =1+ ] +1.78] —1.53(—11. 61| 4. 615
;. J NS OSSR I PR OOV PR SRR VUSRS MU MO (o ) NOUPRR (EPRUR VINIPH) VRN MSRPU SRS EVESUIPRN (SN B, - Y. | SOUVURPUIS S ESU Spu S, I — A ——" 2. 54 4. 421
1) U R S —1. 78} +1.53| +3.31] . 190
31 +2.77| +1.56( +4.33| —.3¢%6
32 —— ~2,77| —1.56] —2.99 —. 472
a3 . —1.80| 41.22% —2.73| +. 67
4 N - - HY--s N — 23 SRVRNON NI, RSV SR A SR S—" —38.70| —.342
1/ IO S— b o U LSRN R | VR S e - +3. 74 +2.01 + 11 41,89 —1.22 +5. 563! —. 077

I++i) Fi+dr F101E
KLEEH SLPsHR ZExBR

Hi++]
S525%

J+1F]
ATAYNS DILEAOAD ANV ISVOD 'S 'L

SEIRE SBNEY

FHE1)

I
252

1l
8%



36 +.219] +.22] .0480
37 —.476| —.48| .2288
38 RS (. +.096] .09 .0092
39 +.184 .18 .0339
40| - —.049] —.05 .0024
—.231] —.23 .053¢

+. 554 4. 55 .3069

—. 516 —.52] .2663

+.133( 4. 13f .0177

[ —.310; —.31| .0861

46 -+.208| +-.30 .0888
47| |- .- —. 150 —.16{ .0253
48 +.028] -.03] .0008
49 +.219] +.22| .0480
50 -+.056] -. 08 .0031
+.154] +.18] .07

—.456] —. 45 .2079

+.181] +.18| .0259

=+.067] +.06) .0045

—. 27l —.23[ .0515

+.571( +.57] .3260

+.086] .09} .0074

—. 667) — .4318

® In the Z. column the sum of the values for all directions around each point (except the points at which some of the directions are not numbered, due to having been fixed by

a previous adjustment) is equal to zero. ¥or example, (1)+(2)+4(3)=+3.43—7.39-+3.96=0, The same thing applies to the ¢ column, in which the corresponding values are

-0.287—0.201—0.086=0.
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84 U. S. COAST AND GEODETIC SURVEY

In the same way in forming the longitude equation the quantities
in the column headed Long. equation (\,—X\,) 8, are the coefficients
of the symbols in column A, the quantities in the column headed
Long. equation (A\,—X;) (—&z) are the coefficients of the symbols 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\n—X\,"), respectively, as shown on page 69, ¢, and )\, denoting the
computed latitude and longitude, and ¢,’ and \,’ the fixed latitude
and longitude of the terminal point.

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

FORMATION OF CORRELATE AND NORMAL EQUATIONS

After all the equations have been formed they are tabulated as
shown on pages 82-83. In order to have the coefficients in the differ-
ent equations of about the same size, it is usually well to divide some
of the equations by a constant factor before entering them in the cor-
relates. For example, equation 21 on page 61 is divided by 5, and
equations 26 and 27 on page 81 are divided by 10. When dividing
a correlate equation by a constant factor, one should be careful to
divide the constant ferm 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 =, column. This does not apply, however, to the
constant terms in the. “n”’ column which should be checked by
another mathematician. It should be remembered that the con-
stant term of a divided equation (see p. 61) must be divided by
the same factor before entering it in the table of normal equations.
The table of normals is given on the folded page facing this page.

SOLUTION OF NORMAL EQUATIONS

The solution of the normal equations is shortened considerably if
the equations are taken in the proper order. In anet of triangulation
composed of simple quadrilsterals, 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 T column in the forward solution make
any errors comparatively easy to find. However, there is no corre-
sponding check on the back solution, and an error is not likely to be
detected until the »’s are substituted in the triangles. As consider-
able recomputation is then required to correct for the error, it is well
worth while, especially in the case of a large set of equations, to be
particularly careful with the back solution. The back solution, or
computation of the (s, is shown on page 93.



Solution of normal equations

o I L4 A\
1 2 3 18 4 5 6 19 24 25 26 27 L] pors
+6 | +2 —2 =216 | e el +1 —4,99 —20.21 -3.12 +.15 —32.33
Cr —. 33333 -+.33333 F.38 | e —. 16687 +. 83167 -+4. 86833 +. 52 -—. 025 +5. 38833
+6 +2 +2.00 |- SR KSR SRR [N +3 +2.96 +5.22 ° +4.15 +.34 +27.67
1| —.6667 +. 6667 F.72 e LA, ~.3333 +1.6633 +9. 7367 +1.04 ~.05 +-10. 7767
+5.3338 2. 6667 272 e m e e e —+2. 6867 +4. 6233 -+14. 9567 +5.19 +.29 --38. 4467
Cs | —.50001 —. 51000 || —. 50001 —. 866887 —2. 80440 —. 97313 —. 05438 —17. 20880
+6 +2. 10 +-5.85 +30. 44 +2.11 +1.74 -+46. 48
1 —. 8667 -T2 —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 +1.645 —+-16. 4800
C —. 005 —. 46575 ~3. 30625 ~+.35125 —. 41125 —4. 12000
—+140. 8338 +7. 3852 +13. 4924 -+1. 2067 —2.2¢ +161. 8033
1 —. 7716 —1. 7064 —10. 5156 —1.1232 -+. 054 —11. 6388
2 ~1.3872 —2.3570 —7.6280 —2. 6469 ~, 1479 —19. 6079
3 ~. 0001 —. 0004 —. 0661 —+. 0076 —. 0082 —. 0824
+138. 7689 =137 e +1. 8040 —2.3350 -+3. 2218 —4. 7173 —2, 5558 —2.3421 -+130. 4742
Cis —. (1300 —+. 01683 —. 02321 +.033¢3 4. 01542 4. 01688 —. 940232
+8.92 ] —~7.62 —28.82 —6. 44 —. 26 —29,60
3 -. 38 -+. 50 +. 9375 8. 6125 —. 7625 +.8225 +8. 24
18 +. 0178 —. 0231 +. 0318 —. 0486 —. 0252 —~.023 -1, 2881
—+8. 0578 +. 4769 —6. 8507 —20. 2541 —7.2277 . 5394 —20, 0719
—1. 61592 —. 00561 | +1.33374 +4. 06179 +1. 44945 —. 10817 —+4. 02525
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a {- @ A
5 8 19 7 8 9 20 % 25 26 27 K bl
+6 +2 —8.58 —2 —2 +3.4 42 +5.72 +20.01 43.39 +.19 +28.17
—.8022 | +4.8022 +3.2318 [ +. 1913 —~2. 6675 —8.1236 —2.8980 +.2163 —8. 0505
+5.1978 | +2.8022 —5.3182 | — —2 43 +2.1013 +43.0525 -+11. 8864 +. 4911 +.4083 | 4-20.11954
Cs | —. 53911 41.02804 | +4.38478 | +.38478 —.68182 | —. 42158 —. BYT —2. 28681 —. 09448 —.07817 | —3.8707H4
+6 ~3.97 —5.11 —8.95 -7 —.71
4 | —.8022 +2. 6675 45.1236 +2. 8089 —. 2163 +8. 0505
5 | —1.5107 ~1.6456 —8. 4081 —. 2648 —.2190 | —10.3466
+43.6371 ~2,9481 —3.3045 —4.3159 —1.2053 —3. 5061
Cs +. 79957 4. 92064 +1.17054 +.32600 +. 95001
) —22 1867 —58. 6040 —35. 2072 —1.78 —19, 8916
3 . +. 8250 +5.8190 —. 6710 +.7238 +7.2512
18 . 0303 —. 0419 +. 0613 +. 0332 4. 0305 —1. 8962
4 . +10. 7470 4327201 +11. 6704 —.8716 | 4324347
5 —5.5030 | —20579 | —20570 [ ____ ... 43.5306 | 42 2547 +3. 1408 +12. 2303 -+. 5053 +.4181 | 4+20.7015
6 | —10.7697 | 41.5754 | 41.5754 —2.7096 | +2.3460 +45. 0385 +5. 8014 +47.3762 2. 0600 +5. 0922
+63. 1207 ~. 7525 — 753 e +4. 2700 ~—. 3596 —2.4773 —1.9633 —18.3741 L5308 | 45. 29187
Cw | 4.01192 | 401192 (.- _.C —.06765 | -.00570 +.03925 +.03111 +. 25041 —. 00019 —. 717543
+6 2 ~2 —478  |eeoo -3.07 —15.73 —.60 +1.05 —21.35
5 | —.76068 — 780 eene 1. 3236 F. 8432 +1.1745 +4. 5736 +.1890 +.1563 +7.7415
6 | —.2305 —. 2308 +.3964 —. 3432 —. 7370 —. 3436 —1.0790 —.3013 —. 8765
19 | ~.0090 —.0080 | eoooeeen- .0, —. 0043 —.0295 —.0234 —.1952 +. 0069 +. 5309
+4.9009 40008 [ ~2 —2.9501 -+ 4957 —2, 6620 —12.0284 —1. 6852 +.0119 | ~13.94513
Cy | —. 19854 | +.40073 | +.59200 | —.09032 +-. 53337 +2. 41007 +.33765 —. 18271 | 4270415
+6 . 2 +2.02 .13 +2.08 +1.%9 +45.92
5 | —.76% . +.8432 41,1745 —+4. 5736 +.1890 +. 1563 +7. 7415
6 | — . —. 3432 —. 7370 ~. 8436 —1.0790 —.3013 —. 8765
19 | —.00%0 . 0509 —. 0043 —.0295 —. 0234 —.1952 +. 0069 +-. 5390
7 | —.1067 +. +. 5875 —. 0684 +.5285 +2. 3881 +.3346 —. 1810 42,7687
+4.7042 | +23971 | —6.4716 | $2.3073 43.8565 +6. 2197 +1.3204 +1.5709 | -16. 09365
Cs | —.50000 | +1.34088 |- — —. 80441 —1.20734 —. 277 —.32767 | —3.35687
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Solution of normal equations—Continued

a 1 '3 A -
9 20 10 12 11 13 22 21 % 25 26 27 7 ~n
+6 +6. 24 -2 -2 +.56 +2 +3.52 +14.03 —1.56 +1.69 +28.49
71 —.8015| —1.1858 +.1986 | —1.0667 | —4.8201 —. 6753 +.3654 | —b. 5883
8] —1.1085| +3.2888 |...__ —1.1986 | —1.9283 | -—3.1099 —. 6647 —.7854 | —S.0467
+4 +8.29 +1 5250 | -+46.1000 | —2.89 +1.27 +14. 855
Co| —20725 —.25 - 13125 | —1.525 +.7225 —.3175 | —3.71875
+68. 7558 —. 80 +1.2808 | +17.3235 | —15.5804 | —2.81 +70. 2246
5] ~2.2767 —1.4502 | —2.0202 | —7.8666 —. 3350 —.285%0 | —13.3153
6 —. 6817 +.5002 | +1.2676 | +1.4508 | -11.855% +.5183 | 415076
19 —. 2889 +.0243 +. 1678 +.1328 | +1.1077 —-.0302 | —3.0639
7| —1.7545 4.2030 | —1.5788 | —7.1318 —. 9991 4. 5407 | —8.2682
8| —8.7359 +3.2361 | +52058 | 453050 | 17945 | +2.1205 | 4217243
9| —17.1810 —2.0725 | —1.0881 | —12.6422 | +5.9805 | —2.6321 | —30.7870
+37. 8571 . 0850 0850 || 458638 (.. +.0218 | +3.2347 —.328 | —6.1660 | --2.5707 38, 0221
Co | —00172 | —.00072 || — 15497 | . —. 00058 | —. 08540 | +.00868 | +.16208 | +.06784 | —1. 0048890|
+6 +2 -2 -2 +1.47 Fa44 |eoen —. 04 —11.03 +3.23 +.31 ~3.70
9| —1 ~1  femmemeeea +.28 | +.5 +.2625 | +3.05 ~1 445 -+, 635 +7.4275
20| —.0001 = 0001 || —.0101 oo . 0000 —. 0056 +. +.0108 +. 0044 —. 0853
+4. mn + 99 | —2 -2 +1.7309 | 4.4 +.5 +.2169 | —7.9794 | +1.7956 +.940¢ | 43.6622
. X —. 34799 | —. —.10000 | —.04838 | +1.50591 | —.35913 | —. 18988 | —.73245
-9 +.83 +2 +1.00 —L44 +.92 +1.70 +8.03
+.28 | +.5 +.2625 | +3.05 —1.445 +.635 +7.4275
—.0101 | .. —. 0000 —. 0056 +. 0006 +.0108 +. 0044 —. 0653
—. 3480 —. 8879 —. 1000 — 0434 | 415958 —. 3501 —. 1899 —. 7324
+4. 7999 —. 9781 —.0579 | +2.4 1.2135 | +3.206¢ —. 8735 | 421495 | 414 6598
Cul| - 4| — +.20378 | 4.01206 | —. —. 25 —. 66801 | 4~ 18198 | — 44782 | —3.054
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a [ '3 A
11 13 14 22 21 15 17 23 24 25 26 27 " “n
I A— -2 —1.03 —3.46 YOS RS RS S —-L28 . 66 —1.25 —0.69 —1.04
100 - —0.8000 | . _oooooooo. 4.6960 | +1.7760 |._____.... _ 0. 2000 +-.0868 | —3.1918 +.7183 +.3798 | +1.4840
12 —.0383| —.2000 | o ... +. 0815 11 ¥ O I S —. 2000 —~. 1011 —. 2672 +. 0728 —. 19l | —L217
+5.1667 | —1.0 —. 2525 —1.243 | -+1.2010 —. 4589 —. 48G3 —. 70685
Cn| +.19385( 4-.38700 | . 04887 +.25051 | —. 23241 4.08882 |  +.08470 | +.15418
+6 —2 —. 60 —1.29 6. 8¢ —3.60 +1.35 434
10 =8 |ecemooeen +. 6960 +.0868 | —3.1918 +.7183 +.3798 | 14649
12 | —L2 |- +. 4891 —, 6068 —1. 6082 +.4368 | —1.0749 —7.3299
11 —. 1036 —. 3871 —. 0489 ~, 2505, +. 2324 —. 0888 —. 047 —. 1542
48.806¢ | —2.8871 +. 5362 —2,0005 | 422774 | —2.5337 5602 | —2.0702
[ 62713 | —. M08 454138 | —.50881 | t.66564 | —.14717 | +-.54624
+8 +.23 +2.58 —2.94 +3.30 +.25 +6. 10
11 —, 7742 —. 0077 ~. 5010 +. 4649 —. 1776 —. 1804 —. 3083
13 | —1.4970 +.3363 —1.2022 | 14282 | —1.5889 +.3518 | —1.3039
+3.7238 L4688 | +1.2781 4.7868 | —1.0169 | 41.5335 +.4110 | 4448780
Cu —. 12567 | —. 3427 —~. 21101 | +.28076 | —.41126 | —.11046 | —1.208587
+41.1156 +.7959 | 428.7425 | +9.58  [+207.7402
9 —. 0735 —. R540 +.4046 —. 1778 | —2.0767
20 —~. 5013 . . 08 +.3984 | —5.8025
10 —~. 0755 | +2.7767 —. 6247 —.3304 | —L2744
12 +. 2473 +. 6534 —. 1780 .4380 | +2.9873
i1 —~. 0633 +. 0587 —. 0224 —. 0230 —. (389
13 +. 2903 —. 3208 +. 3569 —. 0780 +. 2029
14 —. 0989 +.1316 —. 192 —. 0518 —.5640
+151.7000 | <-50. 0974 —. 8987 —. 8087 —. 7695 ~,3880 | +40.8407 | 43.2024 | 420.4418 | -9.7536 |4-201. 179910
(o —.38057 | +.00592 | +.00592 [ . 00507 | +.00256 | —. 2602 —. 0217 —. 104 —. 06430 | —1.9193940
i Ratatd
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Solution of normal equations—Continued

« @ A -
21 15 17 16 2 24 25 26 27 n “n
+-76. 7818 -0, 24 —-0.24 |___. [ —0.1320 |oaooo__...._ +18. 0583 —0. 3813 +-18. 0000 +5. 116 +169. 4373
10 —3.0428 |||l ---| —0.4440 —. 1925 +7. 0858 —1. 5345 —. 8431 —3.2521
12 —. 0007 +. 0146 -+. 0357 ~—. 0105 +. 0259 +.1768
1 —. 5398 —. 4182 +-.3830 —. 1483 —. 1581 —. 2573
13 —2.8231 —1.7745 +1.9613 —2.1820 4. 4824 17908
14 —. 4381 —. 2697 +.3588 —. 5256 —. 1412 —1. 5383
2 | --23.0226 ~15. 9102 —1.2824 —11. 4696 -3. —113. 4315
+46. 0150 —. 4923 —. 8311 +2. 0695 -+. 6819 449, 34430
Cn 00331 +. 01070 +. 01806 —. 04497 —. 01482 —1.07235
—2.87 +1.62 —4,20 +.11 —4.64
14 +.4220 —. 5615 +.3225 +.2209 +2.4071
22 +. 2419 +. 0165 L 1744 +.0578 +1.7250
21 +. 0085 +. 0144 —. 0358 —. 0118 —. 8529
+2.3275 -2, 1976 +1. 0924 —3. 2389 +.3769 ~1.300812
—. 47421 +. 44774 —. 22057 +. 65990 —. 07679 +. 277332
_____________ +1.22 +1.03 —.76 +.11 +5. €0
+. 3364 +.4220 —. 5615 +. 8225 +. 2209 42,4071
—.0023 4. 2419 +. 0195 +. 1744 +.0578 +1.7250
—. 003G +. 0085 +.0144 —. 0358 —. 0118 —. 8520
—. 4307 =+. 4056 —. 2021 +. 5993 —. 0397 4. 2519
+4.7401 +2.3701 —1. 5533 —.1032 +2. 2990 +. 3003 +. 8004 +. 3072 +49. 131105
Cn —. 50001 +. 33402 +.02177 —. 48501 —. 03335 —. 16883 —. 03451 —1. 92625
+8 +4.81 +1 +1.2 —. 03 +1.23 +1.33 +15. 60
15 —. 8150 —1.4418 +. 9484 —. 8955 +. 4451 —1.3198 +. 1536 ~. 5540
17 —1. 1850 +. 7016 +.0516 —1.1495 —..1501 —. 4 —. 1538 —4_565¢
+4 +4.16 +2. 00 —. 7850 +. 2650 —49 +1.33 +10.48
Cus -—1.0% -5 +. 19625 —. 06625 +. 1225 —. 3325 —2.62
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Solution of normal equations—Continued
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[ 1 'S A ~
3 2% 25 26 27 " s
+38. 9152 -1 —1.3979 -+1. 7264 +0. 238 +31 8778
—. 1314 - 177 -+. 1965 —. 2879 —. 0773 . 8425
~—. 0039 —. 0020 +. 0167 +. 1493 —+. 0495 +1 4770
—. 0001 =-. 0006 —. 0013 -+. 0033 . 0011 +.0775
-2, 5602 . +1. 6777 4. 7874 —2.3347 +.27117 —. 8811
—. 5289 —. 0345 =+. 1003 +.2674 . 1026 -+3. 0408
—4. 3264 —2. 08 —. 2756 . 5096 ~1.3832 —10. 8992
+31.3743 —2. 5359 . 5739 +.0334 —. 7976 +23. 759186
Cas =+. 08083 4. 01829 —. 00106 . 02542 —. 75726
+1 +23.20 -5.88 ~+35. 81 +47.52
1 —. 1667 +4. +.52 —.025 5. 3883
2 -1, 3334 —7.4785 -—2. 5850 —. 1450 —19. 2237
3 —. 2500 —3. 3062 =+. 3812 —.4112 —4, 1200
18 —. 0393 —. 0704 - 0430 —. 0364 +2. 19564
4 —. 0456 --1.9371 -+. 6912 —. 0516 +1. 9196
5 —. 9238 —=5.0111 —. 2070 - 1713 —8.4820
6 —. 5111 —1.2638 ~—1. 6068 —. 4487 ~—1. 3053
19 - —, 0112 ~. 0933 =-. 0033 . 2580
1 —. 0492 +1. 1947 +. 1674 —. 0906 +1.3851
8 -—1. 1987 =3. 1101 —. 6647 —. 7855 —8 0474
9 —. 2500 —1. 5250 +. 7225 —. 3175 ~3.7138
20 —. 0000 . 0002 -+. 0035 -+. 0015 -. 0219
10 { ~.0500 +. 7979 —. 1798 —. 0949 -
12 —1. 2000 —1. 6032 +. 4363 ~—1.0748 —7.329%9
11 . G000 0000 . 0000 . .
13 —. 2627 —. 5483 +. 6656 —. 1472 +. 5462
14 -—. 1055 =+. 1761 —. 2579 —. 0693 —, 7548
22 —. 0010 . 054 +. 0753 -+. 0249 =+ T447
21 —. 0032 =+. 0069 —. 0172 —. 0057 —. 4102
15 —1 1037 —. 5180 +1. 5359 —. 1787 . 6455
17 —. 0022 . 0065 +-.0174 4. 0067 <. 1988
16 —1. 0000 —. 1325 -+. 2450 —. 6650 —5. 2400
- - —. 0464 +. 0027 —. 0645 1. 9203
+3. "‘969 —. (0828 +7. 5124 —6. 0799 -, 9395 +3. 708771
Ca -+. 02511 —2, 27863 +1. 84413 —+. 28496 —1.124423
1186, 2130 +117. 4082 +121. 6126 -2.21 <+-401.0159
1 —4. 1500 —24, 2030 =2, 5948 . 1248 —26. 8878
2 —4, 0078 —12, 9856 —4. 4991 —. 2514 —33.3284
3 —. 8789 —6. 1992 -+. 7148 —. 7711 —17.7250
18 —. 0748 . 1005 -+. 0593 . 0544 —3.0289
4 —8. 8703 —27. 0137 —9. 6399 “+. 7194 —26.7707
5 —1. 7926 —8. 9805 —. 2884 —. 2386 ~—11. 8154
6 —2. 3572 =2, 7141 —3. 4509 —. 9837 —2. 8034
19 —. 0972 —. 0771 —. 6428 +. 0228 +1.7775
7 —1, 4198 —6. 4156 —. 8088 . 4864 —7.4380
8 —3.1022 —5. 0032 —1. 0694 —1.2637 —12. 9458
9 —.08%9 —. 8008 +. 3783 —. 1667 -1, 0497
20 —. 2765 -+. 0281 +. 5271 -. 2198 —3. 2506
10 —. 0094 4. 3462 —. 0779 —. 0412 —. 1589
12 —. 3068 —. 8106 +. —. 53¢ —3.7063
11 —.3242 . 3000 —. 1150 —. 1226 —. 1995
13 —1.115¢ ~1.2328 —1. 3716 -+. 3032 =1, 1255
14 —. 16680 +. 2209 —. 3236 —. (0869 —. 470
22 —10. 9951 —. 8862 ~T7. 9264 —2. 6261 —T78. 3806
21 —. 0053 —. 0089 +.0221 +.0073 +. 5279
15 —. 9840 +. 4801 -1, 4502 +. 1688 —. 6004
17 —1. 1150 —. 1458 ~—. 3882 —. 1490 —4. 4284
16 —. 1541 +. 0520 ~. 0962 +. 2610 2. 0587
23 —. 4462 —. 0684 4. 0040 -—. 0851 +2.8334
4 —. 0021 -+. 1887 -~. 1527 - —+. 0831
+73. 4932 -}-25. 0041 -}-88. 5543 —7. 2452 ~-180. 79624
Cau —. 3 ~1.20403 . 09858 —2.4

640737 —45——T
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Solution of normal equations—Continued

2% 2X7 n Sn
+451. 5432 +91. 8144 +3.6191 +641. 4826
1 —142. 2039 —15, 1892 +. 7302 —157. 3981
2 ~—41. 9446 —14, 5548 —. 8133 —107. 8199
3 —43. 7252 —+35. 0420 —5. 4388 —54. 4870
18 —. 1603 —. 0869 —. 0798 +4. 4353
4 —382. 2679 —29. 3573 +2. 1909 —81, 5278
& —7, 1819 —1.1230 —. 9292 ~—46. 0092
6 —3. 1251 -3. 9734 -1 1097 —3. 2279
19 —. (611 —. 5094 +. 0180 1. 4091
7 —24. 9893 —4. 0614 =+2.1977 —33. 6092
8 —S. 0691 —1.7247 -2, —20. 8787
9 —9. 3025 +4. 4072 —1.9368 —22. 6539
20 —. 0029 —. 0535 —. 0223 . 3302
10 ~12.7344 +2. 8656 ~+1. 5151 k5. 8145
12 —2. 1419 +. 5835 —1. 4359 -—9. 7030
11 —.2792 -+. 1067 +. 1137 . 1851
13 —1.3626 +1. 5159 —. 3352 1. 2440
14 —. 2939 +. 4305 +. 1156 -+1. 2600
2 —. 0714 —. G390 —. 2117 —6. 3164
21 —. 0150 -+. 0374 +.0123 +. 8012
15 —. 2431 +. 72 —. 0839 . 3029
17 —. 0190 —. 0507 —. 0195 —. 57856
16 —. 0176 -+. 0825 -, 0881 —. 6943
23 —. 0105 -+. 0006 —. 0146 +. 4346
) —17.1180 +13. 8538 +2. 1407 —S. 4472
25 —0, 1939 —31.3211 +2. 5625 —33. 9465
~+21. 0089 —+18. 7666 +. 6592 -+40. 43337
Cas —. 89327 —. 03138 -1, 92465
+235. 2684 —4. 3429 +429. 2015
1 —1.6224 +.0780 —16. 8116
2 —A&. 0505 —. 2822 ~37.4137
3 —. 5814 +. 6272 —+8. 21
18 —. 0471 —. (431 +2, 4030
4 —-10. 4782 +. 7818 ~29.0933
5 —. 4 ~. 0384 ~ 1. 9009
6 —5.0519 —1.4109 —4. 1040
19 —4. 2476 —+- 1505 11, 7430
7 —. 5690 +.3079 —4. 7087
& —. 3686 —. 4356 —4. 4626
9 —2. 0850 +.9178 +10. 7327
20 —1.0048 —. 4189 +6. 1962
10 —. 6140 —. 3409 —1.3152
12 ~. 1590 +. 3912 +-2. 667
11 ~. 0408 —. (435 —. 0707
13 —1. 6885 +.3729 —1.3840
14 -—. 6307 —. 1684 —1. 8457
2 —=5.7141 —1.5931 —58. 5108
21 -—. 0931 —. 0307 —2.2193
15 —2.1374 +. 2487 ~—. 8082
17 —. 1352 —. 0519 —1. 5418
18 —. 0600 +. 1629 +1.2838
2 —. 0000 —+. 0008 —. 0253
24 —11.2121 —1.7325 +-6. 8364
25 | —106.7017 4+, 7297 —217. 8471
2 —16. 7635 —. 5590 —358.1191
+58. 1364 +. 6462 -+-59. 08156
—. 01528 —1.01628




ADJUSTMENT OF NET BY DIRECTION METHOD

Back solulion

P74 26 25 24 23 18 17
—0. 016238 —0. 03138 0. 09858 +0. 28496 +0. 02542 —0.3325 —0. 06481
+. 01454 4. 01962 - ~+. 00002 ~. 00199 ~+. 00275
+-. 00596 +. 03837 —. (0031 +. 00112 +. 00107
—. 01684 +. 00312 +. C1481 +. 02437 —. 06022
+. 12416 -+. 02396 ~. 14522 . 00645
~+. 20643 —. 08846 +. 02134
. 06300 +. 26185
—. 52368
+. 16843
15 21 22 - 14 13 11 12
—0.07679 ~—0. 01482 —0.06430 —0.11046 —0. 14717 0. 09470 —0. 44782
-, 01074 -+. 00073 +. 00316 +. 00670 —. 01084 —. 00145 —. 00
4. 00375 —. 00030 . 00037 —. 00473 +. 01 <. 00391 +. 01125
+. 056559 +.00133 —. 03343 —. 02620 <+ 06721 <+ 03110 —. 03139
—. 14057 —. 00 +-. 00076 —. 04985 —. 07788 —. 14822
—+. 04606 +. 00010 . 00032 —. 01200 —. 01032 —. 00387 — 00014
—. 21339 —. 00201 =+ 00100 : +. 01262 —. 00438 —. 01826
—. 03117 =+. 00635 —. 00217 —. 19699 —. 18155 —. 11206 +. 16893
+. 00467 . 00411 —. 08539 +. 00479
—. 36726 —. 01198 +. 01126 —. 33785
—. 08962 —. 05744 —. 48382
—~. 28950
10 20 g 8 7 19 6
—0. 18088 +0. 06794 -0.3175 —0.32767 0. 18271 ~0.00919 ~+0. 32600
+. 00535 —. 00265 —. 01176 +. 00451 —. 00550 —. 004 —. 01906
—. 02688 —. (00015 +. 02568 +. 02185 —. 4059 —. 00052 -. 01550
—. 00539 —. 01061 —. 01630 ~. 09988 +. 06622 - 00487 .
—. 02964 —. 00017 —. 07411 —. 14823 —. 02944 +. 00169 ~+.11036.
+. 01064 +. 01359 +. 01255 +.00383 +. 04121 —. 00470 —. 02039
+. 03119 . 00030 —. 23191 +. 44608 —. 35751 —. 00011 —. 00238
—. 13514 + 00046 —. 13474 ~+. 00139 —. 00604 —. 12661
—. 02298 -1 -, 00851 +. 03114
+. 09275 +. 06951 —. 50643 —. 01822
—. 89215 +.37423
—. 26848
5 1 18 3 2 1
—0.07817 —0. 10817 +0. 01688 —0.41125 —0.05438 —0. 025
-+ 00154 —. 02360 - ~—. 00621 -+. 01584 —. 00847
-+. 03851 —. 06840 —. 00057 +. €5563 +.04723 —. 08198
—. 07202 +. 16560 —.00 ~. 05320 —. 10783 -+. 10326
—. 12497 —. 02335 +. 00499 ~. 07411 —. 14822 —. 04941
—. 04600 +.02944 +. 00024 —. 00802 —. 00702 ~+. 00496
—. 00366 —.15010 —. 00459 —. 23238 -+. 36729 —. 24485
—. 19486 —. 28117 ~—. 00007 —. 03770
—. 01875 +. 01377 +. 11311
—. 20175 —. 46475 —. 73456 -, 33919
—. 70103

After the (’s are determined, the next step is the computation of
the »'s, that is, the corrections to the directions.

93

These corrections

are obtained, as is the case of the single quadrilateral, by substituting
A set of v’s is then

the values of the C's in the table of correlates.

adopted to make all the equations consistent.

(See p. 15.)
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Computaiion of corrections (’s)

"1 2 3 4 5 6 7 8 9
-H). 0814 | —0.0880 | —0.0614 | —O. +0.0563 | —0.0563 | —0.0801 | —0.0723 -+0.05C1
0798 —. 1131 -+. 0798 +.0158 +. 1079 —. 1079 . O +.1131 —. 0598
—. 0919 +. 0819 —. 1131 —.3315 +.3315 -+. 0550 —. 0559
4. 0578 —. 2011 . 0302 +. 3392 —.0526 +. 2964 —. 2064 +. 0408 +. 0330
+.3392 -2 -+ 1131 +.7348 -+. 0368 . 0393 +.04 +. 4648
—. 3392 —. 0515 —. 3302 —. 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 | +0.0586 | 40.0013 +0. 0095
+. 0645 —. 0645 —. 0650 +.3742 =+. 0650 —. 1122 +.1122 —. 0460 -+.01
—. 45 +. 2645 —. 0608 +. 0608 +. 2350 —, 2359 + 5064
+.7010 -+, 2064 —. 0089 +.4152 —.0321 —. 0402 +. 0262
—. 4648 —. 7010 —.3742 +.41 +.0140 —. 7348 —. 3392 +. 4617
+. 4648 —. 4848 +.3392 +. 46
+.0583 —. 2267 +.7346 —. 3781
+.06 -2 —.0075 —. 3705 -
—.01 +.3400 —.87
+.34
19 20 21 22 23 24 25 2 27
—0.0013 | —0.1031 | +0.1031 | —0.045¢ | 40.1031 | +4-0.0454 +0 0070’ { —0.0070 —0. 4051
~+. 04680 —. 0087 -+ 0987 -+.0317 —. 3742 —. 0317 0480 —. 0480 —. 0108
—. 0133 +-. 4296 - —+.1242 —. 1242 - ﬂ47 +. 2247 +. 0574
—. 0095 +.0763 —. 0630 - —.2711 +. 2391 —. 2704 -+-. 2064
—. 5064 —. 7010 + 3742 —. 08 - 27 —. 0182 +. 8922 -+.0313 —. 3585
-—. 3742 +. 4648 —. 4648 +. 7010 ~+. 0005 —. 5064 —. 8022 —.36
=+. 7010 . 5064 —. 0095
+.0879 —. 3814 +-. 4302 +.3742 —. 0543
—. 1577 +.07 —.38 . 43 —. 7010 -.05 -, 4043
—.16 —.40
+. 2095
+.30
23 2 30 31 32 33 31 35 36
+0.0249 | —0.0424 | —0.0349 | —0.025¢ | +0.0254 | —0.0199 | —0.3330 | +0.0199 0. 0083
—. 0300 +. 4638 =+. 0300 —. 0468 +. 0466 +.0318 -, 0095 —. 0318 -+. 6310
—. 1800 +. 1800 +. 1403 —. 1403 —. 0137 +.0137 —. 2396
. 5350 +. 4214 —. 1209 —. 0788 +. 1022 —. 2064 —. 3425 —. 1801 -+-3531
+. 0532 +.42 —.0236 —. 8622 - +-. 0730 —.34 . 2600 +.3378
—. 05674 —. 4638 +. 5064 -+. 8922 +. 4638 -—. 2695
+. 2695 ~. 2695 —. 4725 + +. 2695 -
+. 8922 —. 3961 —. 47 —. 8022 +. 2101
+.6152 -39 +. 6765 +.22
. 62 +. 1905 +.68 —.0772
- 19 —.08
37 38 39 40 41 42 43 44 45
-0. +0.0044 | —0.0044 | —0.0054 | +-0.0054 | —0.0361 | —0.0524 | -0.0351 '—0.0160
—. 0310 —. 0036 =+. 0086 —. 0315 +.0315 . CO66 —. 4638 —. 0066 -+. 0089
+. 2396 —. 1316 +.1316 +. 0550 —. 0559 +. 2818 —. 2818 —. 0310
+. 2964 . 2805 —. 2805 —.3378 +. 0574 —. 2064 —. 5162 +. 3764 —. 0032
—. 1730 —. 0574 +.3378 +. 2695 —. 26! —. 2034 - 52 -+. 0570 —. 1730
-.3378 +.3378 -+. 2895 —. 00468
—. 4638 +.0063 +. 1341 —. 0483 —. 311 +-. 4638 —. 3378 —. 1684
+.09 +.18 —.05 -23 l— -+. 3678
—. 4759 . +. 5541 +. 1328 —. 2805
—.48 +. 55 +.13
-—. 3005
-.31
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Computation of corrections (v’s)—Continued

46 47 48 49 50 81 52 53 54
+0.1297 | +0.0160 | —0.2967 | -+0.2087 | —0.0036 | +0.0036 | —0.3890 | —0.0200 0. 6200
+-. 1684 —. 0089 —. 0307 +.0786 —. 0084 +.0084 —. 0104 +. 0005 —. 0005
+.0310 —. 1684 —. 6237 +.0068 —. 0968 —. 0874 +.1003 —. 1093
+. 2981 +. 2064 +. 5237 +.3673 —. 0479 +. 4589 ~. 2064 ~+. 5237
+.30 —. 1265 - —. 0699 +.0122 —. 4568 +. 3678 —. 3673
—.3678 | -.0279 +. 2189 —.0013 —. 2805 —.45
+.03 +.22 +. 1654 +. 057 +-. 1807 —+. 0666
—. 1503 —.3673 +.16 +.06
—-.16 +. 289 +.1543
.16
+. 0568
. 08
55 56 67 58

+06. 2964 0. 27323 +0. 2543 —0. 2732
—. 2262

—. 5237 —. 1684 —. 0281
+. 5237 +. 1684
—. 2273 +.0850 ~. 5287
-2 +. 5707 +.09
+.57 - gs

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 moredirections 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

¢ | Palo to Pedro 12| os | 2500
2 | podro & Fordyoe teal or| anve
« |2-ra20 tol.  Fordyos 73| 29| s6.76
Ae ) - 3 04,83
180
¢ |1, Fordayoe o 2. Palo 253 | 26 | 51,93
First Anglo of Triangle 48 [+ ] 09.93
. . .
Palo 2) 98 |27 | 4e,248
al + | 6 | 68,9%
Fordgoe R
s | 4.081 5096 & | 0,16%02 C_p | 20467
cona| 9.453 3648 sare| 996347 gy | 49947 | e | 82268
p | 8611 8083 ¢ | %0028 p et | o | sesn
2,046 6837 szee | | 6zsa 6,0243
. »
I form. | + 111,3481 | Hum. | 40,0002 (a1p
sdtorm, |+, 0:2686 |y, ] -0.0001 '
+112,5167
Nolinu: |+ 0:0001 s 4,081 5096
—ay |+110,6260 |[sina| 9,901 7309 arg. a1 |2.620 1266
dio+y) [26 20 45,29 | A’ | 6,509 4379 e | =3 [fajpsy)] 9648 &7
pocy?| 01047 4432 |as ® |cian
2,680 1266 #{_ ° 2,265 7631
e a1 | 4 4269900 —ac | 4184,8%

Do not write in this rargin.

Do mot write In this margin.
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

- Pedra w Falo 192) 01 | £3,%
¢z Fordyoe & ralo -~ 70| 3 | 18,8¢
« |s. Pedro o1 Fordyoe 121| 29 | 3470
Aa - 2 32,92
280
FEES rordyoe to 8. Pedro 201| 27 | 01,08
. ' -
Pedro 1 98 | 28 |&9,722
a1 + 5 |48,618
Fordyoe X 98 I 34 |45.zu
2 4.060 7887 s 8,10168 ~h 2,2606
cose| 9,717 9384 win'a [ 9,86160 (4)"| 4,6007 | o*uin’a | 17,9832
B 8,511 8134 c 1,09868 p | 22011 E 5, 8497
2,200 5006 9,06183 I l 6,8510 .8,0935
. .
1at term. | =190.8097 i | 40,0007 (a2
edterm. | * 03253 [, | 40,0001 ¥
. ~150, 6944
Mudid e | + 0-0008 s | 4080 7687
—ay | =190.6938 [|sine| S5.930 7988 Azg ar | 2,638 4681
$ip+y) [R6 16 12,08 A 8,509 4379 ] -2 i (p-+9)| 9,045 0134
sce’| 0.047 4432 a2 B leciae) .
2,528 4681 c,,,l o | 2,104 4015
el Al 4 38,5160 —a* ' yaee, 926

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

- Palo to Fordyce 75| 29 | s6.76
¢| | roragoe &  Eltoro Y35 09 | 6302
. |2 Palo to1. Kltoro u1) 39 | 49,98
As - 2 45,11
) 180
< 1. Eltoro w2 Palo Ro1 | 37 | 0487 |
Firat Angle of Triangle 77 47 13,08
. . B . ' M
r | 2 19 | 38,951 | 2. Palo J 9 ! 27 | 48,248
ar ] + 2 | 13,007 [a= at| 4| 6 | 12067
s | 28 81 | BL9se |4, Eitoro ¥ 98 I % | 00, 306
2 | 4,045-289 ¢ | 80988 -b |2,1243
cosa| 9.667 3168 sin*e | 9.93637 (00)"| 42477 | jgina 8,0269
8,511 8083 o | 1.20028 p | 8202 g |5.8811
2,124 218 9, 12720 | . l 6,539 6,0023
M v
1ot torm, | =135, 1414 dum, | 40,0003 (atp
sdterm. | + 0-1340 Gom| 400002 "
«133,0074 .
| st urme | -+ 9.0004 o | 4046 2850
—ay |-138.0070 sina | 9,968 1865 Arg a1 |2.570 @00
Hoty) |36 20 48,48 | . [ 8,509 4365 o1 Lagipen| o047 2776
aocy?| 0-047 8580 at] # leestan
2,570 6300 o | 8,217,7076
e L PYR PR N —ae | qe8,118

Do not write bs this margin

Do not write in this margin.

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

) Fordyoe o Palo 263 | 26 |6L.93
p Eltoro & Palo _ 6 | o& (83,14
« |8. Fordyne to 1. Eltoro 189 23 | 58,79
aa + 19,93
180
¢ |1 Btwro- 8. Fordyoe *o | 24 |10,72
_ . »
Fordyoe 1] 98 |3 |45.230
Eltoro 1 98 |34 00,306
L] 3,882 3870 & 7.76477 ~h 2,3883
conu| 9.9%4 1296 rin"a | 8,42608 ry| #7768 | 2o <[ 62908
p | ©-512 8102 ¢ |06 p| =] 5 | s.es0e
2,388 3267 7.29060 ] | e0ses 44297
1ot torm, | ~244:5369 |y [ 40,0012 (anp
. .
2 term. 0.0020 i | 000 ¥
-244,5249
Wedibir,| + 0,002 | , | B.862 3670
—ay -244, 5237 sina | 9,213 0398 Arg) AR 1,662 681
14+ | 2619 49.70 | & | 8,200 4388 o] 2 Juitprs)] B6r8 9008
e gt| 0.047 6980 a1l O leeftany,
1068 gaas = 1.299 8017
- all . 9008 —ae loa9,92™

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

' N
- Eltoro to Pordyos 9 24 18.72
2 Fordyos & Garola 411 51 47,29
« |2 Eltoro to 1. Garola a1 18 08.01

As - 3 48,95
180
¢ |1 Garola to 2. Eltoro 62 = 20,06
¥irst Angloof Trisngle 31 20 12.96
. f » . f -
v 52,968 |®. Eltoro 1 98 34 | 00,%06
ay .= I l 8 | 26,974
el2s (2 |aem |1 dees w | oo ! @ l 29,279
s | 4154 6968 & ]6,30939 ~h | 18478
cosa| 9181 2921 oin® « |9 96987 0| 36987 | ot 8.2993
B | 8.611 8050 o [1.1009 b | 2.2925 g | 5.8507
1,847 7949 9.40021 ls. 9912 6.9988
15t term, "“"“_b Y 40,0001 {a2)
od torm, |+ 0533 4w, |0+ 9002 P
#10, 6873

atiaem| 0000 s | %154 6968

—ar wo,50t8 0| s.om eam2 Are) a1 |2.708 o052

He+e) RO 22 26,61 | or | 8.509 4389 e | 4 |airren|o. 047 3200
socy’| 0.047 8243 a1 “ sec 4(a )|

[_:.'m §952 oorr] 0 2,364,0082

"o Al ) 4 508,97 —an | 4 225,948

Do 20t write in this margin,

Do not write in this margis.

. , .
- Tordyoe to  Kltoro 189 |23 {68,79
'4 Garola &  Eltoro -78 |48 ~ |o0,02
« { 3. Tordyce t0 1. .Gavols 112 |3 8.1
aa - {35 [e57

18
« |1, " Gareia to 3. Fordgos 292 |s2 |ss.02
. o ' s
4%.434 |3, Pordyoe, 119 ] 3% | 45.238
= Al + I ? I 44,041
1, Garoia o | 98 I :} 29,279
¢ | 4144 1955 ¢ | 9,20839 ~h } 20T

cona| 9.584 6588 sine | 9.93060 60| 4.4803 | 54w e | 8,229
B | 8.511 8102 c { 0998 p |2.2018 £ |5.8%6
n | 2.240 6626 931864 6,7721 8,3203
1ot tarm, 1789866 | yiem | 40,0006 "oty
Wiorm, [* 0-2085 |, | +0.0002 ¥

-173, 8371

Sdad {1k fwens. [+ ©0.0008 . 4.144 1936
—ag |-173.8363 sine| 9,966 3017 Arg. at | 2.686 6585
tree) |26 29 2438 | 4 | 8,509 4369 ¢ | =3 |lase+e| 9.606 7902

aocp?| 0,047 6243 ar] ¥ lecitay)
2, 666° 5568 K 2,313 3466

T al | 4 484,0412 | —ae +205, 753

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

. . -
. Eltoro to carole 81| 16 | 0s.00
y] Garole & Pancho +4 39 118,62
a2 Lltoro to1. Panchd 125 | 66 | 24,63
as - 3 |4,22

180
¢ |1,  Panomo, to 2 Eltoro 206 | 62 | 10,31
First Angle of Trisngle % 20 16,49
. . .
2. Eltoro 119 |34 100,306
a=x Ad
5. Panoho » .20
« |417 6618 & [ 8,34930 b | 2.4649
cone | 9,768 4196 sinta | 961676 ey 49092 | 4 e | 82662
8,511 8060 ¢ | L1009 p |2.2025 E | 5-8617
2,454 8773 9.26701 | |.2017 6,4727
- . v
1at term, | =2865,0213 M | 40.0016 (a1
adrerm. |+ 0-1849 | #9-0903 r
84, 8364

Sand lfhterme | + 040019 . | @174 6528
~ay |=286,8385 sina | 9,908 3704 Are a1 |2.680 4507
jesey Po 202038 | 4| 8,500 49 w ] apgen| 00 088

socg?| 0047 9967 o #® fecitan
2640 4608 IEE!,_.I Y 2,280 5255
] a2 | 44369791 —ae | 419,320

Do not write in this margin.

Do not write in this margin,

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

- Garola to Eltoro 261 | 12 20,06
¢ Panoho x Eltoro - )62 [#5.27
o 13, Gurois o1  Pancho 1% |19 |B4.79
ae + | 0o |s2o01
180
o |1. Pancho to 8. Garola 10 | 20 26,80
. . »
Garola 2 98 |a2 29,279
al =112 11,994
Paacho | % |a 17,286
2 | 4,046 1679 & | 8.09233 —b | 2,5509
coga | 9-992 9004 sinte | 8:50740 ey ]8e 2007 | g | 65997
p |@.511 so72 ¢ | 1.20057 p [2.2923 E |5.8613
n | 2560 8755 7,70020 I lv.asw 65,0019
1ot torm. | 05,5293 [ qum [ 40,0025 (aly
22 term, | ¥ 0-0060 Wim| 0:0000 r
~365, 5243
sindtihiem,| 400028 N 4,046 1679
—agp |-356.6218 sina | 9,853 7007 Arg] a1 fL.66Y 2989
e 26 23 39,03 A 8,609 4349 2 -2 ind(e+¢)P. 64T 9248
sece’| 0,047 99;} all O lwciar)
1,967 2904 .| -2 1.506 2137
Teon al | o 71,994 l‘k’ ~as | _32 005

F16G. 20.—Final position computation for stations of net—Continued
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

o f .
s Pasono to Garola |20 28,80
2 Garola & Nomment +28 |28 | o287
« |2 Panono to 1. Nomumens 38 | 48 | 29,67
Aa - & 07,02

180
« |1, Nommeat to 2. Panobo 218 | 46 &2, 6b
First Anglo of Triangle 61 38 08, 64
o ’ .
Pancho 1) %, 4’ 1nz2e8
o+ ' 4 | 45,680
Mommens w | 98| 46 Jozoe
¢ | 4100 7228 » | 8.20342 _h | 25062
ccea| 9891 6706 sigre| 9:59414 oy} 909198 e ) 7T
. 2.29% 65,8629
so1e0z | o | Llozeo o £
2,605 1808 8,90006 [ [r.00 61557

Letterm, | +320.0285 |y | 40,0020 (aiy

sdtorm, | + 997 |p .| -0.000 '
» 30,1079

st | 4,101 718
—ar 9,797 0708 Arg a2 12,456 8803
e+ 5 235674 | o | 8,509 4367 | B fasrs)o 507 9501

socgs| 0:047 6612 arl ® hecsan
2,455 sgog A -2 2,103 8704
N ad | + 288,803 —aa [4327.019

Do uot write in this margin,

Do not write in this sargin.

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

o . B
« Garola o Panoho 19% | 19 ] 6a.79
£ Jomment & Pancho -89 53 48, 65
« |3 caria o1, ionument l00° | 26 | 06,123
ae - 1 | 54.64

180
¢ [ xomment tw 3. Garcia 20 | 2a | 2,29
. f . . .
r |26 20 8. Garoia ) % 42 129,279
sl * - ar| + | 3 [3s.688
N CES 4  Momuwent T I a6 |oz,96
» | 3.77T9 9207 Kl 7.56984 ) | —~h i.sas-: -

coau| 9:257 9577 sinta | 9498551 ep| 30983 | pogine.| 7.5454

p | 8511 %072 ¢ 1. 10057 D | 2893 £ 65,8513
1,549 5956 8, 64592 l l 5,396 4, 9454
18t term. -35.4555 N |, _0.00&;0 (a2

Bl term, | +0-03 | 0-0000 F

-36.41:2

Sand 11h [prme. 0000 = 3,779 07
—ay | =35.4122 sinu| 9,942 7571 Ang| ar |z.3e9 7957
Vy+y) | 46 20 68,98 | A' | 8,509 4367 s =1 lindle+v)! 9,647 2352

4 sepe| 0047 6512 IA, H s
2,329 1157 lew. 0 1,977,009
s at + 13, 5068 —na 494,844

Fi6. 29.—Final position computation for stations of net—Continued
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. . .
« Panche to Lonument 33 48 49,987
Z Monument & Corpus +49 18 33,04
< |le.  canom 1, Corms 8 | o7 | 08,1

-1 2| o458
Ae
180
& 11 Corpus 10 2. Panono &o8 05 04,16
. FistAngloof Trisngle 92 16.15
. , -
Panolo 1) 98| 4| 17,285
al
Corgas v 56,994
o | 3.809 5177 & | 71904 wh [ 09178
cosu| 8:516 1683 sin'a | 9999063 oy 108428 | g yimea| 77708
X 5,859
p | &5 8012 o | wes0 p [2-#9% £
b | 0937 4072 som0r | [anse 4.54%0
«
1t 48,2697 e | ©-0000 any
0000
. 40,0760 wem| * i
+8, 3467 )

Hedihum,| Q000 R 3,889 6177
—ayp | 40,3457 sina| 9999 7660 |y a1 | 246 7087
sosvr (20262 | | o509 430 R T P

0,047 9870 H
wec ¢ al sec §{a #),
2,445, 7087 FEEi 0 2,095 2562

- ad 4 279,7088 —ac +124, 654

Da ot writa in this margin

Do not write.in this margin.

Momumeant to Paacho 218 46 | 22,65
Corpus ® Pancho _ 3| a1 |os00
a 3. Somment tol. vorpus 180 59 | 18,85
+ 02,66

I 10
L orpus to 3. ilomumens o| & | 19,31

3, iomumens

=
1. Corpus
s | 3,982 0867 ° 7, 96417 —-h |[2,4938
cose| 9999 9354 sinta| 6.47319 (00} %9877 | o gin' ¢ [4.4374
p | 8511 8oss P 1, 10076 p |&.29:4 g |6.8615
£.493 8za? 5,53613 I l 7,2801 2,7027
latterm, | 317680 | yiym | 40,0019 (a1y
24 torm. 0.0000 |,y | 0-0000 F
~311, 7660
Nulihg| *+ 0:0019 . 3,962 0867
—a¢ | “B0.7841  |sina| 0.286 5946 Arg. ai | 0,776 1029
tlr+y) | %6 23 62.56 | A 8,509 4360 e =2 |id(r+9)| 9,647 9728
wcy'] 0,047 9870 ar] 0 [swciar
0, 776,103 -2 0,424, 0741
[ al - 5,9718 —as -2, 868

F1a. 20.—Final position computation for stations of net—Continued
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. . -
- Qorpus © Momment o| &9 19,3
P Mooument g  Orente +46) 17 89,43
« |a  Corms toq, ~Cranle ar| 17| 18.78
ae -] 1| mn
180
¢ |1 Grande to 8. Corpas 27 8 | 43,40
First Angleof Triangle 78 05  39.9%
. . .
Corpus 2 98 148 56,994
al + l 3 ! “.29
Grande v |98 e [aem
s ] 3.907 6218 £ | T.B1524 - | 2.2508
csa| 9831 4281 e | o728 arp| 28019 | e, | mBars
p | 85118013 o | 2080 plasm | o | sem
b | 2250 sz o609 | |[eveea 5.6613
v
18t torm. “""-"‘: N | 40,0008 (a1y
084
e wim| 0.0000 r
4178, 2207
o 40,0008 5.907 18
2 .
cap | Amems |0 sees e f, a1 [ 2391018
Hote) |26 20 59,34 | o' | 08.509 4269 e ] 2 lujters| 9-640 2865
g __0:047 8006 si] ? beiian
2,33 0151 [ 1,979 2706
Ll al 4214.2966 —as | 495,3%

Do not write in this margln,

Do mot write in this argin. -

POSITION COMPUTATION, FIRST-ORDER ‘TRIANGULATION

- Bomment [ Corpus 89 16,88
4 Grande & Corpus -56 | 3 | 20,7
« ! 3. Momument to L Grande 16 | %6 | 65,89
Ae - 1| 3.5
. 180
& {1, Granmde to S. oounent 05 - 23,35
2 9 | 46 oz, 9;6
al + I 3 20, 3885

) [ 22,250
w1

b 3,850 5419 L 1,70108 =h 2,1258
cosa| 9,763 4101 sin*« | 9,82192 (3)'| %8622 | pginve| 7.5230
5 | e.511 soee c | 10078 D |3.2924 x | B.8518
h | 2126 7688 8, 62376 6,5436 5.8003
18t term. -133."5&55 Him 40.0035 (a2
24 torm. 40,0421 e, 0.0000 ¥
=133, 5432
sl i |  + 0.0003 + | 3850 5419
—ap | -1295.5429 .| 9,910 9623 Arg) a1 |2,310 va0y
Hrty) |26 22 23,45 | o' | 6,500 4309 | 2 had(y+9)) 9, 547 6540
secy’| 0047 8008 a | # sec §(a v)
I 2.310 M0 l(,,,l ° 1,966 3347
- al <+ 208, 3247 —Aa | 492,541

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

L] . a
- Corpus to Orande 47 17 18,74
P Grande & [Hebron +ay | 0 | 42,74
« |2, Corpus to 1, Hebron %4 48 01,48
As - 3 10,09
180
¢ |1 Hebroa to 2. Sormus 274 | 4 | B39
First Angle of Trisngle 4% 66 20,06
. f .
Corpus 2 98 46 66,994
al * ‘ ] l 06,6827
Hebron o | 58 |85 | osem
o | 4074 3223 £ | 8.14854 _n | l.B088
cona| 8-922 6476 dnte | 9-99655 e 300128 | e | 82086
-8,511 8013 ¢ 1,10240 D 2,2934 ® 5,8629
» | 1508 mz 9,24799 | 5.2062 5,5073
It torm, | ~32,2679 Him | 0.0000 (aly
4 term. + 0,1770 th e 0,0000 r
it . | 074 323
—ay ina| 9998 4739 , . a2 | 2.6% 2626
5 ¢ . 509 -3 9.648 7008
Ho+e) 25 26 4. 49 A 8,509 4348 . bastr+e)
| 0,048 0z08 l N ]
Lol | a4 sec §(av)]__
& 0'30”2515 i(ﬁ-rr. ] 2, 278" 9554
(™) 4426, 8267 -a« | ¥190,087

at

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

Do not write In this margin,

Do not write in this margin.

. . -
« Gracde t Gorpus 27 | 16| ¢3.40
V4 Hebron & Corpas - 89 32 57.28
. |y Urande 1 Hedron 137 | 42 | 46.02
ae - 1| 3457

180
¢ |1, Eebron 0 3 Grande 271 4} 1,45
- e . -
¢ |2 |23 Grande 19 |49 |51,291
S R al + l 5 | 22,63
w2 [ar Habron » |98 |65 [osem
e | 3,942 0489 & 7.88410 ~h 2,330
cone| 9869 1033 dinra | 9060583 (aeyr| 46488 | pogpro| 7.5399
p | 8.511 8043 c 1,10146 p |2.8928 E 5.85z1
' & 322 9536 8, 64139 68,9386 5,7150
Lot term, -210."356! 8 tom, 40, 07)09 (a2y
sitorm, |+ 00438 || 0-0002 F
=210, 5130
Sl ks, |+ 0. 0020 B 3,942 0489
~ap | =210,3120 |.na] 9,827 9167 Arg. a1 | 2,327 4210
Yly+y) |26 25 15.38 | 8,509 4348 s =1 |ailp+s)| 9.648 3234
serg] 0,048 0206 at] B |weyan
2,327,4210 lg‘,.., 0 1,976 7444
L] al + £12,5304 —ae | 494,568

dOHLAW NOLLDFHIA Ad LAN J0 LNHWISALAV
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POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

. Hebron [ Grande Y (4 |11,48
Z Grande & Ringold +47 |22 [4LA
« 12 Hebron to 1. Ringold & |03 62,86
as - 11,861
180
¢ |1 Bingold o 2. Hebron 185 |03 |41.05
Firat Anglo of Triangle 69 &9 07,33
. . . 0
e ] 26 Hebron 1] 9 |53 03,82
ar| = ] + I | 25,543
o | 26 Ringold RIS
s | 3,920 9092 £ | T84182 ~h | 2,4310
cona| 9998 2030 sinte | 7.89178 opy! 48620 65,7338
8,611 8008 ¢ | .10287 p | 2.29%8 g |5.88%
2,431 0110 683612 I 7,1566 4,0176
» »
1ot term. [+269. 7608 Him | 10,0014 (a2
Rterm, [ #0907 luim| 0000 F
+269, 7618
Hnllh | +0-0024% s | S.920 9092
—ap [|HR69.7629 sina | 8948 8639 Arg a1 [ne23 0e76
e [26 244868 | o | 5,509 4383 o |2 [fastpre|t- 640 2978
secg?| 0-047 7385 sl © leostan
[}
2,423 U1 -1 1,078 1449
[ ai | *26.5429 —as | 411,807

Do pot write in this margin.

Do not write in this margin.

« Grande ° o Hebron 17| 4 | 402
z Ringold & Hebron - 63} 08 | 1,40
a |8 Grande tol  Ringold | 3 34,62
A« -1 1| 46,24
180
é {1, Ringold to 3, ULrande 264 32 | 48,38
. -
Grande 1] 98 |49 31,291
ar| + 59,073
Kingold g 98
s | 3.937 2656 & | T.67a8Y —h | 3,7739
cona| 90424 8085 sinta | 9. 96814 ey| 35488 | gainta | 7.5427
B | 6.511 8043 ¢ | 1.10148 p | 2.2928 2 6,8521
1,773 8984 8.74417 I I 5,8414 5.2687
1st torm. | 459.4163 Sitm [ +0,0001 (adf
24 trm, | + 0.0086 | 00000 ¥
4594708
adaad i prme | + 040001 5 { 3837 2856 .
—ny | 459.4709 eina | 9-984 0704 Arg a1l |2.378 B308
sloryy |26 2300.49 | . [ 8,509 4365 e iug(e+p| % 847 7813
acge| 0:047 7308 ME see ba #)
2,378 5300 lo,,,,l [ 2,026,2821
- 4 Al 23,0732 =4 1 306,229

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

$01

XFEAYNS OILAAOED ANV ISVOD 'S 'l



POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

° ’ -
. Hebron " o Ringold 5 | 03 | 52,86
Ringold & Gearoena +83 16 45,71
« l2 Hebron to 1. Garoens 88 | 20 | 38,87
A« - 1 1,31
180
o j1 Garoenw to % Hebron 268 19 | 27,268
Y
First Angle of Triangle 7 18 20,09,
.
Hedron i 90
al) *
Garoena o | % 88 ] as016
L]
s 3,647 1063 s 729481 —h 0, 6198
cosa| 8,460 8649 dnta| 9.99964 ory| 138 | i | 702928
6,611 8008 c 1.10287 D 2,293 E 5,85630
n | 0.619 7720 8.39642 | [a82m 3.7666
e term, | +40 1665 Wom | 0:0000 (o
24 torm. +0,0249 " len. 0,0000 r
44,1914 '
il ten| 0,000 o | 3.047 063
—ay | 104 aina| 94999 8186 o a1 | 2204 3760
Ho+e) e 28 50.44 | 8,609 4348 . [} ayio+¢) 9, 648 7699
oy’ 0,048 01863 al [} o i(a r)
2, 204 3760 [} 1 OI!'ISD
[~ ] AR +160,0944 ~ac | 471,308

Do not write in this maris.

Do wot wiite in this margin,

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

° ’ -
o Ringold " Hebron 86 | 03 | 41,05 [
Garcena & Hebron - 20 | 24 | 54,89 g
8.  Ringold to 1. Garcens 856 | 58 | 46,76 a
Aa - 59,41 ;
I 180 =
|1 Omoems ° 5 Ringola 38 | 57 | 47,5 E
=
1 9% (65 [ 0.364 g
ar| +| & | 13682 ]
] 98 |66 | 43,918 o
]
» | 5,952 9127 * | 7,90883 ~h | B.42ag
cona| 9969 5267 sint « | 922087 oy 68988 | i | 702568 E
s | 8812 aoBs o |wa0nis p |2.2926 | +p |5.8820 ]
n | 242 2007 8.83755 I [ra0 65,4125 a
netem, | 265,602 |y "°-°?1; (ady %
2 term, | ¥0.9173 | 000 r '
=266, 5929 E
Uit * 0-004 | , o 3982 p1av E
—ap | “R65,6935  {sina( 9,615 2850 Arg) al | R.125 ss8e (=}
te+s) |26 26 43,86 | 4 | 8,509 4300 e |8 |ape+e)] 9.040 2088 ©
sece’| 0.048 0163 al ] voc (A #) J
2,125 g480 'gg, -2 LY um'
e ad | ¢ 133,8615 ’ =as | 489,407

F16. 20.—Final position computation for stations of net—Continued
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e
POSITION COMPUTATION, FIRST-ORDER TRIANGULATION POSITION COMPUTATION, FIRST-ORDER TRIANGULATION
. . - . . -
N Hebron o Bingold 5] 05 |6286 - Ringold * Hebron 18 | 03 | 408 -
) RAlngold & Gorgora +y1{ 35 | 14,56 2 Gorgors & Bebron - | # | 3,47
« le Hebron tol. Gorgora 6| 37 | 07.42 e« | 3. Ringole to 1. Gorgors n4s | 19 | o268
i -] s {an el - | 3 | 09,04
I 180 I ) 180
< | 1. « Gorgors 02 Hebron 256 | 38 | 4831 ¢ (1. corgors @& Ringold 294 | 15 | 5354

First Anglo of Triangle, 37 42 07.23

Hebron g ® | o821 E % 3. Bingold 2
i 351,723 3 2 - al
Gorgora » i i 1. Corgora . g
3 ¥ ——
s | 4.209 4711 S | 8.218%4 —h L9657 H 3 s | 41215674 & | e..2313 —b | 2,230
conn| 9364 415 et o | 997609 s R . |Be3380 & I PO P siwta | 9.929% Gry| 400752 | painra | 82028
p | 8.511 aoos ¢ | 210287 o laem | g [s.esw p | 8611 3053 ¢ | 1.1015 p|&226 | g | s.e619
b | 2985 s524 9.29760 | [szeer 6.0337 b | 2336 0434 9.24368 | {eres 5,223
1a tern, | 4964 7690 i | 10,0092 (a2y o, | -175.0015 wuw | 40,0008 (axp
slterm, [+ 01984 |yypm | -0.000 v siterm. | + 01782 linwn| 40,0002 F
+96.9574 -172.8261 .
Hudtitom, |+ 0:002 |, ‘ 4,109 4711 Swtthim| + 0.0008 | . 4111567
-ny |496,9578 vine | 9.938 0466 Lare. ar |04 8722 ~ay | =172,8265 |une| 9.959 6610 Arg) ad )2, 628 5788
tray) |20 20 22,08 | ] 8,509 4363 ‘ o | B fusteen) >0 B2 te+e) |26 256727 | &' | 6.509 433 s | =5 liite+e)] .67 9920
pocy:| 0-047 9291 i“ + ecci(a #), sece| 0.047 9191 sl | B lwean
2,664 or2k g 2,303 6367 2,628 pra l.,,..l o 2,276 5646
n ad | 4451 7230 | —ac f2or,ma I nes Al | 4 a26,1800 —ée | Qes,08

F16. 29.—Final position computation for stations of net—Continued
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ADJUSTMENT OF NET BY DIRECTION METHOD 107

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

The computed position of Garcena should agree with the fixed
position. Such being the case all the equations are now satisfied.
The values of the (s should now be placed in the proper column in
the table of normals, facing page 84. The values of the ¢’s and the
adopted »’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 v’s. The probable error of an.
observed direction is computed from the formula, p. e.= £ 0.6745 132 ,
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,

Z1?=5.9667
c=27

Therefore the probable error = +0.6745 _\/ 5.9667 _

7 = = 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 be obtained
directly from the position computation see page 47.

Statistics showing accuracy of triangulation

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

Total number of triangles____ . ________.___..____ 23
Number of triangles with plus closures.__..____ . __.___ 5
Number of triangles with minus elosures. ... __...__.__ 18
Number of concluded triangles___ . _____ . _ . _______ 0
Average closure of triangles without regard tosign_.______ 082
Maximum closure of a triangle. _.__ . __.._. 1789
Mean error of anangle- . oo croamnca——ioa. X0%59
Probable error of an observed direction._ .. _________ +0732

640737°—45——8



DEPARTMENT OF COMMERCE

80T

i GEOGRAPHIC POSITIONS
o . Acoession No. of Computation: ...._.. S
Locality Rio Grande River Datum North American State Texas
STATION. D AND Sacanna o AZIMOTH BACK AZIMUTH, TO STATION, DISTANCE.

LOGARITHM {METERA). Mzrzes. Fxzr,
Fordyce 26 17 47.434 1459.8 253 26 51.93 73 29 56.76 FPnlo k& .n815096 12054.51 39581.6
1917 a.m. 98 3% 45.238 12549 301 27 01.86 121 29 34.78 Pedro 4.0507837 11240.58 36878.5
Eltoro 26 21 51.958 1599.0 291 37 o4.87 111 39 L49.98 Palo 4.0452890 11099.13 35h1k.Y
1917 d.m. 98 3% 00.305 8.5 328 o4 40.91 148 06 4.10 Pedro 4.1980195 15776.82 51761.1
9 24 18.72 189 23 58.79 Fordyce 3.8823870 7627.58 25024.8
Gercia 26 20 Wi.270 1270.1 261 12 20.06 81 16 06.01 Fltoro 4 .1546968 14278.97 46846.9
1917 a.m. 98 42 29.279 81.6 292 32 33.02 112 35 58.77 Fordyce h.ablagss 13937.78 u5727.5
Pancho 26 26 36.792 1132.3 305 52 10.31 125 55 24.63 Eltoro %.1746518 14950.37 kookg.7
1917 d.m. 98 41 17.285 478.9 326 15 56.40 146 18 50.53 Fordyce 4.2915957 19583, 74 64251.0
10 20 26.80 190 19 54.79 Garcia % . 0461679 11121.62 36188.2
Nonument 26 21 16.682 513.4 218 46 22.65 38 U8 29.67 Pancho %.1017118 12638.97 L6y
1917 dum. 98 46 02.965 82,2 280 24 31.29 100 26 06.13 Gercia 3.7799207 6024 .50 19765.4
Carpus 26 26 28,446 875.4 268 05 OW.16 €8 07 08.71 Pancho 3.8895177 7753.85 25439.1
1917 d.m. 98 45 56.99% 1579.1 331 % 06.85 151 11  39.18 Gercla 4.084103% 12136.78 39818.8
0 59 19.31 180 59 16.65 Monument 3.9820867 9595.92 31482.6

F1i. 30.—List of geographic positions for stations of net

XFAYAS JILAJOTD ANV ISVOD 'S 'L
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B 3 COAST AND GEQDETIC STRVIY
Form

[TV

Locality

Grende
197

Hebron
1917

Ringold
1917

Garcens

1917

Gorgora
1217

STATION.

Rlo Grande River

d.m.

d.m,

26
ag

26
98

~
a

29

GHOGRAPHIC POSITIONS

LATITUDE axnn
LONGITUDE.

’

’”

23 30-225
ko 31.291

27 00.537
53 03.821

30.754
30.364

56.385
43.916

23.5719
35. 584

Datum  Yorth Americen
Sxoonne e AZIMUTH BACK AZIMUTS, TO STATION.
930.2 227 15 3.0 47 17 18.7%  Cormus
857.3 305 25. 23.35 125 26 55.80 Momment
16.5 274 L4 51.39 94 48 Ol.u8 Corpus
105.6 312 11 20.87 132 14 28.01 Nomument
17 M 115 137 ¥ 46,02 Crande
94%6.5 155 03 4.05 5 03 52.86  Hebron
8.7 25% 32 4g.38 74 34 3462 Grande
280 23 09.00 100 26 27.6% Monument
17,0 268 19 27.26 €8 20 38.57  Hebrom
1216.7 335 37 W7.35 155 38 k6.76 Ringold
725.6 25 31 22.70 70 33 32.53 Garcena
agk.9 256 33 46,31 76 37 o7.h2 Hebron
2ok 15 53.54 1% 19 o02.58 Ringold

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

Aooession No. of Computation: ...

State Texas
DISTANCE.

LOGARITEM (METERS). Mzregs, Frxr.
3.9076218 8083.92 26522.0
3.8505419 7088.30 23255.5
4.0743223 11866.49 38932.0
1.1972563 15749.12 51570.2
3.9420489 8750.82 26710.0
3.9209092 8335.07 27346.0
3.8372856 6875.20 22556.4%
%.1007703 12611.60 11376.6
3.6471063 4437 .17 M557.6
3.9529127 8972.49 29437.2
3.9329710 8569.51 25116.1
%.1094711 12866.82 Y2213.0
4.111567% 12929 .07 ko8.1 .

COBLEW NOILOWNIA X9 LIN J0 ILNAWLSAIAV
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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 ohserved 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

Enter Hom

FiG. 31.—Triangulation net used in sarple 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 & rigid adjustment is not required. Consequently in adjusting
third-order triangulation the angle method should ordinarily be used.

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

110



ADJUSTMENT OF NET BY ANGLE METHOD 111

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

Enter Fldms
7 8

F1a. 32.~—Triangulation net showing the triangles used in adjustment by angle method

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

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

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



112 U: 8. COAST AND GEODETIC SURVEY

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

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, 1t
is obvious that there will be just as many angle equations as there are
closed triangles, 8 in this case, and that there will be no side equations.

Angle equations

=—2. 3+ (1a)+ (Ab)+ (l¢)
0=—2. 74 (2a)+ (2b)+ (2¢)
0=+ 0. 14 (3a)+ (3b)+ (3¢)
0=+41. 04 (4a)+ (4b)+ (4¢c)
0=+ 5. 4+ (5a)+ (5b)+ (5¢)
0=+ 2. 9+ (6a)+ (6b)+ (6¢)
0=—0. 1+ (7a)+ (7b)+ (7c)
0=+ 3. 3+ (8a)+ (8h)+ (Se)

s

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

(Text ‘continued on p. 125)
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AT oF Coumner LIST OF DIRECTIONS
Yot T S State: 4lasks
Station.ALberta . Computed by —QsBeSs. . Station Eish. .. Computed by .Q:B.Se . .
ObsorverC.V.. . Chackedby —reBaR Observer ...C. Y1 Checked by HT.B.
o Arrex  Finat o Arrer _FiNaL
Locaw A LocaL AbsuerMENT SmcoNDs
. ’ ” ” ° ’ ” ”
Tish 0 0000.0 00.0 Tog 0 00 00.0 %3.7
Fog 40 09 09.1 09.1 YNan 24 54 02,9 02.2
Nan 57 22 26.5 26.4 Alberta 118 48 46.6 47.5

Station.—Ran . ., Computedby..QuPefe ___ Sttion_.Fog . . . Computed by .0.B.Su .oe

Obverver...CoYaHe .. Checkedby -H.F.B Observer LY Checked by . MaXuRe ...
o Dinmorions ATTER  reaan o Do A Sesamesa
o 4+ - - "
Aberta 0 00 00.0 59.0 1Iug 0 00 00.0 00.1
Fish 28 42 47.6 47.4 Gurs 65 49 45.3 44.5
Tog 109 26 2.4 25,56 Fan 129 24 59.9 59.4.
Dug 120 52 16.6 17.0  Albverta 182 45 14.9 16.7
Gura 72 17 1.1 33,1  Fish 208 47 17.6 18.9
Station...GUEA& . Computed by ! 4 Station —.. IR0 [< by 0.5.5,

Observer..Co¥oBo . Chockedby —T2EsRa. . Observer .. QaYaBlo ... Cheched by . MaXaBa ..

0 I.:oeu. A e Brepan o l':omu. Amm?l'l'::r Sll::::"u
- ] ” ” L] ’, ” ”
Yen 0 00 00.0 59.9 Lat 0 00 00.0 02.0
Fog 54 33 58.8 59.4 Ours 61 35 027 OL.7
Dug 93 03 00.?7 Cl.1 Yan 107 07 08.4 06.4
Mond 109 08 46.2 46.9 Tog 137 16 16.5 15.6
JTat 172 20 45.7 44.0
Sh.tinn Llak . Computedby...QuPsSa_ Station_Memdo .. _ Computed by —.QsBe§a . .
Observer—Ca¥ulla . Checkedby ——YMaFaBa .. Observer e CaValls . Chocked by MaEeRa ...
o 1:,,,“, s R L s acu. ANVI:K’:‘H: ﬂ:;l‘l’;l
o ’ ” ” L] ’, ” ”
Gura 0 00 00.0 01.1 Flores 0 00 00.0 04.7
Dug 38 57 17.8 18.6 ZInter 20 54 53.5 50.8
Mond 60 10 27.4 27.7 La% 115 25 02.3 00.6
Flores 94 59 06.5 09.3 Oura 171 52 38.3 36.9
Enter 109 18 30.8 28.7
Station._Enfer . Computed by QsPeSs . Computed by —OaPafa o

Observer ...ColaHe ... . Chockedby — TaFaBe Checked by .. NI —

Sramions O3522vED I?;:"f“."' Arzn  Fan l':ocu. Ammm‘u.r sﬂ:ﬁ-
o ’ ” ” ° ’ ” ~
Tat © 00 00.0 57.9 muter 0 00 00.0 5.1
Wond 36 21 46.8 47.2 1lat 65 28 20.7 16.0
Flores - 100 12 19.9 21.6 Mond 95 14 37.7 38.6

Fie. 33, —Lists of directions, angle method of adjustment
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DEPARTMENT OF COMMERCE

b Ly i
State: .. . Alasga
VYIRS Ta, GrVR)
NO., STATION OBSERVED ANJLE
23 Alberta-Fish
Ay 1 ¥an 28 42  47.6
a 2 Alverta 57 22 2.5
¢ 3 Fleh 93 54 43.7
1-3 Nan-Fish
1.2 Han-Alverta
57.8
23 Fen-Tish
2 % 1 fog 74 22 17.7
¢ 2 HNan 80 43 26.8
a 3 Fsn 24 54 02.9
13 Fog-Fish
12 Fog-Nan
574
2-3 Kan-Fog
3 b 1 gura 54 33 58.8
a 2 Nun 61 50 46.7
3 Fog 63 35 14.6
13 Gura-Fog
12 Gura~Nen
0.1
23 Gura-Fog
4 1 Dug 75 41 13.8
2 oura 33 29 0L.9
a 3 TFog 65 49 45.3
13 Dug-Tog
12 Dug-Gura
01.0

U. 8. COAST AND GEODETIC SURVEY

COMPUTATION OF TRIANGLES

y SPHERS EPmEn’t
CORR'N “inotk  zxchas

+0.8 48.4
-0.1 26.4

+1.6 45.3 -0.1
+ 2.3 0.1

1.8
.3
-0.4
$2.7

19.5
8.1 0.1
02.5

+0.7 59.5
-1.1 45.6
+0.3 14.9

~0.1 0.0

+0.1
-0.2
-0.9
-1.0

13.9
0.7
“4.4

0.0

PLANE ANGLE
ND DISTANCE

48.4
26.4
45.2

19.5
8.0
02.5

69.5
45.6
14.9

13.9
01.7
4.4

F1a. 3. —Triangle computation, angle method of adjustment

LOGARITHM

3.669907
0.313371
9.925419
9.998986
3.913697
3.937264

3.913697
0.016360
9.994287
9.624330
3.524844
3,554387,

3.554337
0.033965
9.945312
9.952121
3.543654
3.595463

3.538654
0.013694
9,793995
9.960161
3.396343
3.562499
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ADJUSTMENT OF NET BY ANGLE METHOD

U. L COAST AND SLODETKC SUAVEY
Yorm 23

No.

o O

BTATION

1 lat
2 Gura

13
12

1 yomd
2 pat
3 Gura
1-3
1-2

1 Enter
2 Lat

3 Mond
13

" 12

23

1 Flores
2 Enter
3 Monmd
13

12

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

State: ...Alaska. .......ccomiimnnns

OBSERVED ANOLE

Cura=-Dag
38 57
79 27
61 35
Lat-Dug
Lat-Gura

Lat-Cura
56 27
60 10
63 21
Nond-Gura
¥ond-Lat

Lat-Hond
36
49
94 30
Enter-dond
Enter-Lat

8 n

Enter-Mond
95 14

63 50
20 54

Flores-d¥ond
Flores-Enter

17.8
45.0
02.7

05.5

36.0
2.4

59.56

02.9

46.3
03.4
09.3

37.7

33.1
62.5

03.3

115

COMPUTATION OF TRIANGLES

conpy Srmret Smmt  PLANE ANGLE

AKGLE

0.5 17.5
«2.1 42.9
-3,0 59.7
-5.4

+0.3 36.3
=0.3 26.6
-2.4 57.1

=-2.9

+2,5 49.3
-2.4 01.0
0.0 09.8
+0.1

+1.8 39.5
+1.3 34.4

-6.4 46.1
-3.3

zxczss  AND DISTANCE

17.5
0.1 42.8
59.7
Q.1
36.3
6.6
57.1
0.0
49.3
01.0
0.1 09.7
0.1
39.5
34.4
46.1
0.0

LOGARITAM

3.562499
0.201.561
9.592613
9.944240
3.756663
3,708290

3.708290
0.079094
9.938290
9.951283
3.725674
3.733667

3.738667
0.227012
9.878658
9.953653
3.344337
3.964337

3.844337
0.001822
9.653077
9.552603
3.799236
3.398762
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DEPARTI

'MENT OF COMMERCE
usaun'n‘l’-'m Uy

U.

Preliminary triangles

State: ...Alaska

STATION OBEERVED ANGLE
23 Alverta~-Fish
1 Nan 28 42 47.8
2 Averta 57 22 26.5
3  Msh (93 54 46.0
13 ‘Nan-Fish
12 Nan-Alberta
23 Fan-Fish
1 TFog 74 2 17.7
2 gen (80 43 329.5)
3 T 24 54 02.9
13 Fog-Tish
12 Yog-Nan
23 Nan-Fog
1 gura 54 33 58.8
2 Nan 61 50 46.7
3 Fog (63 5 14.5)
13 Gura~Fog
1-2 Gura~Nen
23 Gura~Fog
1  Dug 75 41 13.8
2 Gua (38 29 00.9)
3 Fog 65 49 45.3
13 Dug-Fog
12 Dag-Gura

oy SrmER't BrmEn’t
CORR'N Tyoue ' zxcxss

0.1
0.2

0.1

8. COAST AND GEODETIC SURVEY

PLANE ANGLE
AND DISTANCE,

39.4

COMPUTATION OF TRIANGLES

LOQARITIIM

3.669907
0.313374
9.925419
9.998987
3.913700

3.987:268

3.913700
0.016361
9.994238
9.624332
3.924349
3.554393

3.554393
0.038956
9.945314
9.952121
3.533663

3595470

3.588663
0.013594
9.765993
8.960152
3.396360

3.5622509

F1a. 35.—Triangle computation to obtain latitude and longitude closures of net, angle method
of adjustment
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DEPARTMENT OF COMMERCE

L & COUT A SO SRRy COMPUTATION OF TRIANGLES
State: ... Abeske o
No, BTATION OBSERVED ANGLE  CORR'N SrEevs Ermmwi  ELANE ANOLE LOGARITIIM,

23 Gura-Dug 3.562509

65 b 1 lLat 38 57 17.8 0.201850
2 Gura (79 27 39.6) 0.1 39.6 9.992611

a 3 Dug 61 35 02.7 9.944244
13 Lat-Dug 0.1 3.756670

1-2 Lat-Gure 3.708303

2-3 Lat-Gura 3.708303

6 b 1 Mond 56 27 36.0 0.079094
2 Lat (60 10 24.5) 9.938287

2 3 Gure 63 21 59.5 9.951285

1-3 Mond-Gurea 3.725684

12 M¥ond-Lat 3.738682

23 Lat-Yond 3.733632

7 1 Enter 36 21 46.8 0.227019
2 Lat 49 08 03.4 9.873662

3 Mond (3¢ 20 09.9) 0.1 09.3 9.998658

13 Enter-ifond 0.1 3.344363

12 Enter-Lat 3.984359

F1G. 35.—T'riangle computation to obtain latitude and longitude closures of net, angle method
of adjustment—Continued



Il.l_l,“-_-"-m
POSITION COMPUTATION, THIRD-ORDER TRIANGULATION .Polﬂ'lo'( THIAD-ORDER ATION
Ll [} L]
« 12 Aberts 08  Jiam s |8 Tk o8 Alberta 176 | 02 2.9
24z Feh & ¥an 844 Han & Alberta 9% | 46,0 |
« {2 Mverta w1l Wi L] Fish to1 ¥en o2 | o 43.9
& A | I s 2.9
l 180 00 00.00
¢ {1 3m ©W2  Averta 23 18 38.5.1 FEE ¥ 3 Tish %63 o 23.0
Fzer Anorx or TruNoLe =2 42 2.6
L] » . L] ’ - o ’ E ° 13 L
v ]| 55 40.715|2  Albverta Mz 1 ( 23.444 x| 85 ) 29 | o9.868 1’ Tk *am | u | 15062
s | -~ 07.393| 4= an A4 ? 23.898 § .5 I3 "= A 21 42,209 |
N 33.322{1  Je v am | 1s | ersee | ¢ P lv!l sim | maalt mm tv s | 1 | srza
z x
g 3
e . . . 5 5 o ¢ s * 7.82740
io+v)| 85 30 07.0[Cose i I oo 56 @ 8.6 |00 9.99178 Ll R
3 ]
B B D
h ] 9.38476 5.483
0.2428 0.0000
2.563397 2.560018
+ 365.84 + 380.91
ey "~y

F1¢. 36.—Preliminary position computation to obtain latitude and Iongitude closures, angle method of adjustmenc

811
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- POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

%2 | @ 23.0
M2 | 45 02.5°
+
180 00 | 00.00
162 | 48 62.3
7 22 17.7
Ll ’ .
M| s | 18 57.341
L3 1 00.458 |
» | a3 | 17 56,883 ;|

Sinj(ete? |

DO NOT WRITK IN THIS MARGIN

° ’ [

) Fish Ll ¥an 82 o7 43.9
Lald Tog & ¥en =24 54 | o029 |
. Fish 1l Pog 57 13 4.0
2 - 5 | @m0

180 | 00 | 00.00
¢ Tog 3 Fish 287 o8 | 10.0
. 2 | o9.865 |3 Fien A | 13 | 11 | 15.042
[ "~ a | + 41.840 |
v 26 42634 |1 Tog » l 133 17 | 66.882
'l_.BlB"O-
9.84942 b g s
D! 2.
5.698
Qp008
2.519867
+331.03
[ ]

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

JOHLEN HTONV X4 LAN 40 LNANILSALAV
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L] ’ [
.« |2 Yan to3 Fog 42 445 02.5
Lty Tog & Gura + 80 | 487
[ 2 Han tol Gura “ 35 49.2
be = 2| 096 |
—l 180 | 00 | 00.00
¢ 1 ouws tag ¥an : 22 3| a0.6
‘Fmsr Axors or TRianare .“ ’33 5.6.8
¥an A3 | 18 | sraa
a | + 2 | ap.ams
Gura ¥ | 133 | 2 | 34.7m6
3.595470 * | 7.1900 |
9.uses1s  [Sim'e] 9,593 b 3915
c
6.278
0.0281 0.0002
¢ | 350510
Sine | 9 gac409
A | s.s0872r
& |gp1s7.3m7
E

B0 NOT WRITE I THIS MARGIN

0O NOT WRITK IN THIS MANGIN

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

o ' .
- |8 Pog g Han 162 45 ( 62.3
8¢ Gura & Tan ~ 63 | 35 14,5
. |8 Tog tol Gura 99 10 37.8

I - 2] s.4 |

. 180 00 | 00.00

< |1 Gura to8 Tog 0 o 8.4
17 | B6.882

3 | 37,838 |
a |launs

8.73106
0.0538

3.583663

Sine 9.994405
X 8.508727 a 2.338124
secy’ Sin § (w+e')
2.33812¢ 2.353046
a |+ 2a7.3z22 -aa + 179.41

F1G. 36.—Preliminary position computation to obtain latitude and longitude closures, angle method of adjustment—Continued
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POSITION COMPUTATION, THIRD-ORDER TRIANGULATION rC THIRD-ORDER ATION
o B
- Oura. o3 Tog 279 or 33.4
2/ Tog & g + | 29 | 009 |
- GQura tol Dug a7 36 39.3
As 1 {553
0o | 00.00
o g 8 | 24.6
4 138
’ .
a | :4.715 z z
2 | 19.979 H i
3 X
19 | 14.736 H H
H z
. e
55 26 19.0 [Cose 3.481 g g
B 3.364
h 6,248
0.0002
L]
a 1.891203
Sin § (w49
1.306943
—~ax + 64.11
-

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

QOHLEN WIONV A9 LAN Jd0 INANISALAV
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POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

. , .
ol2 s 03 g a7 | 3 | .3
[ 74 Dug & Lat i d 22 . _s8.6 |
L Qure o1 Lat a 04 18.9
A - 2 4.1
180 00 | 00,00
« {1 Tat T ] Gura ar [ 54.8
Fixsr AnorE oF TRiavGLE g ” 17.8
o [ L] ° ’ .
e | s5 o 02.582 |2 Gura A 133 a | s.ns
- 2 11.836 |e= a |+ 2 | 55.042
vy | s 24 | s0.746 11 1at x'l 13| 28| ;s
L]
o 4 s
He+e)| B5 25 56,7 |Cose b | g, 240
| B
. ’ i
Item |4 is1.8008 | b | 2115013 | s.50198 5.604
Humdldums| + 0 0.0348 0.0004
-3¢ |4 131.8360
* | 3.708308
Sime | 9.780186
A’ 18,5087
secy’
a 175.063
]

DO NOT WRITE IN THIS MARGIN

 Shiie Lo S ey
- Form.

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

° » .
. |8 Dug to8 Oura 17 | 38 4.6
3¢z Lat & Gura =~ 61 } 35 | 027 |
e i3 Dug o1 1at 7% | o3 3.9
Ae - 4 19.4
180 | 00 | 00.00
¢t Tab o3 g 2 1% 12.5 41
. . . . B »
v 56 l 25 lss.w 3 g Ml oa | 19 14,736
Ay | - - a ) + B 15,021 |
v 55i 24 |5o.14s 12 Lat h" 135 | ;| 29,757
i :
by 3.206
D _2.36
I 5.660
0.0000
a |4 315.0207
-y

(44"
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19.3
14,3

00.v0
33.6
36.0

29.757
08.905

20,852

2.405354

=354.30
o

©O NOT WRITE IN THIS MARGIN

ransaT
POSITION C THIRD-ORDER ATION
° ’ L]
« |3 Gura to 2 Lat 37 04 18.9
L P4 Nond & Lat - &3 21 59,8
« |3 Gura tol Mond 333 42 19.4
A + b Y B
180 00 | 00.00
o |1 Mond o3 Gura 153 “ 09.6
) . -
2 34715
2| 13.863 |
19 | 20.352
|
L)
Dl
2.187926 8.30916 8.740
0.0204 0.0008
¥
s
Sina
& a 2.126661
[T e
2.12866) 2.042286
' .
a1 g8 —te -110.28 .
[ ]

FI1G. 36.—Preliminary position computation to obtain Jatitude and longitude closures, angle methpd of adjustment—Continued

JOHLEW TIONV Xd LAN 40 INTRISALAV

€¢I



21/

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

o f
Lat s Mond n 13
Mond & Bater + o8
Lat ol Enter 328 20
3
00
%
2 46.8
’ ..
2% 29.757
4 49.720
19 40,057
7.92872
9.46744 b [ 4,789
7.153
: 3.964359
Bina | 9.,743720
A 8.508720 2.461979
secy’
2.461979
.
&) -289, 7208
wear

DG NOT WRITE IN THIS MARGIN

B0 NOT WRITE IN THIS MARGIN

DEPARTMENT OF COMMCNCE
U oA n Smene ey

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

. . .
ME ond tog Lat | o | e 33.6
8L Enter & Lat - g4 | a0 | on9 |
a |3 Nond to1 Enter 2 |46 2.7
e - 18.8
ts0 | oo | 00.00
o |1 Inter o8 Mond. 13 |46 | ons
. . .
v 28.417 Mond A 133 19 | 20.852
ap Lm_ a | +
v | 55 I 42.74_, 02 Enter ¥ I 123 | 18 | <o.0mr
. .. * | s.aaaze3 . | 7 [ v.ess7
Yo+v)| 55 23 35.6 |C%| o.gsvaqr  [|SiB"e| 7,360 ¥ 4707
. B c 5i D
st term 225.7018 h 6.62045 7.071
Uead M o | 4 ©.0004 9.0012

—4y 225.7034

ax
Sin§ (v+v')
1.282960
A\ -+ 19-;549 —an

¥I1G. 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 equation

Final

[ ! n secondsl
Fish-Alberta._.._.._._ 176 02 29.9 20.9
— 1€ —93 54 43.7 45.3
Fish-Nan_ .- ____ 82 07 46.2 44.6
— 6 20.9 20.9
Nan-Fish_____._______ 262 01 25.3 23.7
26 +80 43 36.8 38.1
Nan-Fog_ . _ .. __.______ 342 45 02.1 0L 8
+ 49.8 49.8
Fog-Nan_____________ 162 45 51.9 51.6
—3Co 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
+4e+5¢a e +117 56 46.9 44.6
Gura-Lat_ - ._________ 37 04 248 219
— 2 241 241
Lat-Gura___._________ 217 02 00.7 57.8
F6C e +60 10 27.4 26.6
Lat-Mond . . oo __ 277 12 281 24. 4
+ 4 143 143
Mond-Lat. ... _.___ 97 16 42.4 387
— T e —94 30 09.8 09.8
Mond-Enter___________ 2 46 32.6 28.9
- 15.8 15.8
Enter-Mond.__._______ 182 46 16.8 13.1
F+ 8 +63 50 33.1 344
Enter-Flores (computed) 246 36 49.9 47.5
Enter-Flores (fixed)__.. 246 36 47.5 47.5
+2.4 00

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

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 3.669907 |.._._.... Enter-Flores 3.398762 |-.....-..
© ’ n o ° ’ " .
1a 57 22 26.5 9. 9254194 +1.3 1b 28 42 47.6 9. 6816265 +3.8
2a 24 54 02.9 9. 6243321 +4.5 2b T4 22 17.7 9, 9836394 +.8
3a 61 50 46.7 9. 9453135 +1.1 3b 54 33 5.8 9, 0110442 +1.5
48 65 49 45.3 9. 9601516 +.9 4b 75 41 13.8 9. 9863060 +.5
58 61 35 02.7 9. 9442440 +1.1 5b 38 57 17.8 9. 7984497 +2.6
6a 63 21 55.5 9. 9512853 +1.1 6b 56 27 36.0 9. 9209058 +1.4
73 49 08 03.4 9. 8786625 +1.8 7b 36 21 46.8 9, 7720807 +2.9
8a 20 5¢ 52.5 9. 5526388 +5.5 8b 95 14 37.7 |.9.0981736 -2
2. 4519542 2. 4518920

0=+ 61.3+ 1.3(1a) —3.8 (1b)+ 4.5(2a) —0.6(2b)+ 1.1(3a) — 1.5(3b)
+ 0.9(4a) —0.5(4b)+ 1.1(5a) —2.6(5b)+ 1.1(6a) — 1.4(6b)

+1.8(7a) —2.9(7b)+ 5.5(8a)+ 0.2(8b)

1 The values in this column are filled in after the adjustment is completed.
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0 = -}23.0501 ¢ 0.9 (1 L o k2.2/(1 b) -ﬁs.a (2a) +3.8(2%) -U.b (3a) #{11.1 (35) ~ 3.4 [ha) + 55 (D) { W7 (58
oll.l(b)ol.!(Sl)on.S(GP-G.’l 7a) + 113 (7T0) :
(This eqpation should de djvided by(10 befory entering it in the correlhtes.)

Mﬂ-';_z-mw . LATITUDE AND LONGITUDE ADJUSTMENT wf50.20i70. A 333029461
o F
v vt | Mn +8, P et | B S i vl e A R R e T v wrln | Ene| ==
ful fm
il i
53 2016038 nl2s| a5 | sede | w3 | 38 |emo | 1a 409 w321 | 1b |20 | 40 baew| g |8
55 28.56 -7.85 | 4071 |45 |06 |-353 [2a +3.2 |+h7 | 2 |-0d | +09 f2a-2 | +29.0 14| i
55 26.71 600 | 4172 |91 |25 [-66 [3s |[+1.9 [+9.0 | 3b [-2.6 |[e21 pla+dy | 4222 i@ i
55 27.0% =633 | =191 | 409 05 |- 5.7 Y s =17 | *+3.2 by [+10 = 2.3 pliaalp| +23.4 H-{
55 27.04 633 [ =191 [+ 2.6 = 7.0 5a - 2.1 | 416.5 5% |*5.0 w23 P9 -5 +23.4 i i
H;zu.ss BRI N B L) 14 |-46 |[6a =53 | 058 6b [+6.8 =58 Léa-6b| +15.3 ja) 2%
1w 2:
2447033 2934 3.76 |90.32 |98 |29 =68 |Ta +0.6 |40 | Tv [-09 |+O0M pTasT| 4139 f.‘-? g
55 20,71 k=
e
201 k21113 M= ]
10, gt =] s =+ E-g
Coud -o.ﬁrr (A=Apt) = a8 = 3.0 .':
i.,.
i
1.
3

SE5ER 24T
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0 = -89.8589 + 2.2 (1L a) - 0.7 (1 1) ~ 25{5 (2a) } 29.4 (sz) + zlo.r. (3 a) +19.6 (3 p) ~ 25.1|(k a) - Tz.lo (4 v) - 25.5 [5 a)
- 18.4 (5 %) - 20.6 [6 8) = 8,5 (6 D) ¥ 2.5 (7}a) + 130 (7 b).
(Mis efuation should be flivided by 10 befors .nnrl.‘rs it in fhe corrslates.)
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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

al| 1 ¢ A : ,Adopted
1|2(3)4|5|6|7]8|0] 10 11 12 =, v ] o

1a —0.1| o0.01
b +.3 .64
¢ +1.6| 3.5
22 —. 4 .18
b 41.8] 3.24
ps +1.3| 1.69
3a -11| 121
b 4.7 .49
¢ +.3 .09
4a -9 .81
b N . . . +1| .01
3 S N N = = N O NSO IS MO T S IS I 42,00 | —.192 —2| .04
5a —3.0( 0.00
b - .3 .09
¢ —21| 441
ta —24| 576
b . +.3] .co
[ PSRN PRI RIS NN NN © = N SO S o | +2.00 { —. 831 -8 N
78 |-amefmmmn|rmm b fece e e [ [cmae oo L8 — .64 [ +1.45 [ 43.61 [—2 370 —2.4( 576
b [--—| R I ~+. 53 2.5] 625

¢ |- 0 0
-0 A N S —6.4 | 40.96
73 A N +1.8 | 3.24
¢ |- +1.3| 1.69
Total._| 88.84

o .
p.e.=-:!:0.674_J-3£- =0 6744 [0
=£1483
Normal eguations
a 1 ) A
11213 (4]5(6[7]8 9 10 11 12 7 = C

1|43 oo oeeafeam o= [ =25 | 4413 | 4415 | —2.3 4548 |40.8125
-2 3|y 439 3.2 | —ss2 | —27 ~3.56 |+2.1181
3 8 e leee a1 | —. 4 .66 +4.37 =+.1 +6.73 —. 5449
4 -2 I N OUPION O &  N  S ) .21 —4.75 +1.0 -+. 86 -+. 6186
5 N . 1| —15 4141 [ —439 | 454 4492 |—1.3028
6 8 | 1] =8| 4128 [ —281 {429 44.97 | —.0205
7 3 -1] -11 .49 | 4o.75 —.1 44.04 | —. 7967
8 JECRES R . 433 |[+1300 [+2.1475
9 5 -7 PP N +2.4 | 41240 | —. 5108
10 e--|+94. 3446, 7380 | —5. 7790 (+61.8 |+107.3280 {—1. 5670
11 +39. 7198 | 4-5.3068 |—12.3050| ~9.0764 |—1.4152
12 4-72. 7274 | —8. 6859 1-57.2693 | +. 2360




128 U. 8. COAST AND GEODETIC SURVEY

SOLUTION OF NORMAL EQUATIONS

The solution of the normals is much simpler than when the direc-
tion method of adjustment is used. This is due to the fact that no
two angle equations involve the same ¢’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|23 |4|6i8|7|8| o 10 1 12 7 p-=
+3 — — N S e | —2.5 +4.13 +1.15 —-2.3 +5. 48
4] B J| +.33333 - 83333 —1.37A67) —1.38333 | -+ 76667 —1. 82667
+3|. X N R N == +3.9 —3.24 | —5.52 -2.7 —3.5
£ P . ...| —.33333 ~L3 -+1.08 +1. 84 +.9 1. 18667
R AR NN NN NN S e | —. 4 +.68 [ 4437 +.1 +6.73
¢ +.83333] +.13333] -—.22 —1. 45667 —. 03333 . —2.243334
+1 +.4 +.21 —1.75 +1.0 +. 88
~.33333( —.13333| —.07 [ +1. 58333 —.33338] —. 286606
+1 -L15 +1.41 —4.39 +5. 4 +4.92
—.33338] +.5 —.47 | +1.46333 | —L38 —1.64
+1 -3 4128 | —2.91 +2.9 +4.97
Cofeanfoa-o] —33333 41 —. 42667 +.97 —. Y6867 —1. 65667
+8|....| =1 -1 +40 |42 -1 +4.04
|- +.33333] +.366671 —.16383) — 01807 | 4. 03333 —L 34667
+3| +1 : +13.00
Cs| —.33333 —4, 33333
+3 +12.40
1{ —.3333 X +1. 8267
2 — 3333 . 1. 1867
3| —.3333 . 42,2433
4| —3333 . —. 2867
5| —.3333 X —1.64
6| —.3333 . =1. 6567
7| —.3333 . +1. 3467
§| —.3333 X —4,3333
+5.3336 | —4. 086 +1.8733 | -+9. 6133 —1.6667 | +11.08679
[+ 4. 76245 —. 35122 —1.80240 | 4. 31240] —2 078645
9434 | —46.7380 | —5.7790 | +61.3  |4-107.3230
1| -2 3. 4417 | 3. 4583 ~1.9167 | +4. 5667
2 [ -507 +4.212 | +7.178 +3. 51 +4. 6280
3 —.0533 | +.088 | 4. 5827 +.0133 | +. 897!
4 | —0583) —.028 | +.6433 —. 1323 —. 1147
5| —75 +.705 | —2.195 +2.7 2. 460
6 | —03 41280 | —.201 +.2000 | +4.4970
7 | —4088] 1797 | +1.0083 —.0367 | +1.4813
8 [—=10.83 femeoomoeo|oooe. -6.27 | —24.70
. 9 | —3.1006 | -+1.4283 | -+7.3296 —1.2708 | 48 4532
+71.9662 | —306.5833 |-+11.9232 | +58. 1858 {-{-105. 49189
Cho . 50834 —. 16568 —. 50852 —~1. 465886
439, 7198 | +5.3068 | —12.3050 | —9.0764
1 | —5.6858 | —5. 7132 +3.1663 |© —7.5441
2 [ —8.4902 | —5.9616 —2.918 | —3.8448
3 — 1452 | — 9614 —.022 —1.4808
4 —.0147 | +.3325 —.070 —. 0802
5 —. 6627 | +2.0633 —2 538 —2.3124
[ —. 5461 | 41,2416 —1.2373 | —2.1205
7 —.0800 | —.44 +.0163 | —. 6509
[ —. 6579 | —38,3764 +.5 —3.
10 | —18.5968 | +6.0611 | --20. 5783 | +53. 6260
4-0.8316 | —1.4565 | +14.2550 | 4202, 6331
Ca 4. 14814 | —1 45022 —2, 30008
472, 7274 —& 6850 | +57. 2693
1 | —5.7408 | +3.1817 | —7.5807
2 |—10.1563 —4.988 | —6.5504
3 | —6.3658 —, 1456 | —9.8034
4 | =7.5208 | +1.5833 | -1.3618
5 | —6.4240 | 47,902 | +47.1995
6 | —2,8227 | 42,813 | 48209
7 | —2.5208 4. 0017 | —3.7033
9 [~17.3270 | -3.0041 | —19. 9830
10 | —1.975¢ | —9.64 —17.4777
1 —.2158 | 421122 43.3530
+11. 8577 —2.7517 | +8. 908960
[ +.23604] —. 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 C's are
carried back through all the equations.

Back solution

12 11 10 9 8 7 é 5 4 3 2 1
|
+0. 2360(—1. 4502(—0, 8085+-0. 3125(—1.1  |4-0.0333(—0. 9667|—1.8  |—0. 3333|—0.0333|+-0.9  [+0. 7687
+-.0350| —.0391| —. 4254 ___.... —. 21631 4. 2280( - 3454 -, 3737) —, 3438] . 4342] —. 3065
— 7194| 4. 4971 ... . 2311) . 6038| . 6651 +.0991( 4. 3113|—1. 5284 +1. 0483
—1. 4152 ~1 194%|4-2. 9773| —. 5746| —. 1567 —. 7835| 4. 2089| —. 2089/+2. 0371|—1. 3058
—1. 5670 o +.2702| —.2702) - 2702 +-.2702| +.2702) —. 2702| 4. 2702| —. 2702
—. 8106
4-2. 1475) —. 7067) —. 0205'—1. 3028| - 6186] —. 54492, 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 2’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 v’s which
may differ slightly from the computed values in order to make the
triangles consistent. Compare the computed and adopted values for
8a in the following table:

Computation of corrections (v’s)

la b [ 2a b e 3a b [ 48 b [
40.812 [4-0. 812 |4-0.812 (2.113 |42.113 |42.113 |—0. 545 [—0. 545 |—0. 545 [-+0. 619 [-}-0.619 | 4-0.610
—2.037 |+5.955 | . 811 |—7.052 | +. 940 + S11 1—1.724 142,350 | 4. 811 |—1.410 | +.784 | —.811
+. 127 [=~5.972 +5.123 | —. 538 +. 637 |—1.571 +.481 | —. 778
+.995 | —.017 -!-i 623 | —. 609 [ —. 694 + +. 569 | 4. 463 ¢ 266 | ~. 592 [ —. 529 | —.192
.6 + .3 -2
—. 102 | +.778 ' - 425 |41.821 —1.063 | 4. 697 —.902 | +.096
-1 +.8 —4 |+1L8 —-1.1 |47 —8 |41
5a b ¢ 6a b c Ta b ¢ 8a b [

—1.303 (—1.303 |—~1.303 (—0.020 |—0.020 |—0.020 —0. 797 |—0.797 (—0.797 |4-2.148 |42, 148 | 4-2. 148
—1.724 [+4.074 | —. 811 (=1 724 142104 | — 811 [—2.821 |44.544 | 4. 811 |[-8.618 | —. 313 | —.811

+. 685 |~2. 661 —.170 [—1.642 + 906 |—1.599
—. 02 [ — 434 |=2.114 | —. 486 | —.201 [ —. 831 | 4. 342 | +.307 | +.014 |—6.470 |41.835 | +41.337
2.1 -8 .0 [-64 |[|+1.8 +1.3
—2.964 | —.32% —2.400 | +.331 —2.370 |+2.455
—3.0 —.3 —2.4 +.3 =24 |42.5

COMPUTATION OF TRIANGLES

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

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

CORRECTIONS TO DIRECTIONS

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

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

Station Nan

: Prelimi- :
Ohbserved direc- Final
Station tion nagzds:ca seconds
-] ’ ” ” ”n

Alberta_._._.___ 0 00 00.0 00.0 50.0
Fish 28 42 47.6 48. 4 47. 4
Fog_ | 109 26 244 26.5 25.5
Dug. 129 A2 186 || o
Gura 171 17 11.1 121 1.1

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

o 14 114

Triangle 1, angle Alberta to Fish____~_______ 23 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 (4), (B), and (O) 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) '



THIRD-ORDER ATION
L] ’ »
L] Alberta to8 Tish 356 0z 14.3
V4 Feh & ¥an + 22 26,4 |
. Alverta tol ¥an 53 24 4.3
A - [} 05.8
180 00 00.00
[ - o2 Alberta 233 18 35.4 4
Finar Anore or ThiaveLE ? 4? ‘E"
2 Aberts A ‘ 13| 11 |zmase
- a o+ 7. 25,894
1 N ¥ | 133 | 18 | 57338
4.544
2.363
6.907
0.0008
: 3.987264
Sina 9.904881
A" | s.soerz a
secy’ Sin § (p+v")
a —-As
nn—— ——

DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

. , H
a Fish 02  Alberta 176 | o2 0.9 I
8¢ ¥an & Alberta - 92 | 654 | 453 |
. Tish tol ¥m 82 | o7 “.6
As - -] a.,s
180 | oo | 0o0.00
o Han o3  Pah 262 2] 23,7
. . . . , .
v | 85 ] 2 [os.e66 [3 Han A I 13 | u | 1s.082
so| o | - al ¢ 7 | 42208 |
vl s6 | 2 |23.3 [2  yan Y | 133 | 18 | 5733
o + . * | 3.013697 1 g.e2mm
W4)| 65 2 s |%0°|0.azesay  |[S'%| s.oo17a B[ 220
2.363
5.483
0.0000
! 3.913697
Sine 9.995889
A 8.500727 P A
secy’ P Sin § (¢ +e")
2.664920
& | 4-463.2959 ~2a
. SAmtr

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

N . v
« |2 Tan w8 Fish 262 oL 23.7
22 Fish & Yog +80 |43 | 38,1 |
. |2 ¥an tol Yog 342 45 01.8
4a 4 49.8
’ 180 00 | 00.00
e |1 Tog to 2 Ran 162 45 51.6
o , Firer ANGLE OF TRIANGLE "o 22' 19.'5
¥ 55 28 33.323 |2 Han 133 |18 57.338
Ay - _]._' __50.687 |¥= A\ - ) 1
v 55 26 42.636 |1 yog S I 133 |17 56,880
- ® | a.ssa3a7 “ | 710877
Medte)| 55 27 38.0 {950 9.930014 |Sit's| 5.04m6 4,088
. B | 8.500676 | © [ 1.56544 2.363
1st term l’-no,saao b 2.044077 6.451
2dand 34 terms |_+ 0.0045 0.0042 0.0003
Y |-mo.sass
? 3.554307
Sina | 9.472073
A | a.508727 | o 1.781458
Sin§ (p+¢)
1.697242
"
~ba I ~49.80
P gy ey

F1G. 38.—Final position computation, angle method of adjustment—Continued

DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

Tish to2 Nen 82 o? 4.6
Yog & ¥an = 24 B4 02.5_|
Fish tol Yog 57 13 42.1
- 5 .
180 | 00 | 00.00
Tog Lo Fish 237 08 1.1
e r .
Fish b l 138 [ 1 [15.002
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POSITION COMPUTATION, THIRD-ORDER TRIARGULATION POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

° ’ »
'Kl Nen to3 Yog a |3 Teg L2 ¥en 162 45 8.6
L 73 Tog & Qura 8z Gura & ¥an =63 | 35 14.9
« |3 Han tol Oura « |8 Tog tol Gura 9 10 36.7
Aa As 2
180 | o0 | 00.00
|« {1 Oura to@ Nan 33 o |1 Gora to3 Tog 279 o7 57.3
Firs? AnoLE oF TriararLE 5‘. 3'? 59"5 o ) . o , .
¥an A ‘ 13 | 18 |sam 3 r | e]| ss 2 | a2.626 |8 Tog *lass | a7 | ss.ea0
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e 3 vorms | + 0.0000
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Sina
A a 2,333114
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" A v v
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FiG. 38.—Final position computation, angle method of adjustment—Continued
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POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

Gura to3 Foz 279 o7 7.3
Tog & Dug + 38 29 [ d
Gura tod Dug 217 26 39.0
i+ 1 56.3

] 150 oo | oo.uvo
Dug to 2 Gura 137 33 4.3
TireT ANGLE OF TRIANOLE 7 a 13-9
. s . B

2 gure Mloas b a | ad.700

= Ax - 2. 19,976

1 Dug » I 123 | 19 14,733

. 3.552499
9.863399
5909573
1.940576

* 2.562469
Sina | 9.328765
A 5.508723 a
secy’ 2 Sin § (v +o’)
2.145054 2.061727
a ~129.5761 - ~115.22
+ mma——————

e

BO NOY WRITE IN YHIS MARGIN

DEPARTMENT OF COMMENGE
0. % Cauty dno Croogrc suevey
i

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

O NOT WRITE IN THIS MARGIN

a +77.8529 -4s +64.11

¥16. 38.—Final position computation, angle method of adjustment—Continued

« |3 Fog to 2 Gura 99 10 35.7
31z Dug & Gure - 65 20 | 444
a |3 Fog to 1 g 3 20 2.3
aa - 1 04.1
150 0o | 00.00
o to3 Foz 23 19 | 48.2
. ’ .
v 3 Fog A s 17 | 56.430
Ag 3= A\ + 1 17.353 |
o 1 Dug » | 123 19 | 14.733
#
o 4 . ¢ | s.z95343 | 6.79288
it
et 55 26 0.0 || 9.9mese S8} 5,130 3.656
B 8. Yi [¢] 1.58492 D
.
1t term |‘51_305 h 1.827389 7.83748 6.020
2dand 3 tems |_+0.0070 0.0069 0.000L
—A\,
L] % .
3.395343
Sine | 9,740142
A" | a.s08728 a 1.891274
secy’ | 0.246062 Sin § (v+¢")
1.891276 1.508933
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POSITION COMPUTATION, THIRD-ORDER TRIANGULATION POI_ITIUN' COMPUTATION, THIRD-ORDER TRIANGULATION
© ’ [ ° v L]
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Fig. 38.—Final position computation, angle method of adjustment—Continued
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‘Postrion COMPUTATION, THIRD-ORDER TRIANGULATION

« |2 Lat to3 Gura 217 01 57.8
2 tura & uom +e0 | 10 | o266 |
« |2 lat to 1 Mond 77 12 2.4
I 4 14.3
. 180 oo | 00,00
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N ) Firer ANcLE OF TRIANGLE 5?' 2"’ :35‘3
¢ 55 | 22 | so.7sz|?  Lat Ml 123 | 20 | 29.749
L - 1= ar L ES 5 of,302 |
v 55 % 8.420 [1 ona LY | 133 | 19 20.856
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Here" | g5 3¢ 39.5

M

Cosal 9.0s8473  (Si"e} g9.90812

Blg

2,439308
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»

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

Fia. 38.—Final positjon computation, angle method of adjustmenti—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 ‘QObserved directions”
and those in the column headed Preliminary seconds.”

At Alberta, the correctionis______ . ____________.________ 0.0
At Fish, the correetion s ____.. +0.8
At Fog, the correction is_ . ... +21
At Gura, the correction is_____________________________ +1.0

Total e - +39
Average correetion_ ____ . _..____ +10

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

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

A

B 3 c

Fi16. 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’ 38”1,
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
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diagonals omitted were Alberta-Fog, Nan-Dug, and Lat-Flores.
These are computed by the two-sides-and-included-angle method.
(See pp. 141-143.)

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

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

tan (45°+¢) = % where a>b

tan 1/2 (4— B)=tan ¢ tan (90°—§)

12 (4+B)=90°— 5

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’ 02”5 plus 93° 54’ 453, or 118° 48’
478.

The triangle, Alberta-Fish-Fog, is written as shown in Figure 40.
The asterisk is placed opposite the fixed angle and the logarithms of
the fixed lengths are placed in the last column. As there is 071
spherical excess, this is applied to the large angle making the plane
angle at Fish 118° 48’ 478 — 0”1, or 118° 48’ 4777.

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

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

The value of the final seconds for the direction on Fog at station
Alberta is now obtained from the triangle by simply adding the angle
at Alberta between Fish and Fog, 40° 09’ 0971, to the fixed direction
Fish, 0° 00’ 0070. At station Fog, the final seconds for the direc-
tion on Alberta are obtained by subtracting the angle between Alberta
and Fish from the fixed direction on Fish; that is, 203° 47’ 18”9
—=21° 02’ 0372=182° 45’ 157,

640737°—45——10
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In order that the length, Fog-Alberta, as determined from the two
sides and included angle computation, may have a check the triangle
Fog-Nan-Alberta (see fig. 40) is also computed. The three angles
of this triangle are fixed by the computation of the first triangle and
can be taken out directly from the lists of directions at the three
stations. The logarithm of the length, Alberta-Fog, should agree in
the two triangles.

In the same manner the diagonals Nan-Dug and Lat-Flores are
computed, using first a triangle with two sides and the included angle
known and then a second triangle, whose angles are fixed by the
computation of the first triangle, to check the length of the line in
question.

COMPUTATION OF THE LENGTH AND AZIMUTH OF THE OMITTED DIAGONAL BY THE
METHOD OF APPROXIMATION

If the diagonals omitted in the adjustment have been observed it
may be advisable or expedient at times to resort to the method of
approximation in computing them after the adjustment has been
completed.

An example of this method is given on page 144. (See fig. 41.) In
the quadrilateral Lat-Mond-Flores-Enter (see fig. 31) the diagonal
Lat-Flores was omitted in the adjustment. It may be computed
from the triangle Lat-Mond-Flores in the following manner: The
logarithms of the lengths Mond-Flores and Lat-Mond and the angle
at Mond between Flores and Lat have been fixed by the adjustment.
The observed angles at Lat and Flores are obtained from the lists
of directions. (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, (1%=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
WS COAST AND GEODETIC SURVEY
Form

TRIANGLE COMPUTATION USING TWO SIDES AND INCLUDED ANGLE

[8-tan (16°+4) (Callngsrsiden):  tan3 (=B =tan o ton §-(dy+ B c=%] *

a 18 43 478 Loga 3.924344 Logm  1.403
Sph. gcoss 0,1 Logd 3.669907 Logsin 0, 9,943
Co 118 48 47,7 Logtan (45+4) 0.254437 ) leee 3,924
6 59 24 23,85 (45°+4) 60 53 5488 D .70
90°~4C,=4(4+B) 30 35 36.15¢ 15 53 54,88 LoE"Ph-e%:g 940
(4~ B) 9 33 32,92 legtensd 9.4sa58e7  Shewes  00p
Sum =4, 40 09 09,07 Loztand(h+B)  9,7717656
Diff. =B, 2 02 03.23 Logtand (4,-B,) 9,2263523
G (Sketch)
Loga s.oueu  (Fog) B
Log sin C, 9.942601 A (lberta)
Colog sin 4, 0.190558 a ()
s 4.057505 C (Fish)
CHECK COMPUTATION
No. STATION SPOERICAL ANGLE Scamcw  PLANE ANQLE LOGARITHM
23 Fish-Fog 3.924344
1 Alverta 40 09 09.1 09.1 0.190558
2 Figh 118 48 47.8 0.1 47,7  9.942601
3 Fog 21 02 03.2 03,2  9,555004
-3 Alberta-Fog 4,057503
1-z Alberta-Fish 3.669907
23 Nan-Alberta 3,987264
Yog 53 20 16.3 16.3 0.095723
Nen 109 26 26.5 0.1 26.4 9.974506
3 Alberta 17 13 172.3 17.3  9.471389
1-3 Fog-Alberta ' 4,057503
- 1=2 Yog-Nen * 3.554387

'.'ﬂte subscripts s and p on this form refer to spherical and plape angles respectively.
Fra. 40.—Triangle computation using two sides and included angle



142

TRIANGLE COMPUTATION USING TWO SIDES AND INCLUDED ANGLE

U. 8. COAST AND GEODETIC SURVEY

B- ten (45°+4) (Celllongersided):  tand (d,~B)=tan ¢ tan § (4,+By): c“%in;%] *

[+

Sp-h. excess
P e
Co

10,

129 2% 59.3 loge
0.0 Logd

129 24
64 42

59.5 Log tan (45+¢) 0.158044

29,65 (45°+9)

3.554387 Log m 1.403
3.396343 Logsin 0, 9.888
Loge 3,564

] , »
s5 12 08,95 Lo8d 3.396

10 12 08.93 Logsph.ex. 8.241

00°—3Cp=3(4,+B) 25 17 30.35 ¢

3 (4,-By) 4 51 38,90 Togtené 9.2552076

Sum =4, 30 09 .09.25 Logtan} (4,+B)  9,6744220

Diff. =B, 20 25 51.45 Logtani(4,—B) 8.9296296

IR (Sketch)

Log e 3.554387 (Duy} A c

Tog sin O, 9.887927 \

Colog sin 4, 0.299033 b

Loge 3.741347 T (Fo g )

CHECK COMPUTATION

o, STATION SPHERICAL ANOLE srmrmea  PLANEANOE
z3 Fog-Tug
! ¥an 2 25 51:5 0.0 51.5
2 wog 129 24 59.3 0.0 69.3
3 g 30 09 09.2 0.0 09.2
1-3 Nan-Dug
1-2 Nan-Tog
23 Gura~Nan
1 g 46 33 047 0.0 04.7
2 Gure 93 03 OL.2 0.0 0.2
3  Nan 41 24 54,1 0.0 54.1
1-3 Dug-Nan
2 Dug-Gura

*The subsoripts s and p on this form refer to spherical and plane angles respectively.
Fra. 40.—Triangle computation using two sides and included angle—Continued

Sph. excess 0.02

B8 Wan)

LOGARITUM

3.396343
0.457077
9.837927
9.700967
3.741.347
3.554387

3.595463
0.146500
9.999384
9.820535
3.741547
3.562499
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DEPARTMENT OF COMMERCE
5.5 COMST AND GEODETIC SUIVEY
Yorm 685

143

TRIANGLE COMPUTATION USING TWO SIDES AND INCLUDED ANGLE

[% ~tn (5°+9) (ol longorsidea): a3 (dy— By =tad ¢ tan § (4, +B,) : c-%“ﬁv] *
o 15 24 55.9 Loga 8.799236 Lgm - 1,403
Sph. excess : 0.1 Logd 3.758667 LogsinC, 9,956
c, 115 24 55.8 Log tan (45+4) 0.060569 Loga 3.799
¥0, 57 43 .5 (5°+9) 45 58 56098 Logd 3.739
90°-3C,~1(4,+B) 32 17 321 ¢ 5 58 56,98 logsph.ex. g gg7
1(4,-B) 2 3 09,5 ILegtend 8.8427337  Sph.excess 0.08
‘Sum =4, 34 48~ 4.6 Logtani(4,+B)  9,3007064
Diff.= B, 29 46 22,6 Logtani(d,—B)  8.6434391
G T (Sketeh)
Log a s.reoms  ([lores) B < A lat
Log sin C, 9.955793
Cologsin 4,  0.243456 a
e 2 Z Mond)
CHECK COMPUTATION
NoO. ETATION Isru:mcu. ANGLE Wearmca  PLANEANOLE LOGARITUM
2-3 Mond~¥lores 3.799236
1 Lat 34 48 41.6 41.6  0.243456
2 Mond 115 24 55.9 0.1 565.8 9.955793
3 Flores 29 46 22.6 22.6 9.695975
1-3 Lat-Flores 0.1 3.998485
12 Lat-lond 3.738667
2-3 Enter-Lat 3.964337
Flores 65 28 16.9 16.9 0.041076
2 Enter 100 12 23,7 3.7 9.993072
3 Lat 14 19 19.4 19.4  9.393350
1-3 Flores-Lat 0.0 3.998485
1-2 Flores-Enter 3.398762

*The gubacripts a and p on this form refer to spherical and plane angles respectively.

¥ic. 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 fised 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
.3, COMT AND GEODLTIC SURVEY
Forrm 25

COMPUTATION OF TRIANGLES

State:

x~o. STATION OBEERVED AMGLE  CORR'N SPHERL @rmER  PLANE ANGLE

AGLE  Pxcrss  AND DISTANCE LOGARKTIRG
Tabuler
dif.
2-3 ond-Flores 3.739236
43.031 Lat 34 48 39.2 a.6 £8 o.200e5h
2 Mond 115 25 02.3 -6.4 B5.3 0.1 55.8 9.855793
+3.68 3 Flores 25 46 17.0 22.6 'Bzi;g 9.6959666
+6.71 1-3 Lat-Flores 3.998485
12 Lat-Mond 3.’7&62?5

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

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 arigle 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,

D.e.= £ 0.674 .\/881'# ~ +1"83

After the adjustment has been completed and the omitted diagonals
have been computed, the list of geographic positions is made out on
form 28B in exactly the same manner as the list on page108. (See
fig. 42.)
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Locality Prince of Yales laland

STATION.

Hen
1907

1507

Gura
1907

1807

1907

a.m.

d.m.

a.,m.

d..

: d.m,

GEOGRAPHIC POSITIONS

LATITUDE anp
LONGITULE.

133

,

8
13

26
17

F-14
A
25
19

X E

19

o

33.323
57.338

42.536

£6.380

02.583
34.709

35.349
14.733

50,752
29,749

28.420
20,u56

Fic

Szconpa v
MeTEma,

1030.5
1007.2

1318.8

1000.0

9.9
610.1

1093.2
269.1

1569.6
523.3

878.9
367.0

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

283

162
26

2
209

137

133
213

312
36

341

2
97

153

Datum
AZIMUTE
18 36.3
0 .7
45 51.6
06 07.8
. 1.1
33 37.8
o7 37.3
38 34.3
10 29.0
19 48.2
0. 57.8
89 15.2
01 06.0
20 25.4
51 428
46 2.9
16 38.7
4 15.0

BACK AZIMUTH,

53
a2

342
36
57

44
99

317
3
33

37
%
132
146

161
182
n
=33

24

¥BRR BH 8

FIR R 4

”

41.2
4.8

Ol.g
3.9
42.1

47.4
36.7

39.0
53.3
52.3

a.9
24.8
51.8
3.8

4.4
13.1
4.4
24.8

North American

Alberta
Fish

Nen
Aloerta
Fish

Nan
Yoz

No. of (X
State Alaska
DISTANCE,
Logasitau (mxTaes). Mervesa,
3.9872¢4 9711.0
3.913597 8197.8
. 3.554387 $584.2
4.057503 11415.7
Z.9:4344 8401.2
3.535463 3939.7
3.585654 B84
Z.562499 651.7
2.741347 5512.5
3.396343 2490.8
3.708290 5108.5
3.755663 5710.4
2.958485 9966.2
3.564337 9211.6
3.799:36 6298.5
3.84433” 6987.7
3.733667 5478.6
3.725674 5317.1

21860
26398

11759
37453
27563

12925

11981
18086
8172

16760
18728
22694
30222

20664

17974
17445

JOHILAW WIDNV X€ LEN 40 LNIWISOALav
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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 concluded triangles___ . ____________________.__ 0
Average closure of triangles without regard to sign____.___ 272
Maximum closure of a triangle._.________ . _____________ 574
Mean error of an angle. . . _______________________. +1%6
Probable error of an ohserved angle_.__ ... _____________ +1'8

COMPARISON OF DIRECTION AND ANGLE METHODS OF TRIANGULA-
TION ADJUSTMENT

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

The angle method of adjustment has the advantage that the number
of equations is reduced considerably, there being one less angle
equation in each full quadrilateral and no side equations at all. The
solutioni 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 v’s as the length equation. The
disadvantage of this method is that a number of two-sides-and-
included-angle computations must be made after the adjustment is
completed to obtain the azimuths and lengths of the lines omitted
in the adjustment. However, the advantages of this method far
outweigh the disadvantages in the adjustment of third-order trian-
gulation and it should ordinarily be used for this class of triangulation.



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

GENERAL STATEMENT

In connection with the observation of horizontal directions for
triangulation it is customary to observe zenith distances, in order that
the elevations of the stations may be determined. These elevations
are needed for reducing the horizontal directions to sea level and, in
some cases, if precise elevations are not available, to reduce the base
lines to sea level. As there are usually two or more lines observed
to each station, a rigid adjustment of the observed differences of ele-
vation should be made in order to remove the inconsistencies and
obtain the best possible elevations from the observations.

S & Monument
S
&¥

Benton

Cube
F1a. 43.—Triangulation net used in sample computation of elevations

A sample computation and least-squares adjustment of elevations
based on -zenith distances is given on the following pages. The tri-
angulation stations at which the zenith distances were measured are
shown in Figure 43. Arrowheads pointing away from each station
denote the lines over which zenith distances were observed from that
station. Arrowheads at both ends of a line indicate reciprocal
observations or that zenith distances were observed in both direc-
tions over that line. Where only one arrowhead appears on a
line, zenith distances were observed only in the direction in which
the arrowhead points. All the stations shown in Figure 43, except
“Hastings high school,” are main scheme stations. The elevation
of Hastings high school is computed after the elevations of the other
stations are fixed. .

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

147
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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— ﬁ_zﬂl t being the height of the telescope above the

station mark, o the height of the object above its station mark, and s
the horizontal distance between the stations concerned. This really
represents a vertical eccentric reduction which is applied as a correc-
tion to the observed zenith distance to obtain the zenith distance
referred to the station marks. Only four places of logarithms should
be used in computing the values.

If the observations are nonreciprocal, that is, are made in one
direction only over a line, then the vertical eccentric reduction is not
needed. In this case, the difference +—o, is applied as a correction
to the computed difference of elevation, as indicated on Form 29 B
(see fig. 47).

As the development of the formulas for the computation of eleva-
tions from reciprocal and nonreciprocal observations is fully shown
in special publication No. 28, it is not given here.

The formula for the computation of elevations from reciprocal
observations is

ha hl—.s*tan(g‘2 “)ABC’ 1)

in which A, is the elevation above mean sea level of station 1 and h,
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; {2 is the zenith distance of station 1 from station 2; and
A, B, and C are correction factors whose values are close to unity
and whose logarithms are given in the tables on pages 232. The
station de31gna.ted 1 is the station whose elevation is already com-
puted.

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

hos—h,=scot [3‘1—(0.5—m) > s 1,,]AB0 (2)

in which 4. 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 ... Morument State ... Qiclahona............ enmemeneen
Observer .. Ba0.H. Tnst: ¥.0..103
REDTO-
Hovr Onzect Onsavzd ;‘3":!?,, T:‘::':E: ggéolo; w’"ﬁ:’: Opsghvep Zmmrx  Comagcrxn Zmar
had - SzanoRs
Mibers  Maws M . LI - -
1:16 Benton 1.17 2,115+ 0.945 -11.8 S0 10 20,5
2:19 90 10 15.0
2:29 90 10 15.4
18.% 90 10 06.5
1:24 EHsstings 1,24 2.11540,875 -3.6 90 08 OI.7
1:26 90 08 05.0
1:35 90 08 12,6
1:39 90 08 05.8
2:09 90 08 11.)
07.2 90 07 58,6
1:42 Keele 1.92 2.115+0,195 -2,.0 90 08 23.4
1:46 S0 08 23.9
1:49 90 08 25.2
1:51 90 08 32,7
1:54 90 08 22.3
25.56 90 08 23.8
2:52 Cupola of 2,115 90 04 49.4
2:66 Schoolhouse 90 04 53.3
Hastings. 53,8

Station ...Benfon,

State Qlc) ahoma.

Observer ... E:Q.He

Parz

1923
s/

Inst &

v.C. 109

Hovr  Osmer Onamewven

1:14 Keele
1:19 (Helio)
124

1:29

1:67 Cube

-2:08 (Hello)

Onrecr

1.92

Repoce
TEXIOFE  Dur.or  TON 70

ssove  prLlL  TORE

razion = onmre
=t Sranons

Metera Moare .

1.376 ~0.545+7.4

1375 ~7.995¢58.2

OssERVED ZE) RECTRD ZE!
RYED ZEMITH Golp "

90
90
-
90

o1
02
o
0l

56.7
02.5
56.2
58.0

90 01 58.4

90 06 41,0
90 06 _35.6

ISTANCE

90 02 05.8

38.3 90 07 366

Fi1G. 44.—Abstract of zenith distances for sample computation of elevations
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DEPARTMENT OF -COMMERCE
U. 5. COAST AND GEODLTIC SURVEY
Form 29

ABSTRACT OF ZENITH DISTANCES

Station tnbe. State ... b > <. T,
Observer ... ReQeBe = ABBa. ... Instr V.G, 209
b om  ommowmms G55 EOED BES B owmma  cgmies
-0 -t StaTioNd
1923 Meters " Mters Afeters . LI e -

5/28 2:06 Xeele 1.92  9.57547.6556 -79.2 90 04 30.6
2108  (Hello) 90 04 29.9
2:10 90 04 29.1
6/29 3:33 90 04 16.2
3:38 90 04 08.9
3:44 80 04 15.2

21.6 90 03 02.4
5/28 218 Byers 3.61  9.57545.965 -79.5 90 Ol 09.0
2:26 (Hello) 90 01 07.3
3:32 90 0L 04.
3:27 90 01 09.1
5/ o7 90 01 07.0
3112 80 01 02.2
3:20 90 00 66.2
3:25 90 00 51.7

90 0L 03.2 89 59 43.7
5/28 2:56 EHastings 3124 9.57548,335 -61.3 90 06 37.9
3:20  (Helo) ' 90 06 34.5
3123 90 06 30.1
3:45 90 06 37.4
8/29 4:02 90 06 07.4
4:12 90 06 07.0
4:22 90 05 55.4
4:34 90 06 01.1

90 06 18.8 99 05 17.5

Fia. 48 —Abstract of zenith distances for sample computation of elevations—Continued
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DEPARTMENT OF COMMRRCE
V. 8. COAST AND GEODETIC SURVEY
Form 20

ABSTRACT OF ZENITH DISTANCES

Station .._Keele State ......Qklghoma ..
Observer .B:0:E. = A.X.B, Tostrument Y.C. 109
TRLEICOPE EDUC-
D Houx OBszcT OBSERYED ;::ﬁ STaow %‘wl‘;’s b °"',¥;.“’.,§."“"' ““m’“
-0 - Y )
1923 Meiers Metere Mders L LA
5/22 2106 Byers 3.61 2.125 -1.485 +20.2 90 01 33.8
2:09 (Helio) 90 01 36.4
2112 90 Ol 33,0

34.4 90 01 54.6

2116 Hastings 1,24 2,125 +0.885 -15.6 90 02 37.8

2:20 (Hello) 90 02 20.0
2:38 90 02 37.0
2:40 90 02 32.8

34.3 90 02 18.7

2:46 Cube 9.37 2,125 ~7.245 +74.9 90 06 04.9

(Hello) 90 05 52.8
90 08 54,9

80 05 57.5 90 0712.4

3:02 Monument 1.91 2,125 40.215 -2.2 90 02 03.4
3:10 {Helio) 90 02 04.5

50 0l 58.6
02.2 90 02 00.0

4:07 Cupola of 2.125 90 00 32.8
Schoolhouse 90 00 26.4
Hastings 29.6

F1a. 44.—~Abstract of zenith distances for sample computation of elevations—Continued
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Station ... Hastings
Observer ... BeQeMe .= AeXeBe oo

Date

1923
5/24

5/26

5/24

5/26

5/24

5/25

Hova

1:27
1:34
1:40

1:47
1:50
1152

2:06
2112
2:15

2147
2:50
2:59
3124
3:40
3:37
2:40
2:45
3:152

2:22
2:25
227

257
3:04
3:19
3:30

4:48
4:54
3:26
3:30

U. 8. COAST AND GEODETIC SURVEY

ABSTRACT OF ZENITH DISTANCES
State

Rapuo-
TION 10

JOINING
SrATIONS

TELESCOPE
ATOVE
S‘IAT{OI

Drrr. of
-
t—o

OBsECT OBSERVED

Meters

1.445

Mdes - .
-0.465+4.56 90
90

. 90

¥ormument
(Hello)

1,92 1.445 -0.47518.4 90

90
90

Keele
(Helio)

1.445 +0.235 2.7 90
90

90

Baller 1.2

(Holio)

3.61  1l.445 -2.16547.7 90
90
90
90
90
90
90
90

90

Byers
(Helio)

90
90
90

(ube 9.37 _1-445 ~7.926 +58.3

1.09 1.44540.356 =3.1 90
90
90

90

Lee
(Helio)

l.445 89
89

- Cupola
Schoolhouse
Hastings

OBSERVED ZENiTH
Distance

Instrument... ...V..ﬁ...lm-.._.._._. PU—

CORRECTED ZENITE
DISTANCE

» » . , »

02 32.3
02 41.5
02 32,1
35.3 90 02 29.8
03 26.1
03 26.8
03 27.8
26,9 90 03 35.3
04 37.9
04 48,9
04 4,2
42.0 90 04 39.3
02 15.4
02 24.8
02 16.7
02 13.4
02 03.4
02 11.9
02 23.2
02 15.7
02 12.8
15.4 90 02 43.1
07 4.3 '
07 39.0
07 47.6
42.6 90 08 40.9
04 60.1
04 53.6
04'56.2
04 50.3
54.8 90 04 Bl.7
53 05.9

62 59.0
52 51.3

80 _5253.8

52 67.4

F16. 4.—Abstract of zenith distances for sample computation of elevations—Continued
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ABSTRACT OF ZENITH DISTANCES

Station .. _Byers . State Texas
Observer .. AsFeRs = E.0.8. Instrument..... YaGe A08 .
Dare Hour ODszct OBszavED - :;,E"u,:";; n:‘,ﬁ: gl':'z':'; ?f%‘% o'“ﬁmﬂm c°“BE,"°m’='"“‘
-0 =t Srmows
1923 Melers Maei Metera . ¢ ¢ = LI
5/30 1:23  Cube 9.37 3.815 -5.555+74.1 90 06 58.6
1:31 (Helio) 90 07 05.7
1:37 90 06 54.5
1:43 90 06 56.7
90 06 88.6 S0 08 12.7
1:53  Bailer 1.21 3.815+42.606 =-33.2 90 05 42.5
2:00 (Helio) 99 05 33.4
2108 90 08 25.3
2:11 90 05 35.1
2:18 90 05 30.4
3:18 %0 05 39.4
5/31 1:25 90 05 44.4
1:40 90 05 47.8
1:45 80 05 45,6

38.2 50 05 05.0
2:27 Thornberry 3.01 3,915 +0.805 -9.0 90 04 33.0
{Belio) 90 04.36.7
90 04 36.5
6/4 1:56 90 04 20.5
2:00 90 0¢ 2.8
2:04 90 04 35,3
32,0 90 04 23.0
5/31 2:43  Xeele 1.92 3.8156 41.895 -25.8 90 06 02.1
(Hello) 90 06 06.3
9 06 01.5
03.3 90 05 37.5
2:56 Hastinge 1.24 3,815 42.575 -32.9 90 05 47.7
03

3 (Hello) %0 05 48.2
90 05 47.8
47.9 90 05 15.0
6/4 2:33 Lee 6.12 3.815 ~2,3056 +21.0 90 04 40.7 90 05 01.7
238  (Top of stand)6.2l ~2.396 +21.8 90 04 46.8 90 05 08.6
2144  (Hello) 6.21 90 04 51.8 90 05 13.6
90 05 08,0

F16. 44.—Abstract of zenith distances for sample computation of elevations—Continued
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DIPARTMENT OF CONMMEREX
U. 8. COAST AND GEODETIC SURVEY
Form 39

U. 8. COAST AND GEODETIC SURVEY

ABSTRACT OF ZENITH DISTANCES

Station .__..Baller State ... Oiclahoma ... ...
Observer ........As¥:B: Instrument. . . YaCs 108 . . .
Dax  EHow Orxcr OBseavED :f:"‘:’:"?, T:‘,ﬁ: Hors gi".l:u?’ OszmvEp Zelrrx  CORRECTRD Z2nte
-0 -t t-o v
1923 Mdas Mders BMeters . ¢« v » o ¢ »

6/2 2120 Thormberry 3.0 1.415 -1.595 +25.7 90 OL 16.8
2:23 (Helio) 90 01 18.1
2:28 90 01 19.3

© 18.1 90 O1 43.8
2:42 Byers 3.61 1,415 -2,195 428.0 90 02 24.6
2146 (Helio) 90 02 29.2
2:50 90 02 25.2

26.3 90 02 54.3
2:55 Hastings .24 1.406540.175 -2.0 90 05 01.5
3:00 (Helio) 90 04 59.7
3:05 80 04 55.1

90 04 58.8 90 04 56.8
3:112  Lee 1.09  1,41540.325 -10.2 89 58 56.1
3:17  (Helio) 89 58 51.8
3:21 89 58 43.9

52.3 89 58 42.1

FiG. 44.—Abstract of zenith distances for sample eomp_utntion of elevations—Continued



Station ... L@

COMPUTATION AND ADJUSTMENT OF ELEVATIONS

ABSTRACT OF ZENITH DISTANCES

State

Observer .ArFeBe.

Dare

1923
6/5

2:10
2:15
2:18

2:25
2:29
2:34

2143
2:48
2:52
3:00
4300

3:13
3:25
3:31

3350
3152

3:56

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

b:33
5:40

Onnecr

OBJECT OBSERVED o
-0

Meters

Byers 3.61
(Helio)
Baller 1.22
(Hello)
i .
HeliB' 9.2
(Top of stend)9.14
9.14
9.14
9.14
Willis 1.7?
(Helio)
Thornberry 3:01
{Hellio)
Hastings 1.24
(Hellio)
School House
top, Hastings

TRLESCO!E
ABOVE

Sramox Hetears

Meters Aders

6.415 42.805

6.415 +5.206 -164.0 90

6.415 -2.815 45,7 89
=2.725 +44.2 89

6.415 +4.645

6.415 1+3.405

6.415 +5.175

6.418

=65.8

-49.3

-46.7

O3sERVED ZENITR
DisTANCE

90
90

89
89

89

S0
90
90

90
90
90

90
90

90°

90

90
90

58 47.0
58 43.4
68 35.5
58 23.5

58 28,5

155

Instrument..... V8209 _ ...

CORRECTED ZENITR
DisTancE

06 15.5
06 21.3
06 20,7

19.2 90 05 53.6

07 53.2
07 65.2

07 59.4

55.9 90 05 1l1.9

89
89

59 32.7
69 27.6
89 59 19.7
89 59 07.7

88 59 17.7

33.5 89 59 21.1

00 23.1
00 28,2
00 29.4

26.9 89 59 2.1

04 9.5
04 3l.1

04 27.6

29.4 90 03 40.1

07 25.4
07 33.3
o? 23.2
o7 353
29.3 90 06 43.6

05 41.4

06 43.1
42.2

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

640737°—4b

11




156

TU. 8. COAST AND GEODETIC SURVEY

ABSTRACT OF ZENITH DISTANCES

Station ... Thormberry State Texas . .. oo
Observer ... AsTsB: = E.0.H, Tnstrument. ... V-C»_109
b mw ommowms  giR ThR, B R ompmasem  cosgmozom
0 -t STATIONS
1923 Metera Maters Maters . Y . s m
8/1 1:53 Byers 3.61 3.3156 -0.,395+4.4 90 04 34.4
1:56  (Hello) 90 04 35.5
2102 90 04 31,0 .
33.6 90 04 38.0
2:07  Lee 1.09 3.215 +2.125 -30.3 S0 04 47.4
211 (Hello) 90 04 44.7
2119 S0 04 48.3
46:3 90 04 16.0
2:29 Cashion 1.16 3.215 +2.055 -37.5 90 02 2.3
2134 (Hello) 90 02 34.8
2:37 90 02 26,6
2:48 %0 02 25.3
5:23 90 0218.2
3.6 90 Ol 51,1
2:00 Gammill  9.23 3.215 -6.015+71.8 90 00 0l.3
3:08  (Helto) 90 00 06.9
3:12 90 00 14.1
3:20 90 00 04.2_ -
06.4 90 0113.2
3:30  Willls  1.68 3.215 +1.536 -35.0 89 55 39.1
3:45 (Top of stahbd) 89 55 37.8
3:50 89 55 40.3

33.2 89 55 (4.2

FIG. 44.—Abstract of zenith distances for sample ecomputaiion of elevations—Contlnued
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DEPARTMENT OF COMMERCE
U. 5, COASY AND GEODETIC SURVEY

Station

Observer

1923
6/8

&/7

Form 29

ABSTRACT OF ZENITH DISTANCES
State Qklahoma.

Millis

B.0.H. - A.T.B.

Tnstrument...... VeC. 109

2:55

2:01
2:05

2:12
2:19
3:09

2:66
2158
3:02

8:10
8:20
8:26
9:15

8:;0
8:45
8:52
9:00
9:05
9:08

OBJECT OBSERVED

Gammill
(Helio)

Lee
(Belio)

Cashion
{Belio)

(Light)

Orsmor
ABOVE
BramoN
=0

9.23

6.21

1.16

1.26

REDUC.
THLIECOPE  pry.or TN 10

ABOVE
Sramon JOINING

-t Srimom
Mders Meters . .
1.975 =7,256 4147.6 ¢0
90

20

1.975 -4.286 +60.0 90

90
90

1,976 +0.815 -20.8 90
90
90

1,975 +0.716 -18.3 S0
90
90

20

Thornberry 3.11 1.976 «1,135+25.9 S0

(11ght)

90
90
90
90
80
90

OBsERVED ZxiTR
Huogrs 1o Diszaxncs

0l 22,7

0l 24.0

oL z2.3
22.7

06 48.1

08 40.4

06 5.1
48.9

08 22.0
08 2.8
08 22,8
22.2
Q7 56.7
07 50.9
07 46.9
o7 45.9.
50.1

07 54.1
08 01.0
08 16.7
08 13.5
08 13.6
08 08.8
08 08.0

CoRRECTED ZENTR
DosxaNcE |

90 03 50.3

90 07 48.9

90 08 0l4

90 07 31.8
29.6

90 08 33.9
29.6

90 09 03.5

Fi1q. 44.—Abstract of zenith distances for sample computation of elevations—Continued
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DEPARTMENT OF COMMERCE
U.5. COAST AND GEODETIC SURVEY
Fo! 29

ABSTRACT OF ZENITH DISTANCES

Station .._..Gemmill State..........Qklshoma, ... ... .
Observer ....deeBe. = BeQeBe e Instrument.... Ve@a 09 . ... _—
ReDUC.
Date Lovs O3sECT OBSERVED ;aﬁ T:‘:':t':,:";:‘ Bt ihe Obsznvep Zswtx  CORRECTED Zywmd
=0 -t _"" STamions
1922 Meers MNeters Melers . . ’ L4 . ’ "
6J18  4:49 Lee 6.12 9.435 +3.215 -53.8 90 07 26.2
5:12 (Top of stand) ga 07 z8.
5:14 90 07 31.7

5:26 Willis 1.68 9.43547.755 -167.8 90 03 36.3
5:30 (Top of steud) 90 03 36.2
5:31 9 03 33.8
35.4 90 00 57.6
Station:._Cashion State: Texas
Observer: AF-B8.. = E.01t. Instrument:. V..Co 109
11815 Rep
Opzer TELESCOPE . e
i Hovs  OmmrOmemms Sie S SHORS LI O zmem:  Comgorss gmuem
Mirems Mrrzes  Murgms STATIONS
1923
6/11 1:07 villis 1.77 1.365 ~0.405410.8 89 56 21.3
1:10 (Hello) 89 56 14.0
1:14 89 56 16,0

17.1 89 56 27.4

1:55 Gammill 9.23 1.365 -7.865492.2 90 Ol 43.1

1:35  (Hello) 90 01 53.0
1:40 90 01 45.0
1:49 S0 01 36.0-

S0 01 42.2

43.9 90 03 16.2

4:26 Thornmberry 3.01 1,365 -1.645+430.0 50 04 0O1.5

4:26  (Helio) 90 03 59.6
4:41 S0 04 007

90 04 00.6 90 04 30.6
F16. 44.—Abstract of zenith distances for sample computation of elevations—Continued
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COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIP-
ROCAL OBSERVATIONS

Form 29A is used in computing differences of elevation from
reciprocal observations. (See fig. 45.) The coefficient of refraction,
m, which is needed in computing the nonreciprocal observations is
also obtained on this form. The computations for all the reciprocal
lines are given in Figure 45.

DEPARTMENT OF COMMERCE
U. £ COAST AWD GLODETIC SURVEY
Form 29 A

COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIPROCAL OBSERVATIONS.

Station 1, oce. Monument Cube Monument Cube Keele
Station 2, obe. Xeele -Keele Hastings Hastings |Hastings

. Y [ L. » row e " ] "
t 90 08 23.5 90 03 02.4 0 07 58.6 PO 0B 17.5 (90 02 18.7|] .
b - 90 03 00.0{90 07 12.4 l:o 02 39.8 PO 08 40,9 (90 03 363
-t -~ 6 2.5/ +410.0 - 518.8| +323.4 + 116.6
§ Gam) - 311.8| +206.0 - 2234 +14.7 |+ 0383
(6a1,) in secs, - 181.8] 4+ 125.0 - 159.4| + 107 | + 383
log ditto 2.28285 _, | 2.09691 2.20249,, | 2.00732 (1.58320 |
T J 4.68567 | 4.68557 4.68557 | 4.68867 |4.68557 |
1og s 4.30550 | 4.29977 4.32395 | 4.44750 [4.08840 |
ogbwnd-tyl | |1-27392 ., | 1.08228 12200, | 1.14039 (0.33717 |
log A + 2 + 2 + 2 + 2 + 2
g B 0 /] 0 0 [+] j
log C 0 0 0 0 0
log (ho—hy) 1.27394 ., | 1.08227 1.21208, | 1.14041 |0.28719 |
b, ~18.79 +12.08 -16.29 413,82 | +2.17
M } 329.90 298.80 329.90 298.80 | 210.99
h 311.11 %.0.68 313.61 312,62 | 313.16
2logs 8.6110 8.5995 8.6479 8.8950 | 8.1388
log p=9—2log s 0.3890 0.40085 0.3524 0.1060 | 0.8632
pof (ky=hy) . 2.45 R . 2.51, . 2.28 ol 1.27' _7.30 "
«ond mean 3.7 34:2(18.6 24,0 7.6 34.22.2  34.1/2.1 341
51500 10 23.5| 10 14.8 10 38.4) 13° 58,4 05 540
Febbe=180% in ce. 623.5|  614.8 638.4|  838.4] 3640
Jog ditto 2.7948¢ | 2.78873 2.80509 2.92345 | 2.54900
Yoge ] 6.80334 | 6.80334° 6.80496 | 6.20314 | 6.80394
cologs ] 5.6M450 | 5.70023 5.67606 | b5.95250 | 5.94160
tog B Tan45s 4.2845¢ | 4.28454 4.3845¢ | 4.28454 | 4.38454
og 0.5—m) 8.67782 | 9.67684 9.67064 | 9.66363 | 9.66908 |
©5-m) 0.4762 0.4752 0.4684 0.4609 | 0.4667
pol (0.5~m) 4.08 3.98 4.45 7.85 1,37
e PRIt DD TR 210,99 A 313.19 =7

Fi16. 45.—~Computation of elevations and refractions from reciprocal observations
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U. 8. COAST AND GEODETIC SURVEY

MERCK
1Ad

COMPUTATION OF ELEVATIONS AND REFRACTIONS l.‘BOM RECIPROCAL OBSERVATIONS,

Station 1, occ, Keele ! Cube Hastings Byers Hastings '
Station 2, obs, Byers l Byers Byers Baller Bailer 1
. [ ! o ' = o o ¥ e i ® e ¢ ¥ |
f Eo OL 54.6 89 59 43.7)90 02 43,1 90 05 05.0 50 04 .'as.zl
f 0 05 37.5/90 08 12,7(90 05 15,0 90 02 54.3 90 04 58.8
=k +3 429 +8 29,0 +2 .9 -2 10.7 + 0 17.5
3 €t +1 5l.4 +4 14.5 +1 16.0 -1 05.4 + 0 08.8
1 (2-ty) in mecs, + 111.4] +' 254.5] + 76.0 -~ 654 + 8.8
Tog ditto 2,04689 | 2.40569 | 1.88081 1.81568,,| 0.94448
- } 4.68557 | 4.68558 | 4.68557 4.68557 | 4.63557
L logs 4.18110 | 4.18949 | 4.20738 4.20908 | 4.25792
|log o e § (5.~ 5] 0.91356 | 1.28076 | 0.77376 0.71018,,; 9.88787
log A l + 2 + 2 +2 +2 + 2
log B o] Q [\] 0 0
liog € ] 0 0 0 0 0
og ek 0.91358 | 1.207 | 0.77378 0.71020, | 9.88789 |
by +8.20 +19.09 ~+5.94 - 5.13 -+ 0.77
N } 310,99 298.80 313.19 318.73 213.19
M, 319.19 517.89 319,13 313.60 313,96
2l0gs 8.3622 | 8.3790 8.4148 8.4181 | 8.5168
log p=9—2log s 0.6378 0.6220 0.5852 0.5819 | 0.4842
pol (ha—hy) 4.34 4.18 3.85 3.82 | 3.08
«and mean ¢ B8.5 34,1 (30.3 34.0|26.7 34,1 B35 34.1)80.8 342
frHR—1800 7’ 32;1 o’ s6.4| o7 ) sa:.:1 o' 59.3 09 ‘ 36"1'1
Suky—190° in sec. 452.1 476.4 aB.1 479.3 576.1
log ditto 2.65523 | 2.67797 | 2.67952 2.68061 | 2.76050
Yg» l 6.80488 | 6.80366 6.80349 6.80409 | 6.80511
colog s I 5.81890 | 5.81051 5.79262 5.79097 | 5.74208
log " T 38454 4.38454 |4.28454 | 4.28454 4.38454 | 4,38454
Jog (0.5—m) 9.66366 | 9.67667 9.65017 9.66021 | 9.69223
- 0.4608 | 0.4750 0.4573 0.4573 | 0.4923 R
p ol 0.5-m) 2.30 2.39 2,80 2.82 3.8
m——— 318,73 ns.76

F16. 45.—Computation of elevations and refractions from reciprocal observations—Continued
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COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIPROCAL OBSERVATIONS.

Station 1, oce. Byers Bastinzs | Bailer Byers Lee
Station 3, obs. Lee Lee Lee Thornberry Thornberry|
° Pa i e 1k o I u ° r . T
5 90 05 08.0 90 04 51.7 | 89°568 42.1 90 04 23.0/90 03 40,1
t 90 05 53.6 |90 06 43.6 | 90 05 11.9 90 04 38.0(90 04 16.0
=t +0 45.6|+1 Bl.9[ + 6 20.8 + 015.,0| +0 35.9
-t +0 22.8(+0 56.0{ + 3 14.9 + 0°07.5(+ 0 18.0¢
# (~2) in sece. + 22.8| + B56.0] + 194.9 + 7.5 + 18.0
log ditto 1.26793 | 1.74819 | 2.28981 0.87506 | 1.26527 |
T ] 4.68567 | 4.68557 | 4.68557 4.68557 | 4.63857 |
log s 4.35434 | 4.36305 | 3.81606 4.26766 | 4.15328 |
Jog Io tan § (a1} 0.39784 | 0.80181 | 0.79144 9.82829 | 0.09412
!!IogA l + 2 + 2 + 2 L] + 2
g B l 0 0 0 0 [
Jox € 0 0 o 0 0|
ok (k=) 0.39786 | 0.80183 | 0.79146 9.82821 | 0.09414 |
by + 2,50 | +6.38 | +6.19 +0.67 +1.28
M } 218.73 | 313.19 | 313.78 218.78 | 320.01
A 321,23 | 219.53 | 319.95 319.40 | 321,25
2hogs 8.7087 | 8.736L | 7.6321 8.5353 | 8.3088
log p=0=2log s 0.2013 0.26329 1.3679 0.4647 0.6934
Pof thamhy) REC 1.84 23.23 2.92 4.94
o 00d mean ¢ 47.2 34‘2# 88.2 B4.2 56.5 34.2 86.2 34.1[7.5 3401
tH—100° 11° 01§  11'w50z  oa'salo '01%0| o7'se.1
PeEe180° in sec. 6616 695.3  234.0 " 5410  arel
log ditto l 2.82080 2.84317 2.36922 2,73320 | 23.6777Q
1go 6.80428 | 6.80516 | 6,80455 6.80515 | 6.80317
colog s 5.64566 | 5.63195 | 6.18394 5.73234 | 5.84672 |
log S0 758454 4.28454 | 4.38454 | 4.38454 4.28454 | 4.38454 |
Tog (0.6-m) 9.65502 | 9.66832 | 9.74225 9.66623 |9.71213 |
0.5~m) 0.4519 0.4611 0.552¢ R 0.452L |0.515¢ R
pof (05—m) 5.11 5.45 0.45 3.43 2.08 :
B L 118949
320,01 320,56

F16. 45.—Computation of elevations and refractions from reéiprecal observations—Continued
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rm 29 A

COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIPROCAL OBSERVATIONS.

Station 1, occ. Lee Thornberry Lee Willis
|

Station 2, obe. Willis ; Tillis Gemmill Gemnild

- L .' " A4 [ 1] L [ L L] 1] .
f 89 59 21.1 89 55 04,2 89 59 21.1{90 03 50.3
f 90 07 48.9190 09 02.§ 90 06 35.2|90 00 57.6
[ + 8 27.8| +13 59.3 + 7 14.1} - 2 52.7
§ &=t + 4 13.9| + 6 59.6 + 337.00 -1 26.4
§ (G.—1) in seca. + 253.9| + 419.6 + A7.0 - 86.4
Jog ditto 2.40466 2.62284 2.33646 1.93651 )]
. 4.68558 | 4.68558 4.68558 | 4.68557
log s ] 4.16715 | 3.93628 4.10401 | 4.00605
og [ tan & (Fa—Fu] 1.25339 . | 1.28470 1.12606 | 0.62813,,
log 4 l + 2 + 2 + 2 + 2
log B ' J 0 0 o 0
g 0 0 0 0 7
Log (h—by) | 1.25341 | 1.26472 1.12607 i 0.62815,,
b=y +17.92 | +18.40 +13.37 | - 4.25
M } 320.01 320.56 320,01 | 233.67
h 337,93 | 338.96 333.38 334,42
2logs 8.3263 | 7.9128 8.2080 | g.0122
log pm=fi—2log s 0.6737 1.0874 0.790 0.9879
p ot (b 8,72 12.28 6.19 9.73

[ ° ° [ . ° Y °
aand mean ¢ 4.1 34.1ls6.2 24.1 87.1 34,2(14.7 34.1
tHa—10 07’1000 04" o7 05'56.3| 04'47%9
b= 180° in e 430.0 247.7 356.3 287.9
log ditto '| 2.63347 | 2.39393 2.56182 2.45994
Iogs ( 6.80411 | 6.80483 6.80515 | 6.30326
cnlogs 5.83685 | 6.04372 | 5.89599 5.99395 J
log 51" =T 38454 4.3345¢ | 4,38454 | 4.23454 | 4.38454 /
log (0.5—m) 9.65897 | 9.62702 ! -9.63750 | 9.,64099 :
(0.5=m) 0.,4560 0.4237 0.4340 0.4375
pol (05—m) 2.12 0.82 1.61 1.03
LMFRAYIAT JRDMITNS SR 11—3040
338.67 334.02

Fia. 45.—Computation of elevations and refractions from reciprocal observations—Continued
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i
Station 1, oce. 'Ihurnbarr;l Willis
]
Statiou 2, uba. ca-htoni Cashion
o [ n o 1 N

[ 90 01 51.1 90 08 Ol.4
13 80 04 30.6 |89 56 27.4
fa—t + 2 39.5 |~ 11 34.0
-1 +1 19.8 |- 5 47,0
# (53=F1) in secs. + 79.8 347.0]
Tog ditto 1.90200 | 2.54083,,
T J 4.68557 4.68568
|logs 4.05335 3.90728
Tog [s tan § (5,— 1)l 0.64092 | 1.13319,,
log 4 l + 2 + 2
kg B 0 (]
log ¢ l ° 0 ;
log (A,~Hy) 0.64094 1.13321 ,,
hy—hy -+ 4.37 - 13.59
LY } 320.56 338,67
A 324,93 325,08
2logs 8,1067 7.8146
log p==9—2log s 0.8933 1,1854
pof (h—h)) 7.82 15,32
asod mean B3°7 2470 |1602 2401
Bebh-100 06’217 | 04’ 2.8
b4, —180° in sec. 381.7 268.8
log ditto ] | 28172 | 2.42803
log» | | 6.80489 | 6.80329
colog ¢ J 5.94665 6.09272
fog 25" =T 38434 4.38454 | 4.3845¢
log (0.5—m) 9.71780 9.70999
©.6—m) 0.5233 R| 0,508 R
pof (0.5—m)

[T T = p="""3

325.08

F1a. 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, , 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;— %, 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 ¥4 ({-—{1)] is the
sum of the three logarithms next aboveit. Log.4,log B, and log € are
obtained from the tables on page 232, which are self-explanatory.
The sum of these three logarithms and log [s tan 14 ({:—{;)] gives
log (h;—h,). The elevation &, in each case is obtained from preceding
computations.

The relative weights to be assigned to the various values of h,—h;
in the least squares adjustment are inversely proportional to s% and
for convenience are computed by the formuls log p=9—2 log s, as
shown on the computation directly below h;. By this formula a
line 31.6 kilometerslong is given unit weight.

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

! — <] o ’”
O.5—m=(§-1'|'§'2 lsgs)P sin 1

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 a 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
220222 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 2. The logarithm of §* (or 2 log s) has already been taken out
for use in computing the relative weights of (ia—%,). 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:

2.453311.11="762.2195
2.51>.310.88 =780.3088

4.96 1542.5283
1542.5283
—206 = 310.99 meters.

This elevation is placed at the bottom of the computation for Keele.
The elevations of the other stations are obtained in a similar manner.

After the elevations of the various stations connected by reciprocal
observations have heen 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 (¢t;—k) ABC=s tan (90°—{;+k) ABC

(0.5—m) s

psm 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, $1, 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 s, « and mean ¢ are all obtained from the list of geographic
positions, or from the triangle and position computations. Colog p
is determined by subtracting the value of log p as taken from the
tables on pages 220-222 from 10. Log 4,log B, and log O are obtained
from the tables on page 232. The value of (0.5—m) is obtained
from the computation of the reciprocal observations involving the
same station. For example, for the observations on station Keele
from station Benton the (0.5—m) used should be a weighted mean
of the (0.5—m)’s as determined in the computations of the reciprocal
observations involving Benton. It happens in this case that the
elevation of Benton was fixed to start with and as there were no re-
ciprocal observations from this station there are no computations
of (0.5—m). The log value, 9.63246—10, given on page 63 of
Special Publication No. 26, was therefore issued.

In the computation of the nonreciprocal observations on Thorn-
berry from Bailer, the log (0.5 —m) is obtained as follows: In Figure
45 it is seen that (0.5—m) was determined three times in the computa-
tion of the reciprocal observations involving station Bailer. In the
Hastings-Bailer computation the value determined is 0.4923, and in
the Bailer-Lee computation it is 0.5524. As the value is very close to
0.5 in one of these computations, and in the other it is greater than
0.5, these values are rejected. In the Byers-Bailer computation the
value is 0.4573 and this is the one used, the logarithm being 9.66021,

In the computation of station Gammill from Thornberry, the value
.of (0.5—m) is obtained as follows: The value of (0.5—m) for station
Thornberry is determined four times in the computation of the recip-
rocal observations in Figure 45. For the Lee-Thornberry line the
value of (0.5—m) is 0.5154 and for the Thornberry-Cashion line
it is 0.5222. Both of these values are rejected since they are greater
than 0.5. For the Byers-Thornberry line (0.5—m) is 0.4521 with a
weight of 3.43, and for the Thornberry-Willis line it is 0.4237 with a
weight of 0.82. The weighted mean value is then

(0.4521x3.43) + (0.4237X0.82)
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.



COMPUTATION AND ADJUSTMENT OF ELEVATIONS

DEPARTMENT, OF COMMERCE

V. 5. COASY anb azoDIMIC SURVEY
Form 39B

COMPUTATION OF ELEVATIONS FROM NONRECIPROCAL OBSERVATIONS.

167

Station 1, occ. Benton Bailer Thoraberry
Station 2, obe. Keele Thornberry | Gammill
Object sighted Helio Hello Helio

] 1 - 3 1 - o ¢ b

h 90 O1 58.4{90 01 18.1 {90 00 N6.4
« and mean ¢ 88.1 34.1134.9 34.138.9 34,1
log (0.5—m) 9.63246 9.6602% 9.64992
logs 4,18146 4.10702 4.23756
colog p 3.19485 3.19620 3.19608
cologwin 1/ 5.31443 5.314483 5.31443 5.31443 5.31443 5.31443
log ( in secs.) 2.32320 2.27786 2.39797
Ein sece. 210.5 189.6 | 2800
Or-rthinsea. | 49201 |411108 | +243.6
log ditto 1.96426 2.04727 2.38668
T 4.68557 4,68557 4,63558
loz 2 4.13146 4,10702 4.23756
log o tan (00° -1 +8]] | 0.83120 0.83986 1.30982
log A + 2 +2 +2
log B (] 0 0
|tz ¢ 0 0 [*]
log (ka=hy) 0.83131 0.83988 1.30984

1

1

{ b +6.78 + 6,92 +20.41

o

lio =0.54 =-1,60 -6,02

| Comected (hy = By )) 4+ 6.3 + 5.32 +14.39
log p=9-21lcgs 0.6371 0,7860 0.5249

i 4.34 6.11 3.35
Weightel mean clemiion ofsla, oo,

11—5M5

F1a. 46.—Computation of elevations from nonreciprocal observations

LEAST-SQUARES ADJUSTMENT OF DIFFERENCES OF ELEVATIONS

After all differences of elevations have been computed, both from
the reciprocal and the nonreciprocal observations, and their weights
determined, the next step is the adjustment of these differences of

elevation by the method of least squares.

An example of such an

adjustment, from the formation of the equations to the determination
of the final elevations, is given in detail on the following pages for the
differences of elevation represented in Figure 43.
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The adjustment of vertical observations is made by means of
observation equations. Elevations in even meters approximating the
final values are first assumed for the different stations. To these
assumed values are added x's to be determined by the adjustment.
Then observation equations are formed by comparing the differences
of the assumed elevations with the differences determined by
computation.

In the first one of the following tables are given the stations already
fixed in elevation and their elevations. In the second table are given
the names of the stations whose elevations are to be fixed by the
adjustment and in the second column of this table their assumed ele-
vations and correction symbols. The last two columns of this table
are filled in after the adjustment is completed.

If any of the stations of the scheme have been determined in ele-
vation directly from first-order leveling their elevations should be
held fixed in the adjustment. The mathematician making the adjust-
ment should be very careful at the start to ascertain whether there are
any direct connections with first-order leveling.

Fized elevations

Elevation
Station

Meters Feet

320,90 1,082.3
301. 40 088, 8
298, %0 980.3
333.35 1,003.7
324,65 1,085.1

Assumed and adjusted elevations

Elevation
. : !
Station Assumed, Adjusted
plus cor-
rection Meters Feet
Metcrs
Keele ... 3114-r 310. 41 1,018. 4
Hastings. 313+4-r2 312.81 1,028.3
Byers.___ 31045 318.47 1,044 8
Ballar. .- 314414 313. 60 1,028 9
______________ 320415 319.75 1,049.0
Thornbexry ______ 321413 319. 90 1,040.5
Willis. ... 330417 338. 05 1,109.1

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

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



Formation of observation equations
Assumed { Observed Adjusted
. difference | difference | Assumed difference | Adjusted
Station 1 Station 2 Weight of of minus Symbol of minus v " prt
D elevation | elevation | observed elevation | observed
=M =M 3=y r

1 2,45 —18,90 —18.79 —0.11 4+ -19. 49 —0.70 —1.72 0.4900 1. 2005
2 1.45 -9, 60 --§. 24 +3.36 +n 9. 01 2,77 +4.02 7.6720 | 11 12f7
3 2,51 +12.20 412,08 +.12 +ury +11.61 —.47 —1.18 . 2209 . 6045
4 225 —16.90 —16.29 - 61 +r2 —17. 08 —. 80 —1.80 . G400 1. 4400
5 7.30 +2.00 +2.17 —.17 | =rtr +2.40 +.23 +1.68 . 0529 . 3862
8 127 +14. 20 +13.82 +.38 +r2 +14.0 +.19 +.24 . 03681 . (458
7 3.85 +8.¢0 +5.94 +.08 | —xretrs —+35. 66 - 28 -1.08 L0784 . 3018
S 4.34 -8, 00 -8, 20 —.20 | —n+n —+8, 06 -4 - (i1 . 0196 . 0851
9 4,18 +20. 20 +19. 09 +1.11 3 +19. 67 +. 5% +2.42 L3364 1. 4062
10 3.05 -+1. 00 T +.23 | —retay +.76 +.02 +. 06 . 0004 0012
11 3.82 -5, 00 —5.13 +.13 | —rtx ~4. 87 +.28 -+.99 . 067 . 2582
12 1. 84 +7.00 6. 34 +.66 | —xrstrs +6.94 +. 60 +1.10 . 3600 . 6624
13 23.33 +4-6. 00 +6.19 —19 | —ndrs +6.15 —. 04 —. 03 . 0016 . 0373
14 L 96 -+1.00 +2.50 —1.50 | —rtrs +1.28 -1.22 —2.39 1, 4884 29173
15 ’I‘hornbel 5 2 4.94 +1.00 +1.24 -2 | -1t +.15 —1,09 —5.38 1. 1881 5. 5692
168 Thornberry ..o .- 204 +7.00 +5.32 4168 | —rtbs +6.30 =+. 98 +2.00 1. 9502
17 Thnrnhelry .............. 2.92 -2, 00 -+. 67 +1.33 | —rytxs +1. 43 +.76 2, 22- . 5776 1. GE66
18 Willis_. ... 4.72 +19. 00 +17.92 +1L08 | —rs4r7 +18.30 +.38 +1.79 <1444 . 6816
19 Willis. ... 12.23 +18.00 +18, 40 —.40 | —=rsta7 +4-1%. 15 -2 3. 08 . 0625 . T644
20 Gammill .. ... 6.19 +13.35 +13.37 —.02 —s +13.60 +.23 +1.42 . 0529 .3275
21 Gammill.____.__________. 1.12 +12.35 +14.39 —2.04 —rs +13.45 -9 | ~105 . 8836 . 9896
2 Gammill__..._. tmmmmmmmem 0.73 -—&.65 —4.25 —-1.40 —I —4.70 —. 45 —4.38 . 2025 1. 9703
23 Cashion.____._____._.____ 15.32 —14,35 —13. 59 —.76 - —13.40 +.19 +2.91 . 0361 . 5531
24 Cashion. .. _......__ ! 7.82 +3.65 +4.37 —.72 —% +4.75 +.38 +2.97 1444 1. 1202
! Spr? | 36.3529

1 Computed from nonreciprocal observations.

Weight used here is one-third of that determined by the computatiorr on p. 167.

SNOILVAETE 40 INTIWLSAradv ANV NOILLVIAJWOD

691
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The data in the second, third, fourth, and sixth columns are
obtained directly from the computations of the differences of eleva-
tions in Figures 45 and 46, except that where the difference of ele-
vation, h;—h,, is determined from nonreciprocal observations the
weight, p, used in the adjustment is one-third of the weight determined
in the computations. The quantities in the fifth column are obtained
from the data given in the tables of fixed and assumed elevations on
page 168.

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

(1) Monument, fixed elevation =329. 90
(2) Keele, assumed elevation +correction=311  +a,
ha—hy (assumed) =—18. 90+
hy— Iy (observed) = —18. 79+,
assumed — observed =—0.114+x,—1,=0
py=—0.11+z, (1)

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

(1) Benton, fixed elevation =301. 40
(2) Keele, assumed elevation+ correction=311  +ux,
hy— My (assumed) =+9.60+x
hs— N, (observed) =+46.244+n,
assumed — observed . =+43.36+x;—.=0
re=+3.36+x @)

The other 22 observation equations are formed in a similar manner.
The constant terms of the equations (—0.11 in equation 1, +3.36 in
equation 2, etc.) are placed in the column ‘ Assumed minus observed ”
and the symbols for the unknown corrections (+i; in equation 1,
+x, in equation 2, ete.) are placed in the column “Symbol.”

After the first eight columns of the preceding table of observation
equations are filled in, the table below in which the observation
equations are written in horizontal lines with the z's in their respective
columns is made out for convenience in forming the normals.  In
the second column of this table are given the weights, p, and in the
third column the constant terms, N, of the observation equations,
In the last column the products, p N, are given.
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Data for formation of normal equations
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FORMATION OF NORMAL EQUATIONS

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

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

Normal equations

1 | +18.06 —7.30 =434 | [emme oo aeeao] +13. 4227
2 -+19. 56 —~3.85 -3.06 —1L8 | ... —. 757!

3 +2L.07 —3,82 —1,98 —2.92 6. 7426
4 +82.24 | —28.33 —3.04 —+2. 2036
5 +42.08 —4, 04 —3. 7565
6 31,07 +27. 8724
7 +50. 5208

640737°—45——12
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SOLUTION OF NORMAL EQUATIONS

These normal equations are solved in the same manner as the
normal equations for the adjustment of horizontal directions. (See
p. 38.) The complete forward and back solutions are given below.

Solution of normal equations

I
1 2 3 5 [ 7 4 7 b}
+18.05 | —7.30 —~4.34 +7.0127 |+13.4207
2| 40443 | 424044 —. 38851 | —. 74384
19, 56 ~3.85 —1.84 —4, 277K ~—. 7578
1] —2.9528 | ~1.7552 |._.__._... . +2.8361 | +5. 4256
+16.6077 | ~5.68052 | —1.84 —1.4417 | +4.8708
Zz3 | +.33751 | +.1107 .. +. 08681 | —. 25124
+21.07 —1.96 —2.92 ... —3.82 +2.562¢ | 46, 7426.
1| ~00435 |oeomro eI +1.6861 | 43 271
2 [ —1.8918 —1.0294 —. 4866 | +1 5764
+18. 1347 —4.8494 | +3.7621 |11 5481
I3 +. 26741 —. 20745 | —. 63670
+12.9% —4.94 —4.72 —23.33 —9.9465 | —3.7565
2 | —2080 |oeooo oo —. 3379 —. 1597 | +.5175
3 | —.3678 | —.4156 |- —. 6902 +.535¢ | 416433
42,4085 | —5.3556 | —1.72 —24, 3581 —9.5708 | —1. 5057
5 | - 12620 +.11130 0 +.57436 | +.22568 | +.03768
+3L.07 [—12.23 —~2.04 +18.9324 (4+27.8724
3 [ —4702 | ... —. 7808 4. 6057 | +1.%502
& | —.6764 | —. 5961 -3.0760 | —1.2086 | —.2015
-|429.9234 1128261 —5.8068 | 418.3295 [429. 53010
2 | 442863 | 419706 |  — 61285 | —. 0R6SH6
200 425, 4708 [450. 5208
5 0 —.5258 | —27110 | —Loes2 | —. 1776
6 | —54076 | —2.5375 | +7.8566 (+12.6576
+35.9771 —5.2385 | 4322622 |463.0008
F +. 14561 —. 50674 | —1.75118
+32.24 +2. 2036 2. 2036
2 —. 5601 —. 2643 + 8578
3 —1.2968 +1.0060 | 5. 0878
5 | —13.9903 | —5.4971 —.9165 |
8 | —L1620 | 43.6120 | 45 8143
7 —. 7628 | +4.6076 | 491733
+14.4680 | 457573 (420, 23513
x4 ~. 30793 | —1.89793
Back solution
4 7 [ 5 3 2 1
—0.39793 —0.80674 | —0.61255 | +40.22568 | —0.20745 | -+0.08681 —0. 35851
—. 05704 —. 07842 —. 22858 —. 10641 —. 07303 ~. 12855
—. 39798 [——— —. 40920 —. 10626 —. 17715 —. 02748 —. 07740
—.40 —. 95168 —. 13504 —. 03531 —. 17784
FA —. 95 —1.10017 —. 50246
x -1.10 —. 24808 —. 52632 —. 19139 -~ 59
- T -. 25 —. b3 —. 19 I
x5 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 v
in the next column is simply the adjusted (h;—h,) minus the ob-
served (h,—h,;) and is obtained by subtracting the quantity in column
6 from the corresponding quantity in column 9.

The column headed p» is obtained by multiplying column 10 by
column 4,.and the column headed p* is obtained by multiplying
column 12 by column 4.

As a check on the computation the sum of all the 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 #’s. In computing this check the sign of
the » must be taken into account. For example, for station Keele,
correction symbol x,, we have

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

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

Spo=(+1X —1.80)+ (+1X +1.68)+ (+ 1 X +0.24) + (—1X —1.08)
F(—1X +0.06)+ (—1X +1.10)= — 1.80+1.65+ 0.24 + 1.08 — 0.06
—1.10= +0.04.

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

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

=pv

N,— N,

in which N, is the number of observed zenith distances, N, is the
number of unknowns, and = indicates as usual ““ the sum of.”
= pr*=36.3529 (See p. .169)
N,— N,=24—7=17 (See Fig. 43.)

log 36.3529 =1.56054
colog 17=_8.76955— 10

Probable error= +0.6745

b
log N:f”zNu=o.33009

Ipr*

log 0.6745=9.82898 — 10
log probable error=9.99402— 10

Probable error (observation of unit weight)= £0. 99 m.
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This means that the reciprocal observations over a line 31.6 kilo-
meters (1924 miles) long, this being the length of line corresponding
to unit weight, determined the difference of elevation of two points
with such a degree of accuracy that it is an even chance whether the
error is greater or less than 0.99 meter.

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

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

2y T

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 diagonsal term
before division in the solution of the normal equations. For x,, the
correction symbol for station Bailer, it is +14.468. (See p. 172.)
The probable error of the elevation of Bailer is therefore

0.99)?
* \/ 14468
log 0.99=9.99402—10 (See p. 173.)

log (0.99)%=9.98804— 10
log 14.468=1.16041

(0.99) _

log 14.468_8'82763 10
(099 _

log ———-14_468—-9.41382 10

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

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

DEPARTMENT OF COMMERCE
U. 5. COAST AND GEODETIC SURVEY
Form 29B

COMPUTATION OF ELEVATIONS FROM NONRECIPROCAL OBSERVATIONS.

Station 1, oce. Momment Keele Hastings Lee
Station 2, oba, loupola E.S. Gupols H.S|Cupola E.S| Cupola E.S.
Hastings - | Hastings Hastings | Hastings
Object sighted Top Top Top Top
6 v u o 1 W o I = o v w
4 90 04 53.8 PO 00 29.6 |89 53 67.4 90 05 42.2 |,
ud mean ¢ 6.8 34.2 9.5 34.2 (2.8 34.2{78.9 24.2
Tog (0.5—m) 9.67403 | 9.67367 | 9.66502 | 9.65706
logs 4.25095 | 4.19443 | 3.78252 | 4.41427
colog ¢ 3,19485 | 3.19663 | 3.19660 | 3.19491
('nlgglinl" 5.31443 5.314438 5.31443 5.91443 5.31443 5.31448
Tog (k in sece. 2.43526 | 2.37916 | 1.95857 | 2.58067
Finsecs., 22.4 23914 90,9 380.8
[}
(90° =i+ fn seca. -2 | +2008 | L5135 | +3me6
log ditto 1.33041..| 2.32081 | 2.71054 | 1,88659
T l 4.68557 | 4.68558 | 4.68558 | 4.68557
Yox s  4.25195 | 4.19445 | 3.78252 | 4.4142%
log [s tan (90°—3,-+E)] 0.28793,,| 1.20132 1.17864 0,68643
log 4 2 2 2 2
log B ) 0 o .0
g ¢ [+] 0 0 0
og (hs=h) 0.26795, | 1.2013¢ | 1.17866 | 0.68645
iy -1.85 +15.92 | +15.09 +4.86
EY 329.90 310.41 212.81 319,75
les £2,12 +202 | #1484 | + 842
Corrected elevation 330,17 328.45 329.34 331,03 '
log pm9—21og s 0.4961 0.6111 1.4350 0.1715
» 3.13 4.08 27.28 1.48 .

Roightel mean cliralion of cla, ohe. 329.38

L—soth

Fie. 47.—Computation of elevation of intersection station

As the final step in the computation of elevations from zenith dis-
tances, a table is prepared giving the elevations of the stations, both
in meters and feet. The elevations in feet should be given to one
less place of decimals than the elevations in meters. The table should
be placed at the end of the computation where it may be readily found.
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Table of elevations

Elevation
Station 7 —
Meters Feet
320. 90 1,082.3
301. 40 G88. 8
298, 50 0%0.3
333. 35 1,093.7
324.65 1,065.1
310. 41 1,018. 4
312. 81 1,026.3
318. 47 1,044 8
313. 60 1,028.9
319,75 + 1,049.0
Thornberry 19, 90 1,049.5
Willis. . 338.05 1,109. 1
Hasting cupola. 320. 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
& 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”7 16720. The observed values
of the three directions involved are given in column 2 of Figure 48.

Compuiation of mean correction, station Monwment

1 2 3 4 L)
Prelimi- .
: Final
Observed nary Difference

Station T d corrected
direction E(;;erggfgg 3-2) direction

L] ’ ” r” ” ”

Grande________ 25 00 27.23 27.23 0.00 26. 47

Corpus._______. 80 32 48.42 4911 +-. 69 4R 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

1D
+ 23 28 =+ 0776.
This mean is then applied with opposite sign to each of the values in
column 3 to obtain the final values in ecolumn 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.

U. 8. COAST AND GEODETIC SURVEY

The angles thus

obtained should be identical with the fixed values given above.

DKPARTMENT OF COMMERCK
U. 3, COAST AND GEODETIC SURYEY
FoRrm 24A

The rule to be followed

F L — then in making the direc-

Station,,_ Monument Computed by efaDs . tiONS alhres;ldy ﬁxe.ti_ consist-
R ent with the new directions

Obsarer SaTuBa MAT . Chockadby — 1T is as follows: Take the ob-
Sramions O3sEavED Prneron e Enconta  served direction at one of

o o+ w " the fixed stations as an ini-

tial and add the fixed angles

Ringold 0 00 00.00 in order to obtain a set of
Orande 25 00 27.28 26.47 preliminary corrected direc-
Hebron 31 47 59.55 tions for the fixed stations.
com 80 32 48.42 48.35 Take.a,n algebraic q1ea.n Of
Pancho 118 19 55.00 the dlffel‘“ences obtained by
sarola 179 58 03.72 04,55 sybtra_wtmg the ohserved
F1q. 48.—List of directions, with some directions previ- directions from these cor-
ously fived rected directions and apply

it th.h opposite sign to the latter to obfain the values for the final
seconds column.

NUMBER OF EQUATIONS IN ADJUSTMENT OF UNUSUAL FIGURES

Itfrequently happens that themathema-
tician in forming equations for an adjust-
ment makes a mistake in using either too
many or too few. Figure 49 is an example
where the number of equations necessary
to adjust it is not at once apparent.

There are only two triangles in this fig-
ure and both have one concluded angle.
It would appear at first as if there were
only one side equation and no angle equa-
tions. There is an angle equation, how-
ever, due to the fact that the sum of the
interior angles of a quadrilateral must
equal 360° plus the spherical excess of
the quadrilateral. This equation is
formed as follows:

Marsh

Surf

Tide
¥ic. 49.—First example of unusual
triangulation figure
? I

o

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

Sum — (1 +(3)— (H +(5) 360 00 09.3

As there is no spherical excess in this quadrilateral, we have
360° 00" 0070=360° 00’ 0923 — (1) + (3) — (4) + (5)

0=+93—-(1)+(3)—-(4)+(5)

or
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DEPARTMENT OF COMMEACK
e & coet am crsmric Sy COMPUTATION OF TRIANGLES
State:
COREERY VIR W S .
¥o. BTATION OBSEAVED ANGLE  CORR'N SIERRL Srmzan  FLANE ANGLE LOGARITIIM
23 Rall - Tide 3.437932
=142 1 Marsh 16 25 20.7
+5 2 Rell 135 09 30.6
+1-2-5 3 mTde (3 25 0.7)
1-3 Marsh - Tide 0.0
1-2 Marsh - Rail
23 Tide - Surf 3.644408
=3+3 1 Wersh 37 19 12.8
+2 - 3+4 2 Tide (52 4 34.0)
-4 3 Surf 109 &8 13.2
13 Marsh - Surf 0.0
1-2 liersh - Tide

Fic. 50.—Triangle computation for Figure 49

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

! 114
Angle at Tide, Marsh to Rail (+1—2—5) 28 25 08.7
Angle at Tide, Surf to Marsh (+2—8+4) 32 44 840

Angle at Tide, Surf to Rail (+1—3+4—5) 61 09 42.7
Since the fixed angle at Tide, Surf to Rail, is 61° 09’ 5270, we have
61° 09 4277 +(1)— (3) + ()~ (5) =61° 09’ 52”0
or-
0=+493—-(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 ¢ D F' E and two angle
and one side equations in the quadrilateral A B D O, or a total of
six equations. However, if the figure is built up point by point, it is
seen that there are seven equations, as shown below:

Number of equations
Station

Angle Side

O | R
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 C. If the latter one is
used then the equation is, angle ' A D +angle A D E +angle D EC
+angle E ¢ A—the closure=360°+ spherical excess.

A B

E F

Fiz, 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.)

wagnoia fizg P08
Baker L. H e

Eastern Point

(]
Halfway Rock

Fi6. 52.—Trisngulation figure requiring length equa-
tion instead of ordinary side equation

Side equation

' —
Baker LY. —HaliwayRock| 3588801 |- eveeeeoeo Baker L.H.—EasternPoint| 4045264 |.-ec._....
-] ’ ”» o ’ n
+2 47 46 56.1 | 9.8605797 +1.01 —243 22 43 22.5 | 9.5%68066 | --5.03
—1143 | 180 14 080 | 95496601 | ~—5.55 +1 | 13 M 189 | 9.375408 | 861
3.0077308 ' 3. 0076100

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

v Adopted »
1 —3.08 —1.430 —1.4
2 +6. 94 +3. 244 +3.2
3 —10. 58 —4, 045 —4.9

Solution of normal equation

0=—179.21169.4636 C

C=-+ 04674
D"‘“’o‘n‘rﬂfno’ COMMERCE
e g« e COMPUTATION OF TRIANGLES
State:

No. BTATION OBSERVED ANGLE  CORR'N STERML Sroxwn  ELANE ANOLE LOGARITHM
23 zestern Polnt-3oker L.H. 4,045264
lgnznolls flag pole 159 14 06.0 -3.5 02,5 0.450320

41 2 Eastern Point 13 44 18.9 <14 17,5 9.375637

-2 3 Baker L.H. 7 01 355.1 <+4.9 40.0 9.087806°
1-3Magnolia flag role-Baker L.H: 3.871221
1-2 Mpznolia flzg pole-Eastern Point £.585190
23  Hslfwoy Rock-Saker L.H. 2.538491
1Megnolia flag pole 22 43 22.5  -8.1 14.4 14.4  0.413144

+2 2Halfway Rock 47 46 55.1 +3.2 58.3 8.3 9.869536

=3 3Boker L.H. 109 29; 42,5 +4.9 47.4 0.1 47.3 9.974356
1-3 Magnolia flag pole-Baker L.H. 0.1 3.871221
12 Magnolia flag pole-Halfwsy Rock 3.97599)

Fi16. 53.—Triangle computation for Figure 52

IDENTICAL EQUATIONS

One must be very careful in the selection of equations for an
adjustment, especially if the scheme is much involved, to avoid what is
known as an ““idéntical equation,” which often is not discovered until
the solution of equations is made. In the solution, the diagonal term
of the identical equation will become zero, or nearly so, and the error
in selecting the equation thus becomes known.
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Below is given an illustration of a set of five equations, three angle
and two side, in which one of the side equations is an “identical
equation.” The solution of the equations is carried as far as the
diagonal term of the identical equation. It is seen that the diagonal
term of the fifth equation is practically zero, and this means that
the fifth equation is not an independent equation.

Collins

Chamcook

Cooper
Fi6c. 54.—Triangulation figure for which “identical equation”
was selected
Angle equations
1. 0=43.7—1)+ 2+ (B)—(6)
2. 0=—24—-2)+B)+®6)— ()
8. 0=+11-3B)+®H+(M—(8)
Side equations
L] , ” -] ’ n
-7 27 43.7 9. 6701159 +-3.98 +6 25 57 20.1 9, 6411890 +4.32
—6 16 52 35.5 | 9.4628623 46,04 43 12 30 55.0 | 0.3400405 { -£0.37
-8 37 22 42.4 | 9,7832437 +2.76 +7 59 13 352 | 9.9340924 | +1.25
8.9162219 1 s 9162318
4, 0=-—9.9—11.26(6)—5.23(7) —12.13(S)
—13 —8
Rye-Chameook 44205047 Rye-Collins 4.3145841 [ooo.___..
+ 12 39 55.0 | 9.3409495 +8.37 +2—-47[ 150 27 8.0 | 9.6928920 [ —3.72
—243 | 126 08 451 | 9.9071522 ~1.54 -7 27 53 48.7 | 9.6701150 | +43.98
3. 6778051 3.6775921

7 5, 0=+13.0+5.26(2) —1.54(3) —3.72(4) +-3.98(7) +9.87(8)
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Correlale equalions

1 2 3 4 L e
-1.00
+5.28
—L5
-2.72
+1.00
—11.26
—1.25
~3.76
Normal equalions
2 3 4 5 ] Za
1| 44 | =2 f...... +11.26 +5.26 +8.7 | +22.22
3 +4 53 —6.03 —10.78 —2.4 | —19.21
3 +4 +6.90 —7.57 +L1 | +2.43
4 +301.2774 | —134.4735 | —9.9 | +169.0339
5 +147.5149 | +13.0 | +12.9514
Solution of normal equations
3 4 ) 7 =2
............. +11.26 +5.26 +3.7 +22.22
_____________ —2.815 —L.315 —. 925 —35. 555
-2 —6.08 ~10.78 —2.4 —10.21
............. +5.63 +2.63 +1.85 +11.11
—~2 —~. 40 —8.15 —.55 —8.10
-+. 66667 -+.13333 +2. 71667 +.18333 +42.70
+4 +6.90 —17.57 +1.1 +2.43
—1.8333 —.2667 —5.4333 —. 3667 —5.40
+2. 8667 +6. 6333 ~13.0033 +.7333 —2.97
Cs —2.4875 +4.87625 —. 2750 +1. 11375
~+301. 2774 —134. 4735 —0.9 +169. 0339
1 —31. 6969 —14. 8089 —10. 4155 —62, 5493
2 —.0533 —1.0887 —.0733 —1.0800
3 —16. 5003 +32. 3456 —1. 8242 +-7. 3878
+253.0269 —118.0215 ~22.2130 | +112.7924
[ +. 46644 +.08770 —. 44577
+147. 5149 +13.0 . +12. 0514
1 —6.9169 —4. 8855 —20. 2163
2 —22. 1409 —1.4941 —22.0050
3 —63. 4073 +3. 5759 —14. 4825
. 4 —>55, 0500 -10. 3611 -+52. 6104
~.0002 —. 1448 —. 1450
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COMPUTATION OF -TRIANGLES

Form 25
State: ... Maine

;l-(:.--_ ETATION OBSERVED ANGLE

23 Cooze r-Rye
142 1 Mag 24 29 20.9
+5 2 Cooper 25 52 15.7
-6 3 Rye 119 38 2.5

1.3 Mag-Rye

1-2 Mag-Cooper

23 Cooner-Collina
-1+3 1 Mag 160 38 06.0
+5 2 Cogper 6 09 35.8
-7 3 Collins 13 12 19.7

13 Mag-Collins

1-2 Mag-Cooper

23 Rye-Collins
=243 1 Meg 126 08 45.1
4+6 2 Rye 25 57 29.1
<7 3 Collims & 53 43.7

13 Ueg-Collins

12 Mag-Rye

23 Collins-Chamcook
-3+4 1 Mag 83 23 43.9
+7 2 Collins 59 183 25.2
=8 3 Chamcook 37 22 42.4

13 U¥ag-Chamcook

12 Mag-Collins

23 Chamcook-Cooper
414 1 ung 15 58 104
4+8 2 Chamcook ¢ 11 30.8
-5 3 Cooper 24 50 17.6

13 Mag-Cooper

12 Mag-Chamcook

2-3 Chamecook-~Rye
+2-4 1 Mag 150 22 21.0
+8 2 Caemeook 12 39 556.0
=6 3 Rye 16 &2 35.5

13 Usg-Rye

12 Mag-Chamsook

F1a. 55.~-Triangle compuiation for Figure 54

CORR'N Srern'i GrEcxL

3.7

~1.3

+2.4

-1.3

ARALE

0.1
0.1
0.2
0.4

0.1

0.1
0.2

0.1
0.1

0.1
0.3

0.2
0.1
0.1
0.4

0.3
0.3
0.3
0.9

0.1

0.1
0.2

LOGARITHM

4.1907579

4.5386319

4.3145841

.4.2624872

4.5299291

4,4295047
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A careful inspection of the side equations on page 182 will show
that both equations relate to the quadrilateral Rye-Mag-Chamcook-
Collins, and they differ only in that Mag is the pole in the fourth
equation and Rye in the fifth. The fifth equation should have been
formed for the quadrilateral Mag-Chamcook-Cooper-Rye, with the
pole at Mag. Although it is easy to see in a simple figure such as the
one above when an ‘“‘identical equation” is selected, it is much more

- difficult to see in the case of more complicated figures and all equa-
tions should therefore be selected very carefully.

ADJUSTMENT OF QUADRILATERAL WITH POLE AT INTERSECTION
OF DIAGONALS

In the adjustment of quadrilaterals it frequently happens that it is
impossible to include the two smallest angles in the formation of the
side equations by taking the pole at any one of the four vertices.
In such a case the pole should be taken at the intersection of the diag-
onals. An example of such an adjustment is given below. (See
fig. 56.)

The angle equations are formed in exactly the same manner as
in the ordinary quadrilateral. (See p. 35.) The side equation is
formed as follows: Call the intersection of the diagonals O. (See

fig. 56.)
Then

O—Tall o O—RidgeyO—Stump. O—Muketeo L. H. 1
O—Muketeo L. H.”* O-Tall * O—Ridge O —Stump o

Substituting the sines of the angles opposite the sides for the sides
we have
gin (—3+4) sin (—6+7) sin (—9+10) sin (—2)=1
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
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of the equation. That is, in the example given here (—3+4),
(—6+7), (—9+10), and (—2) are placed in lines 1, 2, 3, and 4,
respectively, of the left side of the equation, and (—5+6), (—8+9),
(—1+2), and (+3) are placed in lines 4, 1, 2, and 3, respectively,
of the right side of the equation. The two angles in the same
horizontal line in the side equation can then be taken out of the
same triangle.

Ridge <2 -
0
Stump 3 &
. Muketo L. H.
Fi:. 56.—Quadrilateral with pole at intersection of diagonals

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

Angle equations

1. 0=+44 9—(1)+(3)— (94 (10)
2. 0=—2.0—(2)+#)—(5)+(6)
3. 0=43.4—@+@—(5)+(T)—(8)+(9)

Side egquation

o ’ ” o ’ ”
—3+4 139 26 00.8 9. 8131113 —2.6 —8--9 16 03 51.3 | 9. 4420329 +7.3
—847 7 28 414 9, 1125085 +16.1 —142 R0 24 45.5 | 9.993%014 s
—9+10 76 04 52.1 9. 9870570 +.5 +3 11 53 0L.8 | 9.3137156 +10.0
-2 11 37 25.5 9. 3042404 +10.2 —5+6 17 03 20.9 | 9.4673165 +6.9
8. 2169182 8. 2169564

4, 0=—38.24+0. 4(1)—10. 6(2)—7. 5(3)—2. 5 (4)+6. 9(5) —28. 0(6) 4-16. 1(7)
+7.3(8)—7.8(9)+0.5(10) (This equation should be divided by 5 before
entering it in the table of correlates.)

Correlate equations

|
1 2 3 4 = v Adopted
1 —0.92 | +2.9202 | 422
3 312 | 2541 | —26
3 —150 | —.801 fing-
1 +1.50 | — 242 -8
5 —62 | +.54 +.5
8 —3.60 | .23 +.2
7 +am | o 8
8 .46 | 2388 | 424
9 -5 | -2 —.2
10 +L10. | 21 | -21
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Normal equations
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1 a 3 4 ‘ 7 | Za c
1| 44 | —2 +0.08 +4.9 +86. 0% —2.1752
2 1| 42 —4.36 —2.0 —. 36 +1.8162
3 +6 —.18 43,4 +49.22 —1.8369
4 4450088 | —7.64 | 432 0088 +.3420
Solution of normal equations
1 2 3 4 n =a
R S —— —2 +0.08 +4.9 46,98
C: +.5 —02 —1.225 —1.745
+4 2 —4.36 =20 —-. 36
Ca| -5 +1.09 +.5 +.09
+6 —18 43.4 40, 22
1| -1 +. 04 +2.45 43.49
2| -1 +2.18 -+1.00 +.18
+4 +2.04 +6.85 +12.89
Cs —.51 —L7125 | —3.2225
45, 0083 —7.64 +32, 058
1 —. 0016 — 08 —. 136
3| —4.7524 —2,180 —. 5024
3| —L0404 —3.4935 | —6.5730
430.2144 | —13.4115 | 4258020
Oy 0. 34200 ~. 65800
Back solution
4 3 2 1
40.3420 | —L7125 | +0.5 —1.22%
—. 1744 =+. 3728 —. 0NaR
~+. 9434 —. 4434
—1. &869
L8162 | —2.1752
Computation of v's
1 2 3 4 5 [} 7 8 9 10
+2.175 | —1.816 | —2.175 | +1L816 | —1.816 | +1.816 | —L.88&7 | 41.387 | 42175 | —2175
+.027 | —.725 | 41.887 | —L837 | +1.887 | —~1L.573 | +L101 | +.499 { —1.887 | +.03¢
—513 | —.171 | 4.472 —. 533
+2.202 | —2.541 +. 243 —. 786 | 42336 =2.141
+2.2 -2.6 —.201 =2 3 ig-ts 4.2 —~.8 +2.4 —-.345 —2.1

640737 —15

13
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DEPARYMENT OF COMMERTE
ws

CousT o Cioncric suavie COMPUTATION OF TRIANGLES

State: _ Masanchuaetts . . ...

wo. STATION OBSERVED AKGLE ~ CORRN SFEZRL SrEERL  BIANE ANGLE LOGARITHA

23 Muketeo L. H. - Stump 5.526870
-980 1 Ridge 76 04 52,1 -1.9 50.2 0.01:2944
1 +3 2 luketeo L.H. ,11 53 Ol.8 -0.8 01.0 9.213708
-1 3 Stump 92 .02 11.0 -2.2 08.8 9.999726
13 Ridge - Stump -4.9 2,8585:2
1-2 Ridge -~ Muketeo L.H. 3.539540

04,9
23 Muketeo L.H. - Stums 34526870
=546 1 Tall 17 03 20.9 -0.3 20.6 0.532685
2 44 2 |lMuketeo L.H. 151 19 1l1.6 -0.2 11.3 9.681169
-2 3 Stump 11 37 25.5 +2.6 28.1 9.304267
13 Tall - Stump +2.0 3.740724
12 . Tall - Muketeo L.H. 3.363822

58.0
23 Muketeo L.H. - Ridge 3.539540
«5+7 1 Tall 24 30 02.3 -l.3 01,0 0.232268
3 -3+4 2 Muketeo L.H, 139 26 09.8 0.5 10.3 9.813110
-84 9 3 Ridge 16 03 b51.3 -2.6 48.7 9.442014
1.3 Tall - Ridge =34 3.734918
12 Tall - Muketeo L.H. 3.363822

03.4
23 Stump - Ridge ) 2.8563522
-647 1 Tall 7 26 4l.4 -1.0 40.4 0.887506
4 -142 2 Ssump 80 24 4b5.5 -4.8 40,7 9.993890
-840 3 Ridge 92 08 43.4 ~4.5 38.9 9,993696
13 Tall - Ridge -10.2 3.734918
12 Tall - Stump 3.74072¢

10.3

F1a. 57.—Triangle computation for Figure 5
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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 gond il
careful about is the proper designation of
the angles. In the following example (see
fig. 58) the triangle, Ramparts flag-Bond
Hill-Ten Pound Island L. H. has two con-
cluded angles, one at Ramparts flag and
the other at Ten Pound Island L. H. In
triangle No. 4, Figure 59, the angle at Ten Eastern Point L B
Pound Island L. H. is the sum of the two 5 m__Qu;drﬂmm having one
angles at Ten Pound Island L. H. between  triangle with two ooncluded
Eastern Pt. L. H. and Bond Hill, and be- &
tween Ramparts flag and Eastern Pt. L. H. In triangles Nos. 1 and 3,
+3—5 (Ten Pound Id. L. H. between Eastern Pt. L. H. and ° ’ "

Bond Hill)=104 53 11.1

—1+42 (Ten Pound Id. L. H. hetween Ramparts flag and
Eastern Pt. L. H)= 16 09 19.0

~~._Ten Pound Island L. H.

\‘}’ Ramparts flag
o

—14+243—5 (Ten Pound Id. L. H. between Ramparts flag and
Bond Hill)=121 02 30.1
The angle at Ramparts ﬁag in triangle No. 4 is obtained by sub-
tracting from 180° 00’ 00’’.0 plus the spherical excess (which in this
case is 070) the sum of the angles at Bond Hill and Ten Pound Island
L. H., using the proper designations as shown below.

o ’ r

—3+4 (Bond Hill) =30 52 026
—1+42+3—5 (Ten Pound Id. L. H.)=121 02 30.1
—1424+4—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 been computed and properly designated, the
adjustment of the quadrilateral is exactly the same as that of any
other quadrilateral, and so no further explanation is necessary here.

Side equation

] ’ ” o ’ ”
—1+2+43-5 | 121 02 30.1 9. 9328756 =13 —3+4 30 52 02.6 9. 7101620 +3.5
—4| 13 58 30.0 9. 3829144 +8.5 70 59 35.3 9. 9756621 +0.7
—5+6| 40 43 19.0 9. 8145064 +2.4 —1+" 16 09 19.0 9. 4444218 +7.3
9. 1302964 | 9.1302359

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

4 [ Adopted »
1 +8.6. -1.73 -1.7
3 —8.6 +1.73 +1.7
3 +2.2 —. 4 —.4
4 -12.0 +2.4 +2.4
5 =11 +.22 +.2
6 +1.7 —3 -3

Solution of normal equation

0=-160. 5+300. S6C

C=—0. 2011

DEPARTMENT OF COMMERCE
U. S COAST AND GEODITIC SURYEY
rm 25

State: .. lsssachusetts. . ..

1.

NO.

+3-5
+5
-3

. +6

-4

+-2
+56

=1+2

+1-2
=445

. =34

~1+2
+3-5

STATION OGBFERVED ANGLE CORRTY

23 Eastern Pt. L.H.- Bond Hill

1'Ten Pound Id.L.H. 104 53 11.1 -0.6
2Eastern Pt.L.H. 30 16 16.3 40,2
3Bond Hill 4 50 232.6 +0.4
13  Ten Pound Id.L.H.-Bond Hill

12 Ten Pound Id.L.H.-Eastern Pt.L.H.

23 Eestern Ft.L.H. - Bond Hill

1 Ramparts flag 95 OL 54.7 +2.7
2 Eastern Pt.L.H. 70 89 35.3  -0.3
3 Bond Kill 13 53 30.0 -2.4
13 Ramperts flag - Bond Hill

1-2 Rninparts fleg - Eastern Pt.L.H.

23 Eagtern Pt.L.H.-Ten Pound Id.L.H.

1 Remparts fleg (128 07 22.0 ) -2.9
2 Eastern Pt.L.H. 40 43 19.0 -0.5
3 Ten Pourd Id.L.H.16 09 19.0 +3.4
13 Remparts flag-Ten Pound Id.L.H.
12 Ramparts flag-“astern Pt.L.H.

23 Bond Eill - Ten Pound I4.L.H.

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 Ramperts flag-Ten Pound Id.L.H.

1-2 ' Ramparts flag-Bond Hill

COMPUTATION CF TRIANGLES

SpEER'L ErEER’t.  PLANE ANGLE
ANGLE  EXCE®S  AND DISTANCE

10.5
16.5
33.0

5.4
55,0
27.6

18.1
18.5
R2.4

a.7
05.4
32.9

F16, 59.—Triangle computation for Figure 58

LOQARITIIM

3.517770
0.014826
9.702512
9.848288
3.235108
3.380284

3.517770
0.001677
9.675662
9.232894

'8.495099

2,902341

3.380384
0.077010
9.814505
9.444447
3.272399
2.902341

3.235108
0.327119
9.710172
9.922872
3.272399
3.495099
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THREE-POINT PROBLEM

A triangulation station is sometimes determined by means of
directions observed at that station to the three fixed points of a
triangle, the sides and angles of which are either known or can be
computed. This is called the “three-point problem.”

The computations are made on Form 655 as shown in Figure 61.
Three cases are illustrated on this
form, depending upon the location
of the point, designated P, with
reference to the sides of the triangle.

If P is on the circumference of the
circle which passes through the
vertices of the fixed triangle, the
problem is indeterminate, since
any point on this 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 pople
known sides a, b, ¢, and the known
angle A of the triangle 4 B C,
and the observed angles 4 P (=P’ and A P B=P’’, the problem
is to find the angles A B P and A C P.

F16. 60.—Quadrilateral, three-point problem

For cases 1 and 2, let S=180°—"/, (4 +P’ +P"'),
and for case 3, let S=1/;, (4—P’'—P'");
__ecgin P’
Let tan Z—HH_PT' -
and tan e=cot (Z +45°) tan S

Then angle 4 B P=8 +¢, and angle A € P=8—¢if tan ¢ is positive,
and angle A B P=8—¢, and angle A (! P=S8 +e if tan e is negative.

After the angles A B P and A C P are computed all the angles
of the triangles can be obtained, and since the length of one side in
each triangle is known all the remaining lengths can be computed.
As each computed length is obtained in two different triangles, the
agreement of the two values for the logarithm of each length within
one, or possibly two, in the last place of decimals gives a check on
the computation.

The example given below is for case 1 on Form 655. In the
triangle Tide-Apple-Surf all the angles and sides are known and at
Edwards the angles Apple to Surf and Surf’ to Tide are observed.
The starting data are: P’=21° 38’ 0678, P’/=84° 12’ 579,
A=86° 29’ 423, log ¢=4.109221, and log 5=3.644409. The
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problem is to find the angle at Apple between Surf and Edwards
and the angle at Tide between Edwards and Surf. After these
angles have been determined, the logarithms of the lengths are
computed on Form 25.

DEPARTMENT OF COMMERGE
. & COAST AND 6 survey
Form
COMPUTATION OF THREE-POINT PROBLEM

Case 2 Case 3

£

-——-=3> @
—

a
>
[x]

A

4

7/

4

AN S
.« ;\ e /.’ v »
S
P
Cases 1 and 2 Case 3
P’ 21 38 06.8 P’
P’ 84 12 57.9 Pr
A 86 29 42.3
Sum
Sum 192 20 47.0 A
1%5Sum 96 10 23.5 e
A—sum
s_]_so'..%.um- 83 49 36.5 S—}‘(A—gum)-
Loge = 4.109221
Logsin P’ =  9.566668 -10
Cologb =~  6,355591 ~-10
Colog sin P*=  0,003207
Sum=log tan Z=  0.033697
Z= % i3 1470
Z+45°= 923 13 14.0
Log cot (Z+45°%) = B8.5885664, '~10
Log tan 8w 0.965928
Sum=log tan «=  -9,654484,-10 (sign o)
o1 L]
. 19 43 2.1
8 83 49 36.5
(Tan «+) (Tan e-)
8+ ¢~ angle ABP 64 08 15.4 8 —e¢=angls ABP
8-—¢=angle ACP 103 32 57.6 S+e=angle ACP
BPA 84 18 s57.9 APC 21 28 06.8 PCB 29 18 51.3
ABP 64 08 15.4 PCA 103 32 57.8 CBP 44 50 04.0
PAB 3l 40 46.7 CAP 64 48 55.6 BPC 105 51 04.7

(For explanation of this form see Special Publication No. 26, 2d edition, paragraph 108, page 57)

SuYERNET rRiTIY MTICS 118010

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

mlﬁﬂl"ﬂ
State: ... Maioe.
STATION OBSERVED ANGLE
23 Apple~Surf
1 Tide 74 14 10.9
2 Apple 19 16 12.3
3 swf 86 29 45.9
i3 Tide-Swrf
12 Tide-Apple
23 Apple-Surf
1 Fiwerds 84 12 57.9
Z Apple 64 06
3 Surf 31 40
13 Edwardg~surf
12 Edwards-Apple
23 Apple~Tide
1 Edwerds 105 51 04.7
2 Apple 4 50
3 Tide 29 18
13 Edwards~-Tide
12 Edwards-Apple
23 Surf-Tide
1 Edwards 2 38 06.8
2 surt 54 48
3 Tide 103 32
13 Edwards-Tide
12 Edwards-Surf

~4.6
-0.9

=-3.5 42.4 0.1

-9.0

CORpN STEENL SrEIR  PLANE ANOLE

ANOLE

15.5
46.8

04.1

Sl.4

xxcxss  AND DISTANGE LOGARITHM

4.,109221

06.2 0.016651

1l.4 9.513537

42.3 9.999187

0.1 30644409
4,125059

4,208221

57.9 0.002217

0.1 15.4 9.954045
0.1 46,7 9.720299
0.2 4,065483
3.831737°

4.125059

04.7 0.016837

0.1 04.0 9.848226
0,1 51.3 9.689841
0.2 3.950122
2.831737

3.644409

06.8 0.433331

55.6 9.912382

0.1 57.6 9.9687742
0.1 3.960132

4.065983 +

F16. 62.~Triangle computation for three-point problem
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ADJUSTMENT OF A FIGURE WITH AN 2-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 ‘&, it is possible to make an adjustment in which
the r 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  SQyrf, 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

mope &2 __ IA of the fixed stations is designated
" t2.” In this example, the direc-

Surf Rail

Y

7 Edwards &

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

diroction is used ignated “z.” 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:

o ’ 1

Angle at Surf, Tide to Apple, 86 29 424
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 (—=z) 31 40 46.8
Angle at Surf, Rail to Edwards (4x) 92 41 31.6
Angle at Edwards, Surf to Rail (—24-3) 18 18 16.0
Sum (—2+43+42) 110 59 47.6
180° +-spherical excess, 180 00 00.1

Angle at Rail, Edwards to Surf (+2—3—2) 60 00 12.5
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W2
3, +1-24x

-X

144

4, +1-24x
+ 2=4-x

=243
5, +x
4+ 2~3-x
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COMPUTATION OF TRIANGLES

SPECIAL PROBLEMS
State: ._Malne

STATION OBSERVED ANGLE ~ CORRW SIEL Srmzgh  FLANE ANOLE
23 Apnle~Sucf
1 7Tide 74 14 10.9 ~4.6 06.3
2 Aple 19 16 12.3  -0.9 1.4
3 Ssurt 86 20 45.9  -3.5 42.4 0.1 42.3
13 Tide-Surf =9.0 0.1
12 Tide-Apple
23 Tidc~Surf
1 m1 80 57 55,0  -3.0 32.0
2 Tide 61 09 53.5  -1.5 52.0
3 Surf 7 52 36.7 0.7 36.0
13 Rail-surf 5.3 0.0
12 ‘Rail-Tide
23 Apple-Surf
1 Edwards 84 12 57.9 40.1 £8.0 53.0
2 Aople 64 06 15.5 +2.9 13.4 0.1 18.3
3 Surf 31 40 46.8 =3.0 43.8 0.1 43.7
13 Edwards-Sur{
1.2 Edwards-Asple 0.2
23 Anple-Tide
1 Edwards 105 51 04,7 «0.2 04.5 04.5
2, bople 4 50 04.1 +2,9 07.0 0.1 06.9
3 Tide 29 13 5l.4 -2.7 43.7 0.1 4.6
13 Edwarde-Tide 0.2
12 Edwerds-Aople
23 Surf-Rail
1 Edvards 13 18 6.0 0.0 18.0 16,0
2 Surf 92 41 21.6 +3.0 24.6 0.1 34.5
3 Rail 62 00 12.58 -3.0 09.5 09.5
13 Edwards-Reil 0.1
1-2 Favards-Surf

F16. 64.—Triangle computation for Figure 63

LOGARITIIM

4.12922=
0.,016661
9.518537
9.999187
3.644409
4.125069

3.644409
0.005430

9.942508
9.733143

3.592347
3.487982

4.109221
0.002217
9.954048
9.720289
4.065486-1
3.831727

4,125089
0.016837
9.348223
9.639831
3.990129-)
3.331727

3.592347
0.502979
§.558520
9.970189
4.094846
4.065435
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Vorm e COMPUTATION OF TRIANGLES

State: .. Raine
NO. STATION OBSERVED ANOLE  CORR'N SIEIRL EPEERL  FLANE ANOLE LOGABITIIN
23 Surf-Tide 3.644409
-244 1 Edwsrds 21 38 06.8 -0.2 06.5 06.6 0.433333
€  +x 2 Suf 54 43 55.6 +3.0 53.6 58.6 9.512336
3-4-x 3 Tide 1083 32 57.7 -2.7 55.0 0.1 54.9 9.987742
1-3 Edwards-ride 0.1 3.990128
12 Edwerds-Surf 4,065485
23 Rail-Tide 3.437962
-344 1 Edwards 3 19 50.8 -0.3 50.5 1.235822
% -2424x 2 Rall 11 57 19.5  +3.0 22.5 9.316316
42-4-x 3 'Pide 164 42 49.7 2.7 47.0 9.421033
13 Edwards-Tide 0.0 3.990130_3
12 ‘Edwards-Rall 4.094847_4

F1a. 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.

o ’ 124

Angle at Tide, Surf to Rail, 61 09 52.0
Angle at Tide, Edwards to Surf (42—4—z) 103 32 57.7

Angle at Tide, Edwards to Rail (4-2—4—x) 164 42 49.7

This checks the angle obtained by the computation of triangle 7,
and as triangle 5 was used in computing triangle 7, both triangles are
verified by this check.

After the angles in the triangles have thus been checked the ad-
justment can be made, the “&” correction being treated just the
same as the numbered corrections in forming the equations. Since
there are four lines from station Edwards, there will be two side
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equations, one involving directions 1, 2, 4, and x, the other 2, 3,4, and =.
As both these equations contain z, it is possible to eliminate the
and combine the two equations into one equation involving direc-
tions 1, 2, 3, and 4. (See below.) From this point. the adjustment
is snmla.l to that of any othel quadrilateral and so no.further expla-

nation is needed.
Side equations

. -3
Surf-Tide 3.644400 ... Surf-Apple 4,100221 ...
-] r ” o ’ ”
+z | 54 48 55.6 | 9.9123816 | 4148 —344| 21 35 06.8 | 9.56A6685 | 45.31
4+2—4—z | 20 18 5.4 | 9.6s08412 | 48.75 |[+1—24r | 4 50 041 [ 9.sd2:7 | 4212
—142 | 8% 12 57.9 | 9.997783% +.21 —r| 31 40 46.8 | 9.7202006 | 43.41
3. 2444152 3. 9444155
1. =—0.3—2.33 (1)+11.39 (2)—9.06 (1) —0.98 (x)
Or (r)=—0.3061—2.3775 (1)+11.6224 (2) —9.2449 (4)
Tide-Rail 3.437082 | oceeoo. Tide-Surf 3644400 ...
—2+34z | 11 &7 19.5 | 9.3182360 | 40.0¢ || —844 3 19 50.8 | 87641784 | 436.18
-2 21 35 08.8 | 9.5666685 | --5.31 4z | 54 4% 556 | 9.9123816 | +1.48
2, 3200365 2, 3200690

2. 0=—32.5—-15.25 (2)4+46.12 (3) —30.87 (4)+38.46 (x)

Multiplying equation 1 by (S)gg {=8.633) and adding to equation

2 we obtain the combined equation with the x eliminated.

0=— 2.59—20.11 (1)4+98.32 (2) —78.21 (4)—8.46(x)
2. =—32.5 —15.25 (2)+46.12 (3) —30.87 (4)+8.46 (x)
=—35.09—20.11 (1) 4183.07 (2)+46.12 (3) —109.08 (4). (This equation
shoud be divided by 10 before entering it in the table of correlates.)

Correlate equation

1 ° A(lorpted
1 —2,01 —0.033 0.0
2 +8.31 +.136 +.1
3 +4. 61 +. 076 +.1
4 —10.91 —. 179 —.2
z +3. 008 +3.0

Solution of normal equation

0=213.3764 C—3.509
C'=+0.0164

If an approximate value for the direction designated by “z” in
Figure 63 can be obtained by inverse computation from the fixed
data and the field computations it is not necessary to solve the
three-point problem. For example, if a field position were available
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for Edwards, the approximate direction for Surf to Edwards could
be obtained by an inverse position computation between Surf and
Edwards instead of by the three-point problem. It is only necessary
to know this direction closely enough so that the tabular difference
of the logarithm of the sine will be practically the same for the approx-
imate angle as for the final angle. If the x-correction obtained by the
adjustment is large, it is no indication that the observations are
poor but only that the computed direction is considerably in error,
In some cases involving very small angles it may be necessary to
make a second adjustment unless the changes in the small angles
necessary to make the lengths check are estimated and the tabular
differences are corrected accordingly before the solution of the equa-

tions.
ADJUSTMENT OF INTERSECTION STATIONS

Observations are sometimes made upon an intersection station
from four or more main scheme stations. Only three of the 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 4 C and P B C, the
pole should be taken at P. In case No.2, A P Band A B P are the
smallest angles, and so the pole should be taken at A, the fixed
lengths A C and A B being used in the formation of the equation.
In case No. 3, C P A and (' A P are the smallest angles and so the
pole should be taken at C, the fixed lengths €' B and C A being used
in the formation of the equation, as in case No. 2. In case No. 4,
the smallest angles are P B (' and P 4 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 sextsnts,
large corrections must be expected. The number of decimal places
used for the angles and logarithms in the adjustment will depend
upon the nature of the work,
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SOLUTION OF NORMAL EQUATIONS INCLUDING TERMS USUALLY
OMITTED

In the forward solution of normal equations a check on the work
is obtained each time an equation is eliminated. The column
headed = is for this purpose alone. For example, in the second line
of the solution on page 201, the quantity —1.32 in the = column should
equal the algebraic sum of all the other terms in that line, that is,
—1-0.33333+0.33333 —0.11667 — 0.20333 should equal —1.32, which

Case 1 Case 3

3

FiG. 65.—Typical figures in adjustment of intersection stations

it does, exactly. When making this check for the ‘“divided” line,
or the last line in the solution of each equation, one must always
remember to include the —1 obtained by dividing the diagonal term
by itself and changing the sign, as this quantity is never set down in
the solution.

In the solution of the second equation of the following example
the line containing the sums of the terms in the various columns
should be checked hefore 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 I 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
= column.

If the line containing the sum terms does not check exactly but the
discrepancy is so small as to indicate that no blunder has been made in
the computation then the quantity in the = column should be made to
agree exactly with the sum of the other terms before the line is divided
by the diagonal term. For example,in the elimination of the fourth
equation in the line containing the sum terms we have +54.5519+
4.3660 and their sum equals +58.9179. But as the quantity in the
Z column is +50.9180 this should be changed to 458.9179 before
the division is made. In the same way the quantity in the = column
of the divided line should always be made to check the sum of the
other terms in the line.

In a great many cases when a blunder has been made and the solu-
tion fails to check it is possible to find the trouble by inspection,
especially if the mistake is a wrong sign on some term or the trans-
position of a decimal point. Sometimes, however, an error is difficult
to find. In such cases, each line in the elimination of an equation
can be checked. To illustrate this let us take the solution of the
fourth equation on page 201 where all the usually omitted terms are
shown in bold-faced type. In the second line of the solution we find
that the sum of —0.70—0.2333+0.2333 —0.0817—0.1423 = —0.9240
which checks the value in the = column. Likewise, in the third line,
+16.0433 4-8.0217 — 48.2605 — 2.6372 = — 26.8327 which checks the
value in the T 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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Tn the same way, for the second line of the solution of equation 4,
all the omitted terms except one will be found in column 4 in the sec-
ond line of the solution of the other equations. The exception is the
quantity in the sum line of equation 2 which must be multiplied by
—1. The omitted terms for the third line of the solution of equa-
tion 4 are ohtained 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 5 column and a counterbalancing mistake in the = col-
umn, the solution will check and the errors will not be discovered
until the triangles are solved.

Solution of normal equations, including terms usually omitted

1 2 3 4 7 =
+8 +2 —2 +0.70 +1.22 47,92
-1 0| .33 +.33333 —. 11667 —. 20333 —1.32
+2 +8 +2 —15.81 —47 —6.28
—2(1) | —.6867 -+. 6867 —. 2333 —. 4067 —2.64
0 -+5.3333 +2. 6667 —16.0433 —. 8767 —8.02
0 -1 C:| = 5000 +3. 00814 +.16438 | -+1.67251
-2 +2 +6 - 54 —~1.89 +3.57
+2 +.6667 (1) | —.s687 +. 2333 +. 4087 +2.64
[ —2.6687 (2) | —1.3333 48,0217 +. 4383 +4.46
0 0 +4 +7.7150 —1.0450 | -+10.67
0 0 ~1 G —1,92875 +. 28135 —2, 6875
+.70 |—15.81 —.54 117, 7784 +45.13 +107. 2534
—.70 | =2333 +.2333 (1) —. 0817 —. 1423 —. 9240
0 |+16.0433 +8.0217 (2) | —48, 2605 —2.6372 —26, 8326
0 0 —7.7150 (3) | —14. 8303 42, 0155 —20, 5798
0 0 0 -H54, 5519 44,3660 | -F58.019679
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.

DEFAR‘I'M.NT OF COMMERCE
'COAST AND GEODETIC SURVEY
Form 6¢3

e (o) g2

8, COB ¢+A—25

- A1 co8

—Aa=AX sl By 800 %‘+F(A).)‘
in which log A\=log (M —)) —correction forare to sin®; log A¢y= log (# —¢)=correstion for are to sin?; and log smlog syd

correction for are to sin®,

INVERSE POSITION COMPUTATION

° NAME OF STATION
° , » ° » [
. ¢ 43 59 00,715 | Svencer A | 123 05 41,248
2 ¢ 44 30 38.293 | Peterson » 122 58 05.537
A (=t —9) + Sl 37,578 AX (=M= -7 3.7
AN
T + 15 '48.789 7 -3  47.856
*-(-H?) 44 12 49.504 B
A4 (secs.) + 1897.578 AM (eeca) ~455.711
log 8¢ 3.2781557 Jroe 2.6586396 ,,
cor. arc—sin — 18 cor. arg—sin - 1
log a1 o 3.2781982 log A 2.6586895
log cos g’ 9.9995597 Log cos 4. 9.8551177
* eolog B 1.4894742 colog A 1.4905902
logis, cu(¢+ )} 4,7576721  (opposlte In sign to A¢)] log{s; sin ( ?) 4.0047974 "
togn cos (w+ )| 4:767672 m __
log & 2.6586896,, |2loga| 7.976 |lor. taa (.+ 3) |9.2871253 .
Tog sin ¢u 9.8437024 |logF |_7.243 la+ 189 47 40,69
log sec 3¢ 0.0000046 _|iogb | 5.824 |toxsin (:447) | 9.2307483
log » 2.5022966 log eon (a+) | O.0006200
" ~317.98 log s 4,7740491
b 0.00 cor. arc—sin + 186
~sex (seen.) -317.58 logs 4,7740507
-5 . -158.59 . 59436.15
- 2 28.99
aty 189 47 40.69 * Use the table on the back of this form for eorrestion of
to sin,
cltod) 189 45  0L.70 sroto s
ba + 5 17.98
180
“@tod) 9 50 19.68

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

in heavy type or those

d, if using log:

th

to 8 decimal places.

F16. 66.—Inverse position computation, Form 662

detailed explanation. It should be noted, however, that the quadrant

in which the angle <a+ATa. occurs depends upon the algebraic signs

of the quantities sin (a+é22) and cos (a +A—2a)- In the following ex-
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ample the sine and cosine are both minus and therefore the angle is in
the third quadrant. Logs,is obtained in two ways, first by subtracting

log sin ("‘ + %) from log { s;sin ( a+t %‘?f) } and second by subtracting
log cos (a +A,,—a) from log { 81 oS (a +A0—°‘ ]

Table of arc-sin correclions for 1nverse position computalions

.-\rc-stin . Are-sin Arc-sin
correction eorrection correction
log & in unita of l‘)ﬁrA" log & in units of ‘|°%‘_M’ log 8 in units of log A4
5 & seventh los AX d seventh log A 8 81 seventh loe ax
decimal of 4 decimal of g decimal of %6
logarithms logarithms Jogarithms
4. 177 i 2. 686 5.223 124 3. 732 5. 525 407 4,034
4, 327 2 2, 836 5. 234 130 3. 743 5. 530 508 4,039
4,415 3 2.924 5. 243 136 3. 752 5. 634 519 4,043
4,478 4 2, 987 5. 253 142 3. 762 5. 53 530 4, 048
4. 526 5 3. 035 5. 260 147 3. 760 b. 54 511 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. 783 5. 553 565 4. 082
4.628 8 3. 137 5. 287 166 3. 796 5. 557 877 4. 066
4, 654 9 3. 163 172 3. 803 5. 561 588 4. 070
4. 677 10 3. 186 5. 303 179 3.812 5. 566 600 4,075
4. 697 11 3. 208 5.311 188 3. &20 5. 570 813 4.079
4.718 12 3.226 5. 318 192 3. 827 5. 575 625 4. 084
4. 734 13 3.243 5. 326 199 3. 835 5. 579 637 4. 088
4, 750 14 3. 259 5. 334 206 3. 5. 583 650 4. 002
4. 765 15 3.274 5. 341 213 3. 850 5. 587 663 4. 096
4.779 16 283 5. 349 221 3. 858 6. 591 674 4. 100
4,792 17 3. 301 5. 356 223 3. 865 5. 595 637 4. 104
4.804 18 313 5. 363 236 3. 872 5. 600 7 4. 109
4,827 20 3 5. 369 243 3. 878 5. 604 716 4.113
4, 857 23 366 5. 376 251 3. 885 5. 608 729 4. 117
4.876 25 335 259 3. 802 5. 612 743 4,121
4, 27 401 5. 390 267 3. 899 5.616 757 4.128
4,915 30 424 5. 396 275 3. 905 5. 620 771 4,129
33 445 5. 403 284 3. 912 5. 624 783 133
4. 955 464 5. 409 202 3.918 5. 628 800 4,137
4.972 39 3, 481 5. 415 300 3.924 5. 632 814 4,141
4.988 42 497 5. 422 309 3. 931 5. 636 829 4. 145
45 512 5. 428 318 3.937 5. 640 845 4. 149
5.017 438 526 5. 431 327 3.943 5. 644 861 4.153
5. 035 52 3. 44 5. 440 338 3. 949 b. 648 877 4. 157
5. 051 56 560 5. 448 345 3.955 5. 652 893 4. 161
5. 062 59 571 5. 451 354 3. 960 5. 856 909 4, 165
5. 078 63 586 b. 4567 364 3. 966 5 4, 169
5. 000 87 509 5. 462 373 3.971 5. 663 941 4,173
5.102 71 611 b. 468 3383 8.977 5. 667 957 4,176
514 7% 3.623 5. 473 392 3.982 5. 671 973 4, 180
80 3. 637 5. 479 4 3. 988 5.6 989 4,183
5. 139 84 3.648 5. 484 412 3. 993 5. 678 1005 4. 187
5. 151 89 3. 860 5. 489 422 3. 998
5. 163 9 8.672 5. 495 433 4. 004
5.172 8 3. 681 5. 500 443 4. 009
5.183 103 92 5. 505 453 4.014
5. 193 108 02 5. 510 464 4.019
5. 114 8.714 5. 515 474 3
5.214 119 & 520 4. 029

F16. 67.—Arc-sine corrections for inverse position computation, back of Form 662

The values of o 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’ 057537, 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.
840787 45— —14



204 TU. S. COAST AND GEODETIC SURVEY

POSITION COMPUTATION, FIRST-ORDER TRIANGULATION

° . »
P to
z & +
e« |2 Peterson to1.  Spencer 9 | 50 | 19.88
As - 5 | 17.98
180
e J1.  spencer to 2. Ppeterson 139| 45 | o1.70 °
First Angle of ’l‘ri'anglle
. ’ » o ' »
? 44 30 | 38.293 2. Peterson 1 122 58 | 05.537
Ag - 31 | 37.579 8= Al| + 7\ 35.711
¢ 48 | 59 Ioo.vmﬂ_ |1, Spencer v I 135] 05| a.248
s 4.7740597 L 9.54810 —h 3.2731
cosa| 9.9935651 sin'a| 8.46537 (¢y| 6.5564 | ssin'«| 8.0135
B | 8.5105055 c 1,39664 D | 2.3028 E 6.2020
h 3.2781213 9.41011 l 8.9439 {. 7.4936,
» "
1st term. | +1397,2358 | 3tm.| +0.0889 (azy ?.976
2d term. +0.2571 |iuviom.| =0.0031 ¥ 7.343
+1897.4929 5.919
Sdand 41k terms. + 0,0858 L] 4.7740507
~nx¢ | 41897.5787 |&ine 9.2326831  |Arg. Ar | 2.6586899
to+e) |44 14 49.53 | A 8.5090166 s =63 |ind(p+g)| 98437025
sece’ 0.1429454 Al % lseci(ad) 46
3-6§86%33 Corr| =59 2.5023970
Ut s s A1 ¢ 455,714 LRt L ST

F16. 68.—Position computation to check inverse computation

LAPLACE AZIMUTHS

A triangulation station at which both astronomic longitude and
astronomic azimuth observations have been made is called a Laplace
point, and the azimuth is called a Laplace azimuth.

The geodetic determinations of latitude, longitude, and azimuth
at a station are referred to the point on the celestial sphere defined
by the normal to the Clarke spheroid at the station; while the astro-
nomic determinations of latitude, longitude, and azimuth at the
same station are referred to the point on the celestial sphere defined
by the plumb line at the station. These points of reference on the
celestial sphere are called the geodetic and astronomic zeniths, re-
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spectively. By a comparison of the astronomic and geodetic deter-
minations of latitude, longitude, and azimuth at a station, it is
possible to determine the deflection of the plumb line from the
normal to the Clarke spheroid. This deflection of the vertical may
be expressed by the angular distance between the geodetic and the
astronomic zeniths and the azimuth of the line joining them, or by
the components of the deflection along the meridian and the prime
vertical.

At each Laplace point the prime vertical component of the deflec-
tion of the vertical should be the same, except for errors of observa-
tion, whether derived from the ohserved longitude or from the
observed azimuth. This relation may be expressed as follows: If
¢ is the geodetic latitude; A\, and A; the astronomic and geodetic
longitudes respectively; «, and o, the astronomic and geodetic
azimuths, respectively, then

08 ¢ (M—Ne) = —cot, dalan—aa),

or (o, —ag)+sin ¢s (\—2Ne) =0,

OT ag=sin ¢ (\—Ns) +au,
which is known as the Laplace equation, since it was first used by
Laplace. (For full development of this equation see Spec. Pub.
No. 110, pp. 90-91. ) .

The accuracy of all the data used in determining the true geodetic
azimuth at a Laplace point has been thoroughly considered in the
various investigations of the figure of the earth and isostasy. It
is shown from these investigations that the astronomic longitudes
and the astronomic azimuths are each subject to probable errors
which are, upon an average, not greater than +0750. The geodetic
longitude anywhere in the United States is subject to a probable
error of less than + 0750, due to all causes other than errors in geodetic
azimuth. However, the geodetic azimuths as computed through
the triangulation are subject to probable errors as great as +5.”

It is clearly seen then that at each Laplace point all the quantities
used in the formuila 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 beld fixed in the adjustment of the triangulation.

If there were no deflections of the vertical or station errors, as they
are sometimes called, the determination of the correct relative posi-
tions of different points on the surface of the earth would be a simple
matter and could be done by astronomic observations alone.

However, the relation between the difference of astronomic and
geodetic longitude and the difference of astronomic and geodetic
azimuth, as expressed by the Laplace equation, makes it possible to
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correct for the deflection of the vertical and to determine the true
geodetic azimuth at a Laplace station, and hence to obtain the
accumulated error in the geodetic azimuth as carried through the
triangulation.

The method followed by the United States Coast and Geodetic
Survey in determining the true geodetic azimuth is to establish
Laplace stations; that is, make astronomic observations for both
longitude and azimuth at various stations along the continuous ares
of triangulation. Then at each 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 Parkershurg 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 Parkershurg to Denver
is 143° 16’ 15755; the observed astronomic longitude of Parkersburg
is 88° 01’ 48730; the geodetic longitude (that computed through the
triangulation) of Parkersburg is 88° 01’ 49700; the geodetic latitude
of Parkershurg is 38° 34’ 51752; and the geodetic azimuth of the line
Parkersburg to Denver is 143° 16" 15764.

The computation necessary to obtain the true geodetic azimuth of

the line Parkersburg to Denver can best be arranged as follows:
(=] ’ 144

Astronomic longitude of Parkersburg, \s = 88 01 48.30
Geodetic longitude of Parkershurg, A = 88 01 49.00
M—Ae = —-0.70
Sine of geodetic latitude of Parkersburg, sin ¢g = - +0.624
sin da ()A_ X(_-,) = —0.44
Astronomic azimuth, Parkersburg to Denver, a,= 143 16 15.55
Laplace azimuth, Parkersburg to Denver, aq = 143 16 15.11
Geodetic azimuth, Parkersburg to Denver = 143 16 15.64

Correction to geodetic azimuth = —0.53
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The true geodetic, or Laplace, azimuth of the line Parkersburg to
Denver, 143° 16” 15711, is the azimuth to be held in the adjustment
of the triangulation, and —0753 is the accumulated error developed
in computing the azimuth through the triangulation, or the discrep-
ancy which must be distributed through the triangulation by the
azimuth equation in the least-squares adjustment. (See p. 63.)

COMPUTATION OF LONG DISTANCES

The formulas on Form 662 (see fig. 66) may be used in computing
distances up to approximately 200 miles between points whose lati-
tudes and longitudes are known. When it is necessary to compute
distances much greater than this, such as distances between widely
separated cities, the following method should be used. (See pp. 88
and 89 of the Figure of the Earth and Isostasy from Measurements
in the United States.) Let ¢, N\, and ¢’, A’ be the latitudes and longi-
tudes of the given stations. It is required to find the distance, s,
in meters between the stations (# being the arc distance) and the
azimuth ap and the back azimuth ag of the line joining the stations.
Let, a=90°—¢, ¢c=90°—¢’, =% (a—c) ¢*sin® ¥ (¢ +¢),

@’ =a—x, ¢’ =ctx, B=N—\, '
tan 3 (A’—0C")=sin % (¢’ —¢’') cse 1 (@' +¢’) cot 3 B,
tan 1 (A’+C")=cos } (@' —¢’) sec (¢’ +¢’) cot } B,
sin b=sin B sin @’ e¢sc A’ =sin B sin ¢’ csc (7,
and b=46
Then ar=180°— (",
ag= 1800 +A4’ )

and s (in meters) = (6 in seconds) (ﬁ)

or & (in miles) = (¢ in seconds) (ﬁ)y 0.00062137

In the formulas above e is the eccentricity of the spheroid (log e?=
7.83050), and 4 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’ 2970 and 99° 08’ 3770,
respectively, and the latitude and longitude of Washington, D. C.,
as 38° 53’ 2370 and 77° 00’ 3470, respectively, the distance and
azimuths between the two cities are computed as follows.
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Sample compulation of long distance

o ’ ” o 4 rn”

¢ 19 27 20.0| 15 4'—C") —44 30 55
A 99 08 37.0 (15 (4'+C) —84 28 33
¢’ 38 53 23.0] A —128 59 28
N 77 00 3L0|C -39 57 38
a=90°—¢ 70 32 40.0 } ap=180°—C" 219 57 38
c=90°—¢’ 51 08 37.0 | ap=180°+4 A4’ 51 00 32
¥ (at+c)=2(@'+¢’) 60 49 385 |logsin B 9. 57608 ,~10
4 (a—c¢) 9 43 01.5 | logsin o’ 9. 07433-10
B=N—-2A —22 08 03.0 | log csc A’ 0. 10944,
14 B —11 04 OL5 _—
14 (a—¢) in seconds 34981. 5 | log sin @ 9. 65985-10
log 14 (a—¢) in seconds 4. 54384 log sin B 9. 57608,~10
log sin % 14 (a+¢) 9. 88218-10 | log sin ¢’ 9. §9148-10
log €? 7. 83050-10 | log ese C’ 0. 19229,
log z 2. 25652 log sin 0 9. 65985-10
z 180%5 N
o ’ 7] [ 27 11 21
a'=a—zx 70 29 39.5 | 0 (in seconds) 97881"
' =c+z 51 09 37.5 | log (6in seconds) 4. 99070
14 (o’ —¢') 9 40 01.0 | colog A 1. 49062
log 8in 3§ (a’—c') 9. 23510-10 log s (in meters) 6. 48132
log csc 34 (o’ +¢') 0. 05891 log 0.00062137 6. 79335-10
log cot 14 B 0. 70564, ) -
log tan 34 (4'—C") 9. 99265,-10 §°‘3§ 1(1112';2;2; X S goa0145
log cos 14 (a’—¢') 9.993879-10 |, (in miles) 1882, 2
log sec 14 (a’+¢') 0. 31208
log cot 14 B 0. 70864,
log tan 14 (4'4C") 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 wasfound that the angles at Anarchist between Gillespie
and Spur and between Spur and Oroville required corrections of
—3"28 and +3737, respectively, and that the angles at Spur be-
tween Anarchist and Gillespie and
between Oroville and Anarchist
required corrections of +3%78 and
—38%51. This was sufficient proof
that some of the angles in the
quadrilateral were in error, since
the small triangle closures did not
justify such large corrections to
the angles to eliminate the side
discrepancy. Had the side equa-
tion test been made in the field
the error could have been found
and corrected.

The smallest two angles in the
quadrilateral (see fig. 69) are at
Spur between Oroville and Anarchist and between Anarchist and
Gillespie, so in writing the side equation the pole should be taken at
Anarchist. The constant term of the side equation is then 38.3,
and the sum of the ceefficients 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

3 Spur
FI16. 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
W . CO

Porm s COMPUTATION OF TRIANGLES

oTERTT o cench

No. STATIONS OBSERVED ANGLE  CORR'N SPEENL Srmmt FLANE ANOLES LOGARITEM
a3 Gillesnie = Spur
=5+ 1 OQOroville 77 58 50.51
=10+11 2 Gillespie 54 50 54.68
-749 3 Spur 47 10 15.78
1-3 roville - Spur ~0:05 0.92
1-8 Oroville - Gillespie
00.97
2-3 Gillesple - Spur
=142 1 Anarchist 35 39 53.10
=10412 2 Gillespie 123 44 27.67
-849 3 Ssur 20 35 40,14
1-3 Anarchist ~ Spur -0.18 0.76
-2 Anarchist - Gillesoie
00.91
93 Gillespie: ~ Oroville
=143 1 Anarchist 64 31 19.43
-114122 Gillespie & 53 32.99
~4+45 3 Oroville 46 35 08.71
1-3 Anarchist - Oroville -0.49 0.64
1-2 Anarchist - Gillesple
01.13
2-3 Spwr - Oroville
=243 1 Anarchist 28 51 26.33
<743 2 Spur 26 34 35.64
-4+6 3 Oroville 124 33 59.22
1-3 . Anarchist - Oroville ~0.39 0.80
1-2 Anarchist - Sgur
OL.19

FiG. 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 g%g= 1“24. The second test with the pole at Gillespie gave

an approximate average correction of 3—3—3—1"5 the third with the

pole at Spur, a correction of 5?? =1"10, and the fourth with the pole

at Oroville, a correction of zg——é— 1748, 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 are 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 ’ ” ° ’ ”

-10+12 | 123 44 27.67 9.9198919 | —1.41 —~8+9 20 35 40.14 9. 54A2360 +5.60
—748 26 34 35.64 0.6506805 | 44.21 —~44-6 | 124 33 59.22 9. 9156471 —1.45 |
—4~45 46 35 08.71 9.8611781 | 41.99~ || —114+12 68 53 32.99 9. 9698381 +.81

9. 4317595 9. 4317212

/ v J N v / v v
=+38.3—3.44(4) +1.99(5) + 1.45(6) — 4.21(7) +-9.81(8) —5.60(9) +-1.41
(10)+0.81 (1) —2. 22 (1\2)

383 .,
300 =1724
Side equalion with pole at Gillespie
o ’ n o ’ ”
—749 | 47 10 1578 | 9.8653329 | +41.95 || —546 | 77 58 50.51 | 0.9003732 | +0.45
—4+5 | 45 35 08.71 | 9.8611781 41,99 || —143 | 64 31 10.43 | 9.9565679 | +1.00
—142 | 35 39 5310 | 97656985 | 294 || ~849 | 20 35 40.14 | 9.5462360 | +5.60
9. 4422105 9. 4021771

Ve ] M v . . .
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
2301752
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Side equation with pole at Spur

o r ” ° ’ ”
—4+6 (124 33 59.22 9.9156471 | —1.45 =243 23 51 23.33 9. 6336143 +3.82
~—1+42 | 35 39 53.10 9. 7656095 | +2.04 —10+12 123 44 27.67 9. 9198919 —1.41
—~10411 | 54 50 5468 9.9125583 | +1.48 —546 7 55 50.51 9. 9903732 4. 45
9. 5U39049 ' Q. 5938794

0= +25.5—2.94(1) + 6.76 (2) — 3.82(3) + 1.45(<) + 0.45(5) — 1.90(6) —2.89
(10) +1.48(11) + 1.41(12)

[ ]

55 .,
22 —1710

| ]

Side equation with pole at Oroville

L] ’ ” o ’ ”
=143 64 31 19.43 9. 9556679 | +1.00 —11+4+12 63 53 32.99 9. 9698381 +0.81
—10+11 51 50 5468 9,0125583 | +41.48 —7+49 47 10 15.78 9. 8553329 +1.96
~7+8 2 34 35.64 9. 6506895 | +4.21 —243 235 51 26.33 9. 6836143 -+3. 82

l ' 9. 5188157 | 9. 5187853

0= +30.4—1.00(1) +3.82(2) —2.82(3) —2.26(7/) +4.21(8) —1.95(9) — 1.48
(10)+2.29(11) ~0.81(12)
30.4 v

20.6 1448

F16. 71.—Quadrilateral used in side equation
test with directions renumbered for office
ecomputation

The following adjustment of the quadrilateral shows what large
corrections are required to make it consistent if all observed direc-
tions are used. The numbers on the directions are those used in
the office adjustment of the arc.

Angle equalions
1. 0=+40. 05— (207)+ (208) — (210) - (212) — (219) + (220)

2. 0=+40. 39—(210)+ (211) — (216) + (217) — (218) + (220)
3. 0=-+0. 40— (208) + (209) — (215) 4+ (217) — (218) + (219)
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COMPUTATION OF TRIANGLES

NO. STATIONS OBSERVED ANGLE

2-3 Gillespie - Sour

21942201 Oroville 77 58 50.51
~207+2082 Gillespile 54 30 54.68
-210+213B Spur 47 10 15.78

1-3 Oroville - Spur

1-2 Oroville - Glllespie

2-3 Gillespte ~ Spur
~215+716! Anarchist 35 39 53.10
20742092 Gillesple 123 44 27.67
-211+2123 Spur 20 35 40.14

1-3 Anarchist - Sgur

1-2 Anarchist - Gillesple

2-3 Gillesple - Oroville
-21542171  Anarchist 64 21 19.43
-20842092 Gillespie 68 53 32,99
-21842198 Oroville 46 35 08.71

1-3 Anarchist -~ Oroville
1-2 Anarchist - Gillespie

2-3 Spur - Oroville
-216+217! Anarchist 28 51 26.33
-210+2112 Spur 26 34 35.64

~21842208 Oroville 124 33 59.22
1-3 - Anarchist - Oroville

1-2 Anaychist - Spur

PLANE ANGLES

corrN ST SR N DlsTANGES LOGARITHM
4,3872484
+0,54 31.45 0.31 51,14 0.0096264
-1.26 53.42 0.31 58,11  9.9125560
+0.27 16.05 0,30 15.75 9.8653328
-0.05 0.92 4,3094238
4.2622056
4.3372464
~3.2849.82 0.25 49,57 0.2343109
-0.6527.02 0.25 26.77 9.9198531
+3.7843,92 0.26 43,66 9-5462557
-0.15 0.76 4.5414504
4.1678130
4.2622086
+0,0919,52 0.21 19.31 0.0444321
T 40.6133.60 0,21 33.39 9.9693384
~1,1907.52 0,22 07.30 9.8611753
=0.49 0,64 4,2764761
4,1678130
4.3094288
+3.3720.70 0.27 2 .43 0.3163738
~3.5132.13 Q.27 31.86 9.6506736
«~0.2558,97 0.26 58,71 9.9156473
=0.29 0,80 4,2764762
4.5414504

F1a. 72.—Triangle computation for quadrilateral used in side equation test

Side equation

o ’ ” o ’ ”
—2074208 | 54 50 54.68 | 991255820  +1.48 “ —2194200 | 77 58 50.51 | 999037327 | 40.45
—92104-211 | 26 34 35.64 | 965068052 [ 44.21 —2164217 | 28 51 26.33 | 0.68361433 | 3.82
—2184-210 | 46 35 08.71 | 9.85117810 | +1.99 —2054+209 | 68 53 32,09 | 0.960%3306 | +0.81
—215-216 | 35 39 &3.10 | 9.76509945 | +2.94 —2114212 | 20 35 40.14 | 9. 54623598 | +35.60
9. 19012536 9. 19006164

v
4. 0=163.72—1.48(207) 4 2.

/
29(208) —

—0. 81(205) —4.21(210) +9.81(211)

—5.60(21%) — 2.94(215)+ 6 -76(216) —3. 82(217) — 1.99(218) + 2.44 .

(219) —0.45 (220)
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Correlate equations

1 2 3 4 e ° Adopted
+40.636 +0.64
—. 622 —. 62
—. 014 —.01
+1.081 +1.08
~2.435 ~2.43
+41.354 +41.35
+1.067 +1.06
—2.21 —2.22
41154 +1.15
+.478 +.48
—. 707 —.71
+.220 +.23
Normal equations
1 2 3 4 n Za c
+6 | +2 | —2 —0.51 +0.05 +558  |—0.21906
+6 2 +4. 98 +.39 +15.37 4. 32198
+6 +.45 419 46,91 — 24124
+232.4606 | +63.72 | +301.1006 | — 28102

RECTANGULAR COORDINATES

The results of the triangulation computed by the United States
Coast and Geodetic Survey are always given in geographic coordi-
nates, since the triangulation usually covers a large area, and must
necessarily be computed by means of geographic coordinates (lati-
tudes and longitudes) on account of the curvature of the earth.

For the survey of a relatively small area, such as a city or small
county, it is much more convenient to use plane coordinates, since
the computations are simpler. If in the small area being surveyed,
however, there are triangulation stations, these should be used to
control the local survey and to connect it to the triangulation of the
country.

In order to make its results of value to city and county surveyors
using plane coordinates the United States Coast and Geodetic Survey
has issued Special Publication No. 71, entitled “Relation between
plane rectangular coordinates and geographic positions,” in which
tables are given that make the computations for transforming
geographic to plane rectangular coordinates or vice versa very
simple. This publication can be purchased from the Superintendent
of Documents, Washington, D. C., for 10 cents.



CHAPTER 7.—GENERAL RULES AND SUGGESTIONS

All computations can be made much more rapidly and can be
checked more easily if the work is arranged in a systematic manner.
This bureau has printed forms for nearly all triangulation computa-
tions and these should be used whenever possible, as they expedite
the work and lessen considerably the chances for errors.

The mathematician should bear in mind that accuracy is desired
above everything else. Of course speed is desired also, but accuracy
should not be sacrificed to it. Nothing is gained if a piece of work is
done in an unusually short time, if as a consequence it afterwards
needs considerable revision.

For a great many computations no fixed rules can be laid down, but
the proper procedure depends upon the judgment of the mathema-
tician doing the work. For instance, it is impossible to specify the
number of decimal places to be used for the numbers and logarithms
in all the various computations. This depends upon the particular
piece of work being computed.

All work should be done neatly and all figures should be written
carefully and legibly. Do not write one figure over another. Either
erase entirely the one which is superseded, or draw a line through it
and write the correct figure above it.

Every computation, unless self-checking, should be checked by a
mathematician other than the one who made the original computation.
The mathematician who does the checking should first make his
changes in pencil, and then he and the mathematician making the
original computation should agree on the proper values before the
final corrections are made in ink.

An inexperienced mathematician should feel free at all times to
consult the man under whom he is working or, in an emergency,
any of the more experienced mathematicians in regard to the work.
It is well to make sure you are right before carrying a computation
too far. This consultation suggestion should not be abused, however.
Beginners should proceed upon their own initiative in the work"
assigned them, unless there iz 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 geographie
positions should also check the angles in the triangles for all “no
check” points.

In those adjustments in which the logarithms of certain lengths
each appear in only one triangle these logarithms should be carefully
checked before the list is made out.

The mathematician making out a list of geographic positions and
the one doing the checking should scan it carefully for errors that may
easily be discovered by inspection. For example, it is easy fo 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 1t 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. Assoon 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 A\’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 computation of a geodetic position all signs, whether plus
or minus, should be indicated for all the terms. This saves much
time and avoids confusion.

Eternal (true black carbon) ink should be used for making out all
lists of geographic positions since this permits much better photostat
copies to be made.

The last mathematician to leave a room, in which there are com-
puting machines, at the end of a day should see that all the machines
are covered. This prevents dust from entering and injuring the
delicate parts of the machine.

In making out lists of geographic posmons, the mathematlcmn
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
numver adopted may have two values both of which are equally
correct. In order to avoid confusion the United States Coast and
Geodetic Survey has arbitrarily adopted the plan of using the nearest
even figure for the last decimal place retained. For example, in
rounding off to three decimal places, the numbers 0.4215 and 0.6245,
the adopted numbers should be 0.422 and 0.624, respectively.



.CHAPTER 8.—CONSTANTS, FORMULAS, AND TABLES
. CONSTANTS AND FORMULAS
Dimensions of the earth according to Clarke’s spheroid of reference
(1866):
Equatorial radius, a,=6378206.4 meters
" log a=16.80469857
Polar semi-axis, b, =6356583.8 meters
log b=6.80322378
.. a]?__b?
Eccentricity, ¢, = g
¢=0.006768658,
log €2 =7.83050257 ~ 10
Base of Naperian logarithms, ¢, =2.71828183
log €= 0.43429448
Modulus of common logarithms, M, =0.43429448
log M =9.63778431— 10
7=3.14159265
log ==0.49714987
log sin 1’ =4.68557487 —10
log tan 1/ =4.68557487 —10
1 kilometer =0.621370 statute mile =0.539593 nautical mile.
1 meter =0.000621370 statute mile =0.000539593 nautical mile.
1 statute mile =1609.35 meters = 1.60935 kilometers.
1 nautical mile=1853.25 meters=1.85325 kilometers.
1 nautical mile=1.151553 statute miles.
1 statute mile =0. 868393 nautical mile.
1 meter =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. -
Probable error of an observation, r =0.6745 %
Probable error of result, r,= T —o. 6745'\/ —‘\i
Vn n(n-1)
Probable error of an observation of unit weight, u, =0.6745 .\/ Zpv”

Probableerror of an observation of weight p,, r, = 17—— =0. 6745J 17(71’%
1\

Probable error of anobserved direction,d =0.6745 J e where =i =sum

of squares of corrections to directions, and ¢ is the number of
conditions.

TA?

3n’

where SA? is the sum of the squares of the closing errors of the

triangles, and » is the number of triangles.
BH0TFT —au- 15 219

Mean error of an angle, a =
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Logarithms of radii of curvature of the earth’s surface (in meters)

[Based upon Clarke’s spheroid of 1866 as expressed in meters].

Latitude
Azimuth (degrees)

lo 29 30 40 50 6° =0 so
6.80175 | 6.80175 | 6.80176 | 6.80177 | 6.8017S | 6.80180 { 6.80131 | 6. 80183
177 178 178 179 180 182 184 186
184 184 185 186 187 188 190 192
195 | 195 198 197 198 199 201 203
209 210 210 211 212 214 215 217
228 228 228 229 230 232 233 235
249 249 250 250 251 252 254 256
272 272 273 273 274 278 277 278
207 297 207 298 299 300 301 303
322 322 323 324 324 325 328 323
348 348 348 349 350 351 352 353
373 373 373 374 374 375 376 377
396 396 398 397 398 398 399 400
417 417 418 418 418 419 420 421
435 438 436 436 437 437 438 439
450 450 450 451 451 452 452 153
461 461 461 462 462 463 463 464
468 468 468 468 469 469 470 470
470 470 470 471 471 472 472 473

Latitude

9° 10° 11° 12° 18° 14° 15° 16°
6.80186 | 6.80188 | 6.80191 | 6.80194 | 6.80197 | 6.80201 | 6.80204 | 6.80208
188 190 193 196 199 203 208 210
104 107 200 202 205 200 213 217
205 207 210 213 216 219 223 227
219 222 224 227 230 23 236 240)
237 239 242 244 247 250 254 14
257 260 262 264 267 270 273 276
280 282 284 287 289 202 295 298
304 306 308 310 313 315 318 321
329 331 333 335 337 339 342 344
354 336 358 359 361 364 366 368
379 380 382 383 385 387 380 391
401 403 404 406 407 400 411 413
422 423 424 426 427 420 430 432
440 (441 442 443 444 446 47 449
454 455 456 457 458 480 461 463
485 466 467 468 469 470 471 473
471 472 473 474 475 476 478 479
474 . 474 475 476 477 478 480 481

Latitude

17° 18° 19° 20° 21° 22° 23° 24°
6.80213 | 6.80217 | 6.80222 | 6.80226 | 6.80232 | 6.80237 | 6.80242 | 6. 80248
2156 219 224 228 24 239 244 250
221 225 30 234 230 244 250 255
231 235 239 244 249 254 259 284
244 248 - 252 257 262 266 271 227
261 285 269 73 217 282 287 292
2380 284 287 202 296 300 305 309
301 305 308 312 316 320 324 320
324 327 330 334 338 341 345 350
7 350 353 357 360 364 367 371
371 373 376 379 382 3% 389 392
304 396 398 401 404 407 410 413
415 417 419 422 424 427 430 432
434 438 438 440 443 445 448 . 450
451 453 454 456 459 461 463 465
464 466 488 470 472 473 476 478
474 476 478 479 481 483 485 487
480 482 483 485 487 489 490 492
482 484 485 487 489 490 492 94
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Logarithms of radit of curvature of the earth’s surface (in meters)—Continued

Azimuth (degrees)

Latitude

28°

S0 s 392 396 399 403 407 411 415 419 423
L, 413 418 420 423 426 430 434 437 441
B0 o cmmees 432 435 438 442 445 448 451 455 458
i 450 453 455 458 461 464 467 470 473
(N, 465 468 470 473 475 478 481 484 486
[ T, 478 480 482 484 487 489 492 404 497
80 . 487 489 491 493 495 498 500 502 505
85 o 492 494 406 498 501 503 505 507 510
L) 494 496 498 500 502 504 507 509 511
Latitude
Azimuth (degrees)
32° 33° 34° 35° 36° 37° 38° 39°, 40°

6. 80313 | 6.80320 | 6.80327 | 6.80335 | 6,80342 | 6.80350 | 6.80357

314 322 329 336 344 351 359

319 326 333 340 348 355 363

326 333 340 348 355 362 369

337 343 350 357 364 371 378

340 355 382 388 375 382 388

364 370 378 332 388 394 401

330 385 301 397 402 408 414

397 402 407 412 418 423 429

414 419 424 420 434 439- 444

432 436 441 445 450 454 459

449 453 457 461 465 469 474

465 469 472 476 480 484 437

480 483 488 489 493 406 500

402 496 498 501 504 607 510

502 505 508 510 513 518 519

510 512 515 517 520 523 525

514 517 519 522 524 527 529

516 518 521 523 526 528 531

* Latitude
Azimuth (degrees) :
40° a1° 4° 43° w | e 46° wre 45°
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Logarithms of radii of curvature of the earth's surface (in meters)—Continued

Latitude
Azimuth (degrees)
48° 49° 50° 51° 52° 53° e 55° 56°
6. 80471 | 6. 80479
472 479
474 481
478 485
183 480
489 405
496 503
503 509
512 517
520 525
528 533
537 541
54 548
551 555
557 560
562 565
566 568
568 570
569 571

Latitude

Latitude °
Azimuth (degrees)
64° 65° 66° 67° 6s° 89° 70° 71° 72°
0o 6.80532 | 6.8053% | 6.80544 | 6.80550 | 6.80555 | 6.80560 | 6.80565 | 6.80570 | 6.80575
B e 532 | - 538 514 550 555 561 568 570 575
10 oo 534 540 545 551 556 562 566 571 576
b1 S, 536 542 547 553 558 563 568 572 577
530 34 550 555 560 565 570 574 578
542 548 553 568 562 567 572 578 580
546 551 556 561 565 570 574 578 582
551 556 560 564 560 573 577 581 584
556 560 564 568 572 576 580 558 587
560 564 568 572 576 579 583 586 589
565 569 573 576 579 583 586 580 592
570 574 577 580 583 536 539 591 594
575 578 581 584 536 589 591 504 596
579 582 584 587 589 592 504 596 | 6. S05U8
582 585 587 590 592 594 596 | 6.80598 | 8.80600
585 ' 587 500 592 594 596 598 | 6. 80600 601
587 589 591 593 595 597 | 6.80599 601 602
588 590 592 594 508 598 | 6. 80600 601 603
589 591 593 595 597 598 600 602 603




CONVERSION TABLES

Lengthe—TFeet to meters (from 1 7o 1000 undls)
[Reduction factor: 1 foot=0.3045006006 meter]

Feet Meters Feet Meters Teet Meters Feet Meters Feet Meters

0 0.0 50 24003 100 30. 48006 150 . 72000 200 €0.96013
1 0.30480 1 15.54483 1 30 78486 1 46.024589 1 61.26492
2 0. 60960 2 +15. 84963 2 31.08966 2 6.32060 2 1. 56072
3 0.91440 3 16.15443 3 31.30446 3 46.63449 3 61.87452

4 1.21920 4 16. 4 31.60026 4 3 4 . 1793
5 1.52400 S 16.76403 s 32.00408 5 47.24400 S 62.48412
6 1.82380 6 17.06883 6 32.30888 6 47.54890 6 62. 78803
7 2.13360 7 7. 37363 V4 82.61367 7 47.85370 7 . 09373
8 2.43840 8 17.67844 8 32.91847 8 48.15360 8 63.39853
9 2.74321 9 . 9 83.22327 9 48.46330 9 63.70333
10 3.04801 60 18.28804 110 33.52807 160 48.76810 210 . 00813
1 3.35281 1 18,5934 1 83.83287 1 49.07290 1 64.31293
2 8.65761 2 18.89764 2 34. 13767 2 40.37770 2 64.61773
3 8.06241 3 19.20244 3 84.44247 3 49.68250 3 . 92253
4 4.26721 4 19. 50724 4 84.74721 4 49, 98730 4 65.22733
H 4.57201 5 19.81204 5 35.05207 S 50.20210 g1 6553213
6 4.87681 6 20.11634 6 85.35687 6 50. 59690 6 65, 83603
7 5.18161 7 . 42164 7 85.066167 7 50.90170 7 66.14173
8 b.48641 8 20.72644 8 85.96647 8 1. 8 66, 44853
9 5.79121 9 21.03124 9 86.21127 9 51.51130 9 66.75133
20 8.00601 70 21.83604 120 36. 57607 170 51.81610 220 67.05613
1 6.40081 1 21.64084 1 36.8%087 1 52.12080 1 67.36008
2 6.70581 2 21.94564 2 87.18567 2 52.42570 2 67.66574
3 7.01041 3 22.25044 3 87.49047 3 . 73051 3 67.97054
4 7.81521 4 22, 555256 4 37.79528 4 4 68.27534
7.62002 5 22. 86005 5 8.10008 5 53.34011 5 68.58014
7.92482 6 23.16485 6 38.40488 6 53.64401 6 68. 88494
8.22062 7 . 48965 7 38.70968 7 . 94971 7 69. 18074
8.53442 8 23.77445 8 89.01448 8 b54.25451 8 60. 49454
8.83922 9 24.07925 9 39.31928 9 54.55031 9 6. 79934
80 9.14402 80 24.33405 130 89.62408 180 54.86411 230 70.10414
0.44882 1 24.68385 1 89.92888 1 55.16801 1 70. 40894
9.75362 2 24.90365 2 40.23368 2 55.47371 2 70.71374
10.05842 3 25.20845 3 40 53348 3 55. 77851 3 71.01854
) 5 4 25.60325 4 4 56.08331 4 71.32334
[ 10. 5 3 5 41.14808 5 56.38811 5 71.62814
[ 10.97282 6 26.21285 6 45288 6 56.60201 6 71.93204
11.27762 7 26.51765 v 41.75768 7 . 99771 ki 72. 28774
11.58242 8 26.32245 8 , 0624 8 57.3025L 8 72.54255
11.88722 9 27.12725 9 42.36728 9 51.60732 9 72.84785
40 12.19202 9% 27.43205 140 42, 190 57.91212 240 78.15218
12.40682 1 73686 1 42.97689 1 Wil 1 73.45695
12.80163 2 28.04166 2 43.28169 2 58.52172 2 73.70175
13.10843 3 28.34646 3 43.58649 3 3 3 §4.06655
4 13.41123 4 28.65126 4 43.80129 4 59.13132 4 94.37135
: 13.71603 5 28. 95600 5 4419000 5 £9.43612 ] 24.67615
4.02083 6 29, 26036 6 44.50089 6 50.74002 6 74.98005
14.32563 7 . 56566 7 44, 80569 7 60.04672 7 75. 28575
14.63043 8 29. 87046 8 45.11049 8 60.35052 8 75. 50065
] 93623 '} 80.17526 9 9 60, 65532 [) lﬁ.&'ﬂﬁ
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Lengths—Feet to meters (from 1 %o 1000 units)—Continued

Foet | Moters Feet Meters Feet Meters Feot Meters Feot | Meters
250 800 91.44018 850 | 106.63021 400 | 121.92024 450 | 137.16027
1 76. 50495 1 91, 74498 1f  106.98501 1] 122.23504 1 7. 46507
2 80075 2 92.04978 2| 107.23981 2 . 52085 2 137.76088
8 77, 11455 3 92.35458 3| 107.59462 3| 122.83465 3] 138.07168
4 41 4 92.65939 4| 107.89942 4 3 4 37948
5 77.72416 5 92.96419 5| 108.20422 5 3 5] 138.63428
6 02896 6 93..26899 6| 108.50902 6] 123.74905 6 . 93008
7 78.33378 7 93.57379 71 108.81382 7 . 05335 7| 130.20388
8 63856 8 . 87859 8| 109.11862 8| 124.358685 8| 139.59%68
9 94330 9 9| 100.42342 9 66345 9| 139.90348
260 79.24816 810 04.43819 360 . 72822 410 124.96825 460 | 140.20328
1 . 55296 1 79299 1 0. 1 . 27305 1} 140.51308
2 79. 85776 2 95. 09779 2| 110.33782 2| 125.57785 2| 240.81788
8 1 3 40259 3 0. 6426, 3 3 3| 141.12268
4 80.46736 4 95. 70739 4| 110.94742 41 126.18745 4 42748
H] 80.77216 5 96.01219 5 . 5] 126.49225 5] 141.73228
6 . 076968 6 96.31699 6| 111.55702 6 . 79705 6| 142.03708
v 81.38176 7 96. 62179 7| 111.86182 7| 137.10183 7] 142.34188
8 - 68656 8 3 81 112.16662 8| 127.40665 8| 142.64668
] 81.99136 9 97.23139 9| 112.47142 9| 12.71146 9 95149
&1 82.29616 320 . 531 370 | 112.77623 420 | 128.01626 470 . 25620
1 82. 60097 1 97.84100 1| 113.08103 1| 128.32106 i 143. 56100
2 . 90577 2 14580 2] 113.38583 2| 128.62586 2 . 86589
8 83.21057 3 98. 45060 8| 113.69063 3| 128.93066 3 44,17069
4 83.51587 4 98. 75540 4| 113.99543 4| 129.23546 4 47549
] 83.82017 5 99. 06020 5| 114.30023 5| 129.54026 5 44, 78029
[ 84.12497 6 99. 36500 6 4. 60503 6 . 81506 6 08509
Y 8442077 7 . 66980 7 114.90983 7| 130.14986 1 45. 38980
8 84. 73457 8 99.97460 8| 115.21463 8- . 8 45. 69469
9 85.03937 9 3 9| 115.51943 9| 130.75046 9 99040
80 85.34417 330 | 100.58420 880 | 115.82123 430 | 131.06428 480 46. 30429
1 85. 64897 1 . 83900 1| 116.12903 1| 13156006 1 46. 60909
2 85,95377 2 10119380 2 116. 43383 2 131.67383 2 46. 91380
8 86. 25857 3| 101.4980 3| 116.73863 3| 13197868 3 47. 21869
4 86. 56337 4| 101.80340 4| 117.04343 4| 13228348 4 47.62350
86817 5| 102.10820 5| 117.348%3 5 53827 3 .
5 87, 17297 6| 102.41300 6| 117.65304 6 89307 148.13310
87.47777 71 102.71781 7] 11795784 7| 183.19787 . 43,
. 78258 8 . 02261 8| 118.24264 "8 . 50267 7
88.08738 9] 103.32741 9| 118.56714 9| 133.80747 149.04750
290 88,39218 340 03. 390 87224 40| 134.11207 490 .3
69608 1] 103.93701 11 119.17704 1 , 41707 149. 65710
80. 00178 21 104.24181 21 119.48184 2| 134.72187 , 96190
. 3 8| 104.54661 3| 119.73664 3 02667 50. 26670
4 80, 61138 4 04, 85141 4| 120.09144 4| 135.33147 4 150. 57160
80, 91618 51 105.15621 5 5 5| 135.63627 5 .
90. 22088 61 10546101 6] 120.70104 6| 13504107 151.18110
90. 52578 7 78581 7 1. 7| 136.245%7 151. 48590
[] 90. 83058 8| 108.07061 8| 121.31084 8| 188.55087 151. 70070
9 81.13538 8 108,37541 ] . 9 85647 00650
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Zengths—Feet to melers (from 1 to 1000 unitsy—Continued

Feot | Meters Feet Meters Feet Meters Feet Meters Feet Meoters
500 40030 550 1687. 64034 600 . 88037 650 198. 12040 700 213.36043
1 152 70511 1 167.94514 1 183.18517 1 i . 66523
2| 153.00091 21 168.24091 2 . 48907 2| 198.73000 2 . 97003
8| 153.31471 8| 168.55474 3| 183.7477 3| 199.03480 8| 214.27483
4| 153.61951 4 85054 4| 184.00957 4| 199.33960 4| 24.57063
153.92431 [ 1 5| 184.40437 5| -199.64440 5] 214.8343
154.22011 160. 46914 6 184.70017 6 199.94920 6 5.13023
154. 53391 169. 77304 7 185. 01397 7 200. 25400 7 215. 49403
154. 83871 8 170.07874 8 185.31877 8 . 55830 8 5.
165.14351 9| 170.38354 9| 185.62357 9| 200.86360 9] 216.10363
510 155 580 | 170.63834 610 | 185.92837 660 | 201.16840 710 | 216.40843
] 155. 75811 3 170.99314 1| 186.23317 1] 201.47320 1 6. 71323
156. 05791 171.2079¢ 2 188. 53797 2 201. 77300 2 217.01803
156. 36271 171. 6027 8| 186.84217 3| 202.08280 3| 217.3
156. 68751 L L. 4| 187.14757 4| 202.38760 4| 227
156.97231 172.21234 5 187.45237 5] 202.69241 51 217.9324
157.27711 172.51715 6 187. 75718 6 202.99721 6 218.23724
157. 58192 172.82105 7| 188.06193 71 203.30201 7| 218.54204
157. 88672 173.12675 8 188. 36678 8 203. 60631 8 218, 84684
158.10152 173.43155 9| 188.67158 9| 203.91161 9] 219.15164
B20 | 158.49632 570 3 620 | 188.97638 670 | 204.21641 720 9.
1 158.80112 1 174. 04115 1 189, 258118 1 204. 52121 1 219. 76124
2 159. 10592 2 174. 34595 2 139. 53508 2 204. 82601 2 3
B 159. 41072 3 174. 65075 3 189. 89078 3 205. 13081 3 220. 37084
49 71552 4 4. 4| 190.19568 4] 205.43561 4| 220.67564
5| 160.02032 . 26035 5| 190.50038 5| 205.7404 5 220.98044
g 160.32512 175. 56515 6 190. 80518 6 206. 04521 221. 23524
160. 5. 86095 7] 191.10998 7| 206.35001 221. 50004
B| 160.93472 176.17475 8| 19141478 8| 206.65181 . 80484
$| 16l 176. 47055 9 it 9| 206.95951 222.19964
530 | 161.54432 50| 176. 630 02438 680 | 207, 26441 780 222.50445
1 161. 84912 177. 08915 1 192.82018 1 . 56922 222. 80925
2 162.153¢ é 177.39395 2 , 63399 2 207. 87402 223.11405
8 162. 45872 177. 6987 3 192.93%79 3 208.1 223. 41835
41 162.763| 178.003! 4] 193, 4| 208 4 . 72365
5 3 [ 178.3 5| 193.54839 5| 208.78842 . 02845
5 163.37313 178.61318 6 193. 85319 6 209. 09322 9224.33325
7 163.67793 178.91 7 194.1579% 7 209. 39802 . 33805
8 163.9%273 179.22278 8 194.46279 8 200, 70282 .
8| 164.23753 170. 52756 91 194.76759 9| 210.00762 225.24765
B40 3 590 5 640 | 195.07230 690 | 210.31242 740 | 295.55245
1 164. 89713 1 180.13718 1 195.37719 1 210.61722 1 295, 85725
2 65. 20193 2 . 44196 2 195. 68199 2 210.92202 2 226.16205
8 165. 50673 3 180. 74676 3 195. 98679 3 211.22682 3 228. 4
4| 165.81153 4| 181.05166 4| 196.29159 4| 211.53162 4| 22.71183
5| 166.11633 5 . 5| 19650639 5| 211.83842 51 227,
6 166. 42113 6 181.66116 6 196.90119 6 212,14122 6 227.38125
v 166. 72503 7 . 7 197. 20699 7 212. 44602 7 221
8 167.03073 8 182, 27076 8 197. 51080 8 212. 76083 8 %:99086
9 . 33553 9 [+ 9| 197.81560 9 8
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Lengthe—Feet to meters (from 1 to 1000 unitsy—Continued

Feot | Moters Feet Meters Yeet Meters Feet Meters Feet Meters
50 228.60046 800 243.84049 850 08052 900 274.3 950 280.56058
3 244, 14529 1 259, 38532 1 274, 62535 1 . 86538
. 21 244. 45000 2 259. 69012 2 274.93015 2 290 17018
229.51486 244,75480 8 . 99492 ] 5. 23495 3
. 81 245.05069 4 20072 4 275.53976 4 290 77978
230.12446 245.36449 5 . 5| 275.84455 5 -08453
. 245. 66920 6 . 9003 6 278.14935 6 201.33038
230. 73406 245. 97409 7 261.21413 7 276. 45415 7 201. 69418
231.03586 246. 27859 8 261.51892 8 276. 75305 8 1.99398
. 246.58369 9 . 82372 9 277.06375 9 202,3(378
760 | 231.64846 810 . 88840 860 262.12852 910 277.86855 960 5
231.95326 247.19329 1 . 43333 1 277.67330 1 . 9]
F . 25806 247. 49800 2 262. 73813 2 277.97816 2 293.21819
232. 56287 . 3 263.04293 3 275.28206 3 . 52299
L 232.86767 4 248.10770 4 263.34773 4 278.58776 4 203.82779
2233.17247 248.41250 ] 263.65253 5 . 80258 5 .
233. 47727 248.71730 6 263.95733 6 279. 19736 6 204.43739
233. 78207 249. 02210 7 264. 26213 7 279. 50216 ? 204.74219
. 08687 219.32690 8 264. 56893 8 279. 80696 8 205.04608
234.30167 D . 631 9 264.57173 9 230.11176 9 205.35170
70 234.60647 820 249.93650 870 265.17653 920 280. 41656 970 295. 65650
] 235. 00127 1 250. 24130 1 265. 45133 1 280.72136 1 . 96139
235. 30607 2 250. 54610 2 265. 78613 2 281 02618 2 206. 26619
235.61087 3 . 85090 3 6. 00003 3 33006 3 .5
4 235.91567 4 251.15570 4 206.30573 4 281 63576 4 206.87570
236.22047 5 251.46050 5 5 231.94056 5 297.18059
236. 52527 6 251. 76530 6 7. 00533 6 282. 21536 6 . 48530
. 33007 7 252.07010 7 267 31013 7 282. 585017 7 207. 79020
237.13487 8 252.37490 8 267. 61494 8 28085407 8 . 09500
7. 9 .6 9 207.91074 9 283.15077 9 298.39980
780 | 237.74448 830 . 93451 880 . 930 | 283.46457 980 | 298.70460
1 8. 04928 1 253.25031 1 268. 52934 1 283. 76937 1 . 00940
2 238.35408 2 253. 59411 2 268. 83414 2 284.07417 2 209. 31420
8 238. 85858 3 . 80891 3 . 13804 3 284.37897 3 200. 61900
4 . 96368 4 4 200. 44374 4 264.68377 4 X
5 . 26348 254.50851 269. 74834 5 . 98857 5 . 22360
6 239.57328 254.81331 270.05334 6 285.29337 6 800. 53340
7 . 87803 255. 11811 270. 35814 7 285.59817 )| © 7 300. 83820
8 240.18288 . 42291 70. 66204 8 285.90297 8 - 14300
9 . 48768 255.72771 270.96774 9 . 20777 9 301.44780
90 3 840 . 03251 890 271.27254 940 286.51257 990 .7
1 241.09728 256.33731 271.57734 1 286. 81737 1 802.05740
2 1. 256. 64211 271.88214 2 287.12217 2 . 3l
8 - . 94601 272.18694 3 287. 4 3 302. 66701
4 242.01168 4 257.25171 4 272. 49174 4 287.73178 4 802.9718L
H] 242.31648 5 . E 272.79655 s . S .
6 . 62129 ] 257.86132 273.10135 6 288,34138 6 303. 58141
7 . 92660 258. 16612 273. 40615 7 288. 64613 7 3
8 243.23089 258. 47092 273.71095 8 . 95003 8 304. 19101
9 243. 53569 258.77572 274.01575 ] 239. 25678 9 . 49531




CONSTANTS, FORMULAS, AND TABLES

Lengths—Meters t6 feet (from 1 to 1000 units)
{Reduction factor: 1 meter==3.280833333 foet]

Me- Me- Me- - Me- Mee
Yo | et Feet [ jors | Teot | forg | Feot it jors | Feet

0 50 164.04167 100] 328.0333 150 492.12500 200 . 1

1 1| 167.32250 1| 831.36417 1] 495.40583 659, 44750
2 6 56167 2| 170.60333 2| 334.64500 2| 408.68067 . 72333
3 8| 173.88417 3| 337.92583 3] 501.96750 E 668.00017
4 13 12333 4 177.16500 4| 3841.20867 4] 505.24833 4 . 29000
5 16. 40417 5 . 44583 5 . 508. 52017 . 57083
] 9. 68500 6| 183.72667 6] 347.76833 511. 81000 675.85167
g .96583 7| 187.00750 7| 85L.04017 515. 13250
8| 26.24667 8( 190.28833 8| 854.33000 518.37167 8| 632433
9 29.52750 9| 193.56017 91 857.61083 821, 9| 685.604127

20 82.80833 60 196. 85000 110 | 860.89167 160 ©&624. 210 688.97500
1 36.08917 1{ 200.13083 1| 364.17250 528.91417 3

2| 89.37000 21 203.41167 2 7. 45333 531. 4 . 5366
] 65083 3 . 69250 8| 870.73417 §34.77583 608. 81750
4 45.93167 4| 209.97333 4 . 01500 4| &33.00667 X

5 49.21250 213.25417 5 . 20583 541.33750 S '705 37917
[] . 49333 6. 53500 6| 880.57667 .61833 6

2 B5. 77417 219. 51583 7 . 85750 547.80917 7 711 94083
8 . 05500 X 8| 387.13833 £51.18000 8| 715.22167
L] 62.33583 226.37750 9 . 41017 . 46083 9 . 50250

20 85.61687 70 . 65833 120 | 393.70000 170 | §57.74167 220 . 78333
1 68. 89750 232.93917 1 . 98083 561. 02250 1| 725.08417
2 . 17833 . 22000 2| 400.26167 564.30833 2 . 34500
] 75.45917 9. 50083 8 2 §67.58417 8| 731.62583
4 78.74000 242.78167 4 §70.88500 4 . 00667
35 82.02083 246.06250 5( 410.10417 574.14583 5 738.18750
6 85.30167 249.34333 6| 413.38500 577. 42667 6| 741.46833
4| . 88.58250 252. 62417 7| 416.66553 580. 70750 7| 74474017
8 ©01.86333 3 1 255.90500 81 419.94667 5%3.98838 8 48.03000
9 05.14417 259.18583 9 423.22750 §87.26017 9| 751.31083

80 98.42500 80} 262.46667 130 | 426.50833 180 |  500.55000 230 | 754.50167
1| 101.70583 285. 74750 429.78917 593.83033 1] 757.87250
2] 104.98667 . 02833 433.07000 §97.11167 2| 761.15333
8| 108.28750 272.30917 436.35083 600. 39250 8] 764.43417
41 111.54833 275.50000 439.63167 4| 603.67333 4| 787.71500
B| 114.82017 5 . 87083 442.91250 X 5 . 09583
6} 11811000 5 1 282.15167 446.19333 610. 23500 6| 774.27667
71 121.39083 . 43250 449.47417 613. 51585 2| 722.55750
8| 124.67167 . 71333 452.75500 616. 79667 8 . 83833
] . 95250 201.99417 456.03583 820.07750 9| 784.11017

40 131.23333 901 295.27500 140 450.31687 1901 623.35833 240 | 787.40000
1| 134.51417 X 462. 59750 626. 63917 1 . 68083
2| 137.78500 3801. 83667 465. 87833 629.92000 21 793.06167
8| 141.07583 805.11750 469.15017 633.20083 8 . 24250
4| 144.35667 4| 808.39833 4| 472.44000 636. 48167 4| 800.52333
5| 147.63750 3811.67917 475.72083 £ 639.76250 5 803 80417
6| 150.91833 6| 314.96000 479.00167 643.04333 6| 807.08500
7] 154.19017 318.24083 82. 28250 646.32417 ¥yl 8io. 36583
8] 157.48000 821. 52187 485, 56333 649. 60500 8| 8i3.64
9 824. 80250 §) dss.aaz il 642, 88683 81 &4
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U. 8. COAST AND GEODETIC SURVEY

Lengths— Meters fo feet (from 1 to 1000 units)—Continned

Me- Mo~ ; Me- . Me- Mo-
ors Teet tors Teet tors Teet ters Feet fers Feet

250 . 20833 300 3 350 | 1,148.20167 400 | 1,312.33333 450 | 1,476.37500
1 823.48017 987.53083 1 151.57250 1 315. 61417 »479.065583
2 . 77000 . 990.81167 154. 85333 318. 89500 , 482, 93667
8 . 05083 .994.09250 1,158 13417 1 3"2 17583 »488.21750
4] 833.33167 997.37333 1,161. 41500 4| 1,325.45667 ,480.49833
£36. 61250 1,000.65417 X 1,328.73750 ,402.77017
. 80333 003. 93500 1,167.97667 1,332 01833 ,496.06000
843.17417 2 1,17}.25750 1,335. 20017 . 34083
6. 45500 1,010 49667 1,174.53833 1,338. 58000 ,502.62167

849.73683 . 77760 1,177.81917 1,341.86083 4505,
260 | 853.01607 31011, 360 | 1,181.10000 410 1 345 14167 460 | 1,500.18333
856. 29750 1,020.33917 1 184.33083 348. 42250 ,512. 46117
850. 57833 1,023. 62000 ) 1, 187. 66167 1 351. 70333 ,515. 74500
862. 85917 1,026.90083 1,190. 1 354. 98417 8 | 1,519.02583

4 £66.14000 1,030.18167 4| 1,104.22333 1,358.26500 411,

. 42083 1,033. 4 & | 1,197.50417 1,861.54588 1,525. 58750

872. 70167 1,036.74333 1 200. 78500 1,364. 82667 1,523.
5. 95250 1,040. 02417 1 204. 1,368.10750 1,532.14017

879. 26333 1,043.30500 1,207 34667 1,371.35833 1,535,
882.54417 1,046.58583 1,210.62750 1,374.66017 1,538.71083
210 szsoor 820 | 1,040.88667 370 | 1,213.90833 420 1 377.95000 470 | 1,541.99167

1 889. 10583 1] 1,053.14750 1 217.18917 1 381 23033 111,545

2 892. 33667 2 | 1,056.42333 1 220 47000 2 1,384 51167 2| 1,548.
8 895. 66760 3 | 1,059.70017 1 . 75083 3 . 79250 81 1,551.83417

4 898.94833 411,062, 4 1,227 03167 4 1,391.07333 4 | 1,556,
§| 002.22017 |} 1,066. 1,230.31250 5] 1,304.35417 51 1,538.39583
6 905. 51000 1,069. 55167 1,233. 59333 6 | 1,397-63500 1, 561. 67667
g 908. 79083 1,072. 83250 1,236. 87417 71 1,400.915%3 » 564. 95750
8 912.07167 1,076.113 »240. 15500 8 | 1,404.19667 1,568.23833
9] 915.35250 1,079.39417 1,243.43583 9| 1,407.47750 1,571.51017
280 | ©18.63333 830 | 1,082.67500 380 | 1,246.71367 430 | 1,410.75833 420 1,574.80000
1 921.91417 ,085. 1,249 99750 1 1 414.03017 1,578.08083
2 925. 19500 1,089. 2366 1, 253. 27533 2 1 417.32000 1 581.36167
8 928.47583 1,092. 51750 l 250. 55917 3 1 420. 80083 584 64250
4| 931.75667 1,095. 4 | 1,259.84000 4 1,423 88167 4| 1,587.92338
935.03750 1,099.07917 51 1,263.12083 5| 1,422.16250 1,501.20417
938. 31833 1,102.36000 1,260, 40167 6 l 430.44333 y 48500
941. 59917 1,105.64083 »269. 65250 7 1,433.72417 , 597. 76583
8 ©44. 83000 1,108.92167 »272. 06333 8 | 1,437.00500 1,601.04662
0| 948.16083 1,112. 1,276.24417 911, 1,604.32760
200 [ 951.44167 340 | 1,115.48333 390 | 1,279.52500 440 | 1,443. 56667 490 | 1,607.60833
854. 72250 1,118.76417 1| 1,282.80583 1] 1,446.84750 1,610. 88917
958. 00333 ,122.04500 2 | 1,286.08667 2 | 1,450.12333 1,614.17000
961. 28417 1,125.32683 3 | 1,289.36750 3| 1,453.40017 1,617.45083
L 964. 56600 1,128.60667 4 | 1,292.64833 4 | 1,456.€9000 4 | 1,620.73167
067.84583 1,131.88750 5 | 1,295.92017 511,459, 1,624.01250
971.12667 135.16833 6 | 1,299.21000 6 | 1,463.25167 ,627.29333
974.40750 1,138.44017 71 1,302.40083 7] 1,468.53 1,630.57417
977.68:33 1,141 73000 8 | 1,305.77167 8 | 1,469.81333 1, 633. 83500
91 680.96012 3,146.01083 9 1 3,i08,05250 9 11,473.00417 1,637.13583




CONSTANTS, FORMULAS, AND TABLES

Lengths— Melers lo feet (from 1 to 1000 units)—Continued
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y Me- Me- Me- Me-
Foet {ers fers Feet ters Foet Fous Teet
1,640.41667 {| 550 | 1,804.45833 | 600 | 1,088.50000 || 650 [ 2,182,54167 | 700 | 2,296.
1, 643.69750 1 | 1,807.73917 1[1,971.75083 1| 2,133-82250 3,790.86417
1,646.97533 2 | 1,811.02000 2 | 1,975.06167 2| 2,139.10323 2,303. 1.
1, 650. 25017 3 | 1,814.30083 8| 1,978.34350 3| 2,142.38417  306. 42583
1,653. 54000 4 | 1,817.58167 4 | 1,081. 4 | 2,145.66500 4 | 2,300.
1,856.82083 5 | 1,820.86250 5 | 1,984.90417 5| 2,148. 5] 2312
1,660. 10167 6 | 1,824.14333 6 | 1,988.18500 6 | 2,152.2266; ,316.
1,663.88250 v | 1,827.42417 7 | 1,991. 46583 7 | 2,155.50750 2,319.54917
1,666. 66333 8 | 1,830.70500 8 | 1,994.74667 8| 2,158.78833 , 822,
1,660.94417 9 [ 1,833.98583 9 | 1,998.02750 9 | 2,162.06017 2,326.11083
510 | 1,673.22500 || 560 | 1,837.28667 || 610 | 2,001.30833 | 660 | 2,165.35000 |t 710 | 2,329.30167
1,676. 50583 1 | 1,840. 54750 1 | 2,004. 58017 1| 2,168.63053 2,332.67250
1,879. 78667 2 | 1,813.82333 2 2,oo7.s7ooo 2| 2,171.01167 , 335.
1,683. 06730 3| 1,847.10017 3 | 2,011.15083 3 | 2,175.19250 2,339. 23417
4 | 1,686.34833 4 | 1,850.39000 4 | 2,014.43167 4271 4| 2,342
51 1,680.62617 5 | 1,853.67083 5 | 2,017.71250 51 9,181.75417 92,345.79588
6 | 1,002.91000 G | 1,856.95167 6 [ 2,020.99333 6 | 2,155.08500 2,340.07667
¥ | 1,606.19083 7 | 1,560.23350 7 | 2,004.27417 7 21ss 31583 2,352.35750
B | 1,699.47167 8 | 1,863.51333 8 | 3,027. 55500 8 | 2,191.59667 233
1,702.75250 9 | 1,866.79417 9 | 2,030.83583 9 2,194 87750 2,358.91012
@20 | 1,708.03333 || 570 | 1,870.07500 || 620 | 2,034.11667 || 670 | 2,198.15833 [| 720 236220000
1 | 1,70981417 1 | 1,873.35583 1| 2,037.39750 1 | 2,201. 43917 305. 48083
2 | 1,71259500 2 | 1,876.63667 2 | 2,040.67833 2 | 2,204.72000 2,368.76167
9| 1,715.875%3 3 | 1,879.91750 3| 2,043.95917 3 { 2,208.00083 . 04250
4 | 1,710.15667 4 | 1,883.19833 4 | 2,047.24000 4 | 2,211.28167 4| 2,315.32333
6 {1,722.43750 5| 1,886.47017 s | 2,050.52083 9,214.56250 5 | 2,378.60417
6] 1)725.71833 6 | 1,889.76000 6 | 2,053.80167 2,217.84333 5 | 2,331.88500
7 | 1,728-09017 7 | 1,893.04083 7 | 2,057.08250 2,221. 1..417 2,385.16583
] 1, . 28000 8 | 1,506.82167 8 | 2,060.3€333 2,204.40500 2,388. 44667
9 . 56083 9 | 1,809.60250 9 | 2,063.64417 2,227.68583 2,391
(880 | 1,738.84167 || 580 [ 1,902.88333 || 630 | 2,088.92500 || 680 | 2,280.06667 || 730 | 2,305.00833
1 | 1)742.12250 1 | 1,906.16417 11 2,070. 20533 2)234. 24750 2,308. 25917
2| 1,745.40333 2 | 1,909. 44500 2 | 2,073. 48667 2,237.52333 , 401. 57000
B8 | 1,748.68417 3 | 1,012.72583 3 | 2,076.76750 2240. 80917 2, 404, 85083
4 | 1,761.96500 4 | 1,916.00667 4 | 2,080.04833 4 | 2,244.00000 4 | 2,408.13162
8§ | 1,765.24583 5 | 1,919. 28750 5 | 2,083.32017 2,247.37083 92,411. 41250
6 | 1,758.52067 6 | 1,922.56333 6 | 2,085.61000 2,250. 55167 5 | 2,414
¥ | 1,761.80750 7 | 1,925.84017 7 | 2,089.89083 2,25393m 2,417.97417
€ | 1,765.08883 8 | 1,929.13000 8 | 2,003.17167 2,257.21333 2;421. 25500
9 | 1,768.36017 0 | 1,932.41083 g | 2,096. 0 | 2,260.49417 2,424,
B40 ] 1,771.65000 || 590 | 1,935.60167 || 640 | 2,000.73333 || 690 | 2,263.77500 || 740 | 2,427.81667
1 [ 1,774.93083 1 | 1,938.97250 1| 2,103 01417 1| 2,267.05533 , 43109750
2 | 1,778.21167 2 |1,912.95333 2 | 2,108.20500 2 | 2,270.33667 2434.3,833
3| 1)781.49260 a 1,945. 3| 2,100.57583 3 | 2,273.61750 92,437.65017
41,784, 1,048. 4| 2,112.85667 4 | 2,276.80833 4 | 2,440.94000
5 | 1,788.05417 5 2 2,116.13750 5 | 2,280.17917 444.22083
6 | 1,791.33500 6 2,110.41533 6 | 2,283.46000 2447.50161
¥ | 1,704.61583 7 71 2,122.60017 7 | 2,238.74083 73250
8 | 1,797.89667 8|1 8 | 2,125.98000 8 | 2,200.02167 2,
§ | 1,801.17750 ] a2 9 | 2)203,30250 2,45, .a«u
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Lengths— Meters Yo feet (from 1 To 1000 units)—Continued

U. 8. COAST AND GEODETIC SURVEY

Me- Me- Me- Me- Moo
ters | Feet tors | oot fers Feet ters | Teet ters | Teet
a50 | 2,460.62500 || 800 | 2,624.06067 || 50 | 2,788.70833 || 900 | 3,052.75000 | 950 | 3, 116. 70167
1 | 2/ 463.90583 1| 2)637.94750 1| 2791, 95917 1| 2956.03083 3'120.07250
2 | 2,467.18067 2 | 2'631 2083 2 | 2/795.27000 7 | 2,050.31167 3,123.35333
8 | 2 470. 46750 3 | 2)634. 50017 3 | 2’ 798. 55083 3 | 208250250 3126, 63417
4 | 2)¢73.74883 4 | 2/637. 79000 4 | 2/s01. 83167 4 | 2,085, 87338 4 | 3)120.91500
5 | 2,477.02017 5 | 2,641.07083 5 | 2,805. 11350 5 | 2,900.15017 5|8133.1
6 | 2 48031000 264435167 6 | 2'803.30333 6 | 2,97 13500 5 | 87136, 47667
v : 2,647, 63250 7 | 281167417 7| 2,075, 71588 87130, 75750
8 | 2136, 87167 2650.01333 8 | 2/ a14. 95500 8 | 2,975, 90667 143, 03533
9 | 20490.15250 265410417 g | 2js8. 9 | 2,082.27750 8)146.81017
661 2,403.c33 | 810 | 657.4m500 | 860 |2,821.51067 || 910 2,085.5583 || 960 | 3,149.60000
1 | 2049671417 2'660.7 1 | 21524, 79750 1| %038 017 87152.85033
2| 240 2 | 2/ 654. 03687 2 | 2/823. 07833 2| 20092:19000 8156.16167
8| 2503, 27553 266731750 3 | 283185017 3| 3,905, 40053 3,150, 44350
4 | 2,506. 55607 3|32 6m0. 4|28 4| 2,008 6167 4 | 316272323
5 | 2,500.53750 5 | 9,672.87917 5| 2,%7. 5 1 3,001.96250 5| 3,166.00117
€ | 2/513.11833 7 677.16000 5 | 22511 20187 6 | 8200521233 3169, 28500
7 | 20516, 30017 ’ 630. 4 7 | 2541 13250 7 | 3008. 52417 8,172, 56583
8 | 27519, 62000 2633, 72167 8 | 2817.76333 8 | 3 011, 80500 3175, 84067
9 | 2522.96083 2637.00250 o [ 2,81 04417 9 | 3015. 08583 )17, 12750
770 | 2,50.0067 | 820 | 2,600.2:33 | 70285433800 || 920 | 3,018.36887 || 970 | 3,182, 40838
1 | 20520, 52250 2693, 50117 1| 2's57. 6053 1| 302164750 1| 518563017
2 | 2753250333 2696, 4500 2 | 2! 580. 83667 2 | 37031 9233 2| 31188 97000
8 | 2,536, 00117 20700, 153 3 | 23641675 3| 32028 20017 3 | 8,107 25083
4 | 2/530.36500 4 | 27 703. doeer 41 2 567. 44523 1| 37031, 40000 4| 3195, 53187
5| 2,542.605%8 5 | 2,706.68750 5 | 2,870.72017 5 | 3,084.77088 5| 3,108.51250
6 | 2,545. 92667 6 | 2/ 709.96533 6 | 2,574.01000 6 | 5.038.05167 6 | 3,202, 00333
¢ | 2,540, 20750 7 | 2)718.24007 7|28t 7 | 306133250 7| 3'%05.37417
8| 2,552, 48833 8 | 271653000 8 | 2/8%0.57167 8 | 32014 61333 8 | 3,208, 65500
9 | 2,555, 76017 8 | 2)n9.81088 9 | 2/833.35250 9 | 304780017 9 | 3211.93588
780 | 2,650.05000 i B30 | 2,723.00167 | 8801 9,887.13333 || 930 |3,050.17500 | 980 | 3,215.21887
1 | 2)562.33083 1| 2)726.37250 1| 2590, 41417 1| 8005445583 1| 3'%18. 49750
2 | 2,565 61167 2 | 2720, 65333 2 | 2598, 69500 2 | 8057, 73687 2| 8991 77533
8 | 2568, 89250 3|9 72.03017 3 | 2 so6-975% 3| 3.0t otz 3 | 335 05017
4 | 2572.17338 4| 2738.21500 4 { 22900, 25667 4 | 308420833 4 | 3,228.31000
2,575. 45417 5 | 2,729, 40558 5 | 2,903.53750 5 | 3.067.57017 5| 3,%1.
2578, 73500 6 | 2712, 77667 & | 2900, 31833 6 | 3107056000 33190167
20582, 01583 7 | 2)746.08750 7| 2910° 00017 7 | 8074.14083 ’ 338, 19550
3585, 20667 8 | 274033833 8| 2oss000] . 8|30774m67 911 46333
2588, 57750 9 | 2,752, 61017 9 | 2916. 66083 9 | 3,080 70250 21474417
790 | 2,501 85883 || 840 | 2,755. 890 | 2,010.0067 l| 940 3,083.0833 || 090 | 3,245.0500
2505 13017 1|2750.1 1| 2,023 29250 1| 3087.36017 551, 30583
4 508, 9000 2 | 2,762, 16167 2 | 2026, 50333 2 | 31000, 54500 > 954 53667
20601, 70083 3 | 2,765 74350 3| 20920, 78417 3 | 8003.52553 ! 957, 86750
4| 260008167 4| 2,769.02333 4 | 293306500 4 | 3,007.10667 4| 326114833
2,608.26250 5 | 2,772.30017 5| 2,988.3 5 | 3,100.38750 964, 42017
5 | 2,611, 54333 6 | 2775. 53500 6 | 2/980- 62067 6 | 310366533 ’ 967. 71000
2'614.89017 7 | 2,778, 86583 7 | 204290750 7 | 3/108.04917 * 270.99083
261810500 8 | 2,782, 14667 8 | /916, 1843 8 | 311023000 ) 57497167
! 631.35583 9 | 2,785 42760 9 | 2940, doi7 9 | 8'113. 51083 277, 55250




CONSTANTS, FORMULAS, AND TABLES 231

Corrections to log s and log AN for difference in arc and sine

|
Log dif- Log dif- Log dif-
ference ference ference
(units of [ Log AA Logs | (unitsof| Log AN || .og$ |((unitsof |Log AN
eighth (C))] (] eighth [€))] =) eighth +)
decimal decimal decimal
place) place) place)
1 1, 8850 4.8270 799 3.3360 5. 1780 4025 3. 6870
2 | 2.0350 4. 8380 841 [ 3.3470 5. 1830 4119 | 3.6920
3 2.1230 4. 8500 889 3. 3590 5. 1880 4215 3. 6970
4 | 21860 4. 8620 939 | B8.3710 5. 16840 4333 | 3.7030
5 1 22 4,8710 979 | 3.3800 5. 1990 4434 [ 8.7080
6 2.2740 48820 1030 3.3010 5. 2040 4537 3. 7130
7 2.3070 4. 8620 1078 3.4010 8. 2080 1643 3. 7180
8 2. 3360 4. 9040 1140 3.4130 5. 2140 4751 3. 7230
9 2.3620 4.9130 1188 3. 4220 35,2190 4862 3. 7280
10 2. 3850 4.9220 1238 3. 4310 5. 2240 4975 3. 7330
20 | 25350 4. 9330 1303 | 3.4420 5.2 5001 | 3.7380
30 2. 6230 4. 9420 1358 3.4510 5. 2330 5186 3. 7420
40 2. 6860 4.9520 1422 3.4610 5. 2380 5306 3. 470
50 2.7340 4 9590 1488 3. 5. 2420 5405 3. 7510
60 | 2.7740 4. 9680 1530 | 3.4770 5 2470 5531 | 8.7560
70 2. 8070 4.97%0 1603 3. 4870 5. 2620 5660 3. 7610
80 2. 8360 4. 9360 1663 3. 4950 5. 2560 5765 3. 7850
90 2. 8620 4. 9930 1717 3. 5020- 5. 2600 5872 3. 7690
100 2. 8850 5. 0020 1760 3. 5110 5. 2650 6009 3.7140
110 2. 9050 &, 0100 1857 3. 5190 5. 2690 6121 38.7780
120 2.9240 5.0170 1918 3. 5260 5. 2740 6263 3. 7830
130 2, 0420 5. 0250 1990 3. 5340 5. 2780 6380 8.7870
140 | 2.9580 5.0330 2064 | 3.5420 5. 2820 6498 | 8.7910
150 2.9730 5. 0400 2132 3. 4490 &, 2860 6619 8. 7650
160 | 2.9870 50480 2212 | 3.5570 5. 2900 6742 | 3.7990
170 3. 0000 5. 0550 2285 3. 5640 5. 2040 6868 3. 8030
180 | 3.0120 5. 0620 2350 | 3.5710 5. 2000 7027 | 3.80%0
200 | 3.0350 5. 0680 2425 | 3.5770 5. 3030 7158 | 3.8120
230 3. 0650 5. 0750 2505 3. 5840 5. 3070 7201 3.8160
250 3.0840 5.0820 2587 3. 5910 5. 3110 7427 3. 8200
270 3. 1000 5.0890 2672 3. 5980 5.3150 7565 3.8240
300 } 3.1230 5. 0950 2747 | 3.6040 53190 7905 | 3.8280
330 3. 1440 5.1020 2837 3.6110 5. 3280 7849 3. 8320
360 3. 1630 5. 1080 2918 3.6170 53270 7995 3. 8360
390 3. 1800 5. 1140 2998 3. 62 5. 3310 8143 3. 8400
420 3. 1 3 1210 3008 3. 6300 5. 3350 8205 3. 8440
450 3.2110 51270 3183 3. 6360 5. 3390 8449 3. 8450
480 3. 2250 5.1330 3272 3.6420 5.3430 3. 8520
521 3.24; 5. 1390 64 3. 8480 5. 3470 8766 3. 8560
561 3.25%0 5. 1450 3458 3.6540
590 3.2700 5. 1500 3538 3. 6590
3.2 5. 1560 3637 3. 6650
671 3.2030 5. 1610 3722 3. 6700
09 3.3100 5.1670 3826 3. 6760
750 3.3220 3. 1720 3918 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 4
Elevation : Elevation f
M Log A units : Lng A units
of accupied 4 y of occupied
station h of tifth place station Ay of fifth place
Melers Melers
0 0.0 3009 20.5
73 .5 3156 2L5
220 15 3303 22,5
367 25 3449 23.5
514 3.5 3508 24,5
661 4.5 3743 25.5
807 5.5 3860 26. 5
954 6.5 4038 27.5
1101 7.9 4183 28.5
1248 &5 £330 20.5
1394 9.5 1 HiT 30.5
1541 10.5 : 4624 3L5
16588 1.3 4770 325
1835 12,5 917 33.5
1952 13.5 5064 345
2128 15 5211 355
2275 15.5 5357 36.5
2422 16.5 A504 3.5
2560 17.5 G651 38.5
I15 18.5 5798 30.5
2842 : 19.5 5045 40. 5
Log B and log C
| Log approxs-
d'lt{_nate
itference Log R
of elevation| ymitsof Log ¢ Log C
=log stan | sth place
( f1—; 1) .
2
0.0 0.0
2. 167 .9 4. 875 .5
2, G4 L3 5. 113 L5
2. 866 25 5. 224 25
3.011 3.5 5,297 3.5
3121 45 5. 352 4.5
3. 208 5.5 5.395 5.5
3. 281 (] L. 432 6.5
3.343 7.5 5. 463 .5
3. 397 &5
3.445 9.5
3.489 10.5
3. 528 1.5
3. 565 12,5
3.598 13.5
3.629 14.5
3.658 15.5
3. 685 16.5
3.711 17.5
3.735 18.5
3.758 19.5
3.779 20. 5
3. 800 2.5
3. 820 22.5
3. 839 23.4
3. 857 L 5
3.574 25. 9
3 .
*Or log s cot [ H1—(0.5—m );sin—l”] for nonreciprocal 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,

ab;y sin Ci(1 —¢€? sin® ¢)? @b sin €' % m
€= - H = 1 -
2a*(1—¢€®) sin 1”7 101 81 G 7

In this formula e is the spherical excess; @, b, and C, are two sides
and the included angle, respectively, of the corresponding triangle;
¢? is the square of the eccentricity, and @ the major semiaxis of the
spheriod of reference; and ¢ is the mean latitude of the three vertices
of the triangle. That part of the above expression which depends
only on the latitude and the dimensions of the spheroid may be
designated by a single letter, m, as shown. In the following table
the logarithms of m are given with the latitude as an argument.

The above formula gives the spherical excess too small by one one-
hundredth of a second for an equilateral triangle with 200-kilometer
sides, or for a nonequilateral triangle of the same area. For an
equilateral triangle of 100-kilometer sides, or an equivalent nonequi-
lateral triangle, the excess as given by this formula is too small by
less than one one-thousandth of a second.

In cases where a more accurate value of the spherical excess is
required the formulas given on page 51 of Special Publication No. 4,
The Transcontinental Triangulation, may be used. These formulas
give a slightly unequal distribution of the spherical excess among
the three angles of the triangle. '
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Table of log m

[Computed for the Clarke spheroid of 1866 as expressed in meters]

Latitude Log m Latitude Log m Latitude Log m | Latitude Log m

o 7 ° ’ < ’ e 1 |

0 00 | 1.40695 —10 20 00 [ 1.40628 —10 40 00 | 1.40452 —10 60 00 ; 1.40233 —10
0 30 695 —10 20 30 623 —10 40 30 446 —10 60 30 ! 249 —10
1 00 695 —10 21 00 619 —10 41 00 441 —10 Gl 00 244 —10
1 30 694 —10 21 30 618 —10 41 30 436 —10 6l 30 240 —10
2 00 694 —10 22 00 612 —10 42 00 431 —10 62 00 25 —10
2 30 694 —10 22 30 608 —10 42 30 426 —-10 62 30 231 —10
3 00 693 —10 23 00 6056 —10 43 00 421 —10 63 00 27 —10
3 30 693 —10 23 30 601 —10 43 30 416 —10 30 223 —-10
4 00 692 —-10 24 00 507 —10 4 00 411 —-10 64 00 219 —10
4 30 691 —10 24 30 504 —10 41 30 406 —10 64 30 215 —18
5 00 690 —10 25 00 590 —10 45 00 400 —10 65 00 210 —10
5 30 689 —10 2 30 586 —10 45 30 395 —10 65 30 207 —10
6 00 688 —10 26 00 582 —10 46 00 360 —10 6 00 203 —10
6 30 687 —10 26 30 578 —10 46 30 385 —10 66 30 199 —10
7 00 686 —10 27 00 573 —10 47 00 350 —10 7 00 195 —10
7 30 “685 —10 27 30 569 —10 47 30 375 —10 87 30 192 —10
8 00 683 —10 28 00 565 —10 48 00 369 —10 63 00 188 —10
8 30 682 —10 28 30 50 —10 43 30 34 —10 63 30 185 —10
9 00 680 —10 29 00 55 —10 49 00 359 —-10 69 00 181 —10
9 30 679 —10 29 30 552 —-10 49 30 354 —10 64 30 178 —10
10 00 677 —10 3¢ 00 518 —10 50 00 349 —10 70 00 174 —10
10 30 6715 —10 30 30 544 —10 50 30 344 —10 70 30 171 —10
11 00 673 —1G 31 00 539 10 51 00 339 —-10 i1 00 168 —10
11 30 671 —-10 31 30 534 —10 51 30 334 —10 71 30 164 —i0
12 00 669 —10 32 00 530 —10 52 00 329 —10 72 00 | 1.40161 —1C
12 30 667 —10 32 30 525 —10 52 30 324 —10

13 00 685 —10 33 00 520 —10 5 00 319 —-10

13 30 663 —10 3 30 516 —10 53 30 314 —10

14 00 660 —10 o4 00 511 —10 54 00 309 —10

14 30 658 —10 34 30 506 —10 5 30 304 —10

15 00 655 —10 35 00 501 —10 55 00 209 —10

15 30 653 —10 35 30 496 —10 55 30 295 —10

16 00 650 —10 2% 00 491 —10 5 00 200 —10

16 30 647 —10 36 30 485 —10 56 30 235 —10

17 00 644 —10 37 00 482 —10 57 00 250 —10

7 30 642 —10 37 30 477 —10 57 30 276 —10

18 00 639 —10 38 00 472 —10 58 00 271 —10

18 30 836 —10 38 30 467 —10 58 30 266 —10

19 00 632 —10 20 00 462 —10 50 00 262 —10

19 30 | 1.40629 —10 30 30 | 1.40457 —10 &9 3b | 1.40257 —10
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COMPUTATION OF STRENGTH OF FIGURE

'In the following table the values tabulated are [8,%+ 5.0p+ 65°].
The unit is one in the sixth place of logarithms. The two arguments
of the table are the length angles in degrees, the smaller length
angle being given at the top of the table. The length angles are .
the angles in each triangle opposite the known side and the side
required. 5, and 8p are the logarithmic differences corresponding to
1 second for the length angles A and B of a triangle.

Table for determining relative strength of figures in triangulation

10° | 12° | 14° 16°] 18°F20° | 22° | 24°| 26°  28°§30° | 35° [ 40° | 45° 50°I55°60°‘65 70°(75 L0°85° 90°
°
10 | 428 | 859
12] 859 | 295 | 253
14 { 315 | 253 | 214 (187
16 | 284 | 225 | 187 (162 |143
18 | 262 | 204 | 168 (143 {126 }113
20 | 245 | 189 | 153 (130 |113 J100 | 91
22 |.232 177 | 142 (119 |103 | 91 | 81 | 74 |
2412211167 | 134 (111 | 95183 | 74 [ 67 | 61
28] 213 | 160 { 126 |104 | 89 § 77 61 | 56 | 51
28206 (153 | 120 |99 | 83 72|63 | 57| 61 | 47143
30109 (148|115 | 94 | 70§ 68 ) 59 | 53 ) 48 40 | 33
35]188(137) 106485 | 71§60 |52)46|41|37]83 27|23
40 | 179 ( 120 79(65054 (474136 |32]20(228]|10]|18
451 172 1 124 74160150 | 431373212825 /20{16!) 13 (118
5001671119 89170 | 57447 (39 (34{20(26]123 18114111} 9}8
550162 ( 1151 86 67 44137 (32|27 (2421 )16}112|10}| 8]7|5
159 | 112 | 83|64 | 514238530 |25)22)19|14 (11 9f 705 (4|4
65155 (109 | 80|62| 4940|3328 |24 |21J18]| 13|10 7| 6565|432
700152 (106 | 78 |60 | 48938 (32|27 123 |10)17 |12 9} 7| 65]4(3|2]|2]|1
750150 | 104 | 76 46137(30 25|21 |18J16j11| 8] 6] 481212111 1
1471102 74|57 | 45]36| 29| 24120|17]15(10| 7| 6| 4]3|2(1|Lj1]o0{0
85 ] 145|100 | 78 (55| 43|34 |28 |23 |19|16J14{20] 7| 5| 3J2(2[{1|1{0Q0 (0| O
00143 | 98| 71|54 |42)33(27(22|19]16§13] 9| 6| 4| 8]J2|1|1[1|[0fO}0O
95§140| 96| 70|53 | 4132 |26 22|18|15]13| 9| 6| 4| 3}2}1(1j0[{0fJO O
100 | 138 68|51 (403125 (2117 (14 Q12] 8] 6§ 4| 3J2(1|170j0]0
106136 93| 6750|3030 125|201 | 1412 8| 5] 4 2]2|1(170(0O
110134 | 01| 65[40 (3830 |24 |19 | 16| BJ11| 7 5| 3] 2J2(1;1]1
1150132 89! s4|48i37]20!23|19t15)13011] 7! 5) 8! 21211}1
120 § 12 6246 | 3628|2218 15| 12J10( 7{ 5| 3| 2}2]1
1250127 861 61145|357127|22(18|14]12010| 7( 5| 4| 8)2
130 | 1256 | 84| 50 | 44 26|21 (17|14 (12810( 7| 5 4 38
135122 | 82| 5843 202117 (14]12010| 7] 51 4
140|119 ] 80 5642|3225 20|17 14]|12]10| 8| 6
145 ] 118 5|41 32]25|21|17|15]|13}11| 9
150112 75| 54 |40132]26121|18(16]15]13
152111 ) 75| 53|40 (32026 | 22| 19|17 |16
164110 74| 53 |41(33427123)21}19
1661108 74 541423428 |25} 22
158107 | 74| 54 (4335030 27
160§ 107 | 74| 56|45, 38133
1621107 | 76| 69} 481 42
164 | 109 63 | 5
1664113 | 86| 71
168 | 122
170 § 143

640737°—15——16
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HOW TO USE THE TABLE

To compare with each other two alternative figures, either quadri-
laterals or central-point figures, in so far as the strength with which
the length is carried is cohcerned, 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.

(3) For each triangle in each chain enter the table with the
length angles as the two arguments and take out the tabular value.

(c) For each chain, the best and second best, through each figure,
take the sum of the tabular values.

s
(d) Multiply each sum by the factor ILD—C for that figure, wheré

D is the number of directions observed and C is the number of con-

ditions to be satisfied in the figure. The quantities so obtained,
H

namely, % 2 [0,%+ 0,68+ 85%, 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. §-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 thejr second-best, chains differ greatly.
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longitude equations.
normal equations_...______

adjustment of elevations. ... __._cooo_.
observation equations, adjustment of ele-
_vations. 168-170 .
side equations inmet..._ oo 60-61
Formula, development, elevations from
zenith distances. ____ .. .o 148
inverse position computation 20
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Formula, nonreciprocal observations of
zenith distanees. ... ocooomcaeo oo
probable error, elevations
reciprocal observations of zenith distances_. 148

refraction coefficient 164
sea-level reduction |
spherical excess.. - - 32,233
strength of figure_ . .« oo aaa 235
triangle computation by two sides and in-
cludedangle. . . e 139
Formulas, computation of long distances. - 27
number of equations..____ . __.._____.___ 34
probable errors. .. - 29
three-point problem. ..o oo ameeoaa 191
Geodetie, azimuth, true, computation._...__. 206
Greographie positions, angle method of adjust-
ment, list. oo eaaae 145
checking, 44
computation
new forms. - 45,48
[-)¢ (o) ¢ T -oar

explanation of computation.
extra azimuths. . _.__..._.
instructions for making list.
lst. ..

net adjustment .- oo 108-109
Horizon, closure, horizontal angles...-.—...-. 8,9
Identical angle equations ... ..cocaee_.. 35-36
Identical equation, solution of normal equa-

tions having. .. 183
Identical equation: 181-185

Initial, more than one, combination of direc-

different cases, sketeh_ . __.._____.___

elevation, computation_ ... .....__.. 174-175
Inverse position computation. . 201-204
are-sine correction. . oo 203
checking. ..ol 204
formula_.-_______ 202
Laplace, azimuths. _. 204-207
equation . ..ol 205
station, aceuracy of data. 205
deflnition. ..o 204

Latitude and longitude equations, comparison
of old and new methods _.

Latitude equations. _.__.___._..._...
explanation of computation...._..__.__.
formation. ...

Least-squares adjustment, differences of ele-
vations_.._.____._ 167-173

Least squares, theory___________.__ 1

Length, closure, first-order triangulacion 63
equation.. ... ..o - 125
arc-sine correction. . _.....__ . 6o
computation - 65
explanation..... ... _-- 6365
side equation in form of . - . . 180-181
sketch of triangles used... - 64
Lengths, arc-sine correction..-. - 31
computation, for eccentric reduction. _ 20,22
for spherical excess. - - oo oeeoommanaenoa 32
triangles, 40

INDEX

Lengths, triangles, check. —.—oocoooocoennn
Lettering sketeh for angle method
Limit of rejection, observations..........__..
List, geographic positions.... .........._._..
angle method of adjustment..___..._____
instructions for making______.___..._____
net adjustment. . ______._..
of directions. .ol
after local adjustment
angle method of adjustment .. ...
checking.

for eccentric object.. .- ooooooooos
from horizontal angles__._______.____.___
mean correction. .o oo _

net adjustment ... ... ... ..
number of decimals___ ... ___...__..
sample, from horizontal angles.__....._. 8
stations of quadrilateral ..oa_oooo. ... 29, 30
Local adjustment. .. ool 818
list of directions after_ ... __.._.__.. 16,18
Location of error by side equation test._... 210-211
Logarithms, common, modulus. __ _o.-...... 219
Naperian, base. . oo oo 219
Long distances, computation...._____...__ 207-208
Longitude and latitude equations, compari-
son of old and new methods. . ..___...... 66
(12 1 1 TR
Longitude equations.
explanation of computation...__....__._

formation. . eeee s

to direction

Mean error, angle__ ...
Meters, conversion to feet_ ... oo
Modulus, common logarithms..__._._..._...
Naperian Jogarithms, base. - ocoooommcmmcmaan 219
Neatness, computations. . _...oocoocaaeoaoe 215
Net adjustmerit, angle method.___.____.___ 110-146
back solution of normal equations...__.... 93
computation of triangles. ... ... 54-58, 95
computation of » corrections....._.....__.. 04-95

conditions involved._ . ... . __...__.
correlate equations. ..
direction method - .- cmeee el - 50-109

final position computation.... 95-107
list of directions, 52-53
list of geographic positions ... c-aao_- 108-109
normal equations. ....... mmma—ee—mmm——aae 84
number of equations_ ... __._____ 51, 59
sketeh. e 50
solution of normal equations.. .. ceceeo .. 86-92
Net, formation, angle equations. .. _...__.__ 60
side equations_ ..o e

number of angle equations..
number of side equations.

Nomogram, sea-level corrections. ... .... ]
Noureciproeal observations, elevations from,
computation. .. ....... R 165-167, 175
factors....ocooomaaee 232
refraction coefficlent. ... 166

zenith distances, formula. - <o oocmmmnca. 148, 165
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Normal equations, adjustment of elevations_. 171 | Positions, geographie, instructions for making
7000412131, | T 171 list 1748
solution._ [, 172 list 47-49
all terms.__ 13 net adjustment 108-109
angle method. .- . -eoooommunoooocceaeeen 127 | Probable error, direction 107
back solution. : 129 formula.. 107
solution._. 128 elevations, computation.: .ceaweaeenen eme 173-174
back solution. .o oo oo 13-15,18 formula,
net adjustment. 93 observed angle.
quadrilateral. .. . ________ 33 | Probable errors, azimuths_ .
explanation of solution. .. ——cooo.________. 14-15 formulas, 219
formation Problems, computation of triangulation.._ 177-214
baving identical equation, solution........ 183
net adjustment. ..o eas 84 | Quadrilateral, adjustment 20-49
omission of coefficients.. ... co.... 12-13 pole at intersection of diagonals.....--- 135-188
order of solution triangle with two concluded angles. ... 189-190
quadrilateral. . check by side equation test
solution. .. computation, explanation. ...
Doolittle method. of triangles. .
including omitted terms. . oocc.coonooe 199-201 # corrections.
locating blunders 200 correlate equations. . - oo ooccvevaucanucnoaa-
net adjustment. . el 86-92 normal equations
number of decimals_ . ool 39 back solution
quadrilateral. .. 38 sketch
station adjustment .. _____ 11-12, 17 solution, normal equations..-co—eceeamcaae
with z correction, combination..._._..._.. 197 stations, list of directions..-uo-ecmcmaaeo
Number, angle equations innet.._____...___. 51,59 triangles.
equations..._.._ 34-35 typical
angle method ..o _______. 112
formulas. ... 34 | Radii, curvature, earth’s surface, table. ... 220-222
net adjustment 51,50 | earth 19
unUSUal AgUIeS - oo oo 178-180 | Reciprocal observations, elevations {rom,
side equations in met.. .o oo cooeeoee oo 51, 50 computation 159-165
factors.
Observation equstions, adjustment of eleva- refractions from, computation. ...
tions.. 168-170 zenith distances, formula. o cooomcmaaaaae
formatlon..... 168-170 | Rectangular coordinates
Observatidns, limit of reJection .- —.caeeen- 5-6 | Reduction, eccentricity - o-ceeeeeecocenen
rejection of night’s instruetions. oo ooooooceeees
rejection, ruleS._ - - oo oo oeeeeee, horizontal directions to sea level

0ld stations, conneetion._...._____________.
Omission, coeflicients, normal equations..

diagonals, angle method . oo
Omitted terms, solution of normal equations

including. 199-201
Order, solution, normal equations. ... 84
writing, triangles 2

Pole at intersection of diagonals, quadrilateral
adjustment - 185-188
Position computation, final, angle method of

adjustment 131-137
net adjustment._ .. oo 95-107
inverse. 201-204
arc-sine eorrection__._________.____..___ 203
formula.. ... ... e 202
preliminary, for latitude and Iongitude
equationsS. - caacmemmam o 70-79, 118-124
spherical angles. 44
Positions, geographie, angle method of adjust-
ment, list 145

to center,
sample, eccentric instrument._ .. __._.___
cecentric object
Reductions, eccentric instrument
eccentric object. oo aeal

Refraction coefficients, computation...__.. 150-163
formula. 164
nonreciprocal observations ... ... 166
rejection oo 165
weights. — . 5 (]

Refractions from reciprocal observations,
computation. 159-163

Rejection, limit of, observations. ...cc_--._. 56
night's observations. .-« ovcecmucoccoamann 5
observations, rules. y 56
refraction coeffieients_ .. .o ooooaoa-o 165

Rounding off decimal places. .o —ae oo 218

Rule, mean correction, list of directions...... 178

Rules. 215-218
rejection of observations 56

Sample, abstract of directionS...cocoeaea-2one 8,4
list of directions. ccemeccamvmmmmmmmamcaneaaa 7

from horizontal angles. .-~ ccccomammnan 8
reduction to center, eccentric instrument . - 20
eccentric object o oaiimi o aa-. 24
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using formula. 25 radii of curvature, earth’s surface._.._... 220-222
using table. ... 27 sea-level reduction
list of directions corrected to..______.._.___ 27 strength of figure_________________________.
reduction, formula. 24 | Tables, conversion ... oo ooooeee__.
borizontal directions ... ... 24-27 | Test, side equation..__
table. . 26 | Third-order triangulation, adjustment.______ 110
Selection, angle equations._ ... .. ..___. 3536 | Three-point problem.________ . ____._.___. 191-193
equations computation.
side equation..__ . o . 36-37 formulas.
Side equation, form of length equation__.._ 180-181 three cases
.- 208-214 | Traverse, adjustment..
Side equations, computation. .. ..__.__ 36-37 computation
definition 34 | Triangle computation, angle method of ad-
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number. .- 139-143
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selection 40
Size, corrections, adjustment of intersection @ | checking spherical excess__....o.ooc.o...o 33
statlons_ . oooe o .- 198 34
Sketch, adjustment by angle method. 119, 111 cheeking. - - oo oo 34
computation of elevations__.._...... - 147 computation, lengths__ .. 40
intersection stations, different cases_....... 199 net adjustment. .. . 54-58,95
lettering for angle method.....__ 111-112 quadrilateral .. __ . 39-40
net adjustment. __....... - 50 decimal places used-... 29
quadrilateral .. .________.._.__._ 20,30 explanation of computation.. 31,32
triangles used in length equation 64 order of writing_.._........... 29
Solution, normal equations___... 13-15,17 preliminary, for eccentric reduction... - 20,22
adjustment of elevations. 172 for latitude and longitude equations.... 67,116
angle method.._...___... 128 quadrilateral . _________..___ 29-34
having identical eguation.-. 183 used in length equation, sketeh...______.__ 64
including omitted terms_ 199-201 | Triangulation previously adjusted, connec-
Jocating blunders...... - 200 tion_ .. 217
net adjustment.... 86-92 | Two sides and included angle, triangle com-
number of decimals_oooeoee oo _______ 39 putation ... 139-143
quadrilateral. . oo oo eeooooao 38 formula._________.____________.. 139
Specifications, first-order triangulation 63 .
Spherical angles, position computation. ... " Unusual figures, number of equations..____ 178-180
Spherical excess, checking in triangles_ ... 33 | ¢ corrections, adoption................ --- 15,37
putation . --- 32,33,233-234 computation. . ... ___________ 15-16, 18
of lengths - o —oooooeoeeoe . 32 angle method. - 129
distribution .o o oo 39 d q_uadn_lateral_ -
formula T 33,233 | desisnation - 35
4 net adjustment, computation..__._._._.... 94-95
table of log m..... - Bt | vertieal, deflection 205
Spheroid, Clarke, dimensions..._ .- .o...... 219 [
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condition equations. ..o ocooooooo. Weights, differences of elevation_.___.__...__
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Symbol, azimuth angles. .-cvoeoooameeaas 68 computation. - eeo oo




