
METHOD OF IMPROVING POOR QUALITY LEAD-LINE.
(Extract from a letter from W. J. CHOVAN, Jr., H. & G. Engineer, U. S. Coast and 

Geodetic Survey, published in the Field Engineers Bulletin No. 7, U. S. Coast and 
Geodetic Survey, June 1934.)

I was in charge of a chartered launch hydrographic sub-party this season on the 
outside coast of California and considerable difficulty was experienced during the first 
part of the season with wire core sounding line, although the lead-line was prepared 
according to Hydrographic Manual instructions.

The irregular shrinkage and protruding of wire core made the lead-line useless after 
about two days’ usage. It was thought at first that this particular lead-line was just 
an inferior piece of cordage, so another line, called lead-line No. 2, was prepared and 
found to act in a similar manner, being unfit for further use after only two days of 
service.

The irregular shrinkage of the lead-line put doubt on the accuracy of the soundings 
and the protruding of the wire core raised havoc with the leadsmen’s hands. In order 
to protect their hands, the leadsmen would snip the protruding wires, and at such spots 
the cordage would stretch enough to produce a gap of one full inch in the wire core. 
This is partly the cause of the irregular shrinkage.

I decided that if the cordage could be shrunk before being made into a lead-line it 
might hold its length. Accordingly, a line was boiled for about five hours, then laid 
loosely on deck until it was thoroughly dried. The line was then immersed in cold 
water for one hour and marked.

This line was called lead line No. 3. It was used steadily for over two months 
and finally discarded as worn out. During this period a morning, noon and evening 
test on each working day showed the line correct. During the balance of the season 
all lead-lines used were prepared as outlined above, and the results were uniform in 
each case, the lead-line retained its true length during its entire useful life.

PLOTTING THREE POINT FIXES WITHOUT THE USE OF A PROTRACTOR.

by

L. D. GRAHAM, H y d r o g r a p h ic  a n d  G e o d e t ic  E n g in e e r , U. S. C o a st  a n d

G e o d e t ic  S u r v e y .

(Extract from the Field Engineers’ Bulletin, No. 7, U. S. Coast and Geodetic Survey, June 1934).

Although several reports on this same subject have been previously submitted, this 
method does not yet seem to be in general use. Many field officers are unfamiliar with 
the details of plotting the position arcs under various conditions, such as when one or 
more of the signals fall beyond the limits of the sheet, and also fail to realize the value 
of this method due to never having seen it in actual operation. Owing to the accuracy 
of this method, and the fact that stronger fixes are available by using signals beyond 
the limits of the sheet, this method of plotting should find a much wider use in the 
field.

For these reasons I am submitting, in considerable detail, methods used by us on 
the southwest coast of Palawan during the season of 1933, where shoals abound for a 
distance of some twenty miles offshore and detailed development was required at that 
distance.



Due to distortion of the boat sheet after it had been in use a short time, we found 
it advisable to compute all distances and not to scale any distances of over a foot on 
the sheet. To accomplish this it is necessary to compute two or more points on the 
locus of centers. This is explained in detail later.

Caution. —  Do not confuse a in Fig. 1, the observed angle, 'with a on Form 662, 
inverse position computation.

The following method is applicable when the signals fall beyond the limits of the 
sheet, but a portion of the line AD  (Fig. 1) crosses the sheet. This method may also 
be used to advantage when the signals are on the sheet as it eliminates errors of 
distortion in long scaled distances.

Fig. 1.

B  and G =  control points or signals ;

a =  distance between signals B  and C ;
a =  observed angle between B  and C ;
A  =  center of circle which is locus of all 

points where angle a can be observed ;

d =  AD, perpendicular bisecting BG ; 
c =  radius of circle ; 

j aa =  - y  cot a ; 

a
c =  cosec a.

F ir s t . —  Make Inverse Position Computation on Form 662 tor distance B C  (Fig. 1). 
The mean of the latitude and longitude of B  and C, <p m and X m, gives the position

A a
of D  as accurately as can be plotted, and a +  ------ , Form 662, equals the azimuth

2
from D  to B  within one or two seconds. (This applies to distances up to 25,000 meters 
and low latitudes. If in doubt compute them geodetically and compare).

Se c o n d . —  Erect perpendicular AD. By referring to the layout of sheets, two points 
are selected that fall on the sheet. Their distances to D  are roughly scaled off on the 
layout, and a distance chosen to the nearest even 10,000 meters. Then using Form 27, 
Position Computation Third Order Triangulation, points are computed from the center D  
along azimuth (D B  —  90o) at the required distances. Since this azimuth differs by go0

A a
from that found in the Inverse Computation, the logs of the sin and cos of a +  ------

2
found there may be copied onto sheet B, by interchanging the sin for the cos and vice 
versa. More points may be computed if desirable.

T h ir d . —  Compute the distances d corresponding to the required angles by the 
a

formula d =  —  cot a (Fig. 1). These distances are plotted along the line A D  from the 
2

nearest computed point. In this way practically all distortion along the line AD  may be 
eliminated.

F o u r t h . —  Compute the radii c by formula c — —  cosec a (Fig. 1) (this is neces-
2

sary when both B  and C are off the sheet). Select a point on one of the arcs (or more 
than one if the sheet is badly distorted) near the center of the work and compute its 
geographic position. This is readily done from one of the centers, its computed radius 
and an assumed azimuth. Then compare the scaled and computed radii and apply the 
differences proportionally to the lengths of the rest of the computed radii. In computing 
d and c, we incorporated a scale factor in the formula so that the results could be 
scaled directly on a 1:10,000 meter scale. For any scale, the formulae are as follows :



a
a =  x  —  cot a (Fig. i) ;

2

a
c — x  —  cosec a (Fig. i) ;

2
, , 10,000

x  (the scale factor) =  --------------- .
scale used

Example : If scale used is 1:40,000, x  =  , etc.
4

F if t h . —  Lay out the arcs with a beam compass using the centers on line AD  and 
the computed and corrected radii. A table .of logarithms of cotangents and cosecants 
for angle a, Fig. 1, was constructed, as we found natural functions unwieldy where a 
computing machine was not available. Arcs drawn for every degree down to 20° and 
for every half degree to io° usually give sufficient accuracy. In plotting, small spacing 
dividers are used to interpolate between the arcs. This can be done more rapidly than 
the angles can be set on the protractor, and the resulting position is free of all protrac­
tor errors and those due to distortion of the sheet. Sheets were prepared in advance 
with the log cotangents or log cosecants for angle a, Fig. x, covering the necessary

range, typed in, leaving space below to add log of —  (x being the scale factor to reduce
2

to 1:10,000). Then as soon as a was determined, the distance d and c could be very 
rapidly computed.

An excellent check on the construction of the arcs is the fact that the arc of a 
given angle passes through the center of the arc of half that angle. In other words, d of 
the larger circle equals d +  c of the smaller. Distortion in the sheet is also detected by 
means of this simple fact.

The line of centers can readily be extended some distance beyond the limit of the 
sheet, by means of a straight-edge. Even if the line of centers lies entirely beyond the 
limit of the sheet, there is usually a way to get around it. It may fall on the adjacent 
overlapping sheet. In this case the arcs may be drawn on tracing cloth and transferred 
to the other sheet. It may be feasible to make a new projection extended far enough 
to take in the line, and then after the arcs are constructed, this part can be cut off.

This method is ideal for developing a shoal with a launch far from shore and where 
strong currents may prevail. The lines are run parallel to one of the arcs, and by means 
of a sextant the launch may be held to the line as easily as with a good range. The 
launch is then turned on the next line by watching the angle in the sextant. It is 
possible to thoroughly cover the shoal with evenly spaced parallel lines, without plotting 
a position until the area is completed. In doing ship hydrography, it is usually pos­
sible to tell if a change of course is necessary as soon as the angles are taken and 
before the position is plotted.
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D E P A R T M E N T  O F  C O M M E R C E
U  ft. C O A S T  A N D  G E O O E T IC  S U R V E Y  F o r m  27 POSITION COMÇUT ATI ON, THIRD-ORDER TRUNCULATION

e « m o

a 2 Juan to 3 Trouble -326 41 .02.7... a

3d ¿

3 Trouble to 2 Jn*n 146 42 ?4 6
2<»Z Trouble & Baptiste +111 2 2 ?4.1 BaptlRtc à J-nan - 27 58 49.9

a 2 .Tivm toi Tfept.ifitp _72 09 27.O a 3 Trouble to 1 Baptiste 118 41 IU .7
Aa - 1 »45.4 A a -3 07.3

1 8 0 0 0 0 0 . 0 ISO 00 0 0 . 0

a ' 1 Ttant.ict.P to 2 Juan _25S__ 07 41.6 a 1 Baptiste to 8 Trouble 298 4c 27.4

F irst A ngle op T riangle 40 32 45.8
O 1 I I  O l i i 0 i n  © t  n

55 ?4 27-P1S 2 Jtvm X 133 15 10.876 0 55 23 D1.018 3 Ttonble X 133 1* y L j n -

*7.533A4> AX +2 QStûKï A 0 +Î- 10.905 AX ♦3

<*' 24 11.923 1 Baptiste X' 133 - 17 IS .906 0' 55 24 I-I.923 1 Baptiste y 133 17 18.906

9
Logarithms Values in seconda 0 » n

5
Logarithms

3.659545

Values in seconds 0 • t t

è (0+0') 55 24 L9.6 !(*+*■)

Coso

B S .509 SSI s

Logarithms

3.352120 .

Values in 
seconds Cosa
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U. S. 0. & 0. S. Form 27.

D E P A R T M E N T  O F C O M M E R C E
U S. COAiT AND GEODETIC SURVITForm  662 INVERSE POSITION COMPUTATION

( , A a \ AX, COS tfra

a+2 h ----4“----

M r ) -B, COS -A 0, cos AX

n.
a«

-A a= A X  ein 0,,, seo y + F íAX)'

in which fog AX, = Iog (X'-x)-correction for arc ta  Bin*; log Atf.̂  log ($'-$)-correction for aro to sìa*; &nd log »—log s,+
correction for arc to sin*.

1. *

• • «'
A* < = $'-*). 
A«

$„(=*+^’) 
Ai*> <sec9 )

tog A3 
cor. a r c -s in  
lo g  A ¿ ,

IXlogúeos Y  
co lo g  B» 
log Js, C O s ( a - f y ) }

lo g  AX
log s in  0»

A*log sec 2 

log  •
a

b

-Aa (SOCI.)

Ai«
" 2

Aa 
a+ 2
a (X to 2)
Aa

o ' I t  tO 1)

35
35

09
10

01.87
06.48

NAME OF STATION

F u lle r

Bren&g______
+ 1 04.61 
+ 32.30

35 09 f 34.17 
+64.61

1.810300

1.488788
3.299068« (opposite in sign to A$)

2.504648r
9.760313

3 log AX 
log F 

log b
2 . 264961a

-134.1
»- 92.0  » »

1 32.0  
10 21.7

X

X'

AX (=»X'-X) 
AX 
2

AX (secs.)

100 05
_52_

04.20 
A  57
19.63

-319.63

2.504648,

9.912516
1.490761
3.907925^ 
3.299088^

256
+

08
3

49.7
04.1

log AX

cor. a r c - s i n
log AX,
log COS <t>ot

colog A „

log js, sin  ( “ + ^ ? ) |

lo g js , cos

log tSD ( “  +  y  )
■Aa 

a +  2
log sin ( a + ^ )  

log COS ( a + y )  
lo g  S,
cor. a r c - s in  
log s

• Use the table 00 the« back of this fo r »  for correction of 
«re to tin.

0.6088370 1
256 10
9.987228
9.378391

21.7

3.920697
+

180

Arc-sm corrections for inverse position computation*

76 11 53.8

Log si

Arc-sin 
correc­
tion in 
units of 
seventh 
decimal 
of loga­
rithms

Log A0 or 
log AX Log Si

4 177 1 2.686 5.223..........
4.327 ......... 2 2.836 5.234..........
4.415 3 2.924 5.243 ........
4 478 4 2.987 5.253..........
4.526.......... 5 3.035 5.260...........

4.566 6 3.075 5.269_____
4.599 7 3.108 5.279..........
4.628_____ 8 3.137 5.287..........
4.654.......... 9 3 .163 5.294..........
4.677 10 3.186 5.303_____

4 697 11 3.206
4.716 12 3.225 5.318..........
4.734.......... 13 3.243 5.326..........
4.750....... . 14 3.259 6.334..........
4.765. .. 15 3. 274 5.341...........

4.779 . 16 8.288 5.349_____
4.792 17 3.301 5.356..........
4.804... 18 3.313 5.363. . . ......
4.827.. . 20 3.336 5.389..........
4.857 .. 23 3.366 5.376..........

4 876 25 3.385 5.383_____
4.892.......... 27 3. 401 5.390____
4.915........... 30 3.424 5.396...........
4.936 __ 33 3.445 5.403.......
4.956........ 36 3.464 5.409..........

4.972 .. 39 3.481 5.415_____
4.988 . 42 3.497 5.422.........
6.003 . 45 3. 512 5.428.......
5.017_____ 48 3.526 5.434___
5.035........... 52 3.544 5.440.......

5.051......... . 56 3.560 5.446..........
5.062.......... 59 3. 571 5.451..........
5.076_____ 63 3.585 5.457..........
5.090........... 67 3.599 5.462...........
6.102........... 71 3.611 5.468..........

£.114.......... 75 3.623 5.473..........
5.128.......... 80 3. 637 5.479_____
5.139_____ 84 3.648 5.484.-........
5.151........... 89 3.660 5.489......... ’.
5.163....... 94 3. 672 5.495..........

5.172.......... 98 3. 681 5.500...........
5.183_____ 103 3.692 5.505..........
5.193.......... 108 3. 702 5.510..........
5.205.... . 114 3.714 5.515...........
5.214_____ 119 3. 723 5.520...........

Arc-sin 
correc­
tion in 
units of 
seventh 
decimal 
of loga­
rithms

124
130
13«
142
147
163
160
166
172
179

186
192
199
206
213

221
228
236
243
251

259
267
275
284
292

300
309
318
827
336

345
354
364
373
383

392
402
412
422
433

443
453
404
474
486

Log &<(> or 
log AX

3.732 
3. 743 
3.752 
3. 762 
3.769

3.778 
3.788 
3.796 
3.803 
3.812

3.820 
3.827 
3.835 
3.843 
3.850

3.858
3.865
3.872
3.878
3.885

3.892 
3.899 
3.905 
3.912 
3.918

3.924 
3.931 
3.937 
3.943 
3.949

3.965 
3.960
3.966 
3.971 
3.977

3.982 
3.988 
3.993 
3.998 
4.004

4.009 
4.014 
4.019 
4.024 
4.029

Log »1

6.525.. 
5.530-. 
5.534_.
5.539.. 
5.54a..

5.548.........
5.553.......
5.557.........
5.561.........
5.586..............
5.570____
5.575.........
5.579.........
5.583_ .__
6.587.........

5.591.
5.595.
5.600.
5.604.
5.608.

5.612.
5.616.
5.620.
5.624.
5.628.

5.632.
5.636.
5.640.
5.644.
5.648.

6.652__
5.656.—
5.660....
5.663....
5.667....

5.671.
5.674.
5.678.

Arc-sin 
correc­
tion in 
units of 
seventh 
decimal 
of loga­
rithms

497
508
519
530
541

553
565
577
588
600

613
625
637
650
663

674
687
702
716
729

743
757
771
785
800

814
829
845
861
877

893
909
925
941
967

973
989

1005

Log A0 or 
log AX

4.034 
4.039 
4.043 
4.048 
4.052

4.067 
4.062 
4.066 
4.070 
4.075

4.OT9
4.084
4.088
4.092
4.096

4.100 
4.104 
4.109 
4.113 
4.117

4.121 
4.125 
4.129 
4.133 
4.137

4.141 
4.145 
4.149 
4.153 
4.157

4.161 
4.165 
4.169 
4. 172. 
4.176

4.180
4.183
4.187

N o t e .— For log s up to 4.52 and for a  $ or ax  (or both) up to 10', omit rfl tirm s below the heavy line except those printed 
to heavy type or those underscored, if using logarithm s to 6 decim al places.

U. S. C. (L- G. S. Form 662.


