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APPLIUATION OF THE THEORY OF LEAST SQUARX8 
TO THE ADJUSTMENT OF TRIANGULATION 

By OSCAI~ 8. ADAW 
Compu.ter United States Coast and Geodetic Survey 

GENERAL STATEMENT 

In  this publication the aim has not been to develop tho theory of 
least squares, but to illustrate tho application of the method to the 
problems wising in the adjustment of triangulation. The general 
idea has boon to collect material in one volume that will serve as a 
workidg manual for tho computer in the office and for such other 
members of tho Survey as may desire to make these special applica- 
tions. It has not been doemod necossary to insert tho derivation of 
formuloa except in the case of a few special onos that are not usually 
found in the textbooks on least squares. 

For the general theory reference should be made to such books as 
the following : 

Crandall: Geodesy and Least Squares. 
Helmcrt: Die Ausgleichungsrechnung nach der Metode der kleinsten Quadrate. 
Jordan: Hnndbuch der Vermesungakunde, voIume 1. 
Merrimsu: Textbook of Least Squares. 
Wright and Rnyford: Adjustment of Observations. 

Some of the simpler cases are treated first, such as the local adjust- 
ment at  a station, tho adjustment of a simple quadrilateral, etc. 
After these is given ths development of the condition equations for 
latitude and longitude closures, followed by a smplo  adjustment 
including the condition equations for those closures, togother with 
the equations for length and azimuth conditions. 

A method of adjustment by the variation of geographic coordinates 
is then doveloped and applied first to a quadrilateral, then to  a figure 
with a few now points connected with a number of fixed points. 
The s m e  method is applied to the adjustment of a figure with lati- 
tude, longitude, length, and azimuth conditions. A sample adjust- 
ment of a vertical not is carried through and lastly there is given the 
development of tho formula? for the computation of vertical observa- 
tions, together with examples of the method of computation. 

7 
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................................................. ................................................... Boulder 
Tower 
lponek 
FUundPOint... 
M00se Point 
BiFch Hill..  ............................................. 

................................................ ......................................... ............................................ 

STATION ADJUSTMENT 

The general rule followed by the observers of the Coast and Goo- 
detic Survey is to measure the angles at  each station in tho order of 
azimuth, thus giving rise to no conditions except the horizon closure. 
Occasionally, however, sum angles are observed and, when this is 
done, other conditions are introduced in addition to the horizon 
closure making it necessary to adjust the angles at  the station by the 
method of least squares. If all angles were observed in the same 
way, the weight of each would be unity and the adjustment would be 
made without regard to weights. In the adjustment given below the 
anglos were measured by the usual Coast and Geodetic Survey 
repetition method; that is, six measures of the angles with the tele- 
scope direct and six with it reversed for each sot. A station has boen 
chosen at which there are angles measured with one, two, and three 
sets in order to illustrate the method of weighting. 

Observed anglee, Gray ClQT 

0 , I ,  ,, 
0 00 00.0 00.0 
65 oe 2 8 . 3 + ~  a. 9 
84 62 66.2+a+u: 67.4 
93 32 12 .1+~+02+~r  13.3 

168 04 23.6+m+us+*+~o 24.6 
160 65 34.7+t3+~&~4+t4+~0 36.7 

observed statlorn 

Boulder-Tower ................................... 

Tower-Tyonek .................................... 

Tyonal-Round Point. ............................ 

Round Point-Bouldor ............................. 
Round Point-Birch HU.. ........................ 
BJrch Hffl-Boulder ................................ 
Boulder-Tyonek.. ................................ 
Tyonal-Birch HU.. .............................. 
W.und Point-Moose Point.. ...................... 

Moose Point-Birch Hffl.. ......................... 

0 I I ,  ,, 

30.4 

25.0 28.9 
28.0 3 19 46 27. 

8 39 14.6 

14.8 

266 27 47.9 

200 (4 22.2 

84 62 58.2 

76 02 35.0 

22.3)z.z 

09: 8k. 4 
04 39 12 9 

1 61 11.2 

List of directions, Gray C l i f  

- - 
Weight 

P 
- 

3 

3 

3 

1 

2 

2 

1 

1 

2 

1 
- 

L d F f d  
m n d s *  - 

, 
28.9 

27.6 

16.8 

43.7 

22.4 

24.3 

67.4 

38.3 

11.3 

11.1 - 

Observed statloa Direction 
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There have been formed a complete list of directions without using 
five of the angles, each of which, then, gives rise to a condition, there 
being five conditions in all. The equations expressing these con- 
ditions are formed in tho following manner: 

Angle Round Point-Boulder, obeerved, 2G6 27 47.9+~4 
Angle Round Point-Boulder, from the list, 266 27 47. 9-v,-v,-v8 

Angle Round Point-Birch Hill, from the list, 66 23 22.6+~9+~10 
Angle Round Point-Birch E l l ,  observed, 66 23 21.8+vS 

Condition KO. 1, o=+o. o+v,+v,+v,+v, 

Condition No. 2, O=+O. 8 -~ ,+~9+~10  

In the same way the other condition equations are formed, 
result them are fmally: 

As a 

Condition eqwrtwna 
1. o=+o. o+v,+v,+v,+v, 

3. o= -3. l+v,+v,+v,+v,+v~+v,o 
4. o=+o. o+v,+v,-v7 

2. O=+O. 8 - ~ , + ~ 9 + ~ , 0  

5. 0=+3.5+03-~8+~9+~,0 

FORMATION OF KORMAL EQUATIONS BY DIFFERENTIATION 

According to the theory of least squares, the most probable values 
will be determined by making the Z p ,  wn2 a minimum, subject to 
the given conditions. By the mothod of Lagrmgian multipliers the 
formation of the normal equations can be much simpl8ed. 

With the use of these the function u that is to be made a minimum 
is 
u=3 v:+3 v,2+3 v,2+1 v:+2 v:+2 v:+1 v,2+1 v,a+2 v:+1 v,oa-2 C,(+v,+v,+v* 

The q s  are merely undetermined multipliers, the values of which 
will be determined by the solution. The factor 2 is included to 
obviate later on the use of the fraction a; the minus sign is used for 
convonience. The function will be rendered a minimum if the 
partial differential coefficients with respect to vi, v2, etc., are equated 
to  zero. By this means ten equations will be formed, giving the ten 
v's expressed in terms of the 0's. 

Differentiating with respect to vl, o,, etc., in succession and equat- 
ing the results to zero, the following equations are obtained: 

+V,+o.o) - 2c,( - V , + V , + V , ~ + O . ~ )  - 2C,(+v,+va+v,+v,+vg-tv,, - 3.1) - 2 0 4  
( +~,+~,-~7+0.0)-2 Cs( +v8-v8+vp+v1o+3.5). 

3 v ,  -C,-C,-C,=O 
3 v#J - c, - e,- c,=o 
3 v, - e,- e,- c,=o 

v, -c,=o 
2 vs +c,=o 
2 vo -c,=o 

v7 +c,=o 
v, +cs=o 

2 vp - ca- c,- c,=o 
1110- e,- c,- C,PO 
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Therefore 
VI =+* G+* c3+* c4 

v2 =+* c,+* c3+* c4 

v3 =++ CI+i c3+i c, 
v4 =+c, 
VB =-f c, 
vo =+f c3 

v7 =-c4 
v, =-c, 
vg =+f G+f G+f  c, 
“lo=+ c2+ C3-k c6 

Thus all of the v’s are now expressed in terms of the 0’s. These 
can now be substituted in the condition equations forming fiv0 
normal equations containing five C’s and these equations may then 
be solved for the C’s. If the normals are formed from these values, 
fractions will occur in practically all of the coefficients. This can 
be avoided by replacing C, by 6 C,’, C, by 6 C,’, etc. This is equiva- 
lent to using 12 C,’, 12 C,’, etc., in the original function instead of 
2 C,, 2 C,, etc., which, of course, is perfectly valid. 

The equations will then stand as follows: 
v, =+2 C,’+2 Ca’+2 c,l 
v2 =+2 C,’+Z C3’+2 c,l 
va =+2 C,’+2 C8’+2 c,/ 

0, = - 3  c,l 
vo =+3 c,l 
v7 = - 0 C,’ 

VQ =+3 c;+3 c4+3 c; 

v4 = + G  Cl’ 

V, =-G C,’ 

IJ , ,=+~ C/+6 C3’+G C,’ 

Dropping the prime and substituting these values in the frst con- 
dition equation the following normal equation is obtained: 

2 C1+2 C3+2 C4+2 Cl+2 C3+2 C4+2 44-2 Ca+2 C6+G c,+O.O=O 
+12 C, +G C3+4 C4+2 C,+O.O=O 

In  a similar manner the other normal equations aro formed, giving 
in all tho following five equations: 

$12 Cl + G Ca+ 4 C4+ 2 C,+O.O=O 
+ 9 C6+0.8=0 

+ 6 Cl+ 9 C2+18 C3+ 4 C4+ll C,-3.1=0 

+ 2 Ci+ 9 G+11 Ca +17 C,+3.5=0 

+I2 Cz+ 9 Ca 

+ 4 CI + 4 G + l O  C4 +o.o=o 

This manner of forming the normal equations is called the method 
of correlates and is most conveniently carried out by means of a 
table of correlates formed as on page 11. 

After the determination of tho C’s by the solution of the normal 
equations, the 21’s may be computed from the equations of the V’S 
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in terms of the C's. In the tabulated form below the first col- 
umn is multiplied by C,, the second by C,, etc. The sum of the 

first line multiplied by the ;;; for that line gives v,; so also for the 6 

q l I 2  3 4 -------______- 
+1 +I 1 2 +1 

2 2 +1 +1 +1 
3 2 +1 +I 
4 6 +1 
5 3  -1 

G 3  + I  
7 6  -1 
8 8  
8 3  +1 +1 
10 0 +I + I  

other w ' s  . 

"Ys* AdOPtod 
5 U'8 

+3 +0.018 +0.6 
+3 +0.018 t O . 6  

4.1 +3 -0.050 -0.0 
+1 -1.182 -1.3 
-1 +o.m +o.o 
+1 +2.133 +2.1 
-1 +l. 210 t -1.2 

-1 -1 +3.234 +3.3 
1-1 +3 -0.wu -0.1 
+1 +3 -0.138 -0.1 

A 

Correlate equations 

* Thoso valucs rosult from tho computation on p. 13. 

FORMATION OF THE NORMAL EQUATIONS 

After the condition equations are tabulated in correlates as above, 
the next step is the formation of the normal equations. In forming 
these the various products must be multiplied by - or by - in which 

p is tho weight of the given v and a is some constant. (See the direct 
formation on p. 9.) It is most convenient to choose a so as to make 
most of tho values integers, if this can be done without making the 
quantities too large. In  this case 6 is the L. C. M. of tho p's, hence 
it is chosen for a. The normal equations are formed by taking the 

6 algebraic sums of - times the products of the various columns. 
P 

1 a 
P P 

Normal No. 1 is, in symbols- 

P P 
The algebraic sum of tho sigma products in the formation checks 

or controls the formation of the normals. Each 2 line in the corre- 
lates is the algebraic aum of that line in the table. As is easily seen, 
the sum of the products of this column in the formation of the nor- 
mals should check the algebraic sum of the coefficients of the normal. 
On the first normal + 12 + 6 + 4  + 2  = +24, which is the same a9 the 
algabraic sum of the products in the correlatw. The 2 column in the 
normals also includes the constant term. In the third normal + 6 + 9 
+ 1 8 + 4 + 1 1 = + 4 8 .  In  the 2 columns of the normal +48-3.1 
= f44.9. 

t Fs tho constant term or tho wndition equation, 
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N o m 1  equatione 

-0.20547 +10 +o.o +18 4 
5 

* These values result from the computation on p. 13. 

DISCUSSION OF METHOD OF SOLUTION OF SORMAL EQUATIONS 

In the normal equations the coefficients in each equation occurring 
before the diagonal term are omitted, as the equations are sym- 
metrical with regard to the diagonal line. The set just given when 
written in full is as follows: 

+0.8 +30.8 

-3.1 +44.8 

+o.o +18 

It can be seen that tho coefficients may be omitted to the left af 
the diagonal line and each equation may bo read from the top down 
to the diagonal term and then across the pago. 

The Doolittlo method of solution is used. Equation No. 1 is 
copied and then divided by tho diagonal term ( + 12 in this case), the 
signs being changed. Since No. 2 does not occur on No. 1, this also 
is divided at once by the diagonal term with a change of sign. No. 
3 has + 6  on No. 1 and +9 on No. 2;  accordingly, the divided coeffi- 
cients of No. 1 are multiplied by + 6  and those of No. 2 by + 9  and 
these give the two products on No. 3. These are then added dge- 
braicaUy and divided by the diagonal term with change of sign to 
give C, in terms of No. 4 and No. 5 plus a constant term. In a 
similar manner No. 4 and No. 5 am eliminated, the division on No. 6 
giving tho value of C,. The back solution is thcn carried through 
C,= +0.17778c5-0.10962. When the value of C, is substituted, 
0, = -0.09585 - 0.10962 = - 0.20547. So also for the remaining C's. 
For an explanation of the omission of the terms before the diagonal 
term, see page 22. For a full discussion of the Doolittle method of 
solution, soe Wright & Hayford, Adjustment of Observations, page 
114 et seq. 
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Solution of n o m 1  equatwm 

9 

+o. 0 
+o. 0 

L 

2 

+ 24 
- 2  

2 

+12 
C, 

1 
2 

4 

+ 4  - 0.33338 

3 
-- 

+ 6  - 0.5 

+ 9 - 0.76 

+18 
- 3  - 0.75 

C# 

-~ 

+ 8.25 

1 
3 

+ 4  - a  

f E.24242 

+IO - 1.3333 - 0.4848 

+ 8.1819 
C4 

1 
2 
3 
4 

+o. 8 
-0.o8007 

-3.1 

-0.6 

-3.7 
+a44848 

+o. 0 

fO.8089 

+O.RBBQ 
-0.10962 

+3.5 

-0.6 
+ i . 4 m  
+O. 1695 

+4.5171 
-0.63917 ' 

5 

+ 2  - 0.10667 

+30.8 
- 2 . m 7  

+44.9 
-12 
-23.1 

+ 9.8 - 1.18788 

+ 18 
- 8  - 23768 

+ 7.0242 - 0.93184 

+42.5 
- 4  
-23.1 - 3.m 

' + 1.3564 
+12.6949 

~ - -  

'- 1.63917 

+ Q  - 0.75 

+11 
- 1  - 6.75 

+ 3.25 - 0.39394 

- 0 . m 7  - 0.7879 

- 1.4646 + 0.17778 

+17 - 0.3333 - 6.75 - 1.BM - 0.2586 

+ 8.3778 
c6 

-0.63917 

-0.53917 
~ 

-0.10302 +O. 44848 --0.00807 

~ +0.04981 -0.53302 +0.00849 ' 

-0.20547 -0.55535 
+O. 71M9 -0.19591 

-0.19700 

-0.085ffi +0.21240 + a m 3 8  +o.o88~ 

Back solution 

I 5  I 4  I 3  I 2  1 1 . 1  

Computation of corrections 

-0.197 
+O. 711 
-0.205 

+o. 309 

+o. 018 

+O. 711 

$2.133 

-0.197 -0.197 -0.197 +O.lDcI 
+O. 711 +O. 711 
-0.206 ' -0.639 -0.197 +0.195 

0 3 
+0.309 -0.0% -1.182 +0.6%5 

2 2 
+O.Olt l  -0.050 

___-- -. _.___ 

7 1 8 1 9 I 1 0  
~ ~~ 

+O.m +0.539 -0.185 -0.196 
+O. 711 +O. 711 +o.m +0.539 -0.538 -0.539 

+1.230 +3.234 -0.023 -0.023 
3 6 

0 0 

-0.OB9 -0.138 
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ADJUSTMENT OF A QUADRILATERAL 

GENERAL STATEMENT 

After the local conditions-that is, those arising from the relatione 
of the angles to one another at each station-are satisfied there are 
general conditions arising from the geometrical relations necessary 
to form a closed figure which must be satisfied. To illustrate this, 
let the case of a quadrilateral be taken. The angles of each triangle 
should sum. up to 180’ plus the spherical excess of the triangle. 
Except in rare cases this does not happen with the observed angles; 
therefore condition equations are nceded to bring it about. There 
are four triangles in a quadrilateral, but if three of them close the 
other will also close. There will then be three angle equations in 
the quadrilateral. A fourth equation must be included to insure 
that the lines a t  the pole will pass through the same point. When 
this condition is satisfied, and the triangles are closed, the same values 
will bo obtained for the various sides when the computation is carried 
through different triangles. 

In  the adjustment of triangulation in the United States Coast and 
Geodetic Survey the method of directions is used; that is, an angle 
is considered as the difference of two directions.* If vl is the correc- 
tion to the first direction in order of azimuth at a given station and 
v, the correction to the second direction, the correction to the angle 
will be -v,+v,, or tho algebraic difference of the v’s applying to the 
directions. To avoid tho use of so many v’s, the custom is to write 
(1) instead of u,; thus the angle given above will have the correction 
symbol - (1) + (2), in which 1 and 2 are not quantities but the sub- 
scripts of the corresponding d s .  

An angle equation simply states that the sum of the corrections 
to  the angles of a given triangle is to  equal the failuro in the closure 
of the triangle. In  the triangle A,A,A, (see fig. 1 on p. 16) the angle 
at A, is to be corrected by - (I)  + (2), the angle at A, by - (4) + (6)’ 
and the angle at  A, by - (8) + (9). The sum of the angles needs to 
be increased by 2”.3 to make up the sum of 180’ plus the spherical 
exceas. (See triangle on p. 23.) Therefore - (1) + (2) - (4) + (6) 
- (8) + (9) = + 2.3, or, as it  is usually written, 0 = - 2.3 - (1) + (2) 
- (4) + (6) - (8) + (9). 

Three anglo equations in a quadrilateral will bring about the 
closure of the four triangles, but it is possible to havo all of the tri- 
angles close and still the sides fail to check when computed through 
different triangles. To make the computation of lengths consistent 
a side equation must be added to the three angle equations. In  
figure 1 on page 16 the sides can be made consistent in the following 
manner: 

* Ew lkts of directions on p. 16. 
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In  the triangle A,A,A, 
aide .Q,A,-sine angle 
side A,A,-sino angle 

in the triangle A,A,A, 
@de A,A,-aine angle A,-aine r-(7)+(9)1 
side d,A, sine angle A,  sine [-(4)+(5)] 

and jn the triangle A,A,A, 
side A,A,-sine n n g k  A,-Rine [-(2)+(8)1 
side &A, sine angle A ,  sine [-(7)+(8)] 

- - .. -- - 

If the sides are consistent, the product of these throe equations 
gives 
v 

sine [-(5)+(G11 sine [-(7)+(9)] sine [-(2)+(3)1- 
sK[-(l) + (3) J Hine [ - ( 4 )  + ( 5 ) ]  sine [ - (7) + (8)]-' 

In a spherical triangle the same equation is obtained by using the 
sine of the side in place of the side. In  the end the equation given 
above results, since the sines of the sides cancel out as did the sides 
above. 

log sine [ -(5)+(G)]+log sine [-(7)+(9)]+log a n e  [-(2)+(3)]-log sine [-(1)+(3)] 

As this will not be exactly true when the observed angles or angles 
adjusted only for closing errors of the triangles are used except in 
rare cases, a condition equation must be formed to accomplish this 
result.' From tho table of logarithms we find tho amount of change 
of the log sine of tlie given angle for 1" change in the angle, and this 
multiplied by tho v's applying to tho angle will give the change in 
tho log sine of that angle. It is customary to consider the log sines 
in six places of decimals, hence the change in the log sine for 1" 
will be taken as units in the sixth place of decimals. 

log sino [-(5)+(G)] 20 50 56.7=9.6513374-6.63(5)+6.53(G) 

log sine [-(2)+(3)] 32 09 01.2=9.7260280-3.35(2)+3.35(3) 

Passing to logarithms, we have 

-log sine [ -(4)+(5)]-1og sine [-(7)+(8)]=0 

0 / I /  

log [-(7)+(9)] 61 47 35.0=9.9450972-1.13(7)+1.13(9) 

Total ._____..._...._... . . . . .=9.2224626-3.35(2)+3.35(3)-5.63(5)+5.63(6) 
-1.13(7)+1.13(9) 

0 I I /  

log mnc [-(1)+(3)j 133 53 46.3=9.8576926+2.03(1)-2.03(3) 
log sine 1-(4)+(5)] 26 40 23.5-9. 6521600-4.19(4)$-4. 19(5) 
log sine [-(7)+(8)] 31 03 42.6=9.7126180-3.50(7)+3.50(8) 

Total _...._........._.. . . . _. .=9.2224612+2.03(1) -2.03(3)-44.19(4)+4.19(5) 
-3.50(7)+3.50(8) 

9.224626 -3.35(2)+3.35(3) -6.63(5)+5.53(6)-1.13(7) 

9.2224612+2.03(1) -2.03(3)-4.19(4)+4.19(5) -3.50(7)+3.50(8) 
0=+1.4-2.03(1)-3.35(2)+5.38(3)+4.19(4)-9.72(6)+6.63(6)+2.37(7)-3. W(8) 

+1.13(9) 

+l. 13(9) 
770318"-48-2 
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(See tabulated form of this equation on p. 17.) 
This condition requires the lines from A,, A,, and A, to pass through 

the same point at A,. If w’s are found that satisfy this equation, a t  
the same time satisfying the three angle equations given on page 17, 
they will render the quadrilateral consistent in all respects. 

In  a full quadrilateral (see figure 1) there are four conditions. 
These can be put in as three angle equations and one side equation, 
or two angle and two side, or one angle and three side equations. 
(See article by C. A. Schott, Appendix No. 17, United States Coast 
and Geodetic Survey Report of 1875, p. 280.) To illustrate the fact, 
a quadrilateral is adjusted using two angle equations and two side 
equations. In order to hold the closure of the triangles, 
the logarithms in the side equations must be found a t  least to seven 
places to hold the closure to tenths of seconds. Of course this 
method would never be used in practice, as the side equations require 
much more work, but  the fact is interesting as an illustration of what 
can be dono in the method of adjustment. Four side equations or 
four angle equations 
could not be used, for A 
the fourth is function- 
ally related to the 
other three, and hence 
theywould not be inde- 
pendent conditions. 

In a set of equations, 
if an identical one is 
included, the diagonal 
term of the reduced normal will become zero with the possible excep- 
tion, of course, of a few units in the last place of solution due to 
accumulations. . In any case, if the reduced diagonal term falls below 
unity, there may be danger of instability, since in this case any 
accumulations in the last place of the solution are increased when the 
normal is divided by this term. 

(See p. 20.) 

A3 I 

FIG. 1. 

Lists of directions 

Directions r adJustment adJustmcnt 

A1 .................... 00000.0 Ad .................... 00000.0 

Ai .................... 01 47 36.0 A ,  .................... 47 ai 20.2 
A4 .................... 26 40 23.5 At .................... 31 03 42.5 

STATION A S  6TATION Ai  
.................... 00000.0 Ai .................... 0 00 00.0 .................... .................... 26 16 16.2 At 

A ,  .................... 110 47 20.0 
I01 44 45.1 

I 
.................... 

Fino1 
sec- 

onds* 

/ 
00.7 
42.0 
34.8 

00.1 
16.9 
19. a 

*These &lues result from the following computotlon. 
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Bymbol 

Angle equations * 
O=: - 2.3 - (1) + (2) - (4) + (6) - (8) + (9). 
0=+3.6 - (2)+(3) - (7)+(8) -( 10)+(12). 
0=+2.2 -(4)+(5) -(7)+(9) -(11)+(12). 

Side eqwction 

Angle hgarlthm 
Tabular 

onco 
ditIor- Bymbol 

I 

i 

Angle 

-4+5 28 40 23.5 
-1+3 133 53 46.3 
-7+8 31 03 42.5 

Logorlthm 

9. a521508 

9.71243180 

9.2224612 

a. 857a920 

~ 

Tnbulnr 
dillcr- 
onco 

+4.19 
-2.03 
+3. €4 

0=+1.4 -2.03(1)-3.35(2)+5.38(3)+4.19(4) -9.72(5)+5.53(G)+2.37(7) -3.50(8)+ 
1.13( 9). 

FORMATION OF NORMAL EQUATIONS BY DIFFERENTIATION 

The function u to be rendered a minimum is the sum of the squares 
of the v's, subject to the four given conditions. 
u = v , 2 + v , 2 + v , ~ + v , ~ + v , + v ~ + v ~ ~ + V ~ + v ~ + v l ~ + v l , 2 + v ~ ~ - 2 c l (  -2.3 -v,+vz-v,+ 

Vc3-Ve+V,)-2C2( +3.6-v2+v3 -'u7+210--2)10+2)12)-2c3(+2.2-2)4+2)~-111+2)o-yll 

+~,,)-2C4(+1.4--3.03 VI-3.35 ~,+5.38 vsf4.19 ~,-9.72~,+5.53 ~&2.37~ , -3 .50  
u8+1.13 wg) 

. Diff erontiating with respect to the v's in succession and equating 
to zero, there result after transposition the following equations: 

~,=-C1--2.03 C'A 
Vl=+ c1- c2 -3.35 c, 
v,==+C2+5.38 C, 
v4=-c,-c,+4.19 c, 
v,=+C3--9.72 c, 
v0=+CI+6.53 C, 
~7=-C;-C3+2.37 C4 
v,= - C,+(;;-3.t50 C, 
vD=+Cl+C.3+l.13 C, 
v10= - c, 
vl,= - C, 
vn=+ C2-t c.3 

By tho substitution of them values in tho four condition equations 
tho following normal equations result: 

$0 CL-2 C2+2 C3+4.G5 C,-2.3=0 
-2 C1+6 C,+2 C3+2.8G C4+3.6=0 
+2 C1+2 C;+6 Cs-15.15 C4+2.2=0 
+4.65 C1+2.8G C2-15.75 C8+206.0470 C4+1.4=0 

These normal equations are formed most oclsily by means of the 
tabular form of the correlate equations given on page 18. 

*For Mangles so8 p. 23. 
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The sum of the squares of each column gives the diagonal term 
in that equation in the normals. All coefficients before the diagonal 
term are omitted; each equation is read by starting at tho top of 
tho tabular form below, reading down the column to the diagonal 
term, and then along the horizontal line. Compare the full nor- 
mals given above with tho tabular form below. Aftor the ding- 
onal terms are determined column No. 1 in the correlates is multi- 
plied by column No. 2 and tho algebraic sum of the products taken 
for the coefficient of normal No. 1 on No. 2 ;  this is also the coefficient 
of No. 2 on No. 1. Column No. 1 times No. 3, with the algebraic 
sum of the products, gives the coefficient of No. 1 on No. 3 in the 
normals; also No. 3 on No. 1. Finally, the algebraic sum of the 
produck of column No. 1 by column No. 4 gives the coeflicient of 
normal No. 1 on No. 4. The algebraic sum of the products of col- 
umn No. 1 by the 2 column should check the algebraic sum of the 
coefficients of normal No. 1. To this should be added algebraically 
the constant term of normal No. 1 and the sum placed in the 2 col- 
umn of normal No. 1. 

In  the same way the sum of the products of column No. 2 times 
column No. 3 is determined for the second normal, and by continuing 
the process all of the normals are formed. 

After the C’s aro dotermined by the solution of tho normals the v’s 
are most conveniently computed by multiplying column No. 1 in 
the correlates by C,, column No. 2 by C,, column No. 3 by C,, and 
column No. 4 by C,. Then the algebraic sum of line No. 1 gives v,; 

(See the table of normals below.) 

3 

__ 

-1 

+l 

-1 

+I 

-1 
+l 

of No. 2, v2, etc. 

4 

-- 
-2.03 
-3: 35 
+5.38 
+4.10 

-0.72 
+5.53 
+2.37 
-3.50 

+1.13 

- 

- 
1 
2 
3 
4 

5 
0 
7 
8 

0 
10 
11 
12 

- 

: 

-3.03 
-3.35 
4-0.38 
+2.10 

-8.72 
+ G . S  
+0.37 

1 I V’S * 
-- 

-0 .m3 
+1.004 
-0.501 
-0.227 

-0.015 
+0.242 
+0.003 

-1 
+1 

-1 

+1 

-1 

+I 

- 

-1  
-1 
+2 

(See the computation of the v’s on p. 19.) 

Correlate equntions 

+O. ooo 
+O. i40 
-0.840 

2 

- 
-1 
+1 

-1 
+1  

-1 

+1 

- 

1 1 2  --__ 
+O -2 

+8 

3 4 rl 2 C’6 * 

+2 + 4.05 -2.3 + 8.35 +0.0547 
+2 + 2.80 +3.6 + 12.46 -0.oBo-L 
+O - 15.15 +2.2 - 2.05 -0.7401 

+2w. 0470 + l .  4 +1W. 8070 -0.07461 

Norinnl equations 

Adopted 
U’E 

-0 .5  
+1.0 
-0.5 
-0.2 

-0.0 
+o. 3 
+o. 7 
-0.5 

-0. 2 
+O. 1 
+o. 7 
-0.8 

2 v2 

V’ 

- 
n. 25 .. _. 
1.00 
0.25 
0.04 

0.00 
0.08 
0.48 
0.25 

0.04 
0.01 
0. 40 
0. 04 

3.55 
- 
__. 

* Thew vnluas mult from the computation on p. 10. 
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Probable error of an observed direction = f 0.6745$7 = f 0.6. 

1 

Solution of normal equations 

+O 
-0.8087 

+5.3333 
ct 

1 
2 

1 1 2  

+4 
CC 

1 
2 
a 

- 18.Bo5 + 4.72025 

+200.0470 - 3.8036 - 3.0465 - m.3408 

3 4 4  

+I .  55 
-0.3875 

+l. 4 
+1.7825 
-2.3428 
+7.3257 

+8.1054 
-0.07401 

+ 4.05 
2i.33333 I - 0.775 

- 13.355 + 3.33875 

+1W. 8070 - 0.4712 - 12.8044 - 03.1101 

+117.0123 - 1.07401 

+ 2.60 

4.07401 I -0.07461 

- 15.15 

-0.3875 -0.5312 +O. 3S3 
-0.3520 +O. W17 +O. 0578 

-o.7401 1 +0.3701 2: 
-0.0894 - 

+0.0894 -0.W7 +0.8647 
+O. 7401 -0,0894 -0.7401 
-0.17tiR +O. 2011 -0.0843 

+O. 0627 -0.4030 -0.1007 
I I ‘ I +0.7 1 -0.6 1 -0.2 

I +loeP 

+ O . W 4  +0.7401 

+R. OOO4 +O. 7401 
+0.1 +0.7 

Back solution 

01‘ 
-2.3 I + 8.35 
+0.38333 - 1.30107 

+ 12.40 

+ 2 . 8 W  I + 16.2433 
-9.53125 - 2.W14 

- 2.95 

-0.3120 - 
-0.272 -0.0 

-0.0149 

+l. 0 -0.2 

+o. 0547 
-0.4120 

+o. 2421 
+o. 3 

l2 I 
-0.0804 
-0.7401 

-0.8%5 
-0.8 

-- 
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1 
2 
a 
4 

6 
6 
7 
8 

9 
10 
11 
12 

I 

ADJUSTMENT O F  A QUADRILATERAL BY THE USE OF TWO ANGLE 
AND TWO SIDE EQUATIONS * 

(See fig. 1 on p. 16.) 

Angle equutions 

0=-2.3-(1)+(2)-(4)+(6) -(8)+(9) 
Q=+3.6-(2)+(3)-(7)+(8)-(10)+(12) 

Side epwrtwns 

1 2 3 4 1 v'st Adopted V S  

--- 
-1 -2.03 -0.44 - 3.47 -0.495 -0.6 
+1 -1 -3.35 -2.91 - 6.28 +o.m +1.0 

+1 +5.m +3.35 + 9.73 -0.602 -0.6 
-1 4-4.19 +4.1Q + 7.38 -0.227 -0.2 

-9.72 -9.72 -19.44 -0.013 -0.0 
+1 +6.63 +6.63 +12.08 +0.240 +0.3 

-1 +2.37 +3.m + 4.87 +0.659 +0.7 
-1 +1 -3.m -7.04 -10.64 -0.500 -0.6 

4-1.18 +3.M 4- 6.67 -0.159 -0.2 
-1 +4.46 + 3.46 +0.113 +0.1 

-4.40 - 4.40 +0.717 +0.7 
+I -0.M + 0.94 -0.810 -0.8 

+1 

Tnbulnr 
Bymbol 1 Angle I Logarithm 1 dit:- 11 Bymbol 

-7+9 61 47 35.0 9.9450872 +1.13 -4+5 
-6+6 1 20 60 66.7 1 9.6513374 1 -I-;:$ 11 -l+a 
-2+3 32 OD 01.2 9.7280280 -7+8 

I 1 I 11 II I 9.2224028 I I 

Angle 

26 40 23.5 
133 63 46.3 
31 03 42.5 

0=$1.4--2.03(1)-3.36(2)$5.38(8)~4.19(4)-9.72(.5)+5.53(6)+2.37(7) -3.50(8) 
+1.13(9) 

- 2+ 3 
-114-12 - 8+ 9 - 6+ 6 

32 OD 01.2 9.7Uu)280 - 7+ 8 31 03 42.6 9.7128180 +3.W 
91 32 03.8 I 9.9888442 1 SLf 1 - 4+ 6 1 26 40 23.6 1 9.652lKlll I +4.19 
30 43 52.5 9.7084309 - 1+ 2 101 44 45.1 9.8908084 -0.44 
20 60 56.7 9.6513374 -10+11 26 15 16.2 9.8300813 +4.46 

0=+1 .2-0.44(1)-2.91(2)+3.35(3)+4.19(4) -9.72(5)+5.63(6)+3.50(7) -7.04(8) 
+3.54(9) +4.46( 10) -4.40( 11) -0.06( 12) 

N m l  equations 

4-208.0470 +208.2163 +1.4 +423.1723 +0.18436 
+276.0880 +1.2 +488.1833 -0.1m 

* For trlanqles sea p. 24 
t Theso values ;osult from the cumputation on p. 21. 
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- 
1 

+0 
Cl 

1 

2 

-2 
+o. 33333 

+e 
-0.8087 

+6.3333 
Ca 

1 
2 

.Solu&n of normal equations 

1 - 1  

+ 2.86 + 1.66 

+ 4.41 - 0.82888 

+%E. 0470 - 3.0038 - 3.0465 

+198.79G7 
C8 

1 
a 
a 

+208.2153 +1.4 

+ 4.6719 -23428 
i - 7.3238 1 +1.7825 

+6.0657 
-0.18302 

Back solution 

-0.1350 -0.1274 
-0.2788 

-0.8988 +o. 232s 
- 

2 

+ 15.80 
- 2.03333 

+ 1.88 + 6.2887 

+ 0.9280 - 1.29876 
4-423.1723 - 122450 - 6.7276 
C405.1888 - 2038282 

+486.1033 - 24.8850 + 7.3378 
-418.8920 

+ 49.6240 - 1 . 1 m  

Compzltation of wrrectiona 

2 4 6 

-0.2328 +0.2328 -0.8398 -0.2328 -1.6976 +0.2328 

+0.0717 -0.6508 -0.5401 -0.6831 
-0.3336 +O.KW +o .w~  +o.esBB +i.m6 +o.w 

+o. 4744 
-0.6 +0.9964 

+1.0 

8 

+1.1477 
-0.1586 +O.l 

-0. b 
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SOLUTION OF A SET O F  NORMALS INCLUDING TERMS USUALLY 
OMITTED 

A set of four normal equations is solved below with inclusion of the 
terms omitted in the Doolittle method of solution. 

Solution of normals 

1 

+6 
-1 c1 

2 

-2 
+ o . m  

+2.2 
+0.7067 
-1.4167 

+1.55 
-0.3575 

3 

- 2.95 - ?.it33 - r.6217 

- 13.355 + 3.33875 

+ 2  - 0,33333 

+4.66 
-4.66 

+ 2  + 0 . W 7  

+ 2.W7 - 0 . m 1  

+2.86 
+1.66 
-4.41 

+ G  - 0.6667 - 1.3333 

+ 4  
- l G  
-15.16 

4 

+ 4.G5 - 0.775 

+ 2.M + 1.55 

+ 4.41 - 0.82ti88 
- 15.15 - 1.55 - 2.535 

- 18.005 + 4.iuiZ.i 

+2w.O4iO 

- 89.3498 

+100.4400 - I C ,  

- 3'. 6038 - 3 . ~ ~ 5  

-2.3 [ + 8.35 
+O.X%3X3 - 1.39167 

+3.!. + 12.40 
-0 . rNi  + 2.7833 

+2.8333 + 15.2433 
-0.531% - 2.85814 

+8.1654 +117.GlP 
-0.074til - 1.07461 

DISCUSSION OF THE SOLGTION 

The quantities in heavy type aro the ones omitted in the Doolittle 
method of solution of normal equations. Thcy sum up to zero with 
the possiblo variation of a few units in Dhe last place of the solution. 
This shows that ths mothod is one of curtailed substitution. It can 
also be seen that the quantity in the 2 column is the direct sum of all 
tho quantities in each horizontal line including those in heavy type. 
All of the quantities in heavy type occur in the regular solution. 
This is of valuo in the control of the solution. If an equation fails to 
chock tho 2 column aftor it is added up, tho error can generally be 
located by adding back through noting that the coefficient is changed 
in sign becauso i t  is multipliod by - 1. Noto the product of equation 
No. 1 on No. 4; - 1.55 and + 1.55 am the products of No. 1 on No. 3 
and No. 2 ,  respoctivelly; -4.65 is tho coeficient of No. 4 on No. 1 
with sign changed. Care should 
be taken with such coefficients as No. 2 and No. 3 on No. 1. They have 
the same valuo with opposito sign. If a mistake should be made on 
them the H column control would not catch it.' Care should be taken 
not to make a mistake in the 7 column and a compensating one in the 
2 column. Thero is most danger of this in tho addition. The control 
would not catch this and it would take much labor to correct i t  later. 

The method is tho same in all cases. 
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After each equation is added, it should be added horizontally to 
check the 2 column. If tho check fails an error has been made and 
it must bo found before proceeding. A slight variation in the last 
place of tho solution is of course unavoidable. After the division 
of each equation by the reduced diagonal term, a horizontal addition 
should be mado (including, of course, -1) to check tho correctness 
of the division. No time is ever lost in using care in the solution of 
the equations. It takes so much time and labor to rectify a mistake 
later that ovory means should bo employed to detect and correct it 
in the solution. The larger the sot, the more important i t  is to bo on 
guard against errors. I t  is possible to carry a set through with almost 
absolute msuranco that the solution is correct. 

If, in a given equation, tho solution fails to chock and tho chock of 
adding back through is satisfied, a mistake has boon made somowhero 
in the solution columns and a compensating mistake in the 2 column. 
This can be caught by building up the omitted columns to tho left of 
the given equation. If any ono 
does not, the mistake in addition has been made in that equation in 
the column of the ono being eliminatod. 

Thoy should each sum up to zero. 

Solution of triangles it 

Symbol 

- 8+ 0 - 1+ 2 - 4+ 0 

-1oi.11 - I+ 3 - 5+ e 

-10+12 - 2+ 3 - 7-k 8 

-1l+l2 - 4+ 5 - 7+ 0 

Stntlon 

Ai-Ai 
As 
As 
A I  

As-Ai 
As-Ao 

As-Ai 
Ai  
A9 
AI 

Ai-Ai 
Ai-As 

Ai-Aa 
A4 
Ai 
A ,  

Ai-As 
Ai-A: 

Ai-Aa 
A i  
Ai 
Aa 

Ai-As 
Ai-Ai 

3bsorvd nngle 

0 , ,t 

30 43 52.5 
101 44 45.1 
47 31 20.2 

25 15 16.2 
133 f3 40.3 
20 50 66.7 

116 47 20.0 
3’2 08 61.2 
31 03 42.5 

01 32 03.8 
28 40 23.5 
e1 47 35.0 

lorreatlor 

+O. 3 
+l .  5 
4-0.5 

4-2 3 

4-0.6 
4-0.0 
-to.  3 

*o. 9 

-0.9 
-1.5 
-1.2 

-3.6 

-1.5 +o. 2 
-0.8 

-2 a 

Spherl- 
Cal 

IUlgl0 - 
52.8 
40.6 
20.7 

16.8 
40.3 
57.0 

19.1 
60..7 
41.3 

023 
8 . 7  
84.1 

- 

Sphorlcn 
oxcm 

, 
0.0 
0.1 
0.0 

0.1 
- 

0.0 
0.1 
0.0 

0.1 
- 

0.1 
0.0 
0.0 

0.1 

0.1 
0.0 
0.0 

0.1 
- 

- 

I’lnno 
nnglo 

0 

52.8 
48.5 
20. 7 

16.8 
48 ‘L 
57.0 

19.0 
50.7 
41.3 

02 2 
23.7 
34.1 

,ognrithn 

3.773746 
0.291688 
0. QgO800 
9.887787 

4.055122 
3.932100 

3.712146 

0.857093 
0.551330 

4. 000%74 
3.084020 

3.932100 
0.040300 
0.728023 
0.712814 

3.707428 
3.694020 

0.000150 
9.052161 

0.309~30 

4. a55112 

0.94500e 

3.707420 
4. m 7 4  

*For the mothod of solution of trlaDglm sw United Statas Coast and Oeodetlo Survey Special Publb 
catlon No. 8, p. 0. 
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F h t  nnglo of trhnglo 

A 
& A  

A4 1 A' 

At 

Position computation, 
STATION A: 

180 00 00.0 
110 18 41.9 
110 47 10.1 

149 34 19.237 
6 07.795 

~~- - ~ -  
- 
148-- 29 11.442 

h 18.88020 

# ,I 

20 ui .6 + 101 44 46.6 

I 06 13.2 + 8 05.9 

~~- 
2.58 

A¶ 

Aa 

119 I 34 10.2'7 I 4  lh4lG 54. 720 

67.808 

' -  I 9.50279 1 I 5.s34G h 
-67 .kO I 1.766164 

dA 
sin NO+&) 

-dU 

0.318'3 1 o.ooo1 + 0.3184 I 
-66.7196 I 

3.932100 
0.00514 
8. 60m 2.744081 

9.041572 

2.086j53 

, 
-485.80 

2.744081 

-656.11800 

STATION A4 

I +200 I 14 12.9 
4 I m.0 

11% I 3.484 
1) 2.322 

8 
cos a 
B 

0 , #, 

Go 65 33 

+b5.2425 
+ 0.0070 
+55.3404 

,? 

6 3.G94020 
sin u 0.972326 

2.488202 

* For nn explanation of tho forms for computing difIcroncus of Intitodo, lougltudo, and azimuth &?a 
Unltod Statas Coast nnd Ooodotio Burvog Speck1 Publication No. 8, pp. 6-11. 
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- 
6 . 4 W  

seconda y triangukztion * 
BTATION & 

6.776 

U 
Third 
angle} 
a 
AU 

U' 

d 
Ad 
4' 

Hd+S') 

1st term 
d,3d nnd] 

-4 

4tb 
t4Xm.9 I 

A l  

U 
Thlrd 
s n d  

A 0  

a' 

d 
A+ 

d' 

f(d+d') 

1st tom 
!d nnd 3dl 
t m ~ ~  1 
-4 

2.853700 

-714.00% 
,t 

A i  to A: 
As  nnd A: 
A1 to As 

ti0 1 56 ~ 57.808 
I 3.1 

s 4.055122 8s 8.11024 
GO 57 57 cos a 9 507707 0.95248 
0 , t ,  I I3 ( 8 : m i 5 /  "'1 1.05817I 

+118.0521 

+ 0.5258 

4.055122 
0.07ti241 
n. rfiWjOO 

-h 2.072 
4 1144 6 1 S h s U  8.063 
2:3'221 1 E I 6.610 

12.705390 

BTATION Ai  

0 , ,, 
Go 50 02 

+111.0059 

52. 

GI , A i  I A' 

3.70i428 as 7.41480 do. 1 9.812475 I s1:u 1 0.73052 I I 4 . 0 ~ 8  u 8.60898 1.65808 2.322 

0.0630 + 0.0039 
+112.0508 ---I I 3 
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List o j  geographic positions, Turnagain Arm, Alaska. Valdez datum 

A1 

d~ 

Metera 0 , ,, 0 , I ,  0 I I ,  

00 5(1 57.809 1789.4 78 13 19.1 258 05 13.2 A z  8552.0 3.932100 
149 25 03.357 50.5 108 57 11.8 288 40 47.7 Ai 11353.3 4.055122 

Bo 55 05.749 177.9 110 18 41.9 280 14 12.9 A I  4943.3 3.894020 
149 29 11.442- 172.4 135 33 58.7 315 21 11.4 A I  1Mx)S.O 4.CW374 

227 06 01.0 47 09 37.8 As 5098.3 3.707429 
I I I I I , 

DEVELOPMENT O F  CONDITION EQUATIONS FOR LATITUDE AND 
LONGITUDE CLOSURES 

After the conditions arising from the closure of triangles and from 
the equality of sides or lengths computed by different routes have 
been satisfied, cases frequently arise where azimuth, latitude, and 
longitude conditions must be satisfied. There is given now a dcvel- 
opment of a form of condition oquations that mill bring about a 
closure in geographic position. 

Discrepancies in latitude and longitude arise whencver a chain of 
triangulation or a traverse closes on itself. The discrepancies may 
be distributed throughout the whole loop or in a selected portion of 
it, depending upon the circumstances. Of course the most rigid 
adjustment would require the discrepancies to be distributed through- 
out the whole chain. At times, howevcr, this would require more 
labor than the importance of the work would justify. Also some 
parts of the loop may be much better determined than other parts, 
in which case the more poorly determined part should be required to 
make up the discrepancies. 

Tho discussion of the form of equations to be employed to effect 
the closure without discrepancies will be based upon the position 
computation formula employed by the United States Coast and 
Geodetic Survey. (See United States Coast and Geodetic Survey 
Special Publication No. 8, p. 8.) 

The amount to be distributed being, of course, small compared 
with the total change in latitude and longitude, the only term of the 
latitude computation formula that need bo considered is the first 
one. No appreciable changes due to the adjustment will take place 
in the other terms. 

The formation of the equations must always start from a lino fixed 
in length and azimuth. If a scheme of triangulation should start 
from a fixed line and run to two points which aro fixed in position 
but are not the ends of a single line, then the formation of the equa- 
tions for each of the two points must start from the fixed line. 

There are, of course, two elements that enter into the determination 
of the position of any point as computed from a known point; these 
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are the distance from tho known point and the azimuth of the line 
from the known to the unknown point. 

In  the triangle 1 2 3, let 1 and 2 be fixcd in position, nnd let us 
consider what change in the position of 3 will be produced by small 
changes in angles A ,  B, and C. Tho length to bo carried foiward is 
1 to 3. Starting with the length 1 to 2, wc have log 1 to 3 =log 1 to 
2 -log sin B +log sin A. The change in lcngth, then, depends upon 
the changes in angles A and B and tho change in azimuth of the line 
1 to 3 depends upon tho chango in angle C. The angles A and 13, 
therefore, are called the length angles and anglo C tho azimuth anglo. 

If wo can derive a linear cxpression for the effect of each of these 
separately, tho total effect will be the sum of tho two. 

Let 6, and 6, represent tho change of tho log sin for a change of 
one second in the angles A and B; w, and w, the number of seconds 
change in angles A and B, respectively. Then the chango in log sin 
A wiU equal 6&(wA), and the change 
in log sin B will equal 6,(v,) ; there- 
fore, the change in log 1 to 3 is 
+S,(W,) -S,(w,). Thechangeintho 
logarithmof t h e h t  term of tholati- 
tude due to tho change in length is 
equal to +6,(~,) -aB(wB). This is 
the chungo in thc logarithm, but for 
convcnience of computation i t  is 
better to determine' what change in 
tho antilogarithm will be produced 
by this change; or, in other words, 
to determino what this logaritlunic 

5 

n o .  2. - 
change will amount t o  in seconds of nrc. From tho nature of loga- 
rithms, if we know tho number to which a given logarithm corre- 
sponds, the change in tho number due to any smL? change in tho 
logarithm can bo found by multiplying tho logarithm change by tho 
number and dividing by il1 (tho modulus of tho common system of 
logarithms). This can also be shown by diff ermtiation. 

Lot y = log,,z 
a x  a y =  ill- 
X 

X Therofore dz = 

+ aA(v,,) - 6,(v,) must then be multiplied by 

dy, dy being the small chango in tho log and ds 
tho corresponding small change in tho number. 

+,), (in wliich 
+u is the computed latitude of 3 mid 4, is the latitude of l), and the 
product divided by M; this will give the change in seconds in the 
latitude of 3 duo to the changc in lon$th of 1 to 3. 

i14 
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Next must be considered the change in latitude due to the change 
in the azimuth angle 0. If s is the length in meters of 1 to 3, the 
length of the small arc through which 3 turns is equal to s(v,) arc 1'' 
(a ds-rd8 for a circle about the origin in polar coordinates), vc 

equals the number of seconds 
change in angle C, and arc 1" 
is included to reduce thia angle 
to  circular measure, 

Let 3 be tho original posi- 
tion of 3 and 3' the position 
due to  a small rotation of 1 
to 3 about 1. 

3 to 3'=sv, arc 1" \I The azimuth of 3 to 3' is 90' 
+n. The change in latitude due to s(wc) arc 1'' is oqual to -s(vc) 
arc 1" cos (90°+a)  times the B factor in the position computation, 

3/ 

3 

?IC 

/ 
PZQ. 8. 

= +s(v,) ~ U C  1'' sin a B 
= + (v,) ~ U C  1" BS sin a 

But An-&=s sin a A' sec q5' 
, AB-& 

A' sec 4' Therefore 8 sin a= 

Therefore the change in latitude = 
B arc 1" 
A' sec d' (AB-&) (vc). 

In a similar way the change in longitude'due to a change in length is, 

and the change in longitude due to the change in azimuth is, 
a(v,)arc 1" sin (90' + a) A' see +'= + (v,) arc 1" 8 cos a A'sec 4' - 8 cos a*B = &, - (neglecting the small terms) 

A' sec 6' arc 1" 
B (+n - +,I (9,) * Therefore change in longitude- - 

The usage is to point off the log change for one second of ~ I -G  as an 
integer in the sixth place of logarithms; therefore as a number the 

tabular difference = 108 and 2 108 
6, 6 

!l%e total change in seconds of latitude in the triangle is 

The total change in longitude is, 

The upper slgn b e h  used for a rlght azlmuth angle, the lower sign for a left. 
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In this way the change could be determined for each triangle in 
the chain and the sum placed equal to the discrepancy, but this 
would require a very great amount of work. 

If any change takes place in tho first triangle while the remaining 
triangles are for the moment supposed to remain fixed, this length 
change and azimuth change will affect not only this triangle, but 
will persist in each succeeding triangle. As a consequence the 
change of length and azimuth in the first triangle will be felt in the 
computation of every point aftor it in the chain. Let +, and & be 
the computed + and A of the end point. The change in the first 
triangle will apply not merely to +B-+c, etc., but to  +,- +c, etc. 

Therefore the change in the final position due to the changes in the 
first triangle is, for latitude, 

and for longitude, 

In the'same way the change in the sfi.bal pbsition due' to changes 
in the second triangle can be determined, and so on through the 
whole chain. Each triangle will have an A, B, and 0 angle, A 
being the length angle next to the known side; B, the one opposite 
the known side; and 0, the azimuth angle. 

The equations will finally stand 

(P, is the computed latitude of the fhal point and +ne, the ikod lati- 
tude; SO also for It, and An.. 

It is exact enough to take 4,- 4, and &,-& t o  minutes and tenths 
of a minute, so that it is advisable to divide the equations by 60 since, 
as they stand, $n-+o etc., are in seconds. Also it is best to mul- 
tiply through by 108 M to  remove this factor from the denominator 
of the fimt summation. 

' 5  Upper sign for rlght azlmuth angle, lower for left. 
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The A and B factors change so slowly that for any chain they can 
bo taken for tho mean + and also sec +n can bc uscd in tho same way. 
A table can then bo prepared for functions designated as a, and a2 
and dofincd as follows: 

B arc 1” 
A scc qS 

a, = + 100 M -.--- 

A soc qS arc 1” 
B---7 a2= - loo M -- 

the A and B factors and the qS being used at  a convenient interval. 
A tablo has beon computed for latitudes starting a t  24’ for intervals 
of 4’ up to 56’. The minus sign is uscd with a? in order that the 
same sign can bo used on tho directions of the azimuth angle for 
both latitudo and longitude equations. If the discrepancy to be 
‘mado up by tho adjustment is large, or if the chain extends over a 
great distance of latitude, it would be best to compute the values of 
a, and a, using 2, and +,, and the B for tho mean $. 

If the chain to bo adjusted extends principally east and west, in 
place of &- +, a summation of tho first terms (h)  in the position 

computations should bo used. 2‘1~ would then replace &-& tho 
n 

sign being used that would conform to q&,-qSc. Theso quantities 
should then be used throughout in forming tho equations. 

If tho latitudo and longitude equations are to bo included in the 
main adjustment and tho equations n u  solved simultaneously, the 
computation of tho positions through tho chain must be mado with 
O h 0  length carried through tho figures by means of the observed 
plane anFles; that is, the angles as observod each diminished by a of 
tho spherical excess of the triangle. This could bo dono by carrying 
the length through a selected chain of triangles nnd then computing 
each of tho various positions over a single line. Both lines of the 
triangle could not bo uscd because the observed plane angles must 
bo used in carrying the length and, undcr ordinary circumstances, 
tho triangle would not bo closed. To obviate this difficulty, it is 
best to use only tho observed A and B angles and to conclude the C 
angle, using, of course, tho concludcd corrcction symbols on this 

* Uppor slgn for rlglit nzimuth nnglo, lowor for left. 
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angle. This method givos a much more reliable determination of 
the discrepancy, as it  furnishos a check on each position, and thus 
prevonts a mistake being left in the computation. If the figure 
adjustment is carried out fist,  there is no need to follow this method 
as the triangles would then be closed. In  this case it is tho general 
custom of tho United States Coast and Geodetic Survey to choose 
the best chain of trianglos and to form the equations through them, 
using the angle method in place of tho direction mothod. Equations 
with absolute terms equal to zero must be included for the various 
triangles in order to hold them closed; also, if a length oquation is 
included in tho figure adjustment, it must be retained with zero 
discrepancy to hold the longth. If tho figuro ends on a fixed line 
and a longth equation is not put in tho figure adjustment, the dis- 
crepancy must bo put on tho longth equation used with tho latitude 
and longitudo equations. After adjustment is made for theso final 
discrepancies the cross linos are computed by two sidos and the 
included angle. 

The best results aro probably obtainod by the solution of all the 
equations at  onco, but this entails so much work that the angle 
mothod is often used in chains of minor importance. 

Wo have finally: 
-!! loe = 7238.24 GO 

O =  +7238.24(q5,--1,~)”+H[(q5,- +C)’~A(~A) 

- ($78 - #C) (vD)] + ’ f ‘1 (& - ’&I ’ (vC>. 
0- + 7238.24(&--1,~)” + 2[(&-&)’6A(V*) 

- (&l-b)’6B(vD)l+2 & ‘ 2 ( # 7 1 - # C ) ’ ( v C ) *  

I n  the equations v,, vB, and v, would bo roplacod by their correc- 
tion symbols, care being taken to uso v,= -vA-vB, if the azimuth 
anglo has boen concludod in carrying tho position computation 
through the chain. 

If an azimuth equation occurs, the constant torm must be corrected 
by + (&-Ant)  x sino of the mean q5, this being the amount that the 
azimuth will chango from the changes in the back azimuths due to 
the chengos in longitude. 

It should be notod that whmever a discrepancy of position is 
adjusted into a section of a loop, an oxtornal condition is placod upon 
tho chain, as at best only part of this discrepancy is due to errors in 
tho chain, the rest being due to the remainder of tho loop. It is 
necessary to hold some parts of the triangulation fixed; otherwise 
when a loop closurs is put in it would frequently be necessary to 
readjust nearly all of tho triangulation of tho country. The result 
is, however, that somo chains of triangulation, excellent in them- 
selves, get some rather large corrections due to the position closure. 

771)318”-48-3 
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EQUATIONS IN A NET 

In the adjustment of a quadrilateral, use is made of the two kinds 
of condition equations that are necessary for the adjustment of any 
figure tha t  does not contain external conditions such a3 length, azi- 
muth, or loop closure. In  fact most figures can be broken up into 
successivo quadrilaterals. In  forming the length equation, use is 
rhade of the two length angles in the various triangles passed through. 
In  fig. 5,  on page 37, the length angles aro lettered A and B. The 
angle omitted is the azimuth angle of the given triangle. The log 
sin of the A anglo is added to the first length and the log sin of the 
B angle to the final length. So with all of the triangles through 
which the length is carried. The discrepancy is found and tho equa- 
tion formed in tho same way as in the case of an ordinary side equa- 
tion. See the formation of the length equation on page 37. If the 
spherical angles are used a correction for arc to sine must be applied 
to each length. (See the table of these corrections in Special Pub- 
lication No. 8, p, 17.) 

An  azimuth equation is formed by adding algebraically to the 
h t  azimuth the various azimuth angles up to the second line fixed 
in azimuth. When passing from one end of a line to another, the 
azimuth difference due to convergence of the meridians, must be 
applied as determined in the computation of positions. The alge- 
braic sum of tho v’s upon these angles must make up the discrepancy 
bqtwecn the computed and &xed azimuths. See the computation 
an p& 38. 

The determination of the exact number of side and angle equa- 
tions‘in a not and the manner in which they como in, is one of the 
c&fEculties encountered by a beginner in the adjustment of trian- 
gulation. This is especially true if the net is somewhat complicated. 
n o  bost method for this determination is to plot the figure point by 
point. By plotting the triangle Tower, Turn, and Dundas, in the 
figure on page 34 one angle equation is determined. Add Lazaxo 
by the lines Lazaro to Turn and Lazaro to Tower. This $ves another 
angle equation, making two. Another angle equation and a side 
equation are obtained by putting in the line Lazaro to Dundas. 
Thi? makes a total of three angle equations and one side equation 
for the quadrilateral, just as it should be. Next plot Nichols by the 
lines Nichols to Lazaro and Nichols to Tower; this is a closed triangle 
and gives a fourth angle equation. Put in Tow Hill by the lines 
Tow Hill to Nichols and Tow Hill to Lazaro; this does not give an 
angle equation as it is not a closed triangle. Draw the line Tow 
l%ll to Tower; this gives a second side equation. In this way one 
can continue through the whole figure. If a full line Nichols td, 
Turn were in the figure, it would give another angle and another side 
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equation. The angle equation added would have to include the 
directions on this line as would also the side equation. This method 
shows at once where the equations come in and what new 21's must 
appear in the equations. 

Lines sighted over in only one direction have no effect on the 
number of angle equations. If the closed part of the figuro is plotted, 
omitting all of the extra lines-that is, putting in each station with 
only two lines from those already plotted, a closed framework of the 
figure will be formed. The first triangle requires three lines, thosa 
after the first require two linos. The number of angle equations in 
the framework of the figure is thus equal to  the number of lines in 
the figuro minus the number of stations plus one. Evory full line 
added to  this framework gives another angle equation. Therefore, 
the whole number of angle equations in a net is equal to the whole 
number of full lines minus the number of occupied stations plus one. 

The lines sighted over in one direction have the same effect on the 
number of side equations that the full lines have. If the full frame- 
work of the figure is plotted with two lines to each station from those 
already determined, no side equation will as yet appear in the figure. 
Every extra line put in gives a side equation. The first triangle 
fixes three stations; the stations after these requirc: two lines to be 
mod in plotting them. Thus the number of lines needed to  plot the 
framework is equal to twice the number of stations minus three. 
The full number of side equations will then be equal to the number 
of all the lines minus twice the number of all the stations plus three. 

Let n-total number of lines. 
n'=number of lines sighted over in both directions. 
S = total number of stations. 

S'=number of occupied stations. 
Then 

The number of angle equations in a net = n' - S' + 1. 
Tho number of side equations in a net-n-2 S + 3 .  
Those formulas should be used'to check tho number determined by 

directly plotting the figure. 
In figure 4 on page 34, 

n=41 
12' = 38 
8=18 

si= 17 

fierefore number of angle equations = 38 - 17 + 1 -22. 
number of side equations = 41 - 36 -I- 3 = 8. 

For convenience in solution it is best to use triangles with the 
larger angles for the angle equations, reserving the smaU angles to 
be used in the side equations. This wiU keep the large coefficients 
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in the sido equations from appearing on tho same dircctions as are 
used in the angle equations and will aid in the solution of the normals. 
The small angles need to appear in the sidc equations, as their tabular 
differences are proportionally much less affected by tho dropping of 
decimal places than are those of tho larger angles. 

ADJUSTMENT OF A FIGURE WITH LATITUDE, LONGITUDE, AZIMUTH, 
AND LENGTH CLOSURE CONDITIONS 

In this figuro, in addition to the angle, side, and length conditions, 
there are included conditions for azimuth, latitude, and longitude. 
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Bymbol 

Angle equutwns 
0=- 5.5- (1)+ (2)- (4)+ (6)-(10)+(11) 
O=+ 4.0- (I)+ (3)- (5)+ (6)-(12)+(13) 
0=+12.0- (2)+ (3)- (9)+(10)-(12)+(14) 
O= - 8.0 - (8)+ (9) - (14)+( 16) - (25)+ (26) 
0=- 2.9-(16)+(17)-(23)+(25)-(31)+(32) 
O= - 0.0 - (16)+(18) - (24)+(25) - (33)+ (34) 
O= - 3.2 - (23) + (24) - (30) + (32) - (34) + (35) 
O= - 2.3 - (17) +( 19) - (29)+(31) - (36)+(37) 
O=- 3.2-(17)+(21)-(28)+(31)-(42)+(45) 
O= - 3.2 - (19)+ (21)+(3G) - (38) - (42)$ (44) 
O= + 5 .O - (21) + (22) - (40) + (42) - (49) $( 52) 
O=- 1.0-(20)+(22)-(47)+(48)-(49)+(51) 
0=+ 3.7-(40)+(43)-(46)+(47)-(51)+(52) 
O= + 5.2 - (40) + (4 1) - (50)+ (52) - (5G) + (58) 
O= - 2.5 - (39) + (40) - (52)+( 55) - (59)+( 61) 
O= + 2.8 - (50)+( 55) - (57)+( 58) - (59)+ (GO) 
O= - 5.1 - (53)+(55) - (59)+( G2) - (67)+(G8) 
O= - 1.7 - (54)+(55) -(59)+( 63) -( 71)+( 72) 
O=+ 2.1 -( 62)+( 63) -( 66)+( 67) - (71)+( 73) 
0=+ 2.3 - (63)+( 65) -( 70)+( 71) - (74)+( 75) 
0=+ 6.1 -( 64)+( 65) -(74)+(76) - (77)+(78) 
0=+ 0.1 -(69)+( 70) - (76)+( 78) -( 77)+( 79) 

Anglo 

0 , ,, 

Azimuth equation 
O= ( - 7.1" - 0.2) - (1) + (2) + ( 9) - ( 10) - ( 14) + (21) + (40) - (42) 

-(62)+(66) -(69)+(63)+(70) -(71) -(76)+(76) 

Computation of correction to azimuth constant: 
log 0.277~9.442 

log &. mean 4-9.912 
log correction=9.364 

mrrection=-O. 2 
Side equations 

- 7+ 8 111 OB 20.6 8.86Q6Q68 -0.81 \ +14-15 21 40 38.8 

*+;:It! } 30 08 04.3 0.7706188 +2.88 1 -25+27 88 23 18.0 
--26+26 30 04 51.8 8.7000325 +3.64 - 8+ 8 48 10 10.2 

+ 7- } 8.5674745 +6.30 

8.W9753 +O.Oa 
8.8728041 +I.= 

1-11- 
Q.BB83248 -0.12 -13+14 
8. 63QQ2Q1 - 1+ 3 
0.0142236 1 *+::;? 11 --10+11 /I 8.2534775 1 

Tabular 
Anglo I Logarlthm 1 diig- I 

0 , I ,  l i-I 
10 37 43.4 8.4rn222 
110 36 OR.? 1 8.8712885 1 2;:: I 

42 00 30.0 8.6256810 +2.34 
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-16+18 
-23+24 
-30+31 

B y m b d  1 Angle 

38 29 18.8 
27 61 39.2 
9 31 18.8 

-17+19 35 17 43.3 9.7617712 
-28+28 9 68 42.9 9.2387486 
-42+44 61 06 11.2 9.8910323 

8.8915521 

Tabular 
Logarithm dlfler- Epmbol 

enca ence 

8. BLax(62 

+ 2 . m  -29+31 16 21 23.9 9.4488584 +7.17 
+11.97 -44+46 23 37 23.0 8.6028386 +4.81 + 1.70 -19+21 43 39 34.4 8.8380831 +2.21 

8.8915781 

O= - 60.9 -2.65( 16)+7.37( 17) -4.72( 18) -3.98(23)+13.41(24) -9.43(25) -14.11(30) 
+12.65(31) +1.56(32) 

-48+52 89 47 62.8 9.8988873 
--20+21 26 37 18.2 9.8513730 
-46+47 a3 20 40.6 9.7401044 

9.3914747 

+0.01 -21+2a 26 22 66.0 8.8417280. +4.25 
+4.20 -46+48 105 41 48.0 9.W4943 -0.58 
+3.20 -61+62 36 08 14.0 9.7602621) +2.88 c 9.3914747 

O=. - 26 .O - 2.98( 17) + 5.19( 19) -2.21(21) -11.97( 28) + 19.14( 28) -7.17 (31) -1.70(&) 
+6.51(44) -4.81(45) 

-74+76 94 10 28.2 9 . W 6 2  -0.16 -64+65 60 11 06.3 8.885121i) 

*-69+70 01 25 13.8 8.8436708 +1.16 -75+76 33 30 23.0 9.7419027 
--W+M I i a  32.1 ~ . m 8 0 8 8  +3.82 -m+n io2 20 31.6 8 . 8 ~ ~ 6 1  

9.6172168 0.6172351 

+1.76 

+3.18 
-0.46 

0~+0.0-4.20(2O)lf;8.46(21) -4.26(22)-3.79(46-)+3.20(47)+0.59(48) -0.01(49) 
+2.99(61) -2.98(62) 

1 - 1  
9.6838621 -0.69. -&+el 22 08 21.3 9.6761788 

-40+41 63 10 28.8 8.9506633 
I +I-:$ 11 -60+66 1 126 14 18.4 I 8.812o(M4 I I 

0~+6.G+0.59(39)+1.07(40)-1.66(41)~4.22(~)~2.73(62)+1.49(55)-3.99(59) 
' . +9.16(60)-5.17(61) 

-71+73 69 26 24.7 8.9348784 -m+m 43 MI 28.3 ~ . ~ i 3 0 9 3  I -6Q-J-62 I MI 
43 17.2 I 9.9317800 1 $;:: I/ --9+66 I 58 

03 08.4 I 9.8333037 I $::'2"e 1 
-53+M 18 17 61.0 9.4888619 +6.37 -72+73 22 60 28.2 9.6W367 +6.00 

I I 
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I 
Turn-Dundas - 4+ 8 113 41 69.8 - 2+ 3 88 18 43.3 - 7f 8 111 09 20.6 

} 38 08 04.3 
-2?+25 40 27 -12.6 
--28+31 26 20 08.8 
-21+22 28 22 65.0 

I I 

-6 
4.288771 
9.9617359 
8.8880897 
8.9698969 

8.7708188 
9.8121311 
9.8470132 
8.8417280 

Symbol I Angle .I Logarithm 

-0.82 
+0.14 
-0.81 

+2.88 
+2.47 
+4.25 
+4.% 

+2.30 
4-2.44 
+0.43 
i 1 . 1 5  

I I 
Ham- d outhTwln 

-10+11 40 M) 30.0 
-12+14 42 30 21.5 

{ $ 1 ~ ~ 1 ~  } 21 40 38.b 

-25+27 E9 23 ’18.8 
-31-1-32 116 69 .49.6 
-42+46 74 42 34.2 
-491-52 E9 47 52.8 

-58+61 49 58 12.0 
-71+72 36 34 b5.6 
-74+76 80 40 06.2 
-774-79 85 04’23.4 

8.6674745 

9.9888763 
Q.8488922 
8.8843478 
8.8898973 

9.~8840631 
8.7752272 
8.9404164 
8.8883924 

-38+40 
-64+b5 
-63+85 
--89+70 

+6.30 

+o.oa 
-1.07 
+o. 68 
+0.01 

+1.77 
4 . 8 4  
+1.18 
+O. 18 

42 26 61.8 
40 45 17.4 
78 24 35.4 
61 26 13.8 

8.8292505 
8.8147W 
8.8810544 
8. 8435708 

2.6534856 
I I 

,, I I 

Tabular 

3.888371 

2.8534708 1 -  
O x  -5.2-0.14(2)+0.14(3)+0.92(4) -0.92(6)-4.49(7)+4.49(9)+2.34(10)-2.34(11) 
+2.30 (12)-7.60 (14)+8.18 (15) -2.88(16) -4.25(21)+4.25(22)-2.47(83)+5.37(25) 
-2.90 (27)-4.25 (28)+3.18 (31)+1.07(32)-2.30(39)+2.30(40)+0.58(42)-0.58(45) 

+ O m  (49)-O.Ol(52) -2.44 (64)+2.44(56)+1.77(59) -1.77(61)-0.43(63)+0.43(65) 
-1.15 (69)+1.15 (70)+2.84 (71)-2.84(72)+1.18(74)-1.18(75)+0.18(77) -0.18(79) 

A South f w h  

w 
TOW niit 
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D0Slg- 

angle 
"ip 

B 
0 
A 

B 
A 
C 

B 
C 
A 

B 
C 
A 

Formation of azimuth equation 

symbol 

-- 

-10+11 

- 4 - t - 0  

-12+14 
- 2 + 3  

-14+16 
- 7 + 9  

-26-t-27 
-15-t-16 

0 I // 

Turn-Dundaa ..._.-..-_ 357 33 07.7 

Turn-Tower ___._______ 21 50 33.1 
Azimuth difference* -... -180 07 07.6 
Tower-Turn .___.__..__ 201 43 25.5 

Tower-Lazaro. 150 32 16.4 
Azimuthdifference ..... -180 14 01.2 
Lazaro-Tower _.___._.._ 330 18 15.2 

101 38 55.1 I 78 57 17.7 
Lazaro-Round ______.__ 173 27 25.3 
Azimuth difference.. . . - -180 01 37.8 
Round-Lazar0 _.____.__ 353 25 47.5 

Round-Cat.. __....._.. 289 36 29.9 

-1+2.. ._.__..... 24 17 25.4 

+9-10 ___..__.___ 51 11 09.1 

-14+21......____ 22 32 57.3 

+40-42 _..._...__ 63 49 17.6 

0 I N 

Cat-Round .....__._... 109 42 29!6 

Cat-Beaver _..._....... 197 17 23.4 
1 Azimuth difference.. . . . +I80 01 40.2 
1 Besver-Cat .___._.. ..._ 17 19 03.6 

Beaver-Lim .._......._ 119 58 49.1 
Azimuth difference. -. -. -180 05 20.3 
Lim-Beaver ........... 299 53 28.8 

LimSouth Twin __..... 258 58 11.0 
Azimuth difference. __. - +180 06 48: 1 
SouthTwin-Lim .__.... 79 04 59.1 

South Twin-Ham ...... 112 35 22.1 
Fixed azimuth .__.._... 112 35 29.2 

-52+55 _...__..._ 87 34 53.9 

-59+63 .___...... 102 39 45.5 

+70-71__. ._ ._ .__ 40 55 17.8 

-75+76 --..-__. ._ 33 30 23.0, 

Dbcrepancy.. - -. I Azimuth difference.. - - +I80 05 59.6 
Cat-Round __..._...... 109 42 29.5 

Preliminay computation of triangles 

Station 

Turn-DundW 
Tower 
Turn 
Dundas 

Tower-Dunda 
TOWW-T- 

Turn-Tower 
Lazar0 
Turn 
Tower 

Lazarc-Tower 
Lozsro-Turn 

Lazaro-Tower 
Tow Hill 
Lamro 
Tower 

Tow Hill-Tow 
Tow Hill-Lszs 

ObSeNed 
angle 

~ 

0 , ,, 
42 00 30.0 ao. Q 
I18 41 69.8 

42 30 21.6 
88 18 43.3 

67.1 

38.8 
47 10 07.2 
.11 08 23.6 

Lazarc-Tow H111 
Nichols 89 23 18.6 
Lazaro 
Tow Hill 

NicholcTow diil 
Nichols-Lazar0 

- 
Cor- 

rection 

- 
S her 

angle 
Pca1- 

, 
0.2 
0.2 
0.1 

0.6 

0.6 
0.7 
0.8 

1.9 
- 

2.2 
2.2 
2.1 

8.6 
- 

3.0 
3.6 
3. 6 

10.8 

Plane angle 

0 , I ,  

29.8 
24 17 30.7 

59.6 

20.9 
42.6 

61 10 68.6 

21 40 36.6 
05.0 
18.4 

15.0 
44.3 

30 OS 00.7 

-7. 1 

Logarithm 

4. essm 
0.174WJ5 
9.8142483 
9.8817359 

4.0554388 
4.4028284 

4.4028284 
0.1702888 
9.8880986 
9.8916183 

4.6722946 
4.4648133 

4.6722848 
0.4326371 
9.8653119 
8.9696986 

4.87014% 
4.8746303 

4.9746303 
0. oooo248 
9.8106723 
e. 7706083 

4.8851274 
4.7461634 

* 8eo position computation, p. 40. 
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Btatlon 

p 
A 

B 

i 

B 
A 
C 

B 
C 
A 

B 
C 
A 

B 
A 
C 

Observed 
anglc 3ymbol 

K m  
Lazaro 
Nlchols 

-31+32 

-n+% 

-42+45 

-%+ai 

-49+62 
-21+2!2 

--s~+ei 
-3Q+40 

-71+72 

-64+55 

-74+76 
-e3+05 

116 69 49.6 eo. 2 
40 27 12.6 

Preliminary computation of Criangles-Continued 

Larar+Ken 
Round 
Lazar0 
Ken 

74 42 34.2 
20.0 

ze 20 a.8 

0.4 

0.1 
0.0 
0.1 

0.2 
- 

0.0 
0.1 
0.0 

0.1 
- 

0.0 
0.1 
0.0 

Ken-NicholS 
Ken-Lazaro 

11. D 
87 34 66.4 

61.7 

55.6 
102 59 47.1 

17.4 

06.1 
38.3 

40 56 15.5 

Round-Ken 1 
Round-L8ZSO 

Lazar+Round 
Lazaro 
Round 

Cat-Round 

Cat 

CSt-LaZarO 

Cat-Round 
neaver 
cat 
Round 

BWVU-RCWIII 
BeaVer-CCLt 

BeaveeCaf 
Llm 
neevex 
Cat ' 

Lim-CSt ' 
Lim-Besver 

ngevw-Lim 
South Twin 
Beaver 
Lim 

South Twh-I 
South Twh-1 

89 47 62.8 
26 n M.0 

12.6 

48 m 1z.a 
4a #I 61.8 

68.4 

ae 34 s5.L 
47.2 

40 46 17.4 

Bo 40 06.5 
78 24 38.4 

15.1 

ll 
LVDT 

- 

Cor- 
9ctlon 

- 

I her 

mgle 
Ym1- 

- 

48.7 
3.7 22 32 69.5 
o.8 0.7 I 11.8 

2.21 

' I  
33. e 

0.7 78 67 20.2 
0. o.e  e I 08.2 

1.B) 

62. e 
64.0 

0.1 83 49 12.5 

Oal I 

Yogarlthm 

4.7451834 
0.0501OiO 
Q.6837509 
9.8121284 

4.3780215 
4.8073888 

4.8073888 
0.0156526 
9. 0918811 
Q. 6470108 

4,8148334 
4.270063J 

4.2700631 
0. W B  
Q. em270 e. 8528928 

3.9177934 
4.223058k 

3 9177934 
0: 11593.h 
9.0996132 
9.8282503 

4.0333431 
8,8828808 

3. &3u)298as 
0.2247'11 
Q. Pa83091 
9.8147958 

4.0770583 
3.8025485 

3.8025485 
0. 059MWB 
9.8810543 
9. siezm 

3. g531a74 
8.7183859 
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180 
201 
42 

130 + 

a 
econd -11 

La 

a' 

4 
A4 
4* 

B 

h 

1st tarm 
zd term 

a 

0 
COS a 

8d and 4th 
temu, 
-46 

3(9+4': 

43 31.0 
00 30.0 

66 04.062 
8 43.883 

-LL- 

Prelimina y posilion computation, 

a 
slna 

A' 
seo6' 

AA 

BTATION TOWER 

Turn to Dunda.5 
Dundw and Tower 

Turn to Tower 

-6 
4.4029264 
9.6700363 
8.6@37480 
0.P70138 

2.7193259 

+63.8836 
I ,  

Tower tb Turn 
F h t  angle of trianglo 

0 1  , #  I 1  , 

-- 
64 I 35 I 27.323 I Tower 

I I 
2.8802831 I I 9.50172 I 

+758.0888 3d term +0.0134 + 0.3176 " I 4thterm I -0.0019 " I 
+759.4071 

+ 0.0115 

+758.4166 

64 41 47 
0 , ,, 

Arg. 
a 
d l  

corr. 

BTATION LpZARO 

A I ",1 
6.7608 
2.3672 

8.1281 

-11 
+ 6  
- 6  

- 

. I  f l u  

--- 
. 131 I 04 l48.046 

2.8803 
7.9471 
0.4674 

7.2848 

2.7183259 
9.9117440 

7 

2.6310708 

+427.83 
,I 

1 , ,, 
21 W 88.6 + 66 18 43.8 

108 08 21.9 
n 10.7 

180 
287 48 11.2 

Fhtangleoftrianglo 42 30 21.6 

130 66 61.062 
25 64.244 

131 21 68.288 
-1 

" - d a  

I =- 

-- 
48 00.712 

61.101 

9' 
4.4648133 
9.48338088 

B 8. 6097261 

h 12.4681411 

I- I --291.1098 

0 I t t  

64 EO 32.3 

C 1,66469 

+ 27 
a 4.4648133 

slna 9.9778202 
A' 8.5087408 

m d '  0.2401420 

3.1915191 

I- 
7.2963 

Arg. 
8 -16 

A l  +42 

6.4674 

7.8108 

3.1915191 
9.9125251 

3.1040442 

+mo. 70 
, 
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LaLaro 

primay triangulation 

- 
131 21 68.11296 

BTATION TOWER 

f 0.0358 

-1050.6197 
- 
. , ,, 

64 44 12.6 

I l 

6 

A ainp 
, eeo4' 

d l  

a 
rhird angle 

a 
l a  

a' 

4 
9' 
8 

oosa 
B 
h 

1st term 
2d term 

ad M d  4th 
term 
-4 

W+V) 

rhlr3-L 
a 
$a 

a) 

9' 
a 

O ( M 0  
B 
h 

1st term 
2d term 

8d and 4th 
terms 
-A4 

1(4+9') 

Dundas to Turn 
Tower end Turn 
Dundas to Tower 

Tower to Dundas 

i 4  I j 1 ;.a9 1 Dundas 

64 21.323 Tower 
- 42.236 - 

4.0554388 
0.6439767 

2.2081627 

+161. 5349 + 0.3708 

a. 5 0 8 ~ 7 2  

9. WOll , 
3d term +O.ooMl 
4thtW - 0 . W  

+ 10Z 2 3 7  

+o. ooo1 
- a  

A 
f162.2358 B ' n p  
e # I1 - m 4 '  
M 36 48.4 

4-3 
4.0564388 
9.9631493 
8.6087480 
0.2370138 

2.7J13602 

BTATION LAZAR0 

1;7 1 I49T)B 
-113 4 1  69.6 

2 2091 

6.4628 
8.0173 

0.6791 

2.754350a 
9.911P81 

20650483 

+4M. 07 
,, . 

Towor to Turn 
Law0 and Turn 

Tower to Laram 

Ltruvo to Tower 
. I  # I  I1 

M I 61 I 67.843 

9 9398800 SIn'a 
8.6097404 4:67e40 I : 
3.0219160 

9.14469 
9. a8363 

0.07934 

co. 0256 
~0.0100 

1. ssiza 

I /  

-7 
4.6722946 
9.6017066 

0.2401420 
a m7409 

a. o i m ~  

+loa. 2488 
,, 

. .- 

I ' I L I  

I I -Aa 

3.0219 
8.6261 
6.4616 

3.0129424 
9.9118808 

+841.20 
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Lazaro to Tow Hill 

Flrstsnglaoftriangle 

1 ? 9' 

Preliminary position computution, 

3iO I I32y7 + 47 10 07.2 

17 28 39 9 - 21 1 07: 7 
180 
197 07 32.2 
21 40 38.8 

131 21 58.295 

--- 
--- 

=-- 

%iyG 25 57.539 

GTATION TOW HILL 

6.9283 
2.3867 

9.2850 

-h 
s2sln2a 
E 

h 3.4637221 

Istterm f2908.8550 
W term + 2.8851 

+all. 7401 

,) 
3d tarm 
4th torm 

8 

A' -Ad +2911.8700 s b a  
9' D , ,, 

4(9+V) 64 28 41.9 

a 
lecond angle 

AQ 

a' 

a 

9 
A 9  
9' 

8 
cos 0 
B 
h 

1st term 
2d term 

3d nnd 4th ' 
terms 
-Ad 

i(d+d') 

-1 
9.91808 
8.95521 
1.5.5588 

0.46010 

-0.1072 
-0.0673 

-117 
4; 9746303 
9.4778061, 
8.5087800 

3.1924389 

0: 231g.532 

,I 

-1557.6388 

GTATION NICHOLS 

3.4037 
8.8043 
0.4597 

R. 8277 

3.1924389 
9.9105887 

108 

3.1030184 

+ 1207.70 
, 

Lazero to TOW Eill 
Tow Hllland Nichols 

Lazaro to Nichols 

Nichols to Lazaro 
First Bngla of triangle 

AA 4- 

132 11 I12.692 

4.7451634 
9.4808074 
8.6097191 

2. 7458488 

+556.9933 + 10.0559 
+5f37. 0492 

- 0.0374 
+587.0118 

64 48 14.3 
0 , , I  

82 
sin2 a c 

3d term 
ILh term 

8 
sh Q 
A' 

fM0 qi' 

A l  

9.48033 

1.65589 
9. 95em 

1.00242 

to. 0075 
-0.0449 

t ga 
4.7451034 
9.9781021 
8.5087447 
0.2384494 

3.4704088 

t2954.3800 

Arg. 

AA 
8 

+1 
2.7468 
9.4465 
0.4697 

8. 0520 

3.4704888 
9.8123203 

3.3827891 

+2414.3 
,, 
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primary ti-ian~ulution-Continued 
STATION TOW HILL 

- 18G1.3850 

- 0.0361 

-1861.3508 
- 8  

' " 

~rl io  50.8 

a 
rhird anglo 

a 
Aa 

a' 

4 
A9 

8 
COS a 

h 

1st tcrm 
2d torm 

n 

3dt%L94th I 
-4 

i(d+d') 

slnp 
A 

scoq5' 

AX 

ThlrdQanglo 

a 
A a  

a' 

d 
AQ 

a 
ma 

h 

1st  tcrm 
2d term 

Sd and 4th : 
t o m s  J 

-Ad 

N4+4') 

n 

- 08 
+114 

+ 18 

Towcr to Loznro 
Tow HI11 and Lazaro 
Tower to Tow HI11 

AX 3.4120280 
Sh)(&+ ') 9.Do07770 

3.3227103 

- A a  +2102.38 

soc J ( A ~ $  44  

Tow Hill to Towcr 

0 1  1 I ( r  I 

197 - 30 
100 - 

iz -- 

.4:4:"l"d: I 
0.8881103 sln* a 

07 32.2 --- ' I "  08 04.3  

50 21.0 

40 132.1 

18 155.8 --- 
---- 

3.2078843 

3.3705522 

-2347.2114 
e 2.1824 

-2345. ow 
I- 0.1004 

-2344.8500 
0 , ,, 

5.1 23 58.0 

0.33804 

3d tmm +O. 1ZU2 
4th torm +0.040!2 

- 70 
s 4.fB.51274 

sh,a 0 . 5 1 ~ 1  
A 8.5oX7447 

soc 4' 0.23134484 

3.1451526 

0.74029 
0. W04 
1.55122 

0.89845 

t 0 . m  
-0.llGo 

+16 

0. EOJOWGOO 
8.5087000 
0.2315532 

4.8701438 

3.4120280 

t23X7.7803 

(y 

# 
hrg.  

8 
AX 

STATION NICHOLS 

13. 4 ~ ~ l + ~ -  02.4 

218 11.0 

--h 3 . W  
6.397 I 82 sin2 a I 0.3462 
2.381~ E G.451G 

0.0648 I-- 
I I 7.072 

Tow Hill to Lazero 
Niohols and Lam0 

Tow Hill to Nlchols 

Nichols to Tow HUl 

O f  , I  I ,  

23.072 :i 1 04.800 + 54 1 -- 
54 I 4 3  130.832 

-1 
4.8851274 82 0.77026 
o. 07m408 sin2 o o. 0 2 s ~  
8.5087780 I c I 1.54301 I 

Tow Hill 

Nlchols 

(a$)* ;:;;E 
0.1112 

Arg. 

AA 

Corr. - 70 

-h 
s2 sln2 a 
E 

3.3700 
8.7950 
0.4373 

8.8038 

3.1151536 
0.0101427 

70 

3. urn033 

k1136.80 . 
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Preliminary position computation, 
OTATION K E N  

+ 22 33 00.2 

I 

F h t  angle of triangle 

Lauuo to Nlchola 
Nichols and Ken 
Lazaro to Ken 

--- 
30 28.0 
30 163.7 I - 94 I 

Ken to Lazar0 

La7aro 

K, 

21 68.286 
37 146.881 I + 13' 1 + -+- 

54 I 54 I 34.899 131 I 68 144.168 I 
4.8073998 It 

m a  8.8953917 sh*a 
B 1 8.6087191 I c 

2.0125 
9.2121 
8.4697 

7.6843 

3.36!$!234 1 9.912798 

a. 21480 
9.99731 
1.66689 

0.768M) ,, 
to. ooo2 
t0.0048 

+MI 
4.8073998 
9.9986645 
8. Ea37403 
0.2404328 

4.0260 
2.3087 

6.3917 

-29 
+87 

+68 

- 

Arg. 
8 

AX 

3.3552332 

e2265.8807 
, I  

Corr. 3.288032 

+1863.67 I I A X  

STATION ROUND 

a 
lecond angle 

Aa 

a' 

4 
A 4  

4' 

a 

8 
cos a 
B 
h 

1st term 
2d term 

3d and 4th ' 
t e r n  , 
- A b  

1(Q+V) 

Lazaro to Ken 
Ken and Round 

Lazsro to Round 

Round to Lam0 
First angle of trlanglo 

+; I ii I 67.'k3 1 LauWo 
68.318 --- 

02 66.161 Round 

A I ",f 
21 58.286 
1 I 69.402 I +131 I 1 131 1 23 I 67.897 651 

4.2700631 
9.9971678 
8.6087191 

2.7769500 

-698.3427 + 0.0181 

, 

1 
2.7769 
8.6627 
8.4607 

8 I  
sln, a 

C 

3d term 
4th tarm 

8 

A 
slnp 

AA - 

8.64013 
8.11265 
1.66589 

-h 

8.20857 
,I 

I-0.0083 
10. o001 

-6 
4.2700831 
9.0582746 
8.6087368 
0.2418388 

5.8893 

a. 077018 
9.913183 

-698.3288 

+ 0.0084 

-698.3182 
D I 0 

64 67 67 

- A a  

2.0770128 

+119.4024 
I 1  

1.8801BB 

+97.77 
,, 



APPLIOATION OF LEAST SQUARES TO TBUNQULATION. 45 
primmy triangulation-Continued 

BTATION KEN 

8.7LL-4 

2.8225729 

--88(.61Q2 + 0.6381 
-e&. 0811 

+ 0.0132 

3d term 
4thtarm 

8 

Thirdamgle 

A a  
a 

a! 

$4 

(6’ 
8 

cos P 
B 
h 

1st tom 
2d term 

3dt%th 1 
-A9 

1(9+9’) 

Nlchols to Lazaro 
Ken and Lam0 

Nichols to Ken 

)‘PITjPB --,- Ken to Nichols 

, I  

30.831 
04.088 

34.888 

-10 
+ 8  - 
- a  COR. 

- 
I ’1  I - A a  I -Ma76 

BTATION ROUND 

Ken to Lamro 
Round and Lam0 

Ken to Round “‘I7El + 
Round to Ken 

/ I  

34.899 
21. mi  Ken 

p o u n d  

x I:: 
6.4091 
2.3666 

7.7767 
- 

-30 + 79 

+49 
- 

oa 

ai 

68.180 
+1 

4.6149334 
9. 67QQ436 a 5097172 

9. &_-7 
9.93222 
1. bbe.s1 

9. ioai 

3.33172a 
8.813254 

8.244976 

-1767.83 

2 7 ~ ~ a  

-m. bi7a 
, 

+ 6.2288 

- E a .  2884 

+ 0.0270 

-mi. a614 
0 , ,I 

64 68 46.0 

0.71840 
0 

3d torm +0.0058 
4th t o m  +0.0212 

3.9317224 ,, 
-2146.41 Ah 
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a 
eoond angle 

a 
A a  

a! 

Preliminary position computation, 

Laznro to Round 
Round and Cat 

Lazar0 to Cat 

CsttoLazaro 
Flrst anf$o of triangle 

-Ad 

*[#++') 

4.2210584 d2 
wsa 9.0739102 Sh*a 

B 1 8.W7191 1 C 

-508.2633 

4- 0.0065 8 

--508.2j68 A 
S h p  

0 , ,' = 6' 
54 57 42.0 

dX 

h 

1st tom --508.3791 3d tcrm 
2dterrn + 0.1158 4thterm 

108 + 87 

197 + 

42 68.1 
34 56.4 

17 64.6 
1 40.2 --- ---- 

8.44012 
9.00164 
1.55589 

2.3525880 

-225.2102 + 0.0170 

-225.1932 

+0.0012 - 
-225.1920 
0 t ,, 

55 03 18.7 

9.063(iC, , 
to. oooo 
to. 0005 

-3 
4.2!2305&1 
9.5308211 
8.5087375 
0.2416077 

8.2309 

3d term +0.0012 
4th term 

, 

-1 

shp 9.4732b71 
A 8.5087360 

I 3.8029@8 

WC 6' 0.2423463 

2.0873&1 

Ah -122.2728 

2.5042844 

-319.3629 

A X  
sin l(d+,+') 

soc I ( A 6 )  

-A= 

a 
econd angli 

d a  
a 

al 

d 
4 
6' 
8 

COS a 
B 

h 

1st term 
2d torm 

3d and 4th 
terms 

- A 6  

I(4+d') 

6.489 

2.087330 
9.913657 

2. CUB87 

-100.23 
,# 

3ZarO 

cat  

cy* 

Arg. 

AX 

corn. 

3 

- 

5.4124 
2.307 

7.7701 

-3 
+2 

-3 
- 

STATIOS l3EAVER 

Cat to Round 
Round and Beaver 

Cat to Beavw 

Beaver to Cat 
F h t  angle of triangle 

26.100 cat 
-- +'I !I :;;I Beaver 

5.5 

Arg. 

Ah 
8 

Corr. 

x I: 
4.705 
2.3G6 

7.071 

-1 
0 

-1 

2 7062 
7.5078 
6. 4597 

6. 0737 

2. MU284 
9.9131 17 

2.417+01 

-261.46 

'El IS 134.7 I 
49 58 1 2 0  

-131 1 10 2 102.273 38.932 1 
131 1 4  30.059 
--- 



APPLICATION OF LEAST SQUARES TO TXANQUZBTION. 41 
primary t+iangulatwn-Continued 

STATION CAT 

289 

180 
108 

4- 

ThirCanglc 
a 

A a  

a! 

4 
6' 
8 

ooso 
B 

h 

1st term 
2d torm 

3dand 4th 
terms 
-/4 

4(6+6') 

30 68.5 
6 69.0 

42 68.1 

--- 
--- --- 

a 
l'hlrd mgl 

a 
Aa 

d 

t 
6' 
8 

cos a 
B 

h 

1st term 
2d term 

3d and 4 t h  

-4 

l(d;+6') 

terms 

3.9177934 
9.6259756 
8.6097071 

1.9534701 

+EL8413 + 0.2199 

+m. 0612 

- 

>, 

+w,Wl2 

65 02 11.1 
D , ,, 

Round to Lazaro 
Cat nnd Lozaro 

Round to Cat 

82 
sinla 

C 

3d torm 
4th term 

8 
sina 

A' 
=+' 

AX 

Cat to Round 

+2 
3.9177934 

8. EO87375 
0. XlOO77 Ah 

--- 
65 I 01 I 20.100 

-1 
+3 

-Aa 

Rormd 1 A i  
at X' 

2 655790 

-369.68 
,r 

8.31pI , 

--- 
204y323 1 Con. 1 +2 

-438.1064 

STATION BEAVER 

Round to  Cat 
Beaver and Cat 

Round to Beaver 

Besver to Round 

It 

65 66.101 Round h 

65 I ! I ::::I 'Beaver 1 :; + --- 
4. my3437 
9.51188502 
8.5097071 

2.1318070 

-135.4899 + 0.3534 

-135.1315 

+ o.oM)8 

-135.1307 

66 04 03.7 

,, 

0 , It 

a= 
sins a 

C 

3d term 
4 t h  term 

8 
sin a 

A' 
sec 4' 

A X  

rl ,, (8.830 

+3 
4.033w31 
9.9645001 Arg. 
8.5087380 8 -2 
0.2423403 AX +6 

-561.0382 

I+ 247 1 10 I 00.7 
7 40.0 

t=l=I= 

6.692 

2.802716 

-Aa 1 -45iI95 
I 

77(1318"-48-4 
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Pseliminay position cmpututwn, 

South Twin to Beaver 
First angleof triangle . 

+ 04.190 [:A 
66' I I ll.'k I Beaver 

a 
lecond awl 

A= 
a 

a! 

d 
Ad 
de 

n 
8 

ma 

h 

1st term 
2d term 

3d and 4th 
terms 
-A4 

1(4+4') 

180 
18 26 I B.0 
80 40 06.2 

131 1 4  36.669 
--- ---- 
- 1 146.962 

a 
leoond 

A a  
a 

0: 

9 
Ad 
9' 

8 
ma 

B 

h 

U t  term 
2d term 

3 d a n d 4 t h 1  
terms j 
-A4 

I(d+V) 

-h (3)' 1 ;. a*sh$a 

STATION LIM 

Beaver to Cat 

Beaver to LIM 
-- Cat and L h  

69 21.9 
5 20.3 -- 

180 
Lim to Beaver 64 01.6 

First angle of trhgle 34 65.6 

2. 285 
6.656 
6. 465 

6.285 

3. w2.5495 
9.6888310 
8.5097044 

~ 

2 1110849 

-129.1471 + 0.1735 
-128.9736 

+ o.ooo8 
-128.9730 

66 06 15.8 

, I  

0 , ,, 

8' 
Sh' a 

C 

3d term 
Ith term 

8 
slna 

A' 
880 4' 

A X  

7.8051 
9.8761 
1.6591 

9.2393 

to. m 
eo. 0002 

,# 

+2 
3.8025495 
9.8375769 
8.6087351 
0.24nm 

2.5915973 
,# 

+3m. 4787 

con. 

STATION SOUTH TWIN 

+2 I I - A a  

2.111 

2 691697 
9.813918 

2.6ObS16 

+3m. n 

Beaver to Llm 
Lim and South Twin 
neavor to South  win 

-- --- 
6 5 L  08 t-I southTKin I Ai I 131 I 12 i 49.697 
F ed latitude, 16.617 Fixed longitude, 49.974 

3.7'183859 
9.9772083 
8.5087044 

2.2852886 

-184.2042 + 0.0130 

-184.1912 

,I 

+ 0.0008 
-184.lm4 

65 OB 43.4 
0 I I 1  

83 
sin1 a 

C 

ad  term 
4th term 

6 
sin a 

A' 
880 4' 

dX 

.ltude: Discre ancy in1 
- to35  

X723.?.4+lCO- 
-2.6334 

8.1143 

I-0. ooas 
I ,  

-1 
3 . 7 7 w  
8.4982084 
8.5087347 
0.2428024 

2 0 2 9 q 3  

-106.9618 

con. 1.843187 I --I1 -Aa 1 - i .n  
DWpanog -0.277 in longltude: 

X723.24+100- -m.mee 
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a 
Phird angle 

A a  
a 

primary triangulation-Continued 

Lim to Beaver 
South Twin and Beaver 

Lim to South Twin 

STATION LIM 

d 

d 
*+ 
4' 

a I Catto Beaver 
Phlrd eagle Lim and Beaver 

SouthTwintoLim 
I .  I I1 

65 07 10.285 + 65.217 

66 08 16.482 
-- 

a Cat to Lim 
A a  

a' LlmtoCat 

d' 66 20. a66 A' 

8 
008a 
B 
h 

l8tderm 
Wterm 

h 2.6493098 
,, 

lsttarm -364.2499 3d torm 
2dterm + 0.0817 4th term 

-m. i0aa 

3.8631874 
8.2813874 
8.6097018 

1.7442888 

-65,4882 + 0.2818 
-56.2174 

,# 

I I AX 

8.1541 
9.1999 
1.6684 

8.8124 

to. 0029 
to.ma 

4.0770593 
8.6888381 
8.5087351 
0.24273% 

STATION SOUTH TWIN 

I 

8' 
sin2 a 

C 

3d tarm 
Ith tarm 

8 
sin a 

A' 
6' 

AX 

7.8084 
8.0838 
1.6697 

0.4499 

I-0. m 1  
to.ooo1 

+1 
3.8531874 

8.6087347 
0.2428024 

2.6887411 

-487.4404 

8. mi~ie4  

,, 

lV7 1 17 I 64.6 - 40 46 17.4 

131 1 21 I 07.138 
2.549 
7.354 
6.404 

0.307 

2.428408 
8.813762 

a. 342230 
, I  

+2lo. 90 

-- 
0 48.1 

288 64 01.0 

258 68 40.1 
-k 

21 07.138 - 13' 1 8 117.440 I 
131 la  49 098 I '. I *-1  I 

1.144 

0.407 

AX 9.688741 
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APPLICATION OF LEAST SQUARES TO TRIANGULATION. 51. 
Latitude equation 

O= -2.5334 -0.14(2)+0:14(3)+0.39(4) -0.39(6) -0.69(7)+0.69(9)+0.67(10) -0.67 
0.09(21)+0.09(22)-0.49(23) +0.93 
0.20(39)+0.20 40)-0.02(42)+0.02 
0.08(59) - 0.08{61)+0.10(63) - 0.10 

+0.07(71) - 0.07(72)+ O.ll(74) - 0.11(75) 

Longitude equation 

.O= -20.0499+1.20(2) -1.20(3) -0.59(4)+0.59(6)+0.41(7) -0.41(9) -0.35(10)+0.35 11 
+1.39 12)-0.34 14)-0.75 15 -0.30(1G)+0.67 21)-0.67(22)-0.34 23)+0.07 25 
+0.27$27)- 0.17[28)- 0.291311+ 0.46(32) - 0.16139) + 0.16(40) - 0.62 I 42)+ 0.62 I I  45 

- o.20(52j-00.07(54j+ 0.07@j- 0.32(59)+0.32(61)+0.07(63) - 0.07(65) 
+0.16(72)- 0.06(74)+0.06(75) 
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Correlate 

26 

28 
28 
30 

a2 
s3 

86 

n 

ai 

a4 

a6 
a7 
88 
a9 
40 

4 1  
42 
43 
44 
45 

46 
47 
48 
49 
bo 
61 
62 
63 
64 
65 

66 
67 
I 
69 
Bo 

61 
62 
83 
e4 
66 

1 -1 -1 
2 +1 .... 
a .... 
4 -1 
6 .... 
6 +1 +l 
7 
8 ............ 

16 ............ + 1 -1 -1 
17 ................ +1 ........ -1 -1 
18 .................... +1 
19 ............................ +1 .... 
20 ............................................ .................... 
21 ................................ za ........................................ 
23 ................ -1 .... -1 
24 .................... -1 +1 
2-5 ............ -1 +l +1 

e -1 +1 
10 -1 .:.. +1 

11 +: 
12 
13 +1 
14 
16 

........ 

.... 

.... ........ 

............ +1 ......................................................................... 
I ................................ -1 .................................................... ............................ -1 ....................................................... ........................ -1 ............................................................. 
I 

.................... 1 ................................................................. 

........................ +1 ............................................................ i 

........................................................................................ 

................ -1 ........ +I +I .................................................... i 

+I - +I I 
.................... +I -1 ............................................................ i 

............................ -I .... +I I ............................ +i ......................................................... .................................... -1 ................................................ ........................................................ -1 ............................ ........................................ -1 .... -1 -1 +1 ............................ : 

.................................................... +1 ............................ . _ _ _ ;  ................................ -1 -1 +I ........................................ i... I ................................................ +l ..................................... , 
+1 I ................................ +1 .................................................... ! 

................................................ -1 ..................................... ............................................ -1 +1 .................................... ............................................ + I  .................................... ....' ........................................ 1 -1 ........................................ .................................................... -1 .... -1 ........................ 

............................................ + 1 -1 .................................... ........................................ +1 .... +1 +1 -1 ............................ I ................................................................ -1 ..................... .................................... ........ ........................ -1 ................ ! ........................................................ +1 +1 +1 +1 ................ 
I ..................................................... -1 ................................. ............................................................ -1 ......................... .................................................... +1 .... +1 .................... ...-I ........................................................ -1 -1 -1 -1 ................ ' ............................................................ +1 ........................ , 

........................................................ +1 ............................ j ............................................................... +1 .... -1 ............. ................................................................... +1 +1 -1 ......... ................................................................................ -1 .... ; ............................................................................ +I +I .... 1 

................ .... ............................................................ 

................................................ 

I ,  

.................................... ................................................ 

- 
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equations 

23 24 25 26 27 28 29 ao 3; i2' .& ' i4 2 

..... ........ 
-0.66 ........................................ ............_. -1 ....... ~ ......___._._ --.3.66 
+0.47 .....___ ......._ ._._ .... ..._._.. ._ ..___. _._ .... ._ ...._ +1 -0.14 -0.14 + I  . 20 + 2.39 
+0.08 ...._........... ._ ...... .....__. .....___ ........_..___.._.. +0.14 +0.14 -1.20 + 1.16 

~ ......-. ......_. .._.... ...__._ +0.92 +0.39 -0.59 0.28 ........ ...._... .- ...................... ......_. ....... .....__ ..... ...__.. ............... 1.00 

. a  .- .... ........ ._ -0.92 -0.39 +0.69. +.1.28 ........ -4.49 ........................ ......_. ................... -4.49 -0.69 +0.41 -.9.26 
+I .@ .............................. _ . .._........... ..... ...._._ ....... _ _  .._.. + 0.M 

+0.01 
+0.24 ................ .......- ................ ..-........... -1 +234.+0.67  -0.35 + . l a m  
-0.26 .... ._. ........................... _ _  .... i .._. ............... -2.34 -0.67 +O . 35 .. 1.91 

+1.14 ._._.__ ................................. 1 ........................................ f 2 . 1 4  
-0.71 -6.30 ........ ....._.. ......_. ......__ .............. -1- -7.60 (-1.36 -0.34 -16.31 ..___... +8.18 ........ ..._..__ ....._.. ..__.._. ....... ...____ ..... 1.8.18 +1.% -0.76 +16.86 

..... . ....... ................ ........ 
................ ................. ......... ....... 

........ 
+2.61 ......._ ..... _._ .....__. . ._____. l ._ ............ +1 +4.49 +0.69 -0.41 + 8.39 

-0.43 _ _ _  ............_......_........_.._._._.l_....._........__.. + 2 a o  +O.M +1.39 +.1.92 

........ -2.88 -0.27 ................................ ...-....... -2.88 -0.55 -0.30 . 7.88 ................ +0.74 -0.30 ........................................................ - 0 . 5 6  ........_...._.. -0.47 ................................................................ +0.63 
+O . 62 .............. _ _  . ._ ..................................... + 0.62 

-4.20 ......_. ....-.. ....... ....- ....__. _ ....__ .....__ . 6.20 
.- ...................... -0.22 +8.46 ...................... +I -4.25 -0.08 +0.67 + 6.M ........ _ _ _  ..___ ................ -4.25 ......._ ................... +4.25 +O.W -0.67 + 1.42 ................ -0.40 ........................................... -2.47 -0.49 -0.34 . 6.70 - ....... ..._ .... +l . 34 ...... ._ ................................... ......... .._. ._. _ ... + 1.34 ........ -0.74 -0.94 ............................... ._ +6.37 +0.93 +0.07 + 6.08 

+3.M ......__ ....._.. ....._.. .___ .._. ....... ....._. ...__ ....... .._.... _ _  ..... + 4.04 ........ -2.90 ........................................ ........... -2.W -0.41 +0.27 - 6 . 0 7  ........................ -1.20 ................ ....-. ............. -4.25 -0.76 -0.17 . 7.38 ........ .._.__.. ........ +1.92 ........................................................ + 0.92 ........ ....._.. -1.41 ........................ ................... _ ...... ......_ . 2 4 1  

................ +1.25 -0.72 ................................... +3.18 +0.49 -0.29 + 4.91 
~ ..._... ._.___ .. +0.16 ....__.. ........ ..._.._. .__._._ ....... ...__ +1.07 +0.27 +0.46 + 3.90 ......................................................................................... 1.00 ......................._................................~.........._.....__............_ 0.00 ........................................................................................ + 1.00 

........................................................................................ 0.00 ................ ...-..._ ........ - ............... - .................. ......_ .............. + 1.00 ....................................................... .- .......... ....__. ....___ ......_ . 1 . w  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . e - .  ..... +0.69 ................... -2.30 -0.20 -0.16 - 8 . 0 7  ...._... ....____ ........ ____._ .......... +1.07 ........ ....._ +1 +2.30 +O . 20 +O . 16 + 2.73 

-1.66 ....... ..._... ..._. ....... _ _ _  .... _ ....__ . 0.88 ..-..... ................ -0.17 - ....... ........ - ............. -1 +O.MI -0.02 -0.62 . 223 ................ ......._ ._ ......................................... ......_ .__.__. ....... + 1.00 ........................ +o.w ........ ..._.... ................... .._._.. .............. + 1.6'5 -.- ..... ................ -0.48 ...... ............................. -0.68 +0.02 +0.62 +0.68 

.................. ~ ............. +3.20 ................................................ + 3 . 2 0  ........................ ....___. +0.69 ...._._. .............. _._ ....................... + 1.69 
e---.- .. ........ ........ ........ -0.01 ........................... +0.01 +0.14 +O.aO . 1.88 ........ ....._.. ......._ ........ ......._ -4.22 ......................................... 6.22 

..- ............................. + 2 . w  ......_. ................... ....__. .............. + 2 8 9  - ............................... -2.98 + 2 7 3  .............. -1 -0.01 -0.14 -0.20 + 0 . 4 0  ........ ......._ ................ ..._..._ ......_. -6.11 .......................... _ _  ..._. . 6.11 ................................................ +&37 ... ......... -2.44 -0.10 -0.07 + 2 7 6  ........................................ +1.49 -1.26 ....... +1 + 2 4 4  +0.10 +0.07 + 7.84 

.-- ..................... , ..,..., ......................................................... 1.00 ........................................ ......_. ....... .- .......... ...._.. ....... ._ ...... 1.00 .....-.. ................................................................................ + 2.00 ......... ............................... -3.99 -1.28 ....... -1 +1.77 +O.W -0.32 - 8 . 7 4  ...__... ....__.. .... .._. _ ........ ._. .. ._ +9.16 ....... ..._.__ .__. ............... ....._. +10 . 16 

.......-. ....... .-. ..................... -5.17 ................... -1.77 -0.08 +0.32 . 6.70 ................................................ +3.47 ................................. + 3.47 ..-.-... ........... ...-. ........................ -2.19 -3.92 + I  -0.43 +0.10 +0.07 . 4.37 ................................ .....__. ............... +LIB ..... ...._.. _ ...... _ ...__. + 4.68 - .....-- .- ...... ....-... ..-. .... - . I .  .... .....-.. - ..-.... 1.76 ..... + 0.43 -0.10 -0.07 + 0.M) 

........................ ........ ....___. ................ 

.......... 
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.... .- .......... ......._ ................ 
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. 

. 
1 

3 
4 
6 

6 
7 
8 
0 
LO 
11 
12 
13 
14 
16 

16 
17 
18 
19 
10 
11 
22 
23 
14 
15 

#) 
17 
18 
a9 . 
#) 

11 
D 
13 
14 Is 
15 
17 
LB te 
10 

U 
La 
19 
14 
16 

1 
17 
KI 
19 
0 

il 

a 
d 
6 

is 
17 
8 
Ib 
Kl 

11 
12 
3 
14 
I . 

a 

,a 



54 COAST AND GEODETIC SURVEY SPECIAL PUBLICATION NO. 28. 

Correlata 
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equations-Continued 

- 

_. 

1 
2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
16 

I6 
17 
I8 
19 
20 

21 
22 
23 
24 
26 

26 
27 

-_. 

0.41) 
5.76 

10.24 
1.80 
0.04 

V'S.* I 
41 
42 
43 
44 
45 

+o. 899 
+2.448 
-3.146 
-1.3139 
-0.207 

2.66 
0.49 
3.61 
0.26 
0.01 

0.49 
9.61 
1.44 
7.29 
1.96 

+1.576 
+o. ROB 
-1.876 

46 
47 
48 
49 
60 

61 
52 
53 
64 
65 

+O. 498 
-0.117 

0.49 
0.64 
0.01 
1.00 
0.01 

+o. 888 
-1-3.097 
+ I .  159 
-2.691 
-1.472 

-0.728 +o. 755 
-0.168 
+o. 946 
-0. om 

56 
67 
68 
50 
60 

+o. 102 
-0.910 
-1.065 
+O. 614 
-1.670 

+ 2 . m  
+o. 630 
-0.966 
+o. 183 
-1.164 

0.01 
0.N 
2.58 
0.49 
2.25 

4.41 

1.00 
0.25 

0.04 
1.44 

+0.311 
+1.@36 
-0.457 
i1 .187  
-0.710 

61 
62 

, 63 
64 
65 

en 
n8 
67 

69 
70 

-0.491 
+1.484 
-0.990 
-0.319 
+0.941 

0.09 
2.56 
0.16 
1 . 4 4  
0.49 

0.25 
2.25 
1.00 
0.09 
0.81 

Adoptad 
V'S. 

71 
72 
73 
74 
75 

76 
77 
78 
70 

+o. 7 
+2.4 
-3.2 
-1.4 
-0.2 

+1.6 +o. 7 
-1.9 +o. 6 
-0.1 

+o. 7 
+3.1 
+1.2 
-2.7 
-1.4 

-0.7 
+O. 8 
-0.1 
+l. 0 
-0.1 

+o. 1 
-0.9 
-1.6 
+O. 7 
-1.5 

+2.1 +o. 5 
-1.0 +o. 2 
-1.2 

+O. 3 
+1.6 
-0.4 
i 1 . 2  
-0.7 

-0.6 
+l. 6 
-1.0 
-0.3 +o. 9 

List of corrections 

V'S.* 

-0.789 
-1.997 
+O. 028 
+1.554 
+O. 581 

+O. 697 
-1.478 
+O. 781 
+O. 736 
+I.  146 

+O. 294  
-0.317 
-1.522 
-0.138 
-0.197 

+o. 741 
+O. 525 
-1.266 
-0.592 
-0.262 

+O. 524 
+I.  193 
4-0. o(15 
+O. 364 
-1.294 

-0.180 
-0.898 
+1.088 
-0.748 
-0.490 

+o. 134 
+1.234 
-0.130 
+1.360 
-0.203 

-1.158 
+o. 445 
-1.482 
+Lo37 

Total .... . 

- 
kdoptec 

U'S. 

-0.8 
-2.0 +o. 0 
+I.  6 +o. 6 

+o. 7 
-1.6 +o. 8 
+O. 8 
+1.2 

+o. 3 
-0.3 
-1.5 
-0.1 
-0.2 

4-0.7 
+O. 5 
-1.3 
-0. 6 
-0.2 

+o. 6 
+1.2 +o. I +o. 4 
-1.3 

-0.2 
-0.9 
+l. 1 
-0.8 
-0.5 

+o. 1 
+1.2 
-0.2 
+ I .  3 
-0.2 

-1.2 
+O. 4 
-1.5 
+l. 0 

. . . . . . . . 

0.64 
4 . 0 0  
0.00 
2. &+I 
0.36 

0.49 
2.26 
0.64 
0.64 
1.44 

0.09 
0.09 
2.25 
0.01 
0.04 

0.49 
0.25 
1.69 
0.36 
0.04 

0.38 
1.44 
0.01 
0.16 
1.69 

0.04 
0.81 
1.21 
0.64 
0.25 

0.01 
1.44 
0.04 
1.89 
0.04 

G& I 
103.76 

*These values result from the oomputation on p. @. 
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2 1 3  

+2 1-2 
-0.33333 +0.33333 

1 
2 

+6 
-0.6007 
-1.3333 

+4 
Ca 

23 

fO. 53 
-0.08833 

+2.m 
-0.17G7 

f2.0233 
-0.37037 

-0.44 
+O. 1767 
-1.0117 

-1.275 
f0.31875 

-- 

+2.&380 
-0.0468 
-0.7676 
-0.4064 

f1.4178 
Ca 

3 
23 

Solution of 

‘ I 0  
I 

I -- 
-2 

-2 
+O. 5 -- 
+O. 72 

-0.6375 

+ o . w  I 
-0.05819 

-1 
-0.0018 

+4.9952 -2 

+6 
4 -0.8008 

+5.1882 cc 

0 +o. 40038 

3 
23 

4 
6 

24 I 1 - 5  -1 

+ 3.5012 -2 - 0.70091 +O. 40038 

+ 2.14 -2 +2 + 1.4018 -0.8008 

+ 3 5418 -2 I +1.1992 - O:Wl!22 1 +0.381675 -0.29085 1 
1 

- 1.1337 - 2.4540 +1.4018 

+134.3682 I +1.3624 I $2.7248 
Cw -0.0101383 -0.02on94 
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32 34 rl 25 31 

+3 
-0.5 

33 2 

- 1.81 + 0.30107 

+ 11.21 + 0.0033 
+ 11.8132 - 2.214w 

- 13.v5 - 0 . w  - 5.0087 

- 20.4600 + 5.115 

- 6.00 + 1.11 
- 2.20 + 0.37007 

- 0.91 + 0.7633 

- 0.1567 + 0.02938 

- 1.76 - 0.7533 + 0.078 

- 2.435 + o.Gox75 

+ 0.9024 + 0.1900 + 0.0594 - 0.7702 

+ 0.4452 
- 0.31401 

+3.08 
-0.51333 

-2.00 
-1.0267 

-3.0267 
+O. 5(i751 

-4.07 
+1.0267 
+1.5133 

-1.53 
+o. 3825 

-0. ow0 
-0.2721 
+1.1482 
-0.4877 

+O. 3245 
-0.22WIs 

- 5.5 + 0.0lG87 

+ 4.0 + 1.8333 

+ 6.8133 - 1.08375 

+12.0 - 1.8133 - 2.9107 

+ 7.25 - 1.8125 

- 2.22 + 0.4858 
- 2.2130 + 2.3109 

- 1.0363 + 1.15411 

- 8 . 0  + 3.6250 + 0.0952 

- 4.808 + 0.856i8 

-- 

+1 
-1 

- 3.08 + 2.22 

- 0.m + 0.16125 

-4 
+1 

-3 
+O. 75 

+1.50 
-0.2050 

-0.9502 

+O. 2788 
-0.1DFo4 

- 11.77 - 2.22 + 0.43 

- 13.56 + 3.30 

+ 5.5430 + 0.5W + 0.3263 - 4.3222 

+ 2.1363 
- 1.W77 

+ 15.1Go1 + 0.1509 - 4.4810 - 0.5210 

+ 4.3108 [ - 3.04458 

+O. 67 

+o. 67 
-0.13413 

+2 
-1.5 
-0.0162 

+o. 4R3R 
-0.09644.5 

+ 3.84 - 6.78 - 0.1243 

- 3.0043 + 0.81345 

+ 0.51 - 1.2175 
- 0.0250 

- 0.6734 + 0.13481 

I + 0. &l - 1 0 . 3  - 0.2512 

-0.44 
-0. 7lXO 
-0.0180 

-1.2239 
+O. 24502 

+0.37 
-0.4900 

-0.12 
+o. 02308 

- 3.5912 + 0.71803 

+ 13.70 - 1.4378 

+ 12.3221 

+330. 4739 - 40.4507 - 3.8500 + 2.5171 - 8.3041 

+m. 2773 - 2.1305435 

- 2.37000 

-2.48 +o. 2683 
-2.2117 +o. 42x39 

+o. 1937 

+o. 1037 
-0.03720 

+ 8.25 - 1.2269 

+ 7.0231 - 1.35080 

+ 1.48 - 0.2697 

+ 1.2103 - 0.23270 

- 0.0 - 1.7135 

- 1.7135 + 0.32957 

+24.503R - 4.8152 
- 0.8081 + 0.4720 
- 0.8245 

+18.03110 - 0.1400411 

-7.2148 
-3.0250 
-0. zoo2 
+o. u578 
+0.0817 

-0.5011 
+O. 0713702 

- 5.7 + 14.3369 + 1.4632 + 2.0008 + 1.lGTJ 

fl4.2072 - 0.1001790 

+1.4732 

-0.4680 
+1.wB7 

+2.5103 
-0.01scjs22 

+a. 31 
-0.8508 
-0.0265 

+2.4337 
-0.40850 

+7.01 
-5.9325 
-0.2403 
-0. an1 
-0.1320 

4-1.2571 
-0.0003556 

+0.0745 
-0.0127 

+0.0618 
-0.01186 

+151.8020 - 26.8149 - 1.0103 + 2.1478 - 4.7843 

4- 120.4403 - 0.8oW453 

+ 3.24 + 2. rOl0 - 1.2212 

+ 5.0204 - 0.00233 

I + 0.76 + 0.4650 - 0.1920 

+ 1.0336 - 0.10813 

+O. 80 
-0.0402 
+0. 0972 

+0.8510 
-0.16312 

- 3.2  - 0.&591 - 0.1447 

- 4 . m  + 0,70747 

+ 11.21 + 4.7400 - 2.0027 

+ 13.0473 - 2.50087 
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Solution of 

5 

1-6 
-0.8008 
-0.27M 
-0.0553 
-1.1353 

f3.7320 cs 
4 
6 

24 
7 
5 

25 

-0.62 
+o. 2 m  
+O. 5101 
-0. (3509 
-1.1353 

-1.0278 
+0.27540 

+7. 2508 
-0.0899 
-0.8408 
-0.04ao 
-1.1353 
-0.2831 

+4.7809 
Cr, 

5 
25 

8 

-2 

-2 
+O. 53591 

+O.  51 

-0.5508 

-0.0408 
+0.00857 

+6 
-1.071R 
-0. m 
+4.9270 

CS 

5 
2.5 
8 

0 

-2 

-2 
+0.53591 

+0.51 

-0.6508 

-0.0408 +o. 00857 
+2 
-1.0718 
-0. m 
+O. 9279 
-0. I W O  

+6 
-1.0718 
-0. M)o3 
-0.1747 

+4.7532 
CP 

5 
25 
8 
9 

26 

+O. 42 

+O.  42 
-0.11254 

-1.1220 

+o. 1157 

-1.W 
+O.  21137 

-1.m +o. 2251 
-0.0086 

-1.0035 
+O. 32530 

+O. 25 +o. 2251 
-0.0086 
+0.3010 

+o. 7084 
-0.16100 

+a. 7354 
-0.0473 
-0.2127 
-0.5218 
-0.1242 

+5.8284 
Cn 

8 
0 

20 

10 

-2 

-2 +o. 40585 

+2 

+O. 3700 

+2.3708 
-0.5 

+O. 08 

-0.0508 
-0.3842 

-0.9650 
+o. 18382 

+e 
-0.8117 
-1.1m 
-0.1564 

+3.8436 
ClO 

12 

+6 
01 1 

27 

t8.45 

t 8.45 
-1.7777; 

-1.8590 

-1.3880 

-3.2260 
to.  55323 

t8.45 

-4. TL50 
-0.5283 

t3.6907 
-0. M17E 

t o .  34 
-0.05887 

- 
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+1.76 
-0.2007 
-0.2792 
-0.3841 
-0.4822 

normals-Continued 

+1.40 
-0.4ooo 
+O. 0277 
+O. 1845 
-0.3070 

11 I 13 

+14.80 - 1.4378 - 2.8421 
- 5 . 8 0 5 5  - 6.0886 

-- I 
. 

-- I 
- 1.3122 + 0.35181 

+ 4.2703 + 0.4817 + 6.2417 
- 6.348 - 0.0868 

- 1.8024 + 0.37x.59 
+ 3.77 - 0.7032 
- 0.0164 

+ 3.0510 - 0.01925 

+10.02 - O.7M2 - 0.0151 
- 0.6710 

+17.7270 - 3.72049 

+ 4.G550 + 0.1477 - 0.3810 + 0.9930 - 2.8051 

+ 2.5490 - 0.43737 

+ 7.72 + 1.2385 - 8.W5 + 0.4177 

+ 0.6120 - 0.13338 

+ 8.M - 1.44333 

- n.3614 

-- 

+ O . W  
+O. 5148 
-0.3638 
-0.4822 +o. 0022 

I 

+0.1642 
-0.0510 +o. l?82 
-0.3970 +o. 2100 

-- 

+o.s733 I 
-0.08404 

t o . 4 9  
+O. 1794 
-0.ooo1 

-2 I 

-0.29 
+O. 4282 
4 . o o o 2  

+0.0612 I 

-2 

-2 +o. 42077 

+O. 05 

+o. 3233 

-0.9388 
40.244% 

-- 

31 

+O. 6728 
-0.0377 
-0.0027 
fO. 2178 
-0.2028 

+b. 1037 
-0.0447 
-0.0255 
-0.0288 

+0.0047 
-0.02.538 

-0.0040 
+O. OR24 
-0.0235 
-0. 0288 
+0.0201 

-0.001(7 
+O.ooLB3 

+O. 0732 
-0.ORQ5 
-0.0049 
+O. 0443 
-0.3541 

+o. 0508 
-0. ooo1 

+O. 0507 
-0.01028 

-0.3363 
+O. 08724 

-0.05 
+ O . W  

+2 
+0.0508 
-0. ooo1 
-0. m5 

+2.0412 
-0.42944 

-0.05 
-0.0107 
-0.0018 +o. 0165 
-0.3300 

-0.3760 
+O. 00450 

+O. 1958 
-0.05089 

-0.87 
+0.145 

~ _ _ _  

+2 +o. 0200 
-1.0200 
-0.0010 

+0.9384 
-0.24416 

32 

+8.01 
-1. n o 9  
-1.0199 
-2.4425 
-2.3420 

+O. 9787 
-0.20225 

~ 

+o. So40 
+O. 4110 
+2.087(1 
-2.2501 
-2.3420 +o. 2095 

-0. oeoo 
+0.01260 

+3.18 
+O. 5245 
-0. ooo5 

+3.7040 
-0.751f14 

-I-2.02 +o. 5245 
-0. oo(xs 
-0.0975 

+1.8465 
-0.3884R 

+3.0252 
-0.1101 
-0.0127 

-0.2085 

+4.7091 
-0.80782 

+].ma 

-4.83 
+1.5033 
-0.023:1 
+O. 7714 

-3.47BR +o. 00504 

+4.24 
-0.70887 

33 I 34 

I- 

+O. a 4 8  +O. 7952 
-0.06971 I -0.21308 

~~ 

+0.1260 I -0.1377 

-0.0127 -0.0233 
+0.00207 +0.WLSU 
~~ 

+o. 6003 +o. 1300 
-0.13552 1 -0.027oO 

+1.2533 +2.1804 
-0.263075/ -0.48083 

+0.5470 I -0.3310 
-0.00394 +O. 05078 

1 

-2.9 
-1.7135 
+O. 3052 
-0.2893 
+1.8078 

-2.6398 
+O. 70734 

-0.09 
+O. 5740 
-0. ??E9 
-0.2005 
+1.8078 
-0.7270 

-5.3700 
+l. 1 m  

-2.3 
-1.4147 
-0. 04oO 

-3.7m7 
+O. 76314 

-3.2 
-1.4147 
-0. 0460 
+O. 7081 

-3.0520 
+0.8157 

-- - 

-2.60 
+O. 2871 
-1.1352 
-1.2237 
+o. 6380 

-4.0228 +o. OQOOO 
-3.2 
-1.5263 
+1.9763 
-0.05Ml 

-3.4000 +o. ma93 

-1.0 
+o. laos? 
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Solution of 

27 11 13 14 15 

+2.98 

f 2 . 9 8  
-0.0230121 

17 

+149.8778 - 15.0220 - 1.7842 - 3.5554 - 0.0193 

4-128. 4989 
cb 

9 
28 
10 
12 
27 

- 15.67 + 3.5555 + 0.2065 + 0.9028 - 0.1133 

-11.1184 + 0.0858584 

+l. 02 

+o. 1133 
+l. 1333 
-0.0087511 

~ 

-2.88 

-2.98 +o. 0230121 

- 8.1354 

- 8.1354 1 + 0.0028231 

+ 1.66 'r + 8  - 0.8415 - 0.0239 - 0.2293 - O.Fb67 - 0.9545 

+ 3.2840 
e1 I 

12 
27 
11 

+2 

+O. 0667 +o. 0973 

+2.7040 
-0.84108 

+2 

-0.2559 

+l. 7441 
-0.53106 

-2 

+O. 2559 

-1.7441 
t o .  53109 

- 0.0985 

+ 0.9015 - 0.20278 

+6 
-0.0007 
-0.o090 
-2.3263 

+2.9971 
4 a 

2; 
11 
1: 

+2 

+O. 0261 
-1.4670 

+o. 5582 
-0.18825 

-2  

-0.0201 + 1.4679 

-0.5582 
+o. 18025 

-2 
t o .  0686 
+o. 9203 
+O. 1040 

-0.001 1 
+O. 18386 

+O 
-0.0886 
- 0 . 9 m  
-0.1040 
-0.1657 

+4.7354 
c1 s 

27 
11 
13 
14 
15 

+ 1.68 

+ 0.0712 
- 0.8093 
+ 0.0219 - 0.3070 

+ 4.22 
- 0.1872 - 0.5106 - 0.1717 

+ 3.3.505 
- 0.d8302 

+6 
-0.0680 
-0.02w 
-0.1040 

+4.9011 
C 

27 
11 
13 
14 

+ 2  

+ 2  - 0.40807 

+ 2  

+ 0.3G77 

+ 2.3077 - 0.5 

t2 

t 2  
-0.42235 

- 1.94 + 0.1872 + 0.5106 + 0.1717 + 0.010 

- 0.4545 + 0.09598 

+l%. 2346 - 0.5111 - 0.2815 - 0.2836 - 2.2905 - 0.0436 
+ 164.8743 

cZ8 

14 
15 
28 

4-18.86 

- 1.3672 + 0.22i3 

+17.7201 - 0,11441' 

t5.48 

to. 1920 

t 5.0720 
-0.03882 

+ 6  - 0.8181 - 1.11139 - 2.0275 

+ 1.8725 
CIS 

t 2  

-1 
-0.6480 

to. 3510 
-0.17795 



APPLICATION OF LEAST SQUARES TO TEUNGULATION. 63 
nonnab4ontinued 

32 33 31 

+ 11.43 - 3.WW 
- o.zn8o - 0.9025 

+ O.OW8 
- 0.051Wi70 

18 34 

4 3 . 9 4 5 3  
- 3.W20 + 2.0052 + 3.34% 
- 0.2.403 

-51.5174 + 0.3978273 

-0.7272 
-2.2281 
+O. 3020 +o. 3225 
+o. 0028 
-2.3271 
+0.0178703 

+O. 1030 
-3.8040 
-0.1R31 
-0.lWl 
+O. 0493 

+4.8871 
-0.0377391 

+O. 0 
+7.0207 
-2. !E55 

+O. 0567 

+8.1380 
-0. 0028324 

+3.nn7 

+108. 3339 - 31.5142 + 1.4105 - 0 4030 - 0.4008 

+ 77.2464 - 0.5!&5110 

- 4  + 0 . ~ 9  + 0.0241 + 0.2297 

+ 0.5745 

+ 0. to442 
- 2.5133 

+ 0.70 

- 0.3010 - 0.8490 
- 1.4133 - 4.4232 

+ 0.5403 
- 0.10727 

+ 0.7770 
-0.32 +o. 8274 
-0.0351 
-0.0810 
+O. 0107 
-0.1098 

-~ 
-2.52 
+O. 9217 

+5.0 
- 1. 0031 
+O. 2570 
-0. a 2 0  
+O. 3333 
+O. 0960 

+3.7938 
-1.15524 

~~ 

- 3.04 + 7.4580 
- 0.1833 
4- 0.1252 
- 2.x800 + 0.0323 
+ 8.1209 
- 2.47470 

i o .  0% 
+O. 0478 +o. 2900 
+O. 4190 

-0.0927 -0.8197 
+0.02823 I +0.24W 

- 2  

- 0.0580 + 1.0470 

- 0.1110 + 0.03724 

,~ . , - ^" - 2.31 + 1.4133 + 0.4309 - 0.4023 

- 0.9081 + 0.30200 

- 2.31 
- 1.1R55 
- 0.2917 + 0.1091 

- 3.0181 + 0.73322 

+ 3.51 + 1.1856 + 0.2017 - 0.1091 
- 0.m2 

+ 4.15% - 0.87000 

+ 0.8009 - 3.2305 - 0.1u08 + 0.2'703 + 2.4734 + 0.3080 

+ 0.5549 
- 0.0w24 

+ 0.87 + 1.4701 - 2.07FA - 0.7300 

- 0.0800 + 0.34474 

+3.7 
-0. '3333 
-0.0712 
-3.1931 

+O. 1024 
-0.03417 

+5. 2 
+O. 1872 
-2.0148 
-0.0191 

+3.3533 
-0.08419 

+ 7.37 + 2.8800 - 0.0700 
- 0.8401 

+ 2.7405 - 0.91438 

+ 11.43 + 1.7770 - 4.3101 - 0.5104 

+ 8.3811 - 1.71004 

- 0 . ~ ~ 3  j -0.oo20 
+O. 08018 +O. 00007 

- 2  + 0.1540 + 1.2280 + 0.0208 

- 0 . 5 w  + 0.12173 

-0.34 I -0.36 
-0.0530 I +O. 1125 
+0.0492 I +0.4U3 

-0.2903 I +0.1883 
+O. 06040 -0.03842 

+2 

+2 
-0.42235 

+ 4 - 0.1540 
- l.%uM 
- 0.0208 - 0.1007 

+ 2.4809 
- 0.62517 

+ 13.78 - 1.7778 + 4.3101 + 0.5104 + 1.54OQ 

+ 18.3607 - 3.87923 

+305.2140 + 4.8520 - 2.3704 - 0.Y430 
- 5.i205 + 1.7031 

+202.8988 
- 1.310087 

_-- 

+0.02 

+o. 02 
-0.00422 

+o. 48 
+O. o m  
-0.0402 
-0.0481 
-0.0545 

+O. 3818 
-0. owH13 

-0.0428 
-0.1402 
+O.O2il 
+O. Oi05 +o. 2020 
+O. 0380 

+O. 151% 
-0.001012 

fO.02 

-0.1909 
-0.0170 

-0.0679 
+O. 03442 

+o. 1200 ' 

+1.23 
-0.1125 
-0.4353 
-0.0005 
+O. 0340 

+O. 7103 
-0.151205 

-0.7425 
+O. 3070 
+O. 2400 +o. 0000 
-0.1Z97 
+O. om 
-0.254s 
+o. 0 0 1 ~  

-0.0708 
+0. 3D 

-0. m2 +o. 0201 

-0.0159 
+O. 0ayoo 

-2 .5 
-0.1872 
+2.0148 +o. 0101 +o. OlG5 

-0.0365 
+o. 00777 

+o. 0 
+O. 5112 
-1.1107 
-0.0315 
-2. a124 
-0.0035 

+3.0731 
-0.023717 

+2.8 
-1.3084 
+O. 0184 
-0.4203 

+1.0?07 
-0.62203 

+5.4E 

+o. 1020 

+5.07u) 
-0.03WW 

+3. nu8 

+o. 0019 

+3. '2317 
-0.020807 

~ + 3.82 + 0.4203 + 0.6773 + 0.0343 + 0.4078 + 0.2187 

+ 5.5884 
- 0.030148 

+2 

-1 
-o. 0400 

+O. 3510 
-0.17705 

+o. 02 

-0.01 
-0.3008 

-0.3508 
+O. 18241 

~ 

+ 2  + 0.2435 
- 1.2435 - 0.0406 
+ 0.3595 
- 0.182'20 

+ 38. 70 - 3.4201 - 9.1849 - 23.2149 

+ 2.0JOl - 1.49054 
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Solution of 

17 

+6 
-0.8447 
-0.2077 
-0.0825 

+4.8851 
017 

15 
28 
16 
17 

18 

+2 
-0.8447 
-0.2077 
-0.0825 

+o. 8851 
-0.18118 

+6 
-0.8447 
-0.2M7 
-0.0825 
-0.1604 

+4.7247 
CIS 

11 
2€ 
1t 
li 
1E 

29 

t 8.60 - 0.0084 - 0.1184 
t 0.0840 
t 8.5372 - 1.74764 

- 2.30 - 0.0084 - 0.1184 
t 0.0040 
- 1.6488 
- 3.8096 + 0.82741 
f127.4272 - o.ooo1 - 0.0674 - 0.0856 - 14.9196 - 3.2351 
+109. 1394 

Cm 

17 
18 
20 

19 

-2 ' 

-2 
+O. 40941 

+2 

+O. 3624 

+2.3624 
-0. m1 

-8.18 

+3.4952 
+l. 9548 

-2.73 
+O. W 1 4  

+6 
-0.8188 
-1.1812 
-0.088;1 

+3.8317 
CU 

18 
29 
10 

20 

-2 

-2 
+O. 42331 

+O. 96 

-1.6650 

-0.7050 +o. 006480 
-2 

+1 

-1.0176 +o. 26882 
+o 
-0.8466 
-0.0046 
-0.2634 

+4.m 

-a 0176 

Cm 

20 

21 

+2 

+2 
-0.40631 

+6 
-0.8188 

+h 1812 
ClI 

20 
21 

22 

-2 

-2 
+o. 4 w  

+2 
+O. 8188 
+2.8188 
-0.64404 

+6 
-0,8188 
-1.6395 

+3.6477 
CS 
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- 5.1 + 0.0155 - 0.1345 - 0.1832 

65 

+22.06 - 7.7584 - 7.4308 - 0.5232 

normals-Continued 

- 5.4(yd2 + 1.10585 

- 1.7 
t- 0.0165 - 0.1345 - 0.1832 + 0.8788 
- 1 , 0 2 3 4  + 0.21661 

30 

+ 6.3475 - 1.2" 
+11.03 - 7.7584 - 7.4308 - 0.5232 - 1.1500 

-s.ms + 1.23447 

-- 

-- 

33 

-18.4 + 0.OwL - 0.0766 

+ 8. 4408 - 0.8468 

1- 0.18% 

34 

+78. 8881 - 0.0776 - 4.2338 

-1I.0020 - 4.8263 

+ 0. me3 

+ 2.1 - 2.2117 + 0.5117 - 0.2425 

+ 0.1575 - 0.04M)B 

-- - 7.47 + 2.5087 + 2.8163 
f 1 . m 2  

- 0.4467 + 0.11361 

+ 2.3 - 0.4332 - 0.0626 + 0.040B 

+ 5.41 - 2.4680 + 0.3805 - 0.1157 

31 32 

+2 
-1.w 
-0. M50 
-0. 0840 

+O. 6807 
-0.13Q34 

+ 0.67 - 1.7640 - 0.2401 + 0.1210 

- 1.2031 + 0.24828 

+O. 02 
-0.1613 
-0.0057 +o. 0121 
-0.1348 +o. 02781 
+O. 08 
-0.1613 
-0.0057 
t-0.0121 +o. 0244 

-0.0505 
+O. 01068 

+o. 38 
-0.3026 +o. 0083 
+O. 0028 

4.0. OQBB 
-0.02038 

4.0.85 
-0.3025 
+0.0083 +o. 0028 
-0.0180 

+o. 5410 
-0.11463 

~ 

- 4.38 

- 4.38 + 0.82104 

+ 8.0144 

- 3.0244 

+ 4.3800 - 0.04m. 
- 4.38 

i- 2.18 
i- 0.1088 - 2.0802 
i- 0 . h W  

i- 4.60 - 1.8541 
i- 0.0284 - 0.5384 

+ 2.1358 - 0.43720 

- 3.00 - 1.7640 - 0.2401 + 0.1210 + 0.2180 

- 4.8551 + 0.88521 

+4 
-1.0503 
-0.20% 
-0.0040 
-0.1233 

i2.6574 
-0.541% 

-0.83 
-0.0105 
-0.1168 
+O. 0856 
-1.1886 
+2.1162 

-0.0051 +o. oo0598 
+2 
+O. 2787 
-1.2787 
-0. oOl6 

io. 8884 
-0.25384 

-4 
+l. os26 
-0. oooa 
+o. 2684 

-2.6594 
+O. 64436 

-37.6827 - 0.0175 - 0.1368 
- 0.1240 + 2.1026 - 3.8620 

-38. GQ% 
i- 0.303081 

- 3.27 - 0.4826 + 2.3276 - 0.mg 

- 2.4278 + 0.61748 

+ 0.18 - 1.8708 - 0 . m  - 0.6284 

- 2.8051 + a . M w  

-1.5212 
-0.0016 
-0. M)33 
-0.0124 
+o. 2358 
-0. Mi8 

-1.3445 +o. 01231E 

+o. a3 
-0.0552 
+o. 0252 
-0. we 

+O. 00866 
-a. w3e 

+ 0 . 7 m  
-0. Mi30 +o. oa53 
-0.0028 
-0.1741 
+O. 4482 . 
+O. 8841 
-0. OODlog 

-to. 23 
+O. 0408 
-0.2708 
+O. 0240 

3-0.0210 
-0.00633 

-0.86 
-0.0214 
-0. w87 
-0. w87 

-0. a888 
+o. 07958 

-0.18 
+o. a03 
$0.0064 
+O. 0064 

+o. 0621 
-0.01n1 

-I- 1.8460 I + 8.2148 - 0.37706 - 0.85804 

-10. Q2 - Q. 8744 

-11.7044 
i- 2.27688 

+1 
+l. 0887 

4-2. a387 
-0. mia 

- 0.89 + 1.0912 

+ 0.1812 - 0.03111 

~ 

-0.21 

-0.0508 
+o. m80 

+a 1 5 ~ 2  
-0.01 
-0.0264 

-0.0354 +o. 00883 

- 3.75 + 0.8744 
i- 6.4166 

+ 3.64410 - 0.87076 

+ 3.12 - 1.0912 - 0.0677 

+ 1.8411 - 0.63214 

~ 

+o. 11 
+O. 0276 

-0.0216 
+o. 00582 

-a 1592 
-0.08 
+a m +o. 0103 

-0.0153 
+O. 00418 -- 

+ 0.1 + 8.62 
4- 0. 7553 + 1.3161 - 2.8077 - 2.MoB 

+a 
-1. a887 
-1.1363 

+o. 7750 
-0.21246 

- 2.0524 + 7.8165 + 0.66266 - 2.14268 I 
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+ i.io43 - 2.1540 + 0.4361 + 0.1080 

So&ion of normals-Continued 

. . ~ ~ . ~  - 0.5A9 
- 0.6s45 + 3.1570 + 0.0350 + 0.1134 + 1 . 7 : ~  - 1.4072 - 1.m5 + 1.G800 

- 

- 

18 
29 
19 
20 
21 
22 

- 

+478.9301 - 2.oov1 + 1.0049 - (i9.3504 - O.*Wl - 2.2030 - 10.w47 
-25G.6033 - 12.5558 + 0.3441 - 0.0227 - 2.2937 - 0.880G - 2.0596 + 0.4639 - 6. I198 

- 16.1100 - 8.5876 + 1.0130 + 1.5633 - 5.74GG + 21.0270 - 0.2758 

31 
_I.-_-- 

30 

+76.0704 - 4.0604 - 0.17GG - 1.1006 - 0.9335 
-2G. 8485 - 3.4374 

+39.5101 
Clo 

1.8338 
4.3155 
1.5965 
1.2845 
1.lli53 
0.3G70 
1.8s43 

0.5171 1: 0.0408 + 0.0541 - 0.017g + O.lio0 
0.1150 j; 0.0210 

+ 48.4945 - 5.4070 - 2.4253 
- 0.23G3 
- 1.4055 + 8.4545 - 7.5860 

- 9.74 + 2.3708 + 0.0026 + 0.5282 
j +  1.1G27 
;f 4.7547 I- 0.7523 

- 0.0430 + o.rfi21 - 0.0400 + 0.0132 
- 0.0272 

- 8.2 - 0.0487 + 0.3YMl 
f 0.W3 - 0.11065 
+12. IMiG + l.'JD24 

I+ 4.0770 
:- 0.118348 

+ 5.4375 
4 0.3218 
:+ 0.4145 + 0.0rai 
+ 0.04i4 + O.OG70 - 0.00Ds + 0.0387 + 1.0074 

I- 0.1335 

1 -  1.0733 .+ 0.042342 
+ 39.8883 I - 1.009342 

- 2.5217 + O . O w 8 l O  

+ 0.R2 + 3.33 - 10.17 - 0.4201 + 0 . m 8  - 0.uj17 - 1.1% - 0.0595 
- 0.0248 - o.OOo1 - 0.0381 - 0.7030 + 0.30'37 + 0.8493 + 2.WlR + 0.3868 - 0.0338 - 0.4404 - 2.1810 - 0.2360 + 0.1239 + 0.J070 + 2.5197 - 0.0237 + 0.61ti5 - 1.4508 - 0.Nm - 0.4124 - 0.1068 

-i+ 46.82 
1 
3 

23 
4 
G 

24 
7 
5 

25 
8 
9 

20 

+ 0.m050 - 15.3450 
- 0.8488 + 0.3478 - 0.4501 
- 2.0783 

- 2.25 - O.oTr18 
0. WIjY 

0.0118 
1: 0.0072 - 0.0451 + 0.W5 1- 0.1772 (+ 0.0897 - 0.0122 ,- 0.0101 - 0.0085 i- 0.0202 

I -  0.0033 
0.0314 I- 7.G127 

- 
- 0.0014 - 0.0406 
- 0.0213 - 0.0478 - 0.2.526 
- 0.57i4 - 0.ow11 + 0.02m - 0.37ti2 + 0.m2 + 0.WB - 0.0130 
- 0.2932 + o.oo00 
- O.WG3 + 0.0& + 0.0143 + 0.0-333 + 0.0144 

0.0005 (1 0.8766 
I- 0.0243 

- 0.OoGQ - 0.8382 + 0.0353 + 0.0811) + 0.1202 - o.Otirl3 - 0 . m  - O.O3(il - 0.2005 - 0.0057 + 0.0124 + 0.018a + 0.0273 - o.ooo8 + 0.0088 - 0.2110 + 0.0205 + 0.0040 - 0.0101 

I- n.zm + 0.1644 !- n.iz52 10 - 0.2291 
27 - 0.3457 
11 - 1.G2D.5 
13 - 0.0042 
14 1- 0.0726 
13 1.wi 
28 0.2024 

17 ' -  0.0948 
18 1- 1.3843 

16 !- 0.0055 

+ 0.0103 - 0.13% - 0.1877 + 0.7527 + 0.6539 
- 0.00.% 
- 0 . 0 4 ~ 1  

I- i : u 4 4  

E 11 0.2535 
M I- 1.4477 
21 1- 0.8420 
22 0.1647 
30 !I 0.0709 

+ 3.1119 
Cai 

1+351.4744 f49.3161 
1 - 7.3926 - 2.50813 
2 ,- O.IRR7 - 0.0253 

-1f.MjZZ + 3.41% - 0 . 4 W  - 6.18G7 - 0.4880 
- 0.7#W + 0.1G21 + 8.591i9 - 0.8180 - 0.2085 
- o.ooo3 
- 0.1022 - 0.wm + O.ui74 + 0.1770 + 0.0148 + 1.0442 + 0.1371 - 0.oooo + 0.1300 - 0.0782 + 0.0108 
- 0.0055 + 0.0245 + 0.6330 + 0.3015 + 0.0164 + 0.0339 + 0.0011 + 0.0081 + 0.0217 + 0.0872 

- 5.2 - 6.1050 + 0.0406 
+24.5775 + 2.4G5.5 
- 2.6254 + 2.3146 
-12.7883 + 3.8534 

XI - 3. i i se  
4 1- 1.8798 
t i -  0 4 m  

24 107 9541 
7 4id313 
5 - 0.2.567 

- 0.4131 - 1.w9 
-16. 9750 - 0.8847 - 0.0878 

23 - 0.ooOs - o.ooo2 

ZG 1- 3.8041 - 0.4424 

8 - 2.71141 - O.bO31 
U I- 0.7173 I- 0.4809 

10 I- 3.1483 1- 0 .XM 
12 1 -  2 . M 3  
27 I -  20.4950 
11 0 0919 
13 1: 0:Zijl 
14 - 2.0710 
15 ! -  3.6421 

+ 0.0353 - 0.9258 + 0.0155 - 0.0783 I- 0.2187 
: - 0.3348 1: 
. -  0.0498 '- 0.4880 

I9 I- 1.4901 - 0.0207 - 0.2121 !+ 0.0016 

+ 0.7M7 + 3.2370 - 0.G340 + 0.0310 + 2.4755 + 0.0323 
- 0.1555 + 0.3550 - 1 . m 5  - 1,0083 - 3.5250 + 0.0073 + 1.owo - O.lm3 + 1.0822 + 0.2984 - 0.5257 

28 - 0.2774 
16 - 0.2344 
17 - 0.2963 
18 4.%U 
20 1: 14.4342 

20 - 1.4542 
21 - O . ~ % K l  
22 - 1.0329 

31 - 0.0172 
30 - aim 

+105.7210 1+13.FGl9 
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- 
1 
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3 
23 
4 
0 

24 
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9 
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Solution of normals-Continued 

33 

+E. 7558 
-0.8513 
-0. W G  
-1.4823 
-0.1398 

-2. 0691 
-0.2048 
-0. o300 
~ 

-0. I)o . .... 
-0.3305 
-0.0514 
-0.0293 
-0.0004 
-0.041G 
-0.iHl7.n . __.. 
-0.0223 
-0.0179 
-0. om 
- 0 . m 2  
-0.0027 
-0.0037 

-n. 0309 -n.ms 

-O.Mx)5 
-0.01GtT 
-0. m 3  

-11 nnn1 
-0.0052 
-0.0011 
-1.7ti65 

+ O . W  
Ce, 

1 
2 
3 
23 
4 
G 

24 
7 
5 
25 
8 
9 

26 
10 
12 
27 
11 
13 
14 
15 
2R 
10 
17 
18 

19 
2a 

20 
21 
22 

31 
32 
33 

3n 

34 

-1.0341 
+l. lGol 
-0.QsSD 
-0.0314 
-0. inin 

-0.Oi13 
-o.oM)1 
-0.018j 
-0.6770 
+0.0311 
+0.0171 
-0.072 
+O. IN73 
-0.0231 
-0. ooo2 
+O.OIM 
-0.0578 
+0.0003 
-n. nnn5 ..._ - 
+O.(K)27 
+o. CKkI 
+O.OlZa 
+o. 0002 
+o. 0040 . ~ .. . 
-0. ooo3 
-0. ooo1 
+0.0039 
-0.0261 
+O. 7814 

+o. ni4 
--0.40481 

+9. 4562 
-1.5811 
-1.7177 
-0. i125 
-0.0743 
-0. m 
-0.0028 
-0. C84G 
-0.138E 
-0.1604 
-0. Do01 
-0. ~n38 
-1.0094 
-0.01118 
-0.0100 
-0.1202 
-0.1X44 
-0.204G 

-0.0072 
-0. 1084 
-0.ooo.1 
-0. wo1 
--0.0020 
-0.Mi21 
-0.0091 
-0. wo2 
-0. ooo8 
-0. MK)2 

-O.(K)20 
-0.5.m 
-0. 3450 
-0.0912 

+1.4672 
C84 

- 

- n . m  

- 2.5334 - 2.0717 + 0.1714 4 4.4134 + 0.51:38 - 0.5770 + 0.3980 - 2.010R + 0.79U + 0.23G 
- 0.0143 + 0.5108 + 1.0422 + 0.3770 
- 0.2074 - n mu? + o: i45 i  + 0.1071 + 0.0088 + 0.2027 + 0.0030 - 11 N137 . . _ _  .. . + 0.0354 

- 0.0100 
- n.iw 
- 0.1194 + 0.0013 + o.iiGB + 0.0.524 
- 0.0122 + 0.053.5 + 0.1410 
- I.gsz7 
- 0.3351 + o.Go183 
-20.0499 + 2.xm 
+ 2.7731 
- 1.0480 - 0.0396 + 1.01R4 + 0. (i531 + O.Sz.5 - 0.02133 + 0.1038 + 1.8215 - 0.27.84 + 0.1735 
- 0.1450 - 0.3071 + 0.9409 + O.(XX)l - 0.1288 + 0.mo + O.Mxi0 + 0.0083 + 0.1102 + 0.1173 + 0.0883 - o.0010 - 0.0231 + 0.03m - 0.0080 - 0.0402 + 2.0743 + O.UT13 + 0.1357 
- 3.1701 + 2.lliou5 

+ a.3105 
+ 0.3745 

+79.0111 - 0.6818 + 0.3471 
-12.4550 - 1.3565 
- 0.4R41 
- 2.8f185 

- 2..%.51 
-40.3482 

-. .. _. + 0.1177 
- 0.0048 - 0.41k5 
- 4.6742 - 0.2395 + 0.0447 
+ 1.304 + 0.2294 + 0.2362 

+ 0.0721 

+ n . . m 7  . . ..-. 
- 1.41111 - 0.2053 + 0.1012 + 0.1753 - 0. oi%z3 + 0.7428 
- n.m + n . z m  + 0.03GI + 0. 04li3 + 0.4.564 + 0.1w 
-1G. 5287 

+ 0.4471 - 0.80208 
-18 r m  .. . . . . . + 0.0291 + 0.7041 - 7.R200 - 0.9880 - 0.8769 + 0.2844 
+20.4312 - 2.1%3 + 0.2790 - 0.0088 - 0.0842 - R. l H A l  _. ..__ + 0.1448 - 0.02u1 + 1.W7 - 2.9152 + 2.0% + o,mn - 0.3220 - 2.7787 + 0.3334 + 0.0237 - 0.1294 + n . m o  , _ _  - 0.5492 + 0.0028 - 0.0400 + 0.0WI + n . n m  . . - 0.34% + Y.8w3 + 7.3159 - 0.1810 
- 1.7020 + 1 . 1 w  
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Back solution 

21 32 31 30 34 33 20 

+2.1806 +O.eOlB 
-0.8740 

-0.11835 
-0.01856 
-0.00312 
+O. 00134 

+O. 602 +o. 009: 
-0.0011 
-0.011: 
+0.291. +o. l9ll 

-1.0316 
+0.0148 
-0.0027 
-0.0007 

-0.13781 
+o. 12358 
+o. 0352e 

+0.02103 

18 

-2.21353 
+ O . W 2  
-0.00488 
-0.00168 

-1.37164 

-0,3777 
-0.0275 
-0.0217 
+O. 0115 
-0.7407 
+o. 0860 +o. 4263 
+O. 0085 
-0.0433 

+2.1800 
-0.272s 

29 

-0.05808 +0.6530 
-0.4479 
-0.5808 -0.19077 

+l. 041, 

18 

-1.4817 

19 17 16 15 14 

+0.2106 
-0.2477 
-0.0028 
+O. 0207 +o. 7425 
-0.1824 
-0.0183 
-0.0950 
+O. 07W3 

-0.0237: 
+O. 0035! 
+O. Mx)z 
-0. mi +o. 0495L 
-0.0017; 
-0.0184! 
-0. 03ou 
+o. o(100: 

+O. 0078 
-0.3208 +o. on0 

-0.040 
-0.013 
-0.002 
+O. 0131 
+0.34S 
-0.104 
-0.011: 

+o. 16M 

+o. 0888 
-0.0186; 
-0. WI +o. 00781 
-0. 0008: 
+O. 0079. 
-0. OOOU +o. 0047! 

+o. om 

-0.8842 
-0.0830 
-0.01@5 
+O. 0155 
-0.1070 
+0.2141 
-0.0197 
-0. coo5 
-0.7413 

8 

+0.7031 

fO.0371 
-0.0158 
+0.0141 
+O. 4017 +o. 2625 +o. 0813 

-0. o5m 

+l. 1058 
-0.0441 
-0.0075 
+o. 0052 +o. 1911 
+O. 0777 
-0.1485 
-0.0913 

+LO584 

12 

+o. 1807 
+0.3133 
-0.0023 
-0.0149 
+O.O@X 
+0.4111 
+0.0108 

-0.6220 
+0.0174 
-0.0094 
+O. 0072 
+O. wx) 
+0.0155 
-0.OR97 
-0.1037 

-0.6247 

-0.0184 
+0.7204 
-0.oo04 
-0.2128 
-0.4597 
+0.2(124 
+O. 0028 

+o. 5038 

27 

-0.08283 
-0.08154 
-0.00488 +o. 00837 
+O. 07087 +o. 00181 
+O. 00006 
-0.01708 
-0. ooo25 
-0.10580 

-0.18135 

+0.02871 

20 

-0. om, 

9 13 

-0. w 
+o. 0021 
-0. om 
+O. 0084 
-0.0511 
-0. ixw 
-0. OOO: 
+o. 1381 

11 

-1.155: +o. 53% 
-0.007; 
-0. ow 
-0. w 
-0.0084 
-0.0014 +o. 3835 - 0.024( 

10 

+0.8889 
-0.1100 
-0.0238 
+o. 0180 

+ o . o m  +o. 1 2 m  
+0.02503 
-0.Ol6gE 
-0.08847 
+O. 07888 
-0.10588 
+O. 16213 

+0.8310 
-0.9057 
+0.0719 
-0.0082 
+0.6800 
-0.5100 
+O. 3402 
-0.4948 
-0.1404 

-0.3264 

+o. 3349 
-0.3013 
+o. 1840 

+o. 6942 +O. 9897 
+O. 8082(3 +1.-4844 + O . O ~  

25 

-1.2334 

6 7 24 6 23 4 

+O. 8508 
+O. 6204 
-0.0308 +o. 0128 
+O. 1328 
-0.1783 +o. 4705 
-0.0271 +o. 1830 

3 

-1.8125 
+O. 8264 
-0.1081 
+O. M13 
-1.0287 +o. 0700 +o. 8746 +o. 2882 

+l. 128m 
W. 01057 
-0. ooo73 +o. oO026 
-0 .m1 +o. 18361 
-0. 00279 
+0.01272 

+O. 3288 
+o. 0489 
+O. 0635 
-0.0284 +o. a511 +o. 6.854 
-0.2746 
-0.2731 
-0.0204 

+O. 7073 
-0.4804 
+o. 0245 
-0.0056 
f0.0348 
-0.W7 
-0.1744 +o. 7855 +o. 3880 

+I. IN1 

+0.7075 
-0.3524 
4-0.0541 
-0. 0202 
+O. 0183 
-0.8'200 
-0.6552 

-0.7098 

-0.10818 
+O. 16423 
+O. 03845 
-0.01885 
+0.01283 
-0.02483 
-0.02413 
+O. 00720 

+0.03872 

+l. I5411 
-0.49463 
+O. 08507 
-0.03169 
+O. 20972 
-0.03402 
-0.11342 

+O. 83524 
+1.32912 -0.7922 

+O. 4571 
-- 

+l. Q482 

2 

-1.0838 
+1.2262 
-0. oo80 +o. 0034 
-0.3169 
+o. 3901 

+O. 2070 

1 

+O. 9107 
-1.loDl 
-0.1028 
+0.0233 
+O. 8858 
-0.0738 
-0.2541 
-0.0880 

Probable error of an observed direction -1O.0746~-+-*ltt,2 m 

+o. 0010 



APPLICATION OF LEAST SQUARES TO TRIANQULATION. 69 

-0.325 
+O.W 
+1.233 
-0.101 
-1.817 
-1.372 
-0.088 
+0.025 
+1.448 

Computation o j  correctwna 

1- 

-1.233 -1.100 
+0.894 +0.710 
+0.813 -0.532 
+0.089 -0.052 
-0.025 +0.134 
-1.448 -0,735 

-0.910 -1.005 
-0.9 -1.6 

I 

28 

-1.484 
+1.807 

+ O . l I  
+0.2 

3 

30 31 

+0.710 -1.180 
-1.874 +1.484 

-0.326 
-1.184 f1.801 
-1.2 -0.626 +o. 087 

-0.134 
-0.627 

+0.311 I f O . 3  

4 

+1.484 

+1.484 
+1.6 

2 

+o. 007 +o. 702 +o. 393 
-1.372 
-0.003 
+O. w 
+2.583 

-0.WO +0.003 
+O. 017 

-0.090 -0.048 
-1.0 +o. 055 

-0.340 

-0.319 
-0.3 

8 

-1.049 +o. 073 
+O. 207 
-0.792 
+O. 007 +o. 003 
-0.038 
-2. sa3 
-3.148 
-3.2 

-0.007 
+0.019 
-0.108 
-1.276 

-1.380 
-1.4 

-0.007 
-0.207 
-0.459 
+1.372 

+o. G99 

-1.876 
-1.9 

I6 

+l.949 
-1.190 
-0.457 
-0.112 
-0.359 
-0.081 +o. 160 
-0.848 

+O.W 

l3 15 

+0.371 -1.4 
-0.734 

+2.445 
+2.4 

10 11 12 

-0.007 
-0.792 +o. 2oc 
+1.372 +o. 048 
-0.183 
-0.768 

-0.207 +o. 792 
-0.359 
+O. 048 
-0.180 
+3.003 

+o. 792 
1-1.949 
+O. 008 +o. 101 
-1.372 
+O. 004 
-0.188 
-0.888 

+O. 007 
-0.209 
-0.049 +o. 1 s  
+0.750 

+O. 688 +o. 7 + 3 . w  
+3.1 -0.117 

-0.1 -0.728 
-0.7 

18 19 20 2 1 [ 2 [ 2 3  24 

+1.484 
-0. Bw) +o. 451 

~~ 

-0.804 
+o. 604 
-0.oBo 
-0.1 

- -0.467 
-0.710 
+1.781 

+i.im 
-1.484 
1-0.326 
+O. 984 
-0.200 

+o. 457 
-0.025 

-0.168 
-0.1 

26 

+1.048 
i o .  141 

f0.846 
+LO 

+o. 614 
fO. 7 

32 

+1.190 
-0.710 
+O. 213 +o. 023 
-0.074 +o. QQ4 

+o. 7.56 +o. 8 

25 L n 24 

+O. 325 
-1.042 
-0.089 
+O. 207 
-0.367 

-1.049 
+I. 190 +o. 467 
-0.029 
-1.249 
+O. 113 
-0.254 
$-0.161 

-0.112 
-0. w1 
+o. 120 
+O.W 

+0.530 +o. 6 

+2. OK 
+2.1 

34 

-0.908 
-1.0 +l. e36 

+1.6 

40 
I- 

I 33 
30 37 1 38 I 39 35 

I- 
-0.710 I -0.457 +o. 457 

+O. 710 

+l .  167 
+1.2 

-1.464 
+o.Wo 

-0.4w 
-0.6 

+l. 233 
-0.028 
+O. 741 
-0.003 +o. 031 
-1.372 
+o. 048 
-0.055 +o. 346 

+O.M1 
+O.R 

-0.710 
-0.7 

-0.467 
-0.4 
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-1.233 

-0.741 
+O.W 
+n.5io 
+o. (178 

+0.02~ 

Computation of corrections-Continued 

-1.0% -0.504 -0.003 
-0.434 +a541 -n.s% 

-0.051 +LO88 
-1.522 +0.027 +0.504 
-1.5 -0.151 +O.W 

-0.107 

42 

60 

-0.525 
+0.2W 

-0.2G2 
-0.2 

43 

61 82 03 

-0.003 +1.088 +0.501 
-0.149 -0.190 +0.190 
-0.037 +0.295 +0.043 
+ O . C m  -0.180 
+O.f&I +1.193 40.771 

+1.2 -1.372 
+O. 524 -0. ooo +o. 0 -0.0'27 

+O. 151 

44 I 45 1 40 I 47 

+1.088 1 -1.041 
+0.317 

+1.0% -0.024 
+l. 1 

-0.748 
-0.8 

41 

-0.741 
-0.048 

+O.OA? -0.504 
+LO41 -0.1UO 
-0.226 -0.043 
-1.372 -0.105 
+0.024 -0.091 

+1.372 
-0.4Do +o.ooo 
-0.5 -0.019 

-0.340 

48 

+o. 894 
-0.113 

70 

+O. 134 +o. 1 
~ ~ _ _ _ _ -  

77 78 70 

-1.482 
+1.041 
+0.055 
-1.372 

-1.158 
-1.2 

~~~~ 

+1.482 -1.482 +1.041 
-1.041 -0.004 
+O.W -1.482 - 

-1.6 +LO37 +o. 446 +l. 0 
+0.4 

--Ip 

-n.o12 
-0.005 +0.807 
+1.340 +0.7 

+0.581 
+O.G 

53 54 

+O. 325 
-a. I)o 
-1.213 
-0.148 
+1.372 

+o. 005 
-1.340 

+n. 012 

+o. 090 
+o. 564 

+o. 028 
+o. 028 
+o. 0 

51 

+O. 804 
-0.028 
-0.572 

-0.789 
-0.8 

49 

+1.233 
-0.894 
+o. 002 
-0.038 
4-0.4'32 

+O. 8 
+n. 735 

+1.554 
+i.a 

52 

+O. 781 
+o. 8 

56 

-1.997 
-2.0 

50 

+O. 741 +o. 525 
-0.121 

+I.  145 
+1.2 

+0.741 

+O. 741 
+o. 7 +o. 2% +o. 3 . ... 

+1.372 -0.138 -1.372 
+0.038 I I -0.1 I fO.051 
-0.432 -0.027 

+O. 151 

-0.197 I -0.2 
I I I--- 

59 67 

+0.626 

+0.525 
+0.5 

58 

-0.741 
-0.525 

e4 

+1.482 
-1.118 

~ 

+a. 003 
+O. 525 
-1.0% 
-0.604 
-0.115 
-0.109 
+1.m 
+o. 037 
-0. on 
-0.091 

-1.265 
-1.3 

+o. 364 +o. 4 

1 ! I: -0.592 
-0. G 

G7 72 

+O. 504 
+o. 425 
-0. om 
+o. 019 
+o. 340 

-0.100 

-0. 1 0  
-0.2 

-1.088 
+o. 1 0  

-0.898 
-0.0 

-0.043 
-1.482 
+o. 140 +o. 009 
+O. 027 
-0.151 

-1.284 
-1.3 

73 

+1.234 
+1.2 

74 75 

+o. 190 
-0.320 

+O. 043 
+1.482 
-0.030 +o. 025 
-0.030 
-0.130 

-0.043 
-1.041 
-0.62G 
+l. 372 
-0. ow 
+o. 030 
+O. 130 

-0.130 
-0.2 

+1.360 
+1.3 -0.203 

-0.2 
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Final solution of triangles 

Bymbol 

- l O + l l  - I+ 2 - 4+ 0 

-12+13 - I+ 3 - 5+ 0 

-12+14 - 2+ 3 - 9+10 

-13+14 - 4+ 5 - 9Cll 

-14-1-15 - 7+ 9 

-25-t-20 
-14+10 - 8+ 0 

-25+27 
-15+10 

Station 

Turn-Dundas 
Tower 
Turn 
Dundns 

Tower-Dundos 
Tower-Turn 

Turn-Dundes 
Laznro 
Turn 
Dundas 

Lszoro-Dundas 
Lnzoro-Turn 

Turn-Tower 
Lazar0 
Tllm 
Tower 

Lnzaro-Towor 
LUNO-TW 

Dundas-Tower 
Lnzoro 
Dundns 
Tower 

Lazm-Tower 
Lazaro-Dundes 

Lnzoro-Tower 

Imaro 
Tower 

m v  H ~ I I  

Tow Hill-Tower 
Tow Hill-Lnzzaro 

Laznro-Towor 
Nlrhols 
Imaro 
TCJWer 

Nichols-Tower 
N C h O l S - L n z ~ O  

Lnzoro-Tow HI11 
Nlchols 
1,nzaro 
Tow Hlll 

N~c~oIs-Tow HU1 
h'lchols-Lazaro 

Observed 
angle 

0 , ,, 
42 00 30.0 
24 17 25.4 
13 41 59.0 

25 52 38.1 
10 38 OR.; 
43 31 18.5 

42 30 21.5 
80 18 43.3 
51 11 00.1 

10 37 43.4 
70 10 41.1 
83 11 39.1 

38.8 
17 10 07.2 
11 OD 20.6 

30 04 61.8 
I1 38 6.5.1 
18 10 10.2 

Kl 23 18.0 
i4  28 47.9 

04.3 

- 
:0Il0C! 
tion 
- 

+ 0.8 + I.? + 3.c 

+ 5.6 

- 1.9 - 3.E + 1.8 

- 4.c 
- 

- 6.8 - 5. E - 0.6 
-E!. C 
- 

- 3.9 + 1.2 
f 0.2 

- 2.6 
- 

+ 1.3 - 0.2 

+ 3.0 + 2.0 + 2.4 

+ 8.0 

+ 2.0 
f 0.7 

- 

30.8 
27.1 
62.6 

30.2 
04.8 
20.3 

15.7 
37.7 
085 

39. b 
42.3 
39.3 

37. 7 
08.5 
20.3 

6 . 4  
57. 1 
12.0 

20.0 
4% 0 
01.0 

0.1 
0.2 
0.2 

0.5 

0.4 
0.5 
0.4 

1.3 
- 

0.6 
0.1 
0.0 

1. 9 

0.4 
0.4 
0.3 

1.1 

2.2 
2.2 
2.1 

0.5 

1.7 
1.7 
1.7 

5.1 

3. e 
3.0 
3.0 

10.8 

Plane an- 
gle 

D , ,, 
30.7 

42 02.4 
20.9 

85. 8 
01.3 
19.9 

15.1 
37.0 
07.9 

39. 1 
41.0 
ag. o 

?1 40 35.6 
00.3 
18.2 

53.7 
65.4 
10.9 

17.0 
45.0 

I0 07 68.0 

.ogarithr 

4. M e n 1  
0.174417 
9.014231 
9.981733 

4.055419 
4.402W1 

4.288771 
0.36W81 
0.971300 
9.837989 

4.598152 
4.404841 

4.102921 
0.1702EZ 
9.90- 
9.8918sB 

4.572302 
4.464841 

4.055419 
0. M.3408 
9.973475 
9.909325 

4.672302 
4.598152 

4.572302 
0.432543 
9.805314 
9. WWW 

4.870169 
4.974544 

4.572302 
0.288001 
0.080962 
9.8i2905 

4.803225 
4.745108 

4.974544 
0. m 5  
0.910573 
9.770801 

4.&35142 
4.745170 
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Symbol 

-26+27 - 7+ 8 

-31+32 
-16+17 
-23+25 

-33+34 
-16+18 
-a+% 

-33+35 
--17+18 
-30+31 

-34+36 
-!?3+24 
-30+32 

-36+37 
-17+19 
-29+31 

-42+44 
-19+21 
+36-38 

Final solution of triangles-Continued 

Station 

Tower-Tow Hill 
Nfchols 
Towcr 
Tow Hill 

Nichols-Tow HLll 
Nichols-Tower 

Imaro-Nichols 
Kon 
Lautro 
Nichols 

Kon-Nhhols 
Ken-Lazaro 

Lamo-Nichols 
6wl 
Lam0 
Nichols 

Seal-Nichols 
Seal-Lazar0 

LamO-Ken 
6-1 
Lam0 
Ken 

Seal-Ken 
Seal-Lazaro 

Nichols-Ken 
Seal 
Nichols 
Ken 

Seal-Ken 
Seal-Nichols 

Lazaro-Ken 
Mid 
L~EIXO 
Ken 

Mid-Ken 
Mid-Lazaro 

Lautro-Mid 
Round 
Lam0 
Mld 

Round-Mid 
ROUnd-LamO 

Observed 
angle 

0 # ,, 
69 18 26.) 
62 63 10.1 

35.1 

.16 69 49.1 
22 32 67.: 
40 21 12t 

7.8 t5 09.2 
38 29 18.8 
12 36 33.2 

54 32 21.E 
16 66 21.1 
9 31 16.E 

25 37 12.6 
27 61 39.2 
26 31 06.3 

28 20 61.4 
35 17 43.3 
10 21 23.8 

61 06 11.2 

85 16 11.7 
43 39 a4.4 

:0lTw 
tlon 

,, 
- 1.6 - 2.6 

+ 1.3 + 1.6 + 0.1 
+ 28 

+ 1.8 + 0.6 - 2.2 
+ 0.0 

- 0.3 - 0.9 
t 1.5 

t 0.3 

- 1.9 
t 2.3 
f 2.8 

t 3.2 
- 

t 2.0 
t 0.2 
t 0. 1 

t 2.3 
- 

t 3.0 - 0.9 
t 0.6 

t 3.2 

- 

3 her 

angle 
Pcal ' 

,, 
26.2 
07.7 
39.3 

60.8 
68.8 
12.6 

10.9 
19.4 
31.1 

21.6 
20.6 
18.3 

IO. a 
41.6 
OB. 1 

63.4 
43. 5 
24.0 

14.8 
33. 6 
12.2 

- 

6 her 

excess 
Pcal - 

4.1 
4.0 
4.1 

12.2 
- 

0.8 
0.7 
0.7 

2.2 

0.4 
0.5 
0.5 

1.4 

0.2 
0.1 
0.1 

0.4 
- 

0. 4 
0.4 
0.4 

I. 2 
- 

0. 3 
0.3 
0. 3 

0. 9 
- 

0. 2 
0. 2 
0. 1 

0. 6 

Plane an- 
gle 

0 , ,# 

21. 1 
03.7 

57 48 36.2 

50.0 
68.1 
11.9 

10.5 
18. 9 
30.0 

21.3 
20.6 
la 2 

10.2 
41. 1 
08. 7 

63.1 
43. 2 
23.7 

14.0 
33. 3 
12. 1 

Agarithn 

4.870169 
0. IN5550 
9.949433 
9.927616 

4.885142 
4.863225 

4.745169 
O.OsolO8 
9. m744 
9.812130 

4.378021 
4.007407 

4.746169 
0.1o8005 
9.794041 
9.338465 

4.648216 
4.182039 

4.607401 
0.366640 
9.438723 
9.218592 

4.41277M 
4.1924338 

4.378021 
0.304122 
9.080828 
9.805072 

4.412771 
4.648216 

4.007407 
0.105.542 
9.761771 
9.448855 

4.474720 
4. iam 

4.162604 
0.108962 
9.838081 
9.998508 

4.110647 
4.270074 
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Final sotution of triangles-Continued 

73 

Symbol 

leaver-Round 
Besver-Cat 

-42+4 
-173.: 
-!?A+? 

-44+4 
-37+3 
-m+2 

-49+6 
-21+2: 
-40+4: 

-46+4: 
-40+4: 
-51+6: 

-46+4E 
-42+43 
-al+21 

-47+48 
-49+61 
-20$22 

.69+61 

.62+56 
49+40 

- 

- 1.1 

- 2. 9 

- 6.0 

- 1.0  
- 

- 2 . 2  
- 0.0 - 0.6 

- 3.7 
- 

- 
station 

61.7 

14. 7 
s,a 

s a 3  
Oh6 
13.4 

Lazar-Ken 
Round 
Laear0 
Kon 

+ 0.1 
+ P O  + 0 . 2  

Round-Ken 
Round-Lamo 

481 
63.8 
18.4 

Mid-Ken 
Round 
Mid 
KOF 

- + 2.3 

+ 2.3  - 0.6  - 0.8 

+ 1.0 
- 

Round-Ken 
Round-htid 

08.8 
38.3 
la. 4 

Lazar-Round 
Cat 
Lazaro 
Round 

Cat-Round 
Cat-Lazar0 

Round-Laearo 

8:nd 
Lazaro 

:at-Round 
Seaver 
:at 
Lound 

---_- 
I I - -  

23 37 23. 
146 23 68.~ 

9 68 42. 

89 47 62.; 
28 22 65.(  
63 49 17.1 

33 20 40.1 
11 30 08.4 
36 08 14.C 

05 41 48.C 
47 40 61.8 
28 37 iaa 

72 21 07.6 
64 38 38.8 
53 00 13.2 

19 68 12.0 
17 34 63.9 
I2 26 61.8 

-- 

+ 3.2  

I 

0. € 
0. 1 
0. 

1. Q 

0.2 
0. 1 
0. 2 

0.6 

0. 2 
0. 1 
0.1 

0.4 

0. 1 
0.0 
0.1 

0.2 

0. 1 
0.1 
0 .1  

0 .3  

0.1 
0 . 2  
0.2 

0.6 

0.1 
0.0 
0 .1  

0.2 

Plane m 
glo 

0 ,  

36. 
16. 
07. 

21. I 
64. : 
43. I 

61. 1 
63. I 
14. € 

38.2 
08. E 
13. 3 

48.0 
63.7 
ia 3 

08.7 

12 2 
3 a  i 

IS. 1 
64.0 
&2. v 

Lognrithi 

4.607407 
0.015851 
9.881879 
9.647016 

4.614037 
4.270074 

4.474720 
0.397167 
9.743050 
0.238760 

4.614037 
4.110847 

4.2700i4 
0.000003 
9.847729 
0.052895 

3.917800 
4.223072 

3.917800 
0.259903 
9.968871 
9.700250 

1.140374 
3.937e53 

4. no074 
0.016506 
9. ffl88R8 
9.661373 

4.166468 
3. Q37053 

4. m o 7 a  
0.020834 
9.911462 
9.802368 

4.165468 
4.146374 

3.917800 
0.116936 
0.888613 v. 6292.53 

4.033348 
3.882988 
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Final solution of triangles-Continued 

Bgmbol 

--58+57 
-39+41 
--80+01 

-56+58 
-40+41 
--50+52 

-57+58 
-59+60 
--50+55 

-67+l% 
-59+62 
-63+55 

-71+72 
-59+a 
-54+55 

-71+73 
-02+@ 
--68+05 

-72+73 
-53+54 
-&I+@ 

Station 

Round-Donver 
&lip0 
l<OUIld 
Besvor 

Snipe-Benver 
Snipo-Round 

Round-Cnt 
Snipe 
Round 
Cat 

Snlpe-Cnt 
Snipe-Round 

Boaver-Cut 
Snipe 
Ilenvor 
Cat 

Snipo-Cnt 
SnipcrUeavor 

Beavor2:nt 
Khwain 
Desver 
Cat 

Khwnln-Cnt 
K hw sin-B eavor 

13esvor-Cnt 
Llm 
13onvor 
Cat 

Lhn-Cnt 
Lim-Beaver 

Beavor-Khwain 
Llm 
Bonror 
Khwnln 

Llm-Khwain 
Lim-Bonvor 

Cat-Khwain 
Lim 
Cut 
Khrain 

Llm-Khwnin 
Lim-Cnt 

Obsmed 
nnglo 

0 , ,, 
52 14 18.1 
I5 37 20.7 
r2 08 21.3 

79 10 11.9 
63 10 28.0 
37 39 24.5 

26 55 53.8 
27 49 50.7 
25 14 18.4 

62 13 29.4 
58 43 17.2 
59 03 08.4 

36 34 55.6 
02 30 45.6 
40 45 17.4 

59 25 24.7 
43 56 247.3 
76 38 08.2 

n 50 29.2 
18 17 5i.a 
38 61 38.8 

- 0.2  - 0 .5  + 0.8 

+ 0.1 

- 2.0 - 1.7 
- 1.5 

- 5 .2  

- 1. 8 + 0.4 - 1.4 

- 2.8 

+ 2.0 + 1.8 + 1.3 

+ 6.1 
- 

+ 1.1 + 0.7 - 0.1 

+ 1.7 
- 

- 0.3 - 1.1 - 0.7 

- 2.1 
- 

- 1.4 + 1 . 4  + 1.3 

+ 1.3 
- 

- 

I her- 

anglo 
Ped 

17.9 
20.2 
22. 1 

OB. 9 
27.2 
23.0 

52.0 
61. 1 
17.0 

31.4 
10.0 
09.7 

50. (1 

17.3 
40.2 

24.4 
27.2 
08. t 

27. E 
52.4 
39. I 

F2- 
xcoss 

0.1 
0.0 
0. 1 

0.2 
- 

0.0 
0.0 
0.1 

0. 1 
- 

0.0 
0.0 
0.1 

0.1 
- 

0.1 
0 .0  
0.0 

0.1 
- 

0.0 
0.0 
0.1 

0.1 
- 

0.0 
0.0 
0.1 

0.1 
- 

0.1 
0.0 
0.0 

0.1 
- 

Plane nn- 
gle 

0 , ,, 
17.8 
20.2 
22.0 

09.9 
27.2 
22.0 

62.0 
81.1 
16.9 

31.3 
19.0 
09. 7 

60.0 
46.2 
17.2 

24.4 
27.2 
oa 4 

27.7 
52.4 
aQ.9 

, o g nr i t h m 

4.033348 
0. lVLWa 
9. o(w652 
9.576182 

4.119003 
3. ill593 

3.917800 
0.007806 
9.950551 
9.78jY87 

3.876157 
3.711593 

3.802888 
0.343980 
9.669189 
0.01'2095 

3.870157 
4.118083 

3.862988 
0.053161 
0.931iW 
8.033305 

3.847941 
3.84'3454 

3.882888 
0.724770 
9.089306 
9.814795 

4.077084 
3.802553 

3.849454 
0. o65022 
9.841307 
0.98077 

3.765783 
3. 902x3 

3.847841 
0.41OO72 
8.496870 
0.818151 

3.7.55783 
4.077004 



Symbol 

-74-i-75 
-63+&5 
-70+71 

-77+78 
-74+70 
-04+65 

-77+70 
-75+70 
-00+70 

-78+70 
--03+G4 
-00+71 

APPLICATION OF LEAST SQUARES TO TRIANGULATION. 

Final solution of triangles-Continued 

75 

Station 

I3eaver-I.im 

Besvor 
LiUl 

south w i n  

South Twin-Llm 
South Twin-Uoaror 

South Twin-Uoavor 
Ham 
South Twin 
Benvor 

Ham-Bonvor 
Ham-South Twin 

South Twln-Lim 
Hem 
South Twin 
Lim 

Ilsm-tim 
Ham-South Twin 

Beaver-Llm 
Hum 
Ueavor 
Lim 

Ham-I,tm 
Ham-Beaver 

Observed 
sngle 

0 I I ,  

00 40 00.2 
78 24 38.4 
40 5.5 17.8 

35 38 30.7 
94 10 28.2 
50 11 00.3 

&5 04 23.4 
33 30 23.0 
01 25 13.8 

40 25 52.7 
28 13 32.1 
02 20 31.0 

- 
krrec- 
tion 

,, 
- 1.5 - 1.4 + 0.6 
- 2.3 
- 

- 1.9 - 2.5 - 1.7 
- 6. 1 
- 

+ 0.0 
+ o.a 
- 1.0 
- 0.1 - 

+ 2.5 
i- 0.3 + 0.9 
+ 3.7 

04.1 

18.4 
3;. a 

2% 8 
26. 7 
04.0 

24. a 
22. a 
14.1 

G5.2 
32. 4 
32.6 

,, 
0.0 
0.1 
0.0 

0.1 
- 

0.0 
' 0.1 

0.0 

0.1 
- 

0.1 
0.0 
0.0 

0.1 
- 

0.0 
0.0 
0.1 

0.1 
- 

Plane an- 
L!lo 

0 I ,, 
M. 7 
30. Q 
18.4 

28.8 
26. 0 
04.6 

25.0 
22.0 
14.1 

65.2 
32. 4 
32. 4 

Logarithn 

3.802553 
0.05'3585 
9. W1054 
0.816260 

3.05.?102 
3.778308 

3.778308 
0.234548 
0. WM47 
0.885424 

4.011793 
3. 8Qa7rn 
8.888371 

3.053102 
o.o01(j08 
0.741050 
0. 043571 

3.6W7.50 
3.898371 

3. w m  
0.110305 
0.074811 
0. V80845 

3.0oB750 
4.011193 
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Final ponition computation, 
BTATION TOWER 

a 
econd angl 

a 
Aa 

Turn to Dundas 
Dundas and Tower 

Turn to Tower 
--- I y g:: - 21 

180 mi 43 27.2 
42 00 30.8 

130 56 04.052 + 8 43.863 

--- --- 
a' Tower to Turn 

35 I 27.327 I Tower 
-1 1 A' 

1 131 I 04 I 48.015 
I I 

-h 2.8803 
5.7809 1 azsin*o I 7.9471 
2.3072 E 0.4574 

4.402921 
9.9670446 

B 8.5087251 

d2 
sin* a 

C 

3d term 
4th term 

a 
sin a 

A' 
580 6' 

dX 

9.50172 

to. 0134 
-0.0019 

I- I +759.4@34 

torms + 0.O1l5 
.-A+ +759.4149 

2.7183010 
9.9117440 

7 71; ~z$;~f') . , ,, 
51 4 1  47 2.7193010 

+523.9@35 

Corr. 2.0310457 

-Aa 1 +&'.61 

STATION L A Z A R 0  

a 
lccond angl 

Ao 
a 

a' 

d 
Ad 
d? 

a 
OOSU 

B 

h 

1st term 
2d term 

3d and 4th 
terms 
-Ad 

W++') 

Turn to Tower 
Tower and Laurro 

Turn to Lauuo 
1 4 - 1 -  

108 09 12.5 I - I 21 I 10.8 

LaGaTo to Turn 

6 4 1  

4.404841 
9.4935404 
8.5087251 

2.4681125 

-293.8411 + 2.7534 

-291.0877 

+ 0.0085 

52 I 57.821 
-1 

Lazar0 21 68.416 
-1 

a? 
sin2 a 

C 

3d tom 
4th term 

8 

A 
slnp 

s0c d' 

d h  

8. em 
e. 95584 
1.55469 

0.43988 

to. 0020 
t0.0005 

+n 
4.404841 
9.8778287 
8.6087408 
0.2401420 

3.191X133 

j-1554.3881 

-XU. 0792 
e , ,, 

54 50 32.3 

-Aa +127o. 8 
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p r i m  y triangulation 
STATION TOWER 

2.2081457 

+181.8023 + 0.3708 

, 

77 

8. 60811 

3d torm +O.WOO 
4th term -0. oOO5 

a 
Thtrd anglo 

Aa 
a 

a' 

4 
49 
d' 
8 

00s a 
B 
h 

1st term 
2d tnrm 

3d and 4th \ 
torms 1 
-Ad 

I(b+d') 

8 
s h p  

A 
sec 6' 

a 
Thlrd q l o  

a 
d m  

U' 

4 
A 9  
4' 

8 
ma 

B 

h 

1st tnrm 
2d torm 

3d and 4th 1 
torms J 

-& 

W+9') 

+3 

8.8531462 
8.6057480 
0.2370138 

4.0%18 

Dundng to Turn 
Tower and Turn 
Dundns to Towor 

Towor to Turn 
Lazar0 and Turn 

Towor to Lszaro 

Towor to Dundes 

--- 
160 32 18 7 - 1 14 1 01:3 

D l  ' I  , 

3.0218043 

-1051.7298 
t 1.2004 

-1050.5284 

t 0.0358 

-1050.4836 

,, 

0 I ,# 

64 44 12.6 

54 38 09.658 - 42.233 - - ~  
64 I 3:1 n.328 

3d term 
4th torm 

8 
sin a 

BBC 4' 
At 

4.055118 a* 8.11087 
8.0430885 sinla 8.90830 
8.6087372 I C I 1.55184 

-1-1- 

65 20.042 
27.873 

Towor 48.015 

+102.2331 

+o. can1 
+I02  2332 
0 , ,! 

64 30 48.4 
,, 2.7543273 

A X  I +50;(8725 

+3 I 

2.2081 
8.0172 
0.4528 

8.0781 

2.7543283 
Q. 0112981 

Lazero to Towor 

I A x  

8. 14468 
8.38353 
1.85122 

0.07934 
0 

bo. 0258 
I-0.0100 

-7 
4.6'12302 
9.0818222 
8. m7409 
0.24014#) 

3.0130084 

1-1030.4012 
, I  

Tower 
-- 

Lapro 

3.0218 
8.6281 
0.4518 

2.8248073 

+841.3 
,, 
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a 
A a  

a' 

Final position computation, 

Lam0 to Tow Hi11 

TOW IUll to Luzaro 
First anglo 01 trinnglc 

S T A T I O S  TOW H I L L  

a 1 Tmnro lo Tower 
,eoond anglo Tower nnd Tow nil1 

8 

B 
h 3.4U7448 

I ,  I 

1st term +ZW.OO~O i 3d term 
2d term + 2.81542 ,4th term 

+2011.8U22 

I A X  I 

a 
jccond anglc 

A 0  

ff' 

a 

4 
A4 
4' 
8 

con a 
II 
h 

1st term 
2d tcrm 

3d and 4th ' 
tcrms 
- A 4  

*(++&') 

8. 9 4 w  
8.95501 
1. Lrh%9 

0.46002 

-0.1072 
-0.0673 

-117 
4.974544 
8. 4775129 
X. 3 l S i C O G  
0. 2315526 

3.1023584 

- 1557.2.502 

X 
dX 

A' 

-h 3.4037 
6.9283 I azsinza I 8.0013 
2.3007 E 6.4507 

J.nznro to Tow Hill 
Tow Hi11 nnd Nicholu 

Laznro to Nichols 

Nichols to Laznro 

4.745160 sf 
9.4010531 slnz a 
8.5087191 C 

2.7458415 

+557.1107 3d tcrm + 10.0550 4th tcrm 

+N7. l G W L  

- 0.0374 8 

+.567.1202 A '  

64 48 14.3 

sin a 

Boc 4' 
0 , ,, 

AX 

0.49034 
9.95019 
1.555SD 

0330 I ;8 117:; + 47 10 08.5 

28 25 0 
- l7 I 21 107:5 

--I- 

% 1 07 I 1 R . 4  
21 40 37.7 --- 

21 58.417 
25 I 67.250 + 131 I --- 

131 I 47 I 66.887 
-2 

First q l o  01 trlmglo I 
Nichols 

3.4704648 

~2054.3094 

3.1029379 

I +1207.5 

1.00242 

i-0,0075 
-0.0440 

+92 
4.745100 
0.97110029 
8.5087447 
0.2384490 

(8#l 1 6.6072 
2.3007 

I- 
7.8739 

- 5 6  
A X  +148 

Ap. 

+ 48 14.368 

+1 

6.4697 
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primary triangulation-Continued 
S T A T I O S  TOW HILL 

- 

a 
rhird anglo 

a 
Aa 

d 

4 
9' 

8 
m a  
B 
h 

1st tnrm 
2d torm 

3d nnd 4th 
torms 
-A+ 

w++9 

Towor to 1 ~ z n r o  
Tow Hill and Lnzero 

Tower to Tow Hill 

Tow Hill to Towor 

54 
-1 

4.870150 81 
0.88t113(i3 I sin*a 
8.5097404 c 
3. m 3 5 7  

t1861.5G19 

sln a 

scc 6' 
G4 19 60.0 

0.74032 

1.55129 

0.8W40 

kO.0809 
-0.1100 

4.870159 
9.802::; 8.5oX7Ow 1 Arg. s 

0.2316520 Ah ~- 

t2587.6482 

STATION NICHOLS 

h 
Ah 

h' 

0.5307 
2 3W 

8. 0080 

- 08 
+114 

+ 10 

22 68.4 IPL- 35 02.3 

3. Zam 
6.4510 

0. OB48 

9 . 3 m  

3.4120052 
0.8007770 

44 

3.3228800 

+2102.3 
0 

a 
rhlrd anglo 

a 
Aa 

a' 

TOW HI11 to I J ~ ~ A K I  
Nichols and Lnznro 

Tow Hill to Nlchols 

Nlohols to Tow Hill 

8 4.885142 a2 
cosu 9.075038R 8hza 
I3 8.50977W c 
h 3.3705586 

1st term . -2347.24iO 3d tcrm 
W torm + 2.llw3 4th term 

-2345. oa37 

3d" i i th )  + 0.1094 slnp s 
-d6 -2344.6943 A 

SOC $1 
0 , t t  

h(+++')  54 23 133.8 

Ah 
I I 

9.77028 

1.54301 

0.33911 

I O .  1292 
bo. 0402 

- 70 
4.885142- 
9.512LHWo Arg. 
8.6087457 8 
0.2384400 A X  Fr 

t1307.1232 

1w) 
340 40 20.8 

0.7403 
2.3700 

0.1112 

-10.1 
f 34 

- 70 

-1 
3.37M 
8.7069 
0.4373 

8.0038 

3.145'2347 
0.0101427 

70 

3.053544 

+1130.02 -- 
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Lazaro a n d  Kon 
Icon and Round 

Lazaro to Round 

a 
Second angle 

A a  

a’ 

a 

a 
Ad 
9’ 

8 
cos a 

B 

h 

1st term 
2d term 

3d and 4 t h  ’ 
torms , 

-4 

W+d‘)  

’ I  ” 

94 .30 13.3 + 78 57 17.0 

173 27 30.3 - 1 37.8 

--- 
--- 

a 
leoond angle 

d a  

a’ 

a 

d 
A9 
9’ 
8 

co8  a 
B 
h 

1st term 
2d torm 

3d and 4th ’ 
torms , 

-4 

I@+9’1 

8. 

Final position computucion, 

L l 3  

BTATION KEN 

Arg. 

AX 

Corr. 

8 

Lazaro to Nichols 
Nichols and Ken 

Lazaro to Ken 

7.9m5 

-6 
+O 

-6 
-- 

Ken to Lazaro 

0 ,  I ,  !I 

54 I 54 I 34.785 

-102.8312 3d term + 5. e814 14th term 
- 96.9698 

+ 0.0050 8 

- 96.9648 A 
S h p  

soc 4’ 
0 , ,* 

54 53 46.4 

A X  

First anglo of trianglo 

0.78800 

to .  0002 
to. 0048 

+55 
4.607407 
9.9980569 
8.5087403 
0.2404325 

3.3552425 

c2205.0084 

Lazaro 

Ken 
+ 

2.0125 
9.2121 e. 4507 

7.6843 

3.355242 
9.912798 

3.288040 

t 1853.70 
,, 

Round to Lazaro 

9 58.327 

02 56.147 

4.270074 
9.9971633 
8.5097191 

2.7769564 

-598.3514 + 0.0161 
-598.3353 

+ 0.0084 

0 

-698.3289 
0 , ,, 

64 57 67 

89 
sin2 a 
C 

3d term 
4th tern 

8 
sin a 

A‘ 
880 9’ 

AX 

1Ro 
25 52.5 

First anglo of trianglo I I 42 I 36.8 
==,- 

21 M.417 1 1 +131 1 1 1 59.488 --- 
Round I A’ 1 131 1 23 I 57.916 

+1 
2.7769 

6.4597 
e. 8527 

6.8893 

2 077385 
9.913183 

1. W 8  

+97.85 
I1 
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X 
AX 

A'  

primclry triangulation-Continued 

t # #  

251 17 00.2 - 40 27 12.6 

210 40 47.0 + 9 22.7 

1m 
30 50 10.3 +. 1 

--- 
--- 

7=- 

132 11 12.787 - 11 28.462 

a 
Third anglo 

da 

a' 

(2 

9 
Ad 
4' 
6 

cos a 
D 
h 

1st torm 
2d torm 

3d and 4th ' 
torms , 

-4 

I(d+d') 

8.7;. A 4  
9.41937 
1.55337 

9. 73078 

I-0.0103 . 
bo. 00% 

a 
rhlrd anglo 

a 
Aa 

a' 

d 
Ad 
d' 

8 
COS a 

h 

1st t o r s  
2d tOrm 

3d and 4th 
torms 
-44 

Hd+d') 

n 

(a$)' 

8.01% 

I 

Nlchols to Lazaro 
Kon nnd Lam0 

Xlchola to Ken 

54 + 

Kcn to Kicholv 

64 34.785 Ken 
21.302 

60:147 I Round 

4.37W21 
8.9338378 
8.5087307 

2.8225895 

-004.6448 + 0. m 
--804.1088 

+ 0.0132 

-- 

+ 0.0270 - 
-601.3616 
e , If 

64 68 46.0 

6 
s l n p  

A 
SOC 4' 

AX 

-664.0834 

64 49 02.0 
0 , ,, 

54 1 34.784 
+1 

PI 
Sin' a 

C 

3d tnrm 
4th term 

8 
slnp 

A 
4' 

dX 

Nichols 

Ken 

-2 
4.379021 
9.709Wl Arg. 
0:24M325/ R 5087403 d " ~  1 3 I 
--- 

283'8707 I Corn. 1 - 2 I 
-6S.4616 

STATION ROUND 

Kon to LeEsro 
Round and Laram 
Kon to Round 

Round to Kon 

2.8228 
8.1775 
0.4653 

7.4554 

2. u37RRo 
9.912392 

2.760272 

-E82 69 
I ,  

69 19.6 

29 17.8 

08 29.3 

-508.6171 3d t o m  + 5.2285 14th torm 
-601.3888 

9.22987 
9.93210 
1.55031 

0.71837 ,, 
t o .  ooyl 
to. 0212 

+49 

9.8080845 
8.6087369 
0.2419388 

4, ni4037 

3.3317122 

-2140,4074 
I ,  

-- 
&IT. 

5_ 

6.4081 
2.3688 

7.7767 
- 

-30 + 70 

+49 

9.1621 
6. 27046 4 e M  I 
8.3271 

3. 3317ia 
9.913254 

8.244966 ,, 
-1767.7Q 
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a 
lecond angl 

d a  

a' 

a 

d 
Ad 
0' 

a 
COS a 

B 

h 

1st term 
2d tnrm 

3d and 4th 
terms 
-Ad 

d(d+d') 

a 
lecond anglc 

a 
A a  

a' 

8 
COS a 

B 

h 

1st term 
2d torm 

M and 4th 1 
terms j 

-4 

i(d+d') 

Lazaro to Round 
Round and Cat 

Laznro to Cat 

Final position computation, 
GTATION CAT 

Cat to Lazaro 

4.223072 
0.0734251 
8.5(j97101 

2.7062102 

-508.4124 + 0.115a 

-508.20G6 

+ 0.0085 
-508.2901 
0 I I ,  

64 57 42.0 

01 I 26.110 

a2 
slnz a 

C 

311 term 
4th term 

8 

A 
sinp 

= d' 

Ah 

First angle of trlangle 

R. 44012 
0.06lCL 
1.55559 

0. oG3c.5 

t 0 . m  
to. 0005 

-3 
4.223072 
0.5307060 
8.5087375 
0.2416677 

2. to.11tJ38 

-310.2880 
,# 

Lauuo 

Cat 

( U p  

Arg. 
8 

A X  

Corr. 
- 

STATION BEAVER 

131 21 68.417 
5 10.BO 

131 10 30.128 
+1 

5.4124 
2.3807 

7.7701 

+2 

2.7062 
7.5078 
0.4507 

0.0737 

2.504184 
0.013117 

-I I- 

2.417301 
-3 I I I1 

I - A a  I -201.4 

Cat to Round 
Round and Beaver 

Cat to Benvor 

Beavor to Cat 

55 01 28.110 1 0; 1 11::14 

+ 45.204 --- 

8.882888 
0.0700133 
8.5097W 

3.35201m 

-225.2218 + 0.0170 

-22.5.2048 

+ 0.0012 

-2%. 2030 

55 03 18.7 

,, 

0 , t ,  

RZ 
sin2 a 

c: 

3d term 
4th term 

9 
s i n p  n 
5x 4' 

AX 

7.7260 
8.0405 
1.55n4 

42 37.4 I + ? I  34 I 54.0 

17 31.4 I I 1 I 40.2 

FIrst angle of trlMgle 

8. woo 

I-0.0012 
0 

-1 
3.862988 
0.4731100 
8.50873GO 
0.24?3463 

2.0871811 

-122.2308 
,, 

7.071 

Arg. 
8 -1 

AX 0 -- 

~r 5.460 

2.000838 

-Aa 



APPLICATION OF LEAST SQUARES TO TRIANGULATION. 85 

prima y triangulation-Continued 

h 

1st term 
2d term 

BTATION CAT 

2.1320208 

-135.5254 + 0.3584 

-135.1070 

52.5 
14. 7 

Round to Lnznro 
Cat and Laznro 

Round to Cat 

a 
Third anglo 

a 
da 

a' 

9 
Ad 
9' 

8 
cos a n 

h 

1st  term 
211 tOrm 

3d Md 4th ' 
terms 
-A9 

4(9+9') 

3;. 8 
59.6 

37.4 

- 

- - 
17.917 
18.788 

30.129 
-- 

Cat to Round 

0 ,  I ,  #, , I 

131 1 23 
- I  7 

50.147 I Round 
- 6.5 I o; I 30.037 

-1- 
01 I 20.110 I Cat I X'  6.51 

3.917Ro 
0.52mW 
8. M)oiOil  

1.9533tH)l 

+80. 8174 + 0.21w 

+w. 0373 

0 

131 1 10 

1.9535 

-h E I 0.4043 
P S W ~  7 . 7 ~ 7  

3.m9 I k  0.2727 

S2 
sini a 

C 

3d term 
4th term 

8 
sln ,a 

A 
800 6' 

A X  

7.9350 
0.9481 
1.6588 

9.3423 

-0.0002 
.o. 0002 

0 

+2 
3.917Roo 
9.9740491 
8.6087375 

2.6422645 

-438.7077 

0. uirim 

0 

0.2015 

9. I -1 
A X  +3 -- 
Corn. I +2 

2.042254 

2.65.5812 

+90.0873 

65 02 11.1 
0 , t ,  

STATION BEAVER 

a 
l'hlrd anglo 

Round 
h a v e r  

to Cut 
M d  Cat --- 

247 i 09 1 44.8 + 7 39.9 

a' InoundtoBmvrn Beaver to Round 

Ronnd 

Besvor 

k I ;; 1 M.'i47 + 15.108 I 6.5 I 05 I 11.:; 
--- 

X 
A X  

A' 

4.254 
2.380 

0. 830 

-2 
+s 

- 
131 1 1 4  138.898 

2.132 
7.990 
0.484 

0.592 

2.748977 
9.013723 

a1 
sin2 a 

C 

3d torm 
Ilh term 

8 
sin a 

A' 
sot 9* 

A X  

8.W7 
0.9291 
1.6588 

9.5544 

to .  0001 
to. ooo.1 

,# 

+3 
4.033348 
0. W5107 
8.6097300 
0.2423463 

4.033348 

8.5087071 
0. 5889057 

3dgk; th  }I + 0.ooOs 

-A+ -135.1802 

1(9+9') 
0 , ,, 
55 04 03.7 2.7489773 

--w1.0180 
, I  

+3 

- 
2 062700 

-459. gP 
,, 
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180 
20 
38 

131 + 

Final  position computation, 

63 37.5 
34 G6.0 

14 30.888 
0 30.508 

__== 

--- 

ETATION LIM 

131 1 21 

:7 I ;9 1 1;:o 
+lo2 39 46.2 

07.400 
+1 

Beaver to Cat 
Cat and L h  
Beaver to Llm 

a 
lecond ang 

A 0  

a' 

a 

9 
A$ 

# 

6 
cos a n 

h 

1st term w term 

3d and 4th 
terms 
-Ad 

W+Y) 

L l m  to Beaver 
Flrst angle of trlnngle 

& I d; I 11:';14 I Beaver + 08 948 1 :  
4.222 
2.368 

0.588 

-1 
+3 

55107j 20.2811 

2.111 
7.880 
0.465 

3. mw3 
9.0987431 I 
8.5097044 

89 7.8051 
sinla I 9.8761 c 1.6591 

6. 258 

2.581830 
9.913918 

9.193 

3d term +O.O004 
4th term +O. 0002 

,, 
2.1110005 

-129.1n1 
0.1735 

-125.9486 

I 1  

0.2427338 

66 00 16.8 2.5816301 Con. +2 1.505648 

+320. 3 

ETATION BOUTH TWIN 

a 
leoond angle 

Aa 
a 

Beaver to Llm 
L h  and South Twin 

Beaver to South Twln 23 34.8 
+lg8 I 1 I 27.7 

-I-- 

':/ 00 2 5 / 0 2 . 6  40 04.7 &uth Twln to Beaver 
Flrst angle of triangle 

a' 

131 I 14 30.898 - 1 40.925 

+I 
49.074 

--- 

2286 
0.666 
e. 406 

6.386 

2.028080 
9.913968 

71 /bsu 
to. ooo8 

h 2.2053295 
,I 

1st term -184.2109 3d term 
2d term + 0.0130 4th term 

-184.2039 
-1 

3.778398 
8.4880449 Arg. 
8.6087347 8 -1 
0.2429024 A X  0 

1.943038 

-87.7 
,I 
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primary triangulation-Continued 
STATION LIM 

a 1 Cat toBosver 
t'htd angle Lim and Beaver 

, ,, 
17 31.4 
46 17.3 

32 1 4 . 1  
3 40.0 

28 34.1 

-- 

x l e  38.128 
4 28.278 

Cat 

Llm 

-h 
6.098 1 s*sinl a 
2 300 E 

2.649 
7.354 
6.464 

6.387 

2.428684 
9. 813752 

2.342338 

+218.88 
,, 

8.1641 
0.1999 
1.5584 

8.9124 

to. 0029 to. 0002 

I1 

4.077004 
9.8000497 
8.5087351 
0.2427350 

7.466 

I-354.1650 I 

2.4285844 

+BE. 2776 
,, 

Corr. 

-- I I 
STATION SOUTH TWIN 

a 
Third angle 

a 
d a  

a' 

d 
A6 
6' 

8 
ma 

h 

1st tnrm 
2d torm 

3d and 4th ' 
t e r m  , 

-A6 

l(6+6') 

n 

Lim to Beaver 
South Twin nnd Beavor 
Llm to South Twin 

Bouth Twin to Llm 

Llm 

South Twin 

x 
dh 

A' 

65 

15.617 

-h 1.744 
8 * 8 i n l a  I 7.890 

E 8.467 

3. 853182 
9.2816803 
8.6097018 

7. ooe4 
8. 9838 
1.6597 

3.488 
2.385 

a1 
sin9 a 

C 

3d term 
Lth term 

5 
sin ,a 

A 
mo 6' 

dX 

~ 

1.74411841 

-65.63372 + O.Znl8 

-65.2654 

+ 0.0002 

6.101 0.4499 

to. ooo1 to. 0001 

I1 

+2 
3.853182 
9.9919062 
8. EO87347 
0.2428024 

2.0637346 
I ,  

-407.4328 

6.853 

-2 
+4 

+2 

2 em734 

2.610187 

-65.2552 

66 07 47.8 
0 , ,, 

-Am I - 4 k 1 2  . .  . . .  
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8? 
sh2a 

C 

a 
lecond angle 

a 
Aa 

a' 

(6 
d(6 

(6' 

8 
ma 

B 

h 

1st term 
2d term 

3d and 4th 1 
terms J 

-Ad 

I(d++') 

Q. 2964 
0.8633 (8g)z 5.747 

0.7131 8.115 

1.5534 2. 368 

Final poaition computalwn, 

353 
4- 51 

44 - 

STATIOS SEAL 

t I ,  

26 52.5 
05 14.8 

31 07.3 
0 50.5 

--- 

Nichols to Ken 
Ken nnd Sen1 

Sichols to Sen1 

Second mglo 

a 
Aa 

a' 

Scnl to Slchols 

First nnglo of trinnglo 

Lam0 nnd Mid 

Round to Mid 

Mid to Round 
Flrst mgle of trlnngli 

i 132 1 
35 11 134.411 12.767 

h' I 131 I 35 3Y.3iG 
Ah I_-- 

I +1 

131 + 
131 

4.048215 
Q.715iORo 
8.5097307 

2.873W3 

-747.5741 + 5.1G54 

-742.4087 

+ 0.0438 

-742.3G49 

i 4  49 41.9 
0 I ,, 

23 57.017 
H 2M.430 

32 Z G . 3 3  
-1 

--- 

h 

1st term 
2d'dtcrm 

3d term +0.0130 
4th term 1 +O.OmX 1 I 

2.473457 

+297.4705 + 0.1901 

+4 
4.04R215 

-4 
soc(6' I 0.2JOG07 A X  +8 

STATION MID 

4.llM147 
9. W103 

B 8.509707 

+207.7768 
3d nnd 4th 11 

torms + 0.0014 

82 
sin2 a 

C 

3d tern 
It11 tern 

8 
sin a 

A' 
scc (4' 

dA - 

I 

8.2213 
Q. 0810 
1. an6 

0.4715 
,# 

+o. Mnl 
-0.0007 

4.110047 
I). 846800 
8.508740 
0.241043 

2.70600 

+608.4360 

Mid 

h 
Ah 

h' 

4.Wi 
2.30c 

7.313 

8.460 

sin * (6+S ) 0. 912450 T (Ad) ' I 3'3p278 

-da -1744.72 

I 24 110.8 
85 15 12.2 

- 1 - 7  
-- 

2.473 
7.013 
0.404 

6. &xi 

2.700236 
9.013406 

2.01w1 

+410.62 
,, 
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p r i m a  y triangulation-Continued 

4.412771 
8.084161 
8.500717 

1.000640 

-80.G5R3 + 2.38137 

-78.2710 

+ 0.0017 - 
-78.20'09 
0 , I ,  

54 55 13.0 

ETATION SEAL 

Kon to Nichols 
Seal and Nichols 

Ken to So81 

89 
sinla 

C 

3d term 
4th term 

8 
s i n p  

A 
seed' 

A X  

, I ,, 
10 1 50 10.4 

-124 31 108.1 

Lnznro 

Mid 

a 
Third nnglo 

a 
Aa 

a' 

d 
Ad 
4' 

a 
COS a n 

h 

1st tcrm 
W torm 

3d s n d  4th 
tnrms 
-A4 

I(4+$') 

A 
A X  

X I  

28 01.3 +Y 10 I 43.3 

4.102004 
O.Kn324(1 
8.500710 

2.47E-500 

-301.0017 + 0.4488 

-300.5529 
+ 0.0032 

8s 
sinh 
C 

3d torm 
4th torm 

8 
Sin (1 AX 

sin I ( $ + + ' )  
SM: )(Ad) 

7.035 

2.707014 
0.012903 

Seal to Ken 

SOal 1 X' 

131 ' 59 I 44.3M - I  24 05.040 

131 i 35 i 3n.377 

8.8255 

1.5503 
9. mn 

2.307 

0.3778 

+o. 0002 
+0.0015 

+3 
4,412771 
0.997072 
8. SOH74G 
0.240607 

3.100153 

-1445.040 

AX 1 3.100153 
-1 sin +($+$') u. 0126)42 
+4 SWi(Ad) 
+3 I (3.o73005 1 -Aa 1-118.30 

S T A T I O S  MID 

173 1 27 30 3 - 4 3 :  30 I33:5 I a 
Third snglo 

a 
An 

a' 

d 
Ad 
6' 

8 
cos a 

13 

h 

1st torm 
W term 

3d s n d  4th 1 
torms J 

Iwzaro to Round 
Mid nnd Hound 

Lnzoro to Nid 

Mid to L~IEWO 

131 i 21 E8.417 =='=I=I 4- 10 27.034 

54 [ 57 I 58.370 

8.3262 
0.7710 
1.5550 

I 4.057 
2.307 

7.324 0.0521 

+o. 0021 +o. 0011 

4. l o r n  
9.885527 
8. W8740 
0.241033 

2.707014 
,# 

-4-627.9340 

brg. 
d 

AX 

Corr. 

-3W. 5107 

54 55 28.1 
0 I I ,  

A' 
SBC 4' 

2.710877 

- A a  I +&.Bo 1 d h  



88 COAST AND GEODETIC SURVEY SPECIAL PUBLICATION NO. 25. 

A 
31.319 AX 

a 
W n d  anglc 

A 0  

a' 

a 

4 
A4 
4' 

8 
COS a 

B 

h 

1st term 
2d torm 

3d and 4th 1 
terms J 

-A4 

Xd+d') 

--- --- 
131 1 23 

57.917 + 5 20.567 

a 
leoond angk 

A a  

a' 

0 

d 
A 4  
4' 
6 

cos a 
B 

h 

1st term 
W term 

3d and 4th 

-Ad 

1(d+9') 

a r m s  j 

--- 
A' 1 131 1 20 

-1 

Final position computation, 
STATION SPUR 

Round to Cat 
c a t  and spur 

18.484 

Round to Spur 

3d term 
4th term 

9.0703 

+0.0010 
-0. ooO2 

3.937953 8t 7.8759 -h 
9.877035 shta 9 6358 (2)' I 4.849 I a l s h l a  
8.609707 I c I 1:m I 2.300 E 

Arg. 

Ah 

con.. 

8 

2.324095 

+ 2 1 1 . m  + 0.1170 

+211.3182 

~ ~~ 

7.015 

-- 

+ 0.m 
~ 

+211.3180 

55 01 10.5 
, ,, 

8 3.937953 
S h p  9.817925 

A 8.508738 
Socd' 0.241303 

2.505919 
,, 

A X  +320.5072 

I 

2i9 1 30 + 63 10 --- 

I I I I I 

GTATION SNIPE 

,, 
37.8 
27.2 

2.325 
7.512 
6.404 

0.391 

2.505919 
9.913408 

2.217847 

+165.1380 + 0.0015 

+165.1395 

+ o.ooo8 

+165.1401 

55 01 33.0 
0 , ,I 

2.419387 

+!252.88 
I 1  

7.1798 

3d term +O.OOOB 
4th torm 

8 3.7115~3 

9**6982 A 8.508738 
s l n p  

Se09' 0.241442 AX 

1.580756 Con. 
, 

A X  -38.3710 

Round to Cat 
Cot and Snipe 
Round to Snlpe 

Snipe to Round 

1-1-1- 
180 

FirstangleoltrlaMle 1 ':8" 1 47 I 34.8 
10 08.9 

3.711593 81 7.4232 
8.696547 shla  8.1880 
8.609707 1 C 1 1.m 1 '3)' 4.4% 

2.m 

8.80: 

2.218 
8 1 S h ' O  5.021 

-h E I 0.404 

1.474257 

--da 1 4 8 0  
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1.874687 
, 

+74.8181 + 0.1850 

ptimaty triangulation-Continued 

3d torm 
4th torm 

STATION BPUR 

a 1 CattoRound 
Phlrd anglo Spur and Round 

a Cattospur I 

2. VU430 

I +121.2832 I 

' I O ,  ,, I sw+' 

Thlr(?-Io 

a 
do 

a' 

4 
A9 
9' 
8 

COB a 
B 
h 

1st t o m  
2d term 

8d and 4 th ' 
terms 
-A9 

W+Q) 

a. 2027 

9. ??DO 

9.8881 
1.55112 

+O. ooo3 
-0. ooo8 

+I 
4.146374 
9.984028 
8.508738 
0.241303 

2 880445 

+759.3562 
,, 

Cat 

Spur 

STATION SNIPE 

4.163 
2.388 

6.628 

+ I  

+1 

1-1=!- I 

A X  1 2.880445 
S h  + $+$') 9.913402 

\(Ad) 

-Aa +622.07 

Cat to Round 
Bnlpe and Round 
Cat to Bnlpe 

+75.1031 - s l n p  

65 00 48.6 

I A A  
I 

7.7623 
0.9507 
1.6582 

9.2872 

+o. ooo2 
-0. ooo1 

3.870167 
0.078339 
8.603738 
0.241442 

2.004676 
, 

+402 4167 

k? 1 57 1 4 4 . 1  

16 39.129 
6 I 42.417 + 131 I --- 

131 I 23 I 21.646 

8 ~ s i n ~ a  7.709 
-h E I 6.464 

6.148 I- 

2.618112 

-Aa  1 +3S:bS 
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i5  I d5 

55 [ 04 

- --- 

Final position computation, prima y triangulation-Continued 

STATION KHWAIN 

11:\14 
65.322 

15.092 
-1 

1"7 I ;O I 11:6 
+58 43 10.0 

2.230350 

-169.8613 + 0.0707 

-100.8810 

I3eavcr to Cat 
Cat and Khwain 

Beaver to Khwain 

8.0013 

3d term +O.O007 
4th term +O.Mw)L 

a 
;ocond angle 

a 
dol 

a' 

e 
4 
6' 

a 
cos a n 

h 

1st term 
2d term 

3d and 4th 1 
terms J 

-Ad 

1(d+B) 

f O.oo08 1 9 
-I sin,= 
-1U0.8808 A 

, ,, SBC 

55 02 51.1 

AX 

3.847041 
0 . ~ 2 3 4 ~ 7  Arg. 
8.5087% 8 
0.242180 A X  

2.422344 Con. 

+204.4502 

57 13.5 
First -10 of triangle 1 '! 1 13 1 31.4 --- --- 

I 

Ichwain to Beaver 

Beaver 

Khwnin 

1.742 
alshza 7.073 

-h E I 0.465 

3.849454 
0.3824014 
8.5087044 

U2 
sin2 a 

C 

3d term 
4th term 

8 
sinp 

A = 4l 

AX 

7.6980 
0.0740 
1.5691 

o. 2320 

+o. ooo1 
-0. ooo1 

3.849454 
9.9wu83 
8.508738 
0.242180 

2.587353 

+M. (1812 
, 

1.7415508 

+55.1618 + 0.1706 

5.880 5.849 

Arg. 

dX 

+55.3224 
0. OOM) 

2. B7353 
0.013782 

2.501135 

+55.3221 

25 04 43.7 
0 , ,t 

-Aa I +31;00 
I I I 

Cat to I3envcr 
Khwain and Beaver 

Cat to Khwnin 

a 
Third angle 

do 

a' 

(1 

c 
4 
$ 

a 
cos a 
B 
h 

1st torm 
2d torm 

3d and 4th 
terms 
-de 

+(e++') 

14 21.7 
-138 1 3 I 38.8 -.-- 
$2 1 i o  144.0 Khwain to Cat 

-1 .-I- -- 
55 01 28.110 + 40. M l  

51 I 0: 1 15:091 
--- 

oat 

K h W a f n  

X 
dX 

A' 1 131 1 21 1 OP.5iD 

2.230 
7.343 
6.404 

3.847911 a* 7.0059 
9 872700 sh*a 0.8470 
8.600700 I C I 1.6584 

0. 037 

2.422344 
9. 013010 

2.335000 

$216.76 
,, 

* Ti& is r igh thand portion of computation above. 
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List of geographic positions-Felice Strait, Alaska, southeast Alaska datum 

91 

station 

Towor 
1907 

1,nzaro 
1907 

Tow 11111 
1908 

Nlchols 
1907 

Icon 

SOnl 

1807 

1807 

?,rid 
1914 

Round 
1914 

Spur 

Cat 

1914 

1014 

,9111 e 
1&4 

13eavor 
1914 

Xhwdn 
1914 

I.im 
1814 

Iatltudo 
nnd 

longitude 

0 , ,I 

54 35 27.320 
131 04 48.015 

54 52 57.820 
131 21 58.417 

54 04 25.708 
131 47 55.664 

54 43 30.091 
132 11 12.787 

54 54 34.785 
131 59 44.326 

54 55 53.055 
131 35 38.377 

54 57 58.370 
131 32 20.352 

55 02 50.147 
131 23 57.917 

54 59 24.827 
131 M 18.484 

55 n i  20.110 
131 10 38.lZU 

65 00 11.007 
131 23 21.540 

55 05 11.314 
131 14 30.898 

65 (El 15.901 
131 21 03.579 

55 07 20.262 
131 21 07.407 

ADJUSTMENT O P  T: 

- 
sw- 

~ n d s  ir 
meton 
- 

845.0 
802.3 

1788.0 
1041.6 

797.0 
1012.2 

a9.0 
228.9 

1075.7 
780.7 

1640.8 
683.4 

1805.0 
408.8 

1736.3 
1 0 a . 3  

707.7 
328.7 

807.4 
695.2 

340.4 
383.0 

349.9 
054.5 

491.5 
53.5 

020.0 
131.3 

- 

[ANC 

Azimuth 

0 , ,, 
201 43 27.2 
248. 4 3  58.0 

'287 48 01.7 
313 40 37.9 
330 18 17.4 

107 07 18.4 
218 47 50.1 

251 17 00.2 
281 21 55.0 
340 40 20.8 

273 GO 19.0 
30 50 10.4 

m 16 23.0 
59 10 33.0 
&H 47 44.5 

309 39 23.0 
78 00 10.4 

353 25 52.5 
44 31 07.3 
68 08 20.3 

3211 44 l l . ,  

10 54 45.7 
74 33 24.0 
100 42 37.4 

I72 47 34.8 
251 67 44.7 

17 19 11.0 
45 09 02.7 
07 17 24.8 

148 12 30.2 
198 23 34.8 

255 67 13.5 
318 10 44.9 

197 33 05.0 
258 58 19.1 m 63 37.5 
330 28 34.1 
359 10 01.9 

221 02 23.,0 

Rack 
nzimuth 

0 # ,, 
21 50 34.8 
03 51 41.0 

loa M) 12.6 
134 02 23.3 
150 32 18.7 

17 28 25.9 
30 Y2 68.4 

71 57 14.5 
102 10 08.1 
180 su 10.8 

94 30 13.3 
210 49 47.0 

110 20 33.9 
238 41 20.1 
204 28 01.3 

128 47 50.8 
257 37 55.0 

173 27 30.3 
224 24 10.8 
247 30 11.5 

41 00 48.3 
140 50 11.9 

188 50 24.3 
254 23 01.9 
289 30 57.8 

72 03 14.4 

197 17 31.4 
225 01 52.7 
247 08 44.8 
328 OH 19.3 
18 25 02.5 

76 02 30.0 
138 14 21.7 

352 47 05.0 

17 34 14.5 
79 05 07.2 

110 58 67.8 
150 32 14.1 
l i9  19 05.0 

To stntlon 

TUN 
Dundus 

Turn 
Ihndas  
Tower 

1,aznro 
Towor 

1,Szaro 
Towor 
Tow 11111 

Laznro 
Xlchols 

Imaro 
h'lchols 
KlUl 

Tmaro 
K@Jl 

tnzaro 
Mld 
Kon 

Round 
I.nznro 

Lnznro 
Spur 
Round 

Round 
Cat 

Cnt 
Snipe 
Round 
Hum 
South Twl 

Doover 
Cnt 

lInm 
Ilonver 
Cot 
Khwaln 

60Ulh TH'I 

1f&T8 
15289.4 
11361.1 

M153.8 
3oOl1.7 
37351.0 

94307.0 
74158.2 

55012. I 
7208. 

40485.5 
23934.3 

15582.0 
44485 .1  
25888.5 

14541.3 
29834.0 

18024.0 
12001.7 
412Q3.8 

m. 7 
14304.3 

10713.7 
14007.9 
8275.0 

6147.5 
7518.9 

7281.4 
13154.2 
10798.1 
10275.3 
0003.4 

7070.0 
7040.0 

4974.0 
8978.3 
7080.1 

11941.8 

70701, 

1898. a 

1 

Loga- 
rithm 

4.402021 
4.056419 

4.404841 
4.598152 
4.572302 

4.974544 
4.870159 

4.745109 
4.883225 
4.885142 

4.007407 
4.379021 

4.192030 
4.0.18216 
4.412771 

4.102004 
4.474720 

4.27W74 
4.110~347 
4.014937 

3.037953 
4.155408 

4.223072 
4.140374 
3.017800 

3.711593 
8.870157 

3.802888 
4.11ooF3 
4.033348 
4.011793 
3.778395 

3.849454 
3.847041 

3.088760 
3.953192 
3.902553 
4.077004 
3.765183 

JLATION l3Y THE METHOD OF VARIATION 
OF GEOGRAPHIC COORDINATES 

DEVELOPMEKT OF FORMULAS 

A scheme of triangulation may bo adjusted not only by means of 
equations of condition * but also by ineans of observation equations 
in which the number of independent unknowns is just sufficient to - 

Thoro is somo confusion In umgo tu to tho tarm eqwlion OJ condition, or condftion equation. In this 
Publlcntlon tho monnlng Is rostrlctod to that of M equntlon oxprossing somo condltlon which is impased 

' 0  priori nnd indopondontly of unythlng nrlsing from tho obsorvntlons thomselvos, nnd which must be 
rigorously sntlsnod by tho ndoptnd rosultr. An oquntion whlch expressus tho rovults of 09 observntlon, 
a d  whlch wlll, in gonornl, bo sntlsflod orily npproxlrnntely by tho sdoptod results, fs not horoln k m e d  an 

L e P ~ ~ t l o n  of conW1oy but LUI observation equation. 
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determine the entire triangulation. These independent unknowns 
may very conveniently be taken as the small corrections to the 
assumed approximate geographic coordinates (that is, the latitudes 
and longitudes) of the points in the triangulation. To form the 
observation equations the relation must be found that connects the 
s m d  change in the direction of R line with the small arbitrary 
changes in the geographic coordinates of its ends. The following 
derivation of the formulas is based on the formulas for the compu- 
tation of geographic positions given in U. S. Coast and Geodetic 
Survey Special Publication No. 8 and on the notation there used. 
A “6” before the symbol of a quantity denotes a small arbitrary 
change in that quantity. q5 and 1 are, respectively, the latitude and 
longitude of A,, the initial point of the position computation, which 
may also be thought of as the occupied point, while q5’ and A’ are the 
latitude and longitude of B,, the terminal point in the position com- 
putation, which may also be thought of as the point sighted on. By 
definition also, 

A + =  4’- q5 

AR = A’ - R 

h=sB COS a 

LY is the azimuth at  A, of the line A,B, reckoned from the south 
toward the west. 

Al=sA’ sec +’ sin LY 

h 
sB cos a =- 

A l  
SA( sec q5‘ 8l.n a= 

A’sec 4’ h 
B AR 

- cot a= 

The meaning of A’ and B is explained in Special Publication No. 8. 

of changes in A’, B, and sec 9’ there results: 
By differentiating the preceding equation and neglecting the effects 
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and dividing by arc 1'' in order to  express da in seconds instead of in 
radians gives, 

hs(A1)  - A16h] 1 
@BA/ sec +/ mc iJ d a  in seconds = 

SB COB a - 
-s2BA' sec t$' arc 1" 

sin ff cos a 
//ah "6(AA)-sB cos LY arc 1 SA' sec 4' sin cy arc 1 

sin acos a - - 

sin a cos 6(AA) 6h 

By neglecting the variations in all the terms of the expression given 
for A +  in Special Publication No. 8 except the Ibt  or principal term, 
h, there results, 

Evidently, also, 
6(AR) = 62 - 61 

It thus appears that, t o  the degree of approximation here adopted, 
it is the difference in the changes of coordinates at the ends of a line 
that turns the line in azimuth. The formulas for computing da 
become, 

arc 1" TT-7L-l - - 

6 ( A + ) =  -6h=6+'-6+ 

, ,[Ad (a$' - a$) + h(61' - SA)] 1 
sZBA' sec +' arc 1 dff in sec. = 

sin a cos St$~-S+ 6A'-6r\ 
E arc 1" 7 h + T I  

In practice -dg5 may be used for h, but if a position computation 
has been made over the line, log 7~ will be immediatcly available- 
The change in the azimuth a' at B, of the line B, A, for given changes 
in the coordinates of A, and B, ma'y usually be taken tho same as 
the change in a, the azimuth at A, of the line A, B,.* If the point 
A, is fixed 6+ and 61 axe zero, and if Bl is fixed 84' and 6R' are zero. 

This formula will now be. applied to  three examples, first, the 
adjustment of a quadrilateral, noxt the adjustment of throe new 
points connected with a number of k e d  points, and, lastly, to a 
figure involving a closure in geographic position. The steps to be 
taken and the precautions to be observed wi l l  be explained as they 
mise in the course of the examples. 
* For more exact formula to be used with longor Hnas, SBB Dr. F. R. Hdmort's HOhere Oeodhle, vOl.1, 

pp. 495 and 490. For such lines aomo of the approxlmstlons mado in tho derivation here glven are no 
longor pormlsslble. 
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Station Directlout 

Initial 0 00 O O . O + ~ ~  
0 00 00.0+01 

Aa 101 44 45.l+tis 
A4 133 63 40.3+vs 

In  a l l  cases treated by this method, however complicated they may 
be, a start is mado with the assumed positions of the points to be 
determined and the assumed azimuths and lengths of the lines sighted 
over. These positions, azimuths, and lengths must be consistent 
with each other and not too f u r  from tho find result so that the 
corrections to tho assumed quantities aro in fact small, as is implied 
in the development of the formulas. Otherwise it is not important 
how these preliminary quantities are found. 

ADJUSTMENT O F  A QUADRILATERAL WITH TWO POIKTS FIXED 

As a simple example a quadrilateral, A,, A,, A,, A,, with two 
points, A,  and A,, fixed is adjusted. The coordinates of A,  and A, 
and tho.1cngth and direction of the line A,  - A ,  are fixed as shown 
in the first lines of tho position computation that follows. The anglos 
of the preliminary computation of the triangles arc obtained from 
the list of directions. To obtain tho preliminary positions, directions 
and lengths, the triangles A,, A,, A,, and A,, A,, A, wcro mado to dose 
by correcting each angle by approximately one-third of tho error of 
closure FS indicatcd in the triangle computation. This determincd the 
entire quadrilateral. In each of the other triangles two sides and 
an included angle became known and thus their remaining parts were 
computed. 

List o j  observed directions * 
AT A i  AT A,  

I Station I)iroctiont 

1 h i t i n 1  0 00 00.0+28 
A4 0 00 00.0+w 
A s  31 03 42.6+ue i A I  e1 47 as.o+q 

Initial 
A s  
A4 
A1 

0 00 00.0+2: Inltlnl 0 00 oo.o+zc 
0 00 M).o+u. 0 00 oO.O+u!o 

20 40 23.5+c.s 11 21 I 25 15 lO.Z+Vii I 
47 31 20.2+l% 116 47 M.O+Uis 
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Preliminary computation of triangles 

,, 

0.1 

0.1 
- 

0.1 

0.1 
- 

0.1 

- 
0.1 

0.1 

- 
0.1 

Obsorved 
IUlglO 

0 , ,! 
30 43 52.5 
101 44 46.1 
47 881. 20.2 

25 15 16.2 
133 63 40.3 
20 w 60.7 

116 47 20.0 
32 08 01.2 
31 03 42.5 

91 82 03.8 
20 40 23.5 
61 47 36.0 

-1- 
91 

45.7 

46.7 

18.7 

01.4 

- 
:0ITW- 
tion 

- 

+O. 8 
+o. 7 
+O. 8 

+2.3 
- 

-t-0. Q 

-1.2 
-1.2 
-1.2 

-3.0 
- 

-2.2 

, I  

63.3 
45.8 
21.0 

17.3 
45.8 
57.0 

18.8 
00.0 
41.3 

01.5 
24.0 
34.0 

S.772746 
0. BlwB 
9. Qg0808 
9.807787 

4.0.55120 
3.932088 

0.309934 
9.857694 
9.551339 

4. ms73 
3. 004018 

3.932088 
0.048300 
9.72oO24 
9.712614 

s. nms 

3.707428 

4. osim 
3.684018 

O.oOolE5 
9.052153 
9. w m  

3.707428- 
4.000373 - 

. * This triangle is computed from two sIda and the included angle. 
- , 7 7 0 ~  ~ 4 s - 7  
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Preliminary position c o m p t a t h ,  

BTATION Aa 

a 3.892088 
9.880544 

A' 8.SOSWO AX 
sin U 

9' 0.313737 sin *(d+d') 
2 744979 
. 11 

AX -655.8774 -4a 

a 
econd angl 

a 
Aa 

a' 

d 

cp' 

f(b+cp') 

A9 

1st term 
2d and 3d 

terms 

-A9 

2.744979 
9.941572 

2 688551 

-485.90 
, I  

At to A1 
Ai and Aa 

A i  to A i  

Ai  to As 

o , , /  a 3.694018 8% 
10 aa c o s a  8.638861 s W a  1 
+Mi2418 h 1.742288 
+ 0.0879 +O. 0878 +o. oOo1 
+E& 3397 

B 8.45092BB C 1.86760 ,, 

First angle of trfangle 

3.484 
2. aaz 
6. BOB 

h* 
D 

0 1  : I  I1 I 

8 3.694018 
9.9723% 

set d' 0. ai3313 SIII i(++d') 
2 488280 

sin ,a 
A 8.6oWw)l AX 

0 

4 X  -307.7939 -4a 

X 
AX 

A' 

2.488280 
9 . ~ 4 1 ~ ~  

2.429767 

-2J9.0 
,, 

, If 

--- 
05 12.4 

+258 I - 8 05.9 

34 19.237 

--- -:::I. :I::: 
+O. 3183 1 +O.oOol 1 1 

1 4  to A i  

Bo 66 01.088 - 65.340 

601 & I  06.7448 
--- 

STATION A4 
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2d l s t t e r m  3d and +llS.'bBlO 

t t ~ t d r r n s }  + 0.5258 

-A+ +ll8.60,8 

secondoy triangulation. 
STATION A: 

o A i t o A s  

o A i t o A a  
A o  

o' A i t o A i  

rhird angle An and A t  

A i  
58.007 d 

A 9  
9' Bo 

h I""" 'p - 6. 480 

+o. 6261 

-0. m 

-h 2.072 
9.607765 sing o 9.95248 hl 4.144 s*elnlo 8.W 

' '' (I 4.055120 s* 8.11024 
*w~') Bo 67 67 1 Y o  (8.608286 1 c I 1.05837 I D I 2.322 I E 1 6 . ~ 0  

AX 
sin 4(++9') 

-h 

2.853898 
9.941676 

2 '185374 

-624.27 
I1 

6.776 r 
0 I 

78 13 - 31 03 

47 09 

180 00 

--- 
a 

227 08 

--- 

4. mim 
9.970241 I 8.608800 

800 Q' 0.313737 

I1 

18.3 
41.8 

87.0 

00.00 

80.8 

w.a 

2.863098 

AX -713.9996 

3.707428 
9. w 2 5 7  
8.608801 A h  L!:' I 0.313313 shI(d+d') 
2.394699 

a 
l'hird anglo 

U 
A a  

a' 

A% 

9' 

Hd+d') 

1st term 
2d and 3d 1 

tarms J 

- A d  

2.394699 
9.941640 -- 
a. sax39 

STATION A4 

A 4  to AI 

,, -- 
fiii.0982 h 2.048208 
t 0.mo 

f112. ooo1 

hl 
D 

i 

4.098 
2 322 

13.420 

I I I 



98 COAST AND GEODETIC SURVEY SPECIAL PUBLICATION NO. 28. 

FORMATION OF OBSERVATION EQUATION8 

The observation equations used in making the adjustments are 
formed on the assumptions of the direction method.* Each point- 
ing of tho telescope is treated as an independent observation and the 
sum of the squares of the corrections to the separate pointings is to 
bo rnado a minimum. A single pointing, howcvcr, taken by itself 
determines nothing, for  if each of the pointings at  a station he changed 
by the same amount the set of pointings has the same significance as 
before. The effect is simply a change in the zero direction, which is 
a purely arbitrary matter. If a set of corrections to directions at  a 
point has been determined by any method and the mean of theso 
corrections is not zero, the sum of the squares of these corrections 
can always be diminished by subtracting froni each correction the 
mean of d of the corrections so that the algebraic sum of tho reduced 
corrections is zero. Hence in any set of directions adjusted by tho 
method of least squares the algebraic sum of the corrections at a 
point is zer0.t To allow for this change of zero direction, or for the 
constant correction to all directions at  o, point, an unknown constant 
correction, “z,” is introduced into all equations expressing the 
results of observations at  a point, a different “ z ”  for each point 
where observations are taken. 

The observation equation may bo written, 

Assumed azimuth + d a  - observed azimuth + z - v = 0. 

The coe5cicnts of the S+’s and 61’s come from tho last equation on 
page 93. As a sample, take thoso in the expression for v,. A, cor- 
responds to the A,  and A,  to the Ill of tho cxplanation of tho for- 
mulas. Sin a, cos a, h, and dR come from the position computation 
on page 97. 

log sin u 9.976271 4.798471 4.798471 
logcos u 9.5078 logh 2.0722 log A l  2.853771 
colog arc 1” 5. 3144 

- 2.726271 1.9447 
4.7984n Number -532 Number +88 

The observed angles in the following formation of equations come 
from the list of directions on page 94. 

Azimuth A, to A ,  (initial direction) ... . . . . . 156 20 26 .6  
Observed angle initial direction to A,  . . . . . . 0 00 00. O--Z,+V, 

Observed azimuth A, to A,. . . . - ~ ~ ~ -. -. -. . 156 20 26. G--z ,+w,  
Assumed azimuth A, to A, .  . . -. . . . . . . . . . . . . . 156 20 26.6+du 
Assumed azimuth -observed azimuth. . - -. . o=o. Ofdu+z,-v, 

*See Wright and Hayford, Adjustment of Obsorvatlons, Chap. VII. 
t This does not necessarily hold good when 8 llno whose direction has already been flxed enton into 
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Azimuth A, to A, is fixed. Therefore da=O and v, -zl 
Azimuth A,  to A ,  (initial direction) -. . -. - - 15G 20 26.6 
Observed angle initial direction to A,  . . ~. . . 101 44 45.1 -zl+vl 
Observed azimuth A,  to  A,. . -. . . - -. . . . . . . . 258 06 11. 7-Z1+V2 
b u r n e d  azimuth A, to A,. . . . . . . . . . . ~ ~. . . -. 258 05 12.4+da 
Aaaumed azimuth -observed azimuth. -. . -. O=+O. 7+da+Z1-V, 

da= - 73064, - 756.4. Therefore v, = z, - 730 64, - 7564 + 0.7. 
Azimuth A,  to A ,  (initial direction).. . .. . . . . . . - 156 20 26.6 
Observed angle initial direction to A , .  . . . . . 133 53 46.3 -z1+v3 
Observed azimuth A, to A,. . -. . - -. . . -. . . . - 290 14 12. 9-z1+v, 
Assumed azimuth A, to A,. .. . . . . . . -. _ _  -. . 290 14 12.4+du 
Aesumed azimuth-obtlerved azimuth. -. . . . . O= -O.5+dU+Z, -V, 

d a =  -12126$,+21861,. Thereforov,=z1-12126$,+2186~,-0.5 
In the same way at  A, v,=z,-532 64,+88 61,-0.8 

V6=~2-447 6444-221 814-0.3 
V0’Za 

Azimuth A,  to A,  (initial direction). -. . - -. . 47 09 37.0 
Observed angle initial direction to A,. . . . - ~ 0 00 OO.O-%+v, 
Observed azimuth A ,  to A, .  . . . . . . . . . . . . . . . 47 09 37.0-z3+v7 
Aesumed azimuth A,  to A, .  . - -  ._. . _. .. .--. 47 09 37. O+du 
Assumed azimuth-observed azimuth.. . . . . O=O. O+dU+za-vr 

do= +018 (6~$~-6$~) +414 (6&--iU3). 

Similarly 

Thercforo v,=z,-918 a+s 
-414 81,+918 S+4+414 SA,+O.O 

v, -23-730 695,-75 8A3-1. 2 
V~ =~,-532 643+88 613-0.4 

~ ~ ~ = ~ , - - 1 2 1 1  8+,+218 dA,+O. 0 
~, ,=~,-447 64,+221 61,+1.1 
v,z=~4-918 648-414 6&+918 84,+414 82,-1. 2 

We have then the set of observation cquations: 
v1 -21 

V, =.~1-730 843-75 61,+0.7 
V, =~,-1212 64,+218 6rl,-O. 5 

V, =z=-532 648+88 813-0.8 
~6 = ~ - 4 4 7  644+221 81,-0..3 
vo =& 

~7 =23-918 643-414 613+918 64,+414 61,+0.0 
V, =z,-730 64,-75 813-1.2 
~p =g-532 B43+88 613-0.4 
~,,=~,--1211 ;$,+218 BA4+0. 0 
v,,=2,-447 84,+2216 1,+1. 1 
v12=z,-918 64,-414 BA3+D18 8$,+414 6A4-l. 2 

These equations contain z’s which are of no particular interest b.t 
themselves. The normal equations might be formed and the z’s 
eliminated in the regular way, but this work is made oasier by the 
following mechanical rule, the effect of which is to form at once the 
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8& 

-ma 
-1212 

-447 

- 447 

reduced normal equations With the z’s eliminated. For the proof 
of the rule and further particulars see Jordan’s Handbuch der Ver- 
messungskunde, Vol. I, pages 151-171, of the third edition. Each 
direction is assumed to have equal weight. Write the observation 
equations dropping the 2’s and giving each unit weight. Add 
together as they stand a l l  observation equations containing the z 
for any particular point. Drop the z term out and treat the result- 
ing equation as a new observation equation with a negative weight 
equal to --I/?, where r is the total number of directions, both fixed 
and to be determined, that have been observed at the point in ques- 
tion. To reduce the new fictitious observation to unit weight it 

-1 1 must be multiplied through by - = -&i whore i= J- 1. 4- r r  
Table 1 below shows the coe5cients of the unknowns, the coeffi- 

cients formed by adding the equations containing any partic- 
ular 2, and the weights. Table 2 shows these equations divided 
through by 100 for convenience. This has no effect on the relative 
weights. The table also contains the fictitious observation equa- 

tions obtained by multiplying the sum equation by J?. From 

Table 2 the normal equations which do not contain the 2 s  me 
formed in the ordinary way for observation equations of equal 
weight, using the i’s strictly aocording to algebraic laws. Thus in 
the f h t  line of Table 2 (-4.23i)2 contributes to the h t  diagonal 
coefficient not + 17.8929 but + 17.8929ia, or - 17.8929, and (- 4.23i) 
x + (1.2%) contributes toward the side coefEcient not -5.3298, but - 5.329&i1 or i- 5.3298. 

Table for formation of normals, No. I 

- 

- 
d h  1 

-_I_I_ 

+Os 7 
+218 -0.6 
+a8 +o.a 

+m -as 
-0.8 

+2n -1.1 

-- 

Bum 

8um 

awn 
. 

Bum 
I 

21 
1 
1 
1 
3 

a 
1 
1 
1 
3 

21 
1 
1 
I 
3 

24 
1 
1 
1 
a 

--- 
ddr 

-730 

- 730 
- 6 3 2  

-532 

- Q18 - 730 -a2 
-2180 

- Q18 - 918 

d h  

- 7 6  

- 76 

+ B s  

+ a  

-414 - 76 
+88 

’ -401 

-414 
-414 

- 
P - 
1 
1 
1 

-i 

1 
1 
1 

-t 

I 
1 
1 

-t 

1 
1 
1 

-1 

+ 818 

+ 918 

- 
6 - 
1 
1 
1 

a a  

1 
1 
1 

0.68i 

1 
1 
1 

0.681 

1 
1 
1 

0.681 

I 
+414 +O.O 

-0.4 
4-414 -1.6 

-1. a 
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+0.007 

+o.ooiiei 
-0.006 

-0.008 
-0.003 
-0.008381 
+o. 0 
-0.012 
-0.004 
-0.008281 

101 

- ao4s 
-io. 4 a w 1  
- 9.945 

- 4.448 - 2.283 - a. 880381 
0.0 - 8.oB2 - 4.444 - 7.258281 

2 
3 
ZI 
4 
5 
Z¶ 
7 
8 
8 
za 
10 
11 
12 
24 

- 7.m 

- 4.231 
- 5.32 

- 3.091 
- 9.18 - 7.30 - 5.32 
-12.641 

- 8.18 - 5.321 

Table for formation of normals, No. t 

-0.75 

-0.441 
+0.88 

+O. 611 
-4.14 
-0.76 
+0.88 
-2331 

-4.14 
-2401 

-1212 - 7.031 
+2.18 
+i.mi 

- 4.47 - 2 591 
+ 9.18 

+221 
+l. 281 
+4.14 

+ 6.321 
-12.11 - 4.47 + 9.18 - 4.281 

+ 2 4 M  
+218 
+2.21 
+4.14 
+4.951 

ah 

+86.0927 - O.Wl950 
+25.3104 
-10. me 
+14.7188 

ali 

1 
2 

84s 8lr 894 1 8 4  

1 +116.2108 +35.0927 -161.8628 -10.0554 
2 +E3104 - 75.6831 -16.BaSo 
3 +3W. 2176 +24.0721 
4 +20.0037 

844 

-161.ea28 + 1.392768 
- 75.6831 

- 26.8073 + 1.821808 
+399.2176 
-2%. 437a - 48.8403 
+124.9400 

84’ 

+ 4a8759 

1 
2 
3 

9 2 -- 
+0.0763 - 20.5338 
+O.oz(B - 321620 
-0.0468 +185.6970 
-0.01105 + 17.18975 

8k 

-10.0644 + o.o8B(i23 
-16. Bo66 + 3.0309 
-13.8683 + 0.842806 
+24.0721 
-14.0M8 

-15. a 1 3  + 0.121089 
+a. 0037 - 0.8700 
-13.0733 - 1.8485 
+ 4.nm 

-25. mea 

blc 

0 

+O. 0753 
-0.ooOo48 
+o.me 
-0.0227 

2 

- aO.6336 + 0.176684 
- sa l6zo  + 6.m 

+O. OOOB 
-0.000081 
-0.0468 
+o. 1048 
+o. 0016 
+o. 0597 
-0. ooW78 
-0.01105 

+o. ooo85 +o. 00728 
+O. m58 
-0. ooo838 

+o. ma 

- 25.8018 + 1.764462 
+186.0870 - 28.5086 - 47.3000 
+IOU. 7984 - 0 . 8 7 W  
+ 17.16375 - 1.77003 - 24.47172 + 13.36904 
+ 4.27448 - Loo0838 
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+O. 7030 

-0.5 
-0.519 

-n. 1 ~ 3 1  

Back solution 

t-0.6935 

+O. 7030 
-0. la1 

+o. 1432 

0- 21 

+ o . m  
+0.3 

21 

+n.sos 
-0.1661 +o. 2503 
-0.1850 
-1.1 

-0.4 
-0.119 - 
-0.182 
-0.2 

-0.6324 
-0.3478 
-1.6 

+O. 3567+--3 
-0.119 

- 

+O. 8721 +o. 7907 
-0.6324 
-0.3478 

+O. 8721 +o. 7907 
+O. 4292 
-0.7185 

-O.o(1offl -0.00048 
-0. oo010 

-0. ooo84 
-0. oO058 ----I +O.o0058 

-0.oooO5 
-0.00191 I 

Computation of corrections 

1-21 2 

-0.619 
-0.6 

+O. 6935 
+O. 1432 +o. 7 
-0.519 

+l. 018 
+1.0 41. .5XG+-3 

-0.519 

4 6 

+O. 2593 
- 0 . 1 m  
-0.3 
+o. 230 
+o. 004 
0.0 

+O. 6054 
-0.1681 
-0.8 +o. 230 
-0.233 
-0.2 -0.689 +-3 

7 8 

+n. 8721 +o. 7807 
-0.5324 
-0.3478 
-0.118 

+o. 8035 
+O. 1432 
-1.2 
-0.119 

+0.5054 I +2.0710 
-0.1881 +O. 7669 

-0.482 
-0.6 +O. 664 +o. 7 

10 11 

+O. 7024 
-0.llul 
-0.425 

+o. 2593 
-0.1856 
+l. 1 
-0.425 

+O. 094 +o. 1 +o. 749 
+O. 7 +l. 27&5+-3 

-0.8 
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yz- 
mcoss 

# I  

0.0 

0.0 

0.1 

0.1 

L_ 

0.0 
0.1 
0.0 

0.1 
- 

0.1 
0.0  
0.0 

0.1 
- 

0.1 
0.0 
0.0 

0.1 
- 
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Plene 
angle 

-- 
,, 

62.8 

20.7 
40.5 

16.8 
40.2 
67.0 

19.0 
59.7 
41.3 

02.2 
23.7 
34.1 

Bymbol 

- 8+ 0 - 1+ 2 - 4+ 6 

-10+11 - 1+ 3 - 5+ 6 

-10+12 - 2+ 3 - 7+ 8 

--11+12 - 4+ 5 - 7 f  e 

Adjuakd computation of triangles 

Btatlon 

A r A  1 
A: 
A9 
A I  

&AI 
A r A  I 

A r A i  
A4 
A t  
A i  

A c A i  
A 4--4 D 

A r A i  
A4 
A ¶  
A: 

A c A i  
A 4--4 I 

AI-A:  
A4 
A I  
Ai 

A r A i  
A d 1  

Obsorved 
angle 

0 , #, 

30 43 52.5 
101 44 45.1 
47 31 20.2 

25 15 16.2 
133 63 40.3 
20 60 m.7 

116 47 20.0 
32 08 61.2 
31 03 42.5 

91 32 Q1.8 
28 40 23.5 
61 47 35.0 

:0lTeC- 
tion 

, 
+o. 3 
+ 1 . 5  
+O. 5 

+2.3 

+O. 6 
0.0 

+O. 3 

+o.o 
- 

-0.9 
-1.5 
-1.2 

-3.6 

-1.5 
+o. 2 
-0. L) 

-2.2 
- 

- 

3 her Peal 
angle 

,# 

62. R 
40.0 
20.7 

16.8 
46.3 
57.0 

19.1 
58. 7 
41.8 

02.3 
23. 7 
34.1 

Loga- 
rithm 

3. m74s 
0.201588 
0. QI)O.sOg 
9.8077P7 

4. a55122 
3.932100 

s. 773746 
0.'369N36 
9.857R93 
9.551339 

4. o c a 7 4  
3.094020 

3.932100 
0.049308 
9.720023 
0.712014 

3.707429 
3.694020 

4.056122 
0. ooo158 
9.852151 
0.945088 

3.707420 
4.000374 - 

ADJUSTMENT OF THREE NEW POINTS CONNECTED WITH SEVERAL 
FIXED POINTS BY VARIATION OF GEOGRAPHIC COORDINATES 

GENERAL STATEMENT 

Tho mothod of adjustment by geographic coordinates seems to be 
especially suitable for tho adjustment of a few new points depending 
upon a number of h o d  points. The number of normal equations 
in such case is 272, n being the number of new points. In the figure 
used the number of condition equations would bo 15, which would 
form a vory intricate set of normals. By the method of coordinates 
the number of normal equations is only six. 

Tho adjustment of figure 6 is carried out in two different ways, 
the fist one being more rigorous but a trifle longer than the second. 
The first method corresponds in its treatment of observed directions 
to the method developed in Jordan's Vermessungskunde, volume 1, 
pagos 144-173, of the third edition. The second method resembles 
somewhat the method given by Jordan on pages 173-179 for the 
approximate troatment of tho 2's and corresponds in its treatment of 
k e d  directions to tho ordinary practice of the Coast and Geodetic 
Survey for subsidiary triangulation as treated by the mothod of 
condition equations. 
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The solution by the method of condition equations was carried 
out for figure 6 and gave almost the same results, the greatest dif- 
ference in the correction to a direction being 0.2/’. This difference 
was quite to be expected in view of the different formulas and the 
fact that the k e d  positions, distances, and azimuths may not be 
strictly consistent with each other to the last figure given. 

FIRST METHOD 

The first method is fundamentally the same.as the method used in 
the adjustment of tho quadrilateral previously given, but the greater 
complication of the figure, particularly the great number of fixed 
lines, brings to light points that need mentiorl. The groundwork of 
the adjustment by either method is shown in the tables of observed 
directions and of fixed positions, azimuths, and lengths which follow. 
In the list of directions the names of stations that are sighted on 
over fxed lines are shown in heavy type. For these stations the 
directions corrected from a previous adjustment are also shown. In 
forming tho table of triangles for the preliminary computation these 
corrected directions were taken with the directly observed directions 
of new points in order to obtain such of the angles in the column 
“Observed angle” as have a fixed line for one of its sides.* No 
particular procedure to obtain the consistent set of positions, azi- 
muths, and lengths necessary to form the observation equations is 
essential to the method. In  this particular case the corrections to 
tho angles of the triangles Gunner-Larrabee-Mam, Cranberry Point- 
Gunner-Lubec Channel Lighthonse, and Telegraph-Cranberry Point- 
Gunner were arbitrarily assumed MI shown in the table of preliminary 
computation of triangles. These assumptions, with the lines already 
k e d ,  determined enough parts in every one of the other triangles to 
make possible its solution with results as shown in the table. 

Following the table of triangles the necessary preliminary compu- 
tation of positions is included. 

* This corresponds to the idea followed out in the second method of solution, but ln the pralimhW 
computation thls is of no consequence, as Is &own in the next aentenca. 
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Indian Poht 
Larrabee 
Cranberry Point 
LnbecOhannelLtght- 

Gunner 
Duck 

house 

L m b e e  
Yam 
Lnbec  ChsnnelLlght- 

house 
Gunner 
Lnbea Church Spire 

- 
0 00 00.0 55.4 

34 52 43.6 40.7 
317 37 23.5 
318 50 64.1 65.2 

322 01 44.8 
336 18 52.1 52.5 

71.9 1 

Lubec  CbaMel  Light- 

Gunner 
house 

Larrabee  
Mam (computed) 

- 
0 00 00.0 59.9 

21i9 09 40.7 40.9 1 44.0 336 10 

33 11 41.8 

Indim Point 
Lmabee 
Mam 
Lubec Channel Light- 

house 
TCl0jp h 
LubecthurchS ire 

I 

AT TREAT1 

0 00 00.0 
31 67 41.1 
94 ffi 05.9 
101 48 64.9 

1fS 28 69.0 
186 30 29.8 

Indlan Polnt 
Yam 

Lnbec Churah Splre 1315 12 10.0 
Gunner !325 58 24.9 
Duck I336 12 51.0 

Lnbec Channel Light- 
house 

Lubec Channol Light 
house 

Mnm 
Tolepn h 
Lubec8hurchSpire 

I I 

75 46 12.8 

78 37 05.0 
1.53 39 19.7 
174 08 32.3 

Second: 
after 

adjust- 
ment * 

Cranberry Polnt 
Gunnor 
Luboc Chnnnol Light- 

house 
Lubec Church Splre 

,, 
- 
50.7 
47.9 
55.0 

24.9 

50.0 

o 00 06.0 
2 54 51.2 

29 52 44.5 

231 21 00.1 

AT DLCK 

332 21 51. B 
334 34 54.3 

10 zi 54.1 

Liibcc Chnnnol Liaht 

Lubcc Church Spire 
Ind lanPoh t  

house 

AT CRANBERRY POINT 

175 30 2n.4 
u10 28 00.5 

45 14 63.3 

Lnrmbeo 
Lubcc Chnxinol Light 

hoiiw 
LubeoChannelLlaht 

I 

A T  TELISCRAPTI 

62 37 26.2 
Bo 18 6'3.8 

121 11 28.7 

I 

house - 
Duck 
Indian Polrit 
LIUT8boe 

*Refers to ftnnl vnluos of haavy lines In Fig. 0, p. 104, obtnlncdfronia previousadjustment. 

List of$xed positions 

Stotlon - 
Lubeo Church Spire 

Lubec C h a ~ e l  Light 
h o w  

Duak 

Latltudo and 
lorlgttilda 

0 , , I  

44 51 38.470 
OB 59 17.418 
44 50 31.652 
06 5s 38.299 
44 52 44.3&1 
GO 59 25.919 
44 50 03.537 
66 57 12.788 

44 49 1 n . w  
06 57 38.857 

44 50 33.w 
88 67 47.822 

44 49 57.300 
66 69 28.892 

Azimuth 1 Back azimuth 1 Tostntlon 

354 45 17.5 

114 48 33.8 

136 $8 04.0 
152 22 33.8 

154 36 03.7 
199 23 35.7 
355 a0 23.1 
80 20 42.1 

225 14 19.0 

242 36 16.3 
260 17 19.2 
301 10 10.5 

I I 174 45 23.5 LulmChurchSpiro 

294 47 33.6 Lubec Chnnnel Light 

316 50 36.7 Liibec Church Spiro 
t l O l l s 0  

Logn- 
rithm 
of dlu- 
tnnca 

3.308882 

3.315762 

3.603123 
3.440673 

3.702872 
3.236M8 
3.410111 
3.045419 

3.170008 

3.38282 
3.4'10007 
3.443128 
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Preliminary computution of triangles 

107 

Loga- 
rithm 

9.410111 
0.145080 

0.149696 

3.473596 
2.805087 

8.3888RZ 

4.923008 
0.302254 

3. .13R5M 
2.805086-' 

J.045618 

O.Ol .IR03 

0.714005 

?.82R792+1 

0.9i~4a5 

0.023~2 

n. ma70  

2 8nat17 

3.236668 

a. 270234 
0. QOOnQ4 
9.747%2 

3.473590 
3.280754 

8.470097 
0.001014 
9. R04702 
P.799044 

3. %?5503-' 
3.200765-1 

3.816788 

0.005304 
0 .  €03728 
9.035388 

2.828rn-' 

3.280764 

5.443126 

918131'53, 
9: 980247 

3: 3w502 
3..4%3680 

e , a m  

Bpmbol 

-1+ i 
+24 
-21 

-1+ 4 
+24 
-21 

-1+ 6 
+24 

-2+ J 
+23 
-22 

-2+ 4 
+23 
-21 

-2+ 5 +n 

-3+ 4 
+22 
-21 

, 
, 

I 

' 

j 
; 
, 

station 

Duck-Lmnboo 

C ii n nor-T.arnhee 
Gunnor-Duck 

Duck-Mum 
Gunner 
niick 
Nam 

Giinnor-Mum 
Gunner-Duck 

Duck-Lubec Chon- 
no1 IAght houso 

Giinner 
Duck 
Luhec C'h R n 11 o 1 

Llghthoiise 
Q u n n e  r-Lub o o  

Channel Llnht- 
houso " 

Gunner-Duck 

Indinn I'otnt-I,nr- 
mbw 

Gunner 
Indlnn Point 
Imrabee 

Ounner-T,arrabeo 
Ou n nor-I  n d i n n  

Polnt 

Indlnn PolntMnm 
Ounnrr 
Indlnn Polnt 
Mam 

Giinner-Mam 
Gu n n or-I n d i a n 

Point 

Indlan Polnt-Zii- 
h o c  C h a n n o l  
Lffihthouso 

Ounner 
Tndian Polnt 
t n b e o  C h a n n e l  

Lighthouse 
Q 11 n nor-Lu b o c  

Channol I.ight- 
house 

Qu n n or-I n d 1 a n  
Point 

LnrrabwMnm 
Qunncr 
Lnrrnlme 
Mam 

Oiinnor-Mum 
Ounner-Lambee 

Obsomod 
nnglo 

0 , ,, 
45 43 29.4 

10 14 25.i 
21 ai ~ 0 . c  

08 41 63.9 
57 00 67.9 
14 17 07.7 

16 34 42.0 
33 11 41.9 

35.2 

31 57 41.4 
14 00 30.0 
34 01 32.0 

B4 W 05.9 
47 05 88.3 
37 58 10.0 

D1 48 54.9 
18 36 68.3 

08.8 

82 h8 21.5 
44 10 37.0 
72 61 01.0 

- 
comc- 

tion 

__ 

+ 4.8 - 1.9 + 1.1 
+ 4.0  

+ 3.0 - 1.0 - 1.1 - + 0.0 

-1. 7.1 - 1.9 - 5.2 

+ 7.0 + 2.5 + 1.1 
+lo. 8 
- 

+ 5.R + 2.5 - 1.1 
f 7.2 
- 

+ 0 . 3  + 2.5 

- 1.2  - 1.1 
- 1.1 

- 3.4 
- 

- 
Spherl- 

Cnl 
nngle - 

, 
34.2 
5% 0 
20.8 

67.5 .a. 9 
OB. 0 

50.0 
40.0 
30.0 

48.4 
3R. 5 
33.1 

11.7 
38. R 
OD. 5 

04.1 
5n. n 
57. 0 

23.3 
39.9 
00.8 

- 
Spheri. 

cnl 
OXCBSS 

Plane nnglo 

0 , ,, 

31 13 30.0 

i9 34 67.0 
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Bymbol 

-3+ 6 
+22 

- a+ 7 
+22 

- 4+ 6 
+21 

+ 2- 7 

4 3  

- 9+10 - 6+ 8 

- 9 + l l  - 4+ 8 
-m+21 

- 9+l3 - 7+ 8 

- 

Preliminary computation of triangles-Continued 

station 

Larrab ee-L u b eo 
Channel Light 
house 

Qunner 

L arr a b o e-Luhen 
church spire 

Gunner 
Larrabee 
Lubec church 
G u nner-  1. 

church spire 
G unner-Larrabee 

nel Llghthouse 
MWII-LU~W Chan- 

Gunner 

house 
Gunner-Mam 

L u b o c  c h u r c h  
spire-Indian Point 
Gunner 

Point 
G u n n e r - L u b e c  

church spire 

G u n n e r - L u b e c  
Channel Light 
h o w  

Cranberry Polnt 
Gunner 
L u h e o  Channel 

Li hthouse cnmL rrv Poht- 

Gunner 

Gunnor-Mam 
Cranberry Point 
Ounnor 
M8Ul 

Cranberry Point- 

cranberry Point- 
?dam 
Gunner 

Gunnoi 

Obsorwd 
anglo 

0 # ,P 

19 51 13.6 
12 58 29.9 

16.6 

i4 32 48.4 

71.6 
IO 45 00.n 

6 62 4R.@ 
3 04 4R.B 

21.4 

73 29 30.2 
60 65.4 

3 33 34.4 

15 45 12.8 

48.6 
m 05 68.7 

18 36 05.9 
10 68 47.7 
4 24 21.3 

74 08 32.3 
b 24 23.8 a?. R 

- 
C o r m  

tion 

,# 

+ 2.3 - 1.1 

+M. 7 - 1.1 

+ 3.6 + 1.1 

-27.7 

- 2.6 

0.0 
0.0 

-13.1 + 3.6 - 6.3 

-14.0 

+11.6 
-18.4 

- 

- 
3pherl- 

C€%l 
angle 

15.8 
28.8 
15.4 

69. 1 
55.0 
62.0 

62.5 
50.7 
16.8 

02.5 
85. 0 

31.9 

12.8 
68.7 
48.5 

62.8 
61.2 
10.0 

43.8 

10.8 
05.4 

- 
Spherl- 

Csl 
exem 

Plane anglo 

0 , ,, 

)7 OQ 16.4 

33 m.1 

I4 40 52.0 

70 02 16.8 

2 67 26.6 

14 08 48.8 

0 27 10.8 

- 
Log& 
rlthm 

a. usm 

0.027417 
O.aSlR03 
8. 09oooe 

2.828703 

3.473586 

3.702873 

0.388851 
R.271W 
R. 403873 
3.341111 

3.473508 

3.178968 

0. w1m 
8.730324 
9.238033 

2. mm2 

3.335501 

3.603122 

0.94MKu) 
8.712bb2 

8.782808 
3.2(10764 

3.341111 

2.828793 

0.013500 
9.996999 
9.388114 

2.842358 

2.230473 

3.330602 
0. m 1  
0. W708 
8.885341 

3.341901 

2.230474 

3.341111 

0.091389 

7.887971 
3.3W248 

2.230411 

8.onna 
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Preliminary computation of triangles-Continued 

109 

L 

I 

Bymbo 

-10+1! 

-2 

-13+14 

- 1€ 

--16+18 

-l2+13 

-16+17 

- 6+ 1 

-10+17 - 9+l2 - 6+ 8 

-18+18 
- l O + l 2  

-17t18 - 6+ 0 .. . 

Btatlon 

Troak 
Cranborry , Point 

Trmh 
Cranberry Point 

L u b e o  churcl 
splro 

L u b o c  c h u r c l  
spire-Cranberrj 
Polnt 

TelemaDh 
Lub& Ehurch spin 
crmborry Polnt 
To 1 o gr aph-Cran 

berry Point 
Telcgrn h L u b e c  

churcg ipko 

Telegraph-Ounner 
Tologra h Luboc 

Crnnberry Polne 

churcR s&o 

aUM9r 
Telo aph 
CranKrry Point 
OUMer 

Telegraph-Gunner 
T e l  egr  aph-Cran. 

Cranberry Poine 
Lubec Channel 

berry Polnt 

Llghtbouso 
Telegapb-L u 0 o c 

Channel Light. 
houso 

T e 1 e g r nph-Cran. 
berry Poin e 

Qunnor - L u  boc 
C b m o l  Light 
house 

Qunner 
Lube0 .Channel 

Telegraph 

house 
Telegraph-Gunner 

Observed 
angle 

0 # ,, 

2 61 63.! 
35.' 

1 19 31.7 

17 43 82.8 

17 34 38.1 
19. a 

!a 38 69.8 
61 47.6 

M 29 12.0 

t 1  33 63.1 
24 30.1 

S 01 30.8 

2 64 63.2 
3 39 18.7 
3 26 64.0 

9 62 44.6 
7 64 00.9 

08.0 

0 67 61.3 
(I 40 04.1 

04.0 

- 
correo 

tion 
- 

,* 

-13. 

- 0. '  

- 4. '  

- 4.: 

-62. ( 

+14.: 

-64. E 

+16.C 

- 2.2 - 2.7 

- 7.6 

- 2.a - 

- 9.a - 2.7 

- 7.4 + 2.6 

- 

Bpherl. 
Cal 

angle 

,, 

40. ! 
64., 

25. : 

68.5 
28. ( 
33. I 

07.2 
85. Q 
20. E 

- 
68.3 
75.1 
40. D 

61.0 
17.0 
62.0 

34.9 
04.2 
20.9 

43.9 
00.7 
08.4 

- 

Plan0 angle 

0 , I#  

16 48 54.7 

44 41 28.C 

IO 62 25.8 

32 68.3 
)o 26 16.1 

2 13 20.9 

0 !B 09.4 

rlthm 

8.1768s8 

1.301788 
8.803166 

8.3030% 
3.3419O2 

2.842382 

a. so~esa 
0.610300 
9.7ti1918 
9.478860 
3.688198 

3.300248 

3.300248 

0.107274 
9.710244 
9.644138 
3.123788 

2. 9 5 7 m  

3.341111 

0.125878 
9.704449 
9.480073 
3.171430 
2.957000 

2.230473 

1.2837W 
9.041167 
9.688487 

8.171430 
3.123706 

2.842358 

0.302057 
9.99v244 
9.978761 

3.1352694 

3.123780 

2.828793 

0.343610 
9.002851 
8.999127 

3.135200 

3.171436 
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0 I I ,  

44 50 39 

-10.2275 + O . m  

-10.2267 

, 

Preliminary position computation, 

STATION GUNNER i 

8 
casu u 

h 

I 

Duck to Lubec Chnnnel Lighthouvo 
Lubec Channol I&hthouuo and Gunnor 

8 
sin ,a 

sec 6’ 
A 

Ah 

Duck to Gunner 

180 00 00.00 
Gunnor to Duck 2% 38 104.3 

First nngloof trlanglo 115 34 60.0 

2. ~ 1 5 0 x 7  
9. wm7 
8. W U 9 4  
0.149348 

1.402.520 

+25.2654 

44 60 33.m Duck 

4: 1 + 10.227 -- 1 11113 1 Gunner 

1.009769 

A’ I 08 I 58 I 13.087 
5.6102 
9.87112 
1.4016 

6.8900 

STATION CRANBERRY POINT 

Gunner Lo 1,ubea Chnnnnl Lighthouso 
L u k  Channel Llghthouso mind Crtlnborry Point 
Cunner to Crnnberry I’olnt 

Cranberry Point to Gunncr 

44 

8 
44 50 40 C O S P  9.5103 

I3 1.4016 

-4.5288 h 0.055878 6.3728 

0 , ,, 

0. oooo 
I 

0.043988 

AA +4.4054 

Ah 0.043988 
sin +(++$ I )  9.84U015 

0.492303 

-AU +3.11 
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IAubac Channel Llghthouso to Duck 
Gunnor nnd Duck 

Lubec Chennol Lighthouso to Gunnor 

Gunnor to Luboc Chnnnol I&hthouso 

44 50 31.052 I.uko Chnnnel A 
Llghthouso 

+' I 12:101 1 AX 

44 44.113 Ginner A' 
-- 

secondary triangulation 

- 31 13 

m 12 

1Ro 00 
55 12 

M i 5 8  

-- 
+ I- 
-- 

- -- 
68 58 

STATION QUNSER 

3 2.828793 0 , ,, 
44 50 30 C O s a  D.75wo8 

-124018 h 1.085581 + o.ooo8 

B 8.510480 ,, 

a 
rhird angle 

a 
d a  

a' 

d 
Ad 
4' 

I($+$')  

1st  term 
W term 

-4 

81 5.0570 
sh'a 9.82fIQ 

0.8881 

C 1.4010 

a 
Third anglo 

a 
A a  

a' 

d 
Ad 

I(d+$') 

1st term 
W tarn 

-Ad 

8 
sin ,a 

A 
sec 6' 

AX 

2.828783 
8.814474 
8.508984 
0.149348 

1.40lBoe 

-25.2121 
,, 

-1 I 

- 
w. 5 
30.0 

30.5 
17.8 

00. M) 
51.3 

3R. 299 

25.212 

- 
- - 

1.248803 

-17.78 ! " 
--da 

44 I 
0 , ,, 
44 50 40 

-10.9903 + o.ooo5 

-10.8898 

, 

sec $1 

13.087 

STATION CRANBERRY POINT 

Lubec Channel Lighthouse to Gunncr 
3ranborrg Point and Gunnor 

Luboc Channel Llghthouso to Crnnborry Point 

2.842358 
c z  a I 8.877302 
B 8.510480 

crry Point I AI 

08 48.5 

03 48.0 
14.7 

, S1 5.0847 
sing a I 9.0350 

C 1.4010 

0.7213 1- 

Mi 58 38.288 

- 20.807 

Mi 68 17.482 
--- 

1.318203 
8.84W 

I 1.108m 
, 

-14.07 dl I 
I , 

77(1318"-48-8 
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~. 

Cranberry Point to Tolegraph 

Telograph to Cranbony Point 
First anale of triamle 

Preliminary position computntwn, 

- 
118 

180 
208 
20 

- - 

BTATION TELEQRAPH 

a 
iecond angle 

4a 

P' 

0 

9 
49 

9' 

1(9+9') 

1st torm 
2d term 

-4d 

I D  

I +:: Cranbarry Point to Lubec Channel Lighthow 
Lubw Channel Lighthouse and Tolegraph 

3.123708 

s$,a I 9.041051 1 dX 1 
8.608901 1.724112 

SCQ d' 0.149401 sin a(d+d') 0.848343 

1.724112 1.672466 

+37.30 
j I " 

4x 

04 02.7 
64 ' I  04.2 " 

3:: 67 28.6 

68 17 492 I aios0 

69 1 10.472 
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Tolegraph to Lubco Channol Lighthomo 

31.852 Lubcc Chnnnol X 1 37.: 1 Lighthouse 1 AX 

44 0Q.W 1 Tolegraph A' 

+" 1 -- 

seconda y triangulation-Continued. 

188 00 Oam 
328 50 04.4 

GB GS 38.288 + 3 2  173 

60 SO 10.472 
--- 

STATION TELEGRAPH 

3.135260 0 I O  I 
44 M) 50 cosu 9.832338 

8.6104110 

-37.8611 h + 0.0012 

U 
Third anglo 

Au 

a' 

U 

6 
Ad 
6' 

4Wi-d') 

1st term 
2d torm 

-A6 

8' a. 2705 
s h z u  Q. 4277 

C 1.4016 

7. oQ88 

L U ~ W  C ~ ~ I I X I O ~  Lighthow to CWbOITy Point 
Telegraph M d  Cranberry Polnt 

Luboo Channol Lighlhouso to Telegraph 
2 2 7  

--37.84881 I I I 
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FORMATION OF OBSERVATION EQUATIONS 

In the first column of the following table is given the assumed 
azimuths of the various lines. Under station Gunner the azimuth to 
Duck, 299’ 38‘ 04”.3, comes from the position computation on 
page 110, and the other azimuths are obtained by adding to this the 
corrected angles from the preliminary computation of triangles. 
Thus in the first triangle in that list, Gunner-Duck-Larrabee, the 
anglc at Gunncr is 45O 43’ 34.”2, which, added to the azimuth of 
Duck, gives 345” 21’ 38”.5, as shown in the table. For any one 
station the assumed and observed azimuths of some one station 
may be taken as identical. At Gunner they are identical on station 
Duck. The observed azimuths in the second column of the table 
have their symbolic corrections affxed. These azimuths are ob- 
tained by adding the observed angles as derived from the list of 
observed directions on page 106 to the azimuth of the line Gunner- 
Duck. 

At the fixed stations given in the lower part of the table the method 
,of computing the assumed and observcd azimuths is somewhat 
different. The assumed azimuths of the fixed lines come from the 
table of fixed positions on page 106. The assumed pzimuths of tho 
new lines are found by adding to one of these fixed azimuths tho 
appropriate corrected anglc from the computation of triangles on pages 
107-109. In  the second column of the table the obscrved azimuth 
of one h e d  line used as an initial line is taken identical with its 
assumed azimuth, and the other observed azimuths, whether of 
fixed lines or of new ones, are found by adding to this azimuth the 
observed angles bctween the initial line and each of the others as 
derived from tho list of directions. 

The coefficients of the 64’s and JR’s arc found from the formulas 
on page 93. 
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Figure 6 taken with the following two tables shows that z, is for 
directions taken at Gunner, z, for directions at Cranberry Point, 
z, for directions at Telegraph, and z, for directions at Mam. The 
scheme for eliminating these z's by the use of the sum equations, as 
fictitious additional observation equations with negative weights, 
is used here in the same manner as in the previous example. Each 
weight is the negative reciprocal of the total number of observed 
lines in the adjustment that radiates from the point in question. 
The weights are, respectively, -1/8, -1/6, -1/4, and -1/6, as 
shown in Table 1. 

At "reah, Lmabee, Indian, and Duck where only one new line 
is to be determined the same process might be used, but the following 
method is identical in results and slightly shorter. Use is made of 
the fact that the directions taken a t  a point may each be changed 
by the same amount, a change equivalent to using merely a different 
zero point. Correct each of the directions by the averages of all the 
corrections necessary to reduce the observed results to the accepted 
results on the lines that have already been fixed. Then drop the z 
from the observation equation of the new line and assign the equation 
a positive weight equal to A, where s is the number of lines 

s+l 
h e a d y  fixed and therefore s + 1 is the total number of lies. Thus 
at Larrabee ths constant terms of tho observation equations repre- 
senting pointings on lines already fixed are +2.6, -0.4, $9.0, -0.1, 
and 0.0, the mean of which is +2.8. Subtracting this from each 
of the preceding numbers we have - 0.2, - 3.2, + 6.2, - 0.1, and - 2.8 
as the new constant toms ,  also -0.8 instead of +2.0 on Gunner, 
the new point. These new values are inclosed in parentheses and 
me used in forming the normal equations. There are five fixed 
lines, so the weight of the new equation without z that is used to 
replace the six equations containing z is 5/6 and the equation itself is 

which in Table 2 corresponds to the line No. 22, 
u,, = + 54164, - 14736A, - 0.8 

+ 0.496$, - 1.3461, - 0.07. 
The z's are computed from the sum equations as in the previous 

example, the result of substitution in the right-hand side being di- 
vided by - l/r, r being the total number of lines through the point 
to which z applias. For k e d  points where only one new line occurs, 
substitute 84 and 81 in the right-hand side of the observation equation 
on the new line omitting the z, and divide the result by - l / r .  Thus 
at Duck (see p. 116), 

88 shown in the computation below. 
z,, = (86698$, - 350961, - 1.9) L ( - 3) 
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-- 
_- 

3um 

10 
11 
12 
13 
14 
;urn 

15 
10 
17 
18 
jum 
19 

2 0 1  
21 
gum 
22 
23 
24 

When the z’s are h o w n  the v’s or corrections are computed from 
The details are shown in the 

For convenience of solution in the normals it is best to  divide the 
The solution 

the equations on pages 115 and 116. 
table on page 121. 

constant terms by 10 and the coofficients by 1000. 
will then give 1006~~5, and 10061,. 

T a h l e f o r f o m t w n  of nonnals No. 1 

21 
1 1  
2 1  
3 1  
4 1  
5 1  
G l  
7 1  
8 1  

8 

Z¶ 
9 1  

1 
1 
1 
1 
1 
6 

Za 
1 
1 
1 
1 
4 

26 

1 
6 

.# 

.+ 

.i 

.+ + 

1 -- 
P . 6  -- 
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  

0.8Eim 

1 1  
1 1  
1 1  
1 1  
1 1  
1 1  

0.4088i 

1 1  
1 1  
1 1  

1 
0.61 
0.707 

1 1  
1 1  

0.40831 
0.9128 
0.8044 
0.8185 

861 

+ 8669 + 2538 + 541 - 2191 - 7768 - 3a3 - 1870 
-21313 
-7,5025 

-21313 

-21313 

- 3643 
- 3643 

- 2191 - 2191 + 641 + 2538 + 8669 

+3043 

+4189 

+4189 

2 

-1012 

-1850 

-16.W 

ax1 

-35oQ - 1709 - 1473 - 1388 
-3m + 1012 + 1580 
+21m 
+13189 

+21809 

+21m 

+ 1612 
+ 1012 

- 1388 - 1388 - 1473 - 1709 
-3500 

-1181 
+4169 
+ w 3  
+2413 
+8064 

3 

+49Z 
-1660 
-1012 
-2839 
-1179 

+21313 
+21313 

+21313 - M13 - 2010 - 4189 - 2015 - 637 + 6419 

- 4189 

- 4189 - 037 

- 2010 
- mi0 

4 

-21809 
-21809 

-21809 - 4910 - 1485 + 1650 + 1701 + I078 
-23875 

+ 16x3 
+ 1850 + 1078 
- 1485 
- 1486 

S I 0  

r )  

+ 0.0 - 2.2 + 4.8 + 3.6 + 7. 1 + 9.7 + 25.5 + 7.1 + 65.6 
+ 0.0 + 0.0 - 13.1 - 2.7 + 11.5 + 0.8 + 2.5 
+ 0.0 - 62.6 - 54.8 - 622 
-169.0 + 4.3 

+ 6.4 + 1.1 + 7.6 - 0.8 - 2.8 - 1.9 
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Table forJonnation of normals No. 2 

119 

I 
2 
3 
4 
5 
6 
7 
8 
ZL 

ad1 -- 
+ 8.07 
f2.54 
+0.54 - 2.10 - 7.70 - 3.64 - 1.87 
-21.31 - 8.85f 

9 
10 
11 
12 
13 
14 
ZS 

-21.31 

- 8.701 

ax1 

- 3.51 - 1.71 - 1.47 - 1.30 - 3.83 + 1.01 + 1.68 
+a. e1 + 4.601 

+21.01 

+ 8.851 

+ 1.01 
+ 0.811 

- 1.38 - 0.571 
- 1.34 - 1.53 - 288 

16 
10 
17 
18 
2) 

19 
20 
21 
zs 

1 1 1 2  

- 3.64 
- 1.821 

- 2.10 - 0.801 

+087.3528 -852.5451 1 I +013.2320 
~~~~ ~ 

3 -~ 
-823.2428 +781.3412 + 8.0380 
+X70.4443 -@7.7300 -13.N4 
+OB. 5610 --831.4801 -30.8513 

+842 4040 f30.7824 
+43.7028 

869 

+21.31 + 7.641 
+21.31 - 0.01 - 201 - 4.10 - 204 - 0.01 + 2.021 
- 4.10 

- 2.091 
- 0.45 - 201 
- 0.821 

0 

- 0.2205 - RB085 + 01.8M)8 + 3.9404 + 6.5202 + OG.6088 
+18. (1471 + 4.14f6 f128.2250 
-15.0112 + 9.0130 - 21. WOI 
-33.0441 -18.8762 - 17.1108 
3.41.7703 +30.2371 + 44.8281 

ax9 

-21.01 -- 7,781 
-21.01 - 4.01 - 1.48 + 1.65 + l.iO + LOR - 8. i5t 

+ 1.G5 
+ 0.821 
+ 0.70 - 1.48 

- 0.011 

+3.64 

+1.291 

+4.10 

+l. 711 

-1.18 
+4.10 
+3.64 
+2.41 
+4. E31 

hTonnal equations 

-1.01 

-0. G71 

-1.65 

-0.671 

t4.02 
-1.65 
-1.61 
-2.84 
-0.501 

ri 

+o. 00 
-0.22 
+O. 48 
+O. 30 
+O. 71 
+O. 07 
+2 55 
+O. 71 
+I. 071 

+O. 00 
+O. 00 
-1.31 
-0.27 
+I. 15 
+O. 88 
+o. mi 

+O. 00 
-5.20 
-5.48 
-0.22 

+O. 30 
+O. 64 
+o. 11 
+O. 31i 

-0.07 
-0.25 
-0.10 

-a 481 

+ 5.10 + 0.01 - 0.45 - 3.22 
-10.88 + 0.97 + 2.23 + 0.71 - 1.711 
+ 0.00 
-10.92 - 4.m - 0.27 + 0.81 + 1.12 - 5.741 
+ 3.74 - 5. 20 - 5.48 - 0.05 - 6.821 

+ 0.01 - 2.85 - 3.47 - 2.581 
- 0.02 + 0.40 + 4.08 
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$: $5 
rid rid 
+ I  + I  

I I + + l  1 + 1 + + 1 1 + 1  + I  
, 

I 

- I  
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-0.86892 

-0.88882 
- 

Back solution 

+0.08872 1 -0.12121 I +O.M862 1 +O.O0058 1 +O.O0902 
-0.75924 -0.00768 +0.15787 +0.01840 -0.ooO20 

+0.01440 -0.02003 -0.03216 + O . W 9  
-0.oo052 ~ -0.00832 -0.18815 + O . l O l i O  

-0.20433 - -0.08990 +0.08010 I +0.08014 1 -0.22038 

I +0.03078 
-0.25523 I- 

0 

- 1.m 
- - 4.114 2,205 
+14.037 
-11.412 + 8.7 

+ 4.854 + 4.9 

13 

1 1 2 1 3 1 4  8 
- . - - _ _ _ - ~  - 0.5% - 8.502 1 -11.412 4: 1 -56.818 +20.490 

+25.5 +44.707 ' 

-11.412 + 8.478 + 7.1 

- 1.536 - 1.6 

a 
I___-- 

--- 

+ 0.213 

- 2.205 

+65.0 

+91.292 
-11.412 

+14.037 

I ' I  -22.7 I 

- 1.128 + 3.123 

+ 1.648 + 1.7 

+ a.1 

' - 0.075 + 3.543 
-11.412 + 3.0 

- 4.844 - 4.8 

+ 0.716 
-42.708 
+44.386 - + 2.316 + 2.3 

- 7.705 - 6.662 - 6.781 - 1.932 
-33.882 I -56.918 I +10.033 I + 3.035 
+20.4Qo +20.480 - 1.129 - 1.128 

- 4.027 - 1.122 - 3.371 - 4.114 - 2.536 - 2.206 
+14.337 +14.037 
+44.368 +44.369 
-52.6 -54.8 

- 3.827 - 3.865 - 3.8 - 3.8 

+44.707 I +44.707 I I -13.1 

23' 

- 0.469 - 3.8 

____- _ _ _ _ ~  
23" 23"' 23"" 

- 0.486 - 0.468 - 0.468 - 6.0 - 2.4 +11.2 

-__I_-- 

-13.126 
-13.1 

- 1.480 
+24.889 
+44.308 
-02. 2 

+ 6.378 + 6.4 

. + 6.681 + 2.058 + 6.0 I + 2.1 I f11.471 1 

- 0.521 - 0.611 - 0.521 : 1 - 0.2 1 - 3.2 1 + 6.2 - 0.8 - 0.721 - 3.721 + 6.079 
- 0 . 7  1 - 3.7 1 + 6.7 - 0.521 

- 5.408 - 2.808 +10.731 1 ::y 1 - 6.5 1 - 2.8 1 +IO.? 

5 

- 2.388 + 9.783 - 11.412 + 7.1 

+ 3.083 + 3.1 

12 

- 4.027 - 3.371 - 2.535 + 14.337 - 1.128 - 2.1 

+ 0.575 + 0.6 

zs 
- 1.122 - 4.114 - 4.027 - 3.371 - 6.480 + 10.245 
-100.6 

-177.476 + 44.368 

20" 

- 1.812 + 4 . 4  

- 1.6 
- 1.6ia 

22"" 

- 0.521 - 0.1 
- 0.021 - 0.0 

24 

+ 2.668 + 8.856 - 3.242 - 1.9 

+ 0.6 
+ 0.483 

__I_ 

- 1.800 - 0.012 - 6.662 - 3.476 - 2.203 -55.818 - 1.129 + 0.171 
TI;:? 1 + 0.8 1 4-48.783 1 

I j 1 - 1.129 

19 

- 2.203 - 2.203 
- + 1.486 + 0.743 - 0.742 + 0.8 

- 
- 1.812 - 1.812 + 0.167 - 4.0 + 3.1 + 9.780 - 0.621 - 6.612 + 1.188 - 0.8 - 6.5 + 1.a 

22. 23 

- 0.621 + 0.781 + 0.781. - 2.8 4- 4.362 + 4.362 

- 3.321 - 2.8 - a.3 + 2.343 
4- 1.874 - 0.408 

- - 0.409 - 2.8 

+ 1.8 
28 24' 
-- 

- 1.8 

- 3.2411 - 
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Final computation of triangles 

Symbol 

- 2 4 f 2  
-22+22"' 

-24"+2 

-2+ : 
-23'+2: 

-22+221 

-2+ 4 
-23"+2? 
-21+20'" 

-2+ 5 
-23"'+23 

-a+ 4 
-22+22 

-21+2ir"' 

-3+ 6 
-22"+22 

Station 

Duck-Lmnboe 
Gunner 
Duck 
Larrnboo 

Gunnor-Larrnbeo 
GunnW-Duck 

Duck-Nam 
Gunner 
Duck 
Mnm 
Gunner-Mam 
Gunner-Duck 

Duck-Lubec Chnn 
no1 Lighthouse 

Qunnor 
Duck 
Lubw C h a n n e  

Lighthouse 
G 11 n n or-L u b e (  

Chnunel Light 
houso 

Gunner-Duck 

Indinn Point-Lnr 
rnboo 

Gunner 
Indinn Point 
L a r r n b  

Cunner-Lnrmbee 
G u n n or -  Jndinr 

Point 

Indlan PoinbMnm 
Gunner 
Indian Point 
Mnm 

0 ~nner-Mnm 
U u n n e r -  Indlan 

Point 

[ndian Point-Lu. 
b e c  C h n n n o l  
Lighthouso 

3un5or 
[ndinn Point 

Chnnnol Light- 
houso 

3 u n n er-Indian 
Point 

Larrabw-Mam 
3unnor 
Larrabeo 
LInm 

L nrr a b  oo-Lubec 
Channel Light 
houso 

;unnor 
mrnhoe 
.ubw C h a n n e l  

Lighthouse 
1 11 n ne r - L u boo 
Channel Light- 
house 

1unner-Larrabeo 

Observed 
anglo 

0 , ,, 
46 43 29.4 
124 02 01.1 
10 14 26.1 

08 41 53.0 
68. E 

14 17 07.3 

15 34 42.0 
33 11 41.8 

35.3 

31 67 41.4 
14 00 37.5 
34 01 35.1 

34 60 05.9 
17 05 30.5 
37 58 15.2 

11 48 M.0 
18 35 50.1 

66.0 

)3 68 24.5 
14 10 36.5 
72 50 68.8 

i9 51 13.5 
.2 59 26.4 

20. I 

- 

corroo 
lion 

- 2. + 9. 
- 3. 

+ 3. 

- 5.' 

- 3.( 

+ 2.f + 0.1 

+ 5.1 + 6.1 - 5.: 

+ G.( 
- 

+ 3.c + 7.4 - 8.e 
+ 2.4 
- 

+11.6 + 4.7 

- 2.2 + 3.3 - 0.0 
+ 0.2 ____ 

+ 5.8 + 0.3 

- 

- 
Bphorl- 

cal 
angle 

26.5 

22.0 
IO. a 

4R. 8 
67.5 
03.7 

45.8 
GI. 6 
22.6 

47.2 

21). 2 
43. a 

00.5 
43.9 
00.6 

60.6 
63.8 
49.7 

22.3 
30. 8 
57.0 

19.3 
32.7 
08.0 

Plnno angle 

0 , ,, 

i7 00 G7.5 

I1 13 22.6 

D 34 40.7 

7 00 08.0 

LOR& 
rithm 

3.410111 
0.145086 
0.9183e0 
0.240850 

3.473586 
2.805057 

3.389282 
0.0'23546 
0.923684 
0.392230 
3.336512 
2.805056 

3.016619 

0.044789 
9.738407 
0.714630 

2.828&5+ 

2.805057 

3.236668 

0.278238 
9. OW680 
0.747840 

3.473595t 
3.240746 

8.470087 
0.001014 
0.804802 
0.788030 

3.338513-1 
3.2oW47-I 

3.316763 

0.008305 
0. m 7 5 9  
0.836879 

2.828828+ 

3.280746 

3.443126 
0. W 2 4  
0.843162 
0.980246 

3.556512 
3.473606 

3.443673 

0.027416 
0.351830 
0.996608 

2.828827 

3.413588 - 
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Final computation of triangles-Continued 

123 

' 

I 
I 

i 

Symbol 

-3+ 
-22'"+2 

-4+ 
-W+2 

+e: 
-23+23"' 

-o+u 
-54- & 

-0+11 
-4+ a 
-2oi.21 

-0+13 
-7+ 8 

-lO+ll 

-2o+20' 

Station 

!ranhrry P o i n t  
Mnm 

!rnnbrry Point 

; u n n  or-L u b o o 
church s ,ire 

runborry$oint 
iunnor 
~ubec church S D ~ O  
rnnbcrry Point- 
L u b  c h u r o h  

Crunborry I'oint- 
Gunnor 

Luboc Chnnnol 
L l g h t h o u s s  
Nam 

Crnnbarr Point 
L u k c  g h n n n o l  

Llghthouso 
Mnru 
Crnnberry Point- 
hlm 

2rnnhrry Point- 
Luboc Chmnol 
Lighthouso 

OUMOr 

splro 

Lnrra bo 0-L u bec 
church spiro 

Gunnor 
Larrnbeo 
Lulm church snlrr 

Mnm-Luboo Chm. 
no1 Llghthouso 

Ounncr 
Mum 
Luboc C h n n n o l  

Llghthouso 
0 u n ner-L u b o c 

Chnnnol Llght- 
houso 

Omor-Mnm 
L u h  church spiro- 

h n n o r  

Indlnn Point 
h n n o r - I n d  I n n  

Polnt 
3 un n or-L u b o c 

church spiro 

3 u n n o  r-I, u b e c 
Channel LighG 
houso 

:rnnbony Point 
iunnor 
AUWO C h n n n o l  
Li hthouso 

:mLrry P o i n t  
Lubcc Chnnnol 
LI 4ithou.w 

:rnn'orry point- 
Gunnor 

)unncr-Mnm 
.rnnhrry l'oint 
Junnor 
ham 

Indlnn Point 

hbOC church s p h  

Obsorved 
angle 

0 ,  I 

54 32 48. 
10 46 05. 

65. 

0 52 40.1 
3 04 50.' 

20. 

'3 20 30.: 
11.1 

3 33 18.( 

5 45 12.; 
0 05 58.: 

48. L 

8 30 65.9 
0 58 47.7 
4 24 21.3 

L 08 32.3 
5 24 23.8 

03.0 

! 61 63.1 
36.3 

. 19 30.0 

C o r m  
tion 

, 

f12. - 3. 

+ 8.1 + 2.1 

-18. ( 

+ 8.1 

+ 1.4 - 4.6 

-14.8 + 3.4 - 3.5 
-14.9 

I- 3.28 
-11.02 

-10.2 

- 0.4 

- 
Spheri. 

cnl 
angle 

, I  

80.6 
02.8 
50. G 

57.0 
53.0 
08.4 

12.2 
21.0 
26.8 

14.2 
64. I 
51.7 

51.1 
61.1 
17.8 

35.58 

11. 04 
12.711 

3U.9 
611.0 

24.2 

- 

Plme nnt 

0 ,  

14 40 50 

70 02 08 

2 67 21, 

14 08 61. 

0 27 11. 

5 48 b8.' 

rlthm 

3.70ma 

0.306914 
0.271431 
0.403010 
3.341117 

3.473500 

3.178968 

0.021421 
8.730438 
0.238122 

2.828827 

3.330511- 

9.603122 

0.945250 
8.712305 
8.702736 
3.260746 

3.341117 

2.828827 

0.013585 
9.898988 
0.388141 

2.842301 

2.230533' 

3.330512 
0.008032 
0.980769 
8.885380 

3.341013 

2.230534 

3.341117 

0.901220 
8.973913 
7.888185 
3.300250 

2.230532' 

a. 1 7 ~  

1.301889 
8.863048 

8.303520 
3.341013 

2.842330-2 
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Final computation of triangles-Continued 

Symbol 

-13+14 

-18f19’ 

-15+10 

-12+13 

-15+17 

- e+ 1 

-16+17 - 9+12 - 6+ E 

-16+1t 
-lO+lj 

-17+1t - 6+ ( 

station 

Lubcc churoh spko- 
Treab 

cranberry Point 
Lube0 church spire 
Trent2 
:ranberry Point- 

Treab 
Cranberry I’oint- 

Lubec c h u r c h  
S P h  

Luboo church 
8 p I re-cmborry 
Point 

born? Paint 
Tclogra h L u b c c  

Lubec ohurch 

churc! &n, 

Gunner 
Telegraph-Gunner 
Telegrn h Lubeo 

churcg spire 

cmberry Point- 
Gunner 

Tcle ph 
CnUlErrY Point 
Gunner - 

Telegraph-Gunner 
T o 1 o g r aph-Cran- 

borry Polnt 

house - 
Telegrnph-Gunner 

ObseNed 
angle 

D , I 8  

7 44 02.8 
18.0 

7 a4 38.1 

!8 38 69.8 
47.6 

!O 29 12.6 

I1 33 63.1 
ao. 1 

18 01 30.8 

2 54 63.1 
~3 a9 18.1 
13 26 64.t 

ZQ 62 44.1 
17 64 06.t 

08. f 

26 67 61.: 
OB 40 04.: 

64. I 

corne  
tlon 

,P 

- 2.1 
- 1.6 

- 6.1 
+ 4.4 

- 6.1 
+ 4.6 

0.0 - 1.1 - 6.4 
- 7.6 - 

+ 8.a - 2.1 

+ 8.: + 1.8 

- 

3pheri- 
cnl 

angle 

00.8 
’ 22.0 

3G. 6 

63.8 
48. 2 
17.0 

47.0 
37.6 
35.4 

m. a 
18.6 
48.2 

63.8 
04.4 
01.8 

60. E 
05.6 
63. e 

- 

e , ,I 

14 41 22.1 

30 61 48. 

BO u a7. 

72 13 01. 

80 21 63. 

Logs.. 
rlthm 

3.30888e 

0.510283 
8. 701832 
9.478886 
3. M18187 

a. aoom 

8.308250 

0.10’1362 
8.710116 
8. 644083 
3.123717 

2.967686- 

a.341117 

0.126887. 
0.704316 
8 . 4 W  
3.171388 
2.867684 

2.2aob34 

1.2Q3706 
8. 647160 
8. 688478 

a. in388 a. 123717 

2 W 9 1  

0.302688 
8. W 2 4 b  
8. 978738 

3.136224 

8. I23717 

2.828827 

0.343447 
0. 882960 
8.8881% 

3.136224 

3.171388 
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EECQND METBOD. 

The only difference between the second method of adjustment and 
the first is in the treatment of the directions taken a t  the fixed points. 
At these points observation equations are writton for the directions 
of new points only and tho z’s are omitted. The obsorvations taken 
over the fixed linos are not used, but the observed directions of the 
new lines are taken in oonnection with the adjusted direction of a 
fixed line, all directions boing referred to a common initial line. 

The equations with z’s omitted are the samo as if the angle method 
of adjustment were usod. (See p. 196.) In this treatment these oqua- 
tions are given unit weight. Jordan (Vermossungskunde, vol. 1, p. 
179, of the third edition) suggests that on some accounts it would be 
better to assign the equations for obsorvations a t  fixed points only 
half weight. 

The observation equations for directions taken at Gunner, Cran- 
berry Point, and Telegraph are the same as for tho first method 
given on page 115 and are not repeated here. Below are given the 
observation equations for the remaining points, formed according to 
the second mothod. The assumed azimuths are identical with those 
used in the Grst method. As an example, to illustrate the computa- 
tion of the observed azimuths, take tho line Mam-Gunner. Use the 
obsorvod direction for the new l i e  and tho adjusted one for tho k e d  
line. 

FixedazimuthMamtoIndianPoint,paga106, -266 17 19.2 
Angle Indian Point to Gunner, page 106 (359O 
59‘ 65//.4 to 322O 01’ 44//.8), -322 01 49.4 

0 t I /  

Observed azimuth Mam to Gunner, 5228 19 08.6 

or by reckoning from any other k e d  line through Mam the same 
result is reached, thus, 

Pixod azimuth Mam to Lubec ohannel Light- O ’ ” 
home, =225 14 19.0 

Anglo Luboc Channel Liglithouse to Gunner, 
page 106 (318O 56/ 55”2 to 322O 01’ 44’/.8), = 3 04 49.6 

Obeerved azimuth Msm to Gunnor, ~ 2 2 8  19 08.6 

Note that the coofficionts of the 6+’s and 61’s are exactly t h o  same 
aa for the h t  method and that the z’s are omitted. 
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Tho first part of oach of tables 1 and 2 for tho formation of normals 
according to tho h t  method, pages 118 and 119, down to tho line for 
v,, will servo for tho second method ulso and is not repeated hore. 
Tho remainder of tho tables according to tho second method is given 
below. 

I n  forming tho normal equations tho four z’s that occur are elimi- 
natod by tho device of tho sum oquation serving os a fictitious obsor- 
vation oquation with negative weight. Tho othor observations that 
do  not contain z’s enter into tho formation of tho normal equations 
in tho usunl way. Aftcr tho normal equations ham been solved tho 
four z’s are found from tho sum oquations in the way proviously 
explained and enter into tho computation of tho v’s, or corrections, 
from 1 to  18 and 20 and 21, but not into tho others. 

Tablefor formulion of normals No. 1 

2 3 

d h  891 

- 0.01 - 2.01 - 1.30 - 1.47 - 1.71 - 3.61 

- 2.10 
22 + 0.51 + 2.54 
24 + 8.67 

~~ ~~ 

4 5 e 

d h  86s d h  B I 

~ ~ - _ _ _ - - -  

- _ _ _ _ - - - ~ -  
+ 1.08 +0.43 + 0.87 - 1.48 +o.a - 2.85 

+0.11 - 8.47 
-0.11 - 1.04 
+o. 25 + 1.08 
-0.10 + 4.07 

Table for formation of normals hTo. d 

- 0.2205 + 3.0404 
+NO471 
-15.9112 
-33.c441 
+41.7703 

- 8.5215 + 5.8lG7 + 3.7521 + 2.MW 
-18.8752 
+30.2371 

Normal equations 

f1014.5374 -8B3.27.82 -822.5130 +781.8841 + 8.0380 
f918. 6459 +876.0117 --x37.3820 -18 2644 

+ O N .  4414 -?31.32u1 -30.8513 
+843.4555 +30.7X24 

77(j31 A0-4S-9 

+108.0712 + 01.4452 
+130. mo - 10.8403 - 17.1100 + 44.8281 
I 
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-0.76711 

Back solution 

-0.10581 +0.02035 
-0.08850 +O. 15134 +o. 02328 -0.03370 

-0.OB268 
-0.17113 - 

+O. 07534 

+o. 00778 
+O. 01814 
-0.00370 
-0.15W3 
-0.07214 

~ 

-0.21023 

+o. 00840 
-0. oOo20 
+O.oooB6 
+O. 13188 
+O. OB108 
-0.17888 

+O. 02315 

7 
- - ~  
- 0.133 - 3.322 
-10.753 
+25.6 

+10.082 
+11.0 

- 

8 

- 4.834 
-40.058 
+10.057 
+37.483 
-10.763 + 7.1 

- 1.088 - 1.1 

- 

14 -- 
- 0.480 - 1.845 
-1.223 + 8.8 

+ 3.2 
+ 3 . 2 3  

ss 

- 4.834 
-40.059 
+4.m 
+40.857 - 4.548 

+ 2 6  
+ ~ . m  

20 

- 1.514 + 2.541 
f 0 . 4  

21 ~- 
- 0.W7 + 2.818 
1-1.1 

Computation of corrections 

2 3 4 5 0 

- 0.R43 - 3.368 - 3.850 
+14.347 
-10. i53 + 8.7 

+ 5.100 + 5.1 

13 

I 

+ 2.007 + 7.377 
-10.753 

+ 0.588 + 3.583 
-10.753 - 2.2 

+ 0.125 + 3.087 
-10.753 + 4.8 

- 0.507 + 2.818 
-10.753 + 3.6 

- 1.780 + 8.058 
-10.753 + 7.1 - 1.308 - 1.4 - 8.772 - 8.8 

- 2.731 - 2.8 
- 4.742 - 4.8 

+ 2.608 + 2 8  

8 10 11 ia  

- 5.783 
-27.727 
+lo. 057 
+37.483 - 3.858 
+14.347 
+55.6 

- 4.834 
-40.059 
+lo. 057 
+37.403 - 1.m 

- 4.630 + 8.402 
- 1.223 

- 1.514 + 2.541 - 1.223 
-13.1 

- 1.541 - 2811 - 1.223 
+11.5 

- 3.158 - 2.824 - 4.548 
+14.085 - 1.223 - 2 7  

+ 0.233 + o.a 

+ 2.048 + 2.7 -13.286 
-13.3 

+ 5.825 + 5.8 

18 

- 0.4M - 1.845 + 4.3  

+ 1.334 
i- 1.3 

+t?8.021 
-10,763 

16 10 17 18 

+ 1.282 
-43.808 
+44.780 

- 3.156 - 2.824 - 4.548 
3.14.885 
+44.7w 
-52 0 

- 0.843 - 3.389 - 3.856 
+14.347 
+44,7w 
-54.8 

- 0.843 - 3.889 - 3.156 - 2.824 - 8.843 + 10.483 
-1*. 0 

-178.10a + 44.m 

- 2.020 
+25.207 
+44.700 
-02.2 

+ 5.237 + 5.3 

+ 2 . m  + 2.2 
-k 7.427 + 3.011 

+ 7*5 1 + 3*5 

+ 1.875 + 2.0 

- a . a  - 3.7 - 3.851 - 3.8 

22 23 24 

3.0.585 + 3. 583 + 2.t 

+ 2.007 + 7.377 - 1.9 

+ 0.125 + 3.087 - 1.1 

+ 2.123 + 2.1 
+ 0.081 + 6.7 

+ 7.484 + 7.5 
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Duck-Larrabee 
Gunnor 
Duck 

- 
ymbol 

- 
-I+ 3 

+24 
-22 

--I+ 4 
+24 
-21 

-1+ 5 
+24 

-2+ 3 
+a 
-22 

-2+ 4 
i-2 
-21 

-2+ ! 
+2: 

Final cornpiitabimt os triangles 

Stntion 

Lnrrabeo 

Gunner-Larraboo 
Gunner-Duck 

Duck-Mam 
Gunner 
Duck 
Mam 

G unner-Afam 
Gunner-Duck 

Duck-Lubec Chnnnol Light 
house 

Gunnor 
Duck 
Lubec Channel Ll hthouso 
Gunner-Luboc C g n n n o l  

Lighthouse 
Gunner-Duck 

Indian Point-Lnrrabea 
Cunner 
Indinn Point 
LlUIYlllW 

C;unnor-Lnrrnboo 
Gunner-Indian Point 

Indian Pointhlam 
GuMW 
Indinn Point 
Mnm 

Gunner-Mam 
Gunner-lndian Point 

Indian PoinbLubec Channe: 
Llghthouso 

Gunncr 
Indian Polnt 
Luboc Channel LSghthousO 
Gunner-L u bo c C h u n n 0 1  

Light houso 
Gunner-Indian Point 

, , ,t 

5 4 3  20.4 
4 02 00.0 
0 14 25.7 

13 4 1  63.0 
7 00 57.8 
4 17 07.7 

5 34 42.0 
I3 11 41.0 

33.2 

I 1  67 41.4 
14 00 36.0 
14 01 32.0 

34 50 05.0  
47 0.5 3 i . 3  
37 58 1O.C 

01 43 64.: 
18 36 tti.: a. I 

Iorrec- 
tion 

- 1.4 
f 7.5 - 2.1 

f 4.0 

- 3.4 + 7.5 - 3.6 

+ 0.0 
- 

+ 4.0 + 7.5 

+ 0.0 
f 0.7 - 2.1 

+10.0 

+ 4.0 
f 0.7 - 3.b 

+ 7.2 

+ll. 4 
f 0.7 

inglo 
- 

28.0 
08.4 
23. G 

60.5 
65.3 
04.2 

40.0 
49.4 
23.7 

47.4 
42.7 
21). 8 

0% E 
43. ( 
07. I 

00. : 
50. 
W.! 

Plane 
angle 

, ,, 
~ .- 

,1 13 23.7 

69 34 60.: 

l.410111 
I. 145003 
2.9llu92 a. 24985s 

3.4735Do- 
2. m 2  

3.389282 
0.023647 
0. o m 1  
0.392234 

3.336510 
2.805063- 

s. MMllQ 

0.0448w 
0.738400 
0.714C43 
2. m 1 0  

2.805002 

3.298668 
0.276237 
0. cmrmo 
0.747842 

3.473505 
3.2Go747 

3.4100s1 
0.001ti14 
9.864800 
8 . 7 W 7  

3.336511 
3.260748 

3.816762 

0.009305 
9.503764 
0.035IX30 
2.623821 

3. m747 - 
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Final computation of triangb-Continued 
- 
Symbol 

- 

-3+ 4 
+z 
-21 

-3+ 6 
+n 

- a i  7 
+22 

-4+ 6 
+21 

+a- 7 

-23 

-9+10 
-5f 8 

Station 

Larrnbcc-Mum 
Gunner 
Lnrraboe 
Mnm 

Gunner-Mnm 
Cunnor-Lmnbea 

Larrnhe-Luboc C h n n n o 1 
Lighthouse 

Gunnor 
Lnrrnbw 
1,ubcc Chnnnel Li hthouso 
GuMOr-LU b e c  8 h on no1 

G u n n o r - L m h  
Llghthouso 

Lnrmbee-Lubec church spfro 
QUnnOr 
Larrnbm 
Lubw church spiro 
Gunner-Luboo church spim. 
Ounnor-Lnrrnbeo 

Mnm-Lubec Channel Light 
house 

Gunnor 
Mam 
L u b c  Channol Lighthouse 
Ounner-Lube0 Channel Light 

Ounner-Mum 
house 

Lubw church spkIndlan 
Point 

Gunnor 
L u W  churoh spire 
Indinn Point 
Ounnor-Indim Point 
QUMW-LU~W church spire 

Qunnor-Luboc Channel Light 

c m m  Point 
h o w  

Qunncr 
Lubcc Channol Lighthouso 
Cronborr Point-LubocChm. 

Cranberry PointGunnor 
ne1 Li,&thouso 

a I 0 

J2 58 24.5 
14 10 37.0 
72 50 61.9 

39 61 18.6 
12 69 '28.9 

16.6 

54 32 48.4 
10 46 00.0 

71.0 

6 62 49.0 
3 04 49.6 

21.4 

73 2Q 30.2 
66 65.6 

3 33 34.4 

76 45 l2.8 
30 05 bs.7 

48.6 

- 
correc. 
tion 

,I 

- 2.0 + 2.1 - 3.6 

- 3.4 

+ 5.4 + 2.1 

+ 7.4 + 3.6 

-19.8 

- 6.7 

+ 1.4 - 3.7 

,, 
22.6 
30.1 
58.4 

18.9 
32.0 
OB. 1 

62.2 
01.1 
65.7 

60.4 
63.1 
10.6 

10.4 
81.0 
27.7 

14.2 
66.0 
bo. 8 

Plnno 
=de 

0 I ,, . .. 

)7 08 08.1 

L4 40 66.7 

M) 02 10.6 

2 67 21.9 

L4 08 60.8 

WQ- 
ritbm 

s.443lm 
0.050224 
9.843160 
9.880246 

3.338510 
3.473580- 

8. U8673 

0.027416 
9.351Lu3 
8.090807 
2.8uKaP 

3.473595 

8.703873 
0.366819 
9.271423 
9.403803 
3.341114 
3.473594 

8.176088 

0.02143a 
8.730418 
0.238108 
2.828818 

3,336,508 

8.6031te 

0.94'5223 
8.712401 
8.782767 

8.200740 
8.341116 

2.8281110 

0.013666 
9.98BBQ8 
9.388133 
2. zHzK14 

2.23051s 
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- 
Bymbol 

-9+ll 
-4+ 8 
49+21 

-8+13 
-7+ 8 

-10+11 

-m 

-13+14 

-18 

-lS+l6 

-12+l3 

46+17 

-6+ 7 

-16+17 
-8+12 
-6+ 8 

Final computation of trionglea-Continbed 

Station 

Gunner-Idem 
Cranberry Point 
Gunner 
Mam 

Cranberry Point-Ham 
Cranberry I'ointGunner 

Ounncr-Lubec church splre 
Cranberry I'oint 
Gunner 
Lubec church spire 
C I' a n  b er r y 

churchs ire 
Cranberry Pomt-Cunner 

Point-Lubec 

Luboc Channel Llghthouse- 

Cranberry Point 
Lubec Channel Lighthouse 
MRm 

Mam 

Point-Mam 
Cranberry Point-Lubec Chan 
ne1 Lighthouse 

Lubec church spire-Treab 
Cranberry Point 
Lubw church solre 
Treab . 
Cranberry Point-Treab 
C r a n b e r r y  Point-Lubeo 

church spire 

L U ~ C  church s p f r e - c ~ ~ ~ ~ .  
berry Point 

Tolegra h 
Luboc%urchs ire 
cranbcrr 
Telegrap~4ranbeny Point 
Telegraph-Lubec churoh spin 

Luboc church spire-Gunner 
Telegraph 
Lubec church spire 
Ounner 
Telegraph-Ounner 
Telegraph-Lubec church spin 

Cmberrg Point-Gunner 
Telc ap 
CrmKrry Point 
GUUULU 

Telegraph-Ounner 
Telegraph-Cnmberry Point 

O b s o n - d  
anglo 

e , 0 

78 30 G5.Q 
Bc, 5M 4i. 7 
4 21 21.3 

74 OM 32.3 
5 24 23.8 

03.8 

2 61 53.1 
35.2 

1 18 31.7 

17 44 02.9 
18.0 

17 34 38.1 

18 38 68.9 
47.6 

20 29 12.6 

31 33 53.1 
30.1 

18 01 30.8 

2 54 63.2 
63 38 18.7 
23 26 54.8 

j ,r 

-14.0 + 3.7 - 4.0 
-14.8 

+ 4.5 
--12.1 

-10.0 

- 7.5 

- 2.0 

- 2.0 

- 6.D 
+ 6.6 

- 6.1 
+ 6.8 

- 0.2 - 1.1 - 0.2 
- 7.5 

- 

51.3 
51.4 
17.3 

30.8 
11.7 
11.6 

37.1 
58.7 
24.2 

00.3 
23.0 
30.1 

64.0 
47.8 
18.2 

47.0 
38.3 
36.7 

63.0 
18.6 
4a 4 

- 

Loga- 
rithm 

3.338510 
0.008632 
9. W768 
8.885376 

3.341810 
2.230518 

3.341116 
0. 691245 
8.973888 
7.808156 
3.300248 

3.230510+ 

3.176888 

1.301881 
8.863051 
8.303528 
3.241810 
2.842386' 

3. 908988 
0.610288 
8. 701828 
8. 476981 
3.588187 
3.300148 

3.308248 

0:107362 
8.710110 
8.541ow) 
3.123711 
2 857081 

a. 341116 

a. 1713~2 

0.126887 
8.704310 
8. 480808 

9.857681 

2.230518 
1.293713 

8.688478 
8. w i e i  

3.171382 a. imio$ 
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Fiml compuktion of triangles-Continued 
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a 
Second angle 

l a  
a 

a' 

d 
Ad 
9' 

I(d+d') 

1st term 
2d term 

-4 

a 
lccond angle 

A a  

a' 

a 

6 
Ad 
4' 

N++V) 

1st term 
2d term 

-Ad 

Anal position computation, 
STATION GUNNER 

Duck to Lubcc Channel Lighthouw 
Lubec Chnnncl Lighthew and Ounner 
Duck to Gunner 119 38 31.5 I - I 117.8 

33.m Duck + 

38 13.7 
Firstnngle o:trinngle 1 % 1 34 1 46.8 

Ounner to Duck 
--- --- 

0 , *, 
44 50 38 

-10.2277 + o.ooo8 h 1 1.00977U 1 
--10.2209) I I 

2.805002 
9. U3W86 1 8.~EUU4 1 AX 

scc 6' 0.149348 sin l(++d') 

6.0101 

1.4016 
9. 8782 

0.8889 

1.402490 
U.841Wol 

BTATION CRAKBERRY POINT 

Gunner to Luboc Chnnnol Lighthouse 
Lubcc Chnnncl Lighthow and Crnnborry Poht 

Gunner to cranberry Point 

Cranberry Point to Gunner 
First angle of triangle 

+ i d  I I 44:;13 I Gunner I X 
04.529 AX 

48.042 Cranborry Point A' 
-- 

44 I 
0 t It 

44 50 46 

-4. G2U3 
+O. oooo 
-4.5293 

soc 6' 

* I  ' I  " I 
55 13 00.0 + 90 05 65.0 

- 145 I 18 155%; 1 --- 

2.230518 
9.7551.W 
8.338004 Ah 
0.149337 sin +(+++') 

0.044025 
9. L141w15 

0.49Z40 
,, 

+3.1 
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A 
SCC 9' 

d h  

secondary triangulation 
STATIOS GUNXER 

8.5om?l4 
0.140318 

1.401846 

-25.2142 

01 
Third anglo 

dU 

(I' 

9 
A9 
9' 

*(9+9') 

a 

1 s t  tcrm 
2d tcrm 

-A9 

A X  
sin l(d+9') 

-d P 

a 
Third uuglo 

A a  

a' 

9 

A6 
9' 

I(9+9') 

n 

1st tcrrn 
2d tcrm 

- id 

1.401640 
9.8w2w 

1.249040 

-17.78 

Luhcc Chnnnol 1,ightIiouso to Duck I 2; 1 Z'G lOGy5 
U u c r  mid Duck - 31 13 23.7 

Lrlbcc ChMncl Lighthouse to Gunncr 
Crnnberry l'oint and Gunner 

Lubcr. Chnnnel 1.igIithouso to Cninberry I'olnt 

Crnnborry Polnt to L u h c  ChnnnclI,lghthouso 

L u h c  Chnnnel Lighthouso to Gunner 
l?j-i+i- 1;. x 

-_____. 

+2Zl I 03 fZ: 

4 1  04 Wi.7 

-.-- 
l k 3  

-_.-- --- 

Gunner to Luboc Ctutnncl Lighthouse 

RT, 58 

AX - --- + 
50 I 4 8 . ~ 1 2  I Crnnbcrry I'oint A' I GO 58 

44 50 30 cos a 

I' I 

35.200 

20.805 

17.401 

2.84%!4 
9. X17U4 
X.%)8(rJ4 
0.149337 

1.318230 

--2o.Bos4 

2.826(319 
Y. i:Xi&(iS 
8.510480 

1.005587 

AX 1.318239 
sin I ( $ + $ ' )  9.8483% 

1.166542 

-de -14.67 

53 38.200 

25.214 

unncr 5S 13.0% 

ithoueo 

-10. MM5 

s 
sin a 

A' 
sec 9' 

dX 

(1.i214 
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Final position computation, 

STATION TELEQRAPH 

Cranbemy Point to Lubec Cham01 Lfghthouse 
Lube0 Channel Llghthouse and Telegraph 

Cranberry Point to Telegraph 

Telegraph to Cranberry Point 
First angle of triangle 

48.842 CrnnborryPoint X 
dX 

09.500 Telegraph X' 
+1 

I + ii 1 4 I 6: 

72.0.3.7 I h I 1.319348 1 1 7.5329 

-20.8583 

3.123711 
<,a I 2.: 
EO+' 0.149401 

1.724052 I 1X 1 + k b 7 2 8  
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mxmday triungu2atwn-Continued. 

STATION TELEGRAPH 

I 
( 9a 

3 

h 

Lubec Channel Lighthouse to cranberry Point 
Telegraph and Cranberry Polnt 

Lubw ChaMel LJghthouse to Telegraph 

3.136218 
9.832187 
8.610480 

1.578085 

Telegraph to Lubw Channel Lighthouse 
,, , I 

+ Bo 
44 I 51 

e , ,, 
44 60 60 

-37.0500 
11 

+ o.am 
-37.8488 

"p I 
880 d! 

31.852 Lubea Channel 
37.849 

I Lighthouse 

09.601 I Telegraph I A! 

60 49.8 
227 

180 
328 60 n.1 

6* 6. a704 
shaa 1 9.4276 
C 1.4016 

I 
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1 
2 
3 
4 
5 
G 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
19‘ 
20 
21 
20’ 
20” 
2oJ” 
2u”” 
22 
22’ 
Zf 
22”’* 
22. 
23 
23‘ 
23“ 23”’ 
23”” 
24 
24’ 
!?A‘r 

Computation of probable errors 

-1- 0.2 - 8 .5  
- 2.7 - 4.9 + 3.1 + 4.9 + 9.5 
- 1.5 + 1.7 + 3.1 
-13.1 + 0.G + 5.0 + 2.9 + 2.3 - 3.8 - 3.X + 5.4 + 0.8 - 0.7 + 5.6 
4- 2.1 - 0.8 
- 1.5 - 6 . 6  + 1.2 + 2.6 
- 0 . 7  

+ - 6.7 
- 0.6 
-3.3 + 1.0 - 4.2 - 6.5 - 2.8 
.+lo. 7 + 6.5 - 3.0 - 3.4 

hdoptoc 

solutiou 

0. M 

24.01 

Lx). 25 
2.25 

%GI 
lil. 61 

25. (W 

5.29 
14.44 
14.44 
29. l G  
0.64 
0.49 

31.36 
4.41 

2.25 
42.25 
1.44 
G.7G 
0.49 

13.69 
32.49 
0.36 

10.89 
3.G1 

li. 
30.25 
7. w 

114.49 
42.25 
9.00 

11.54 

m. 72 

n. 30 
8. 4 1  

0. r4 

1 
2 
3 
4 
5 
8 
7 
8 
9 

10 
11 
12 
1 3 
14  
15 
16 
l i  
18 
19 
20 
21 
22 
23 
24 

hdoptoc 
t ’ S  

second 
mlutiou 

- 1.4 
- 8.8 
- 2.8 
- 4.8 + 2.6 + 6.1 
+11.0 
- 1.1 + 1.3 + 2 . 7  
-13.3 
-1- 0 .2  + 6 . 8  + 3 .2  + 2.2 - 3.7 - 3.9 + 5.3 + 2.0 + 7.5 + 3.5 + 2.1 + 6.7 + 7.5 

1.96 
i 7 . 4 4  
i. 84 a. 01 
(I. i G  

26.01 
1”1.00 

1.21 
1.G9 
i. 29 

liti. E9 
0.01 

33. w 
10.24 
4.84 

13. G9 
15.21 

4.00 
5G. !?J 
12.25 
4.41 

44.89 
56.25 

734.93 

28. OD 

In  the first method of adjustment, thoro are 40 equations to dcter- 
mine 14 unknown quantities, namcly, 6 64’s and 82s  and 8 2’s. The 
probable error of an observcd dircction is thcrofore, 

In the second method there are 24 equations to  determine 9 
unknown quantities, namely, 6 84’s and 61’s and 3 z’s dt now points. 
The probable error of an observed direction is therefore, 

. 
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Azimuth 

0 0 1  

251 42 l i . 0  

264 11 22.1 

197 12 19.7 

ADJUSTMEKT OF A FIGURE CONTAIKING LATITUDE, LONGITUDE, 
AZIMUTH, AND LENGTH CONDITIOXS BY TIIE METHOD OF VARIA- 
TION OF GEOGRAPEIC COORDINATES 

This example illustrates tho fitting of ZL chain of triangulation in 
between fixcd lines a t  the ends. The necessary preliminary computa- 
tions of the ussurned positions and directions could h a w  been carried 
out in much the same way as in the preceding cxamplcs. A prelipi- 
nary figure adjustment was, however, available and the results of i t  
were used in tho preliminary computations of tho triangles and the 
geographic positions, pugcs 140-157. The fixed lincs at  the ends of the 
chain arc shown in tho following list of fixed positions. The list of 
observed directions is not given. The necessary data may bo derived 
from t h o  observed anglcs of the triangles, pages 140-143, taken in 
connection with figure 7, page 157. 

Tulle oyfixed pos2ions 

nzzkth 
e , , ,  

101 45 44.9 

84 14 41.9 

17 14 17.6 

Station 

Fort Morgnn. 

Dauphin Islnnd east bnso. 

DeuphinIslnnd west bnso. 

Blloxl blghtliouso. 

Bhlg Islnnd Lighthouse. 

To station 
Lntitude 

and 
longitude 

a , ,I 

30 13 42.242 
88 01 23.224 
30 14 5G.370 
88 08 14.2M 
30 14 21.402 
88 14 81.034 
30 23 39.410 
88 54 03.820 
30 12 45.341 
88 87 57.404 

L o p  
rithrn of 
distnnca 

Fort Morgan. 

Dauphin Island enst basel 4.027832 

I 4.323968 
l3iloxi Llghthooso. 
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- - 1.0 

+ 0.8 + 1.4 - 0.3 

Preliminmy computation of triangh 

- 
0.3 

33.6 0.0 
15.0 0 .1  
11.1 0.1 

8btIon 

- + 1.9 

+ 2.7 + 2.3 + 0.4 - + 6.4 

+ 1.9 - 0.6 + 0.0 

+ 1 8  - 

- 1.8 - 3.6 

- 2.8 
- 1 . 2  - 2.0 

- 0.0 
- 

- 1.0 

- 2.4 

Fort Morgan-Dauphin Island enst base 
Cedar 

%zpff%knd east base 

- 
0.2 

67.0 0.0 
43.6 0.1 
19.1 0.1 - 

a 2  

2 c 1  ai 
24.4 0.1 
11.8 0.1 

0. a 
- 

88.6 0.1 
68.0 0.1 
23.7 0.0 

0.2 
- 

23.2 0.2 
41.6 0.2 
66.9 0.2 

0.0 
- 

44.7 0.1 
38.7 0.0 
36.8 0.1 

Cedar-Dauphin Island east base 
Cedar-Fort Morgan 

Dauphin Island east bassDauphin Is 
land west base 

Cedar 
Dauphin Island east base 
Dauphin Island west base 

Cedar-Dauphin Island west base 
Cedar-Dauphln Island east base 
Cedar-Dauphin Island east base 
Cat 
Cedar 
Dauphin Island east base 

Cat-Dauphin Island east base 
Catcedar 

Cedar-Dauphin Island west base 
Cat 
Cedar 
Dauphin Island west base 

Cat-Dauphin Island west base 
CatCedm 

Dauphin Island east base-Dauphln Is 
Cat 
Dauphin Island east base 
Dauphin Island west base 

Cat-Dauphin Island west base 
Cat-Dauphin Island east base 
cedar-cat 
Pins 
Cedar 
Cat 

land west base 

P W a t  
Plns-cedar 
Cedar-Dauphin Island west base 
Pins 
Cedar 
Dauphin Island west base 

PinsDauphin Island west base 
PinsGednr 

Cat-Dauphin Island west base 
Plns 
Cat 
Dauphin Island west base 

Pins-Dauphin Island west base 
P h s c a t  

-- 

Obserped 
angle 

0 , ,, 
13 64 21.8 
12 33 57.7 
23 31 69.0 

37 20 33.0 
33 66 30.4 
38 37 62.6 

59 30 32.7 
W 11 14.2 
60 18 11.4 

36 31 64.9 
E! 44 41.2 
21 43 18.7 

BB 01 22.2 
63 37 26.0 
Bo 21 1 1 2  

28 22 40.2 
a0 M 01.6 

18.4 

68 46 26.0 
63 39 42.7 
67 34 67.9 

36 22 46.7 
36.3 

46 61 39.2 

Ej E L  

- 0.9 32.1 - 0.9 36.6 + 0.2 62.7 

Plane 
angle 

0 I It 

21.7 
37.9 

32 00.4 

32.0 
36.4 
62.6 

33.6 
16.6 
11. a 

67. e 
43.4 
19. I 

24.c 
24. f 
11. d 

a. 1 
67. I 

26 42 23.; 

23. ( 
41. : 
66. : 

44. ! 
984638.> 

36. 

Logs- 
rlthm 

4.0602w 
0.158868 
9.830183 
9.999174 

4-038361 
4 . m 5  

4.027832 

0.216124 
9.887043 
9.795388 

4.230888 
4.038354 

4.039354 
0.018388 
9.938349 
9.888171 

4. o08089 
3.963911 

4.230889 
0.164500 
9.587303 
9.668322 

3.972892 
3.853911 

4.027833 

0.039191 
9.805889 
9.938088 

3.972892 
4.006089 

3.953911 
0.401446 
9.710779 
9. Eo8605 

4.088135. 
4.204921 

4.230988 
0.088049 
9. m082 
9.985873 

4.205130 
4.204921 

3.972892 
0.237334 
9.884803 
9.856808 

4.206128 
4.088134 - 
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Prelimincrry computation of h.iangles--Continued 

14i 

.205130 

. 8884u86 

.8O7283 

.2w)B81 

.om788 

. m 7 e 8  
I. 282118 
I. 86051 1 
I. 733686 

I. 322398 
I. wb2 
L. 29oD61 
).ooas83 
?. e m 4  
?.7eeeos 

i. n86os 
L. 085462 

i. 205130 
D. 125* 
D. 888083 
8.881984 

1. mlm 
4.322398 

4.086462 
0.214011 
8.886300 
8. 78BBo8 

4.2&$783 
4 . m 2  

4. OWm 
0. aoam 
8.886824 
0.836717 

4. @7634 
4.137631 

4 . 9 5 7 a  a O l l o w  
8.93873: 
0. r n 7 (  

4 . 2 4 w  
4.137621 

4.085462 a 207885 
8. 942142 
8. MI88 

4 * 2 4 w  
4. a87036 

.a7846 

- 

Station 

.C_ 

xjsarved 
angle 

'InsDauphin Island west base 
{rand 
'ins 
)auphIn Island west base 

{rand-Dauphin Island west base 
Irand-Plns 

+md-PlnS 
'etlt 
fraud 
'Ins 

. , ,, 
i4 62 01.6 
15 13 07.0 
18 54 M.8 

130808.7 
L4 03 63.6 
12 46 67.6 

51 41 28.2 
59 11 62.0 
38 OB 38.1 

48 32 18.6 
62 26 08.6 
79 01 30.0 

37 38 20.6 
04 1866.1 
3s 01 3110 

38 40 39.C 
87 66 64. c 
43 14 18.E 

77 OB 13.: 
60 16 33.' 
42 67 10.: 

38 16 34.: 
01 04 37.: 
80 38 4al 

Wit-Pfna 
%tit-Grand 

3raud-Dauphin Island west b m  
?etlt 
]rand 
Iauphln Island west base 

?etit-Dauphin Island west b a  
?etit-Grend , 

!.JmeC- 
tion 

?Ins-Dauphin Island west base 
Petit 
P i n s  
Dauphin Island west base 

PetibDauphln Ielsnd west bane 
Petit-Plns 

+ 1.4 + 1.3 + 1.1 

Horn-Orend 
Horn-Pmgoub 

PamgoaIa-Patlt 
Horn 
PaPcagOala 
Petit ' 

+ 1.0 

- 0.3 - 0.6 
t 1.4 

t 0.6 
- 

t 0.1 
4- 0 . 8  
4- 0.3  

Horn-Petit 
Horn-Pascagoub 
Orand-Petit 
HOrn 
Orand 
Petit 

16.1 
33.8 
10.6 

33.3 

48.8 
87.5 

Ham-Petit 
Hm-OWd 

0. ' 

0.1 
0. 
0. 

0. 
- 

0. 

0. 

0. 

0. 

- 

+ 1.2 

+ 0.4 - 0.1 + 1.4 

+ 1.7 

+ 3.c + 1.1 + 0.L 

+ 6.1 
- 

+ 8.1 

+ 1.: 
+ a.i 

+ ai 
- 

+ 2.1 + 0. + 0. 

+ 3. 

- 0. + 0. + 0. 

+ 0. 

!%- 
ngle 
- 

,8 

00.2 
08. 3 
62.0 

0 8 4  
63.0 
68. 8 

2A3  
62 E 
3% 4 

19. 
08. < 
31. * 

23. I 
67. I 
38. : 

42.8 
67.5 
20.1 

E bw- 
Peal 

ex- - 
,* 
0.2 
0.1 
0.2 

0.6 
- 

0.1 
0.1 
0.1 -- 
a3 

0.1 
0.2 
0.2 

0.6 
- 

0.2 
0.2 
0.3 

0.7 
- 

0. I 
0. : 
0.1 - 
a4 

0. : 
0. : 
0. : 

i 

Plane 
angle 

I I / I  

00. 0 
082 
61.8 

n8.3 
62.8 
68.8 

?A2 

38. 2 
62 e 

18.7 
08.2 
31.1 

at 
67.1 
38.1 

411; 
67. i m. i 

16. ! 
33. 
10. 

33. 
37. 
48. 
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Preliminanj computation of tn'ungles-Continued 

Stntion 

I'scagoolrr-Horn 
Bello 
Pasmgoula 
Horn 

Bello-Horn 
BellcI'nsmpoi~ln 

D ellcl'nscagollla 
Club 
Bello 
Pascngoola 

club-I'nscngoulfl 
Club-Belle I 

Club-Horn 
Club-Belle 

P ~ o l , l a - l I o r n  
Club 
Pascagoula 
I I O r n  

Club-Horn 
C I u b - P ~ g o U l a  

DellcClub 
D@CI 
R ~ l l e  
Club 

DeerSlub 
Deer-Delle 

Deer-Belle 
Ghip ' 

Dear 
Belle 

I Shipnel le  
6hipDwr 

Dear-Club 
Bhin 
Deer 
Club 

Ghip-Club 
Bhip-Deer 

Delln-Club 
Bhi 
Belye 
Club 

)bservcd 
nr1glo 

a , ,t 

Y 55 49.8 
80 43 2% 0 
81 17 53.5 

8 40 43.3 
2x 65.3 

I1 50 23.4 

6 43 50.0 
10 30 05.5 
I3 45 63.7 

17 03 13.6 
17 63 04.8 
)5 03 47.2 

I1 02 10.7 
12 35 1R.G 
10 22 26.8 

33 10 GO.? 
37 40 37.6 
18 60 22.6 

70 62 &'it 
50 47 27.4 
52 20 03.. 

37 4 1  34.5 
63 a5 55.t 
88 42 30.1 

:orrec 
Lion 

- 1.8 - 3.4 
- 5.8 

-10.8 

+ 1.1 - 0. 8 
- 2.1 

- 1.6 
- 

- 0.4 + 1 . 2  + 3.4 

+ 4.2 

- 1 . I  - 1.: - 2.: 

- 5. ( 

+ 0.: + 1.. + ?.( 

+ 4.: 
- 

- 1.I - 1.1 
4- 2.1 

- 0.: 

- 0.1 
- 2.! 
- 2.: 

- 5.: 

+ 1.: - 1.. - 0. I 

- 0.. 
- 

- 
Ipher- 
1cnl 
lnnglo 
- 

4.5.0 
21. 8 
47.0 

44.4 
54.7 
21.3 

56.5 
00.7 
6 i .  1 

I?. I 
03.3 
45.0 

11.4 

28.8 
20. a 

55.4 
38. 1 
25. E 

34. ! 
24.; 
01.: 

38. ; 
h4.. 
30. ( 

pher- 
IC91 
X C c S  

- 

0.2 
0.1 
0.2 

0.5 

0.1 
0.2 
0.1 

0.4 
- 

0.1 
0.1 
0.1 

0.3 

0.1 
0.1 
0.2 

0.4 
- 

0.1 
0.0 
0.1 

0.2 
__ 

0.1 
0.1 
0.1 

0.3 

0.2 
0.1 
0.1 

0.4 
- 

0.1 
0.1 
0.1 

0.3 

Plnne 
mglo  

-- 
I , I ,  

47.8 
24.6 
47.7 

44.3 
54. 5 
21.2 

58.4 
00.8 
57. a 

12. ( 
03.2 
44. t 

11.2 
20. ( 
28. 

58. : 
38. ( 
25. 

34. : 
24. I 
01. 

38.1 
64. 
29. ' 

+Ell- 
rithm 

4.137527 
o.Iu:!62 
0.972217 
9.943068 

4.232008 
4.20B37 

4.202937 

9. WJJOU2 
9.722253 

o. 0~x400  

4.271325 
3.003396 

4.232006 
0.01Fi582 
0.812501 
0.744918 

4.001230 
3.993398 

4.137527 
0.135.I;Wi 
9.788210 
0.99s302 

4.001230 
4.271325 

3. Bn35Lw 
0. 182739 
0.0R9432 
9.773101 

4.105707 
3.940438 

3.940436 
0.201 764 
I). wsD35 
9.877717 

4.207135' 
4.088917 

4.165787 
0.024054 
9. 022554 
9.898498 

4.112075 
4.W917 

3.883588 
0.213050 
9. ((05720 
9.088890 

4.112075 
4.207138 
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Preliminary computation of triangles-Continuod 

Station 

Doer-Ship 
M o d  Lighthoiiso 
1)eor 
6 1 1 i ~ J  

Uiloxi Lightliouso-Ship 
Diloxi Liglithous+Uwr 

Uiloxl Lighthouso-Doer 
Ship Islamd Lighthouso 
Biloxi Lighthouse 
Doer. 

Ship Island Li  hthouso-Deor 
Sllip Island Lfghthouso-Dilod Light, 

niloxi Lighthouse-Ship 
,Ship Island Lighthouse 
Hiloxi Lighthouso 
Rhip 

horiso 

Ship Island Li  hthouse-Shi 
Ship Island L f g h t h o u s + d d  Light 

houso 

Deor-Ship 
Ship Island Lighthouse 
Door 
BMP 

Ship Islnnd Lighthouso-Ship 
Ship I s l m d  Llghthoiiso-Doer 

0bscn.od 
unglo 

0 I ,, 
45 11 17.4 
90 30 31.2 
35 18 04.4 

'25 30 02.1 
61 65 3 t i . C  
72 34 20.4 

60 31 41.: 
33 44 1R.t 
95 44 O i . (  

25 01 39.: 
23 LG 04. I 

131 02 1 1 . s  

lorrCC- 
tion 

,, 
t 3.0 
t 2.3 + 1.4 

t 7.3 

f 1.4 - 1.7 - 3.7 

- 4.0 

- 0.8 - b.3 - 0.1 

- 0.3 
- 

- 2.3 
-t 6.C +. 1.2 

-I- 5.( 
-- 

- 
pher- 
icnl 
lllglo 

,I 

21.0 
33.5 
05.8 

03.6 
34.3 
22.7 

40.3 
13.3 
06.9 

30.8 
10.8 
12.7 

,, 
0.1 
0.1 
0.1 

0.3 

0.2 
0.1 
0.2 

0.5 
- 

0.2 
0.2 
0.1 

0.5 
- 

0. I 
0. I 
0. I 

0. i 
- 

Tlnno 
anglo 

I , ,, 
20.9 
33.4 
05.7 

a. 3 
34.2 
22.6 

40.1 
13.1 as 

36.7 
10.1 
12. t 

Loga- 
rithm 

4.058917 
0.127GlO 
8.997101 
9. 761838 

4.213748 
3.97s95 

3.97%W5 
0.3CooO1 
9.95674 
9.979583 

4. J400iO 
4.323969 

4.213748 
0.112420 
9.744591 
9.997S21 

4.070759 
4.33069 

4.08sOl7 
0.373815 
9.608227 
9.897537 

4.070750 
4 340068( 

770318"--48-10 
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Preliminary poeitwn computation, 
BTATION CAT 

InIslondeast 
base 

Cat 

a 
econd angl 

la  

a' 

a 

9 
4 
9' 

1(9+9') 

1st term 
2d 3d and 
4ih  t&ms 

-4 

A 

AX 

A' 

a 
eoond angl 

a 
Aa 

a! 

d 
4 
4f 

3(4+V) 

1st t4wm 
2d and 3d 
tennr 
-dd 

' " 8 4.008088 Us 
30 16 58 cosa B l s . 5 i i m  9.870173 &sa c I kgi 
-244.2407 h 2887818 8.8388 7.108 

0 

+ 0.0700 +O. 0888 +O. 0013 

-244.1707 

East base to west bape 
West base nnd Cat 

East base to Cat 

1.1 
5.970 

+o. am 

Cat to onst base 

301 191 00.6501 

180 00 00.00 
49 57.9 I 01 1 24.1 

881 081 14.m 

1 2.4; 

fs 1 i!! 1 AX 0.063885 sln 1(4+9') 9.702883 

2 405922 2.108585 

AX +254.6373 -Aa +128 40 

BTATION CEDAR 

East base to west base 
West base and Mar 

East base to cedar 

Martoeastbase 
First anglo of triangh 

a i  I I  # I  I I 

80 14 56.379 Dauphin Island east X 

+ I 6 1  ti i .wi I base I A X  

4.038354 
9.152706 sgp 1 8.608351 1 AX I 1.766408 

880 6' 0.063997 sln )(d+d') 9.702867 

I-I- 
10 I +lMl 

h* 5.063 
D 2332 

7.425 
+O. oon 

,* 
41.9 
35.6 

17.4 
28.4 

00.00 
46.8 
3 2  1 

14.288 

58.285 

16.023 

- 
- 
- 
- 
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h* 
D 

U 
Phhd q l c  

a 
Aa 

a' 

d 
Ad 
6' 

1(d+Y) 

1st term 
2d ad and 

-AC 
4tk d m  

-h 2446 
4.881 a ~ s l n t u  7.159 
2.331 E 5.917 

7 . m  6.521 
+0.0017 

BTATION CAT 
, I 

x 
AX 

A' 

Wost base to enst base 
Cat and east base 
West baso to Cat 

---- 

88 14 61.034 

- 7 36.011 

88 07 10.023 
--- 

Cat to wost base 

+ 39.058 --- A A m . m l  Cat 

+ 0.0231 -4 -279.0577 1 
I 2.152823 1 I 1.855223 

I I I 

BTATION CEDAR 

Weatbase toeastbase 
Cedar and  east base 

Wost base to cedar 

cedar to wmt base 

-1-1-1 

. , ,, 
8.511557 

cedar 

9.3404 
so. 2190 

mo 9' 
a. 85802a 2.300817 

, 
d l  -465.0111 -Au -229.52 

33 29.4 I + 2 2 5 1  3 I 49.5 

-h 2.588 
6 176 Zsln*a 8.109 I 2:331 I E I 6.917 E 

+o. ma 
I I 1  
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First anglc of trinnglo 

a 
3econd angl 

A n  

a' 

a 

+ 
A+ 

m++7 

1st term 
2d 3d a n c  
4th t&rm 

-A+ 

t ,, 

--- 
00 M1.00 

% I 11 16.G 
58 45 23. 2 -~ - - 

a 
second angl 

A a  

a' 

a 

6 
A+ 

I(+++')  

1st term 
2d 3d and 

-A+ 
4th t&ms 

8 
sinp 

A 
SIX+' 

AX 

Preliminary position computation, 

4.264021 
9. I394274 
8. :Bo350 
0.M4116 

2. LW26G1 

+G&l.2382 

STATION p m  

h 

%Jar to west buso 
West baso and Pins 

Zedar to Pins 

2.285024 

Pins to Cedar 

AX 
sin I(+++')  

30 I 22 I 24.247 I 

2.023518 
Q. 703m 

2.327022 

89 8.5208 
slnza I 0.0% 1 h2 
C 1.1720 D 
19.60121 

1 +0.4911 I 
A h  1 2.832001 

sin I(+++') Q. 7 0 W  

STATION GRAXD 

301 
0 , ,, 
30 20 52 

+184.4693 
+ 0.1884 

+184.6577 

Plus to west bnso 
West baso and G m d  

Pins to Grand 

Grand to Plns 

4.098768 
0.033510 

-h 1.054 
3.008 s2sin2a 8.518 
2.332 I E I 5.919 

+o. 0003 

19 I 10.580 I 

0.654008 

A X  

2.623518 

+ 4 2 0 . m  
I !  

I 0 . 1  , I ,, I I 337 I 56 I 38.8 I + 85 13 08.3 

d2 8.1995 

C 1.1734 D 
sin*a I 9.WlO I h* 

-Aa I +2&3 

-h 2.288 
4.632 slsin2a 8.100 
2.3a I E I 6.010 I 

1.151 +o. 0007 

1 1  I 
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-1.57 5s 
1 

1 w  00 

88 I 14 

--- 
337 , 50 - __--- 

secondary triangulation-Continued 

33.5 
53.7 

00.00 
30. R 

51.C34 

- 

a 
rliird nngle 

a 
A a  

Q' 

d 
A d  

4' 

3(d+d') 

1st term 
2d,3d,nntl 
4th terms 

- A d  

-AQ 

Q 
Third nnglo 

a 
A m  

a' 

4 
A d  

d' 

l(d+d') 

1st term 
2t1, 3d, mid ' 
4th teriiis 

- A d  

2.0555m 

+113.00 

STATION PIX3 

160 
a7 

W 

West bnso to Cednr 
I'ins nnd Cednr 

00 00.00 
.% 10.0 ---- 
1 4  81.W 

\\'est bnso to 1'111s 

Pins to mcst bnso 

+ I -_ 
30 I 

0 t ,, 
30 18 23 

-4S2.8131 
+ n . o w  
-482.7544 

_I-' I 
22 2.1. ?4(i Pins I A' I + I 1  

AX r f225.2278 

\Vest bnso to Pins 
Grnnd nnd Pins 

\\'cst%nso to Grnnd 

+ 45.228 --- 
K8 I 1; 1 36.262 

2.362022 

Grnnd to west bnso 
, I ,, 3" 1 1 4  I 21.402 

+ 4 / 5s.m7 --- 
30 I 10 I 10.5s0 

AX 

1)nuphin Islnnd \vwL 
bnso 

Grnnd 

-&,, I ll I 0.0444 

+ 0.4431; 

-208.0067 I 1 - 

2. WRS8 

2.512521 

- A a  +3%. 48 
,# 

X 

AX 

X' 

112 1 
1) 

1,;; I 58 1 33.5 
- 30 GI 52.0 

10 I 45.4%3 --- + I  w 2.5 I 3ti.522 

-11 I 2.475 
4 054 q2sinZa x. 473 
2:Ql 1 '  'IC 1 5.017 rl +o. 0019 i"; +o. 0007 



148 COAST AND GEODETIC SURVEY SPECIAL PUBLICATION NO. 28. 

Preliminary position wmputatwn, 

STATION PETIT 

, 
Orand to west base 
West bas0 and Petit 

Orand to Petit 

Petit to Orand 
180 00 

10 
First angle of triangle 1 % I 41 -- 

0 , 0 

30 15 58 
, 

+404.0853 
+ 0.0041 
+404. OBW 

6 
cos a 
B 
h 

4.095452 
8.093623 
8.608354 
0.083392 

4.095452 61 8 lBog 
9.999470 slnz a 7.3872 
8.611551 I C I 1.17Z 1 1 ;:% 

6.7608 7.545 

-A= 

I +o*."I I o.0035 

1.381821 
9.702445 

1064286 

-11.59 
,* 

10.0 

08.8 
11.0 

52. a 

00.00 
20.4 
28.3 

36.622 
23.005 

13.517 

STATION HORN 

3rand to Petit 
Petit and Horn 
)rand to Horn 

Born to Orand 

5 18.1 

00 m.00 
09 28.2 -. 1 

First angle of triangle 16 33.3 --- 
Orand I 1 26 36.622 

10 31.017 

88 36 I 07.539 
--- AX 

' " 8 4.2876% 
IO 16 a0 ma 9.721209 

B 8.511551 

t-838.1525 h 2.53@395 
+. 0.4253 
1-339.6778 

" t- 
8 

sln a 
A' 
6' 

AX 

Horn 1 A' 

8: 8.5953 
slnr a I 9.8592 I h' 
C 1.1725 D I=- -0. OOOB 

4.287035 
9.928561 

+318.13 
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1-1-1- 

seconda y thngulatwn-Continued 

78 

180 
258 

- 

88 

88 
+ 

STATION PETIT 

67 02.1 
6 13.4 

00 00.00 
61 48.7 

--- 
--- 

14 61.034 
10 22.484 

25 13.618 
-1 

--- 

West base to Grand 
Petit and Grand 

Wost bas0 to Petit 

& 
30 

- i; fki; I Dauphin Island west 
base 

12 36.m Petit 

8 4.229608 
30 13 28 00s a 9.282521 
0 , ,, 

.. I = I a 6 1 1 ~ 7  

8 
sln a 
A' 

seo4' 

+10;'58101 h 12023688 

4.245588 
9.897178 
8.609354 
0.083471 

2 816692 

+ 0.4100 --I +105. 8919 I 

-A= 

4.mm 
9.891874 
8.508354 

2617422 

+329.17 
,, 

AX 'F +6224837 

A '  
AX 

A' 

dr 8.4690 . 
sinla 1 9.9837 I h* 

C 1.1711 D 

19.01381 

I +0.4100 I 
2 7941% 
9.701905 

2.486033 

+313.35 
0 

Potlt to G m d  

36.600 
04.611 

40.011 

9 

11"8 I k I 41I6 - 39 08 39.4 

BTATION HORN 

I AX I + d o 2 1 4  

-h 2.024 

2331 1 E a l  6.917 
4.047 a*slna a445 

+O. m y& 

Petit 

Horn 

,, 
lstterm -64.8848 h '  1.812878 +a 4630 Tt~%rEd j + o . 4 ~  

-A4 -64.6116 

2 81658a 
0.701830 

X 
AX 

A! 

+ 
88 07.63.9 I -1 

-h 1813 
h* 3.626 S'Sinra 8.481, 
D I 2.831 I E I 6.016 
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a 
iwond nngl 

A a  

a' 

a 

d 
,Ad 
4' 

Hd+d') 

ls4 torm 
2d, id,antl 

4th term 
-Ad 

a 
I Sccond nnglc 

Aa 

U' 

a 

d 
A4 
d' 

HS+d') 

1st  tcrm 
2d tcrm 

- A S  

Preliminary position computntwn,  

STATION PASCAG OULA 

Srnnd to Rorn 
Horn nnd I'nscagoula 

Grand to Pnscngouln 

Pnscngoula to Grand 

0 , ,* 

-81.2312 
+ 0 . 2 2 s  -I -81.0056 I 

4.09Wi2 

8. m 3 5 1  

2. W G 2 7  

A X  1 +4GOIb215 

I-' ,-- 

I 8.3530 1 1 L151) 1 6.008 
+o. 2254 +o. ooo1 fO. ooo1 

2 6WG27 
9.703317 

STATION BELLE 

Pnscagouln to IIlorn 
Uorn nnd Dello 

Pnscngouln to Bello 

0 , t t  

30 20 30 

+R.3511 
+O. 3iW 

+8.730! 

R. 4059 

1. liB 
I I I- ,, I 0.021743 1 1 0.SiXi 

+O. 3iW 

2 770200 
U. 7031.17 

2.4i0UG 
, 

+301. i G  

-1-1-1 
80 04 35.7 - 5 01.8 

1 m  00 00.00 
268 60 33.0 
48 65 4 x 0  

R? 33 17.444 + 9 57.323 

- - ~  

---___ .-_____ 
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secondary triangulation-Continued 

Horn to Grand 
Pascngoula nnd Ornnd 

nom to rasoagoula 

Pascagoula to Horn 

rhird nnglc 

d o  

Uf 

d 
Ad 
d' 

1(9+9') 

1st torm 
W, 3d, and 
4th t o m s  

-Ad 

a 190 19 45.3 + 1 25.8 

180 00 00.00 
19 21 11.1 

- - ~  
- - ~  - - ~  

If 8 4.137527 82 8.27M) 
30 17 10 cos a 9 974W sin* a 9.03% h2 I B [8:511558 1 C I 1.1709 1 D 

-420.6182 h 
+ 0.0345 

-420.6837 

4.137527 
9.618824 
8.508351 

dA 

2. m m  
,, 

-170.0944 

2.233380 
9.702108 

1.933360 

-85.78 
I1 

-h 2624 
6.248 @sin a 7.315 
2.331 1 E' I 5.917 I 

6 . W  
+o. ooo1 

STATION BELLE 

Horn to Pascagoula 
Bo110 and I'ascagoula 

HOITI to neuo 

Belle to Horn 

0 # ,I 

30 17 00 
, 

-412.0501 
+ 0.1976 

411.8525 

40.011 
61:W 

31.804 

9.871298 
I- 

h 2614850 

"Om, i 
Bello 

8% 
slnz a 

C 

a 4 ~ 2  
9.6505 I hn 
1.1709 D 

+o. 1936 
9.2858 I 

2.83woo 
9.70mm 

-h 2015 
6.230 ssin*a ai15 
2331 I E I 6.917 

+o. me 

dh 1 +427.2283 I -&4a 1 +216.45 
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4 1  

a 
lecond ang 

a 
do 

a' 

9 
Ad 
6' 

3(9+9') 

1st term 
2d and 3( 

term? 
-A9 

48.6 
2 46.3 

00 00.00 
01 03.3 

+ . l  
02 11.4 

--- 

a 
b n d  angl 

Aa 

a' 

a 

9 
d9 
9' I 

3(9+6') 

1st term 
2d and 3d 

terms 
-A9 

8 
s ina 
A' 
W6' 

AX 

Preliminary position computation, 

3.949438 
9.881853 
8.509351 dX 2 614685 
0.084045 S h 3 ( 9 + 6 ' )  9.703531 

2 614685 2.218216 

+327.1033 -da +185.28 

STATION CLUB 

Bello to Horn 
Horn and Club 

BoUo to Club 

Club to Bollo 

0 

30 

30 

- -- 

0 , ,* 
30 17 62 

+319.8836 
+ 0.0023 

+319.8858 

- 9' 

I , ,, 
m 3 i . m  
5 I 19.880 

~~~ 

, I ,  

58 21.9 

28 28.6 
05.0 -- 

I- 
Belle 

Club 

1 

3.883588 

8.509353 
0.063584 

8.425207 

, 5.010 
2.332 

7.342 

0.991740 

0.094598 

-Aa -4.05 

0.881740 

A X  1 .-9:;116 

ETATION DEER 

Belle to Club 
Club and Deer 

Belle to Deer 

Deer to Belle 

Flrst angle of triangld 

Belle 

27.220 Deer 30 

358 28 I 28.6 
+loa/  3 5 ,  20.0 
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rcoondary triangulation-Continued 

, 
28 
22 

08 
a 

STATION CLUB 

t, 

38.0 
28.8 

04.8 
-- 

m.0 

00 
03 

43 
6 

48 

00.00 
14.8 -- 
04.868 
38.815 

41.871 
-- 

Horn to Belle 
Club and Belle 

a 
Third a ~ l o  

a 
d a  

a' 

6 a 
6' 

l(6+d') 

1st term 
Pd 3d and 4th drms 
-4 

- 

Horn to Club 104 I 16 I 00.3 - 3 30.2 
-1-1- 

Club to Horn 

Horn x 
Ah 

Club A' 

36 07.538 
6 57.418 

-1 

+ 
30 1 .15 I 11.978 I 

8.511558 

-82.1614 
+ 0.1848 -I -81. B888 .( 

I 
2. ~120571 
9.702113 

d X  1'""" +417.4178 

2 3226(H 
,# 

+aio. 2a 

BTATION 'DEER 

a 
Thlrd angli 

a 
d o  

a' 

4 
6' 

m+V) 

1st tern 
2d 3d and 
4ih td- 

-A6 

Club to Belle 
Deor and Belle 
Club to Deer 

Dear to Club 

Club 

Deer 301 

0 , ,, 
a0 18 20 

-375.3862 
+ 0.1233 

-376.2418 

21 1 27.m A' 

ha 
D 

5.149 
2331 

7.480 
+O. m I I I +o.lmo 

2 627620 
8. 70ZQb7 

2.230417 

+170.01 
,P 
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Preliminary position computation,. 

ETATION EHIP 

I + 3 4  5/ ::IB Deer to Club 
Club and Ship 

Deer to Ship 

a 
;ecand angle 

Aa 

a' 

a 

9 
49 

9' 

I(C++') 

1st term 
2 d a n d 3 d  ' 

term , 

-19 

50 39..5 

First anglo of trianglo 52 34.5 
=-= 

Ship to Deer 

27. 220 
17.200 

30 1 15 1 10.020 
-- - 

Door 

Ship 

0 , ,# 

30 18 19 

+377.1734 
, 

8 
cas a u 

h 

4.088917 a1 8.1778 
9.97ti076 sin* a 9.0184 
8.611519 1 C I 1.1731 

h: 1 5.153 
D 2.332 

+ 0.0285 -1 +377.189(1 I 
8 

A 
Skip 

9' 
2.171051 
8.702952 

1.874003 

+74.82 

2.171051 

A l  +148.%92 I " 

PTATION BILOXI LICETHOUBE 

I * I  I 1  )P 

a 
econd awl0 

a 
Aa 

a' 

9 
A9 
9' 

1(Q+d') 

1st term 
2d 3d andl  
d h d r m s  J 

-Ad, 

Deer to UiloxI Lighthouse 

BfIoxl Lighthousa to Deer 

30 21 27.220 Deer 

30 u 39.420 Uiloxi Lighthouw 

+ 2 1 2 . m  

-1 

--- 
-1 

-h 2.121 
4.243 aasin*a 7.869 
2332 1 E 1 6.919 

I +o.1102 I t 0.1107 

-132 1997 

8 
sln a 

A' 
soc 6' 

A X  

2.50i970 
il.703wi8 

2.211638 

+ l o 2  87 
,# 
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secondary triangulation-Continued 

STATION SHIP 

a 
Third nnglo 

a 
A a  

a' 

9 
A 6  

6' 

1(4+9') 

1st term 
Zd term 

-Ad 

a 
Third anglc 

a 
da 

a' 

-A9 

Club to Door 
Ship md Deer 

Club to Bhip 

Ship to Club 

30 

30 

- 
-. - 

0 , ,I 

30 15 11 

+l.  7081 
+o. 24!M 

+I. 9577 

15 

15 
- 

, 
11.078 
01.033 

10.020 

2.085905 

d X  1 +485:1824 

Club 

Ship 

8.2200 
0. I ) o o  
1.1713 

0.3873 
+o. 2490 

-Aa +244.44 

46 
4 

00 
41 

- 
- - 

43 
8 

51 
- 

04.8 
01.2 

03.0 
04.4 

00.00 
50. 2 

__. 

- 
- - 

04.950 
05.182 

IO. 138 
+1 

BTATIOS UILOXI LIGHTHOUSE 

Shlp to Doer 
l3lloxl Lighthouso mid Deer 

Ship to Bllosl Llghthouso 

Blloxl Llghthouso to Shlp 

dX 
30 

4.213748 
9.452781 

1 2.240088 

A X  i ln .8153  I " 

A X  2.240088 
S h  )(+++') 0.703100 

1.043278 

-h 2.707 
5.414 s2sln2 a 7.333 
2331 I E 1 6.018 

7.745 
+o. 00% 

5. us 
+o. ooo1 
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leconz angle 

a 
A= 

Preliminary poeition computation, 

Riloxi Llghthouse to Bhl 
Ship nnd Ship Island Llg%thouso 

Bfloxi Lighthouse to Ship Islmd Lighthouse 

STATION 8HlP ISLAND LIQETHOUBE 
- 

343 + 33 
17 - 

, ,, 
29 61.1 
44 13.3 

14 04.4 
1 67.9 

--- 

a' 

6 

6' 

4 4  

8.6480 
8.9434 hz 
1.1738 D 

Ship Island Lighthow to Bfloxl Li hthouse 
A s t  anglo of trianglo 

k A 1 391(419 Biloxl Llghthouso A - 10 54.077 A X  

30 
12 I 45.342 Ship Island Lighb A' 

--- 
+1 house 

8.7052 
+o. 0583 

a 

W.$' 

Slnp 
A 

4.323989 

0.083404 Sini(+++') 

9.471708 
8.509354 A X  

2.3084'55 2.071386 

180 00 -00.00 21 31 12 I 06.5 40.3 
-- 

1-1- 

+ 

-h 2.810 
5.631 s*sin* 
2.332 I E ::% 

-0. m 

2.368465 
9.702830 

AX I +p3:)5804 1 -4a I +1;7.87 I 
Fixed P Bfloxl Lighthouse to Ship Island Lighthouse, 17" 14' 17. e'(. 



APPLICATION OF LEAST SQUARES TO TRIANGULATION. 157 

~eeondaty trianguhtion-Continued 
STATIOX SHIP ISLAND LIGHTHOUSE 

a 
?bird angle 

,fa 

a! 

U 

+ 
4 
9' 

1(9+9') 

1st tnrm 
Zd 3d and 

4 i h  drm 
-db 

6hlp to Rnoxl Llghthow 
Ehlp Island Lighthouse and Biloxi Lighthow 

Shlp to Ship Island Lighthouso 

8hip Island Lighthouse to Shlp 

I 

45.343 Shlp Island Llghb 3 0 1  ''1 I h o w  
Fixd valuo 46.341 

+144:)6010 I h I2159871 
+ 0.1704 --I +144.0774 I 

82 8.1415 
s insa  1 9.8330 

C 1.1713 

+O. 1701 

4.070759 
9.886509 

s$!', 1 8.609354 1 
AX 1 2.0lMna 

soa9 0.083404 sin+(+++') Q.702011 

hl 
D 

1; I 3; 1 l8Ib - 96 44 08.9 

-1- 1-1- 

0 47.405 

I 67 67.464 

+O*OOM I 
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FORMATION O F  OBSERVATION EQUATIONS 

The position computation was carried westward from the fixed 
lines at the eastern end of the scheme and tho observation cquations 
were formed in tho same order. Tho treatment of fixcd lines is the 
same LLS in the first adjustment of figure 6, pages 105 ct seq. No 
new detail arises until the points Dcer and Ship are reached, which 
have lines connecting thcm with the fixcd points Biloxi Lighthouse 
and Ship Island Lighthousc. Suppose for the moment that niloxi 
Lighthouse were not fixed but that its latitudo and longitude wcro 
to receive corrections of a+,, and 6R,, respectively. The observation 
equation for vS7 would then read, 

~ 5 7  = z,, - 6036#,, + 24861,, + 6036+,, - 24861,, + 0.5 
The latitude and longitude of Bilosi Lighthouse as developed by 
tho preliminary position computation arc 30" 23' 39."419 and 8so 
54' 03."954, while thc fixed values are 30" 23' 30."419 and 88" 54' 
03."820, so that to rcduce thc preliminary to thc fiscd values on 
which the adjustmcnt is built corrections of O"g5,,=0.000* and 
61,,= -0.134 are necessary. By substituting theso vulues in tho 
equation for vS7 there results, 

or, 

as given in the tablo page 16. 

were not fixed, would be, 

v,,=z,, - 6036#,, + 24862,, + 603 (0.000) - 248 (- 0.134) + 0.5 

~ , ~ = ~ , , - 6 0 3 6 ~ , ,  +24861,, +33.7 

The equation for the reverse direction, w,,, if Biloxi Lighthouse 

v ~ , = z , ~  - 6036#,, +24861,, + 6036& - 2486),,, + 0.0 

which with the use of tho above values of and 61,, becomes, 

v,,=z,,- 6036+,, +24861,, f33 .2  

Similar computations must be made for v,,, wb8, v,,, vw, v,,,, and vB8. 
The known terms in the expressions for wu, and voo may bo found 

in a similar way by allowing for the Gtity of both ends of tho line. 
If tho corrections needed to tho preliminary position of Ship Island 
Lighthouse in order to reduce it to the fixed position are c d c d  
and 61,,, then for tho line Biloxi Lighthouse to Ship Island Lighthouse 
tho formula givra, 

d a  = 89 (6gSls - Sq5,,) + 250 (6Al3 - 6),12) 

If the line were free to be turned in azimuth, thcn by the adjustment, 

V, = z,, + 80 (S#,, - o'+,,) + 250 (6Al3 - 6).,,) - 1.7 

*This zoro dlscropnncy Is moroly accidcntnl. 
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But to reduce the positions of the preliminary computation to 
thc fixed positions, = - 0.002, CY+,, = 0.000, 8A13 = - 0.080, and 
6A,,= -0.134 (sco pp. 155, 157). Substituting theso values gives, 

va5 =z,,  + 11.6 
as given in tho tablo. 

Tho effect of using for tho preliminary computation values from a 
previous adjustment for the Gguro but not for the positions appears 
in tho constant term of tho normal equations until the effect of 
closure in positions comcs in. Theso constant terms should bo zero 
oxcept for the effect of accumulated errors in tho last placo of the 
two computations and a slight difference in tho treatment of direc- 
tions (3) and (3a). They are in fact dmost ncgligible until tho offcct 
of closure appears in tho equation for CY<,$,, from which point they 
become quitc largo. 

vnn is found by a similar process. 

Port Morgan-Dauphin Island catlt base: 
0 / / I  

Awumedacimuth, 101 45 44.9 
Observed azimuth, 101 45 4i. 9-2,+vl 

o= o.o+z,-v, 
v,=z,-t-o. 0 

Fort Morgan-Cedar: O / ' I  

Aesumed azimuth, 144 19 23. 9+da 
Observed azimuth, 144 19 22. G-z1+z2 

O=+O. 3+Zl-~~+229J4>~ -27781, 
v,=z,+2290"l$, -27731,+0.3 

DAUPHIN ISLAND EAST BASE 

Equntiou Slntion obscrvod 1 I Obsorvcdnzlmuth I 
West bnso 
Cn t 
Cctlnr 
Fort Morgnn 

DAUPHIS ISLASD WEST BASE 

Enst boso 
I'Ctlt 
G rnnd 
Pins 
Cat 
Codar 
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279 11 16.6 
302 33 55.1 
337 56 39.8 
30 22 49.2 
63 09 48.1 

Observed azimuth / . , _ _ I . , , .  
279 11 16.6-zs+u~s 
302 33 58.9--zs+uig 
33? 58 4 2 . 6 - 4 + ~  
30 !22 62.1-a+~n 
63 09 49.6-~4+~n 

88 31 30.6 
139 08 41.2 
177 10 20.4 
210 19 28.8 
258 51 48.7 

96 31 30.6-~7+~r  
139 08 40. ~ - Z ~ + U I D  
177 10 19.6-~7+~ao 
810 19 28.2-Zr+t1~ 
258 61 47. 7-Zr+Un 

(3) PINS 

243 OB 15.8 
297 68 16.0 
357 10 08.8 
68 14 40.3 
101 2Q 06.4 

Equation 

243 OB 15.8-zs+un 
297 68 17.4-2s+Uu 
367 10 09. 4-2s+LJm 
68 14 40 .6-~s+~a  

I01 29 05. K - z ~ + u ~  

Station observod 

104 10 00.3 
138 01 67.4 

19 45.3 
238 09 28.1 
276 28 01.4 

(4) PETIT  

104 16 00 .3-~3+~~a 
138 01 M.O-,?g+oo 
199 18 47.5-Zs+Uto 
238 09 28.6-29+~41 
276 26 00.7-~3+uu 

(5)  GRAND 

281 25 13.0 
319 04 37.2 
19 21 11.1 
b7 14 14.4 
89 04 35.7 

Horn 
Pas ouln 

PIOS 
West base 

am? 

281 25 13. 0-zio+vg 
319 04 34. ~-ZIO+IJM 
19 21 07.6-zio+urs 
67 14 12 2-Zio+UM 
89 CM 26.6-~io+~n 

(6) HORN 

(7) PABCAQOULA 

Club 
Bollo 

Petit 
; 3 O u l n  

Qrand 
Petit 
Horn 
Club 
Belle 

288 59 33.9 
317 58 21.9 
358 28 28.6 
52 04 22.8 

101 03 48.6 

288 69 33.9-~11+~ra 
317 58 23.7-Zil+U(r 
358 28 29.2--tii+vu 
52 04 2 4 . 8 - ~ i i + ~ ~ s  

101 03 47.7-Z11+041 

(9) BELLE 

Pascagoula 
Horn 
Club 
Bhip 
Dear 

SMP 
Door 
Bollo 
Pascagouls 
Eorn 
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(11) DEER 

Assumod 
azimuth 

0 , I ,  

281 01 03.4 
322 03 14.8 
18 50 30.6 
42 46 50.3 

116 21 13.0 

I 07 47 12.0 

103 31 18.9 
198 49 21.7 
232 00 23.1 
289 41 69.2 

296 18 30.1 
343 29 51.1 
17 14 01.4 

Obscrvod azimuth Equatlon 

0 , ,, I 

(10) SHIP 

Station observad I 
Boll0 
Club 
Ship 
Shi I s l a n d  

Lyghthousc. 
Dlloxi Lighthouse 

6hi I s l a n d  

Blloxl Lighthow 
Doer 
Doll0 
Club 

Lkllt how 

197 12 06.6 
222 42 10.0 
247 43 46.8 

I n  order to  get the quantities on a better relative basis, it is best 
t o  adopt loo8q51, 10081,, etc., as unlmowns in the equations. The 
coefficients throughout will then be divided by 100, and from the 
solution we s h d  dotermine one hundred times the corrections in 
seconds to the various latitudes and longitudes 
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R R  + +  
:: 

I I 
0 0 

--I 

5z 
ct 

B E  + +  

S ?  + +  

3 s  
1 I 
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ry 

E 

I 
I -- 

2 I: 

- I d  
I 

... z s 3  
d i d  

I 
I I + +  d 

w 3 g I  3 Ps33se2 

s 5 532 a 253ea2;ag 

i d  i d  4 i i i i i d . 4  
I I  ++ I 1 + 1 1 1 + 1  

d i  i d  d d i d d d i d  + +  ++ + + + + + I l l  
~ ~ 

2 3 w &32s?Rsl s? P 
d d d i d d i d d i  4 i + + + +++++++ + + 
!z 3 a P38aaS.l 8 5 
4 i i ddddidd 0 d + + + + I  I I + + l  I I 

s3 
dd 

I I  

S I  
A i  ++ 

... E? 8 w %wail I; 3 3 3 
i d d i d 4 4 4  d d d i 

I I + + I + l I  I I + + 
€3 3 6 $1?5;Ed$ R 3 8 3 
4 d d dddi4 d i d d + + + +I+++ I I I I 
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ry 

c 

I 

I 

+ 
-- 

I 

I 
%SS2% E3 1 8 3 3% 
ddidnj i d d i Vjr l  

1 I+++ + + I I I 1  

0 Be 1 
i dd d 
I I +  + 

85 2 
dd d d ++ + + 
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II- 

I 

m 
r( 

1 + 1 + +  

h " 

ll 

+ 1 + + 1  I I I T  

+1++1+1+1+7 
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I+  I +  

dr;d m o  
+ + I  + I  

P 

8% 8i 
J2d i d  +++ + I  

+ l I  I +  

i d d A d  I I ++++ 

d d dd 
I + I  + -~ 

d d .Ad + I + I  

I + + + + +  I +  

;$&s gal 
dddddd 20 
+ + l + l +  + I  

QJ 

b6 €32 
IT++++ I+  

@8%a ss 
d 'dddd dd 

+ I I  + 
*N 
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onv l r -mi^r - - -3  - m - n - -  -6.T 

218888828Z3 
o c o o o o o 0 o o  
I I + + + l I I  It 

M z zz! 
4 
+ + I  

m y 
m c  m 

h 3 d $8 n 

0 60 
I I +  

O h  cg 8 8E8as" 
d 000 00 
I I + +  It 

I ++ I +  + + I  I + I  

I + I +  I +  + + + + +-+-!- I + + + I +  I +  

I + I  I I +  I + + I  I I I +  

+ I + l + - i f  I +  I t  

t l + l + l + l  + I  
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& 
$8 3 

3 
+ I  + 
Y 

gg 
4 -0 + + I  

E! 0 

F 
d do + + I  

+ 1 + 1  I + I  
c 

I I I 1 + 1 + 1  I t  

I + I  I I +  I +  

+ I I I + l I +  

I I I + + + + l  I+ 

- I l l + + ” + + l  + I  

I gg -B $8 
00 do 

3 
ei 
I I +  It 

+ l + + + + l  + I  __ 

+ + + + + l + l I  + I  

+ I I + I I + + + I  

I + 1 + 1 + 1 1  I +  

I I l + + l l +  I +  
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1+11+11I++ I t  

I 1 1 1 + + 1 + 1 +  It 

I +  1+1I + I  I + + + I +  I +  + I I I+++  + I  

+ I I I I I  I +  

I I I 1 1 +  I +  I ++++++ +I 

8 

a i d d d  Id 
9 i2 

I + I + +  I +  

1 ++++++I I I I+ 

C + I  I1++++1 + I  T I I I I I I I I I I  + 
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- 

'I 
8 
0 

11 
1 2  
13 
14 
16 
I8 
17 

i o  

- 

18 

+ 01.517j - O.W& - O.oOo! - 0.031: - 0.048: - 0. OOG; - 0.118: - 2 . w  - 2.229' - 0.5441 - 35.3a3l - 1.3081 

+ 18.808: 
d b  

11 
12 
13 
14 
15 
10 
17 
18 

19 

- 1.0383 

- 0.0081 - 0.1551 + 1.0151 + 0.4010 - 3.2335 - 14.8119 - 1.8508 

- 18.0798 + 1 . m  

+108. 8200 - 0,5579 - 0.m4 - 0.8992 - 0.0721 - 19.21se - 0.2003 - 2.0228 - 19.2520 

3. 57.7950 
d6ia 

11 
12 
13 
14 
15 
10 
17 
18 
19 

Solution of nonnal--Continued 

20 

- 2.8738 

- 0.0010 - 0.0850 + 0.4512 - 0.2352 + 0.eeSs - 4.3115 + 0.8318 

- 5 . m  + 0.276a57 

+27.0899 - 0.08i9 - 0.0852 - 0.2512 
4 0.MB + 5;iSsi - 1.8048 + 1.1788 - 5.2823 

+27.4651 - 0.475038 

+50.9179 - 0.0138 - 0 .m7 .. - 0.0702 - 0.0248 - 1.7239 - 0.5253 - 0.5297 - 1.4493 
-13.0422 

t33.m 
dhio 

11 
12 
13 
1 4  
15 
10 
17 
18 
19 
20 

21 

+ 31.3248 

- 0.0057 - 0.2477 + 2 . m  - 0.3850 - 0.8120 - 0.9158 - 10.5330 

+ 20.4315 - 1.080534 

- 10.8102 - 0.5202 - 0.3249 - 1.1172 + 0;oaes - 4.8257 - 0.3834 - 14.9264 + 20.6102 

- 1 8 . m  + 0.315292 

- 9.2141 - 0.081u - o.mi - 0.3121 - 0.0400 + 1.4454 - 0.1110 + 0.7081 + 5.0544 + 8.0504 

+ 125701 - 0.375193 

+173.0271 - 0.4850 - 0.5189 - 1.3879 - 0.0805 .. . ~ ~ .  - 1.2118 - 0.0237 - 84.9517 - 22.0769 - 5.7454 - 4.7102 

11 
12 
13 
1 4  
15 
10 
17 
18 
19 
20 
21 

22 

- 8.1976 

+ 0.0034 + 0.07% - 0.8315 - 0.3233 + 0.2910 - 3.0707 + 0.3460 

- 12.3081 + 0.o5002 
- 7.0703 + 0.3101 + 0.0852 + 0.4029 + 0.0582 + 1.7290 - 1.5308 + 0.4931 - 124193 

- 17.8831 + 0.30942( 

- 20.1027 + 0.016E + 0.0364 + 0.1293 - 0.0341 - 0.51M) - 0.4473 - 0.n16 - 3.4070 + 8.4952 

- 22.0181 + 0.057191 

- 35.3120 + 0.2891 + 0.1520 + 0.5751 - 0.05511 + 0.4343 - 0.0850 + 2.8083 + 13.2883 - 6.0384 + 8.2810 

- 15.2841 + 0.294811 

+ 64.7848 - 0.1724 - 0.0445 - 0.2383 - 0.0409 - 0.1557 - 0.3808 - '0.0827 - 8.0110 - 5.6334 - 14.4703 - 4.m 

+ 21.1322 
dXii 

1 

+ 7.4331 - 0.0031 + 0.0005 + o.Oo80 + 0.0045 + 0.0004 - 0.0070 - 0.0420 - 0.0208 + 3.2905 - 7.2125 + 7.0757 

+ 10.5258 - 0 . W 7 I  

+ 34.0511 + 0.0382 - 0 . m 1  + 0.0234 + 0.0037 + 19.5557 - 3.0192 + 10.0254 + 10.0210 

+ 71.8912 - 1.24386: 
+107.0744 + 0 . m  - 0.0038 + 0.oWs - 0.0022 - 5.8571 - 0.8788 - 4.5080 + 2.9142 - 34.1511 

+125.2021 - 3.737041 

-162 3283 + 0.0350 - 0.0140 + 0.0291 - 0 . m  ~. ~... + 4.9108 - 0.1807 + 57.0042 - 11.3730 + 22.oss7 - 40.9750 

-130.1754 + 2.0280% 

+1W. 1235 - 0.0212 + 0 . W 3  - 0.0120 - 0. owl - 1.7601 - 0.7462 - 1.8851 + 6.8616 + 22.2440 + 8228M - 40.14G6 

fa%. 0304 - 1200300 

z 

+ 7.1924 + 0.8784 + 0.0230 + 0.4053 + 0.4581 - 0.0120 - 0.3548 + 1.6955 + 1.74% + 3.4243 - 7.9221 + 5.7131 

+ 13.2434 - 0.700387 

+ a.3611 - 1.0854 - 0.4- .. ._.. - 0.9440 - 0.3134 + 20.3508 - 3.3102 + 8.0950 + 13.3631 

+l2l. 0383 - 2.084213 

+214.2331 - 0.1725 - 0.1949 - 0.2637 + 0.1830 - 0.0953 - 0. g(i53 - 3.0382 + 3. 0805 - 57.4808 

+149.2571 - 4.455037 

-- 

-116.8122 - 1.0213 - 0.7431 - 1.1728 + 0.3008 + 5.1105 - 0.2050 + 40.0750 - 14.3088 + 38.1818 - 5o.G#d 

- 99.0184 + 1.921498 

f103.8779 + 0.m + 0.2177 + 0.4880 + 0.2527 - 1.8317 - 0.8218 - 1 . 5 m  + 8 . 0 m  
f 37.4511 + 98.0815 - 29.3684 

f270.0826 - 13.06360 
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+O. 1657 
-1.0174 
-0.0190 
-1.1210 
+0.0360 
-8.4798 
+0.6110 

Back solution 

-0..5425 
+0.6i%3 
-0.1245 
+1.8069 
+O.O% 
-0.9350 
-0.5808 

10 I 15 

+0.0041 
+0.0385 
-0.0799 
-0.li33 
-0.W66 
-0.0197 
+0.0507 
-0.6273 
+0.0945 
-2.2805 
+0.0480 

-2.8005 

+0.0019 
-0.2996 
+0.087ti 
-0.0302 
+0.0126 
+O. 2271 
-0.3460 
+l. Z773 
+O.lW 
-0.OG81 
-0.2828 
-0. ow 
+O. 7161 

20 19 18 17 22 

-12.0636 

-12.0036 

14 

21 

+2.0267 
-3.5565 

- 3.7370 
- 7.9282 + 0.3489 

-1.2439 
-3.7327 
41.2032 
+6. 3767 

- 0.5507 
- 7.8525 + 1.0047 
- 3.1330 

-0.6347 
+O. 37G5 
-0.8785 
+0.8443 
+0.0176 
-1.2220 

-0.9288 + O.lOG9 -11.3163 
+O. 1059 

-10.4306 
-1.4008 

1 ---I 8 1 7  

-. __ 
9 13 12 11 10 

+0.0035 
-0.8324 
+o. 1548 

+ O . W O  +o. a 5 2  
-0.1329 

+0.0056 
-0.5623 
tO.0714 

-0.0050 
-o.(io12 
-0.0805 
-0.7224 
+0.0065 
-2.2577 
+1.W 
-1.4300 
+0.2647 

-0.0042 
-0.2066 
+0.1132 
+O. 1155 
+0.0126 
-0.1831 
-1.3614 

+0.0043 
-0.8137 
-0.0747 
-0.5552 
-0.0089 
-4.8337 
+1.4117 
-1.3784 
-0.1201 

+0.4238 
-n.ni42 

-0.4242 +O. 1467 
-n mu7 +O.m5 

-0.7118 
+O. X15 
-2.2421 

-2.5100 
-0.9080 
+1.4171 
-0.o050 
+O. 1406 

+0.0084 
-0.2450 
+2.8702 
-0.0909 
-0. W 6  
-0.5086 
-0.4oOo 

+0.4075 

+O. 3084 
+0.0790 
-0.2828 

-0.OlG3 
-4.*1487 
-0.1365 I -6.3927 -2.8508 

-2.1807 -1.4094 
-7.2323 

5 3 4 1 
I 
I- 

+0.0105 
-0.1370 
+o. 1u74 

-0.0215 
-0.1102 
+0.04(12 

-0.0218 
-0.0453 
+0.0141 
-n.o045 

-0. OOGO 
+0.0242 
+O.nGiX 

-0.0082 
-0.4100 
+o. 2999 
+o. 1234 
-0.0545 
-0.9952 
-0.1726 +o. 1954 
+0.0337 

+0.0005 
+ o . o o  
+O. 1439 
+O. 1205 
-0.0424 
-0.0343 
-0.jGBl 

-0.3138 

-o.mm 

+o. 1304 
-0 0217 
-n.8773 

-0.0050 
-0. om 
-0.1310 
+0.3049 

i o :  os00 
-0.0212 
-0.0699 
-0.2181 
+0.0113 

-6.0170 
-0.0328 
+0.4148 
+0.0084 
-0.00Go 

-0.8725 
-0.0068 
+0.OM3 
+0.0017 

+0.0244 -0. zoos 
-0.0143 

+O. 3005 
-1.5510 -0.3677 



APPLICATION OF LEAST SQUARES TO TRIANGULATION. 
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3 4 1 I- 5 

+o. 301 
-1.541 
+1.030 
-0.0 

-1.101 
-1.1 

25 

3a 

+1.030 
+1.0 

17 

2 

-0.842 
-0.857 
+o. 700 
+0.3 

-0.000 
-0.7 

-- 
&I 

28 

+0.301 
-1.641 
-1.318 
-0.008 
-1.5 

-4.150 
+Lo30 

15 

-_ 

21 

-0. u42 
-0.857 
+o. 3 

+1.030 
+1.0 

+O. 700 1 +0.7 
-1,318 
-0.WR 
+1.030 
-0.6 

-0.077 
-1.0 

-1.388 
+o. 700 

_- 
4a 6 7 8 

+O. 301 
-1.541 
+1.502 

+O. 078 
-0.86n 
+1.502 
-0.0 

+1.254 
+O. 149 
-5.280 
+0.4iO 
+l. 592 
-2.1 

+o. a57 
-0.131 
+1.W 

+2.410 
-0.600 
-2.002 
+O. 055 
+l.XOo 
-2.7 

+4.107 
-3.040 
-2.062 
+0.055 
- 5 . 2 S O  
+O. 4iO 
-1.6 

-7.050 
+1.502 

. 

11 
-- 

-2.205 
+3.174 
-0.7s3 
+1.8 

+2.410 
-0. 088 
-2.062 
+O. 055 
+1.502 
+1.4 

+2.702 
+2.7 

-0.842 
-0 .67  
+1.582 

-0.107 
-0.1 

16 

+2.580 
+2.6 

_- 
12 

+o. 352 
+0.4 

z i  

+O. 071 
-1-1.0 

-3.015 
-3.0 

~ 

-1.130 
-1.1 

-- 
13 

-- 
14 0 10 

+2.410 
-0.oBo 
-2.523 
-0.174 
-4.6 

-0.753 
-0.8 

+2.624 
-1.830 
-n. 753 

-4.045 
+3.702 
-0.753 +o. 7 

+o. 857 
-0.131 
-0.753 
-0.6 

+O. 078 
-0.600 
-0.753 
-0.2 

-1.318 
-0.008 
+Lao0 I -1.0 +0.4 

+0.435 
+O. 4 

-0.306 
-0.3 

+LO20 
+ L O  

22 

+6. OR0 
+ l . O i f l  
-0.342 
-5. (A9 
+ 3 . 7 a  
-1.5 

-0.027 
-0.7 

26 

-0. 074 
-0.7 

-1.450 
-1.4 

_- 
a 

-5. rm 
+1.880 

___ 
18 

. -. .. 

21 10 

-4-1 4411 -2. 205 
+3.1i4 
+3.728 
-2.8 

+ 1.254 + 0.140 + 1.440 + 0.002 - 5.351 
+10.440 + 1.004 
- 0.750 
- 0.342 
- 5.045 
- 0.0 

+O. 078 
-0.000 
+o. 857 
-0,131 
-2.205 
+3 174 

+1.254 
+O. 140 
-5.280 
+0.4iO 
+a. 128 
+O. 321 
+0.3 

-- 
28 

, -. . 
+o. oG2 
-7.110 
+2. :A5 
+3.728 
-1.8 -2.0 +1.1)07 

+1.x +2.024 
-1.836 
-4,045 I +3.702 

-1.144 
-1.2 

-0.lW 
-0.2 

-0.803 
-0.8 

27 

I +2.1 

-18.640 + 3.728 
-- 

25 
___^ 

-2. SGO 
-1,OGG 
+1.454 
+2.W 
-0. (133 

-0.1 
-0. mi 

31 30 32 

+2.07.4 
-1.836 

+LO 
- o . m  

- 1.405 - 6.W7 - 4.5iO 
+13.480 - 0.033 + 0.3 

+ 0.835 + 0.0 

- 0.1% 
-13.085 - 0.352 
+12. Go1 - 0.033 + 0.0 

- 0.748 
- 0.7 

+2.373 
+2.275 
+1.W 

-0.033 +o. a 
-1.041 
-1.0 

-a. 750 

+ 2.373 + 2.275 - 0.515 
-28.083 - 0.352 
+12.601 + 1.454 + 2.004 - 4.570 
+13.480 + 2 .8  

+ 3.167 - 0.033 

+1.155 
+1.2 
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Computation of corrections-Continued 

24 25 

- 0.171 
-13.081 - 0.35: 
+12.00: + 1.581 - 0.6 

- 0.02; - 0.0 

40 

+ 0.021 
-27.41( + 3.351 
+24.22E - 1.284 - 2.2 

26 27 ss 

+ 6.980 + 1.976 - 0.178 
-13. W + 0.070 
+12.429 + 1.108 
-10.559 
-10.844 + 6.562 - 1.4 

4- 3.83d + 4.16: + 1.1a 
-10.65i + 1.581 - 0.3 

+ 6.m - 2.4N 
-10.84! + 6.56: + 1.w + 0.9 

-4.04, 
+3.78: 
+1.W 
-1.4 

-0.081 
-0.0 

39 

- 1.01! 
-17.m - 3.7% 
+25. w - 1.m + 3.4 

- 0.16; - 0.2 

-- 

41 

+ 1.7E + 1.7 

42 

- 7.942 + 1.588 

20 

+ 3.834 + 4.162 + 1.m 
-10.655s - 1.284 + 1.6 

- 2 . M  - 1.m + 1.459 + 2.604 - 1.284 + 0.7 

- 2.600 - 1.008 + 3.834 + 4.162 - 0.004 
-G1.2ML + 3.352 
+24.728 - 0.786 
+11.712 - 3.721 
+26.033 + 3.6 

+ 6.420 - 1.284 

910 

+ 5.04c + 6.0 

34 

- 2.681 - 2.7 

35 

- 1.139 - 1.2 

36 

- 0.141 - 0.1 

37 

- 1.495 - 6.247 - 4.678 
+13.489 - 2.638 + a.o 

+ 0.623 
-27.410 + 3.352 
+24.228 - 2.538 + 3.6 

+ 6.265 
+10.228 - 0.420 
-15.880 - 2.538 + 2.2 

+8.719 
+O. 384 
-6.957 
-0.626 
-2.538 +o. 1 

- 1.496 - 6.247 + 0.977 - 2.480 + 0.623 
-27,410 + 2.914 
+b3.880 - 0.420 
-15.880 - 6.957 - 0.826 + 8.8 

+12. e39 - 2.538 

Z l l  

+ 1.630 + 1.7 

44 

+ 1.765 + 1.8 

-- 
45 

+ 0.025 
-65.481 - 0.254 
+68.307 - 2.716 - 0.6 

- 0.145 - 0.1 

46 

+O. 082 +o. 1 

47 

- 1.016 
-17.358 - 3.727 
+25.033 - 2.716 - 1.8 

- 1.015 
-17.868 + 8.719 + 0.384 + 0.025 
-56.481 + 6.194 
+EL311 + 0.329 
-23.877 - 
+14.366 - 8.6 

+ 4.556 +a. 008 + 0.329 
-23.877 - 2.716 - 2.0 

- 1.800 - 1.6 

+lo. 478 
-12.412 - 6.WQ 
+14.366 - 2.716 + 0.8 

+ 4.087 + 4.1 
- 1.683 - 1.6 

- 0.719 - 0.7 

+la. 578 - 2.716 
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+ 0.391 
-2% 478 - 2.473 
+38.629: - 1.196 - 2.3 
+ 0.n3 
+ 0 . 8  

Computation of corrections-Continued 

+ 0.025 
-55.481 - 0.254. 
+FA308 - 1.1w 
- 0.3 
+ 1.102 
f1.1 

-- 

48 

-I- 0.391 
-2Q. 418 - 2.473 
i-36.829 - 7.305 + 0.7 
- 2.336 - 2.3 

48 I 50 

+ 0.177 
-411.094 + 1.663 
+61.270 - 7.305 - 1.8 
- 4.1W - 4.2 

-- 

51 

59 

- 0.116 
-36.662 
-4.333 
+43.2 

-1- 2.199 + 2.2 
- 

52 

00 -- 
+ 0.177 
-48.084 
+1.663 
+61.270 
-4.333 + 1.3 
+ 1.873 + 1.9 
- 

211 

-10.240 
+11.6 - + 1.360 + 1.3 

+O. 720 +o. 188 
+0.619 
-0.226 
- 1 . M  

- 0.116 
-36.562 + 6.607 
-29.918 
+91.7 

- 2.180 - 8.534 - 0.786 
+11.712 - 1.196 - 0.7 
- 1.084 - 1.7 

--- 
57 

+ 6 . M  
+lo. m - 0.4% 
-16.W - 1.1w + 0.8 
- 0 . a  - 0.2 

-- 
66 

- 2.180 - 8.634 + 6.205. 
+IO. 22a - 0.071 
-88.828 - 0.2.54 
+%.a08 + 0.618 - 0.226 - 2.473 
+35.829 - 2.6 
+ 6.082 
- 1.19C 

LIS 

+ 0.301 
+lo. 478 
-12.412 + 0.177 
-48.004 + 0.008 
+83.855 
+21.6 

-29.478 

+0.016 +o. 0 

53 

+lo. 478 
-l2.412 - 6.609 
4-14.366 - 7.306 

+ 1.m: 
+22.31t - 7.30: 
-11.0 

+ 5.007 
--r).%ia - 7.305 
+33.7 

+ 6.841 + 6.8 

-- 
61 

+ 4.w 
+22.001 + 0.32 
-23.87: - 4.33: - 0.6 

+ 2.084 + 2.1 

02 

+o. 720 +o. 199 
+O. 519 
-0.2243 
-4.333 +o. 8 

- 1.394 - 1.4 
+36.528 - 7.305 

214 

+ 0.720 + 0.199 + 4.656 
+22.008 + 0.378 
-88. 720 + 1.563 
+51.270 
+B.B 

+21.005 - 4.333 

63 

58 

- 0.630 
- 4.333 
-16.2 

+m. 030 

~ 

- 0.033 - 0.0 
-2.321 
-2.3 

67 

- 1.71i - 1.7 

66 64 

I- I - 0.116 
-30.652 
-10.240 

+ 1.835 
+22.31E - %ole 
-13.8 

- 0.690 +m.m - 9.018 
-16.1 

- 9.01 
+13.3 

+ 4.28 + 4.2 

- 0.630 
+20.030 + 1.832 
+22.318 
-18.6 

+46.9 
l- - 1.36: 1 - 1.3 - 0.009 - 0.0 

+ 1.334 + 1.3 - 6.6W - 6.6 +30.721 - 10.240 I 
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final computation of triangles 

Symbol 

-4n4-51 
- I f  2 
+3n- 5 

-Sn+ 6 - 3f  5 
-13+14 

-15+10 
-5af 7 - 4+ 5 

-15f17 - O f  7 
-12+13 

-16+17 - 3f  4 
-12+14 

-18+10 - 7+ a 

-18+2C 

-11+13 
- G+ a 

-10+2c 

-11+12 

Station 

Fort Nor.~nn-Dnophln Islnnd 
enst bnso 

Eednr 
Fort hforpnn 
Dnuphin Island enst bnso 

Cedur-Dnuphin Islnnd enst bnse 
Cednr-Fort Morgan 

Dnuphin Island enst bnse-Dnu- 
phm Islnnd west bnso 

Cednr 
Dauphin Island enst bnso 
Dauphin Islnnd west bnso 

Codnr-Dauphin Island west base 
Cedar-Dauphin Island east base 

Cedar-Dauphin Islnnd enst base 
cut 
Cednr 
Dauphin Island enst base 

Cat-Dnuphln Island east base 
Cnt-Cedar 

Cednr-Dnuphin Islnnd west buw 
Cnt 
Cednr 
Dnupliln Islnnd west bnse 

Cat-Dauphin Island west bnse 
Cat-Cednr 

Dauphin Islnnd e s t  bnse-Duu- 
phln Islnnd wost bnso 

Cnt 
Dnuphin Islnnd enst base 
Dauphin Islnnd west bnso 

Cnt-Dnuphin Island west buse 
Cat-Dnuphln Islnnd enst bnso 
Cednr-Cnt 
Pins 
Ceder 
Cat 

PinsCnt 
Plns-Cednr 

Cednr-Dnuphin Lslond wost bnso 
Pins 
Cedar 
Dauphin Island west base 

Pins-Dauplln Islnnd west base 
Plns-Codnr 

Cnt-Dnuphin Islnnd west bwo 
I'inY 
c a t  
Dnuphin Island west bnso 

Plns-Dauphin Island west buw 
Pins-Cat 

0 bserved 
angle 

0 , ,, 

43 54 21.8 
42 33 37. 7 
03 31 50.6 

37 20 33.0 

38 37 52.5 
a? 55 30.4 

GO 30 32.7 
Go 11 14.2 
50 18 11.4 

.35 31 54.0 
22 44 41.2 
21  43 18.7 

00 01 22.2 
53 37 25.0 
60 21  11.2 

23 22 40.3 
30 64 01.5 

18.4 

58 45 20.0 
63 39 42.7 
67 34 67.0 

35 22 45.7 
35 3 

45 51 30.2 

Cor- 
rcc- 
lion 

t o .  5 
-1.4 
t 2 . 1  

t 1 . 2  
- 

t o .  8 
-2.1 
-0. 1 

-1.6 

-0.3 
t 2 . 3  
-0.1 

t l . 0  
- 

t 3 . 7  
t 1 . 7  

0.0 

f5.4 

f4.0 
-2.0 
-0.1 

+l. 0 

-1 .G 
-0.0 

+1.5 
-4.0 
-2.0 

-0.0 
- 

+3.0 

-2. a 

r:y- 
Jlgle 

22.3 
36.3 
61.7 

33.0 
34.3 
52. 4 

32.4 
16. 5 
11.3 

E$. 0 
42.9 
18.7 

26.2 
23.0 
11.1 

38.8 
54.0 
26.5 

27.5 
37. x 
55.3 

48.7 
34.0 
36.0 

- 

- 
pher 
1c31 
XCOS! 

- 

0.1 
0. 1 
0.1 

0.3 
- 

0.1 
0.1 
0. 1 

0.3 
- 

0.0 
0.1 
0. 1 

0.2 
- 

0.1 
0.0 
0.1 

0.2 
- 

0.1 
0.1 
0.1 - 
n. 3 

n. I 
0.1 
0. c 
0.2 
- 

0.2 
0.1 
0.5 

0. ( 
- 

0.1 
0. ( 
0. 1 

0. : 
- 

- 

0 , ,I 

22.2 
30. 2 

32 01.0 

33.6 
34.2 
52.3 

32.4 
16.4 
11.2 

68.6 
42.0 
18. 0 

2G. 1 
22.9 
11.0 

38.7 
64. H 

25 42 20.5 

27.3 
37. e 
5.5. 1 

48. f 
08 45 34.1. 

30. : 

Logu- 
rlthm 

4.060203 

0.158007 
9.830170 
9.999173 

4. (L10340 
4.2W43 

4.027832 

0.210120 

0.70s97 

4.230005 
4.030340 

4.030340 

0.03)3MW 
0.8R0171 

0. 087043 

0. m n w 7  

4. MHI80 
3.9533007 

4 .23W5 
O.l.C(S92 
0.597301 
0.508320 

3.072eW 
3.053907 

4.027832 

0.030189 
0. W%07 
9.930005 

3 .072W 
4. ow080 

3.953807 
0.401443 
0.7107G8 
0. w581 

4.060118 
4.204911 

4 .23m5 
0. ow1044 
0. WGoi0 
0.065872 

4.205115 
4.204011 

3.072888 
0.237322 
0.004005 
0.855W8 

4.205115 
4.060118 
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Symbol 

--23+24 -zo+n 
-10+11 

-30+31 
-23+25 
-21+za 

--30+32 
-24+25 - 0+10 

-31+32 

- 0+11 -m+a 

-33+M 
-25+27 
-28+30 

-40+41 
--33+35 
--20+27 

-40+42 
-34+35 
-28+28 

-41+42 
-25+2a 
--28+30 

Final computation of triangles-Continued 

Station 

Pins-Dnuphin Islnnd waqt bnso 
Grnnd 
Pins 
Dnuphln Islnnd west bnse 

Grnnd-Dauphin Islnnd west bnsc 
Grnnd-Piny 

Grnnd-PLns 
I’otit 
Crnnd 
Pins 

I’otlt-Pins 
Petit-Crnnd 

Grnnd-DnuphinIslnnd WE 
Potit 
Grnnd 
Dnuphin Islnnd wcst b e  

n s c  

Petlt-Dnuphin Islnnd wcst hnso 
Petit-Ornnd 

Pins-Dnuphln Islnnd wost 1)nse 
Yotlt 
Pins 
Dnuphin Tsliind wnst hnso 

Petlt-Dnuphln Tslnnd wost hnso 
I’otit-Plns 

Omnd-Petit 
Pnsca ouln 
Grnnf 
Petit 

Pascngouln-Petit 
P a S ~ g O U l U - O ~ d  

Pnscngouln-Omnd 
Horn 
I’nsca ouln 
a m n l  

Horn-Grnnd 
Horn-Pnscagouls 

Pnscngouln-Petit 
Horn 
Pnscsgouln 
Petlt 

Horn-Potlt 
Horn-Puscngoulo 

Qmnd-Petit 
Horn 
Ornnd 
Petlt 

IIorn-Potlt 
Horn-Ornnd 

Observed 
nngle 

~ 

0 , ,, 

54 52 01.0 
85 13 07.0 
30 54 50.0 

33 08 OR. 7 
32 40 57.5 
14 03 53.0 

81 41 28.2 
50 11 52.0 
30 00 30.1 

48 32 10.5 
52 ?(I 00.5 
70 01 30.0 

37 30 ma 
04 18 Xi.1 
38 01 38.6 

38 49 39.0 
07 EA M.0 
43 14 18.0 

77 06 13.1 
00 10 33.4 
42 37 10.3 

38 10 34.1 
81 04 37.2 
80 38 48.8 

Cor- 
roc- 
lion 

+1.4 
-2.0 
+2.2 

+ L O  
- 

-0.3 
+1.4 
-0.0 

+o. 5 

+ l . O  
0.0 

-0.7 

+1.2 
- 

+2.2 
-2.0 
+1.5 

+l. 7 

+5.0 
+l. 7 
-1.6 

+5.1 

+1.5 
+5.1 
+ L O  
+8.6 

+2. e +o. 1 
+i .a  

+3.7 

+1.1 
-0.2 
-0. a 
+o. 3 
- 

- 

PCY 
nglo 
- 

03.0 
04.4 
53.1 

08.4 
55.0 
50.9 

30.1 
52.0 
38.4 

21.7 
07.5 
31.5 

25.6 
57.8 
37.0 

40.5 
60.1 
20.8 

15.8 
33.6 
11.3 

35.3 

48.3 
37.0 

- 

- 

PCF 
W S S  

- 

0.2 
0.1 
0.2 

0.6 
- 

0.1 
0.1 
0.1 

0.3 
- 

0.1 
0.2 
0.2 

0.6 
- 

0.2 

0.3 

0.7 

0. a 
- 

0.1 

0.1 

0.4 

0. a 
- 

0.1 
0.2 
0.1 

0.4 
- 

0.2 
0.2 
0.2 

0. e 
- 

0.2 
0.2 
0.2 - 
0. a 

- 

Plmo nn- 

0 , 1, 

02.8 
04.3 
52.0 

08.3 
54.0 
50.8 

30.0 
51.8 
38.2 

21.5 
07.3 
31.2 

25.5 
57.0 
30.0 

40.4 
68.9 
20. 7 

15.6 
33.3 
11.1 

35.1 
30.8 
48.1 

Ixrgn- 
rlthm 

4.205115 
D.087341 
0.008488 
0.807200 

4.280842 
4.000i52 

4.099752 
0.202110 

9.733550 

4.322381 
4.005430- 

4.200042 
0.004582 
9.933%2 
9.788805 

4.220480 
4.005420 

0.125281 
0.809300 
0.w1084 

4.mr0 
4. S 2 3 W  

4.095428 
0.214000 
0.886300 
9.780003 

4.205735 
4.088038 

4. o80038 

0.9058u 
9.835710 

4.207600 
4.137501 

4.285735 
0.011004 
0.038731 
0.830072 

0. ~00510 

4.205115 

0.202744 

4.245500 
4.137501 

4.095428 

9.042142 
0.004187 

4.246560 
4.207605 

0.207080 
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18 68 49.8 
38 43 28.0 
$1 17 63.6 

Jymbol 

-43+44 
-36+37 
-39+40 

-W+S1 
-43+46 
-30+37 

-50+62 
-44+45 
-38+39 

-51+62 
-36+36 
-38+40 

-63+64 
-45+47 
-49+m 

-60+01 
-63+55 
-40+47 

--BO+&? 
-64Sbb 
-48+49 

--61+82 
-45+40 
-48+m 

- 1.4 - 1.7 - 7.7 

Final computation of tn'anglea-Continued 

33 1080.2 
97 49 37.9 
48 59 22.9 

Station 

- 
+ 4.2 

- 3.0 - 2.8 + 6.7 - 

Pascagouls-Horn 
Belle 
Pascagoula 
Horn 

Belle-Horn 
Belle-Pasacgoula 

Belle-Pasqoule 
Club 
Belle 
Pascagouh 

Club-Pascagoula 
Club-Belle 

Belle-Horn 
Club 
Belle 
Horn 

Club-Horn 
Club-Belle 

Pasragoula-Horn 
Club 
Pascagoule 
norn 

Club-Horn 
Club-Pascagoula 
Belle-Club 
D W  
Bolle 
Club 

Deer-Club 
Dear-Belle 

Bhip-Belle 

Deer-Club 

Club 

Bhlp-DW 

2% 

Shlp-Club 
Bhlp-Belle 

-1- 
- 
1-10.8 

58 40 43.3 - 1.3 
39 28 6.5.3 - 0.6 
31  60 23.4 + 0 2 I. 

05 43 68.9 - 2.8 
40 30 05.6 + 0.9 
33 46 63.7 + 0.1 

41 02 10.7 - 0.9 
02 36 18.6 + 4.8 
302220.8 + 0.3 

I- O V 7  
70 62 35.0 - 4.2 
50 4727.2 - 1.9 
62 20 03.5 + 0.8 

I- 0.4 

- 
her. 

mgle 
fc*l 

, 
48.4 
20.3 
45.8 

42.0 
54.8 
23.0 

64.1 
00.4 
69.8 

12.1 
02.7 
45.0 

OB. 8 
23.3 
27.1 

bo. 0 
35. 1 
28.0 

30.8 
25.3 
04.3 

34.2 
84.7 
31.4 

_. 

- 
r2 
XCWS 

0.1 
0.2 
0.2 

0.5 
- 

0.1 
0.2 
0.1 

0.4 

0.1 
0.1 
0.1 

0.3 
_. 

0.1 
0.2 
0. I 
0.4 

0.1 
0.0 
0.1 

0.2 
- 

0.1 
0.1 
0. I 
0.3 

0.2 
0.1 
0.1 

0.4 
- 

0.1 
0.1 
0.1 

0.3 

- 

Plane an- 
gle 

0 , 
48.3 
20.1 
45.8 

41.9 
54.0 
23.6 

64.0 
00.3 
69.7 

12.0 
02.6 
45.6 

w. 7 
23.3 
27.0 

68.6 
36.0 
28.6 

30.6 
26.2 
04.2 

ar. 1 
64.0 
31.3 

_I_ 

Sago- 
rlthm 

4.232071 
4.202807 

4.271298 
3.983578 

4.232071 
0.0106m 
9.812500 
9.744827 

4.001211 
3.9Q3.578 

4.001211 
4.271298 

4.185761 
3.949417 

4.207123 
4.088808 

4.185761 
0.024857 
9. Q22m 
9.808601 

4.112883 
4.088808 

4.112963 
4.207123 



6ymbol 

-63+84 
-56+57 
--SQ+Bo 

-60+57 
-C0+67 
-63+85 

-M+59 
-W+M 
-64+&5 

-67+68 
-s+56 
-m+m 

95 44 07.0 
50 31 41.2 
33 44 18.6 
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+ 2.2 
- 9.8 + 1.3  

Final computation of trkngh-Continued 

0.5 

0.1 
0.1 
0. 1 

0.3 
- 

atation 

32.1 
14.7 
13.2 

Deer-5hl 
Dlloxi Lihthouse 
Dear 
8hlp 

Blloxl LighthoussShlp 
Blloxl Lighthouso-Doer 

25 01 39.1 
23 56 04.8 
131 02 11.4 

8hl Island Lighthouso-Bflold 

Deer 
8hlp Island Lighthouse 
Blloxl Lighthouse 

Lfghthouse 

- 6.9 
+10.0 
-1- 1.9 

Deer-Biloxl Llghthouse 
Denr-Bhip Island Lighthouse 

8hl Island Lighthousc+DiloxI 

8hlp 
Bhlp Island Lighthouse 
Blloxi Lighthouse 

Lfghthouse 

Ship-Blloxl Lighthouse 
6hlp-8hlp Island Lighthouse 

Deer-Ship 
8hlp Bland Llghthouso 
Deer 

Bhlp Island Llghthouse-Ship 
BNp Island Llghthouse-Deer 

I 

48 11 17.4 + 1.3 
96 30 31.2 + 6.3 
35 18 04.4 I- - 0 3 

+ 7.3 

72 34 26.4 - 3.7 
252962.1  - 2 . 9  
81 56 36.0 + 2.6  

/7;0 
I- 

I- 0.3 

18.7 
37.5 
04.1 

22.7 
59.2 
38.6 

08.2 
31.4 
19.9 

32.2 
14.8 
13.3 

,, I " , ,, 
0.1 18.6 

0.1 04.0 
0.1 I 37.4 

- 

o.3 I 
0.1 1 22.6 
n. 2 59.0 
0.2 38.4 - 
0.5 

0.1 0.21 31.2 08.1 

0.2 19.7 

Iaga- 
rlthm 

4.088808 
0.127644 
9.997100 
9.761833 

4.213743 
3.978386 

1.3113888 

0.010407 
9. WW 
9.993375 

3.9xw86 
4.34MKll 

4.3113988 

0. OMlRO 
9.887564 
9.744612 

4.213743 
4.070791 

4.088809 
0.373036 
9. W246 
9.877536 

4.070791 
4.340081 
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a 
cos P 

D 

h 

Final p o ~ t i o n  computation, 
STATION CEDAR 

4.038319 
9.DQj5tj8 
8.511554 

2.548473 

a 
wond anglo 

a 
d a  

a' 

Eaqt bas0 to west base 
Wost b a s  and Cnt 

Enst bnso to Cat 

Cat to oost base 

0 1  1 I 1' I 
X 

AX 

A' 

88 08 14.288 

4- 0 14.037 

88 14 28.025 
--- 

AX 
si11 h(++$') 

-$a 

2.405922 
0.7ouuj3 

2.1085w 

+128.40 

a 
sina 

A '  
scc 9' 

A).  

4.006080 
8.828018 
8.509&52 
0. O I U ~  

2.405922 

+254.0373 
I ,  

1; I 41; 
55 34.3 

Enst. bnso to west bnso 
West bnso and Cednr 

Enst bnso to Cedar 

a 
i m n d  angl 

a 
da 

a' 

d 
dd 

d' 

I(d+d') 

1st term 
2d nnd 3d 

torms 
-A+ 

-- 
lo 1 16.2 

29.4 -- q E:? 
26 33. 6 

Ccdnr to east baso 

+ 1 
301- 
0 t t t  

30 17 52 

-351.9435 
+ 0 . m  

Dnuphin Islnnd cnst 
baso 

AX I - 8s 5% 262 

07 I 16.026 
-- 

h2 1 5.GQ3 
I) 2.332 

7.5553 I 7.425 
+o. 0027 

4.039319 
9.152688 
8.509351 
0. w3m7 

1. 7G53S 
9.702857 

1.468242 

-29.30 

STATION CAT 

180 00 00.00 
49 56.6 

First nnglo of trinnglo I 3ii 1 01 1 20.2 --- --___ 

d 

19 1 00.547 Cat 

I(d+d') 

1st term 
Zd, 3d, nnd 
4th terms 

82 8.0122 
Bh2a 1 g.m2 

C 1.1712 

-h 2.388 
11' 4.776 s'sln*a 7.066 
D 1 2.332 1 E 1 6.017 1 -24;:2370 1 h 1-1 

} + 0.0700 r"" +o. 00% 
i F l  15.870 I 4-0.0013 1 /+O.wuL 

-Ad 1 -244.1679 I I I 
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secondary triangulation 
STATION CEDAR 

4.270985 
9.853070 
8.609351 
0.083997 

2.058019 

-45S.0080 

a 
Third angli 

a 
Aa 

a’ 

d 
Ad 
9’ 

4(6+9’) 

1st term 
2d 3d and 

4 t h  t&ms 
-Ad 

A X  
sin A(++$’) 

-Aa 

a 
Third nnglo 

Aa 

a’ 

a 

9 

Ad 
9’ 

H9+9’) 

1st term 
W 3d and 

-4 
4th drms 

Wost bnso to onst bnso 
Cedar and oast bnso 

West base to Cedar 

Cedar to west baso 

1 4  51.034 

+ AX - 7 ! 35.008 

X’ 88 1 07 I 10.026 

0 , ,, 
30 17 35 

, 
-387.0473 1 h 1 2.687704 1 
+ 0.2227 
-380.8246 

8 
s h , a  
A 

scc 6’ 

AX 

2.058019 
9.702195 

2.380814 
,# 

-229.62 

STATION CAT 

West baso to east bnso 
Cat and oast baso 11. 1 

West base to Cat 

Cat to west base 

1 ,”A 1 - 88 I 14  I 51.034 

+ 2 22.109 

0 I ,, 
30 16 41 

,, 
-279. 0770 
+ 0.0231 

A X  

2.152022 

-142.1082 
,, 

I 

2. i62o2a 
9. 7 m  

1.865m 

-71.06 
,t 

I -1- 

I 881 121  28925 

-h 2.445 
4.891 alsin9a 7.159 
2.331 I E I 6.917 

71 16.321 

+O.Ooi7 I I 
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e 

45 + 53 

99 - 
180 
2% 
68 

Final position computation, 

, #, 

37 19.2 
39 37.8 

10 67.0 
5 43.8 

00 00.00 
11 13.2 
45 27.5 

--- 
--- 

--- --- 

STATION PINS 

8 4.088762 89 
cosa  9.8648m sh'a 
B 8.511548 C 

h 2.a86820 

Mar to west base 
West base and Pfns 

k d a r  to Plns 

8.1885 
8.9010 
1.1734 

9. a m  
+o. 1879 

a 

A 
880 +' 
sinp 

AX 

a 
3ocond angl 

Aa 

a' 

a 

6' 

*(+++') 

lst term 
2d ad and 

-Ab 
4sh tdrms 

4.098762 
9.95o6004 
8.508352 
0.083888 

2.0234984 
,, 

+420.2409 

Plns to mar First angle of triangle 

88 1 18 1 30.251 
+1 

-h 1.984 
3.868 ersinra 8.518 
2.332 I E I 6.919 

6 4.MQll 
30 21 38 cosu 9.207641 

I B l  8.611650 

0 , t, 

-&4055 I h I 1.984102 9.6812 

-I -95.9139 I 

STATION GRAND 

0 

40.7 
04.4 

'Ins to west base 
Kest base and Orand 
'Ins to Grand 

a 
lecond angle 

Aa 

a' 

a 

6 
'46 
6' 

*(6+6') 

1st term 
2d 3d and 

-4 
4th drms 

45.1 
32.3 

00.00 
12.8 
03.0 

38.252 
00.241 

hand to Pins 

M. 858 

Grand 25 

-h 
12 sins a 
E 

85.493 

2.288 
8. 100 
a 919 

A' 

h: 
D 

0 , ,# 

10 m 62 

t184.4876 
t 0.1884 

4.632 
2333 

8.805 
+O. 0007 

6.286 
-0. m 

t 1 8 4 . m  

2.023498 
9.703504 

2.327002 
,I 

+212.32 
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8 
s h a  
A' 

soa 4' 

seeondmy triangulation-Continued 

4.205115 
8.5740212 
8.500083503 AX 

2.3528025 

0.064110 sin I(+++') 

STATION PINS 

X 

d A  

A' 

a 
Third 8 ~ g l l  

a 
A a  

a' 

o 
Ad 
4' 

I(4+d') 

1st tom 
2d 3d and 

-4 
4th t&ls  

03 41.3 
-118 I 6 25.6 

00 00.00 
--- 

+ 

Thirdolangle 

a 
Aa 

a' 

o 
Ad 
4' 

I(+++')  

1st term 
2d 3d and1 

--do 
4ih  &IUS J 

Us 
a h a  a 
C 

West baso to Cedar 
Pins and Cedar 

8.6816 
9.8914 
1.1711 

0.8443 
+o. 4408 

1-1-1- 

h 

Wast baso to Pins I -157 I 58 I 34.4 
1 63.7 

2.474983 

Pins to wast base 

4.280842 
9.846887 
8.500362 
0. o63w 

2.809888 
I t  

+845.4596 

-- + ,I 
301 

0 , ,, 
30 18 23 

-482.7974 
+ 0.0597 

I ,  

AX 
a h  No++') 

-da  

-482.7387 

21.492 Dauphin Island west ': 1 02::39 I base 

8 4.205115 8 l  8.4102 
9907093 shaa 

m:a I8:611557 I C I 
11 126837851 (8.7283 

I I 1 +OaW 

,, 
+113.05 

A I 88 I 14 1 51.034 

3 45.218 

A' l%l-Ja6151- 
-h 2.084 

h* 5.368 sashla 7.559 
D ' 1  2331 I E I 5.917 

STATION ORAKD 

Wast base to Pins 
Grand and Pins 

Wast ba!je to Orand 

301 
0 , ,, 
30 16 W 

-298.6208 
+ 0.4435 

-208.0831 

8 
sina 

A' 
4' 

AX 

18 1 18.576 

8 4.280842 
COS a 9.072484 

B 8.611657 

Dauphin Island wcs 
bsse 

157 68 34.4 
1 - 3 9 )  6 4 1 5 8 . 1  
I - I I  

-h 2475 
ha 4.950 aasin'a 8.4'13 
D I 2881 I E I 6.917 

2 809889 
9.702633 

2.612603 
I ,  

+325.46 
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Final position computation, 

$(++r$') 

1st term 
2d 3d and 
4th tdrms } 

-A+ 

a 
30~0nd ang 

As 

d 

a 

9 
A9 
9' 

I(+++') 

1st term 
2d and ad 

terms 
-Ad 

0 , ,I 8 4.297606 a)  Elm -h 2530 
30 16 30 COS a 9.721214 sin2 a 9.8592 hl 6.001 szsln2a 8.454 

U 8.5116514 C 1.1725 J) 2.332 E 6.918 

+339.1338 h 25303714 9.0270 7.393 6.602 
+ o.4253 +O. 0025 -0. oO08 

,I - -  

+339.6591 

STATION PETIT 

Grand to west base 
Wost base and Potlt 

Grand to Petlt 

Petlt to Qrand 
First anglo of trlnnglo 

i-404.0039 I h j 2.808450 1 
+4M. 0080 

I 0.7507 1 
0.0041 +O. ooo8 

7.645 
+O. 0036 

, 
15.8 
6 2  0 

07.8 
11.6 

00.00 
19.4 
30.1 

- 
- 
30.493 
23. ooo 
13.487 

4.096429 
s h p  8.093668 

A 1.361841 
sec +' 0.063392 sin *(d+d') 9.702445 

1.361841 
, 1 -z1boo 1 -Aa I -11.59 

STATION B O R N  

I I o 1  # I , ,  
10 07.8 I +?:I 04 I 37.0 

. a I Grand to Potit 
Second ann10 Potit and Horn 

a 
Aa 

a' 

Grand to Horn 

Horn to (:rand 
First nnglo of trianglo 35.3 

6 4.297606 
sh,a 9.928579 

A 2.800010 

2.800010 I 2.502570 
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l i 7  - MI 

96 - 

secondary triangulation-Continued 

, ,, 
10 10.4 
38 48.3 

31 31.1 
5 20.1 

--- 

STATIOZI PETIT 

Potlt A 
dX 

Born ' I X' 

88 
25 1 13.4R7 + 10 63.078 

88 30 I 07.465 
--- 

d3 41:'3 
06 I 3R.4 

West baso to Grand 
Petit and Crnnd 

Wost baso to I'otlt 

a 
Third angli 

d a  

a: 

a 

di 

4 
9' 

H6+9') 

1st torm 
2d, :3d, nnd 
4th torms 
-46 

-- 
57 1 02.0 
5 I 13.3 -- 

l'otlt to west base 

+ 
88 25 1 13.480 

I +1 

8 4.220480 0 , ,# 

30 13 28 cos a 0.2112513 I I1 i A. 611557 
4.047 
2.331 

0 . 3 2  
+o. ooo2 -0. ooo2 I I 

8 
s l n p  

A 
sec 6' 

2.704106 
0.701995 

Ah r +022.452!2 

2.4oM)ll 

+313.34 

STATION HORS 

Potlt to Grand 
Horn and Grnnd 

Potit to Horn 

P 
Third anglo 

d a  

a' 

a 

d a 
9' 

1(6+6') 

1st torrn 
2d 3d und 1 
4i11 drms J 

-d6 

00 00.00 I E l  u1 I 02.0 Horn to I'otit 

35.507 
04.500 

40.010 1 
8* 8.4812 -h 1.813 

sh'a I 0:9043 I ;; I 3:a25 l s 2 s p a l  8.485 
c 11708 2 331 6.910 

' " 8 4. 2-15jOo 
30 13 08 c o s a  9.055530 I B I 8.611550 

a. 214 

+4 
4.245500 
0.8071774 1 dl  I 
8.5003541 2.815563 
0.003171 Sin l(6+9') 0.701830 

8 
sln a 
;\ ' 

sec 9' 

dh 

12.517383 
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-Au 

U 
h n d  angl 

AU 

U' 

U 

d 
Ad 
4' 

Kd+d') 

1st term 
!2d 3d and 
4th &ms 
-A4 

2.388910 

+232.70 

01 

loand augk 

AU 

U' 

U 

d 
A4 
4' 

Hd+d') 

1st term 
2d and 3d 

terms 
-Ad 

Final position computation, 

STATION I'ASCAGOULA 

Orand to Horn 
Horn and Pascsgoula 

G r a d  to Pasargouln 

Psscagoula to Orand 

30 

3 0 2 0 0 0  

-81.2232 

0 , ,, 

0 

+ 0.2258 

AX 

4. oBBa38 
9.991210 
8.508351 
0.083898 

2.883593 

+480.8859 

First angle of trianglo 

Pascagoula A' 

-h 1.910 
3.820 I @ S P u [  8.180 
2.332 6.918 

8TATIOX BELLE 

Pascagoula to Horn 
Horn and Belle 

~~ 

I D l  # I , ,  

Pascagoula to Boll0 

Bello to Pascagoula 

I do 1 4d.'673 - 08.724 

3 0 1  2 0 1  31.849 

' " 8 4.202807 
30 20 30 cos a 8.208976 I I3 1 8.811554 

1' I I 
+8.3461 0.921462 

+8.7241 

8 
Sfn u 

A' 
88c 4' 

AX 

I Bello 

sin' (I 9.6999 c I 1.17w 

9.8787 1 +o.m 

4.202807 
9.699944 

2.770179 

I 2.770178 [ . ' - pZG418820 

h: I 1.844 u 2.332 

4.170 
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recondary triungdation-continued 

STATION PASCAGOULA 

I 

4.137501 
9.619828 
8.hCQ351 
0. M)3988 

I 2230808 

a 
Thlrd q 1  

$0 

a' 

a 

d 
A4 
9' 

1(d+d') 

1st torm 
2d 3d,anc 4th terms 

-Ad 

A X  
sin *($+$') 

T h i r ~ a n g l o  

Aa 

a' 

a 

B 
-46 
d' 

W+V) 

1st term 
2d 3d and1 
4th tdrrms J 

-Ad 

-~ 

0 , 0 

30 17 OB 

-412.0321 
+ 0.1976 

-411.8346 

Horn to Grand 
l'ascagoula and Grand 

Horn to Pnscngouln 

E 4. B2O71 
cos a 0.871302 
H 8.511558 

h 2.614831 

Pascagouln to Horn 

30 
0 , ,, 
30 17 10 

-420. m 
+ 0.0345 

, 

-420.6676 

AX 

8 4.137501 
00s a 9.874802 

I3 8.511558 

h 2.623881 I_ 

Horn 

Pascl3goula 

+ 
00.00 
12.0 
--.1 --- 

88 36 07.485 X 
A X  - 2 €0.088 

X'  88 17.3'iW 

1 8.4855 1 1 7.679 1 1 6.858 
+O. 0308 +O. m8 +o. ooo1 

2!23%07 
9.702706 

1.933373 

-86.78 

BTATIOK BELLE 

Horn to Pnscngoulo 
Hello and Pascagoula 

Horn to Doll0 

Belle to Horn 

Horn 

4.232071 
sina 9.825228 I 8.w8351 I AX 1 2.(uoBa8 
880 6' 0.0&3977 sin &($+d') 9.702890 

-h 2.015 
ha 6.230 8*sh*a 8.115 
1) 1 2331 1 E 1 6.917 I 



190 COAST AND GEODETIC SURVEY SPECIAL PUBLICATION NO. 28. 

Final position computation, 

STATIOS CLUB 

31.819 
55.361 

a 
Second angl 

a 
A m  

a‘ 

6 
4 
d’ 

l(d+d‘) 

1st term 
2d and 3d 

terms 
-4 

a 
gecond an& 

a 
A 0  

a’ 

d 
Ad 
d’ 

A(+++’) 

1st term 
2d and 3d 

terms 
-Ad 

_-- 

nolle to IIorn 
Horn and Club 

Delle to Club 

Club to Bello 

30 

0 , 0 

30 17 52 

+310.8704 
+ 0.0023 
+310.8727 

sec Q’ 

h 12501874 

3.993578 
8.424085 
8.509353 
0.063584 

28 31.3 I +” I I 05.0 

noiio 

Club 

G. 0101 

0.991bO 
9.70WG 

0.00135G 

-4.95 

A’ I 88 I 43 I 04.850 

ht I 5.010 
1) 2 3 3 2  I,,, 7.342 

STATIOS DEER 

no110 to Club 
Club and Deer 

Bello to Deer 

Doer to Bello 

-1- 

8 3.049417 0 , ,, 
30 21 00 c o s a  0.2R3133 I B I 8.5115% 

-;4752 I h I 1.744100 
+ 0.1137 --I -55.3015 I 

3.949417 

8.509351 

‘ 2 . 8 1 4 0 6 3  
AX 1 +327.0872 

I +El E l  E:: --- 1 101 I 0; 1 51.0 - 45.3 

nolle 1 ;A 1 +a I 4; 1 14.662 27.087 

X’ 88 1 48 I 41.740 
--- 

Doer I 

9.0555 

2.514663 
9.703531 

2.218104 

i + 105.27 

1 3.488 
2.332 

5.820 
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reconda y triungulation-Continued 

STATION CLUB 

138 
-33 

104 - 

a 
Thkd angls 

a 
'fa 

a' 

4 

4' 

4(4+4') 

1st term 
2d 3d and 
4ih tdrms 

-A6 

, I ,  

02 00.4 
45 59.8 

16 00.6 
3 30.2 

- - ~  
Born to Bello 
Club and Bello 

Born to Club 

A 1 88 A x  

Club A' I &l 

31ub to Horn 

38 07.405 
6 57.301 

43 I 04.856 
I+--- 

hz. 
D 

30 I 15 1 11.077 I 
-1 

-h 1.064 
3.020 $sin?a 8.005 
2.331 E 6.017 

G. 2lX 5.0iG ' 
+o. ooo2 +o. ooo1 

8.511558 

178 
-3G 

142 - 

4.081211 
9. 986305 
8.500353 

I r t  

28 30.3 
22 27.1 

00 00.2 
2 60.0 

--- 

a1 8.1225 
sh'a I 0.0728 

C 1.1700 

Ah I 2 . 6 W 3  
sin $(d+d') 0.702113 

2.322056 

-Au 1 +210:21 

STATION DEEH 

Club to Bo110 
D m  nnd Bello 

Club to Deer 

Deer to Club 

0 , ,, 
30 18 20 

-375.3574 
,t 

11.070 
15.234 

27.210 

" 

I 
8 

cos a 
B 

h 2.674446 

Club 

De?' 

- 
A 

dA 

8% 8.3316 -h I 2.574 I 5:laQ I s z s l n l a  7.808 sin2 a I 9:5767 I 
C 1 1713 2 331 E I 5.018 

8 4.1G751 
sin a 0.7wJ345 

A' 8.509351 A X  2.627402 
so0 4' 0.084M5 sln 4(6+4') 

2.527402 
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a 
looond mgh 

a 
Aa 

a' 

d 
Ad 
4' 

3(d+d') 

-Ad 

Final poeition computation, 

BTATION SHIP 

Deer to Club 
Club and Ship 

Deer to Ship 

Ship to Doer 

* ' I' 8 4.088808 
30 18 19 C O S P  9.978071 I U 18.611549 

+ 0.0285 --I +377.1894 1 

2,171073 

AX 1 +14;12787 

Deer 

Shlp 

sh*u 9.0184 
C I 1.1731 

8.3093 
C0.0234 ' 

2.171073 
9.702852 

1.874026 

+74.82 

STATION BILOXI LIGHTHOUSE 

Deer to Shl 
Ship and DEoxi Lfghthousa 

Deor to Dlloxl LIghthouso 21 21.9 
2 I 429 I -115 I 

Blloxf Llghthouso to Deer 

0 1  ' (  " ( 

Fkst angle of triangle 

Deer + 
--I- 

20 I 23 1 39.419 ] Blloxl Lighthouse 

--13;:3198 1 h 1 9.04lQ 
+ 0.1107 +o. 1102 
-132.2001 

2.121025 1 1 
8 

8h,P 
A - d' 

AX 

d"x I+:/ 48 6122.071 41.749 

A' 64 03.820 

-h 2.121 
4.243 8 1 s h 1 a  7.889 I 2.332 I E I 6.919 

2.507952 2.211820 

+162 88 



APPLICATION OF LEAST SQUARES TO TRUINGULATION. 1% 

at 
sin1 a 

C 

eeconbay triangulation-Continued 

a. 2280 
O.oo00 
1.1713 

9.3873 
+O. 2488 

STATION SHIP 

a 
l'hird angle 

a 
A a  

a' 

d 
Ad 
6' 

Hd+d') 

1st term 
2d torm 

-Ad 

a 
Third anglo 

a 
d a  

a' 

4 
Ad 
d' 

*(d+d') 

1st term 
Id 3d andl  
4th Arms J 

-Ad 

h b  to Deor 
3hlp and Dear 

:lub to Ship 

3hip to Club 

+1.7054 
+O. 2496 

8 4.112803 1 I A X  I 2.6SS894 
880 .$ 0.0835812 shi*($+#) 9.702275 

+244.44 

BTATION BILOXI LIGHTHOUSE 

3hlp to Door 
Biloxl Lighthouse and Deer 

3hlp to Biloxl Lighthouse 

Blloxl Lighthouse to Ship 

0 ,  I ,  I ,  I 

+ 29.398 - - ~  
30 I 23 i 39.419 I Blloxl Llghtpouso 

Fkod valuo 38.410 

' I  a 4.213743 82 a4276 
30 19 25 cos a 9 981780 sins a 8.8oM) I n I s:611sso I c I 1.1713 

8 
sin a 

A' = 6' 

A X  

4.213743 
9.462733 
8:.rnSKl 
0.084209 

2.240035 
, I  

+173.7941 

X 
A X  
A' 

ha 
D 

A X  I 2.240035 
Sin I(++d') 9.703180 

-Aa +87.74 

, I ,  

00 00.00 
29 67.8 

-.1 

61 10.020 
2 63.794 

54 03.820 

-h 2.707 
6.414 a*sinaa 1.333 
2.331 I E I ti918 

I I Io3.890 

+o. 0068 .I,"x 
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Final position computation, 

STh TION SHIP ISLAND J J  G HTH 0 US E 

a 
ocond angle 

a 
d a  

a’ 

9 
Ad 
d’ 

I(,$+&) 

1st term 
!d 3d and 
4ih tdrms 
-A9 

Biloxl Lighthouse to Shi 
Bhip and Ship Island L&houso 

Bi1o.d Lighthouso to Ship Island Lighthouso 

Ship Island Lighthouse to Biloxi JA hthouse FL nnglo of trianglo 

30 - 
30 

0 ,  

30 18 

29 1 39.419 1 nlloxl Lighthouse 
10 54.078 -~ 

45.341 Ship Island Light- A’ I I houso 

It 8 4.323889 
12 cos a 9.9xo040 

U 8.511MG 

+W.‘;)lOD 1 h 
+ 0.0673 

+054.0782 

8 
sin a 
A‘ 

sec d‘ 

A X  

8.6480 

1.1738 

8.76..  
+O. 0583 

8.943a 

- 
ha 
D 

li 1 1; 1 17.G - 67.9 

-h 2.R10 
5.CW Ss in la  7.502 
2.332 1 1.: I 6.919 ”I +O. oogz yn- -0. ooo2 
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a 
Third anglo 

a 
d a  

a' 

aeconda y triangulation-Continued 

STATIOW SHIP ISLAND LIGHTHOCSE 

Ship to Bilod Lighthouse 
Ship Islnnd Lighthouse and Biloxi Lighthouso 

Ship to Ship Islnnd Lighthouso 47 16.3 
--- 
--- 

00 00.00 1 43 
51.1 --- ___-- 

Ship Island Lighthouse to Ship 

lO.'bZl 1 Ship 1 X 
24. G81 dA 

d 
Ad 
d' 

Fixed raluo 

88 51 10.026 + 0 47.438 

88 57 67.404 
67.484 

---- 

8.1410 
9.9330 
1.1713 

9.2459 
+O. 1762 

-1 Ship Isl~l: Light- I A' 

46.341 

h2 
D 

4.070791 22, 1 9.808513 
8.508354 
0.003404 

2,010062 

Ah 
Sin $(.$++') 

2.610082 
0.702011 

4.320 8 2 S i n 2 P  
2.331 I -h E 

6.051 
+O.o004 1 

2. loo 
8.075 
6.918 

0.153 
-0. ooo1 
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ADJUSTMENTS BY THE ANGLE METHOD 

If the adjustment be made according to the angle method” the 
complications due to the presence of the z’s are avoided. An angle 
is the difference of two alrections and the observation equation for 
an observed angle is tho difference of the observation equations of its 
two sides, and in taking the difference the z drops out. To illustrate 
this suppose that at station Gunner, Figure 6 ,  page 104, the following 
angles were observed: Duck to  IndianPoint, Indian Point to Larrabee, 
Larrabee to Mam, Mam to Lubec Channcl Lighthouse, and Lubec 
Channel Lighthouse to Lubec Church spire. Call the corrections to 
the observed angles u,, u,, us, u,, and u, respectively, and suppose the 
observed and assumed values to bo as given on page 115. Then 

U,  = U, - V, = - 613 l&$l + 180061, - 2.2 

U, =v, -v2 = - 199764, + 23661, + 7.0 
In a similar way, 

U, - 273264, + 8561, - 1.2 
U, = - 556564, - 244562, + 3.5 

= + 588664, + 54136A, + 18.4 
These contain no 2’s and the normal equations may be formed in the 
mud way. 

Observation equations of this kind would arise when at an unknown 
point angles are taken on known points, as for example when angles 
are taken with a sextant from a point off-shore to determine its posi- 
tion, and for such observations the angle method is both easier and 
more logical than the direction method. 

*Wright and Hayford, Adjustment of observations, p. 180. 
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ADSCTSTMENT OF VERTICAL OBSERVATIONS 

QENERAL BTATEMENT 

When reciprocal vertical observations are made over the lines of a 
triangulation scheme a computation of the differences of elevations is 
made by the usual Coast and 
Geodetic Survey formula. For sBc,+ 
an account of these observa- 
tions and of the method of 
computation, see United States 
Coast and Geodetic Survey 
Special Publication No. 19, BOs/ey 
page 140 et seq. As there are 
always several lines from each 
station, rigid conditions are 
present in the figure. Thus it 
becomes necessary to make an 
adjustment of tshe observed 
values by the method of least 
squares. In the following fig- 
ure the differences of eleva- 
tions as obsorved aro first com- 
puted and then the results are 
adjusted by the method em- 
ployed in tho United States 
Coast and Geodetic Survoy. 

The formula used in the fol- 
lowing computations is the one 
,given in Special Publication 

*.e- No. 19, mentioned above. On ,.- _ _ _ _  
pages 205 et, seq. there is given 
a new development of the for- 
mula that takes into account Fx?. 8. 

some of the small terms that 
are needed in computation over longer and higher lines. The final 
form of the new formula differs slightly from the one used in this 
computation. 

Red Mountnin ’/ 
cr”--- 

Redding Rbck 
water /eve/ 
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~~ 

Station 1 

station 2 

Station I 

Station 2 

Station 1 
Station 2 

Computation of elevations from reciprocal observations 

Pack 6ad 
dl0 

0 , ,, 
90 04 1: 
80 04 5( 

4( t 9-c 
' 6.04% 

4.27444 
0.3217t 
+2. I( 

0. OI ... 
0. o( 

+2.1f 
8.54f 
0.451 
2.8: _- 

High Di. 
vide 

Bald Hill 
0 , ,, 

80 29 43 
89 37 50 - 61 63 - 25 56 

7.87750 
4.2154G 
2.09305 

-123.88 
0. 00 
0.01 

-l23.w1 
8.431 
0 . m  
3.71 

Oordon 

tafn 
Red MOUII 

Q / ,, 
800328 w 10 44 + 07 10 + 03 38 
7.02404 
4.487% 
1.51180 
+32.50 

0.00 
0.01 

+32.51 
8.970 
0.024 
1.00 

r011y~og 

Elk 

0 I I /  

90 57 44 
89 11 15 

- 1  40 28 
- 63 14  

8.18994 
4.29253 
2.48247 

-303.72 
0.00 
0.03 

-303.75 
8.585 
0.415 
2.60 ____ 

High Di- 
vide 

Qordon 
e , ,, 

8 8 2 8 2 3  
91 40 '22 

- 3 11 69 
. I  30 00 

8.44011 
4.29195 
2.73mi 

+547. 09 
0.00 
0.08 

+547.17 
8.684 
0.416 
2.01 

3ordon 
Rattle 

0 , N 

80 31 05 
89 38 48 
' 62 17 
. 20 08.5 

7.88100 
4.31274 
2,19360 

-1%. 24 
0.00 
0.03 

-1M. 27 
8.625 
0.375 
2.37 

Pack Sad- 
dl0 

vide 
Kigh Di- 

0 I ,, 
80 30 00 
89 37 33 . 52 27 . 26 1 4  

7.88258 
4.15543 
2.03801 

-109.15 
0.00 
0.01 

-100.10 
8.311 
0.689 
4.89 

High Di- 
vldo 

h n g  Ridge 
0 , ,, 

88 12 34 
91 53 03 
3 40 31 
1 50 10 

8.5W2 
4.03443 
2.61076 

+347.34 
0.00 
0.05 

+347.39 
8. WO 
0.931 
8.53 

tordon 
.hild 

D I // 

01 60 00 
88 I1 27 
3 44 33 
I 52 10.5 

8.51416 
4.23223 
2.74w9 

-557.69 
0.00 
0.08 

-bb7.78 
8.404 
0.530 
a. 43 

Pack Sod. 

Elk 
dle 

0 , ,, 
91 53 5c 
88 10 59 - 3 42 51 

- 1  51 26 
8.51080 
3.98141 
2.40234 

0.00 
0.03 

-310.73 
7.963 
1.037 
10.88 

Long Ridg 

Gordon 

-310.70 

0 , ,, 
89 14 01 
80 62 64 
- 1  38 53 
- 40 20 

8.15777 
4.14252 
2.3oMO 

+190.66 
0. 00 
0.03 

1-199. GO 
8.2% 
0.715 
5.10 

:hiid 
Rattle 

. / ,/ 

87 50 00 
920903 
. 4 1 3 0 3  . 2 00 31.5 

8.56610 
4.03838 
2.00449 

+402.24 
0.00 
0. on 

+4M. 30 
83377 
0.923 
8.38 

Elk 

Long Ridg 

0 I ,, 
88 33 10 
91 30 54 

t 3  03 38 
t 1 31 40 

8.42675 
4.31524 
3.741W 

+552.06 
0.00 
0.  00 

+552.12 
8. (130 
0.370 
2.34 

P 

Long Ridge 

Bald n i l1  
0 , I ,  

91 27 22 
88 41 40 - 2 45 34 

- 1  2 48 
8.38184 
4.2013 
2. 67107 

-400.86 
0.00 
0. 00 

-409.92 
8.580 
0.420 
2.03 

Child 
Red Moun- 

tain 
D , I ,  
88 33 47 
91 36 13 

4- 3 02 20 + i si i3 

0.00 
0.09 

+689.04 
8.693 
0.307 
2.03 

Elk 
nigh Di- 

vido 
0 , I ,  

80 15 25 
W 51 04 
f l  36 39 + 47 50 

8.14348 
4.17150 
2.31408 

+2oG.53 
0.00 
0.02 

+m. 55 
8.343 
0.657 
4.54 

Gordori 

Bald Hill 
0 , I ,  

92 45 09 
87 21 10 
-5 23 50 
-2 42 00 

8. 07357 
4.15348 
2.82705 

-071.61 
0.00 
0.07 

-671.68 
8.307 
0. 693 
4.93 

Rnttlo 
Red Moun- 
tain 

89 07 20 
90 57 56 + 1 60 30 + 55 15 
8.20010 
4.08006 
2.27210 

+187.14 
0.00 
0.04 

+187.18 
8.132 
0.868 
7.38 

0 f ,, 
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log (0.5-m) 82 
log P 
log (2d term) 
3COt.C 
Second term 
Third term 
t-0 

Computation of elevations f rom nonreciprocal observations 

7.08403 
6.80535 
1.17058 

+211.03 
15.12 
0.01 
1.51 

Station Occ. 1. 

Stntlon Obs. 2. 

Obj. slghtod 

c 
90"-C 
80"-c in  socs. 
log ditto 
T 

logs  cot c 
01 and mcnn -$ 
lo (05-m) 

log 3 

2 k K i  

P o l l p o g  

Bosley 

0 , I ,  

1 80 11 00 
40 00 

2040 
3.46835 
4.W5GO 
4.17163 
2.37.558 

05 42.2 
0.04107 
8.34326 

h-hl  +228.27 
log p=8-2 log 3 0 . 1 ~ 7  
V I 4.54 

I 

Station Occ. 1. I Unld lIill 

Obj. slghtod 
I O /  ft 

L o - c  
tan W"-c 

01 and mom -$ 
lo (0.5-m) 
2 Fog s 

log 8 
log 3 W t  c 

log (0.5-m) 8 2  

f2d term) 
s c o t  c 
Socond torm 
Third torm 
t-0 

hz-hl 
Cor. for roduc- 

tlon to monn 
son lovcl 

h2-hl (corrected) 
10s p-ft-2 10s 3 
P 

aq 4 1  22.5 + 1 18 37.6 
8.3503G 
4.44042 
2.80878 

21.4 41.0 
9.02841 
8. ROLL34 

8.52825 
6.80387 
1.72439 

+ 53.01 
0. OF) 
1.36 

+043.84 

+GO& 27 

0.101 
1.26 

Pollywog 

Stack 

0 , ,, 
80 40 00 

20 00 
1200 

3.07018 
4.65558 
4.40530 
2.26015 

141 42.3 
0.64167 
8.09078 

8.03245 
6.80430 
1. S28oG 

07.31 
0.01 
1.51 

+so.  Rcl 
0. oog 
1.02 

+iaz.n3 

Rnttlo 

Rcddlng 
IZock 

Wntnr lcvc' 

01 51 30 - 1 5 1  30 
8.61115 
4.50765 
3.07880 

31.3 41.5 
0.04207 
0.13530 

0 , ,I 

8.77737 
6.80410 
1.07327 

-1108.05 + 04.03 
0.21 
1.45 

-1103.ui + 0.16 

-1103.11 
0. Rlx 
0.73 

1'011 ywog 

C r w n  

0 , ,, 
88 0.1 00 
1 66 00 

GQGO 
3.84261 
4. GW74 
4.20117 
2.72052 

175.0 42.3 
0. 641137 
8.40'234 

8.04401 
0.80370 
1.24025 

+536.44 
17.30 
0.04 
1.51 

+555.38 
0.508 
3. UG 

Red hloun- 
tnin 

Rcdding 
Rock 

Wnter lcvel 

9: 32 45 - 2 32 45 
8.64790 
4.4m93 
3.13182 

48.0 41.4 
0.62747 
8. w780 

_-- 

0 , #, 

8.50533 
O.W)4tiG 
1.7w>7 

--1&4.04 + 01.75 
0.27 
1.43 

-1291.40 + 0.82 

-1280.07 
o.nz  
1.07 

Elk 

30SlOY 

D , I ,  

ss 40 31) 
1 19 DO 

47iO 
3. 6726'2 
4. (iSG5 
4.33201 
2.69708 

157.0 42.1 
0.630[)0 
8. OGjm 

8.30572 
6.803W 
1.60173 

31.75 

1.45 

+531.07 
0.334 
2.10 

+407. a? 
n. 04 

Pack Sad- 
dle 

Bosloy 

0 , ,* 
80 37 38 

2 ' 2 2 2  
134'2 

3.12775 
4.68558 
4.42745 
2.24078 

137.8 42.1 

8.85490 
9. rfi260 

8.61750 
0. 80140 
1.71304 

+l74.oI) 
51.C5 
0.01 
1.50 

+227.25 
0.145 
1.40 

dngRidgc 

?nck Sad- 
dlo 

0 , 0 

I1 01 00 
1 01 00 

3CGO 
3.50348 
4. ti8502 
4.15501 

11.8 42.0 
9.0ti001 
8.31182 

7.07183 
6. W400 
1.1G774 

-?.54.10 
14.71 
0.01 
1.40 

2.40501 

-- 

-237. os 
0. GR8 
4 .88  

The ndjustment of vertical observations as practiced in the United 
States Coast and Gcodctic Survey is mndo by means of observntion 
equations and differs somewhat from the mcthod of conditions. Of 
course condition equations could be employed if it  \vcro desired, just 
as triangulation can bo adjustcd by observation equations. (See the 
adjustment by the Variation of Gcogrnphic Coordinatcs, p. 91 et  sey.) 

Elevations for tho vnrious stations are assumod somewhat near 
what the final valucs will be. To these are added 5's to be deter- 
mined by the adjustment. (See table of assumod elovations on p. 200.) 
By means of those, observation equations are formed by t,he com- 
parison of the assumed h, - h, with that determined by computation. 
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The method of formation is shown below and a tabulated form of aU 
of the computation on page 201. 

Fixed elevations. 
Meters 

Boeley. -. -. . . -. . - -. . - - ~ -. . -. . . . . . -. ~ ~ - ~. . - -. . - ~ -. . . . . 1037.35 
Stack ____..__.__.._..__.__.___.___.___.__..........--...-..--.---.. 1062.69 
Craggy ............................................................. 1368.31 
Bedding Rock.. . . .. - -. - - ~. . -. . -. -. . . . . ~ ~ -. . . -. . ~ 

10.00 
-. - 

J _...-.. Mean Bea level. - - .  . . . . - - - . . - -. -. . . . . . . ~. . . . . . . . . . 
Assumed and adjusted slevations 

Btatlon 

Pollywog 
Elk 
Pack Saddle 
High Divide 
Lon Ridge 

Gordon 
CNld 
Rattle 
Red Mountnin 

B ~ I ~ H ~ I I  

Elevntion 

idlusted 

Mefna 
81 1.00 
604.01 
815.74 
708.77 

1055. w 
686.16 
1250.12 
698.10 

1100.46 
1287.70 

FORMATION OF OBSERVATION EQUATION8 

The observation equations are formed as follows: 
(1) Pollywog, assumod olevation* - 811 +z, 
(2) Craggy, fixed elevation = 1368.31 

= +557.31-~, 
= + 555.38 +v, 

h, - h, (assumed)* 
h, - h, (observed)* 
Observed - assumed* = - 1.93 +Z, +Vi =o 

- w,= - 1.93 +zI 
p = a  of 3.9611.32 

(1) Elk, assumed elevation* = 507-l-X2 
(2) Pollywog, assumed elevation* = 81 1 + z, 

h, - h, (assumed)* 
h, - h, (observed)* 
Observed - assumod* 

= + 3 0 4 + ~ , - ~ ,  
= +303.75 + W, 
= - 0.25 - Z, + z ~  + W~ = 0 

- V, = - 0.25 - Z, + Z~ 
p = 2.60 

In a similar manner the remaining equations are formed. These 
are usually formed as in the following table. The constant term is 
found in the column “Observed minus assumed,” and the remainder 
of tho equation in the column “Symbol.” 

LInoluding 8ymbollo correation. 
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COMPUTATION OF PROBABLE ERROR 

Probable error = f 0.6745 

. -  

H ~ v '  = 146.394, I O ~  = 2. 16552 
colog = 8.76955 

log = 9.65801 
log (probnble CI'I'OI')~ = 0. 59308 

log probable error = 0.29654 

No. observations -No. unknowns = 27 - 10 = 17, 
Constant = 0.455, 

Probable error of unit weight = f 1.98 * m. 
log (probable orror, unit wcight)' = 0. 59308 

Weight coefficient for Long Ridge = 2.843, log = 0.45378 
log (probablo crror)2 = 0. 13930 

log probablo error = 0. 06965 
Probable error for Long Ridge= f1 .17 M. 

FORMATION OF NORMAL EQUATIONS BY DIFFEREKTIATION 

The following equations are formed from the table just given: 
--~,=-1.93+~, 
- v Z =  -0.83+2, 

- ~ 4 =  +0.72+~2 
-v3= +I .92+2, 

-v6=-0.25-s,+22 

and so on for tho rest of the 27 v's. 
Tho function u to bo mado a minimum is Hp,vn2, or 

U= +1.32( -1.93 +z,)~+O. 34( -0.83 +Z,)'f 1.51 (+I. 92 +Zj)'+O. 72( +O. 72+Z2)2 
+2.60( -0.25 -21 +~,)~+10.89( -0.73 -~2+~3)'+0.47( +6.90+~3)'+2.82( +3.90 
-~,+2~)'+4.54( -3.55-~,+~,)~+4.89(+2.16-2,+2,)2+8.53( + 1 . 6 1 - ~ , + ~ , ) ~  
+ 2 . 3 4 ( - 0 . 1 2 - ~ 2 + ~ 6 ) 2 + 1 . 6 3 ( + 4 . 0 2 - 2 , + 5 ) 2 + 3 . 7 1 ( ~ 2 . ~ 0 - ~ ~ + ~ ~ ) 2 + 2 . ~ ~ (  - 0.08 
-Z,fZa)'f4.93( - 1.58 -Z0+Z,)2+2.61 (+I .83 -2, +2,.)'+5.19( 4-0.31 -2.5++)' 
+0.36( -0.67+Z1,)2+0.42( +2.73-Za+Z,0)2+1.06( -1.51 -27+210)~+3.43 
(-0.22-++~,)~+2.03( +0.64+~, -~ ,0)~+0.24(  -0.11 +29)'+8.38( -O.~O-Z,+ZJ' 
+2.37(+0.27-~~+~~)'+7.38(+0.18+2,-2,,)?. 

The function will bo rendered a minimum by equating to zero the 
By this partial diflcrontid coefficients with respect to z,, z2, otc. 

moans tho following equations are derived: 
+1.32( - 1.934-21) +0.34( -0.83+~,)  +1.51( +1.92+~,) -2.60(-0.25-~, +%) -2.82 

+0.72( +0.72+~2)+2.60( -0.25-~,+~J-10.89( -0.73--2,+2,) -4.54( -3.55--5+4) 
(+3.90-2, +Z3)=0 

-2.34( -0.12-~,+2,)=0 
~ ~~~ ~ ~ ~~~ ~~ 

* Thls verticnl not is not of a high degreo of accuracy, it belng n smnll spur of swondnry trlangulntion 
thot was executod in some haste with slight nttention to vorticnl observations. It w-ns selwted on account 
of its smnll size. The more accurate work i usunlly in lnrgor nets. See list of probable errors ranging 
from f0.23 m. to f1.83 m. in United Btatas Coast and Geodetic Survey Spacial l'ublicntlon No. 13. 
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+10.89( -0.73--~~+~3)+0.47(+6.90+~)+2.82( +3 .90-~ ,+q)  -4.89( + 2 . 1 6 - ~ + ~ 4 )  

+4.54( -3.55 -~ ,+~ , )+4 .89 (  +2.16-~3+~,)  -8.53( +l .Sl-S4+Z5) -3.71( W . 9 0  

+8.53(+1.G1-~,+~,)+2.34( -0.12-~,+~,)+1.63( +4.02--~3+S&2.63( -0.08 

- 1.63( $4.02 -z,+Z,) =O 

-S,+Z~) -2.61(+1.83 -z,++)=O 

- z ~ + z ~ )  -5.1O( +0.31-Z5+Z7)=0 
+3.71( +2.90-~,+~~)+2.63( -O.OS-Z~+S~) -4.93( -1.58 -z,+z,) -0,42( 4-2.73 

--S,+Z,o)=O 
+4.93( -1.5S-~,+~~)+2.61(+1.8~--~~+~~)+~.19(+0.31--~~+~7)-1.06( -1.51 

-++~,,)-3.43( -0.22-~7+Ts) -2.37(+0.27-Z7$ZJ=O 
+3.43( -0.22 -~7+~.J+2.03( +0.64+~&k,) -S.35( -0 .30 -~8+~ , )=0  
+0.24( -0 . l l+~ , )+8 .38(  -0.30-Z,+Zo)f2.37(+0.27-++~,)+7.38(+0.18+2, 

-x,,)=O 
+0.36( -0.67+~,0)+0.42( $2.37-Zo+Z,,,)+1.06( -1.51-q+r1,)-Z.03(+0.04 

+2,-~,,)-7.38( +0.18+~~-~,,)=0 

By multiplying and collocting, wo obtain tho following normals: 
4-8.5911- 2 . a ~ -  2.821a ..................................................................... -10.2780-0 
- 2 . G k ~ + 2 1 . ~ 1 * - 1 0 . ~ ~ 1 ~ -  4.5424- 2.3416 .................................................... f24.2159-0 
-2 .8’&~-10.8~~~2O.~kolo-  4.8924- 1.G3Ia.. .................................................. -10.8237-0 

- 4.%22- 4.H913+24.2&4- 8.5313- 3.7120- 2.0127 .................................... -34.8232-0 

- 3.71~4- Z.63I4-kIl.GOI.3- 4.0327- .................. 0.42110 .......... +17.1914-0 
- 2 . 6 1 ~ -  5.1%- 4.9310-l-19.5017- 3.4328- 2.3719- 1.OC1ia .......... + 0.3111-0 

- 3.431i+13.841~- 8.3&9- 2.03Zio .......... -f- 3.K580-0 
- 2.3727- 8.38Zs-l-18.3729- 7.3&10... ....... - 0.5721-0 

- 0 . 4 2 ~ ~ -  1.c627- 2.0318- 7.38r0+11.&10 .......... - 3.322890 

- 2.341~- I.G3ra- 8.%14+m.Xb- 2.G310- 5.1017 .................................... +18.6060-0 

(See tho table of normals on p. 204.) 
Tho normnls nre most convcniently formod from tho table given 

on pago 204. Tho various observation oquntions nro written along 
tho horizontal lines in tho columns of thoir rospeetivo 2’s. Tho nor- 
mals aro then formod as in condition equations, except that tho 
constant terms must also bo multiplied by each column and tho sums 
taken for the constant terms in the normals, as may bo  seen from 
the direct computation of tho normals abovo. 

After tho 2’s aro dctermined from tho solution o€ tho normals, 
thoy nro added to tho nssumcd olcvations, giving tho adjusted final 
elovations. Tho v’s aro most easily dotorminod by computing h, - h, 
from tho adjusted valuos; if tho observed 7 b 2 - 7 ~ ,  is subtracted from 
the adjusted valuo tho respective v results. They could, of courso, 
bo computed by substituting tho x’s in tho observation oquations, 
but this would roquiro moro work. 

For a check tho 2 pv a t  any station should equal zoro, with tho 
possible oxcoption of a small amount due to dropping the docimnls 
on tho 2’s. In tho tablo on pago 201, uso pv from tho first column if 
tho 2 is positive and from tho socond column if the 2 is nogativo. 
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+1 
+1 
+1 

-1 

-1 

I 
3 4  
-- 

4-1 
+1 
-1 

-1 

-1 

-I- 

1 2 3  4 6  G 7 1 8  9 10 0 

_.----__-__.-__-- 

1 +8.69 - 2.00 - 2.82 -10.2780 
+21.06 -10.89 - 4.54 - 2.34 +24.2159 2 

-34.6232 
3 
4 +24.28 - 8.53 - 3.71 - 2.01 

+20.32 - 2.83 - 6.19 +18.0W) - 0.42 +17.1914 
6 
0 +11.69- 4.93 

+13.84 - 8.38 - 2.03 + 3.05M 
7 
8 
9 +18.37 - 7.38 - 0.5721 

+20.70 - 4.89 - 1.03 -10.8237 

+19.69- 3.43- 2.37- I . & +  0.0111+ 

10 +11.25- 3 . 3 m -  

I 
" 

1 
~ 

- 7.1080 
+24.9359 
-10.3637 
-34.m2 
+18.o080 
+17.1914 

0.3111 + 3.0580 - 0.3321 
2.9028 

- 
N 

1 

4-8.69 ' 21 

1 

-1.93 
-0.83 
+l.92 
+O. 72 
-0.25 
-0.73 
+6. 80 
+3.w 
-3.55 
+2.16 
+ l . G l  

+4.m 
+2. Bo 
-0.08 
-1.68 
+l. 83 
+O. 31 
-0.67 

-1.51 
-0.22 +o. 04 
-0.11 
-0.30 
+O. 27 
+O. 18 

-n. IZ 

+2. 7a 

2 -- 
- 2.80 + o.ao288 
+21.09 - 0.7870 

+20.3030 
tr 

1 
2 

- 
1 
- 
+1 
+1 
+1 

-1 

-1 

Table for  f o m t i o n  of n o m l  equations 
- 
7 
- 

t l  
t l  
tl 

-1 
-1 

-1 

f 6.5526 
+lo. 7590 - 0.2104 - 7.7894 + 4.77m 
f 1.OoRg 

+1 - 0.2412 
+ I  + 1.1404 
+1 - l.Wl I '  - 0.7548 
-1 f 1.2692 - 0.0204 - 2.6140 + o.ca99 
-1 + 1.3284 

- 2.82 

I-20.70 - 4.89 - 1.53 
-0.9258 I 1 - 6.7827 - 2.6280 - 1.3636 
I-12.98l6 

5 
- 7.6100 - 2.9835 + 0.67898 I + 0.22983 

+18.9132 -10.7800 1 1 4  /+ 0.670004 

0 l 7 L  I X I  

1 -10.2788 - 7.1080 + 1.18058 + 0.82764 

+24.2169 +24.9%59 - 3.1111 - 2.1610 

+21.1048 +a. 7842 - 1.03949 - 1.1pzl 

- ~ - ~  

1; ::?& )+ 0.4913 
-0.03785 I 

-3.71 (-2.01 13(.8212 + 4.7192 (-34.8232 + 5.0948 1 
- 1.16% + 0.2846 

-3.71 
-0.190169 
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9 

- 0.6721 + 0.03114 

7 1 °  2 -- 
- 0.3321 + 0.0lRoB 

6 

+3.0588 - 0.2610 

- 0.27618 
+ 2.7 i n  

0 

f3.0588 - 0.m6 
- 0.28021 
+ 2.8071 

8 

-- 
f19.59 - 0.3002 - 0.3068 - 2.0315 - 3.6080 

10 

- 4.93 - 0.6120 

- 0.3469 

+ 0.3111 - 4.3134 

+ 1.7599 
-1.Q986 

- 4.6058 

- 0.0738 

+l8. 37 
24 

0 

+ 0.3111 - 4.0032 

+ 1.3082 
-1.2038 

- 3.7495 

- 0.0428 

- 7.38 + 0.40174 

4 
10 
7 

- 2.37 1 + 0.1?Bol6 

+11.09 - 0.7277 - 0.0328 - 2.6343 

- 8.38 + 0.45618 

+13.84 - 3.8228 

+lo. 0172 
1 8  

9 
8 

+18.oooo + 2.4323 - 0.4575 
-17. 8164 - 2.2766 + 8.1547 

+ 8.6442 - 3.04020 

+lX.oooo + 2.0269 + 0.1128 
-10.7832 - 1.8935 + 8.8188 

+11.4876 - 4.04020 

+O.oall 

-0.82LO 
-1t2822 

-o.ano +1.6628 

-0.7633 
-0.3809 

-1.m 

- 2 . m  - 3.3008 
- 6.3888 + 0.63873 

.ell.% - 2.804x - 2.9073 

+ 6.Sm 
710 

4 
0 
8 

10 

- 3.43 - 1.0811 

- 4.6111 + 0.45034 

- 1 . w  - 0.42 - 0.9521 - 2.4303 

- 3.3228 - 2.8028 - 0 . m 8  - 0.1334 + 1.6072 + 1.6801 

- 4.4424 1 - 0.42 + 0.82605 + 0.07510 
- 2.0464 - 1.6299 + 0.382-3 I + 0.25448 

- 6..19 - 1.4877 

- 6.6777 + 0.60501 
f13.2228 1 - 6.7888 

17 + 0.43770 

- 2.03 - 2.1148 

- 2.8234 

- 7.0681 + 0.91330 

+17. I914 +17.1014 - 0.1313 1- 6.7767 - 0.1597 - 0.1196 - 1.97Xl I- 1.0416 

I + 8.;63852 

+ 8.9279 + 9.6650 - 1.00346 - l.lM)(WI 

+20.32 - 0.2097 - 0.0867 - 0.1450 - 3.3723 - 7.0040 

+ 2.8433 
16 

Back solution 

7 I 1 0 1 8  1 6 1 6  3 l a I 1 l  0 1 4  pp -3.0402 -1.0684 

-2.8767 -2.2961 -2.8107 7-1- -0.7276 - 
-2.3826 

+O. 0505 -- 
-2.6441 I -1.2304 

DEVELOPMENT OF FORMDLAS FOR TRIGONOMETRIC LEVELING 

GENERAL STATEMENT 

The formdas used on pages 198 and 199 in tho computation of ver- 
tical observations were found t o  bo lacking in some of the quantities 
that wore approciablo when the lines were vory long and high. Accord- 
ingly, a new derivation is now given that takes into account some of 
these quantities. As a result, the formultts derived in this develop- 
ment differ slightly from those used in the computation cited above, 
but they ought to give practically the same result in computing over 
lines of such length as occur therein. 
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Tho following derivation of the formulas for trigonomotric levoling 
is based on certain approximate assumptions which fall undcr four 
genoral hoads : 

1. Geometric approximations.-The vorticnls at  the two points 
(PI the point occupied and P, the point sighted on) are treated as if 
they lay in one plano and the intorsoction of this plane with tho 
ellipsoid that reprosents tho surface of tho earth is treated as tho arc 
of a circle whose radius is the mean radius of curvaturo of a vertical 
section through PI and P,. I-Ielmert (in his I-Iohero Geodilsie, Vol. I, 
p. 520, and Vol. 11, p. 563) investigates tho error arising from theso 
assumptions and finds it to be about 1/40 metor at a maximum whon 
tho distance P, P, is about 100 kilometers. 

2. Geodetic approximtions.-The differonce between the geodetic 
zenith and the astronomic zenith, i. e., the deflection of tho plumb 
line, is ignored. If those dofloctions are known, corrections may bo 
applied t o  the measurod zonith distances (which, of course, are referrod 
to  the astronomical zonith) to  reduce them to  the geodotic zenith. 
Furthermore, the olomtions obtained by trigonometric leveling 
botween two points am referred to  an assumed ellipsoid, whilo spirit 
leveling gives elevntions roforred to the gooid, so that  tho distancos 
botween gooid 'and ellipsoid must bo known to make the two kinds of 
levoling comparable. If trigonometric loveling could bo carried out 
with groat precision, its use in connection. with spirit leveling would 
givo just this information as to  the distance of the ellipsoid from the 
geoid. The change in tho distance from geoid to ellipsoid occurring 
between P, and Pz may be found from tho deflections of the verticd 
at those points, provided it is assumed that the deflections vary 
uniformly betweon P, and P,, an assumption which may be con- 
siderably in error. 

3. Optical approximations.-Tho path of the ray of light botwoon 
P, and P, is assumed to be tho arc of a circlo in a vertical plane 
through PI and P,. The angle botwoen tho chord P, P, and tho 
tangent to tho circlo a t  either point is tho refraction in zenith distanco 
and it is evidently implied that this rofraction is equal at  P, and P,. 
If we c d 0  (see figure 9) tho conter of the circlo referred to in approxi- 
mihtion 1, and call the angle P,OP, = 0, the refraction in zenith distance 
of the angle TP,P, (= TPZ,)  is writton as mB and m is tormod tho 
coeficient of refraction. The course of a ray of light through the 
atmosphere depends on the variations in pressure, temperature and 
humidity of the medium through which it passes and may bo far from 
circular. Our lack of knowledgo of the conditions which govern the 
refraction is the greatest obstaclo to procision in trigonometric 
leveling. 
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4. Algebraic approximtions.-After tho approximations montionod 
abovo have been mado, thoro is tho further approximation arising 
from tho dropping of small tornis after an oxpansion in sorios. In 
tho following dovolopmonts i t  will be soon that only oxtromely small 
terms aro dropped, and that in casos arising in practice thoir effect 
oven on tho sixth placo of logarithms is unimportant, whilo in fact 
logarithms of only fivo places are commonly used for  this sort of com- 
putation. Tho accuracy of tho dovolopments is conimed by tho 
numerical agreement botwoon tho approximato and tho oxact for- 
mulas in tho examples given. (Emct is used in tlio sonse of dispensing 
with the USG of series. Tho formula is inexact, owing to tho first threo 
sots of approximations.) Tho osamplos roprosont rathor ostrome 
cases of thoso arising in practice, and other numoricnl oxnmples of 
oxtromo cases give a similar agroomont. 

DEVELOPMENT O F  TIJE FORMULAS 

Figure 9 represonts tho vortical plane of approximation 1 common 
to PI and P2, bcing in fact tho plane parallol to both verticals (so0 
Helmcrt, Wiihorc Goodiisio, 

4 .  
sevoral points are projoctod. 

Tho moasurod zonith dis- 
tances aro assumed oqual to  

L I',P,T=c, 
and L V,P,T=& 

Tho mensuroments aro not 
made exactly in this plnno, 
but tho error, which is part of 
that involvod in approxima- 
tion 1, is negligible. 

Tho rofraction in zonith dis- 
tanco is, according to approsi- 
matioii 3, 

Ac= LTP,P,= LTP,P, -mO. 

SI and S, aro points on tho 
earth's surface in tho verticals 
of P, and I',, so that tho ro- 
spoctivo olevations of P, and P2 nbovo tho surface are 

Vol. I, p. 510) on which tlio 

e 

9 

YIO. 9. 

and 
Tho moan radius of curvature p of approximation 1 is given by 

p=os1=os2. 
770318"-48-14 
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If s denotes the distance PIP, measured along the aro and if 8 be 
expressed in radians, 

or if 8 be in seconds, 
S=@ 

There are two cases to be considered according as to whether 
both or only one of the zenith distances have been measured. 

CASE 1. ReciprocaZ zenith distances 

In the triangle Plop, 
L Pp,O = 180' - C~ - AC = 180' - c, - me 
LP,P,O = 180" - cz - A( = 180' - C, - me 

&O OP,=p+h, 
OP, = p + h,. and 

Therefore by the law of sines 

Treating this as a proportion nnd taking by division, 

2 @+h,) s i n ( ~ ) c o s ~ ~ + m B )  

sin e m )  h,--h,= 

Since the sum of the angles of a triangle is 180°, 
180' -c, -me + 180' -c, -me+ 8- 180' 

which gives 

whence (A) becomes 
2(p + 7Ll) sin (9) sin ; 

cos( I - c ,  z 2  +z) 0 h,-h,= (11 

e The quantity 2 (p + h,) sin 3 has a simple geometrical interpretation 

In the figure make OL, = OP, and draw OM 1 PIL,. Then 
8 P,M=L,M=OPl~in P,OM=@+h,> sin2' 
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e Then 2(p+h,> sin is the chord PIL, or the chord S,S, increased to 

allow for the elevation of P, above the earth’s surface. In fact, the 
relation (1) might have beon obtained by applying the law of sines 
directly to  the triangle P,P,L,, which makes it evident why P,La 
appears. 

For convenient computation* (1) may be transformed as follows: 
By the sine series 

The remaining factors of the right-hand side of (1) may be written, 

tan ( q ) s e c  5 8 

The last transformation comes by expanding sec f in powers of 0 

and noting that tan 3-2 e e  nearly, and that the product 9 e tan m;9 

small, so that, 

S By combining (2) and (3) and using 0=- equation (1) becomes 
P’ 

h, -h, = s( 1 +?) tan (9) [ 1 +$ tan (9)][ 1 +&] 1 (4) 

orh,-h,=s tan ( C a i C 1 )  -- ABC 

*Bee also noto 1, p. 219. 
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h where A = 1 + J = corroction for olevation of station whoso elovation 
is known, 

S approximate diirorenco 

Correction for distanco. c=1+-- 12p2 - 
S2 

Tho logarithms of A ,  B, and C aro given in tho tablos on pages 

218 and 219 with the rospoctivo arguments h,, log [ s  tan (v)], 
and log s. Tho tablos show tho limiting valuos of tho rospoctivo 
arguments for which logarithms of A ,  B, and C bocomo 1 , 2 , 3 ,  otc., 
units of tho fifth place of docimals. 

Equation (4) may bo compared with the oxprossion more commonly 
given for h, -?A,, 

With tho tablos here given (4) will probably bo found slightly 
The two more convenient for logarithmic computation than (5). 

forms are equally accurate. 

Case 11. Only one zenith distance (cl) observed 

Whero two zonith distances aro known, the formula, either ( 4 )  or 
( 5 ) ,  doosnot involvo the coefficient of refraction (m) oxplicitly. Whero 
only one zenith distnnco is known, a value of m must be nssumed 
from tho best sources of information available. 

In tho triangle PI L, P, 
0 
2 LP, & p,=90"+-= L v, PI L, 

LP2P1L2=LV1PP,L2-LV, P,P,  
0 

=goo +2- (cl+dc) =goo - rl + (4-m)e 

For tho third angle we find, by subtracting the sum of the othor 
angles from I S O O  

By tho law of sines 
L P ,  P, L=C,-(l-m)U. 

L& -8i%P2?1L2 
P,L,-sin P,P,L, 

or 
cos [cl- (3 -m)01. (6) h, - h, = P,L, sin [c, - (1 - m) e] 

The chord P,L, = chord S,S, x 1 =chord S,S, x A ,  A having the 
P 

moaning proviously given; chord S,S,=arc s very nearly; or, if 
groator procision is desired, P,L,=sAR, where R is the reduction 
factor from arc to chord. 

P+h 
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The logarithm of the roduction factor from arc to sine is given in 
tho Coast and Geodetic Survoy Spocinl Publication No. 8 (Formulm and 
Tables for the Computation of Geodotic Positions), page 17. The 
logarithm of the roduction to chord is very nearly one-fourth of the 
reduction from arc to sine. Granting approximations I, 2, and 3, 
equation (6 )  may bo rewritten as the so-called exact formula in the 
following form: 

Sin l’! is introduced to convort tho anglo from radians to seconds of 
arc. The qunn- 
tity (4 -m) appoars in tho computation of tho rofraction from recip- 
rocal zcnith distnncos on tho Coast snd Geodetic Survoy forms. A 
moan of the dotemiriations of (4 -m) irom tho reciprocal zonith dis- 
tancos should be used in computing tho nonreciprocal observations. 

for tho numerator, tho com- psin 1” Having found tho anglo cl - (3 - m) 

from it  to got tho anglo for the putar should subtract 3 sin 

donominator. Tho an& in tho donominator nood not be carried 
out very accuratoly, as it is always near 90’ whom the oine varies 
slowly. 

A and R h a w  tho meanings previously indicated. 

S 

The former Coast and Geodotic Swvoy formula was 

(4-m) s2 (1-m) sz cot, cl* 
P 

h2-h1=s cot t;+ + 
P 

It is obtainod from (6) or (7) by expanding in series and dropping 
certain small quantities. On some of tho Iongor lines tho quantities 
dropped am appreciable in computations with five-place logarithms. 
The dovoloplnent horeaftor givon will show thut tho goqeral form of 
(8) may bo retained by tho introduction of correction-factors D, and 
D,, which are nearly unity, and by the furthor factor A,  the correc- 
tion-factor for olevation of tho occupied station. Tho full formula 
will then be. 

(f -m) A D2 s2 + (1 -m) sz cot2 c1 ~ L ~ - ~ L ~ = A D ~  s cot ~ , f  
P P 

This form may bo obtained from (6) as follows: 
As before 

e P,L2 = 2(p + 7 4  sin 3 
or expanding by tho sin0 sorios 
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The factor cos [el - (3 -m) 01 in (6 )  may be written 

Since (3 -m) B is a small quantity, the series forms for its sine and 
cosine may be used, giving 

cos [c,-(+-m) 0I=cos cos r(3-m) Ol-tsin e* sin [(it-m) e] 

cos [e1 - (3 - m) 81 = cos c1 [ 1 - (3 - my g + * . ] (10) 
+sin c1 [ (+ -m> B- (4 - m > ~  :+ * -1 

The third factor on the right-hand side of (6 ) ,  namely, 

=cosec [cl- (1 -m)O] 
1 

sin [cl - (1 -m> 81 
may be expanded in powers of (1 -m)O by Taylor’s theorem. 

f(cJ = cosec el 
.f’(cl) = - cot c1 cosec cl 

S”(c1) = cosoc c1 (1 + 2 cot2 cl) - f”’(C1> = -6  cosets cl cot +cot cl cosec cl. 
This gives, 

1 ih [el - (1 .-m) O 1 = c o ~ ~ c  el +coset c1 cot el (1 -4 0 

+cosoc c1 (1 +2 cot2 cl)(l -m)ac (11) 2 
e 3  +cosec cl cot el (6 cosecZ el - 1)(1 -m)3 + - - 

The expressions (01, (lo), and (11) for the factors on the right-hand 
side of (6) are now to be multiplied together. 

In  cases that actually occur, 0 and cot are small quantities of 
about the same order of magnitude. If we call cot cl a quantity of 
the first order, i t  is evident that  cosec c, differs from unity by a quan- 
tity of the second order. In  forming the product from (9), (lo), and 
(11) it is seep that  tho product is of the second order, and will more- 
over contain only terms of even order, so that if terms of the fourth 
order are retained the error will be of tho sixth order, or the propor- 
tional error (the error as compared with the quantity itsolf) will be 

1 of the fourth order or of the order of 30’ part of the differonce of eleva- 

tion, if we suppose a quantity of the Grst order may be as large as - t  a 

liberal allowance. The error, then, of the omitted terms should not 
affect the fifth place of logarithms and probably not the sixth. It 
will be aeen that  the expansions (9), (lo), and (11) have been carried 
out sufliciently far for the purpose in hand, and if these expressions 

1 
30 
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be multiplied together, retaining in the product no terms of higher 
order than the fourth, the rosult may be written: 

S Since 8 = -t we may write 
P 

(13) 
AD2($-m)sa (1-m)9cotac, &-hl -AD,s cot cj + -+ 

P 
6 (l-m)'-l S' 

5-10m-t4m2 s2 ( 1 3 4  
whereD,=l+ 

12 D,=1+ 

The factor A has beon omittad from the last t o m  as being unnoces- 
sary ,  the latter being small and A near unity. D, and D, are aIso 
near unity. Their logarithms are tabulated in the same manner as 
the other quantities, the tablos showing the limiting values of the 
argument between which log D, or log D, may be taken as 1, 2, 3, 
etc., units of tho fifth decimal. 

It may bo noted that in some Europoan surveys the term 

(1 cot1 c, is droppod and the formula for difference of eleva- 
P 

tion written as 
S2 

P 
h,-h,=s cot c1+(3-m)- 

Tho dropped terms or factors all reprosent quantities of the fourth 

order in our expansion. The term is, however, the 

largest of such quantities as a rule, and might bo noticeable where 
D, and D, would not bo. 

Probably for short lines and small differences of elevation the most 
convenient formula would be 

(15) 

(1 -m)s2 cot, c1 
P 

Sa 
P 

h, - 7L1 = As cot c, + A(3 - m)- 
and for other lines formula (7). 
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i 
Approx. clev. 

EXAMPLES 

The data for tho following examples, which illustrate the use of 
tho formulas, come from The Transcontincntal Triangulation, Spocial 
Publication KO. 4, page 273, et. seq. 

-.--- .__- 

o , , ,  o , , ,  

Ql 13 38.1 $9 34 04.8 
30 z 38 38 30 20 
18 56 IS 107 49 29 

214C mclers 672 mcfen 

I -  I 

log 8-5.007341. 

For moan CY and q5 on the Clarke spheroid of 1866,logp= 6.80369. 
Examplo 1. Difference of olovation for reciprocal zonith distances, 

assuming Snow Mountain Wost as tho known olevation from for- 
mula (5). 

Example 2. Samo data as Examplo 1 worked by formula (4). 
'Examplo 3. Assuming Ross Mountain as known elovation, solve 

Examplo 4. With refraction from rociprocal zenith distances, but 
with only zonith distance at  Snow Mountain Wost nppoaring ox- 
plicitly, iind difforoncs of elovation by (?). 

by (4). 

Example 5. Sam0 data as Examplo 4, worked by (13). 
Examplo 6. Like examplo 4, except zenith distance a t  Ross Moun- 

tain is usod. 
Examplo 7. Like example 5, except zenith distance a t  Ross Moun- 

tain is used. 
Tho agreemont of tho differences of elovation as computod by the 

various combinations of data and formulas will give an idea of the 
accuracy of tho latter. 
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Example 1 

Snow Mountain 

Ross Mountnin 
West 

0 ,  , , I  
station I 

Statlon 2 

CI 

I 

! 

90 22 19 ~ 

6.007341 

- 
8.160817n 

+9 + i 

91 13 39.1 
89 34 04.8 - 1 39 34.3 - 49 47.15 - 2987.15 

3.475257n 
4.685(i05 j 
6.007341 
3.llii203n 
-1473.00 
- .03 I - .33 j 

88 42 46 
5.007341 + 40 

5 
I). 180817 + 110 

- 

2145. Go 

47 43.0 
BU?. 0 

3.45G968 
0.803690 
4. w2650 

4.384545 

9. G37R52 
0.43436 

Examplo 2 

3.108310n 
-14W.M 

lo a 

colog sln 1" 
cofog p 

IOK e t  
log (0.5-m) 

log 0 5  m)e 
~ ~ i - r n ) ~  

(1 
(0.5-m)O 

Cl-(0.5-m)B 
0 
2 

Ci-(l-m)e 
log 8 
log A 
log R 
lo cos [Cl-(O.K-m)e: 
cofog sin [Ci-(l-m)G 

log ht hi) 

- 

A A  - 

~~ 

Exnmplo 3 

3. l G m ?  + 4G 
+BO 
+11 

3.168310 
+1473.30 

Example 4 11 Example 8 

5.007341 (Samo as os- 
3.180310 11 umpla 4) 
6.314425 

3.155928 i 
1431."95 11 

91' 13' 39."1 I 80' 34' 04."8 
23 51. 95 I ' I  23 51. 05 

90 40 47. 15 8U 10 12. 85 
27 28 11 27 2, 
A' I 

*Second and third terms in example 1 computed by aid of table in General Instructlons for Field 
Work, Coast and Geodetic Survey, pp. 3G-37 (odltion of 1008). 

t e  19 usad f o r d  as in the toxt. 
p shl Y'' 
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I Rxamplo 5 I 
5.007341 

+146 + 79 
8.330876n 

3.33141R 

log 8 
log A 

3 : 
log first 

log (0.6-m) 
lo 82 

log fi  
log Dx 

COP, p 

log second 
-2180.424 

Examplo 7 I 
6.007341 log (0.5-m) 

+46 lo af I 7.8&! 11 $3' 

39 log third II 
10.015 
3.1w 
0. wi2 
8.971 

9.844 

9. rmw 
10.014(i(i2 
3.1QG3:3 

+40 

+39 

2.848828 

RECAPITULATION OF FORMULAS 

(Numborod as in foregoing discussion) 

Case I .  Reciprocal observations 

Former Coast and Geodetic Survey form, 

lo 6 

cctl G 
log (1-m) 

log thlrd 

cofog 0 
10.015 
3.1% 
6.756 
9.971 

8.937 

Reference: Page 210 and General Imtructiom for Field Work Coast and Geodetic 

Logarithmic form, 
Survey, p w s  34-37 (edition of 1908). 

(4) 
Reference: Page 209 and tables. 

Case II.  Nonreciprocal o6sewations 

Former Coast and Geodetic Survey form, 

Reference: Page 211 and Genera1 Inetructiona for Field Work Coat and Geodetic 
Survey, pages 34-37 (edition of 1908). 

Corrected form, 
' (13) 

(1 - m) d cot2 c1 
P 

AD, sa+ h,-h,=ao, 9 cot t;+- 0.5-WL 
P 

Reference: Page 213 and tablee. 
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“Exact” form, 

h,-h, - s a  
cos [G - (3 -4 “ 1 -  

1 * (7) sin [ c d i - m )  p r 1 - i i - 2 p - / /  
S 

Referenco: Pago 211 and tables; also Formu1:c and Tables for Potition Cumputstion, 

See also additional note, page 220. 
Coast and Geodetic Sunwy Special Publication No. 8, for R. 

NOTES ON CONSTRUCTION AND USE OF TABLTIS 

The tablos aro constructed with moan valuos of p and m . 
log p = 6.80444 corresponding to mean radius of curvature in lati- 

tude 40’ for Clarke’s spheroid of 1S66. 
m = 0.06. m varies between 0.05 and 0.10 in the great majority of 

cases. This vdue near the smallor limit was taken DS probably 
nearer the truth for the high lines, in which the correction terms 
tabulated are most likely to appear, than an intermodiate value of 
0.07 or 0.08 

To compute their 
logarithms tho approximate expression log (1 +z) =Mx was used, JK 
being the modulus of common logarithms = 0.43429. 

A,  B, C, Dl and D, are all very near unity. 

Formulas for constructing tables: 

h = -$ log A = 146.78 log A 1L M l L  
P P 

A = l + -  logA=- 

log A being in units of fifth place. 

E= 7.4677 +log (log B) 

a=1+--- f log c=- 12 pa l o g s = l o g ( P ~ )  + 3 log (log C )  12 p” 

10-20 mS-8 ma s2 - logD,=M( 5-1Om+4 ma 
f 

24 P2 12 D2-1+ 
log s = 7.2027 + 4 log flog D,) 

The values of log A, log B, etc., were taken successively at 0.5, 1.5, 
2.5, etc., units of the fifth place, namely, at the point where thovalue 
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of log A, log B, as rounded off to 5 decimals would change by one 

in the iZth placo. 

and log s were then computed by the formulas above. These values 
aro carried out far enough so that the values of log A,  log 23, etc., may 
be obtainod by interpolation to s i x  decimals. In  the numerical 
examples here given tho values of log A, log B, etc., wore computed 
indopendently for the actual values of p and m. Thoso results aa 
used in the examplo all agroo within a unit of tho sixth decimal place 
with those found by intorpolating in the tables. 

The unit of length throughout the tablos and formulas is tho 

The corrosponding values of h, log s tan [ ( “ 3 1  

meter. 
Tables 

Elevation 

station hi 
of oocupiea 

Nefera 
0 

73 
220 
367 
514 
061 
807 
954 
1JO1 
1248 
1394 
1541 
1688 
16% 
1982 
2128 
2275 
2422 
2569 
2715 
2882 

lo A d t s  
,I firth p h l  

0.0 
0.6 
1.5 
2.5 
3.5 
4.5 
5.5 
0.5 
7.5 
8.5 
9.5 

10.5 
11.5 
12.6 
13.6 
14.6 
15.6 
16.5 
17.5 
18.5 
19.6 

Elevation 

station hi 

Mefera 
3m 
3150 
33a3 
3449 
3588 
3743 
3890 
4E36 
4183 
4330 
4477 
4024 
4770 
4917 
Mw4 
6211 
6357 
6504 
6851 
5798 
5945 

of occupiod lo Aunita 
I f  Pi** placc 

20.5 
21.6 
22.5 
23.5 
24.6 
25.5 
28.5 
27.5 
28.6 
29.5 
30.6 
31.6 
32.5 
33.5 
34.5 
35.5 
30.5 
37.6 
38.5 
39.6 
40.6 
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log A is positive excopt in the rare cas0 when h, indicates a depros- 

A is used for both rociprocal and nonrociprocal obsorvations. 
sion below moan sca lovel. 

log L? 
unltsof 
lth plnce 

__ 

For reciprocal observntlons only (unless 
lormuln, p. 220, is used) For nonreciprocnl ohsorvntions 

logs 

ig nppro: 
imnte 

linerenn 
!lovatior 
I log 8 1.u 

log c 

2.107 
2.(i44 
2. mi 
3.011 
3.121 
3.208 
3.281 
3.343 
3.397 
3.445 
3.489 
3.5243 
3.5435 
3.588 
3.828 
3.658 

3.711 
3.735 
3.758 
3.778 
3.800 
3.820 
3.838 
3.867 
3.874 

3. r& 

logs 

E 1 
1.5 
2.5 
3.5 I 
4.5 ! 
5.5 I 
0.5 
7.5 

4.407 
4.046 
4.757 
4.&10 
4 . w  
4.928 
4.9434 
4 . m  
5.@3 
G. 047 
5. oG8 

6.108 
5.123 
6.138 
6.153 
6.167 
6.179 
5.181 
6.203 
6.214 
6.224 
5.234 
6.243 
5.252 
5.261 

6.0% 

I 

3.5 
4 . 5  
5.5 
0.5 

-I- 

1 5.297 
I 5.352 

5.3@5 I 5.432 

!! 

10.5 
11.5 
12.5 
13.5 
14.5 
15.6 
16.5 
17.5 
18.5 
19.5 

21.5 
22.5 
23.5 
24.5 
25.5 

20.5 

! 

, 

i 

(I 
j 

0. n 
0.5 
1.5 
2.5 
3.6 
4.5 
5.5 
G. 5 
7.6 
8.5 
9.5 

10.5 
11.5 
12.5 
13. h 
14.6 
15.5 
1 G .  5 
17.5 
18.5 
19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
25.5 

4 . 6 2  
4.791 
4.902 
4.975 
5.0‘20 
6.073 
6.100 
5.140 
5.1G7 
5.182 
5.213 
5.213 
5.251 

0.0 
0.6 
1.5 
2.5 
3.5 
4.5 
6.5 
6.5 
7.5 
8.6 
8.6 

10.5 
11.5 
12.5 

I Or log s cot[ ( , - ( O d - r n ) ~ , ] f o r  nonreciprocal obsorvntlons. (See noto 2, p. 2%) 

log B has the same sign as the approximate difference of elevation. 
log C is nlways positivo. 
log D, and log D, are always positive. 

NOTES ON THE DEWELOPMENTB 

NOTE 1.-The transformntion of (l), page 208, may be conducted 
rather more simply than is thoro givon. 

or 

e 
2 (p  + h,) sin (+) sin 9 

h, - h, = 

cos [p+)+;] 
e 

cz-c* e 
2 (p+h,) sin e+) sin 3 

0 ha - h, = 
cos ( c ~ i j )  cos Z-sin ( ) sin 
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Divide numerator and denominator by cos 

h,-h,= 

8 S or expanding tan 2 in series and using U=-,  
P 

which is equation (4). 

in the same form as that for reciprocal observations. 
NOTE 2.-The formula for nonreciprocal observations may be put 

Erom the equation on page 208 
C2=18O0-C,-2m 8+8 

ca-ct- -- 90-C1+(0.5-m) 8 2 

tan (9) = cot [cl - (0.5 - m) 81 =cot - (0.5 -m) -.I, paln 1 
Substitute in (4) 

,,I AB0 S h, -hl =6 Cot - (0.5 -m) - p sin 1 

for nonreciprocal observations analogous to 

h,-h,=s tan - (" ") AB0 
B should be taken from table with for reciprocal observations. 

argument 

This is tho present Coast and Geodetic Survey formula for non- 
reciprocal observations. 

0 


