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PREFACE 

The methods described in this publication are the result of gradual 
changes extending over many years and are due to the suggestions 
and investigations of niany persons. No attempt has been made to 
indicate the sources of all these changes or the reasons for them. 

Assistance in the preparation of this inanunl has been given by a 
large number of the engineers ancl mathematicians of the Coast and 
Geodetic Survey. Particulvr mention should be macle of W. F. 
Reynolds, senior mathematician, and W. D. Sutcliffe, associate 
mathematician, who prepared the rough draft of the sections on 
the field computations for triangulation ancl traverse, respectively. 
C. H. Swick, senior mathematician, rendered invaluable assistance 
in arranging and correcting the test and supplying general criticisms 
of the material. 
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MANUAL OF SECOND AND THIRD ORDER 
TRIANGULATION AND TRAVERSE 

GENERAL STATEMENT 
Instructions and specifications for second-order triangulation and 

traverse have heretofore been available in abbreviated form only. 
Since most of the coastal control surveys in the future will be of 
second-order accuracy, this manual will supersede the instructions for 
third-order triangulation contained in Special Publication No. 26, 
General Instructions for Field Work. Condensed specifications for 
third-order control surveys will be found in this publication a t  the 
end of the chapters on reconnaissance, triangulation, base nieasure- 
m n t ,  and traverse. 
The purpose of this publication is to provide a manual on second- 

order horizontal control surveys which will conform closely to the 
modern requirements and approved practices of the Coast and Geo- 
detic Survey. The only discussions of theoretical principles whicli 
have been included are those necessary to a proper understanding 09 
field methods. The manual is not designed to take the place of text- 
books teaching the h i c  principles of control surveys but is intended 
to supplement them. 

Until recent years the terms “ primary,” ‘‘ secondary,” and “ ter- 
tiary ” were used, in order of decreasing accuracy, to designate the 
principal grades of triangulation and traverse used on Government 
surveys. This led to considerable confusion, for on any extended 
piece of triangulation the more accurate class was usually called 
“ primary,” irrespective of the degree of accuracy obtained, while the 
subsidiary schemes were usually c.1assed as “ secondary.” 

In order to secure more uniform specifications and nomenclature, 
representatives of the various Federal map-making and map-using 
organizations in Washington in 1921 agreed upon a uniform classi- 
fication. Under this agreement triangulation of the highest accu- 
racy was termed “ precise,” the next order ‘( primary,” and the third 
grade was called “ secondary,” corresponding, respectively, to wha6 

1 
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had previously been known in th0 Coast and Geodetic Survey as 
primary, secondary, and tertiary. 

This terminology did not find wide favor or acceptance, and in 
May, 1925, the Federal Board of Surveys and Maps, after referring 
the matter to various Federal map-making bureaus represented on 
the board, recommended that the four grades of vertical and hori- 
zontal control ordinarily used be designated as first order, second 
order, third order, and fourth order, respectively, the first named 
being the most accurate. These terms have been authorized by the 
Director of the Coast and Geodetic Survey and made applicable to 
the various grades of control executed by this bureau. These terms 
have also been adopted by the committee on triangulation of the 
Section of Geodesy of the International Geodetic and Geophysical 
‘ITnion, so that no doubt there will soon be international concurrence 
in this terminology. 

The national scheme of control surveys approved by the Federal 
Board of Surveys and Maps will, when completed, consist of a frame- 
work of intersecting belts of first-order triangulation or traverse 
about 100 miles apart. Second-order triangulation or traverse will 
subdivide the intermediate spaces, so that no considerable area will 
be farther than about 25 miles from a horizontal cont.rol point of 
t.he first or  second order. Horizontal control of the third order 
would then be established over the entire area to be surveyed, with a 
density of distribution of points depending upon the requirements of 
the detailed surveys and the nature of the terrain. 

CLASSIFICATION OF CONTROL SURVEYS 

The basis of classification of control surveys is the accuracy with 
which the length and azimuth of a line of the triangulation or trav- 
erse are determined. Since it is impossible to ascertain the absolute 
error in the determination of the length or azimuth of each line of 
triangulation or traverse, indirect gauges must be used. On triangu- 
lation the principal criterion is that the discrepancy between the 
measured length of a base line and its length as computed through the 
scheme from the nest preceding base shall not, after the side and 
angle equations have been satisfied, be greater than 1 part in 95,000 
of the length of the base for first-order work, 1 part in 10,OOO for 
second order, and 1 part in 5,000 for third order. Similar ratios are 
prescribed for the error of closure in position of traverse of the cor- 
responding order of accuracy. Coupled with this gauge of the length 
agreement between bases and almost coordinate in importance are the 
requirements limiting the error of angle measurements, for the limits 
imposed on angular errors serve to maintaip a uniform accuracy 
along the chain of triangles. 
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The specifications for procuring a required accuracy make use of 
other criteria, such as the number and strength of the geometrical 
figures between adjacent bases, the observation of an astronomic 
azimuth at  specified intervals, and the accuracy of measurement of 
base lines. All these tests are subsidiary to the controlling tests of 
the agreement between the measured and computed length of a base 
and the limits specified for angle errors, even though they are essen- 
tial in securing a sustained accuracy for the control lines. 

A comparison of the three grades of horizontal control ordinarily 
used by this bureau is readily obtained from the following table, 
which shows the limits for the principal items of the specifications 

100 
130 
2.5 
40 

1 in 10,OOO 

3 SBC. 
8 See. 

4 
4 to  8 
2 to 3 

io EW OOO 
in500:OOO 
I mm. JF 

2.0 Sec. 

for these grades: 
Requiretwsnts for  hmkorrtal: cuirtrol 

TRIANGULATION 

First order 

I 

I 
2 

I Discrepancy between computed length and measured length of 
base or adjusted length of check line. not to  erceed ..... _ _ _ _ _ _ _  

~~ 

Closing error in position. not to  exceed _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 in 25.000 1 in 10 OOO 
Probable error of main scheme angle _ _ _ _ _  ~ _______._ _ _ _ _  _ _  .__-__ 1.5sec. 3 . 0 k  
Number of stations between astronomical azimuths _ _ _ _ _ _ _ _ _  _ _ _ _  10 to 15 15 to 25 
Astronomic azimuth, discrepancy per main anglestation. not to 

exceed. _ _ _  - - _ _ _  - - _ _  - - - _ _ _  _ _ _ _  _ _ _ _  _ _ _  - _ _  _ _ _  - _ _ _  - - - - _ _  -. - - -__ 1.0 SBC. 2.0 sac. 
Astronomic azimuth, probable error of result ___-_ -_____- - - - - -__  0 . 5 ~ .  2 . 0 ~ ~ .  

Usual number or observations: 
Positions with 1-second direction theodolite _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Prwitions with 2-second direction theodolite _ _ _ _ _ _ _ _ _  - - - - _ _  - 
Sets with IO-sxond mpeating theodolita _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

1 in 5,000 
&OW. 
20 to 35 

6.0% 
5 . 0 ~ .  - 

80 
110 
15 
25 

I in 8,000 

1 see. 
3 SBC. 

16 
20 to 24 

5 to 6 

Base meaqurement: 
Actual error of base not to esreed _ _ _ _ _ _ _  _ _ _ _ _  _ _ _  _ _ _ _ _ _ _ _ _  ~ _ _  
Probable error of base not to exceed . . . . . . . . . . . . . . . . . . . .  _ - - _ _  1 

in 3OO.ooO 
lI.OOO.Oo0 

10 mm. 4 
0.5 8ec. 

Discrepancy between 2 measures of a section. not to exceed. 

Astronomic azimuth probable error of result _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  
TRAVERSE 

cond ordd  Third order 

1% 
176 
26 
60 

1 in 5,000 

6 a. 
12 a. 

a 
2 t o 4  
1 to a 

in 75,000 
n 250,000 
mm.JT 

5.0 W. 

For many years the Coast and Geodetic Survey controlled its 
coasta.1 hydrographic and topographic surveys by triangulation and 
traverse of third-order (formerly called tertiary) accuracy. Hori- 
zontal control along the coast is' indispensable for hydrographic 
surveys, because the method of determining the position of a vessel 
while making soundings is a form of triangulation, and unless the 
signals on shore are accurately located it is impossible to determine 
such positions at  a distance from shore with any degree of accuracy. 
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I n  addition, the horizonhl control along the coast is of great im- 
portance from a national standpoint, for the zone between the storm- 
water line and the low-water line is the field of numerous legal 
controversies regarding jurisdiction and property rights, and all sur- 
veys of this marginal belt must be accurately made. In recognition 
of this fact and of the increasing economic importance of the coastal 
area this bureau has within recent years gradua.lly increased the 
accuracy of the control surveys of those regions, though they are 
still specified as of third-order accuracy for most of the coashI 
control. 

The fact that with modern instruments and methods second-order 
accuracy can be secured almost as cheaply as third order led the 
Director of the Coast and Geodetic Survey in the spring of 1928 
to decide t.hat in the future all main-scheme coastal triangulation 
and traverse should be of second-order accuracy, except in those 
regions where first-order control is available. Third-order triangu- 
lation and traverse will be used for subsidiary schemes where con- 
nections to first or second order control are made every 40 to 50 
miles. 

For second-order control the standards of accuracy stated previ- 
ously need some further explanation. A base line may mean either 
a measured base or a line of adjusted first-order triangulation. The 
check on the base of 1 part in 10,000 or better means that the length 
of the base line, as computed through the triangulation from the 
preceding base, must agree with the measured or adjusted length 
within 1 part in 10,000 afteP the d e  and CangZa epwxtwns hme b m  
m&fed by the method of least squares. Ordinarily, the field com- 
putation of the length discrepancy through the triangles is a suffi- 
ciently accurate guide, since an adjustment of the lengths of the sides 
and angles by the least-squares method usually reduces the discrep- 
ancy between the computed and measured lengths of the forward 
base line. 

Second-order traverse will usually begin and end upon adjusted 
triangulation of second or higher order or upon adjusted traverse 
of first or second order. The distance by which the traverse fails 
to close on the adjusted control position should not exceed one tan- 
thousandth part of the total length of the unadjusted traverse unless 
there is reason to believe that there may be considerable error in the 
adjusted work to which connection is being made. 

It will be noticed that the standards of accuracy prescribed on 
page 3 apply only to the field observations. Other standards are. 
used for the adjusted work. The process of adjusting observations 
by the method of least squares makes the results consistent through- 
out but does not remove al l  errors. I f  the observational errom are 
small and are indiscriminately plus and minus, then the adjustment 
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will distribute them so that there will be but a slight accumulattion 
of errors; or, if the wcumulation of error in length between bases, 
or in azimuth between Laplace stations, is fairly constant in amount 
and direction, then the adjustment will distribute the errors ap- 
proximately where they belong. Blunders, large accidentd errors, 
b d  systematic errors of varying signs are not distributed correctly 
by the adjustment process. 

Under certain conditions the specified allowable error in the 
length of a line may be found to be exceeded even when the triangula- 
tion meets the other specifications for that particular grade of con- 
trol. Where two points are close together, ae compared with the 
size of the triangulation figure of which they are a part, the dis- 
tance between those points may be in error in excess of that indi- 
cated by the class of triangulation of the scheme. The accuracy of 
the computed length of any line can be estinlated by computing 
the XRl from the base to that line in accordance with the formula 
for the strength of figures as given on page 7. 

Triangle closure and agreement in length are not the only stand- 
ards for triangulation which should be applied. It is possible by 
a lucks balancing of errors to secure small triangle closures in a 
short scheme of triangulation even when the observations are below 
standard. It is also possible by omit.ting from the computations 
observations which differ greatly f ron  the mean to reduce triangle 
closures greatly. It niay also happen that a balancing of errors in 
computing a chain of triangles will result in a very small discrep- 
ancy in length on the nest fised line. The accuracy of triangulation 
is perhaps best indicated by the probable e m r  of a direction, but 
since this gauge of the work is not available until after the adjust- 
ment has been made, the triangle closure and the agreement in 
length, as given by the preliminary computations, are the best avail- 
able field criteria. To insure that the requisite accuracy is main- 
tained throughout the triangulation, it is essential to give careful 
considerations to the instrumental equipment and the methods of 
observing in order that the systematic and accidental errors may be 
kept within the prescribed limits and that no part of the triangulation 
will eshibit undue weakness. 

Since the methods employed in triangulation differ essentially from 
those used in traverse, the two operations wilI be treated separately. 
(See p. 147 for the chapter on traverse.) 



CHAPTER 1-RECONNAISSANCE 

The general term " triangulation " properly includes, in addition 
to t,he observation of horizontal angles, the operations of reconnais- 
sance and base measurement, since the specifications for each must be 
decided upon with due regard for the other two. Starting with 
a base of specified accuracy, t,he computed lengths of the successive 
triangle sides will gradually become less accurate until finally a new 
base will be necessary if the required accuracy is to be maintained. 
The stronger the geometrical figures through which the lengths are 
carried by the triangulation process, and the more accurately the 
angles are measured, the fart,her apart may be the measured bases. 

SPECIFICATIONS FOR RECONNAISSANCE FOR SECOND-ORDER 
TRIANGULATION 

The subject of reconnaissance and signal building has been covered 
in great detail in United States Coast and Geodetic Survey Special 
Publication No. 93, Reconnaissance and Signal Building. The fol- 
lowing specifications, approved by the director on December 10,1928, 
are for second-order schemes of triangulation and must be followed 
strictly, except perhaps in a few unusual cases where particularly 
diacult country is to  be covered. I n  such cases special instructions 
will be issued to the chief of party. 
1. Character of figures.-The main scheme of the triangulation shall be made 

up of awes of from four to seven points each, in which certain stations may 
be left unoccupied as indicated under paragraph 3, " Strength of figures." It 
may be reduced in exceptional cases to a single chain of triangles with all 
angles observed where otherwise the cost and time would be excessive. On 
the other hand, there should be no overlapping of figures, except that in 8 four- 
sided, centrnl-point flgure one of the diagonals of the figure may be obsemed. 
and with the above exception there should be no excess of observed lines beyona 
lhose necessary to secure a double determination of every length. It is Per- 
missible, however, to observe between stations which are not in the same figure 
in order to avoid a back computation in locating supplementary or intersection 
stations. Observations over lines which will make the main scheme any more 
complicated than that defined above will practically be wasted. If it i s  nece5 
+ry to occupy other stations than those in the main scheme in order to locate 
by intersection certain stations which must be fixed to control hydrographic 
or topographic operations, connect these additional occupied stations (which 
will be called supplementary stations) with the main scheme by the simplest 
figures possible in which there is a check. Single triangles with all the angles 
measured will, in general, be sufficient for the purpose. Supplementary sta- 
tions are distinguished from intersection stations by being occupied and by 
being determined with at least third-order accuracy. An intersection station 

0 



RECONNAISSANCE 7 
is not occupied and, although it may be of second or third order accuracy if 
determined with a check and with a sufficient number of observations, it is 
frequently located with fourth-order accuracy. 

2. Strength of figures.-In the main scheme of triangulation the value of the 

quantity R = D - [ ~ ~ ~ + ~ A ~ B + ~ B ~ ] *  for any one figure should not, h the 
selected best chain of triangles (call it a), exceed itl, nor in the second best 
(call it a) exceed 120 in units of the sixth place of logarithms. These afe 
outside limits never to be exceeded except when it is extremely di5cult under 
existing conditions to keep within them. The quantities Rl and R, should be 
kept down to the limits 25 and 80 for the best and second-best chains, respec- 
tively, whenever the estimnted total cost does not exceed that for the chain 
barely within the extreme limits by more than 26 per cent. One station in 
each quadrilnteral or central-point flgnre may be left unoccupied or certain 
lines in a flgure may be observed over in one direction only if the values of 
121 and R, do not exceed the specifled limits and if a considerable saving of 
time can be effected thereby. Wheu a supplenientary station is connected to 
the main scheme by a single triangle, the angle a t  the supplementary station 
should not be Iess than 30" if possible to avoid it.' 
3. Frequency of bases.-If the character of the country is such thnt a base 

site can be found near any desired location, ZRl between base lines, whether 
thew are actually measured base lines or lines of 5rst-order triangulation used 
as bases, should be made about 100. This value will be found to correspond 
to a chain of from 10 to 30 t r iangle  according to the strength of the flgurea 
involved. With strong flgures, but few measured base lines will be needed, 
and a corresponding saving will be made on this part of the work. If t o p  
graphic conditions make it dimcult to secure a base site at the desired location, 
Z& may be allowed to approach but not to exceed 130. There will be danger, 
when this is done, that an intervening base will be necessary to meet the 
requirementa stated in the next sentence. If in any case the discrepancy be- 
twaen.djac!ent bases is found to exceed l part in lO,OOO, after the-side and 
angle equations have been satisfied, an intermediate base must be measured 
or the angle observations made more accurate. 

0-C,  

STRENGTH OF FIGURE 

The square of the probable error of the logarithm of a side of 

D -  ' ~ [ 8 ~ 2 + 8 & + 8 B 2 ] ,  in which d is the pmb- 4 
a figure is 5 (&) 7 
able error of an observed direction, D is the number of directions 
observed in the figure, C is the number of conditions to be satisfied 
in the figure (see p. le), and SA, SB are the respective logarithmic 
differences of the sines, espressed in units of the sixth decimal place, 
corresponding to a change of one second in the distance angles A 
and B of IL triangle. (See p. 9, " Computation of strength of fig- 
ure.") The summation, indicated by X, is to be taken for the 
triangles used in computing the value of the side in question from 
the side supposed to be absolutely 1- aown. 

+seep  9. 
1Tbe computation of B, and R, Is desmibd on pp. 9 to 17. 
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I n  the preceding formula the two terms '%' and [SA' 4- SASB 4- 6~1'1 

depend entirely upon the figures chosen and are independent of the 
accuracy with which the angles are measured. The product of these 
two terms is therefore ~t measure of the strength of the figure with 
respect to length, in so far as the strength depends upon the selections 
of stations and of lines to be observed over. 

I n  the following table the values tabulated are [SA2+S&+SBa]. 

The two arguments of the table are t.he distance angles in degrees, 
the smaller distance angle being given at  the top of the table. The 
distance angles a10 the angles in each triangle opposite the known 
side and the side required. 
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COMPUTATION OF STBENGTE OF FIGUBE 

To compare with each other two alternative figures, whether tri- 
angles, quadrilaterals, or central-point figures, in  so far as the 
strength with which the length is carried is concerned, proceed as 
follows : 

(a) For each figure take out the distance angles, to the nearest 
degree if possible, for the best and second best chains of triangles 
through the figure. These chains are to be selected at first by esti- 
mation, and the estimate is to be checked later by the results of 
comparison. 

( 6 )  For each triangle in each chain enter the table with the dis- 
tance angles as the two arguments and take out the tabular value. 

(c) For each chain, the best and second best, through each figure, 
take the sum of the tabular values. 

(d) Mdtiply each sum by the factor D*cfor that figure, where 
D is the number of directions observed and C is the number of con- 
ditions to be satisfied in the figure. (See p. 16.) The quantities so 

obtained, namely, D- - 3 [SA2 + S A  + 62'1, will for convenience be 
called R, and R, for ths best and second best chains, respectively. 

(e) The strength of the figure is dependent mainly upon the 
strength of the best chain through it, hence the smaller the 23, the 
greater the strength of the figure. The second best chain contributes 
somewhat to the total strength, and the other weaker and progres- 
sively less independent chains contribute still smaller amounts. 'In 
deciding between alternative figures in reconnaissance they should be 
selected according to their best chains, unless said best chains are 
very nearly of equal strength rtnd their second best chains differ 
greatly. 

D 

SOME VALUES OF TEE QUANTITY 

The starting line is supposed to be completely fixed. 
The directions observed along the fixed line are not included in 

For a single triangle, ~ = 0 . 7 5 .  

For a completed quadrilateral, 10- 0.60. 

For a quadrilateral with one station on the fixed line unoccupied, 

8 
For a quadrilateral with one station not on the fixed line unoccu- 

computing D but ar0 included in computing U. 
4-1 

10-4- 

-- '- - 0.75. 

- 
pied, '- -- - 0.71. 7 
For a three-sided, central-point figure, 10- lo-' - 0.60. 
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For a three-sided, central-point figure with one station on the 

0.75. 8-2- fixed line unoccupied, -- 8 
For a three-sided, central-point figure with one station not on the 

fixed line unoccupied, -- 7-2-o.7i. 7 
For a four-sided, central-point figure, 14 14- - - 0.64. 

For a four-sided, central-point figure with one corner station on 

the fixed line unoccupied, -= 0.75. 

on the fixed line unoccupied, 11 11-3 -0.73. - 

12 
For a four-sided, central-point figure with one corner station not 

For a four-sided, central-point figure with the central station I.& 

on the fixed line unoccupied, 7- -0.80. 

For a four-sided, central-point figure with one diagonal also 

observed, -- -0.56. 16 
For a four-sided, central-point figure with the cent.ra1 station not on 

the fixed line unoccupied and one diagonal observed, -- l2 - - 0.67. 12 
For a five-sided, central-point figure, -- - 0.67. 

For a five-sided, central-point figure with a station on a fixed out- 
18 

side line unoccupied, -- 16-4 -0.75. 

on the fixed line unoccupied, 15-4-~.73. 15- 

Qn the fixed line unoccupied, -- 13-' -0.85. 

16 
For a five-sided, central-point figure with an outside station not 

For a five-sided, central-point figure with the central station not 

13 
22-7 

22 For a six-sided, central-point figure, -= 0.68. 

For a six-sided, central-point figure with one outside station on 
the fixed line unoccupied, -- 20- - 0.75. 

on the fixed line unoccupied, 'q = 0.74. 

on the fixed line unoccupied, T-0.88. 

20 
For a six-sided, central-point figure with one outside station not 

For a six-sided, central-point figure with the central station not 
16-2- 
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To illustrate the application of the preceding strength table the 
R2 for Figure 14 will be considered. Let it be assumed that the 
direction of progress is from the bottom line toward the top line. 
It will be found that the smallest R, called Rl, for this figure will be 
obtained by computing through the three best-shaped triangles 
around the central point. The next bed R, called R,, will be ob- 
tained by computing through the two triangles formed by the 
diagonal. The R2 is easily computed as follows: From the known 
side to the diagonal the distance angles are 89 and 27O. Using 
t h s e  angles as arguments in the preceding strength table, the factor 
17.5 is obtained. Similarly, from the diagonal to t.he top line the 
distance angles are 91 and 26O and the corresponding factor is 18.8. 
The sum of the two factors is 36.3. If the central point of the figure 

is an occupied station, --0.56 (see p. 10) and R,=36.3 X 0.56=20. 

If the central point is unoccupied, as shown in Figure 14, -- - 0.67 

(sea p. 10) and R2=36.3x 0.67=24, as given opposite the figure. 
The Rl may be computed in a, similar manner by using the dis- 

tance angles in the three best-shaped triangles around the central 
point. 

D-C- 
D 

D 

=AMPLE8 OF VAXUOUB TIIIANGULAZXON FIGURES 

The following 14 figures are given to illustrate some of the prin- 
ciples involved in the selection of strong figures and to illustrate the 
use of the preceding strength table : 

BJQ. L-AII statlone WCUpied. 
%=s 

Same, any one ntatlon &=6 
not occupied. BF=B 

FIG. 2.-All ntatlons occupied. 

Same, any one station not occupied. 

FIG. 3.-AIl sts tions occupie 3. &=22 
-2 

Same, one station on Rl=27 
flxed line not occupied. R-27 
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In every figure the line which is supposed to be fixed in length 
and the line of which the length is required are represented by 
heavy lines. Either of these two heavy lines may be considered to 
be the fixed line and the other the required line. Opposite each 
figure R, and R2, as computed by t-he table on page 8 are shown. The 

Bra. 4.-AU statlone oeeppied 

P 

smaller the value of R, the greater the strength of the figure. R2 
need not be considered in comparing two figures unless the two 
values of R, are equal, or nearly so. 

Compare Figures 1, 2, and 3. Figure 1 is a square quadrilateral ; 
Figure 2 is a rectangular quadrilateral which is one-half as long in 
the direction of progress as it ia wide; Figure 3 is a rectangular 
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quadrilateral twice as long in the direction of progress as it is wide. 
The comparison of the values of R, in Figures 1 and 2 shows that 
shortening a rectangular quadrilateral in the direction of progress 
increases its strength. A comparison of Figures 1 and 3 shows 
that extending a rectangular quadrilateral in the direction of progress 
weakens it. 

Such 
short quadrilaterals are in general very strong, even though badly 
distorted from the rectangular shape, but they are not economical, 
as progress with them is slow. 

Figure 4, like Figure 2, is short in the direction of progress. 

Fro. &-All statlons occupied &=164 (approx.) 
+176 (approx.) 

FIG. ‘7.-A11 stations oc- %= 2 
cupicd e 1 2  

One outside sta- BI= 3 
tion, on flxed line, B-15 
not occupied 

Figure 5 is badly distorted from a rectangular shape but is still a 
moderately strong figure. The best pair of triangles for carrying 
the length through this figure are D 8 R and R S P. As a rule, one 
diagonal of the quadrilateral is common to the two triangles forming 
the best pair, and the other diagonal is common to the second-best 
pair. I n  the unusual case illustrated in Figure 5 a side line of the 
quadrilateral is common to the second-best pair of triangles. 

Figure 6 is an example of a quadrilateral 60 much elongated, 
and therefore so weak, that it is not allowable in any class of 
triangulation. 

Figure 7 is the regular three-sided, central-point figure. It is 
extremely strong. 
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Figure 8 is the regular foum-eided, central-point figure. It is very 
much weaker than Figure 1, the corresponding quadrilateral. 

Figure 9 is the regular five-sided, central-point figure. Note that 
it is much weaker t,han any of the quadrilaterals shown in Figures 
1,2, or 4. 

Fm. S-AIl S t a t l a s  Oca- Bi-13 
Plea +I3 
Same, one corner R,=16 

station not occupied 
Same, central eta- R ~ l l  

tlon not occupled R A ?  

FIQ. 9.-All: a w n s  oc- 

Same, any one 
outelde station 
not oecupled 
Same, central 

station not o m -  
Pled 

cupled 

%=lS 
R-l@ 

Figure 10 it3 a good example of a strong, quick expansion from 
a base. The expansion is in the ratio of 1 to 2. 

Figures 11 and 12 are given as a suggestion of the manner in 
which, in second and third order triangulation, a point A ,  difficult 
or impossible to occupy, may be used as a concluded point common to 
several figures. 
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Figure 13 shows a figure which is frequently used in expanding 
from a base, the shorter, heavy line representing the measured length. 
length. 

A 

Fro. 12.-Unoccupied station 
at Intersection of axed 
line and line to be de- 
termined 

BW. 18.--811 stations occupied 
(A strong and quick 

expansion flgure.) 

Figure 14 is one which can frequently be used to advantage on 
second and third order coastal triangulation. By placing the unoc- 
cupied point near the coast the number of control stations near the 
m a s t  is increased. 
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Some of the figures given on the preceding pages are too weak 
to be used in the main scheme, of triangulation, but for convenience 

FIO. 14.-Central station not 
occupied 

of reference and to illustrate the principles involved, they are in- 
cluded with th0 figures which it is permissible to use. 

DETERMINATION OF C AND D IN STIbENGTH OF FIGUBE FOBMULA 

Referring to page 9, where some values are given for the quantity 

D-G, the number of conditions to be satisfied in any figure may be D 
computed from the. following formula : 

in which 
C= (n’-d+l) + (n-28+3) 

n= total number of lines, 

e=total number of stations, 
n’=number of lines observed in both directions, 

a’=nurnber of occupied stations. 

served line at one of the occupied stations (see fig. 15) 
Thus, in a quadrilateral with one station unoccupied and one unob- 

pi FIQ. 15.-Quadrilateral Illustrate U to 

0=(2-3+1)+ (6-8+3)=1 
- - - :h! .‘ 

(In using these formulas allowance must be made for lines or tri- 

The number of conditions to be satisfied in any given figure may 
Starting with the fixed line 

angles previously fixed.) 

h be determined in another way. 
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or the line fixed by the preceding figure, build up the figure, station 
by station, computing the number of conditions a t  each new station. 
To obtain the number of conditions for the entire figure, simply add 
the number of conditions at all the stations. At each station the 
number of angle conditions is one less than the total number of 
full lines to the station from previously considered stations. T h e  
number of side conditions a.t each station is two less than the total 
number of lines, full  and broken, to the station from preViousIy 
considered stations. 

As previously stated, I) is the number of observed directions in 
a figure. It must be remembered, however, that the directions over 
the fixed line are not counted in obtaining D. 

OVERLAPPING OF FIGURES 

To illustrate what is meant by ‘‘ overlapping of figures ” and an 
“excess of observed lines’’ (see p. 6), reference is made to Figure 16, 
where the Sgures overlap in space but where there is no excess of 
observed lines. Assume the direction of progress to be from AB to 
EG. After d B  the nest line to go ahead on, or the known line of 

the second figure, is OD. I n  the figure CDEF the diagonal CF ia 
determined as the known line of the succeeding figure FCEG. The 
last two figures are thus seen to overlap in space but to be simple 
quadrilaterals. 

I n  Figure 17 the line A B  connects stations in separate figurea 
and should not be observed as a main-scheme line. It may, however, 
be observed in locating a point X, in order to avoid a back-pition 
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computation or the computation of a triangle by the two-sides-and- 
included-angle method. 

OTHER CONSIDERATIONS IN RECONNAISSANCE 

LENGTH OF LINES OF TRIANGULATION 

The lower limit of length of line is fixed by t.wo considerations. 
On very short lines i t  is difficult to get observations of the degree of 
accuracy necessary to close the triangles within the required limit. 
Extreme caution is required in centering and plumbing the signals 
and the theodolite to avoid the errors due to eccentricity. Very short 
lines are apt to be accompanied, though not necessarily so, by poor 
geometric conditions as expressed by large values of R. The extreme 
lower limit fixed by these two considerations should be avoided. 
On the ot.her hand, there is no advantage in so far as accuracy is 
concerned in using very long lines. Long lines are apt to introduce 
delays due to signals not being visible. With long lines supple- 
inentary stations to reach required points in all portions of the area 
covered are much more apt to be needed than with short lines. There- 
fore, in any project, endeavor in laying out the main scheme to us0 
the economical length of l i n e t h a t  is, endeavor to use in each region 
lines of such lengths as to make the total cost of reconnaissance, 
signal building, triangulation, and base measurement a minimum, 
subject to the requirements stated in these specifications. 

BASE SITES AND BASE NETS 

A base may be measured with the degree of accuracy specified over 
fairly rough ground and steep slopes with steel or invar tapes. 
Smooth, level ground is a convenience but not a necessity for base 
measurement of this grade of accuracy. There should be no hesi- 
tancy in placing the base on rough ground if by so doing the geo- 
metric conditions in the base net are improved; that, is, values of R 
made smaller. The length of a base is to be determined primarily by 
the desirability of securing small values of R in the base net. Ordi- 
iiarily the longer the base the easier it will be found to secure small 
values of R, and the smaller the values of R the longer the chain of 
triangles t.lirough which the lengths may be carried before another 
base becomes necessary. The base .net shall consist of a figure or 
figures of the same character and subject to the same conditions as 
to strength as the main scheme previously described. I f  the net is 
made up of two or more figures, they may overlap in space but there 
should be no overlapping of figures in the sense of the existence of 
cibsen7ed lines which tie together the separate figures. 



RECONNAISSANCE 19 

Broken bases are permissible when found advantageous. They 
will fmquently be found necessary along rugged coasts. No large 
&ion of a broken base should make an angle of more than 30° with 
the projected base line. The two terminal stations of a broken base 
must be intervisible; the directions at  each intermediate angle station 
on the broken base must also be observed in order to form a closed 
loop. It is permissible to include, in the main scheme observations of 
the base net, one of the intermediate angle stations on a broken base, 
in order to provide an additional check on the projected length of the 
measured sections. 

SUPPLEMENTARY STATIONS 

The distribution of supplementary stations can not be definitely 
specified, for the number and location of extra second-order, third- 
order, and intersection stations will be governed entirely by the 
topography of the region, the accuracy required for the detailed 
hydrographic or topographic surveys, and the scale of the working 
sheets. Each hydrographic or topographic sheet should have at  
least two and preferably three triangulation stations within its limits, 
and such greater number as special conditions may require. A little 
extra time spent in locating additional triangulation stations will 
frequently save much time and trouble in making the detailed surveys 
check wit.hin the specified limits of accuracy. 

MODIFICATIONS OF SPECIFICATIONS 

To interpret correctly the foregoing reconnaissance specifications 
i t  must be borne in mind that they were drawn to nieet particularly 
one requirement, namely, to enable the triangulator to determine the 
lengths of successive lines of the triangulation as economically as 
powible consistent with the maintenance of a specified accuracy. I n  
some respects they meet the requirements for long belts of triangula- 
tion better than those for the development of an area. It is very 
easy, however, to modify the specifications to  meet other conditions. 
For instance, on short arw where a check in length can be obtained 
in a few figures it will be permissible to use a chain of triangles 
instead of figures which afford two or more ways of coinputing 
lengths through the scheme; or, where an area is to be covered with 
a network of triangulation, belts of triangulation figure5 can be 
located which will form a checkerboard system over the area to be 
controlled, and the location of the bases required can be determined 
by computing the R, through the strongest chain of figures. The 
intervening areas can then be covered by triangles extending from the 
most convenient stations. 
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PUBLIC VALUE OF CONTROL SURVEYS 

Second-order triangulation is normally executed for the purp- 
of furnishing main-scheme control for some hydrographic or topo- 
graphic survey which is to follow immediately, and the control is, 
necessarily, planned to meet the requirements of that particular sur- 
vey. The officer in  charge of the reconnaissance should bear in mind, 
however, that any control survey of third, or higher, order of 
accuracy should be so established as to fulfill all reasonable demands 
for control in that area for many years to come. Not only may this 
bureau need the data. for additional surveys, but other organizations 
will almost certainly use the stations established. An effort should 
therefore be made to leave lines of the triangulation of proper 
strength to face up rivers or river valleys which lie outside the limits 
of the work assigned. It costs little to establish supplementary sta- 
tions of second and third order accuracy while work on the main 
scheme is in progress. Similarly, a station placed on the shoulder 
of a hill or mountain may answer every requirement for the work in 
hand, but if i t  is placed on the summit the chances are that it will 
be of much greater future value. The summit should, therefore, be 
selected if it does not involve too much additional expense. 

The mistake most frequently made in extending control from 
existing triangulation for a topographic or hydrographic survey of 
limited extent is to locate intersection &ations only for the new con- 
trol needed, when but little more time and expense would be required 
to locate some of the new stations with second and third order 
accuracy and to mark them permanently. The aim should always be 
to leave an area adequately controlled with stations of third-order, 
or higher, accuracy and to have intersection stations in sufficient 
number to provide connections to the detailed surveys. 

CONNECTIONS TO EXISTING TRIANGULATION 

In  starting from or connecting with existing triangulation it is 
essential that the connection be made to a line of proper strength, and 
also that observations be made from the two ends of that line upon a 
third point of the existing triangulation. I f  the new and old angles 
upon the third point agree closely, the exact recovery of the old stllr 
tions is then assured. Connection in position alone, namely, to a 
single point, or in position and azimuth, namely, to a single point but 
with a direction observed from that point to another old station, may 
sometimes be advantageously made at intervals between the connec- 
tions in length just described. 
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Dik 
tan@ 

Miles 
31 
32 
33 
84 
36 

36 
37 
38 
39 

41 
42 
43 
44 
46 

40 

INTERVISIBILITY OF STATIONS 

Reconnaissance for triangulation can be executed by either of two 
general methods, or by a combination of them. In  the first method, 
which can be used in hilly or mountainous country, the intervisi- 
bility of the stations is tested by visiting each station. In  the second 
method reliance is placed upon obtaining the elevations of the sta- 
t-ions and of the intervening country from maps or other sources and 
determining the intervisibility of points and the required heights of 
towers from those data. This second method is necessary in flat 
country. I n  actual practice a combination of the two methods is 
generally used. 

The difference between the apparent and true difference in eleva- 
tion of two points is affectred by two factorethe curvature of the 
earth's surface and the refraction of light by the earth's atmosphere. 
These fa tors  are of opposite sign and of sn approximately fixed 
relation to each other, so that the combined effect can be applied as 
a single factor. The effect of refraction is about one-seventh as 
much as the curvature. The forniulas for the separate effect of 
each can be found in various works on geodetic surveying, but the 
formulas below give the approximate resultant: 

71. (in feet) = R2 (in miles) times 0.574, 
or 

(in miles) = -& (in feet) times 1.32. 

Below is 8 table, condensed from the one given in Appendix 9, 
Report for 1863, which gives the distance K (in statute miles) a t  
which a line from the height h (in feet) will touch the horizon, 
taking into account terrestrial refraction with a mean assumed 
coefficient of refraction of 0.070. 

Cmrmtion for earth% curvature and refraction 

c o r m  
tion -- 
Feel 
551.4 
597.6 
624.9 
663.3 
7W.O 

743.7 
78&6 
828.6 
873.8 
giai 

964.7 
1,012.2 
1,061.0 
1,111.0 
1,1620 

&file8 
1 
2 
3 
4 
6 

6 
7 
8 
9 
10 

Feet 
0.6 
2 3  
$ 2  
9.2 
14.4 

20.6 
251 
36.7 
46.4 
57.4 

Miks 
16 
17 
18 
19 
10 

21 
23 
23 
24 
25 

Fert 
146.9 
165.8 
185.9 
207.2 
228.5 

253.1 an. 7 
303.6 
330.5 
358. 6 

11 
12 
13 
14 
16 

m.4 as m . 0  
82.7 27 418.3 
91.0 ?a 449.9 
1135 29 4836 
129.1 30 616.4 
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To determine how much the line of sight between two stations 
will clear o r  fail to clear an intervening hill, either the table above 
may be used or the following formula employed : 

4 
4 + 4 h= & + (A,- 4)- - o.5744d2, 

where 
iL =height of line a t  obstruction, in feet. 
h., = height of lower station, in feet. 
&=height of higher station, in feet. 
d,=distance from lower station to intervening Obstruction, in 

d,= distance from intervening obstruction to higher station, in 

This formula is also based on a mean assumed coefficient of refrac- 

miles. 

miles. 

tion of 0.070. 

COMPUTATION FOR THE DETERMINATION OF TH,E INTERVISlBlLITY OF STATIONS 

A few examples will be given to illustrate the. application of the 
formulas relating to  curvature and refraction. 

Example.-Two stations are at the water's level on opposite shoreswf a bay 18 
miles wide. In this problem the line of sight is not suppf~wd to approach the 
water nearer than 10 feet. 

( a )  How high above the water must. the instrument be a t  station -4 with the 
instrument a t  station B 10 feet above the surface? 

( b )  How high must the towers be, supposing them t o  be of equal height a t  
the two stations? 

====E- 18miles -AT 
Wo. lP.--Intervisibility of stations across water, case ( a )  

8'01r4t ios  of (a).-From the table for  curvature and refraction, page 21. the  
instrument must be at a n  elevation of 185.9 feet for the line of sight, to be 
tangent to the earth's surface a t  a distance of 15 miles. Since it must not 
approach the water surface nearer than 10 feet a t  stntioii B, the instrument a t  
A must be 195.9 feet above the water surface. (See fig. 18.) 

- -- - ---___ -- 56.4 ft. 
4- - -- croft. L- 18miJes -- 

FIG. 19.-Interrlsibillty of stations aero88 water, csse (a) 

Solution of (B).-Since the towers are to be of equal height, the line of sight 
will approach the water  the nearest at a point midway between the  two stations. 
From the table the inst.rument must be elevated 46.4 feet t o  see the water sur- 
face 9 miles distant, Since the line of sight must clear the surface by 10 feet, 
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the instrnment must. im elevated 56.4 feet at each station. 
the formula 

It. (in feet) =K' (in miles) X0.174, 
h=81X0.5'74=46.49 feet, 
46.49+10=66.49 feet. 

(See llg. 19.) Or, by 

Example.-A level plain is wooded with trees 35 feet high. It ia desirable 
that the line of sight clear the trees by 10 feet at least. 

(a )  With towers 70 feet high, without superstructu+that is, with lamp 
and theodolite mounted at same height-what is the maximum length of line? 

(a) Under the same conditions of terrain, what is the niaximum length of 
line when the theodolite is at a height of 70 feet and the lamp at a height 
of 90 feet above the ground? 

~ 7 0  f f. -_ -- -- -_ 
13.2 miles 4 - 

45ft  
FIG. 2O.-Intervisibility of stations aero88 wooded plaln, case (a) 

f3olutima of (a).-Since the line of sight must not approach nearer than 45 
feet to the surface of the plain or 10 feet above the tree tops, and the towers 
are 70 feet high, the problem is the same as if the towers were 70-45 feet high 
and the line of sight could be tangent to the surface of a level plain. From the 
table it is seen that the line of sight from a tower 25 feet high would be tan- 
gent to the surface of the sphere at  a distance between 6 and 7 miles. 

Applsing the formula 

h (in feet)=K' (in miles) X0.674 

g r = x  
0.574 

or K=6.6 miles. 
The stations could, therefore, be 13.2 miles apart. (See fig. 20.) 

1 
90ft. _____- I 

a- 

+--8.9miles-i- 
FIG. 2l.-Intervisibility of stations across wooded plain, case (a) 

f3ohtim of (b) .-From the previous example the line of sight from a tower 
TO feet high is tangent to the spherical surface 45 feet above the station at a 
distance of 6.6 miles. The distance at which the line of sight from the 90- 
foot tower will be tangent to the 45-foot surface is found from the formula in 
a similar manner, as follows: 

(90-45) =h=PXCk574 

45 p=- 
0.574 

cm K=&Q miles. 

Therefore, the niaximum distance between stations would be 86+8.9=15.5 
miles. (See fig. 21.) 
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When contoured maps of a hilly. or mountainous country are avail- 
able they are of great assistrtnce in reconnaissance. When laying out 
a scheme from a map the most frequent problem is to determine if a 
certain ridge or mountain between two stations will cut the line of 
sight, and if so, if it  will be practicable to build at  either station and 
thus make the stations intervisible. Such a problem may be solved 
either by the formula on page 22 or by the table for curvature and 
refraction. A solution of such a problem by each method is given 
below. 

Example.-Two stations, A and B, are 54 miles apart and at an elevation 
above sea level of 1.050 and 4,500 feet, respectively. At X on the line between 
A and B and at a distance of 18 miles from A is a ridge 1,840 feet high. (See 
fig. 22.) 

( a )  How much below the crest of the ridge does the line between stations 
strike? 

( b )  Supposing n tower is to be built a t  only one station, what height would 
be necessary at each station for the line of sight to barely clear the ridge? 

4500 d i  
I--- --- - 36mi. - - - -- -- - 'TO-------  . ' sea A Ismi. 

Fro. 22.-Intervisibility of stations in mountain country 

80holrction. of (a).-At 18 miles. the distance from A to  X (fiq. 22j, the correc- 
tion for curvature and refraction is 155.9 feet and at  54 miles, the distance from 
A to B, it is 1.673.3 feet. Subtracting these amounts from the elevations of S 
and B, respectively, will have the effect of reducing the sea-level bases of it, 9. 
and B to a plane surface. 

Therefore, in Figure 23, 

h,0=4,500 f&,-l,%O feet-1,673.3 f&, 
=1,776.7 feet. 

and 
e&: bc: : 18: M 

Therefore ed=692.2 feet. 

plane of peak A 
Correcting elevation of X for curvature and refraction and reducing it to the 

X=l ,W- 1,050-185.9 

Since the line of sight from A to B, a t  a point 18 miles from A, is only 
692.2 feet above A, therefore the line of sight fails to clear peak X by 604.1- 
692.2=11.9 feet. 

=m.1 feet. 



Another method for obtaining the elevation at X of the straight 
line between the two stations is by t.he formula given on page 22, 

a=&+ (l(sih) & -0.574 dr as. 

In which for the example given above 

h=l,W5, lk=4,500, &=la, &=Xi. 

Substituting tbeae vrliic?n 
18 h=1,050+ (4,500-1,050) 18+~ -0.574X 18X36=1,828. 

Therefore, the line between A and B is 12 feet below the top of the ridge. 

FIG. 23.--Intervisfhility of stations in mountain country, 
solution (a)  

There may be times in the field when t.he observer will not have a 
book at hand from which to obtain the formula for the second 
method and he may not be able to recall the formula. He may use 
the first method, however, if he merely remembers that the correction 
in feet for curvature and refraction is the square of the distance in 
miles times 0.574. The second method may be a litt.le easier as 
regards the numerical operations. 

XI, 12 ft. A 
B /q 18 mi. %mi. 

BIQ. 24.--Intervisibility of stntions in mountain country. solution ( b )  

Ro'olrtior of (b).-Accepting 1,828 feet as the elevation a t  S of the line 
from A to B, the line strikes 12 feet below the crest of the ridge. If the station 
at A is to be elevated, the necessary height can be computed by means of a 
triangle, as shown in Figure 24. The line from A to B has already been 
corrected for curvature and refraction. 

Let AB' be the height by which A is to be increased. From slmilar triangles, 

or 
Therefore, 

AA' : XX' : : AB : SB, 
AB' : 12: : 54: 36. 
AA'=18 feet. 
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If the station at B is to be elevated, a similar method may be used as shown 
in Fignre 25. 

BB':l2::64:1& 
Therefore, BB'=36feet. 

These two solutions show that, other things being equal, it i B  
always more economical to build at the station nearest the obutruc- 
tion, for the height necessary to clear the obstruction increases in 
direct proportion to  the distance from it. 

SELECTING SITES FOR TRIANGULATION STATIONS 

Triangulation stations, as far as practicable, should be placed on 
the crests of ridges and on the highest points of hills and mountains. 
In  a mountainous country it is not necessary to place the stations on 
the highest peaks, but each one should be on the highest point of the 
peak selected, and this peak should be the highest one in the imme- 
diate vicinity in order that there may be an unobstructed view in all 
directions. 

In  making a choice between a high peak and a lower one many 
factors must be taken into account, part of which relate to the & 

FIG. 25.-Intervisibilitg of stations in mountain country, solution (0) 

of the immediate project in hand and others to the usefulness of the 
triangulation itself. 
The cost of the reconnaissance per mile of progress measured along 

the axis of the scheme of triangulation will be practically the same in 
any region where two schemes are possible, whether a large or a 
small scheme is used, and whether the points selected are on the 
highest peaks or on lower ones. The use of the highest points 
usually results in large figures in the scheme of triangulation, though 
not necessarily so. It is usually easier to secure strong figures when 
the highest peaks are used as main-scheme points. 

Where all stations are convenient of acces on both large and 
small alternative schemes, the cost of observing will be almost in 
proportion to ths number of stations to be occupied on the two 
schemes. Usually, however, the stations of the larger scheme will be 
90 much more difficult to reach that the cost of making the observa- 
tions through the smaller scheme will not be niuch more than 
through the larger one with its smaller number of stations. Weather 
conditions affecting the visibility of stations and the accuracy of the 
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FIG. 26.--SIGNAL 235 FEET HIGH BUILT OF POLES 

Inner instrument tripod is entirely separate from out81 structure 
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FIG. 27.-TREE SIGNAL 143 FEET HIGH 

The theodolite was mounted on the top of the tree trunk and the observer 
was supported by the sesfiold built of polw 
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FIG. 29.--'TRIPOD STAND FOR THEODOLITE 
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FIG. 30.-SMALL SIGNAL LAMP WITH TARGET CEN- 
TERED ABOVE 

An aluminum cupshared plate is made lor this type 01 lamp, 
which may he attached to the top of the lamp and which 
automatically centers the base of the target over the center of 
the reflector of the lamp. The target is held in place by guy 
wires 
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observations will often be the controlling factor in deciding upon 
the economical length of lines. 

SIGNALS AND SIGNAL BUILDING 

When observations are to be made in daylight upon targets the 
signals must be constructed not only to meet the demands of visi- 

FIQ. 25a.-Determining the approximate height of a tree on reconnaissance 

A distance AB agprorimately equal to the height of the tree should be 
paced or measured out from the base of the tree and the point A marked. 
Also a point o should be located toward the tree from A such that Ao equal8 
the height of the observer's we from the ground when standing upright. 
At o a straight pole about 2 feet higher than the observer should be set 
perpendicularly in the ground. A point e should then be marked on the pole 
at such a height that ce=cd+de, where ed equals the distance from the 
observer's eye to the back of his head and de equals the height of his eye 
from the ground when standing upright. Then if the observer lies on the 
ground with his feet against the pole and his eye above the point A the 
line of sight from his eye past the point e on the pole will strike the per- 
pendicular from B a t  the point C, and BC--aB=AB. Approximate allowance 
can easily be made for slope of ground along the line dB, and an  estimate 
can be made of the distance the point U falls above or below the top of 
the tree. 

bility but must also be of a type which will reduce the effects of phnrse 
and eccentricity to a minimum. (See p. 76.) The 1e.ngths of the 
lines of sight and the materials available for constructing the signal 
will also impose their requirements. I n  many places, such as the 
Philippines, sawed lumber can not be readily obtained, and round 
timbers cut near the signal, or bamboo poles, must be used. (See 



28 U. S. COAST A N D  GEODETIC SURVEY 

fig. 26.) Where tall signals are required the trunks of dxnding trees 
are frequently of great assistance. In  building tree 
signals ingenuity in the utilization of the materials available and the 
assistance of on0 or t.wo experienced men are of much greater value 
than written instructions. 

Occasionally i t  is necessary to build tall towers of sawed t' 1 ni bers 
of the type frequently used on first-order triangulation. The con- 
struc.t,ion of these towers is described in Special Publication No. 93, 
Reconnaissance and Signal Building. Only the niore ordinary types 
of signals will be described here. 

(See fig. 27.) 

F 9 ?t 

11. TT 

F I G .  %.-Diagram of pole signal, with target 

POLE SIGNAL 

Figure 28 shows a pole. signal held in a vertical position by wire 
guys with the foot of the pole resting on a low bench. The bench 
may be made of two stakes driven in the ground on either side of the 
station mark, with a piece of scantling placed across on top and 
nailed to them. The foot of the pole should have a spike driven at 
its center projecting about an inch, and when the pole is erected this 
spike should be placed in a. hole bored in the crosspiece of the bench 
direct.ly over the station. Each wt of guys should consist of four 
guys of No. 12 smooth galvanized wire. The number of sets depends 
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upon the height of the pole. The pole is easily lowered, when the 
station is occupied, by loosening the guy or guys on only one side, 
The guys on the other three sides are not loosened from their anchors. 
To replace the pole it is only necessary to stand it up on the bench 
and fasten the loosened guy or guys on the one side. The centering 
of trhe pole or that part on which observations are made should be 
tested after the pole has thus been replaced. The ewe with which 
a pole signal can be erected, removed, anc7 replaced is a strong recom- 
mendation for it  when the. station is to be occupied with a theodolite 
mounted on its own tripod. It also makes a satisfactory object to 
point on provided the diameter of the center pole is regulated for 
the length of line and consideration is given to the effect of phase. A 
serious objection to this type of signal is the fact that it can very 
easily get out of plumb. Unequal expansion and contraction of the 
guys, displacement of the lower part of the pole, people tripping 
over the guys or cattle rubbing against theni-these and other causes 
may displace the signal enough to cause considerable errors in the 
observations. 

When signal lights are used to observe upon i t  will be found 
more convenient to use the type of stand shown in Figure 29 as a. 
support for the light and theodolite. The horizontal board on 
the top of the stand has a gimlet hole, centered over the mark, by 
means of which the lamp or heliotrope is centered and fastened 
and the theodolite centered. The combined use of target and lamp 
is shown in Figure 30. 

TRIPOD SIGNAL 

When the signal must be seen from a greater distance, and espe- 
cially when i t  is to be used also for hydrographic or topographic pur- 
poses, a tripod signal is used of the type shown in Figure 31. With 
this type of signal the theodolite may be set up over the mark with- 
out disturbing the signal. One objection to this type of signal is 
that it is difficult to center over a mark already in place. Tripod 
signals dong the coast will usually be erected wit.h one leg toward 
the water and with the two adjacent sides of the tripoil covered with 
cloth or painted boar&. The part of the center pole or target to be 
observed upon must be carefully centered over the station mark. 
Each leg should be secured to the ground by a stake or other means. 
Wire guys to hold the center pole are necessary if the pole has con- 
sidemble length. 
The largest tripod signals usually lmve a height of about 20 feet 

to the apex of the tripod and from 30 to 35 feet to the top of the 
center pole. When cut lumber is available, timbers 4 inches quare 
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are generally used for the legs and center pole of large signals and 
2 by 4 inch lumber for those of smaller tripods. Ordinarily the cen- 
ter pole should be large enough in diameter to be visible through the 
theodolite from the adjacent stations, as otherwise observations will 
be made upon the tripod or banners and errors due to phase and 
ekcantricity will develop. One-inch boards are ordinarily used for 
dressing signals and should be rough or with only on0 side planed, as 
a rough surface is  superior for holding whitewash. 

n 
Cenkrptde 

Chws bracing 

I T m r  o f  cloth On 
w&n m s s m e s  

Fro. 32.-Dingram sbwing comtrudion of tripod-and- 
pole sigrsl 

A convenient iiiethod of constructing a large tripod signal is 
indicatecl in Figure 32. The drawing shows the legs and center pole 
as assembled on the ground. The identifying lett.er is placed at the 
lower end of each part. This assembly is arranged so that the lower 
ends of the legs A and C are in the approximate positions they will 
occupy when the signal is completed. The tripod is then erected by 
using leg B as a lifting pole and prop. When the tripod is erected 
and secured in the proper location the lower end D of the center 
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FIG. 31 .-T R I  POD- AN D- PO LE SIGN A L 

Signals of this type sliould be used with caution bemuse of the danger 
of errors due to phase and eccentricity. The portion of the pole just 
above the tripod should be the part observed upon when it is risible 
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FIG. 33.-STEEL TRIANGULATION TOWER. 77 FEET HIGH TO TOP OF INqER 
TRIPOD 

A towex of this type can be erected in half Y day by five men. Similar towers 25 feet higher have been 
used succevsfully 
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pole, which pivots on the bolt, is brought within reach by means of a 
line attached at  D, and the pole is then adjusted to a vertical position 
and *cured by cross braces to each leg of the tripod. The targets on 
the center pole may be attached before or after this operation. The 
sides of the tripods are t.hen boarded up as desired. The spaces 
between boards need not be less than the width of the boards, and 
wider spacing may be desirable in order to cover az~ much surface as 
pwsible with a limited amount of material. 

OTHER TYPES OF SIGNALS 

Occasionally the type of steel tower used on first-order triangula- 
tion can be employed to aclvantage. (See fig. 33.) These towers 
weigh from 2 to 3 tons each and have a maximum height of 103 feet. 
They can be erected without the heavy tackle needed for tall wooden 
towers and in much less time. 

Where lumber is not readily available a portable wooden signal 
bas been used to advantage on coastal triangulation. It consists of 
inner and outer tripods, t.he inner one having a height of 15 feet. 
The members of both the inner and outer tripods are fastened 
together by bolts. The diagonals a.m of &-inch wire and are pro- 
vided with turnbiickles. The entire signal weighs about 176 pounds 
and can be dismantled by two men in half an hour. These signals 
have been used with a diredon theodolite on very swaiiipy, unstable 
ground and second-order accuracy secured, but care milst be taken 
under such conditions not to have the footings for the inner tripod 
legs too close to the footings for the corresponding legs of the outer 
tripod. 

When the requirements of the hydrographic or topographic sur- 
veys, carried along in conjunction with the triangulation, necessitate 
a special kind of signal, the types described in the Hydrographic 
Manual (Spec. Pub. No. 143) or the mpographic Manual (Spec. Pub. 
No. 144) should be used, so long as they permit the observer to obtain 
the specified accuracy on the triangulation. 

RECONNAISSANCE FOR THIRD-ORDER TRIANGULATION 

The same principles and metho& are applied in reconnaissance for 
third-order triangulation as for second-order, though the allowable 
limits of some of the controlling factors are different, as noted below. 

Strength of figures.-ln the main scheme the value of RI (see p. 9) for any 
one figure must not exceed 50, and that of Rp for the flgure must not exceed 150, 
except when conditions are such that it is very dllBcult to keep within these 
limits. The quantities & and & for a single figure should be kept down to 
35 and 120 for the best and second-best chains. respectively, whenever the total 
estimated cost for the reconnaissance and observing does not exceed that foz 
the chain barely within the extreme llmlts by more than 25 per cent. 
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Frequency of bases.-When a base site can be fouiid near any desired loca- 
tion, ZR, between base lines, whether these are actual measured bases or lines 
of first or second order triangulation used as bases, should be made about 125. 
Where topogrtiphic conditions make it difficult to measure a base near the 
desired location. SR1 between bases mag be increased but should never greatly 
exceed 355. When this upper limit is approached an intervening base may be 
necessary, for if the discrepancy In length between bases exceeds 1 part in 
5,OOO, after the side and angle equations have been satisfied, either an inter- 
mediate base must be measured or the angle observations made more accurate. 
Marking of stations.-Stations of third-order trinugulation must be marked 

and referenced by marks of the same size and character as stations of second- 
order triangulation. (See p. 38.) 



CHAPTER 2.4ECOND AND THIRD ORDER 
TRIANGULATION 

SPECIFICATIONS, SECOND-ORDER TRIANGULATION 

The following specifications for angle measurements on second- 
or& t.riangulat.ion were approved by the Director of the Coast and 
Geodetic Survey on December 10, 1928, and supersede dl previous 
instructions for work of this character, Specificat.ions for third- 
order triangulabion will be found on page 83. 
1. Accuracy.-Either a direction or a repeating instrument may Be used in 

triangulation of this class, though the required results can usually be obtained 
more quickly and economically with a direction theodolite with micrometers. 
The immedinte requirements which the angle measurements must meet am 
that the avernge closure of the triangles in the main scheine shall not exceed 
3 seconds, that. an mort  be mndc to keep the avernge closure down to 25 
seconds. and that the numimuin closure shall but seldom exceed 6 seconds. 

2. Observations with repeating theodolite.-A set of observatlons should 
consist of six repetitions of the angle with the telescope in the direct (Or 
reveraed) position. followed immediately by six repetitions of the explenient 
of the angle with the t e l e w o ~  in the reversed (or direct) psition.' With 
the ordinary type of Finch repePlting theodolite equipped with verniers reading 
to 10 seconds, the accuracy specified for second-order triangulation will usually 
be obtained by niaking from two to three sets of observations on each angle. 
3. Circle setthgs.-When two or more mts of observations with either a 

direction or a repeating theodolite are made on the sanie angle the initid 
setting for each set should differ by no aniount depending upon the number 
of positions to  be observed and the number of verniers or niicrometers on the 
theodolite. The interval in degrees between successive settings with a 

Zmicrometer or a %vernier theodolite is given by the foimula I=cn, where I 
k the interval in degrees, m the number of verniers or micrometers, and 
the number of positions or sets. In atldition an increment represented by 
the vslne of one division of the circle divided by the number of sets to be 
observed should be added to the differeuce in degrees between settings in ordeOr 
to  eliminate the error of graduation of the verniers or the run of the microm- 
eters. For instance, With R circle graduated to 10 niinutes and with two Sets 
observed on an angle. the settings would be 0" W 00" and 90" 05' 00". 

4. Program of observing.-With a repeating theodolite. measure only the 
aingle angles between adjacent lines of the main scheme, including the angle 
necessary to close the horizon. In the comparatively rare cases in  which 
the failure of adjacent Pignala to show at the same time prevents carrying 
out this program make as near an approach to it as pomible and then take 

360' 

~ ~ ~- ~ ~~ -~ ~ 

The abbreviation " 6 D/R " is ordinarily used to indicate a set of six observations with 
Similarly, '' 3 D/&" mean6 a set of three the telescope direct and six with it reversed. 

observations direct and reversed. 
33 
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1 00040 
2 300200 
8 8 0 0 3 2 0  
4 900040 
5 1 2 0 0 3 0 0  
6 1 5 0 0 3 %  

the remaining signals in another series together with some one, and only 
one, of the signals otxervczcl in the first series and measure in the new series 
only the angles between the signals which have not been observed upon 
and the angle necessary to close the horizon. In other words, the measurs 
ment of an angle which is the sum of two or more observed angles should 
be avoided. With this scheme of observing no local adjustment is necessary, 
except to distribute each horizon closure uniformly among the angles measufed 
in that series. 

5. Observations with direction instrument.-One complete measure of the 
horizontal direction to each station from some ona selected initial station, with 
telescope both direct and reversed, is called a position. With the type of 
micrometer direction instrument which is read to single seconds four to &x 
positions are usually suflcient to secure second-order accuracy, and with a 
theodolite reading to 2 seconds, six to eight positions will ordinarily be adequate. 

6. Circle settings.-In order that the readings of the micrometer microscopes 
may be uniformly distributed around the graduated circle during the measure- 
ment of any set of directions the circle is shifted between any two successive 
positions by an amount determined in the same manner as described for 
repeating theodolites on page 33. 

Irit&J setth9.3 for I-niicroereter th-eodotits 
TWO POSITIONS OF CIRCLE 

0 0 0 5 0  n o i a  
300230 3 0 0 5 0 0  
Boo110 B o W I  
900050 900140 
1300230 1200500 
1500410 1 5 0 0 8 2 0  

POSI- 
tion 
No. 

1-1 0 I I, I 0 I I, I 0 ,  I, 

00100 0 0 1 0 0  0 0 2 3 0  1 ;  I 9 0 0 3 0 0 l  Q O a 3 4 0 1 9 0 0 7 3 0  
I I I I 

FOUR POSI'PIONS OF CIRCLE 

0 01 20 
45 a3 50 

SIX POSITIONS OF CIRCLE 

I I I I J 
EIGHT POSITIONS OF CIRCLE 

1 
2 
a 
4 
6 
6 
7 
8 - 

0 00 30 
2a 01 a0 
4 5 0 3 3 0  
67 03 30 
9 0 0 0 3 0  
112 01 30 
135 02 30 
167 M 30 

0 n 
45 
67 
90 

112 
135 
167 

0040 
01 50 
a3 10 

0040 
01 50 
03 10 

o p m  

0 4 m  

o 01 m 

90 01 m 
135 08 m 

2 2 0 3 6 0  
45 Og 30 
67 08 50 

112 a3 50 

157 08 50 ~- 
A 3-micrometer theodolite will Ordinarily not be! used on second-order trianga- 

lation. Settings for either a 3-micrometer or a 2-micrometer instrument for 8, 
12, and 16 positions of  the circle may be found in Special Publication No. 1379 
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Manual of First-Order Traverse, pages 43 and 44. Settings for any other 
number of p i t i o n s  mag be easily computed by the formula already given. 

The settings given in the tables are those actually to be made with the 
A-micrometer of a 2-micrometer theodolite. Since the telescope is reversed 
between the settings for any two consecutive mitions. the given settings r e  
quire the changing of the circle almost 130" in  orientation for each new posi- 
tion. This teuds to maintain the circle a t  a uniform temperature. el-en though 
temperature conditions may not be the same on all sides of the instrument. 
It is possible to arrange other tables of settings which will give an equally 
good distribution of the readings around the circle, but those given above are 
as easy to memorize as my.  It is not necessary to set the circle nearer than 
about one-half minute to the set.ting given. 

On second-order triangulation the setthgs given may be used even when a 
new initial must be used to  complete A series of obsei~ations at a station. On 
first-order triangulation. especially with B poorly graduated circle, the augle 
between the old and new initial is usually added to the prescribed setting for 
each position when using the new initial. 

7. lncomplete series, direction theodolite.-It frequently happens that one or 
more signals a re  not visible during all or R part of the time that observations 
are being made upon the other stations. Little time should be spent in waiting 
for a signal or a light to show. The positions miming from the first series 
can be observed later, using the same initial a s  wfis used during tile flrst series, 
or some other mainscheme station observed u p n  during that series. Not 
more than two initials should be used at. any one station. With this system of 
~bserviiig. no local adjustment is necessary aside from that arising from 
observing back upon the initial a t  the middle of each position and using the 
mean of all readings upon the initial. .(See flg. 54, 1). 86.) 

8. Observations on intersection stations.-An intersection station is one 
which is not occupied, the position of which is determined by observations upon 
it from stations of the main scheme or from supplementary stations. It may 
be a signal over a marked point or it may be a well-defined natural or artificial 
object. such as  a tank. church spire. or sharp moiintain peak. In these speci- 
flcations the term "intersection station " is used in n restricted sense to mean 
a station located by intersections with fewer observations than are specified 
for wmnd-order triangulation. A line to such a station niust not be used as a 
base from which to start crecond-order triangulation. 

me direction method of observation should be used, in observations upon 
intersection stations even if the theodolite is a repeater. Each series of obeer- 
vations on intersection stations should contain some we line. and only one, of 
the main scheme. Two positions should be observed upon each intersection 
station with a vernier instrument o r  with a di1Pction instrument reading h two 
seconds One position is adequate with a direction instrument reading to one 
second. but in this case a second round of pointiiigs should be made with the 
telescope either direct or reversed in order to provide a chfck on the readings 
af degrees and minutes on the Brst position. It is advisable to observe upou 
each intersection station fivni at least three stations in order to obtain a check 
upon the position, and the directions from a t  least two of the stations should, 
if practicable, form a gcmd angle of intersection at the object to be locatd. 
A possible intersection station should: not be disregarded if only two directions 
to it can be secured. Even one direction may sometimes be of value when 
Used with another direction to the same object taken during a different Season's 
Wmk. 

35 
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9. Value of intersection stations.-In selecting intersection stations it should 
be kept in mind that the geographic value of triangulation depends upon the 
number of points determined, the size of the area over which they are  dis- 
tributed, and the permanence with which they are marked. The geographic 
value of a triangulation is lost for a given area when stations can not be 
recovered within that area. The chance of permanency is made greater by 
increasing the number of stations as  well as  by thorough markiug. For the 
reasona stated there should be determined as intersection stations many arti- 
flclal objects of a permanent character, such &9 lighthouses, church spires, 
cupolas, towers, chimney& and standpipes. Make the description definite when- 
ever practicable. Instead of describing the object as “church spire’’ with the 
name of the town, make its identity certain by giving street location and 
denomination of church. Descriptions of intersection stations should be sub- 
mitted on Form 625, even though the name itself may be a description. (See 

10. Distance between points.-On all triangulaton near the coast, recoverable 
points suitable for the control of topography shall be located not more than 5 
miles apart, measured along the general trend of the coast line. This distance 
should be reduced to 2 miles when the nature of the country makes it prac- 
ticable without considerable additionnl expense. If objects suitable for the 
purpose do not exist, then marked stations must be established. A station to 
be suitable for the control of topography niust be located on the shore or be 
easily accessible from the shore. I n  addition, on work of this character all 
prominent objects visible from the sea and suitable for charting a s  landmarks 
or as hydrographic signals should be located. In a mountainous country, 
such as Alaska, the location and elevation of proniinent mountah peaks 
visible from the sea and beyond the limit of the fringe along the coast usually 
covered by the tnpographer shall be determined if visible from triangulation 
stations. Information indicating the relation of such elevations to the sur- 
rounding country is  of value, and it is suggested that a sketch be made on a 
small-scale chart showing the trend of the rid- and location of valleys 
11. Report on “landmarks for charts.’-All ohjects located by a triangu- 

lation party which should be shown on the charts shall be listed on Form 667 
and shall be forwarded uuder separate cover fivm other records a t  the end of 
the season. 

12. Trigonometric leveling.-No measurements of vertical angles for the 
determination of the elevation of stations need be made on second or third order 
triangulation unless specifically provided for in the instructions for a particular 
project. When such observations are authorized a sufficient number of lines 
should be observed over in both directions to provide a check value of the eleva- 
tion of each station. Nonreciprocal observations of vertical angles are of little 
value in carrying elevations through B scheme of triangulation but are neces- 
sarily used in determining the elevations of intersection stations. VerticaE 
angles should always be measured on prominent peaks lying outside the limits of 
planetable sheets. When practicable, connections should be made at frequent 
intervals to bench marks established by spirit levels or to the water level of the 
sea or to that of lakes and tidal rivers. In  connecting to water level it is suf- 
ficient to record an observed vertical angle to the water’s edge and an approxi- 
mate measured or scaled distance to the point sighted upon, with a note as ta 
the time of the observation or to the height of the tide when the water’s edge 
is sighted upon. Record and computation forms are shown on 

p. iia.) 

(See p. 81.) 
pages 104-110. 
13. Plane of reference.-All heights will be referred to mean sea level. 
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MARKING OF STATIONS 

Each triangulation station which is not in itself a permanent mark, 
such as a lighthouse, a spire, or a tank, but which is in a location 
where it can be permanently marked or referenced, shall be marked 
in accordance with the specifications which follow. When an old 
triangulation station, established by this bureau, is recovered and 
found to be inadequately marked it shall be re-marked and refer- 
enced. Care shall be taken that the descriptions of stations estab- 
lished or recovered shall fit existing conditions. 

Certain classes of objects used frequently as intersection stations, 
such as flagpoles, signal masts, beacons, and even church spires, are 
frequently moved or destroyed and rebuilt near their former location. 
The inadvertent use of the old geographical position for the new loca- 
tion of the object often leads to serious errors and delays. Care 
should be taken to make the original description as definite as possible 
to assist in later identification. When such points are recovered they 
should not be used without adequate checking to make certain that no 
change in location has taken place. 

TRIANGULATION AND TRAVERSE MARKS OF OTHER 
ORGANIZATIONS 

On April 10, 1938, the Board of Surveys and Maps adopted the 
following report : 

Whenever an adequately equipped field party of the United States Geological 
Survey, the United States Coast and Geodetic Survey. the Corps of Engineers 
of the United States Army, the Forest Service, the Mississippi River Commis- 
sion, the General Land Office, or 0th- member organization of the Board oa 
Surveys and Maps is engaged in triangulation 01' traverse it should make con- 
nections with any control marks in the vicinity of the work established by 
other member organizations, provided such counectims can be made without 
undue expenditure of time. The connection should be made with third-order 
accuracy and should be made either by direct measurement of a distance and 
direction from a triangulation or a traverse station by the three-point methodl 
with cheek, or by the intersPdlon method. Recovery notes for such station$ 
shall he sent to the main office of the organization to which the field party 
belongs, where a duplicate will be made and sent to the organization which 
originally established the station. 

Where a station Of third-order or higher accuracy, originally established by 
another organization, is definitely recovered, but is found to be inadequately 
marked, it should be remarked in a permanent manner, and the character of 
the new mark described in the recovery note. If the station was originally 
marked by a tablet, the tablet should be reset in the new mark. If the station 
was not marked by R tablet, then a tablet such a s  is now uwd by the organiza- 
tion which established the station should be secured by the fleld party from 
its own headquarters and used as the new station mark. If there is not time 
to secure the tablet, a cower bolt may be stamped with the inltlals of tbe 
organization which flmt established the mark, and thL bolt should be used 
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as the station mark. If the original station can not be exactly recovered or 
if, for any reason, it is not desirable to reoccupy it, a new station may be 
established near by and marked, and the old station should be connected with 
the new one and used a s  a reference mark for it. In general. no survey monu- 
ment established by one organization of the Government should be changed or 
replaced by another oi-ganizntion unless there is an agreement between the two 
organizations ivgarding such replacement. 

However, a station established by another organizntion should never be 
re-marked unless it had a subsurface mark and this was deflnitely recovered or 
unless the tablet was established in rock and its  original location a n  be de5- 
nitely and accurately determined. The recovery note should describe the present 
condition of the surface, subsurface and reference marks in sufficient detail to 
make the record clear a s  to the certainty of recovery of the station. 

Triangnlation parties of this bureau will follow the procedure 
outlined in the above report. 

SPECIFICATIONS FOR MARKING TRIANGULATION STATIONS 

1. Metal tablets.-Each station which has been located with fir&, second, or 
third order accuracy (see p 3) should be marked by a standard tablet of 
copper alloy, so fastened in the rock or concrete as to effectively resist extrac- 
tion, change of elevation, or rotation. (See figs. 33 and 36.) The name of 
the station and the year established should be stamped upon the mark, pref- 
erably Lwfore it is set in the rock or concrete? 

2. Setting of tablets.-Stations for horizontal control must often be located 
where the permanent marking of them is difficult, and for that reason a great 
variety of settings for the tablets must be permitted. The location of the sta- 
tion, depth of soil, o r  presence of rock ledges, and the availability of materials 
will usually control the choice of the mark to be used. The precautions to be 
taken in establishing each kind of mark are briefly stated below. 
(1) In roc% outmp. -Care  should be taken that the rock in which a mark L 

set is hard and is part of the main ledge, not a detached fragment. The tablet 
should be countersunk and well cemented in. 

(2) In hyZclers.-When a tablet is set in a bowlder the latter should be of 
durable material and of cross section, area, and depth below the surface not 
less than the standard concrete mark as described below. 
(3) In. rock Zedoe8 belom srr.rfnoe.-When the ledge is only slightly below the 

surface a tablet set in the usual manner in the ledge will be sufficient, provided 
two rderence marks are established. Where the ledge is 80 far below the 
surface that 8 surface mark is required a tablet or copper bolt should be set 
in the ledge, the ledge carefully brushed or washed off for a space at least 18 
inches in diameter, and a concrete surface mark placed above the subsurface 
mark. A tablet should Lu? set in the surface mark directly over the subsurface 
tablet or bolt. If the rock ledge in  which the subsurface mark is set is very 

The authority for the warnlng concerning punishment for dlsturblng the mark is con- 
tained in an act of Congress. approved March i, 1909. entitled “Au act to codify, revise, 
and amend the penal laws of the United States,” and reads as follows : ‘* Whoever * 
shall willfully deface. change. or remove any monument or bench mark of any Government 
survey shall be 5ned not more than $250, or imprisoned not more than six months. or 
both.” Many States have also enacted additional laws on the 
same subject, among them being California, Connecticut, Georgia. Illinois, Indiana, Maine, 
Maryland, Massachusetts, Minnesota, Mlchigan. Missouri, Mississippi. New Hnmpshire, 
New Jersey, Ohio. Oregon, South Carolina, Tennessee, Vermont, Virginia, Washlwton, and 
West Virginia. 

* 

(35 Stat. 1088, sec. 57.) 
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FIG. 34.-STANDARD MARKS OF T H E  U. 5. COAST AND GEODETIC SURVEY 

I .  TrianRulation statinn mark 
2. Traverse stat inn mark 
3. Reference mark 

4. Bench inark 
6. hlagnetic ststion mark 
6. Hvlrugrayhic station mark 
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FIG. 35.-TRIANGULATION STATION MARK 
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mooth, it should be furrowed with a chisel to afford better anchorage for the 
concrete. 

(4) In mw@te.-(a.) rS?haw.-The mark should be either a frustum of a 
cone or of a pyramid, or have the form of a post with an enlarged base. If of 
pyramidal or conical form. the sides should have a batter of at least 1 inch to 
1 foot. When a post with an eiilarged base is used the bottom of the base 
should be 4 inches larger in least horizontal dimension than the post proper and 
should have a vertical thickness of at least 6 inches. If the concrete is cast in 
place, the enlarged base can easily be provided for by enlarging the bottom of 
the hole at the sides with the digger. Extreme care should be used to avoid 
making the mark with a mushroom top or with projecting cornem near the 
mrface, which would provide leverage points for frost action and would make 
easier the malicious destruction of the mark. 

(a) Rim and &ptA.-The concrete post should extend to a depth of from 30 
to 36 inches, depending upon the kind of soil. It should be not less than 14 
inches in diameter, except that the upper 12 inches may be in the shape of a 
frustum of a cone or pyramid with the upper surface not less than 12 inches in 
diameter. Where the mark is not in the path of traffic or in soil subject to 
cultivation it should extend from 2 to 4 inches above the surface. When located 
where traffic passes over it the top of the mark should be slightly below the 
surface. 

( 0 )  U n d e r g m d  ~nurk.-A standard station-mark tablet, set in a mass of 
concrete at least 10 inches in diameter and accurately centered under the 
station mark, should always be established for an underground mark where 
soil conditions permit. The tablet should be stamped with the same desig- 
nation as the tablet in the surface mark. 

The procedure in making the standard concrete mark is as follows : A hole is 
dug to a depth of 33-4 feet or more. It should be 16 inches in diameter for the 
top 2% feet and 10 inchm in diameter at the lower end. Concrete made of! 
good cement, sand, and gravel or broken rock is placed in the lower part of the 
hole to a depth of 6 inches. A standard tablet station mark (fig. 35) is then set 
fn the concrete, with the top of the tablet slightly depressed. This completes the 
underground mark. A layer of from 4 to 6 inches of sand or $rt is then put into 
the hole. The hole is then enlarged about 2 inches in radius near the bottom in 
order that me lower end of the block of concrete for the surface mark will be 
mushroomed, and then the hole is fllled with concrete to within 9 inches of the 
surface of the ground. Next a mold or frame 12 inches on a side at the top, 13 
Inehes at the bottom, and 12 inches in depth is set in the hole on top of the con- 
crete and fllled in around the outside with dirt tamped firmly. The frame is 
then filled wfth concrete level with its top and a standard tablet station mark 
is set in the center of the concrete, with the top of the tablet slightly depressed. 
The tablet must be centered exactly over the underground mark. The top of the 
concrete should be smoothed with a trowel and the frame should be left in place 
to protect the concrete until it becomes firmly set. 

Care must be taken not to dirrturb the position of the tablet in the underground 
mark when placing the layer of sand or dirt and when pouring the concrete for 
the surface mark. A piece of thin board should be placed over the lower mark 
or other suitable means used to insure against any horizontal movement of the 
tablet due to the impact or pressure of the material above. 
3. Special conditions.-Under certain conditions special marks will often 

be required, and these should conform in size and durability to the marks de 
scribed above. 

39 
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(1) Sart&.-In sand, which if used as a mold would spoil the concrete by ab- 
sorbing the water from it, sewer tiles 8 inches in diameter and 30 inches long 
may be used, set with the bell end down, filled with concrete, and with the base 
end set in  concrete. A sheet-iron mold of the  same dimensions filled with con- 
crete may also be used. A metal tablet should be set in the center of the top. 

(2) MW8h.Where  the surface of the ground is too soft to  hold a mark of t h e  
usual type a post of durable wood should be forced down vertically as f a r  as it 
will go, its top cut off flush with the surface, and a sewer tile a t  least 6 inches h 
diameter set into t h e  marsh around the top of the  post. The tile should then be 
filled with concrete and a tablet set in the  top. The post shnuld always be 
water-soaked before being used, as otherwise it will swell and break the con- 
crete which incases it. Where the  marsh is very soft but clries out at certain 
seasons of the  yeaH successive tiles can Be forced down around the post, the 
post then can be withdwwn and the mud worked out from within the tiles, and 
the tiles then filled with a hydraulic cement uiixture. 
(3) Land subject to ctcltiwn.t;on.-The subsurface or lower mark should be a 

tablet in a block of concrete 10 inches square o r  10 inches in diameter and 
8 inches thick, set with its top 3 feet below the surface. The upper mark should 
be a tablet set in  a block of concrete 15 inches in least horizontal cross-section 
dimension and 20 inches high, with i t s  top a t  leaet 12 inches below the surface 
of the  ground. About 3 inches of dir t  should be placed between the concrete 
blocks bearing the upper and lower marks. 

AH stations so marked should be referenced by two standard reference marks 
preferably placed on property boundary lines, in a location where there is little 
likelihood of their being disturbed. The  directions to the reference marks 
should be such as to give a good angle of intersection a t  the station. The ref- 
erence marks niay be as much as o half mile from the station. if necessary, pru- 
vided they can be seen from the station. The distance to each reference mark 
should be carefully measured. Other distances, such as  those to  the center of 
a highway, the corner of a bui l ihg,  or the center of a well, should be measured 
if feasible. Two or more such measurements will intersect 80 near the station 
tha t  the concrete block will be easily found with a sinal1 prodding rod. When 
meaaureuients areamade to  buildiugs or other objects the  directions must be 
given also. I f  measurements ,of this kind are made the station may usually be 
easily recovered, though the reference marks may both be destroyed. The nieas- 
urements to a road should always be to the center of the road and not to  the 
fence line. All distances must be carefully measured and not estimated. but  
those to distant objects need not be reduced to the horizontal if the fact that the 
measurement is inclined is noted in the  description. Care should be taken in 
placing reference marks along highways, for  nearly all States are widening the 
highways. 

4. Reference marks.-Each reference mark should consist of a metal tablet 
similar in  material and  shape to the station mark but beadng a n  arrow which 
points to the station. A reference mark should be stamped with the same desig- 
na t im as i t s  station mark. and where there is inore than one reference mark 
they should be numbered serially in a clockwise direction, the number to be 
stamped upon each one. Each should be set under the same conditions a s  speci- 
fied for the station mark, except tha t  the concrete post in  which it is set lnay be 
2 inches smaller in diameter and 6 inches shorter than for  the station mark. 
No subsurface marks need be used with reference marks. 

Each station mark must have at least one reference mark and should pwf-  
erably have two. I f  t he  station mark, due to surface conditions, is entirely 
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beneath the surface, there should be two reference marks, unless there are 
permanent witness marks, such as road crossings, etc., which will serve to locate 
the station without an excessive amount of digging. If the station mark is on 
ground liable t o  be disturbed or washed away, two mference marks should in- 
variably be established. These should be so located as  to avoid the probability 
of both being disturbed by the same cause. They should also preferably be so 
located as to give a good angle of intersection at the station, or else be placed 
in range with the station. The distance and direction to each reference mark 
must be carefilly measured. 

5. Azimuth mark.-At each station where a tall signal tower is needed to 
enable the observer to see the adjacent stations of the scheme an azimuth mark 
should be estqblished. Thi6 mark should be placed several hundred feet away, 
at some point visible from an instrument mounted on an ordinary tripod set on 
the ground over the mark. An engineer recovering the station will then not 
only have a geographic position but will be able to obtain an azimuth as weIl. 
The azimuth mark should be of the same sire and character as a reference mark. 

6. Material for marks.-The main conslderations in making concrete are to 
have clean materials, mix them well before adding water, have the misture not 
to0 wet, and tamp well into the form. Bach streak of dirt in concrete means a 
line of cleavage. Where rough aggregate is available the proportions should be 
about 1-2-3, with the top 12 inches of the mark of slightly richer mixture. 
Where only cement and sand are available the lower part of the mark should 
be proportioned 1 part of cement t o  3 parts of sand, and the upper part. should 
be 1 part of cement to 2 parts of sand. With a mark of the proper size it will 
not be necewary to reinforce the concrete with metal rods or wire. To avoid 
cracking of the concrete, due to rapid drying, it should be covered with paper 
or cloth and then with earth or other material for a period of at  least 43 houre. 

HORIZONTAL ANGLE MEASUREMENT 

INSTRUMENTAL PROCEDURE. REPETITION METHOD 

The procedure used in making a set of observations is as follows: 
Set the circle approsiniately et. one of tslie readings given in the 
appropriate table of circle settings on page 34 and record the exact 
reading. Point on the left-hand object by means of the lower clamp 
and tangent screw, which does not change the reading. Then un- 
clamp the upper motion and point upon the right-hand object, 
perfecting the pointing with the upper clamp and tangent screw. 
Record the approximate reading of the circle. This completes one 
measure of the angle. The lower clamp is then released and the 
operation repeated, escept that the circle is not read. The circle 
reading, if made, would equal the original setting plus twice tho 
angle measured. The process of adding the angle to itself is con- 
tinued until several measures, usually six, are accumulated on tha 
circle. A reading of the circle is made and recorded after the third 
repetition as a check on the value of a single angle, and a reading is 
also made at t,he completion of the sixth repetition. Next revolve 
the telescope about its horizontal axis, keeping the upper clamp tighk 
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and point upon the right-hand object by means of the lower clamp 
and screw. Then loosen the upper clamp, move the telescope clock- 
wise, and point upon the left-hand object. This completes one meas- 
ure of the esplement of the angle. Make the same number of meas- 
ures of the explement as was made of the angle, when the circle 
reading should be nearly the same as on the original setting. The 
circle should then be read. (For sample of record, see fig. 52.) 
Be€ore beginning another set, the circle reading should be changed 
in order that an error in reading may not affect two angles. 

INSTRUMENTAL PROCEDURE, DIRECTION METHOD 

The direction method of measuring angles consists of measuring 
the direction to each station from some one station taken 8s an initid. 
The directions are the angles measured clockwise from the initial 
station to each of the other stations. The angle at a station between 
any two observed stations is the difference of their directions. 

I n  observing, a pointing is made on the initial station and then 
upon each station around the horizon in a clockwise direction; the 
telescope is then reversed and the readings made back in a reverse 
direction. A direction theodolite does not usually have a slow-motion 
screw for the lower motion, though the direction method of observing 
may be used with a theodolite arranged for repetitions by keeping 
the lower motion clamped. A direction theodolite is almost invari- 
ably read by means of micrometer microscopes. On first-order tri- 
angulation the horizon is not closed on each position, though an 
occasional reading is taken back on the initial just before and 
immediately after reversing to ascertain if any indications of drag 
are present. On second-order triangulation, however, where the 
number of positions taken is small, the horizon should be closed on 
each half position. The form of record is shown in Figure 54. 

A theodolite having a graduated circle 9 inches or more in diameter 
is usually read by micrometers to single seconds. Eight-inch direc- 
tion theodolites are usually read to the nearest even second. The least 
division on the micrometer drum of a 6-inch direction theodolite is 
usually equal to 10 seconds and the readings should be estimated to 
the nearest even second. The range of the readings secured with any 
theodolite will determine the refinement with which it should be read. 
For instance, if a number of readings of a single setting with the circle 
clamped shows a range of B or 3 seconds all readings should be taken 
to single seconds, but if the range is 4 or 5 seconds readings to the 
nearest even second are all that are warranted. When a compara- 
tively small number of readings are taken, as with the Wild the- 
odolite (see p. 60 and fig. 40, p. 45), readings may be made to a 
fraction of a second. 
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PROGRAM FOR OBSERVING VERTICAL ANGLES 

On practically all theodolites used in the Coast and Geodetic 
Survey for second-order and thir&orcler triangulation the vertical 
circle is of the type having the graduated circle rigidly attached 
to the horizontal axis of the telescope and the level bubble attached 
to the vernier circle. With this mechanical arrangement either 
one of two observing programs may be used. When using the first 
method level the theodolite, then with the circle right and the object 
near the vertical wire (a;) bisect the object with the horizontal wire, 
using the telescope-clamp slow-motion screw ; ( 6 )  bring the bubble to 
the center of the level vial; (c) read both verniers; ( d )  turn the 
instrument 180° in azimuth ana transit the telescope, then repeat 
(a), (b), and (a) in the sanie order. Do not change the adjust- 
ment of the level on the vertical circle between the two pointings 
of a set. With the second method level the theodolite and with 
circle right perform operations (a), ( b ) ,  and ( c )  as described above 
on each object around the horizon, then transit the telescope and 
again perform the same operations upon each object. This is a 
more rapid niethod than the one first described. 

I f  the vertical circle is graduated clockwise from zero to 360°, 
as is usually the case, the reading with circle right minus the read- 
ing with the circle left is equal to twice the zenith distance. When 
the graduation is counterclockwise the subtraction is made in the 
inverse order. I f  the system of graduation is different from that 
described above, a statement and diagram showing the kind of 
graduation should be made in the record book when the first observa- 
tions with the instrument are recorded. 

When observing upon an object at  a considerable elevation, using 
a straight eyepiece, care should be taken to eliminate the parallax as 
completely as possible, for otherwise a constant error may enter into 
the observations. When observing upon stars near the prime vertical 
for the deterinination of local time the error in the derived times due 
to parallax is of opposite sign for east and west stars. 

CORRECTION OF RECORDS 

All observations should be recorded clearly and distinctly on the 
proper forms. The numbers must be written so plainly that there 
is no chance of misunderstanding them. I f  for any reason a tem- 
porary record must be made and the observations transferred later 
to the record book, the temporary record should be sent to the office 
with the record book. 

Erasures niust never be made in the original records ; if it is neces- 
sary to change a figure, it should be lightly crossed out and the 
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correc,t figure placed above it or to one side. I f  a figure is changed 
after the complete set of observations have been recorded and no 
chance exists of checking the reading by a reobservation, the initials 
of the person making t.he change must be placed near the alteration. 

More uncertainty in the result,s is caused by hurried and ill- 
considered changes in the recorded figures to correct supposed dis- 
crepancies than from m y  other one source. The do.ubt is greatly 
increased if the original figures are illegible. The observer must 
make certain before beginning work that the recorder understands 
the importance of observing the requirements of this section. 

INSTRUMENTS 

THEODOLITES 

In the past by far  the greater percentage of second and third order 
tiian,dation has been done with repeating theodolites. This prob- 
ably has been due to the fact that the older direction instruments 
were large and heavy, could not be used on light tripods, and were 
thus unsuited to the class of work where the stay at a station is short 
and the number of stations occupied re.lative1-y large. However, 
recent advances in the construction of direction theodolites have 
resulted in reduced size and weight of these instruments, and it is 
probable that an increasing amount of second-order and third-order 
triangulation will be done in the future with theodolites of this type. 

In  the matter of speed the direction instrument with micrometer 
microscopes is superior, as a given accuracy in the angle measure- 
ments can be attained more quickly with it than with the repeating 
type of instrument. On the other hand,-the fact that with the usual 
type of direction theodolite the observer must constantly move about 
the instrument while observing makes the direction theodolite 
unsuitable for work in cramped quarters. 

With the method of repetitions, some multiple of the angle between 
any two stations is accumulated on the graduated circle between suc- 
cessive readings. Theoretically the method of repetitions is an ideal 
one, since the value of the single angle should be determined very 
accurately from the accumulated multiple of the angle, even though 
the circle can be read to only the nearest 5 or 10 seconds. Expe- 
rience has proved, however, that there are certain sources of error in 
the instrument which prevent the securing of extreme accuracy, the 
principal one being the necessary play in the arrangement of the 
double centers of the vertical axis. 

It should be remembered that of more importance than the size 
of an instrument is its workmanship, as shown particularly in the 
accuracy with which the circle i s  graduated and the centem fitted 
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FIG. 36.-REPEATING VERNIER THEODOLITE, 7-INCH CIRCLE 
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FIG. 37.-A 4!p-INCH THEODOLITE WITH VERNIER MICROSCOPES 

(For descriution sea p. So) 
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FIG. 38.-MICROMETER T H E O D O L I T E ,  6!r- INCH 

This instrument may be used with either the direction or repetition method. The braced tripod 
greatly increases its stability 
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FIG. 40.-WILD PRISM-MICROSCOPE D I R E C T I O N  T H E O D O L I T E ,  5,'z-INCH 

This theodolite of novel design has graduations on glass. The horirontsl circle can be read to T$ 
second. Opposite readings of both circles ran he taken through the ocular alungside the main tele- 
scope without changing from the observing position 
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I 

Fro. 39.-Sectional view of Parkhurst 9-inch direction theodolite 
The dlstfnctive features of this theodolite are its nonbinding center, ball- 

bearing clamp ring. illumination through central axis, discontinuous conical 
bearings for horizontal circle, illuminated glass micrometer drums, and im- 
proved designs for tangent-screw assembly, clampblock assembly, and microm- 
eter mountings. 

To remove alidade: (1) Remove screws holding dust ring and drop it clear 
from alidade cover plate: (3) remove bridge for contact spring: (3) remove 
vertical axis nut ; (4) l i f t  alidade carefully to avoid scraping axis. 
To remove circle: (1) Remove threaded circle spring plate; (2) remove 

guard lugs for circle; (3) l i f t  circle off carefully. 
To remove clamp: (1) Pull back and turn spring plunger opposite tangent 

screw until plunger is in a positlon to remain disengaged; (2) remove two 
mews  holdlng clamp together ; (3) remove halves of clamp ; upper ball race 
and ball ring can be lifted up and cleaned if desired, using alcohol or high- 
grade gasoline, then light oil: (4) iww try to remove clamp screw, for the 
clamp-screw collar prevents its extraction. 
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together and in the care used in the construction of all micrometer 
and tangent screws. The proper adaptation of the magnification of 
the reading micrometers to the pitch of the micrometer screw is also 
an important factor. 

A theodolite is frequently supplied with two or more eyepieces of 
varying magnifications. The lower-powered eyepieces should be 
used in pointing upon objects to  be located by intersections, which 
in a hazy atmosphere would not be clearly visible when a high- 
powered eyepiece is used. I n  general, the highest-powered eyepiece 
should be used which will give a fair definition of the object. When 
observing upon signal lights the highest-powered eyepiece available 
should ordinarily be usecl. 

On work in mountainous regions a lightweight theodolite is desir- 
able, but if a very light instrument, is used, it is not sufficiently stable 
in azimuth. To increase the presure upon the support a systeiii of 
springs is sometimes used in connection with an aluminum base which 
is screwed fast to the top of the stand supporting the instrunlent. 
Such an arrangement is shown in Figure 41. The same result is 
effected by using the device shown in Figure 42, which has mechanical 
means for exerting a downward p r e m r e  upon the leveling screws. 

Many factors enter into the design of a theodolite to make it 
acceptable to the engineer using it, such as simplicity of construc- 
tion, convenience in manipulation, compactness, and ease of acljust- 
ment; but the observer must usually direct his energies to making 
the best use of the instrument furnished him instead of deciding upon 
the theoretically best instrument for his particular purpose. This 
should not deter him, however, from informing himself as fully as  
possible regarding the principles underlying the design and con- 
struction of theodolites, for such knowledge will enable him to better 
estimate the capabilities and weaknesses of any instrument supplied 
to  him. 

A theodolite for use on secand-order triangulation should be 
equipped with a vertical circle. The vertical circles built into niod- 
ern theodolites are sufficiently accurate for the trigonometrical level- 
ing and for the time observations occasionally required on second- 
order triangulation. The extra cost of transporting and mounting a 
separate vertical circle for making zenith-distance observations is not 
warranted on this class of work. 

THEODOLITE ADJUSTMENTS 

When measuring angles with the accuracy required on any geo- 
detic triangulat-ion it is best to keep the theodolite in good adjust- 
ment, even though the program of observing tends to eliminate 
most of the errors due to lack of perfect adjustment. The mechrtn- 
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FIG. 41.--DEVICE FOR HOLUII.ICi TIiEODOLlTE FIRMLY TO STAND 

The springs. when under tension, will hold a light theodolite firmly on its su~iport 
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ical devices provided for making the adjustments vary somewhat 
on different instruments, but an inspection will usually quickly dis- 
close t.he method of operation. A general knowledge of the struc- 
tural features of a theodolite is assumed in the description of 
adjustments which follows. I f  a new type of theodolite. is to be 
used and the. mechanical means of adjusting it are not readily seen, 
proceed carefully, for a strained and wealiened joint or a stripped 
screw thread may necessitate the return of the instrument to the 
shop. 

Plate-level adjustment.-The purpose of this adjustment is to 
make vertical the line passing through the center of the spindle, 
which is designed to be the vertical axis of rotation, and incidentally 

C 

FIG. 42.-Diagram of pressure clamp for theodolite 

The slot 8 and the fork I in the clamp enables it to be slipped over the eplarged 
portion 2 of the leveling screw of the theodolite. By tightening the screw 0 the 
leveling screw is pressed Urmly against the plate p ,  which in turn is fastened to the 
tripod head of the tower. This device increases the steadiness of a theodolite and 
does not set up strains in the tribrach. 

to make the plane of t,he graduated circle horizontal, since it is 
necessary to assume that the circle is mounted perpendicular to the 
vertica.1 axis. I f  this assumption is true, then leveling the theodolite 
with a properly adjusted plate bubble will achieve both results. 

With the upper motion loose, bring a plate level parallel to the 
line joining two of the leveling screws and bring the bubble to 
center with the leveling screws. Turn t.he alidade bearing the level 
180°, checking the angle by sighting over the wyes or telescope or 
by reading the circle. Correct half the bubble error by the leveling 
screws and half by the adjusting screws on the bubble. I f  the 
theodolite is considerably out of level, turn the alidade 90' and bring 
the bubble to center by the third leveling screw. Then place the 
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bubble in its original position and repeat the operation until the 
bubble is in adjustment within less than one division, always check- 
ing the h a 1  movement of the adjusting screws by an additional 
testing of the bubble by reversal. After the instrument is properly 
leveled the bubble of the second plate level, if the theodolite is 
equipped with two, can at  once be brought to the center by the 
adjusting screws. 

Lack of verticality of the vertical axis introduces an error in the 
measured angle which can not be eliniinated by the method of observ- 
ing, and it is therefore advisable to test this adjustment and relevel 
the instrument at comparatively frequent intervals. Since on an 
inclined circle one diametral line can be drawn which is horizontal, 
it follows that the directions observed will be unequally affected. 
The error on any pointing is given by the formula, 

error=; tan h,  

where C is the angle of inclination in seconds as given by the bubble 
at  right angles to the line of sight and h is the angle above or below 
the horizon of the object sighted upon. The error of any angle is 
obtained by combining the mean errors of the two directions involved. 
The magnitude of the errors due tu an inclined circle is indicated 
by the following table: 

E m s  in horizontal directions due to i n c l i m t i m  of Pertical ad8 of instrumml 
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vertical 
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(0 -- 
I, 
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30 

30 
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40 
40 

60 
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60 

COrlW3 
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zontal 
direction 

(i tan h) 

,I 

0.06 
0. 12 
0. 17 

0.12 
a23 
0.35 

0. 17 
0.35 
0.52 

Striding-level ad justment.-In describing the adjustments of the 
level the term " bubble axis " denotes that horizontal line, tangent 
to the surface of the centered bubble, which lies in the vertical plane 
through the axis of the bubble tube. 

The purpose of the striding-level adjustment is to make the bubble 
axis parallel to t,lie horizontal axis of the telescope. Strictly speak- 
ing, the bubble axis is brought into parallelism with a line which 
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approximates more closely the true horizontal axis the more nearly 
the telescope pivots assume the form of true cylinders having equal 
diameters and with their major axes in alignment. 

To make the adjustment, place the level in position on the pivots 
of the horizontal asis of the telescope. Bring the bubble to the 
center with the leveling screws. Test for “urind” by rocking the 
level slowly forward and back on its supports. lf the bubble does not 
remain centered, then the bubble axis and the horizontal axis of the 
telescope lie at  an angle to each other when projected upon a hori- 
zontal plane, and the level is said to have “ d n d . ”  Correct the 
defect by t?he screws at one end of the tube, which permit a lateral 
adjustment. 

After the adjustment for “ wind” is perfected, bring the bubble to 
the center again by the leveling screws and then reverse the level. I f  
the bubble does not return to the center, adjust half the discrepancy 
by the foot screws and half by the. adjusting screws on the level. 
Repeat the test and adjustment, until the lack of adjustment does 
not exceed one or two divisions of the level. 

Adjustment of standard.-The purpose of this adjustment is to 
make the horizontal axis of the telescope perpendicular to the 
vertical asis of rotation of the alidade. 

Adjust the striding level and place it in position on the pivots of 
the horizontal axis. Bring the bubble to the center by the leveling 
screws, then rotate the alidade 150” around its vertical asis. The 
amount by which the I>ubble is displaced must be corrected, half by 
adjustment of a standard and half by the leveling screws of the 
instrument. This process must be repeated until the striding-level 
bubble sliows no displacement when the alidade is rotated through 
180°. 

I n  a few instruments no mechanical arrangement. is niade for the 
standard adjustment, and the only way it can be made is by carefully 
filing down and polishing the higher standard. This should be done 
in the field only when the lack of adjustnient is large and will usually 
not be necessary unless one of the standards has been knoclied out 
of its true position. I f  the pivots of the telescope are appreciably 
unequal in diameter, allowance must be made for that inequality in 
adjusting the standard. 

When the axis of rotation of the alidade is vertical the error in- 
troduced in the measured horizontal angles by the horizontal axis of 
the telescope not being at right angles to the vertical axis of the 
alidade is completely corrected by the reversing of the instrument in 
the middle of tho obse.rvation. 

Inequality of pivots-If the pivots are unequal in diameter, the 
defect can be detected and the amount of the inequality determined 
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by placing a carefully adjusted striding level on the pivots, bringing 
the bubble to center, reversing the telescope in tlie wyes 60 tshat each 
pivot lies in a different wye than at first, and then reading the level. 
With the method of observing in use in the Coast and Geodetic Sur- 
vey, whereby t.here is no change of the pivots in the wyes during the 
occupation of a st.ation, no error in the angle measures results from 
the pivots being unequal in diameter. 

Irregularity of pivots.-If t.he pivots are not truly cylinclrical, 
a st.riding level placed in position on the pivots will change its reacl- 
ing as the telescope is slowly rotated on its horizontal axis, unless the 
pivots are irre.gular in esactly t.he same amount and phase. I f  the 
irregulmity is large enough to came an appreciable movement of the 
bubble of t.he level, it will cause errors in the measured horizontal 
angles. 

I f  eit.her irregularity or inequality of pivots exists, that fact should 
be called to the attention of the office when the instrument is re- 
turned at the end of the season, in order that the pivots may be 
reground. 

Focusing adjustment.-The error due t.0 change of focus is elimi- 
nated by the usual method of reversal of the telescope during the 
observations. 

Adjustment for parallax.-Point the telescope toward a light 
surface, such as t,he sky. Screw the eyepiece of the telescope in or 
out until the wires show tlie sharpest and blackest. Nest focus the 
telescope on a ciist,ant object, and then test the adjustment by moving 
the eye slowly across the front of tlie eyepiece. I f  the wires appear 
to move over the image of the object sighted upon, parallax is present. 
The focus of the object glass of the telescope should be changed untiI 
the objective is at  the proper distance to cause tlie iniage of the object 
sighted upon to fall exacbly on the plane of the cross wires; in this 
posit.ion no niovement of t.he wires over tlie field of view will be ap- 
parent when tlie eye. is moved across the eyepiece. The adjust,nient for 
parallas must be closely watched, for the error clue to lack of proper 
adjustment is not eliminated by t.he method of observing. It is 
especially noticeable if the eye of the observer, because of a strained 
position, is not in front of the esact center of t.he eyepiece. 

The adjust,nient. of the eyepiece must also be tested frequently, for 
as t.he eyes of the observer tire the focal distance of the lenses of the 
eye changes, causing a blurring of the wires and an increased eye 
effort in centering tlie image of the light between the sighting wires. 

Adjustment for verticality of sighting wires.-To test if this 
adjust,ment is necessary, point upon a well-defined object with the 
instrument leveled. Swing the telescope slowly in elevation while 
watching the position of the object in tlie field of view. I f  the object 
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changes its position with relation to the vertical wires as the tele- 
scope changes in elevation, the diaphragm must be rotated around 
the longitudinal axis of the telescope. An esaniinat.ion of the tele- 
scope will usually quickly disclose the mechanical means for accom- 
plishing this purpose. 

Collimation ad justment-The purpose of this adjustment. is to 
make the line of collimation of the telescope perpendicular to ib 
horizontal axis. To make the adjustment, point the telescope upon 
some sharply defined object, and, with the aIidade clamped, lift the 
telescope from the wyes, rotate it 180° around its longitudinal axis, 
and replace it in the wyes, the pivots being in different wyes than 
in the original position. I f  the object is not bisected after reversal, 
correct half t,he discrepancy by shifting t,he reticule by means of the 
screws provided and again bisect the. object by using the tangent 
screw. Repeat the test to check the adjustment. 

If the instrument can not be reversed in the wyes, set a stake, A,  
several hundred feet dist,ant and bisect it with the wires. Plunge 
the telescope with the alidade clamped and set a second sta.ke, B, in 
the opposite direction at  almost the same distance to avoid having 
to change the focus. Both points should be as nearly as possible in 
the plane of the horizon of the instrument to prevent errors due 
to imperfect leveling. Rotate the alidade about its vertical a.xis 
a.nd then bisect the stake ,4. Plunge the telescope. with t.lie alidade 
clamped, and if the wires do not bisect stake, B, set another stake, 
0, in the line of sight close to B. Set a fourth stake, D, one-fourth 
the distance from C toward B and adjust the wires by means of the 
retkule screws to bisect D. Check the adjustnient. 

A procedure which will give an approximately correct, adjustment 
for collimation is to point on some sharply defined distant object 
with both motions clamped, read both verniers or micrometers, 
plunge or reverse the hlescope, loosen the upper motion, and set the 
micrometers so the mean reading will be exactly 180' from the mean 
of the first readings. I f  the object is not bisected, correct half the 
discrepancy by the reticule screws and half by the tangent screw. 
Repeat the test as a check. 

I f  the collimation adjustment is perfect, the line of sight defined 
by the center point of the sighting wires describes a. plane, per- 
pendicular to  the horizontal axis when the telescope is rotated on 
the horizontal axis. When the adjustment is not perfect the line 
of sight describes a cone. The correction for the error of collimation 
is equal to a sec A, where c is the angle of error in the horizon a.nd N 
is the altitude of the object sighted upon. The error of collimation 
is eliminated from the result by taking the mean of the direct. and 
reversed readings. 
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Adjustment of level on vertical circle.-Such theodolites of this 
survey as are equipped with vertical circles have that circle rigidly 
attached to t.he horizontal axis of the telescope, with the level bubble 
mounted on the vernier frame, the verniers not being adjustable. 
Since the niet,hod of observing entails the reversal of the telescope 
during each measure of a vertical angle, thus eliminating the error 
of t.he level, it is customary to leave the level bubble on the vertical 
circle unadjusted. 

I f  it is desired to adjust the bubble, use the following method: 
Establish a truly horizontal line by means of the " peg " met-hod. 
This is done by setting up the theodo1it.e and leveling it. Two pegs, 
A and B, are driven into the ground for rod supports a t  equal 
distances from t,he theodolite and about 180" apart in azimuth. A 
level rocl is read successively on the two pegs, with the vert.ica1 move- 
ment of the telescope clamped, the bubble of the level on the vernier 
franie in the center of the tube? and the vertical circle set a t  the 
reading corresponding bo the horizontal position of the telescope. 
The difference in the rod readings is the true difference of elevation 
of the t.wo pegs. Next set up the theodolite very near peg A. With 
the bubble centered on the vertical circle level and t-lie. vertical circle 
reading the same as before, read t,he rod on that peg by looking 
t.1iroug.h t,he objective end of the telescope. I f  this re.ading is 
greater than the first rea.ding on peg A, add the difference of the 
two readings to the first reading on peg B and, if it is smaller, 
subtract the difference from the first reading on peg B. Set the 
horizontal wire. of the telescope on the. rocl a t  peg B at  the reading 
so obta.ined. The telescope is now horizontal. Adjust the vernier 
to read zero or whatever corresponcls to  the horizontal position of 
the telescope and then adjust the bubble to  the middle of the tube. 

The error due to an inclined horizontal axis of t.he vertical circle is 
usually of no consequence if orclinai-y care is used in leveling the 
instrument. The formula for obtaining the true altitude is, 

sin h.=sin h' cos i 
where h is the true altitude h' the observed alt.it,ude, and i the inclina- 
t.ion of the horizontal asis. 

For method of observing vertical angles, see page 43. Sample 
records of observations are given in Figures 66 and 96. 

Adjustment of centers.-In precision theodolites so 1it.tle toler- 
ance is permitted in the. fit of t.he centers t,liat an adjustment is 
often necessary to regulate t,he variat.ions of fricbion caused by wear 
and by changes of temperature. This usually takes the forni of a 
nut or screw at, the lower end of t.he vertical axis which, by pressing 
upward upon the lower end of the alidade axis, lessens the weight of 
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the alidade and telescope upon the conical bearing surfaces. This 
adjustnient niust be made with caution, for if  too much of the weight 
is removed from the bearing surfaces, there is play in the centers, 
with a. resultant loss of accuracy. To make the adjustment., raise 
the vertical axis with the adjusting nut or screw until the alidade 
appears to move just freely enough on its vertical asis. Test for play 
in t.he conical bearings by pointing on an object and noticing if a slight 
pressure on the alidade will move the telescope. off it,s pointing. A 
Iletter test is to point the telescope on some well-defined object, read 
the circle, swing the telescope around clockwise, and again point 
and read. Repeat the process, except that the alidade is swung in 
the. opposite direction. I f  a wries of three or four sets of such 
slteriisting pointings shows the effect of drag, the pressure of the 
screw upward on the vertical axis should be increased; if the read- 
ings are erratic and cover a considerable range, the pressure should 
be lessened. 

Eccentricity of centers.-Since it is almost impossible to secure 
an exact coincidence between t.he center of the graduated circle and 
the axis of rotation of the alidade bearing the verniers or microm- 
eters, the readings of the verniers or niicroniet,ers around the circle 
will differ by varying amounts. No error is caused by this eccen- 
tricity if two (or more) equally spaced verniers or micrometers are 
read at each pointing. The mean of the direct and reversed readings 
of a single vernier or micrometer is likewise free from error due to 
an eccent,ric center. 

The observer should not t.alce a mental mean of two vernier or 
micrometer readings and record the mean as the reading of each as 
if hoth read the same, for the judgment is apt to be swayed by fol- 
lowing that method. 

Micrometer ad justment.-The micrometer microscope is a most 
satisfact.ory device for measuring accurately the angular value of 
any part of the interval between adjacent marks of a graduated 
circle. It consists essentially of a compound microscope with a 
micrometer box mounted between the objecbive and eyepiece, a t  such 
a distance from each that the movable wires in the micrometer bos 
can be brought into the focal plane of each lens system. The p i n -  
ciple of operation will be more readily understood after the 
mechanical details of the micrometer box have h e n  described. 

The mechanical arrangenient.s of t.he box vary somewhat on differ- 
ent instruments, but t-wo typical arrangement,s, illustrated in Figures 
43, 44, and 45, will be described The micrometer shown in Figure 
43 will be described first. An outer case c, into which are screwed 
from opposite sides the objective tube and trhe eyepiece, contains a 
slide d, carrying the comb e, the center notch of which, taken in 
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conjunction with the zero of the micronieter head f ,  furnishes a 
fiducial point for all readings. The slide for the comb is adjustable 
transversely by the screw g, acting against the spring h, movement 
in other directions being prevented by the machined surfaces of the 
slot in which the slide moves. 

A movable slide bearing two wires is fastened rigidly to a finely 
machined screw, b, on which the niicrometer head, f ,  and the attached 
spindle works, a washer on the micrometer head bearing against the 
end, .E, of the micrometer case. In reality there are usually two pairs 
of these parallel wires, but for simplicity the function and adjustment 
of one pair will be first explained and the use of the second pair will 
be explained later. Rigidly attached to the case end, I, on its inn= 
sicla are two rods, m, around each of which is a helical spring? ~k 

FIQ. 44.-Apparent arrangement of comb, wires, and gradua- 
tion marks 

The diagram on the left shows the apparent arrangement 
in the fleld of view of the comb, wires, and circle graduations; 
on the right, the graduated drum of the micrometer. The 
rendlng as shown by the movable wires. comb, nnd drum is 
74’ 58’ 30”. the circle being graduated in bminute space& 

The rods and springs pass through holes in the upright partition, O, 

of the slide, and the rods fit into depressions in the other upright 
partition of the slide, while the springs bear against its inner surface, 
thus maintaining a pressure of the slide and its screw against the 
threaded bearing in the head, preventing slackness and play. 

With t,his construction the theory of operation is readily seen. 
The objective forms a magnified image of a small portion of the 
graduated circle in the plane of the parallel wires. This image in  
turn is magnified by the eyepiece. The angular value of the por- 
tion of the circle between the zero point and the next preceding 
graduation of the circle can then be measured in terms of whole 
$urns and fractional turns of the micrometer screw, The magnifying 
power of the objective and the pitch of the micrometer screw are so 
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FIG. 43.-MICROMETER BOX. COMPRESSION SPRING T Y P E  

View of lower side of box with plate removed 

FIG. 45.-MICROMETER BOX, T E N S I O N  SPRING T Y P E  

The block d carries the comb and the slide i the wires. The m e w  k is threaded into i and hears 
against d 
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related that the adjustment can make one full turn of the micrometer 
screw equal to a minute of arc, or to some multiple thereof. The 
micrometer drum is graduated to single seconds, or to some integral 
multiple of one second. The whole turns or minutes are read off 
from the comb, each notch of which corresponds usually to one 
minute of arc, while the fractional part of a r inute  is read from the 
micrometer drum in seconds. 

The design of the micrometer shown in Figure 45 is in many 
respects superior to the compression-spring type. The two tension 
springs, b, anchored to the outer case by the screws, a, hold the slid- 
ing frame, i, tight against the block& which carries the comb, e. The 
slide, i, carries the micrometer wires which are moved over the comb 
by the  action of the micrometer screw, k, which is threaded into the 
slide. A spherical tip on the end of the micrometer screw fits into 8 
depression of similar shape in the block, d. The comb is adjusted 
by the capstan-headed screw, g. 

A single-micrometer microecope is in correct adjustment when the 
following conditions are fulfilled : First, when the micrometer lines 
and image of the graduated circle are so c lody  in the same plane 
that no parallactic movement can be detected by s h i f t i i  the eye 
laterally; second, when five revolutions of the screw will exactly 
traverse the interval between adjacent graduations on the circle 
(when the graduations on the circle are 5 minutes apart one complete 
turn af the instrument screw will usually equal one minute; when the 
graduations are 10 minutes apart one turn of the screw will usually 
equal two minutes) ; and third, when the micrometer reads zero sec- 
onds with the pair of parallel wires coinciding with the zero point on 
t.he comb. After these three conditions are fulfilled the micrometers 
must be spaced around the circle at equal intervals. 

Eyepiece adjustment.-Adjust the eyepiece by sliding or screw- 
ing it in or out until the parallel wires are in the most distinct focus. 
When this is accomplished the comb will be sufficiently visible. 

Adjustment for focus.-Loosen the screws which hold the micro- 
scope tube in the bracket clamps and move the tube up or down 
until the graduation marks are as distinct as possible, then tighten 
the screws. 
Radial adjustment of mierompe.-There is usually some sort of 

hinged joint provided for adjusting the objective of the microscope 
radially. This adjustment should be made so as to bring the outer 
edge of the graduations near the center of the field of view, yet still 
leave the degree numerals visible. 

Adjustment for pardelism-If the parallel wires of the dia- 
phragm are not parallel to the graduation marks on kh0 circle, either 
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turn the micrometer box slightly on the tube or loosen the binding 
screws and turn the tube slightly in its supports. 

Adjustment of comb.-If the zero notch of the comb, usually 
marked by a deeper cut than the other notches or by a hole beneath 
it, is not in the center of the field of view, adjust it by the screw g. 

Adjustment of graduated drum.-Center the pair of parallel 
wires on the zero notch of the comb, then hold the spindle of the 
micrometer firmly and turn the graduated drum on its friction 
mounting until the zero of the drum coincides with the index line, p, 
mounted on t;he micrometer case adjacent to the drum. Check to 
see that the parallel wires.have not moved off the zero of the comb. 
I f  the drum is held in position by a screw as well as by a friction 
mounting, the screw must, of course, be loosened before making the 
adjustment. 

I f  the micrometer screw is threaded to have one revolution equal to 
two minutes of arc, then the graduated drum will have two gradua- 
tions on it marked zero seconds, the numerals of the second minute 
usually having some distinguishing characteristic. Care must be 
taken always to adjust and read to the proper zero mark. 

Adjustment for run.-By “run ” of the micrometer is meant the 
difference in seconds of arc between the intended value of one turn of 
the micrometer screw and its actual value as determined by measuring 
with the micrometer the space between two adjacent graduation 
marks of the circle. This quantity has sometimes been called the 
“error of run,” but the former term seems preferable and is more gen- 
erally used. 

Assuming that adjacent graduations of the circle are five minutes 
apart and that one revolution of the micrometer screw will cause the 
parallel wires to traverse approximately one-fifth of the interval 
between adjacent graduations, the purpose of the adjustment for run 
is -to.bring about, as closely as may be, .the condition that exactly five 
revolutions of the screw will move the parallel wires from one gradu- 
ation to the next. The theory of the adjustment may be seen from the 
fact that the portion of the graduated circle and its magnified image 
am at conjugate foci of the objective, and that the magnification of 
the image, is represented by f ’ /f, where f and f’ are the distances of 
the circle and its image, respectively, from the center of the objective. 
The magnification of the image may be increased by decreasing the 
distance of the objective from the circle, and decreased by moving 
it in the opposite direction. Therefore, if fewer than five complete 
turns of the micrometer screw are necessary to move the parallel 
wires from one graduation to the next, the image needs to have its 
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magnification increased, and the objective should be moved nearer 
the circle by protruding it from the tube by its screw adjustment. 

When the objective is protruded from the tube to correct for run 
the image is thrown farther up in the tube. Without changing the 
relation of the eyepiece to the micrometer wires, move the whole 
micrometer tube upward to bring the image of the circle into the 
plane of the micrometer wires. This process may have to be repeated 
several times to get the run down to the required limit. 
If more than five complete turns of the screw are required to make 

the parallel wires traverse the space between adjacent graduations, 
the adjust-ment should be made in the direction opposite to that de- 
scribed above. 

I n  actual practice the preliminary tests for run should be made on 
five or six equidistant parts of the circle, since the error of run will 
vary somewhat due to eccentricity of the circle, and the adjustment 
should be made on a portion of the circle where the error is near the 
mean. Also, the final adjustment should be tested by taking the 
mean of at least 10 readinga of the smew value of the space between 
graduations, and these readings should be made a part of the record 
of horizontal directions. 

The mean run of a single micrometer should not exceed four sec- 
onds on second-order triangulation and the algebraic sum of the runs 
of all micrometers should not exceed two seconds. I f  the magnifica- 
tion of the micrometer is small and the required correction is very 
slight, the adjustment may be made by raising or lowering t.he entire 
tube instead of changing the objective in the tube, since the change 
in distance aBwts the run a t  .a much more rapid rate than it does the 
parallax or distinctness of vision, 

The accuracy of micrometric readings depends largely upon the 
proper mounting of the pairs of wires used for reading. They should 
be at  such distance apart that a narrow strip of the bright surface of 
the arc is visible on either side of the graduation when the wires are 
accurately centered astride it. They should be parallel as closely as 
the eye can judge and should be adjusted to be parallel to the grad- 
uations. If the wires are not parallel or are slack, they should be 
remounted, as described on page 63. They should a1.m be heavy, 
black, and smooth. 

The formula for the correction for run may be found in various 
texts in different forms. That given below from Crandall’s Geodesy 
is perhaps as convenient as any. 
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With a single pair of wires and the graduations on the circle five 
minutes apart : 

Let 
a=backward reading of micrometer, 
&=forward reading of micrometer. 
v=average run of micrometer, plus when m>b. 

- T  Correction to a=- a. 300 

T Correction to b = 3 w  (300”-b). 

a+b The mean, m=-- 2 

T 300”- (a+b),  
2 Correction to m=- 300“ 

T T =zj-%m* 
For convenience and speed in making the readings it is the usual 

practice in the Coast and Geodetic Survey to have two pairs of 
wires mounted at  such an interval apart that, when the left-hand 
pair of wires is centered on a graduation mark, one revolution of the 
micrometer screw will approsimately center the right-hand pair of 
wires on the next adjacent graduation mark to the right. The read- 
ing on the graduation next preceding the zero of the .comb (in the 
direction of decreasing graduations), called the forward reading, is 
made with the left-hand pair of wires, and the reading on the mark 
nest following the zero of the comb (in the direction of increasing 
graduations), called the backward reading, with the right-hand pair. 

A consideration of formula (1) above shows the following: 
(a) When reading a single pair of wires successively on the two 

graduation marks adjacent to the zero point of the micrometer, the 
total correction for run is the same whether applied separately to the 
two readings or to their mean. 

( 8 )  With a single pair of wires the correction for run on second- 
order triangulation may be disregarded, provided (1) that the run 
for any one micrometer is less than four seconds and the algebraic 
mean of the runs for all micrometers is less than two seconds, and 
(2) that the initial settings are distributed approximately uniformly 
throughout the space between adjacent divisions. It is preferable 
with a single pair of wires to take both forward and backward read- 
ings at each pointing, but if the two conditions mentioned above are 
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fulfilled and if the readings are always taken to the nearest gradua- 
tion mark, half the corrections for run would be plus and half minus 
and the algebraic sum of the corrections for run on any direction 
would be very small if an even number of positions were observed. 

( 0 )  Where two pairs of wires are used mounted at an arbitrary 
distance apart (less than the interval between adjacent graduation 
marks), the correction for run can be applied to the reading of each 
pair of wires separately, as when a. single pair of wires is read on 
one graduation only at a setting. The readings of the two pairs do 
not tend to eliminate the run. 

(d) When conditions (1) and (2) in ( 6 )  above are fully met, and 
when the two pairs of wires are always kept each on its own side of 
the center mark of the comb when reading, to insure a symmetrical 
distribution of the readings of each pair of wires throughout the 
graduation space, the errors due to run of the micrometer may be 
neglected. The principal benefit derived from using two pairs of 
wires lies in the comparison obtained by sighting on two graduation 
marks instead of one. 

The error due to run of micrometers may be very considerable 
unless the run is kept small and the settings on the circle for each 
position are kept close to the proper reading to give a symmetrical. 
distribution of each group of readings throughout a single gradus- 
tion space. 

Adjustment for equidistance of microscopes.-After the indi- 
vidual adjustments have been made set microscope A exactly on an 
even degree graduation mark with micrometer comb and drum 
reading zero. To set microscope B at 120 or 180' distance around 
the circle, depending on whether it is a three-micrometer or a two- 
micrometer theodolite, proceed as follows: Note if the zero of the 
coipb on B, when near the center of the field of view, is very distant 
from the proper degree mark I f  it is, move microscope B in the 
proper direction by whatever mechanical means for such adjustment 
is provided until the proper degree mark is near the zero of the 
comb. (Microscope A is not usually adjustable circumferentially.) 
Then move the comb by the screw, g, until the zero mark coincides 
with the proper degree mark and adjust the graduated drum to read 
zero when the parallel wires read zero on the comb, as already 
described. I f  the theodolite has a third micrometer microscope, it 
should be adjusted to microscope A in the same way. 

Because of eccentricity of the circle the micrometers will not 
maintain a constant difference when read on different portions of 
the circle. A sufficient number of readings should be taken around 
the circle to determine the approximate amount of this eccentricity 
and the adjustment for equidistance should be made at a point where 
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the eccentricity can be closely estimated. It facilitates the taking 
of means of micrometer readings if microscope B is set sufficiently 
ahead of microscope A that B will seldom read less than A. 

Adjustment of reading microscope.4n tbree-niic.i*oineter the- 
odolites it is usual to  have a small reading microscope with a, 
single wire on its diaphragm by which the degrees and the next pre- 
ceding 5-minute graduation of the circle is read. Such a micro- 
scope should be adjustred t.0 read in agreement wit11 micrometer 
microscope d by whatever means are provided for S U G ~  adjustment. 

Illumination of circle.-For making micrometer readings it is 
important that the circle be evenly illuminated from above, or else 
.that the light be admitted normal to the circle and directly oppo- 
site the graduation to be read, as otherwise there will be an appre-. 
ciable error in the readings due to phase. 

DISCUSSION OF ADJUSTMENTSI 

The adjustments given above, with the exceptiion of those referring 
to the micrometers, apply equally well to either direction or repeating 
types of theodolites. The verniers on a repeating theodolite are not 
usually adjustable in the field, and for this reassn the complete 
adjustment of a repeating theodolite is a less tedious and difficult 
task than that of adjusting a direction instrument. On the other 
hand, the micrometers of a direction theodolite rarely need adjust- 
ment, except possibly the adjustment for eqaidistaqce around the 
circle, which can be made very quickly. 

Some theodolites have optical verniers instead of the uspal contact 
verniers. An optical vernier, shown in Figure 37, is B microscope 
with the vernier lines ruled on a glass slide placed in the focal plane 
common to the objective and the eyepiece. The microscQpe is ad- 
justed in a manner similar to that described for the micrometer 
microscope until the image of the graduated circle falls in the plane 
of the vernier lines and until the vernier scale, superimpased on the 
graduated lines on the plate, subtends the proper number af divisions 
of the graduated circle. The optical vernier is superior to the con- 
tact vernier in that there is no attrition between cantact edges with 
consequent parallactic errors in the reidings after thase edges have 
become morn. The optical verniers, however, are inwe liable to 
injury and to loss of adjustment than are cantact verniers. 

WILD THEODOLITE 

A Wild theodolite (see fig. 40) recently purchased by the Coast 
and Geodetic Survey for first-order triangulatian is constructed on 
novel principles and seems well adapted to trianp2ath.n of first, 
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second, or third order. The horizontal and vertical graduated circles 
are of glass. By an ingenious arrangement of prisnis the images of 
opposite portions of either tlie horizontal or vertical circle may be 
brought into the field of view of a reading microscope mounted 
alongside the telescope. Bfechanical nieans are provided for bring- 
ing the graduation marks of the two images into coincidence, and the 
angle is read by means of an auxiliary seconds scale to the nearest 
second or decimal of a second without nioving from the eyepiece of 
the telescope. The single reading so obtained is the mean of two 
readings at diametrically opposite points of the circle and is t,here- 
fore free from errors due to the eccentricity of the graduated circla 
The theodolite in its steel case weighs only 35 pounds, and the tripod 
only 18 pounds. When an instrument of unusual design such as this 
is issued special instructions will be given for its use. 

CARE OF THE THEODOLITE 

The most important rules to observe in caring for a delicate sur- 
veying instrument are to handle it carefully and keep it clean. When 
an instrument is received from the office unpack it carefulIy and 
slowly, noting the exact manner in which it is fitted into its packing 
case, and when replacing it in its case always avoid forcing any part 
into place. Avoid knocks and jars as far as possible, for many of 
the parts of the instrument are delicate and easily damaged. When 
handling a theodolite lift i t  entirely by the tribrach or by the lifting 
ring, and never by the st.andards or micrometer arms. Avoid setting 
up screws too tightly, especially capstan screws operated by adjusting 
pins, for the fine threads are easily stripped. 

A necessary antecedent to caring for, adjusting, and repairing an 
instrument is for the observer to familiarize himself with the prin- 
ciples and details of its construction. This does not necessarily 
mean that before observing with a new instrunient it should be dis- 
mantled and reassembled, but the observer shoulcl seize the first 
opportunity to see any part with which he is not familiar dismantled 
in the instrument shop of tlie survey, or by a more experienced ob- 
server. He should also study out any detail of construction which 
is not at  once evident, in order to recognize more quickly the cause 
of any trouble which might develop with the instrument. 

The conditions encountered on second-order and third-order 
coastal triangulations are particularly hard on theodolites. Not 
only must they be frequently landed through surf, but they are used 
continually in a moist, salty atmosphere. All exposed metal parts, 
such as screws, wyes, and pivots, must be kept oiled to prevent cor- 
rosion. If ,  because of weather conditions, a theodolite must be put 
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into ita box while wet, it should be thoroughly dried and oiled at 
the first opportunity. A damp packing box or storage space will 
cause an instrument to rust very quickly, and a storage place aboard 
ship which is moist and hot is also very hard on instruments and is 
especially hard on packing boxes. The chief of party should hold 
the officer using an instrument responsible for its care and should 
cause a periodical inspection and cleaning to be made of instruments 
not in frequent use. 

When moving a theodolite by truck a large sack containing 
excelsior or similar material, or a pad made of blankets placed under 
the theodolite box, will lessen the effect of vibration and jars. 
Always make sure that the theodolite is securely fastened in its case. 
When packing for a long shipment fill vacant spaces around the 
instrument with paper, as this will prevent any object which may 
become loose from injuring the instrument; but do not use loose 
excelsior for that purpose, for the dust from it is very penetrating 
and is injurious to the working surfaces of the instrument. 

A good observer almost invariably keeps a clean instrument. The 
atmospheric conditions met with in field work are very severe on 
metal surfaces, which will rust if not oiled but will collect dust and 
grit if an excess of oil is used. The best thing to do is to go over all 
exposed surfaces each day the instrument is used. When the instru- 
ment is first set up brush off the dust from the enameled or painted 
surfaces first, then go over the working surfaces, such as wyes, pivots, 
and exposed screws, with a soft rag very lightly oiled with a light oil. 
Next rub a soft, dry rag over the surfaces which have been oiled to 
remove all oil except the film adhering to the metal. I f  the air is 
dusty during the observing clean the pivots and the wyes frequently 
to avoid error and wear. A clean finger will free the wyes of dust 
and will usually leave the right amount of oil on the metal. when 
packing an instrument for a long shipment, especially by e a ,  or 
when putting it in the storeroom aboard ship at the end of a field 
season, all exposed polished surfaces should be coated with a fairly 
heavy oil to prevent rusting. 

The centers and the micrometer slides require special treatment. 
It frequently happens that a large amount of friction develops in 
them when low temperatures are encountered. This often indi- 
cates that there is an excess of oil on the bearing surfaces, which are 
fitted together with a very small tolerance. The parts affected 
should be taken down, all the old oil wiped off, porpoise oil applied, 
and again wiped off with a dry, soft rag free from lint, and the parts 
again assembled. The film of oil left on the metal surfaces will 
afford sufficient lubrication. On some theodolites there is an adjust+ 
ment provided for the centers for change of temperature, but even 
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in such cases there should be no excess of oil in cold weather, for if 
it exists there is either excessive frict,ion or undue play. 

The outer surfaces of the lenses require frequent cleaning but 
should be rubbed as little as possible. First brush off the dust with 
a camel’s-hair brush, then take soft paper or an old linen rag and 
lightly flick the surface to remove what dirt may remain. I f  further 
cleaning is necessary soft paper free from silicious particles, which 
are found in most paper, may be moistened and rubbed very lightly 
over the surface. A greasy film may be removed with paper or rag 
moistened in alcohol, but if an excess of alcohol is used it may pene- 
trate between the component parts of the lens and affect the balsam 
which is sometimes used to  cement the lenses together. A lens which 
still rcmains cloudy after the above treatment can not be cleared by 
field methods. 

The component parts of B compound lens should not be taken 
apart in the field except in an emergency. When it is necessary to 
take apart a compound lens the component lenses must be so marked 
that they can be reassembled exactly in their former relative positions. 

Emergency repairs-Even though extreme care be observed, the 
conditions of transportation incident to field work frequently make 
necessary a certain amount of repairs to instruments during the 
field season. The delay to the party which would result from await- 
ing a relief theodolite makes it advisable for the observer to make 
emergency repairs where possible. 

The repair job most frequently encountered in the field is replacing 
one or more sighting “wires,” either in the telescope or the reading 
microscopes. This requires care and patience but is not difficult if 
the proper materials and appliances are at hand. I n  anticipation of 
such a contingency each chief of party should obtain from the office 
a spider’s cocoon, a solution of pure shellac in alcohol, and a small 
piece of beeswax. A watchmaker’s magnifying glass is a convenience, 
though an ordinary magnifying glass may be used, or a binocular 
objective, or the reading glass for the verniers of a theodolite may be 
mounted in a position to  answer the purpose very well. A descrip- 
tion of the method of installing micrometer wires follows: 

Take the micrometer apart carefully, in order not to brea.k any 
wires which do not need replachg. Clean off with alcohol all dirt 
and shellac from the slide where the wires are to be mounted. If 
only one wire of a pair is broken, it is often impossible to properly 
clean the slide without removing the other wire; but if this is neces- 
sary it is of little consequence, for a pair of wires can be installed 
almost as easily as one. 

After cleaning the slide place it in a stable position on a good 
background, so the wires will be easily seen. Attach a bit of beeswax 
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to each of the points of a pair of dividers, or to each end of a piem 
of wire bent into the form of a V with the points turned down, and 
to one point attach one end of a thread of the cocoon. With the 
cocoon suspended from the point wrap the thread two or three times 
around the point and then catch the thread on the other point, wrap- 
ping it two or three times around that point before cutting it. 
Stretch the thread until the kinks disappear, then hold it for a few 
seconds in warm (not hot) water; stretch it a bit more, again im- 
merse it in water, and repeat the operation until two or three threads 
are broken and you can judge when to stop the stretching just short 
of the breaking point. Then with a thread fully stretched between 
the points of the dividers, place the points astride the slide so the 
thread will be in approximately the correct position, as shown by 
the scratches on the slide. Block up the points of the dividers so 
the thread will not be stretched too much. 

I f  a pair of wires is to be mounted, use another pair of dividers 
and place the second thread in position also, the points of one pair of 
dividers falling outside the points of the other pair. With the aid 
of a magnifying glass adjust the threads with a needle until they are 
exactly parallel and properly spaced, as shown by the scratches on 
the slide. Finally, with the eye end of a needle place a very small 
drop of shellac on each end of each wire to cement it to the slide, and 
after allowing it to dry for a few minutes the dividers may be cut 
loose. The shellac must be of such quality that it will spread im- 
mediately upon application into a thin film over the metal surface, 
otherwise the thread will not be held taut. A web so mounted will 
rarely slacken in wet weather. 

Instead of cocoon threads, fine tungsten or platinum wire may be 
used for diaphragm wires, but the wire must be thoroughly cleaned 
with alcohol, stretched in place under considerable tension, and 
fastened Iny several coats of a very thin solution of collodion. The 
cocoon threads are much easier to mount in the field than the wire. 

Micrometer wires should be mounted at such a distance apart as 
will allow a narrow strip of the silver to be visible on either side of 
the graduation mark on which the pair of wires is centered. 
Scratches on the slide usually indicate the proper location for the 
wires. 

Parallel vertical wires are used as the sighting wires in the tele- 
scopes of all large direction theodolites and may be used to advantage 
in any telescope employed on second or third order triangulation. In 
telescopes having a magnification of 35 to 50 diameters the sighting 
wires should be about 30 to 35 seconds apart. I n  telescopes having a 
lower magnification they should be about 50 seconds apart. With 
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parallel wires a faint or very small signal is not blotted out, and the 
image of the signal may be quickly and accurately centered between 
the wires. 

The repair of broken parts is largely a matter of ingenuity, com- 
bined with a knowledge of what is essential to the proper working 
of an instrument. Stripped threads on screws may sometimes be 
made to hold temporarily with gum or sealing was, provided they are 
not such as require moving in adjusting, or a pin of hardwood may 
be used in place of the broken, screw. Broken plate-level mountings 
have been temporarily replaced with sealing wax, and even a broken 
micrometer microscope bracket has been made sufliciently rigid with 
properly shaped pieces of wood wrapped with cord or wire which 
wa5 then stretched with wedges. Resourcefulness is a necessary 
quality for a triangulator in unfrequented regions. 

I f  erratic results are being obtained in the observations which can 
not be otherwise accounted €or, the entire structure of the theodolita 
should be scrutinized in detail. See that the lenses of the objective are 
tight in the case, and tighten the inner screw ring if they are not. 
Next examine the eyepiece end of the telescope to aee that the eye- 
piece tube fits tightly into the telescope barrel and that no screws 
are loose. Examine the foot screws to see that the clamping screws 
hold them firmly. Inspect the horizontal axis, standards, tangent- 
screw assembly, and microscope brackets for fractures, and see that 
the graduated circle is screwed firmly to its seat. Also test the junc- 
tion of the barrel of the telescope and its horizontal asis, and the 
junction of the seating of the object glass and the telescope. 

If- the agreement of the separate measures of a direction is satis  
factory but the closing errors of triangles large. the cause is probably 
not in the instrument but in those atmospheric conditions which cause 
lateral refraction, or else is due to instability in the stand or in the 
mounting of the theodolite. The trouble may also be due to the eccen- 
tricity of the lamps or other objects sighted on. There is always a 
reason for poor results, and the observer should not, rest satisfied 
until he has found it. 

TESTS TO DETERMINE THE QUALITY OF A THEODOLITE 

In deciding what observing program will give most economically 
the accuracy desired for any class of work it is necessary to know the 
quality of the instrument employed, which, however, is not measured 
by the size of the circle or by the minuteness of the least reading of 
the verniers or micrometers. The best measure of the excellence of a 
theodolite is its performance in actual field?work, but it is necessary 
to apply other tests to a new theodolite. 
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A preliminary examination will show a great deal about the work- 
manship and precision of a new instrument. The four structural 
features which must be scrutinized to form an estimate of the quality 
of a theodolite are the graduation of the circle ; the design and work- 
manship of the micrometers, or the e5ciency of the verniers as re- 
gards the ease and accuracy with which the circle may be read; the 
fit of the centers and the tangent screws; and, lastly, the optical 
properties of the telescope. Each of these features must be entirely 
satisfactory if the best results arc3 to be secured. 

The circle graduations of. a vernier instrument must be of very 
poor quality to permit the errors to be detected with certainty by the 
engineer using the theodolite in the field. I f  the accuracy of gradua- 
tion is suspected, a curve of A-vernier minus B-vernier readings may 
be constructed in the manner described for a micrometer instrument 
in the following paragraphs, but the comparison of vernier readings 
will not locate errors of smaller magnitude than the least reading of 
the vernier, usually 10 seconds. 
With a micrometer theodolite the quality of the circle graduations 

as well as the efficiency of the micrometers may be gauged by making 
careful readings on each of two micrometers at  equal intervals 
around the circle, say 10" apart, and constructing a curve of the 
means of the plotted differences of the readings, similar to that 
shown in Figure 46. 

Such a curve will show three things: First, the algebraic mean of 
the differences (A-micrometer reading minus B-micrometer reading) 
represents the failure of the B micronieter to be exactly 180" from 
A and also indicates the amount the horizontal reference line of the 
diagram would have to be moved to make the sum of the plus ordi- 
nates equal to the sum of the minus ordinates; second, the amplitude 
of the mean curve drawn through the points represents the eccen- 
tricity of the graduated circle with reference to the asis of rotation 
of the micrometers, except as this curve is distorted by the accidental 
and short-period errors at  the masimum and minimum points, the 
eccentricity curve being a sine curve; third, the variations of the 
plotted differences from the mean curve is a measure of the combina- 
tion of local and accidental errors of graduation with those resulting 
from reading the micrometers. These variations from the mean 
curve should seldom be greater than the least reading of a single 
micrometer and should never exceed twice that amount; that is, with 
an instrument read habitually to the nearest two seconds, the plotted 
curve should seldom differ from the mean sine curve by more than 
that amount. The same general rule holds for a vernier instrument. 

The fact that any one A-B value falls near the mean curve does 
not necessarily mean that both graduations involved are in correct 
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nier lines are coarse and irregular of outline, or if the two systems of 
lines are not parallel and the verniers are not in close contact with the 
plate, then the readings can not be made quickly and accurately. 

With a 61/2-inch micrometer theodolite of the usual type the range 
of a number of readings of a micrometer on a graduation should not 
exceed four seconds. The micrometer wires should be coarse, pnr- 
allel, and a t  the proper distance apart for quick and accurate read- 
ings. The action of the micrometer screw must be smooth and 
without lost motion. 

The tangent screw assembly should be tested for friction by noting 
in the telescope if any lag is apparent in the motion of the telescope 
when the tangent screw is moved slightly away from the spring. 
Micrometer screws should be tested in the same way. Theoretically 
the final motion of a tangent screw or a micrometer screw should 
always be against the spring. As a matter of practice it has been 
found by extensive tests that, if micrometers and tangent screws are 
properly made and kept clean, there are no appreciable errors result- 
ing from making the final pointing by moving the screw indis- 
criminately against or away from the spring. I f  it is found, how- 
ever, that with the screw properly cleaned and oiled there is a lag 
when the screw is moved away from the spring, then either the spring 
must be strengthened or the final movement of the screw must always 
be against the spring. 

The relation between the greatest magnification obtainable by the 
telescope and the pitch of the tangent screw should be such that a 
barely perceptible movement of the tangent screw should cause a 
barely perceptible movement of an object across the telescope wires. 
A similar relation should exist between the magnification of the 
miGbmeter telescopes and the pitch of the micrometer screws. The 
resolution and magnification of the telescope are important factors in 
securing accurate pointings upon targets and lights and should be 
in correspondence with the accuracy of the circle readings. 

The fit of the centers can be judged by various tests. By moving 
slowly and separately the alidade and the-graduated circle on their 
bearings, the amount of friction on each can be felt. I f  the friction 
seems to vary, the cones either are not properly polished or else are 
not concentric. By having both movements clamped and the tele- 
scope pointed upon some well-defined object a lack of fit, of the ali- 
dade spindle in its bearings can sometimes be detected by pressing 
lightly against the standards and seeing if the image of the object 
seems to move off the wires. Drag, or poor fitting of the centers, 
can also be detected by pointing upon an object, reading the circle, 
then rotating the alidade 360" with the upper motion loose and 
pointing and reading again, repeating the operation several times 
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and reversing the direction of motion of the alidade after each read- 
ing. Any effect of drag is shown by a tendency for any reading to 
differ somewhat less than 360" from the preceding reading. Undue 
play is indicated by the readings not being closely grouped. 

The stability of an instrument can be judged by the design of 
the standards, telescope, and tribrach. The tribrach should have a 
spread at  least equal to the size of the circle, and the foot screws 
should have enough bearing surface in the tribrach arm to insure 
stability in azimuth. A f our-point leveling head, or quadribrach, 
should never be used for an instrument for third or higher order of 
horizontaI control, for the leveling process always introduces strains 
in the base of the instrument which tend to change the instrument in 
azimuth while the observations are in progress. 

VERTICAL COLLIMATOR 

This instrument, shown in Figure 47, is used to center the theod- 
olite, lamp, or heliotrope on an observing tower over the center of 
a station mark or to set a station mark directly under a definite 
point on the tower. 

I n  principle the instrument consists of a telescope fitted with 8 
diaphragm bearing cross wires, a tribrach with three leveling screws 
and a long vertical collar into which the telescope is placed with 
the eye end uppermost. Near the eye end of the telescope and 
eccentrically placed is a level a t  right angles to the axis of the 
telescope. 

To  adjust the collimator, place the cross wires in the focus of the 
eyepiece by pulling out or pushing in &e eyepiece until the wires 
are as sharply defined as possible, then focus the telescope on the 
object beneath so tha.t there is no shifting of the intersection of the 
wires over the object as the eye is moved across the eyepiece. Next 
the level is adjusted in the usual manner until there is no movement 
of the bubble when the telescope is rotated. Finally the cross wires 
are adjusted by means of the diaphragm screws until the inter- 
section of the wires remains on a point in the field of View when 
the telescope is rotated. When so adjusted the point covered by 
the intersection of the cross hairs in t.he field of view is in the vertical 
line passing through the center of the telescope. 

I f  the collimator is slightly out of adjustment, a vertical line can 
be established by marking the four points in the field of view covered 
successively by the intersection of the wires when the telescope is 
rotated to four different positions approximately 90° apart. The 
intersection of the lines joining the diagonally opposite points will 
be the point sought. 
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After the instrument has been adjusted and it is desired to mark 
a point on the tower directly over the station mark, the axis of 
collimation of the telescope is brought directly over the center of 
the mark. I f  the center strip of the cap block has been removed 
to permit free vision with the collimator, the point can be marked 
by two threads intersecting beneath the point of the plunger. It 
is the usual practice, however, to bore a sinal1 hole through the cap 
block of such size that the vertical collimator telescope may be 
sighted through it and yet small enough to hold the screw which 
fastens the lamp or heliotrope to the tripod head. When the signal 
is being built it is best to center the instrument over the hole in the 
loose cap block and then slide the cap into a position where the hole 
will be directly over the station mark. The cap can then be nailed 
securely to the tower. 

After R tower has been built for a few days or weeks the center of 
its cap block is likely to have been disturbed by the drying out and 
warping of the lumber. In  such a case as this i t  is frequently best 
to find the point on the station mark c1irect;ly beneath the center of 
the hole in the cap block, measure on the station mark the eccentric 
distance and direction of the projected point, and then transfer 
these dimensions to the cap, thus obtaining easily the point on the 
cap directly above the center of the station mark. 

A new model of a vertical collimator has been designed to be 
mounted on the tripod of a Berger 7-inch theodolite and to extend 
the vertical line upward instead of downward. It is shown in Fig- 
ure 48. It consists of a vertical telescope held in a vertical support- 
ing collar, the telescope being supplied with a 4 5 O  reflecting mirror 
and a right-angle eyepiece. The telescope can be rotated in the 
collar through an angle of about 300' for purposes of adjustment. 
The level attached to the collar on the upper end of the telescope 
and the diaphragm wires in the eyepiece are adjusted by the usual 
methods. The instrument is designed to project a vertical line 
upward for 100 feet with a maximum error of a tenth of an inch. 

INSTRUMENTB AND APPARATUS FOR LIGHT KEEPERS 

Before a light keeper is placed alone on a station the chief of 
party should be sure that the light keeper understands thoroughly 
the use and adjustment of each instrument to be used. Detailed 
instructions should also be given each light keeper for the care of the 
instruments to prevent the metal parts from rnsting and the leather 
cases from shrinking. If  tl light keeper thoroughly understands his 
apparatus, he will be able to make many of the emergency repairs 
which become necessary from time to time. 
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FIG. 48.-VERTICAL COLLIMATOR. NEW TYPE 

(For description s88 p. 70) 
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Compass.-The compass furnished each light keeper should either 
be compared with other compasses or else tested on a line whose 
azimuth is known. The effect of magnetic objects should be ex- 
plained to him, and he should be cautioned against carrying the 
compass with the needle resting upon the pivot point. The prin- 
ciples underlying the orientation of maps and sketches and the appli- 
cation of the magnetic declination should be fully explained, with 
actual tests in them, before the light keeper takes his first st.ation. 

Heliotrope.-An undamaged heliotrope (see fig. 49) needs no 
adjustment. The only possible lack of adjustment occurs when one 
of the sighting devices is bent. Should this have occurred, the line 
joining the sighting points is not parallel to the line passing through 
the centers of the alignment rings. To test, point the heliotrope a& 
some near-by object, such as a rock or tent, and center the reflected 
light so the shadow of the ring next the mirrtjr falls fair on the 
forward ring. The sights should point to a spot exactly above the 
center of the illuminated surface and just as far above as the line of 
the sights is above the line passing through the centers of the rings. 
If such is not the case, the affected part should be removed from the 
bos, straightened, and replaced. 

Each light keeper should be shown how to make an emergency 
heliotrope, shown in Figure 50, by driving two nails vertically about 
2 feet apart into a board, the heads of the nails to be used as sighting 
points for the beam of reflected sunlight. Place the Board on the 
stand and align the heads of the nails with the station of the observ- 
ing party. Next fit a narrow strip of paper to the front side of the 
forward nail, the strip projecting slightly above the nailhead. With 
a common mirror a few inches in diameter throw the reflected rays of 
the sun along the line of the nailheads. This will be accomplished 
when the shadow of the head of the rear nail falls on and exactly 
covers the head of the forward nail. The paper strip mentioned 
above enables one to make this exact contact. An emergency helio- 
trope like the above has been satisfactorily observed upon from s 
station 40 miles away. The center of the mirror should be held ap- 
proximately in line with the nailheads to avoid eccentricity of the 
light shown the observer. I f  the direction to the observer is nearly 
opposite the direction to the sun, it may .be necessary to use an 
auxiliary mirror to reflect the sun's rays onto the mirror which is in 
line with the naiIs. 
Signal lamp.-The electric signal lamp supplied with current by 

dry batteries has entirely superseded the acetylene lamp which was 
in use many years. Aside from the electric connections, only two 
adjustments are needed for the electric lamp, one for focus and the 
other for the sighting devices, and these should be tested frequently. 
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The focusing adjustment is made by the screw socket int.0 which 
the bulb fits. Since it frequent,ly differs for different bulbs of the 
same apparent size, it should be made each time a new bulb is used. 
It is best done by directing the light upon a flat surface, such as a, 
tarpaulin about I00 feet or more away, and varying the adjustment 
until the brightest part of the disk is but lit,tle larger than the lens of 
the lamp. After this has been done the sighting device should be 
adjusted to point exactly above the cent.er of the brightest part of 
the illuminated surface and as far above it as the sighting tube is 
a.bove the center of the lens of the lamp. As the.transportation of 
the lamp from station to station is apt to disturb both of these adjust- 
ments, they should be tested before the lamp is posted at a new sta- 
tion. I f  the lanip is to be operated automatically and is to be posted 
during the day and immediately left, the. adjustments should be tested 
the night preceding It is just as satisfactory to make the adjust- 
ment in daylight by changing the focus until the reflector, as 
viewed from a point t.wo or three hundred feet away, is evenly illumi- 
nated. A stake can also be set with its top a t  a point where the light 
is the brighest and the sighting tube adjusted to the proper distance 
above that point. 

A clockwork device is available for requisition which can be set to 
turn the signal lamp on a t  any desired hour each day and turn i t  off 
again after any interval not in excess of six hours. The mechanism 
is operated by an  8-day clock and is very satisfactory so long as 
.visibility conditions permit the lamp to be properly pointed, and there 
is nothing to disturb the pointing after the lamp is set. The auto- 
matic lamp and battery box are shown in Figure 51, and full instruc- 
tions for wiring and for setting the dial are contained in Instructions 
to Lightkeepers, Special Publication No. 65. 

PRINCIPAL SOURCES OF ERROR IN HORIZONTAL-ANGLE 
MEASUREMENTS 

A good observer is one who can consistently secure resixlts com- 
mensurate with the possibilities of the instrument which he is using, 
Proficiency can be attained only by careful study of the instrument, 
by constant exercise of good judgment, and by malting a careful study 
of all the factors affecting the accuracy of theodolite observations. 
Due regard must be had for the relative importance of the different 
classes of errors. It is possible to spend considerable time centering 
the theodolite exactly over the mark but fail to make allowance for 
the phase of the signal at  the other end of the line of sight and point 
several inches to one side of the true mark. I t  is also possible to be 
very careful in perfecting all the instrumental adjustments, but omit 
a careful: 4iesting of dAxi stability of the support for the theodolite, 
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I 1 

FIG. 49.-HELIOTROPE, BOX TYPE 

FIG. 50.-EMERGENCY HELIOTROPE 

(For description see p. 71) 
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FIG. 51.-AUTOMATIC SIGNAL LAMP 

The &day clock shown at the left end of the battery b s  on the left can be set to turn the light on 
for a definite number of hours each night. Of the two lamps at the right, the upper shows the 
rear view, the lower the front view 
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though the errors from the latter source are potentially much more 
serious than are those due to the instrument being slightly out of 
adjustment. 

The actual pointing of an instrument on an object is a simple 
operation. It is a mistake to try to perfect a pointing after the per- 
ceptions are once satisfied that the object has been centered on the 
wires. The most satisfactory observations are usually those which 
are made rapidly and methodically but not carelessly. Speed can be 
attained by the observer by training himself in deftness of movement 
in manipulating tlie instrument and in studying how he can perfomi 
the manipulations with the fewest movements. 

It is very difficult to secure the required accuracy on second-order 
triangulation unless the theodolite is sheltered from the direct rays 
of the sun and also protected from the wind if it is of any consider- 
able strength. Temperature changes in the instrument are particu- 
larly prejudicigl to accurate results. If the temperature inside the 
theodolite case differs greatly from that of the outside air, it is well 
to give the theodolite time to assume the temperature of the air 
before beginning the main-schenie observations. The intervening 
time can be used to advantage in measuring to reference marks or in 
making t.he observations upon intersection stations. 

Aside from blunders, such as reading a vernier incorrectly, and the 
allowable inaccuracies of pointing upon an object, there are four 
principal causes of error in the measurement of horizontal angles 
after the proper sheltering of the instrument from sun and wind has 
been provided for. These are instability of instrument support, in- 
strumental errors, phase and eccentricity, and horizontal refraction. 
The relative importance of these four factors will vary with the field 
conditions encountered. 

Instability of support.-It is essential that the theodolite be sup- 
ported in a manner which will maintain the orientation of the bearing 
surfaces of the graduated circle and the alidade axis on the tribrach 
while the observations are being made. Everything below these bear- 
ings constitutes a part of the instrument support, and the various 
elements involved are here considered in succession. progressing 
downward. 

Many theodolites, especially those of American manufacture, are 
held to the tripod head by a bolt with a female screw at the top which 
fastens to a thread.ed knob projecting downward from the center of 
the tribrach. If this bolt is set up too tight, great stress is placed 
upon the tribrach and strains are set up in the material which m e  
gradually relieved by deformations of the tribrach. As these defor- 
mations may produce very sensible errors, the screw attachment 
should be set up only tight enough to hold the theodolite in place. 
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The strains would be much worse in a quadribrach, and for that 
reason a theodolite with four leveling screws should never be used on 
second or third order work if it can be avoided. The tribrach should 
have sufficient spread to bring the foot screws almost beneath the 
limb of the graduated circle. 

Set screws for tightening the foot screws in the tribrach arms are 
always provided, and they must be set up after the leveling of the in- 
strument is perfected. Leveling screws should have large bearing 
surfaces in the tribrach arm to insure that the clamping screws can 
make them rigid parts of the tribrach. 

The tripod for the theodolite plays a very important part in the 
accuracy which can be secured with the instrument, and yet many 
types in common use are of very poor design. The usual form of 
tripocl, with legs hinged at the top and no braces, depends for its 
stability in aziniuth upon the friction of the bolts against the top of 
the legs where they are hinged and upon the torsional strength of the 
upper part of the legs. To make this form of tripod effective the 
bolts must be very tight and extreme care taken in manipulating the 
instrument. The form of tripod with large one-piece head and split 
braced legs having a wide spread at the hinges is more stable. For 
accurate work it is advisable to have adjustable braces, as shown in 
Figure 38. 

A proper footing or ground support for the tripod or stand is 
frequently hard to secure. It must be sufficiently firm to maintain 
the theodolite in  level and azimuth and must not transmit to the 
instrument any effects of the observer’s movements around the instru- 
ment. Before observations are begun and after the instrument has 
been adjusted and leveled the telescope should be pointed upon some 
well-defined object and the pointing watched closely while some 
other person steps around the instrument as near the feet of the 
tripod legs as the observer would usually stand. I f  there is a move- 
ment of the wires with respect to the object, or if the levels of the 
theodolite show any change, the footings of the tripod must be made 
more firm or else the observer must avoid standing on the spots 
shown to be unstable. The observer must school himself to step wide 
around the points of support of the tripod or stand. I f  the instru- 
ment support rests upon tundra or wet sod, it  is often necessary to  use 
boards or a rough platform to distribute the weight of the observer. 
I f  the instrument must be mounted upon the same structure which 
supports the observer, such as a tank or building, two observers and 
a repeating instrument may be used to lessen the effects of unstable 
support. Each observer stations himself so as to face one of the 
stations to be observed upon and each niakes the pointings upon his 
aasigned station with as little shifting of his weight as possible. 
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INSTRUMENTAL ERRORS 

The adjustments of the theodolite and the effects of the errors 
resulting from lack of perfect adjustment have been described on 
pages 46 to 60. These errors may be summarized as belonging to 
two classes: First, those which may be practically eliminated by a 
proper observing program, and second, those which can not be so 
eliminated. To the first class belong (1) the errors due to lack of 
proper collimation adjustment; (2) the unequal spacing of reading 
microscopes; (3) the eccentricity of the graduated circle with refer- 
ence to the vertical axis of rotation of the reading micrometers; (4) 
the lack of horizontality of the horizontal axis of the telescope; and 
(5) the errors of graduation of the instrument, though the last error 
is only partly eradicated by the distribution of the readings about 
the circle. The methods by which these errors are eliminated are 
stated in the section referred to above. 

Among the instrumental errors which can not be eliminated are 
those due to parallax and to lack of horizontality of the graduated 
circle. The effects of .these errors are described in the section relat- 
ing to the adjustments of the theodolite, pages 48 and 50. There are 
other errors, however, which although real are much harder to 
evaluate. 

The changes in an instrument due to changes of temperature are 
such that even a small theodolite should be protected at all times 
from direct sunlight and wind if good results are to be obtained. The 
effecta of these temperature changes are manifested in various ways. 
A graduated circle will expand on the side nest the sun and there will 
be 8 differential change in the eccentricity of the circle which will 
not be eliminated. One side of the telescope will espaiid faster than 
the other, with a consequent change in collimation adjustment. 
Standards will change in their relative elevation, the collar of the 
diaphragm will change its adjustment, and since all of these are 
changing in amount from moment to moment no system of observ- 
ing will eradicate them. This is one of the principal reasons why 
rapid pointings upon the object give niore accurate results than slow 
pointings. 

Another element which is often not appreciated is the manner of 
manipulation of the instrument. I n  an endeavor to make rapid 
pointings instrumental errors are sometimes introduced which are 
larger than those the observer is seeking to avoid. The hand should 
not rest heavily upon the instrument at any time. Slow-motion 
screws and the graduated heads on the screws of reading niicrorscopes 
shuuld be turned with a true rotary motion without lateral thrust. 
Slow-motion screws should always be tested to see if there is any 
dragging when the screw is turned in the direction which decreases 
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the tension of the spring. I f  there is any sensible dragging and the 
cause can not be found and corrected, then the final motion of the 
screw must always be made against the spring. Tests for drag and 
for looseness of the centers have already been described. 

PHASE AND ECCENTRICITY 

A target or instrument is said to be eccentric when its center is not 
in the vertical line passing through the point to which the observa- 
tions are referred. The proper correction can always be made for 
eccentricity if the distance and direction to the true station are 
recorded. Often, however, the observer desires to make an estimate 
of the error which would be introduced by an approximate amount 
of eccentricity due to phase or to some other causes. This can easily 
be made by remembering that “ a. second is a foot at  40 miles,” or 
that an inch represents about 3% seconds at  a distance of 1 mile. 
On short lines the improper centering of either the theodolite or the 
target will introduce large errors. Warped or crooked signal poles 
must be observed upon with care, and an equal amount of care used 
in testing them for eccentricity. The safest plan is to point always a t  
some certain part of the signal, say, at the bottom of the target, and 
to plumb that particular point over the station. IJpon reaching a 
signal which has been observed upon it should be tested for ec- 
centricity before its position is changed and the amount of its 
eccentricity recorded in such a manner that the computer can make 
no mistake when correcting the observations for it. 

When using lamps on short lines care must be taken to point the 
lamps directly toward the observer, because the glass in front of the 
light is sufficiently illuminated to be visible to the observer and if 
not centered directly on the line will affect the accuracy of the obser- 
vation. Occasionally a heliotrope or signal lamp must be posted a t  
some little distance from a station in line with the distant station at 
which the observer is working. Errors due to eccentricity of the 
light are very apt to occur when this is done unless extreme care is 
taken to line in the light and maintain it in position. A theodolite, 
if available, should be used to line in the light; otherwise a plumb 
line should be used. The accuracy with which the light must be 
placed on line depends upon the distance from the observer’s station, 
as indicated in the preceding paragraph. 

The errors in horizontal-angle measures clue to phase, or to the 
unequal illumination of a target, are often of considerable magni- 
tude. In  effect it is an eccentricity which could be corrected for if 
its exact amount were known. The difficulty lies in the inability of 
the observer to estimate its amount accurately, for it depends upon 
factors which change rapidly. The angle of the sun with the line 

(See p. 90.) 
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of sight, the opacity of the signal, the shape of the object sighted 
upon, the intensity of the sunlight, will each have its effect on the 
appearance of the signal. 

Many textbooks give trigonometric formulas for the correction of 
phase which are based upon the direction of the sun. These are 
usually not practicable to apply because other factors enter in. The 
apparent penumbral zone lying between the surface having a full 
illumination and that having no direct sunlight upon it will vary in 
width with the intensity of the light. The formula would also apply 
only to cylindrical or spherical objects, whereas many of our obser- 
vations are made upon squared timbers. A target made of signal 
cloth will show a different phase from one made of lumber of the 
same shape and dimensions. For these reasons the best rule, when 
the outlines of the signal can be seen, is for the observer to make a 
close examination of the signal through t,he best telescope available 
and decide upon what part of the illuminated surface it is necessary 
to observe in order to eliminah errors due to phase. I f  the outlines 
of the target can not be seen, a can or other object placed at  some 
distance away in the direction of the signal will show what part of 
it is illuminated and will give a rough idea as to how to point upon 
the object, if it is remembered that most of our telescopes are 
inverting. Under the conditions last stated i t  is practically impos- 
sible to secure second-order triangle closures, and recourse should be 
had to night observations on lamps. 

Squared timbers should be used for signal poles on short lines, and 
one side should be exactly faced toward the observer. A vertical 
pole with a T cross section has also been used to advantage. The 
stem of the f is a 2 by 2 or 2 by 4 inch piece, while the bar of the 
T is a thin board, which is faced toward the observer. The thin 
edges of the board prevent any errors of phase, and the square tim- 
ber, hidden from the observer's view, gives the necessary rigidity 
to the pole. 

HORIZONTAL BEFBACTION 

The rays of light which pass from the object observed upon to  the 
theodolite of the observer may curve horizontally as well as verti- 
cally. Horizontal refraction causes an error which is hard to detect 
and for which a correction can not be applied. It can, however, be 
avoided in large measure by carefulness in the reconnaissance and 
in the selection of observing conditions. The existence of this hori- 
zontal refraction can not always be foreseen, but certain atmospheric 
and topographic conditions operate strongly to cause such errors, and 
these will be briefly pointed out. 

Air strata are generally of greater density near the ground and 
lie roughly parallel to it. Over sloping terrain these strata of 
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different densities are not horizontal, and a ray of light passing 
through then1 will be bent horizontally as well as vertically. The 
greater the difference in density in the air strata passed through, 
and the more they are inclined to the horizontal, the greater will be 
the horizontal bending of the light. rays. 

Thc most potent cause of this variation of density is the unequal 
temperature of diiyferent strata of the air. The force and direction 
of the wind are also determining factors, for with a strong wind the 
differences in the temperatures and densities of adjacent air strata 
are less marked, and horizontal bending of the rays of light is less 
apt to occur. A condition frequently met with on triangulation is 
that which is encountered when the line of sight passes along a bluff 
or mountain slope. Under these conditions it. may be necessary to 
malie observations in overcast weather or when the wind is blowing 
toward the bluff, if the first set of observations gives indications of 
horizontal refraction. I f  the wind blows down a slope and across 
the line of sight, the hotter or colder air from the slope will often 
cause trouble. A line passing near a building, a stone wall, or even 
the brace of a signal may suffer a like change in direction. The 
nearer the cause of the disturbance to the observer the greater will 
be the angular distortion. 

The errors caused by horizontal refraction may be of considerable 
size. Night observations have occasionally been found to be in error 
by five or six seconds because of horizontal refraction and daylight 
observations by two or three times that amount. Undoubtedly, 
smaller errors due to this cause are frequently present but are more 
or less masked by errors due to other causes. I f  a line is suspected 
of having horizontal refraction, it should be reobserved, if practi- 
cable, under very different atmospheric conditions, especially with 
the wind in the opposite direction from that prevailing during the 
first observations. 

OTHER CONDITIONS AFFECTING OBSERVATIONS 

So long as the objects are visible t.here should be no hesitation in 
observing upon them, even though the observing conditions are ap- 
parently unfavorable. An unsteady object or a flickering or flaring 
light does not usually produce inaccurate observations. It is only 
ahen there is a semipermanent displacement of the image of the, 
object sighted upon that observations must be made more slowly 
or stopped altogether. This creeping may be readily detected by 
centering the image upon the wires of the diaphragm and watching 
it closely for a minute or two. Sometimes the amplitude of this. 
creeping movement may reach 10 or more seconds within a period 
of two or three minutes of time. Under such conditions it is not. 
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possible to secure satisfactory observations. When the period of 
vibration is only a few seconds of tinie the mean location of the 
image can be estimated. 

The fact that the different observations upon a station exhibit a 
considerable range does not necessarily mean that their average value 
will be far from the true one, nor does a small range conclusively 
indicate the absence of some constant error. (See p. 88, regarding 
rejection of observations.) I f  the methods and instruments used do 
not give the results sought, the observer must systematically investi- 
.gate the possible sources of error and locate the trouble. Above all, 
the observer must not try to force the observations by sighting upon 
a different part of t.he object from that which his jud,gnent says 
is the proper point, for a poor triangle closure may be due to an 
error a t  any one of the three stations involved. He must cultivate 
an impersonal att,itude toward his results and read the angles with- 
.out bias, for an angle forced to give a good triangle closure will 
.of ten result in large angle and side corrections when the least-squares 
.adjustment is made. 

When daylight observations are being made in an unsteady atmos- 
.phere the observer is apt to point upon the wrong object. This 
kind of blunder is particularly easy to make when sighting through 
a vista cut through timber, which frequently renders observing con- 
ditions very unfavorable. The error caused by a mistake of this 
kind is usually easy to detect, but it may make a reoccupation neces- 
sary. A light or signal partly obstructed from view by intervening 
,objects may cause an error of several seconds. Occasionally changes 
in vertical refraction wilI cause a light or target to be partly 
obstructed that at other times is entirely clear. 

NAMING OF STATIONS 

The name assigned to a t.riangulation station is of more impor- 
tance than is usually realized, since the name does not appear on 
the finished chart or map. It does appear, however, on the tablet 
which marks the station. I f  the name is chosen with due regard 
to geographic significance, the owner of the land and visitors to 
the station will have a greater regard for its preservation. Mean- 
ingless names should be used for triangulation stat.ions only when 
names of geographical 'significance can not be found. Especial care 
should be taken to learn the proper spelling of names used for tri- 
angnlzltion sta.tions, whether these are t,he names of mountains, rivers, 
and points, or the name of t.he owner of t.he land on which the station 
is located. I t  is important that the same name be used for the same 
station throughout the records and computations. 
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COURTESY TO PROPERTY OWNERS AND OTHERS 

The reconnaissance and signal-building party is the advance agent 
for the other parties. Stations must ordinarily be established on 
property owned by individuals or private corporations. Although 
many States have laws which give the right of entry upon private 
property to Government surveyors engaged on official work, it has 
not been the policy of this bureau to insist upon this right. In  
practically all cases the owner of the property is willing to have 
stations established on his land if the object of the survey is explained 
to him, and the chief of partry should always arrange to secure 
permission to enter upon the premises and to establish the necessary 
marks. I f  it is necessary to damage crops, shrubs, or trees, the 
regulations must be closely followed in securing beforehand a written 
agreement which shall state the amount of damages to be paid. 
The good will and cooperation of property owners and their agents 
are very essential to the work of the parties which follow the recon- 
naissance party, and any source of future controversy should be 
avoided. 

bETERMINATION OF VALUE OF ONE DIVISION OF A' LEVEL 
BUBBLE 

It is frequently necessary to determine in the field, where a level 
trier is not available, the value of one division of a level bubble. 
"his is readily done by the method described below. The principle 
of this method consists in measuring an intercept whose length is 
known, a t  a known distance, in terms of divisions of the bubble. 
The angular value of the intercept is then calculated and the value 
of one division thus obtained. 

Fasten the level to be tested, by adhesive tape or otherwise, 
longitudinally along the top of the telescope of a theodolite having 
a clamp and slow-motion screw for moving the telescope in a vertical 
plane. Suspend vertically an accurately graduated tape at a known 
distance from the theodolite, say 50 or 100 feet, or else plumb an 
accurately graduated rod at that distance. I f  the bubble has a 
chambered vial, adjust the length of the bubble so it will extend 
under about one-third to one-half the graduated portion of the vial. 

Point upon some division of the tape or rod, so selected that the 
bubble will be near the end of the vial toward the eye end of the 
telescope. Read and record both ends of the bubble and repeat the 
pointing and readings until about 10 readings are obtained, bringing 
the cross wire of the telescope upon the mark half the time from 
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above the inark and half the time from below, to neutralize the effect 
of any friction of the bubble against the vial. The mean of all the 
bubble readings will be the mean position of the center of the bubble. 

Nest point upon some mark on the tape or rod which will bring 
the bubble near the end of the vial toward the objective end of the 
telescope, take readings as before, and obtain the mean position of 
the center of the bubble. Measure carefully the distance from the 
rod to the horizontal axis of the instrument, compute the angular 
value of the intercept at  that distance, and divide by the number of 
divisions of the bubble between the two mean positions. The value 
of one division of the bubble obtained by this method will be as 
accurate as that obtained on the average level trier. 

DETERMINATION OF HEIGHT OF STATION BY OBSERVING SEA 
HORIZON 

At times it may be difficult to connect a triangulation scheme to 
a bench mark. I f  some of the stations are within sight of the ocean, 
the elevations of the stations, as determined by the vertical-angle 
measurements carried through the chain of triangles, can be checked 
and made more exact by observations upon the sea horizon. Eleva- 
tions determined in this manner are not as accurate as when frequent 
connections can be made to bench marks, for the observations are 
nonreciprocal and an arbitrary value must be used for the coefficient 
of refraction, m, which may vary for daytime observations on the 
sea horizon from 0.078 to 0.130. The formula for computing the 
height of station from the observed angle of depression is 

8 . e  
sin 2(1- 2m) sm 3 

(1-m)e 
1-2m 

h=2p 
cos - 

where h=elevation of station above sea level. 
p=radius of curvature of the earth (in the same unit of length 

as A). 
m=coefficient of refraction. 
B=observed angle of depression. 

For  ordinary purposes the following approximate formula is all 
that is justified, especially as the uncertainty in the coefficient of re- 
fraction is liable to cause a considerable error in the result. "he ap- 
proximate formula is 
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in which B is expressed in seconds of arc. I f  we use a mean value of 
log p=6.80421. and a mean value of log (1-%a) =9.92428, the ap- 
proximate formula becomes simply 

h (in meters) = 0.000089135 0 ' 
or log h= (5.95005- io) +2 log e 
This form of the formula is sufficiently exact in most cases. How- 
ever, if an accurate value of n b  has been determined at  the station 
by means of reciprocal observations on other triangulation stations, 
then it can be used to determine a better value of the constant in the 
approximate formula. 

DETERMINATION OF DISTANCE TO BREAKER BY OBSERVING 
ANGLE OF DEPRESSION 

In making surveys along the seacoast it quite often happens that 
the distance to an offshore rock or reef is desired, the position of 
which is indicated by breakers. I f  the elevation of the station from 
which the observations are made is known, the approximate distance 
may be obtained by reading the angle of depression to the breaker 
and computing the distance by one of the following formulas. At  
least two observations of the angle should be made, one with the 
instrument direct and one with it in the reverse position to eliminate 
instrumental errors. 

The accuracy of the resulting distance depends principally upon 
the relation between the height of the station and the distance to the 
breaker or, in other words, upon the size of the angle of depression. 
I f  the station is high and t.he distance comparatively short, consid- 
erable accuracy may be obtained. Where the angle of depression is 
small any inaccuracy in the elevation of the station or uncertainty 
in the coefficient of refraction may seriously affect the accuracy of 
the computed distance. 

The forniula for the clistance is as follows: 

1-2m+2(1-m) tan' Oh' 
2P s=hmte+ 

[1-22m+2(1-m) tan ' 0: ] h3 co tE  e 
2P2 + 

5[1-2m+2(1-m) tan' O l S u  cot, 8+ ... . 8PS + 
in which 8 is the angle of de.pression or the zenith distance minus 
90°, p the radius of curvature of the earth, .and m the coefficient of 

~ ~ 

'These formulae were derived by Dr. 0. 5. Adams, of the division of geodesy of t b  
bureau. 
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refraction. With some approximation the above formula will take 
the form, 

in which, 
8 = h cot e + m . 2  cot8 e + 2 xw co t 6  e + 5 R J ~ *  ~ 0 t 7  e + . . . . 

(1 - 2 4  S ~ C *  e 
2P 

K =  

.or, since the value of m is so uncertain, we may use simply, 

8 4  cot e+Kp cots e 
SPECIFICATIONS, THIRD-ORDER TRIANGULATION 

Accuracy.-The same instruments and niethods will be used on the measure 
menb of angles for third-order triangulation as were specifled for second order 
(see p. 33), except for such minor changes in methods as  result from the lower 
limits of accuracy imposed. The immediate requirements which the angle 
measurements must meet are an average triangle closure of not to exceed 6 
lieconds and a maximum closure of 32 seconds. 

To secure this accuracy with a direction theodolite reading to one second, 
two positions of the circle will usually be su5cient. With a direction theodo- 
lite reading to two seconds, the type of direction instrument ordinarily used on 
this class of triangulation, four positions of the circle should be used. With a 
l@second repeating theodolite, from one to two sets of 6 D/R (see p. 33) will 
Wftlce. Supplementary and intersection stations should be located with the 
same number of observations as were prescribed for second-order triangulation 
on page 35. 

Trigonometric leveling.-MeasurementR of vertical angles will be made under 
the same conditions as were noted for second-order triangulation (see p. 36) 
and by the same methods. 

Marking stations.-Each station located with third, or higher, order of 
accuracy shall be marked in accordance with the instructions on pges 38-41. 
In addition, enough intersection stations shall be permanently marked as Will 
lnsure the distribution of permanent stations indicated on page 36. 

FIELD COMPUTATIONS, SECOND AND THIRD ORDER 
TRIANGULATION 

On both second and third order triangulation complete computa- 
tions should be made in the field unless instructions to the chief of 
party prescribe otherwise. This includes the computation of the 
geographic positions of all points located by triangulation, the prep- 
aration of the “ List of geographic positions,” and the “ Computation 
of elevations.” All records and computations up to and including 
the (‘ List of directions ” and “ Reduction to center ” should be care- 
fully checked in the field, for the office coinputation accepts the “List 
of directions ’’ prepared in the field as correct. The ‘L Computation 
of triangle sides ” and “ Computation of geographic positions ” are 
sufficiently self-checking, if carefully coniputed, and do not need s 
field check. No least-squares adjustment of the triangulation should 
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be made in the field. All computations should be made in s neat and 
orderly manner on the forms provided for the purpose. 

On second and third order triangulation the angles and azim-iths 
should be carried to the nearest tenth of a second and the latitudes 
and longitudes to hundredths of a second in the main scheme and for 
the supplementary stations. Sis  places in the logarithms should be 
used. For intersection stations the angles and azimuths should ordi- 
narily be taken to the nearest second, latitudes and longitudes to 
tenths of seconds, and logarithms to five places of clecimals. 

Certain computations must be kept closely up to date. This m- 
dudes the computing and checking of the angles in the record books 
and on the lists of directions, the computation of the triangle sides, 
and the writing of the descriptions of stations. The initials of the 
persons making and checking the computations in the record books 
and on the computation forms should be placed at the bottom of 
each page as the coniputation and checking progresses. It should 
be remembered that the onus of any uncaught mistake is chiefly upon 
the p e r m  checking. I n  all computations a decimal 5 which is to be 
dropped should be applied to make the last significant figure an 
even number. For instance, 1.05 would be 1.0,1.15 would be 18, etc. 

The record and computation forms used in the field are listed below, 
and a brief description of the proper preparation of each form will 
follow. 
Record, liorieontal angles (for repeating instrument), Form 250. 
Record, horizontal directions (for 2-micrometer direction instrument), Form 

Abstract, hoi-izmtal directions (for direction instrument), Form 470. 
List of directions. Form 248. 
Reduction to center. Form 382. 
Triangle-side computation. Form 25. 
Position computation, Forni 27. 
List of geographic positions, Form %B. 
Record, double zenith distaucee (if observed). Form 252. 
Abstract of zenith distances (if observed), Form 29. 
Computation of elevations, reciprocal observations, Form 298. 
Computation of elevations, nonreciprocal observations, Form 29B. 
Desrription of station (new stations), Form 525. 
Description of station. recovery note (old stations), Form 528 

351& 

RECORD, HOBIZONTAL ANGLES (REPEATING THEODOLITE) 

An example of a record is given in Figure 5 8  From this the 
resulting directions should be written in the “List of directions” 
(fig. 56) witliout any other abstract. It will be noticed in the sample 
below that, in addition to the reading of one repetition on the first 
measurement of each angle, there is a reading for three repetitions in 
each case. The latter gives a value of the angle correct to within 10 
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BIG. 5&-Specimen, record horleontal angles, intersection stations 
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9econds, which will check the reading of the minutes for the six 
repetitions. The reading of one repetition on one vernier d m  not 
give a sufficiently accurate check. Use the reading on thme repetitions 
as a check only. 

Observations on intersection stations-An example of a record 
of intersection observations is given in Figure 53. From this the 
resulting directions should be written in the '' List of directions " 
without other abstract. 

BECOBD. HORIZONTAL DIRECTIONS (DIRECTION THEODOLITE) 

A double page of the record book is shown in Figure 54. The 
means should be checked before the abstract of directions is made 
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out, preferably by some one other than the original computer. Each 
page checked should be so indicated by a check mark at the bottom 
of the page, with the initials of the person checking. 

ABSTRACT OF HORIZONTAL DIILECTIONS (DIRECTION THEODOLITE) 

It is important that this form be made out carefully, because the 
mean directions derived from the abstract of horizontal directions 
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FIG. 65.-Specimen, abstract of direction6 

constitute the basis for all the later computations. Every position 
observed at a station on' pain-scheme stations should appear on 
the abstract, the rejected readings being indicated by the letter R. 
A sample form is shown in Figure 55. 
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Rejection of observations.-The chief difficulty in making out 
the form for abstract of directions lies in deciding what observa- 
tions to reject. The usual formulas for the rejection of observational 
quantities are too cumbersome to apply and are not satisfactorily 
applicable to a short series of observations. It is customary, there- 
fore, to apply an arbitrary limit of rejection, determined empiri- 
cally from previous experience with the instrument used or with 
one of similar qualities. For observations with the type of direc- 
tion theodolite usually used on second or third order triangulation 
the rejection limit for the angular value of a direction on any one 
position of the circle may ordinarily be taken as 5 seconds from 
t-he mean. Specific ways in which the rejection limit is to be applied 
are indicated below. I f  it  is found that with such a rejection limit 
the number of rejections is averaging much in excess of 10 per cent 
of the entire number of observations, the rejection limit may be in- 
creased, though before that is done every effort should be made to 
determine the cause of the large range. 

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

1. No reading should be rejected if it falls within the limit of re- 
tention unless rejected at the time of taking the observation. The 
observer's reason for rejection should then appear in the original 
record. This rule will pot apply to the case where one set of observa- 
tions of a direction is rejected in favor of another set of'an equal 
number of positions. 

2. I f  two or more readings have been taken for a single position, 
the mean should be used if all readings come within the limit of 
retention. 
3. I f  one reading falls without the limit and one within the limit, 

do not use a mean even though the mean be within the limit. Use 
instead the single reading within the limit. 

4. I f  both readings fall without the limit, one being abnormally 
high and the other abnormally low, and the mean falls within the 
limit, reject both readings and try the position again. I f  a reading 
is not obtained within the required limit, reject the position entirely, 
using the remaining positions to compute the mean direction. 

5. If  the values obtained for one or more directions on the various 
positions of the circle show a considerable range, the safest plan, 
and the one which should be followed if the average closing error of 
the triangles involved is more than 8 seconds, i s  to observe all the 
positions a second time and use the new data to determine the v d m  
of the direction. 

6. Before computing a trial mean, any observation so far from the 
approximate mean as to be very evidently the result of blunders 
should be rejected. After a trial mean is obtained and the reiectirn 
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limit applied, none of the observations rejected should be again in- 
cluded even though the new mean would biing them within the 
limit of reject.ion. 

7. The i ~ s u l t s  obtained by a?i,lying rigorously the limit of rejec- 
tion, even though the quantities rejected are just outside the limit, 
will probably be but little different from those derived after long 
consideration, and much time. can be saved the field party by 8 strict 
application of the rules given above. 

LIST OF DIRECTIONS 

On the list of directions, Figure 56, the mean directions of all 
unrejected observations are arranged in order of azimuth from some 
one selected initial. The list includes nbt only the mean directions 
to the principal stations but also the directions to intersection points 
and reference marks. 

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

On the back of the form for the list of directions are instructions 
for its preparation. Only two points covered by those instructions: 
need be mentioned here, viz, the number of decimal places to be shown 
in the mean angle and the treatment of eccentric directions. As 
regards the former, on second and third order triangulation the, 
directions to main-scheme stations should be carried to tenths of 
seconds, and directions to other points to seconds. Directions tol 
near-by objects, such as witness or reference marks, need be taken to 
the nearest 10 seconds only. 

The second point to be emphasized in the preparation of the list 
of directions is the recording of the eccentricity and the reduction 
of the observed directions to center. I f  a direction has not been 
reduced to center, l ave  the " Eccentric reduction " column blank. 
If  no eccentric reduction is necessary, put dashes in the column. 
The rule should be invariably followed, for otherwise an unreduced 
direction may be used for a reduced one. 

On the list of directions the main-scheme stations should be easily 
distinguishable from the other points listed. This can be achieved 
by printing in heavy letters the names of the msin-scheme stations, 
while the names of the other points are written in with ordinary 
width of line. The distinction between the main-scheme points md 
others can be further accentuated by the use of asterisks if desired. 
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Whether the directions shown on the form have been reduced for 
eccentricity or not, any eccentricity of light or instrument at a 
station should be recorded on the list of directions in a form that is 
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Fro. 56.-Specirnen. list of direction8 

entirely free from any possibility of misinterpretation. The form 
of record shown on the sample in Figure 56 should always be used 
when the light is in an eccentric position and the instrument i s  
cented .  The sketch should always be included. 
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WhemveP it is possible to mount the thedolite directly over the 
mark this should be done, even though the light has been shown from 
an eccentric point. To have an instrument mounted eccentrically 
when it can be avoided simply causes unnecessary computation. 
D i d o n s  t o  eccentric lights can be easily corrected by the nomo- 
gram shown in Figure 58, or by tables computed decimally for lines 
of various lengths and for eccentric distances of different amounta 
taken at  right angles to the lines. 
When the theodolite must be mounted eccentrically to the station, 

for the purposes of field computation all directions may be reduced 
to the eccentric station and the station should be so named+is, 
uR,oundtop Eccentric.” In this case the angle and distanm to the 
marked station should be recorded in the manner shown in Figure 
56, making sure that the points on the sketch representing the eccen- 
tfic station and the marked station are distinctively marked. 

When at any station the theodolite is eccentric and the light at 
that station has occupied a different eccentric position the measure- 
ments to the eccentric light may be made and recorded in either of 
two ways. When the light is not farther from the marked station 
than a decimeter, one edge of a straightedge of some kind can be 
placed in the vertical line through the marked point and sighted 
successively at all stations to which the eccentric light was shown, 
the noma1 distance from the eccentric light to the true lines being 
measured and recorded as “Light at Hester when showing to Stone 
Mountain 0.011 meter to the east of line to Stone Mountain.” When 
recorded in this manner there is no chance for ambiguity. 

When the instrument is eccentric and the light is shown from a 
different eccentric point which is more than a decimeter from the 
vertical line through the marked station, it is better to measure the 
distance to the eccentric light from the point occupied by the theodo- 
lite and the angle at the theodolite point from the eccentric light to 
some main-scheme station. “he distance and direction from the 
marked point to the eccentric light can then be found by solving 
the small triangle shown in Figure 56. 

The importance of the proper recording of the eccentricity of 
lights and theodolites has been emphasized for the. reason that many 
serious mistakea and ambiguities in triangulation records are trace- 
able to that souroe. 

REDUCTION TO CENTEB 

When observations are made upon an object which is not in the 
vertical line through the point to which the observations are to be 
referred, the object sighted upon i s  termed an “eccentric object” 
and the computation necessary. to correct the angles to make them 
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refer to the true object is called the reduction to cen’ter. The same 
promss is usedin reducing to the true station the observations made 
upon am eccentric object ae-in reducing to the true station the obser- 
vations made a.t an eccentric station. No w r k t i o n  for eccentricity 
is necessary, of course, if the object observed upon is in the vertical 

. . ... . , . .  
’ FIG. 57:4pedmen, reductlon to center 

plane containing both the station observed upon and the station 
from which observations are made-in other words, if it is “ in line ” 
with the two stations. 

The computation for the reduction to center is easily made on 
Form 382. The instructions given on that form, which include a 
nilinbrim3 example Of‘a reductian to center, are reproduced in Figure 
57 and give ample information for making the computation. The 

Bming-: ..... i ---- 
OdrmL....., I..----.- 

. . ... . , . .  
’ FIG. 57:4pedmen, reductlon to center 
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reauction. to center can also be made.,by the.use of the nomogram 
shown in'Figure 58. 

An eccentric instrument 'or object should be 'avoided when possible 
because of the added .computing ndcessary to reduce the observations 

SECOND AND THIRD ORDER TRUNQULATION 

Fm. 58.-Nomogram for reduetlon to center. 

Copies of this nomogram on heavy paper can be obtnlned on requisition 

to center and because of the greater danger of angular errors. Eccsn- 
tricities of more than a meter or two are especially apt'to cause poor 
triangle closures because of the difficulty of securing a true vdue of 
the horizontal distance to the eccentric point. 
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TRIANGLE-SIDE COMPUTATION 

The usual arrangement of this computation is shown in Figure 
61. The sketch of the quadrilateral, Figure 59, shows the relative 
positions of the stations, the known line being Trouble-Juan. 

Every triangle should be included in this computation. The ob- 
served angles are taken from the list of directions previously compiled 
rind the closure of the triangle obtained without regard to spherical 
excess. As a check on taking out the angles it may be noted that the 
sum of the closures of the two triangles formed by one diagonal is 
equal to the sum of the closures of the two triangles formed by the 
other diagonal. Thus, - 3".0- 6".3= - 3".1- 6".2. 

Having checked the taking out of the observed angles in this 
manner, the angles are then used to compute preliminary lengths for 
use in the computation of spherical excess. Three places of decimals 
are su&ient for this computation in all cases. 

Fro. 59.-Diagram. quadrilateral 

The spherical excess is computed by the formula 6=a b sin CXm, 
where e is the spherical excess, a, b, and C: are .two sides and the 
included angle, respectively, of the corresponding triangle, and m a 
factor depending upon the latitude of the triangle and the dimensions 
of the spheroid. Values of log m for the different latitudes, repro- 
duced from page 16 of Special Publication No. 8, Formulae and 
Tables for .the Computation of Geodetic Positions, are given on 
page 99. The quadrilateral of the sample computation has a rmm 
latitude of 55" 23'. 

The computation of the spherical excess of triangle 3 is given 
below : 

log distance Baptiste to Trouble------ ---_---_-----__ = 3.660 
log distance Flora to Trouble--------- -----_-----__ = 3.727 
log sin 66' 44' 33".6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  = 9.963-10 
log rn (lat, 56" 23') _____________-__--______________ = 1.40&10 
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This computation may be made in small figures in abbreviated style 
directly upon the triangle-computation form. The same check pre- 
vails in the computation of spherical excess as was noted in the taking 
out of the observed angles. Thus 0".0+0".1=0".0+0".1. 

An approximate value for the spherical excess may be obtained by 
dividing the area of a triangle in square miles by IO0 and adding 
one-third of itself to the quotient obtained. 

The spherical excess is distributed aniong the three angles of the 
triangle, one-third to each angle. 

The closing corrections of the triangles with the spherical escess 
considered are next obtained, being checked in the example by the 
equation, - 3.0-6.2= - 3.1-6.1. 

This closing correction is now distributed among the three angles 
of the triangle, one-third to each angle, and the spherical angles 
obtained. I f  the corrections to be applied to each angle are not 
exactly equal, they may be applied indiscriminately regardless of the 
size of the angle, for the chances are equal as to whether the larger 
correction belongs on the large or small angle. By subtracting 
one-third of the spherical excess from each spherical angle the cor- 
responding plane angles of the triangle are obtained. These plane 
angles are used only for the computation of the sides of the triangle. 

The computation of the sides of the triangle is by the well-known 
law of sines. In  triangle 1 of the sample 3.503741 is the log of the 
distance in meters from Juan to Trouble. This distance is known 
from previous computations; 0.187047 is the colog sine of 40" 33' 
45".8; 9.968757 and 9.671332 are logs of the sines of 111' 28' 24".3 
and 27" 58' 49".9, respectively. The sum of the first, second, and 
third of these logs gives 3.659545, the log distance Baptiste to 
Trouble, and the sum of the first, second, and fourth gives 3.362120, 
the log distance Baptiste to Juan. Other triangles of the quad- 
rilateral are computed in like manner, an approximate check being 
obtained upon the logarithmic work by the two values obtained for 
each of the three lines, Flores- Juan, Flores-Baptiste, and Flores- 
Trouble. 

The line Baptiste-Flores in the exgmple is used to carry the tri- 
angulation forward to other quadrilaterals. The length obtained 
from the strongest chain of triangles through the figure should be 
used, and not the mean of the two or more values obtainable by using 
various combinations of triangles. The strongest chain of triangles 
should likewise be used in computing positions. By the strongest 
chain is meant the chain with the smallest XR, and not necessarily 
the one with the smallest triangle closures. 

In  triangle 1, Figure 61, the lengths of the lines BaptisbJuan and 
Baptiste-Trouble are obtained. Either of those lines could have been 
used for the third triangle to obtain the length Baptiste-Flores, but 
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the line Baptiste-Trouble was chosen because it gave B stronger deter- 
mination of the line from which the lengths would be carried ahead 
through the scheme. Similarly, to go from the line Trouble-Juan to 
the line Flora-Juan and thence to the line Baptiste-Flores is much 

o;rrmra oc QDUYmtc. 
COMPUTATION OF ” G L E S  LLIYIIUI-mmW 
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n o .  61.-speclmen, computation ot trlahglee 

stronger, as measured by the R’s of .the individual triangles, .than to 
go by way of the line Trouble-Flores. 
A word of caution.-Reference has been made repeatedly to the 

errors in closure of the triangles. This has been chosen as the crib- 
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rion by which the observer must judge the accuracy of his work, 
because it is the test which can be most easily and quickly applied in 
th0 field. 

Tt should be remembered, however, that this is but one of the tests 
that the season’s work must pass. The lengths of the various lines 
of the triangulation when computed through the various chains of 
triangles must check to a degree of accuracy comparable to the 
triangle closure. When the triangles have been closed by applying 
one-third of the error of closure to each angle, and the triangle sides 
computed, the logarithms of the length of B side, as computed through 
the various chains, should differ by not more than four times the 
tabular difference corresponding to one second in the logarithm of 
the sine of the smallest angle entering into the computation of that 
logarithm side. 

Finally, there must be satisfactory agreements between the azi- 
muth as computed through the scheme and the corrected observed 
azimuth a t  each Laplace station, and also between the length of a 
base as computed through the triangulation from the last base and 
its measured length. I f  the observer bears in mind these additional 
tests which his work must meet, he will not unduly force an angle in 
a certain direction in order to make a better triangle closure. 

MATHEMATICAL BOLUTION OF TEE THREE-POINT PEOBLEM: 

I f  three points, forming a triangle of which the sides and angles 
are known or can be computed, be visible from a fourth point P, it 
is required to determine the position of P. (See fig. 62.) This 
problem is of use in cases where, the regvlar triangulation having 
been completed, additional points are required for the topographic 
survey or are needed for special use. 

Set up the theodolite at  P and measure the two angles subtended 
by any two of the given sides. The angles should be carefully meas- 
ured, and in the computations the logarithms should be carried to 
the same number of places of decimals as in the regular triangle-side 
computation. 

Three cases of its application are given, depending upon the loca- 
tion of the point P with reference to the sides of the triangle. I f  P 
falls upon the prolongation of a side of the triangle, the case resolvea 
itself into the solution of a triangle with a side and all the angles 
given, while if P is situated on the circumference of the circle passing 
through the vertices of the triangle the problem is indeterminate. 
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Given the sides, ca, b; o, and the angle A. 
Angles observed, APC= P’, ABP=P”. 
TO h a ,  ABP=a and ACP= y. 
In cases I and 11, let S=l8O0-1h (A+P+P’’ )=% (o+y). 
In case 111, s=yz (A+’+”)=% (o+y). 

esin P‘ 
Let tan Z=a&&p7 

then, 
e=% (E.-?/) 

tan €=cot (a+45”) tan 8. 
If tan e be positive, B=S+E, y=S-e. 
I f  tan Q be negative, x=S-r, y=S+c. 
Since all the angles and a side in each triangle are now known, the 

other sides, or the distances from P to the three given points, can be 
readily computed. 

The computation is verified when both triangles give the same value 
for the line PA. 

A tabular arrangement of the computation is shown on page 99, 
where Form 655 is shown with a case I problem computed. 

A check may be obtained if a fourth point is observed upon and a 
second computation is made using two of the directions involved in 
the first computation. 

POSITION COMPUTATION 

In‘Figure 63 is given the comput,ation of the geographic positions 
of stations Baptiste and Flores on Form 27. I n  this computation 
the azimuth and length of the line Trouble-Juan and the geographic 
positions of the stations Trouble and Juan are considered as fixed 
by a previous adjustment. No explanation of this computation is 
given here, as complete information for the computation of geo- 
graphic positions, with tabla of the factors used in the computation, 
is contained in Special Publication No. 8, Formulae and Tables for 
the Computation of Geodetic Positions. 
Inverse position computation.-This consists of the coniputation 

of the distance and azimuth between two points whose geographic po- 
sitions are known. The computation can be made on Form 27, 
“ Computation of geographic positions,” but is more readily made 
on Form 662. (See fig. 64.) 

LIST OF GEOGBAPHIC POSITIONS 

The list of geographic positions (Form 28B) should always be 
filled out in the field on second and third order triangulation. It 
is little more than a tabulation of data from the position-cornputs- 
tion sheet, arranged as shown in Figure 65. The equivalent in metem 
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of the final seconds of latitude and longitude is computed in coastal 
triangulation from tables given in Special Publication No. 5, Poly- 
conic Projection Tables, and tabulated for convenience in plotting 
the points on projections for hydrographic and topographic field 
sheets and charts. 
To save time and space, m y  one line of the triangulation is tabu- 

lated only once. For instance, the azimuth and length of the line 
Bapti.&Trouble is found only under Baptiste. 

Only the lengths and azimuths used in the position computetibn 
need be listed. The data for the old stations, used in computing the 
new triangulation, should be given as shown in Figure 65. 

All stations located by triangulation should be given on the list 
of geographic positions, and the names should correspond to those 
given in the descriptions, records, and computations. Each name 
should be followed by the date (year) that it was established. and 
by an abbreviated not0 to show whether or not the station was marked 
and described. The following abbreviations are employed for this 
purpose : d.= described,m=marked, n.. d.=not described, n. nu=not 
marked, Z.=lost, and r.=recovered. For example, d. m. after the 
name of B station means that it was described and marked, d. m. m. 
means that it was described but not marked, etc. Temporary sta- 
tions which are not described or marked should have a parenthetical 
note after the name giving a brief description of the object, such as 
(flag in tree), (whitewashed rock), (temporary topographic 
signal), etc. 

The list of geographic positions is one of the most important parts 
of the computation of triangulation and should always be carefully 
made out in ink, or typewritten, and should be conipletely checked 
before being sent to the office. Photostatic copies of this list'are 
used to answer requests for information until the office adjustment of 
the triangulation can be made. 

BECORD. DOUBLE ZENITH DISTANCES 

The arrangement of the record book and a specimen computa4h 
of the zenith distances are shown in Figure 66. The program of 
observing is given on page 48. The form of record for observations 
upon a star is shown in Figure 96. 

The D. Z. D. record is arranged for use with a repeating vertical 
circle; for observations with the instruments ordinarily used the 
columiis headed '' Rep's of DZD," " Level," " C," and " D " may be 
left blank 

If the bubble is not brought to the center with each reading, the 
value of one division of the level should be entered at the beginning 
of each volume of observations. I f  the value is not known, it can 
be determined by the method described on page 80. 
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In  connection with each object observed upon it should be noted 

whether the ground, tripod head, heliotrope, or lamp was .pointed 
upon, in order that the observations may be pro.perly referred to the 
station mark. In  the “Remarks” column on the first page of ob- 
servations at  a station a record should be made of the heights above 
the station mark of the tripod head of the tower or stand, the Me- 
scops of the vertical-angle instrument, the heliotrope, and the lamp. 

I n  the record shown in Figure 66 some of the vernier readings have 
bars over ‘them. One bar (vinculum) indicates that the sewn& re- 
corded refer to a minute on the graduated circle one less than the 
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minute recorded for the A-vernier. 
MIIIIoICDyrn  
DU48-Y- rn- I 

For example, in the first measure 
47 

ZmtrrEm- 
nwmmemt:~aabrd. S, 

lM. 66.-Specimen. record double senlth distances 

of the zenith distance of Vinson the readings of the,minutes and 
seconds of verniers A and B with circle right (L) are, respectiveIy, 
11‘ 00’’ and 10’ 30”. 

A bar over a vernier or micrometer reading should refer. only to 
that particular circle reading, and a bar should never be placed over 
the A-vernier reading. For instance, with a repeating instrument 
a zero reading might properly be either 

A B  
0 t 88 ‘I 

o o o o o s o  
Or 359 59 55 65 
but the h a 1  reading of an aagle should be recorded 

359 59 50 50 

or as ’ 359 59 55 65 
instsad of 0 0 6 0 5  

instead of 0 0 5 0 5 0  
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ABSTBACT OF ZENITH DISTANCES 

A sample of Form 29 completely made out is shown in Figure 67. 
Little difficulty should be encountered in the .preparation of this 
abstract. I f  the observations are taken on more than one day, give 
the mean result for each day t.he same weight, regardless of whether 
many or few observations were made on that day. In the record 
book and on Form 29 carry all angles to seconds only. The value 
in the column headed "Object above station" is zero if the object 

0n.nrmr 0. COY"."=. 
U. S. COAST AHDCrODt!lIC SUIVCV 

Form e 

.ABSTRACT OF ZENITH DISTANCES 
Station: .Aa _.______._._.... ~ .-......-....- S t a t e r . . r @ ~ ~  _._.._____._._._._- 
Ohewer: %L ____._______.___.._..._.___________. I n s t m m e n t : . i ~ - . ~ ~ - - -  

11411 

1927 P.Y. 0 1  rn 
all% sa0 ?taller 4.12 1.47 -2.66 i25.3 89 56 53.5 

( t r i w  hod)  89 56 00.0 

89 55 56.2 89 56 a - 5  

3.40 self 9-20 1.47 -7.73 40.1 90 C2 52.5 
(tripod h e d l  30 oa 46. 0 

90 02 48.8 90 oa 9.9 

3.52 Vineon 2.13 1-47 -0.66 +lorn8 SO 10 37.6 

(top of o-toat) 2 U u L Q  
90.10 41.2 90 10 82.0 

4.15 'hwlm La& 1.47 90 00 15 
(top o f  nnlal) 

FIQ. tV.-Spedmm, abstrart of z d r h  cliatancrR 

pointed upon is the final mark for elevation, as, for esample, the 
top of a chimney, top of a spire, etc. 

Column '7, headed '' Reduction to line joining stations," is essen- 
tially a vertical eccentric reduction. The formula for its computa- 
tion is 

t - 0  r = -  - 
8 S h  1"' 

where T is the reduction in seconds, t - o  the difference in heightb, 
€rom the preceding column, and 8 I the .distance in meters between 
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the stations involved. This reduction need be made only when the 
observations am reciprocal. All other parts of the form should be 
completely made out and checked in the field. 

---%E 
. h l l A  

colmrrrna 01 AIID Emmuma nom bep.acu. -A- 

R’Io. 68.--Speclmen, computation of elevatlons from reciprocal observations 

COMPUTATION OF ELEVATIONS FROM OBSERVATIONS OF ZENITH DISTANCES 

For reciprocal observations use Form 29A (see fig. 68) in com- 
puting differences of elevation. The lower part of the form, in- 
volviiig the weight p and the coefficient of refraction ?n, is not used 
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in field computations. The formula for the difference of elevation 
between stations 1 and 2 is 

4.,-4,=8 tan % ( 5 2 - 9 1 )  [ A  B CI. 
In  this formula AI is the elevation above mean sea level of station 
1, which should be the station whose elevation is the more pre- 
cisely hown;  & is the elevation of station 2 ;  s is the horizontal 
distance between the stations, reduced to sea level, log 8 being 
taken from the best available computation of triangle sides; g, is 
the mean corrected zenith distance of station 1, as observed from 
station 2; similarly, 5, is the zenith distance of station 2 from sta- 
tion 1. The values of t2 and p, are to be taken from computing Form 
29. A, B, and C are correction factors whose vdues are nearly 
unity and whose logarithms may be found in the tables on page 
205. A is the correction factor for the elevation of station 1; its 
formula is‘ 

in which is the radius of curvature4 of the arc between stations 1 
and 2. 23 is the correction factor to the approximate difference 
of elevation, 8 tan yZ ( p ,  - 5,). Its expression .is 

C is the correction factor for the distance between stations, its 
expression being 

82  C-l+-* 12p9 
Compute through the form by horizontal lines. In  the form a 

brace groups those quantities which, added together, give the quan- 
tity on the line immediately below the brace. I n  field computations 
carry the angles to seconds, the logarithms to four places of deci- 
mals, and the differences of elevation to tenths of meters. In field 
computations the lines marked,‘‘+$ (g2-tl) in secs.” and “ log ditto ” 
may be omitted and log tan % (f-[l) may be taken directly from 
Vega’s or Shortrede’s tables and entered in the line marked “T.” 
Having found log [a tan % (&-tl)], use it to take out log B from 
the table on page 205. Add algebraically the 1ogarit.hms of A ,  B, and 
.C to log [s tan $$ (g,-tl)]; the sum will. be log (h3-hJ,  h,-& 
being espressed in the same unit as 8, in this case the meter, which is 
the unit throughout the computation. To convert meters to feet 
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which should be used in topographic work, multiply the number of 
meters by 3.28083 ,(log 3.28083 = 0.51598), or use the conversion 
tables on pages 208-215. 
For'nonreciprocal observatims.use Form 29B (see fig. 69) in 

computing differences of elevation. The computation of weights 
D E u l U W  oc CmugRU 

mrm nn 
...-. Y..IO.IIIC..". 

aMRITA%ION OF h E T A l K W 8  WYI NONU- m V A l l O N S .  

W-t,+k)h 

FIQ. 69.-Speeimen, cornputation of elevations from nonreciprocal observations 

provided for at the bottom of the form may be olqitted in a field 
computation. The .=me rules &B to the number of figures, etc., will 
apply here as to the computation of reciprocal observations and the 
braces have the same meaning as in Form 89A. The formula for 
differenca of elevation is similar to that for reciprocal elevations, 
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but since only one zenith distance (8,) is observed, the quantity 1/2 
(g,-gl) must be replaced by 9O0+k-t1, the value in seconds of 

(0.5--n~) 8 . In  this equation m k being given by the equation k= p sin 1’‘- 
is the co&&ent of refraction, which varies with varying atmos- 
pheric conditions. In  office computations the best available value 
of m will be used, but for  field computations put 

log (0.5 - 1121) = 9.63246-10 

which corresponds to m=0.071. Log p comes from the table on 
page 2Q2, the arguments of which are the mean azimuth and mean 
latitude (OL and 4) of the line. These quantities need not be known 
closer than the nearest degree. Having found k (to the nearest 
second only for field computations) the formula for the difference 
of elevation is given by 

h2-&=8 tan (90°+b-g,) [A B C]. 

“he quantity g1 is the mean observed zenith distance and comes from 
Forni 29, as does also. the quantity t - o  which is to be applied as a 
correction to &-h as indicated on page 109. No vertical eccentric 
angular reduction is to be applied to g,. This is contrary to the 
practice on reciprocal zenith distances. 

I n  the field computations the lines marked “90°+k-gl in secs.” 
and “log ditto” may be omitted and log tan (90°+k-gl) taken 
directly from Vega’s or Shortrede’s tables and entered in the 
line marked “ T.” Log [s tan (90°+h-g,)] is used as the argument 
for log B. The arguments of log A and log 6‘ are and log 8, 

respectively, as in the case of reciprocal observations. The loga- 
rithms of A, B, and C added algebraicaIIy to log [ g  tan (9Oo+b-g1)] 
give 1% (4-4)- 

DEBCBIPTION OF STATIONS 

Specifications for the marking of stations are given on page 38. 
It is very important that the mark for the station be permanent. Of 
equal importance to the future recovery of the station is the descrip- 
tion of the station, which should be clear, concise, and complete. 
The first part of the description should enable one to go with cer- 
tainty to the immediate vicinity of t.he station, while the latter part, 
the detailed description, by its measu;ured distances and directions 
to refereace marks and its description of the station marks, must 
inform the searcher of the exact location of the station and make its 
identification certain. 
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The specimen description of triangulation station in Figure 70 

illustrates the progressive localization referred to above, for, begin- 
ning with the naming of the State and county, the description gives 
the distance and direction of the station from the nearest important 
topographic feature, its location on a particular island, and finally 
the distances from reference marks and near-by topographic fea- 
tures. As a guide the engineer should keep in his mind the thought, 
“What facts should be available to engineers in order that they 
may recover this station 25 gears hence?” Measurements should 
be made and recorded to prominent. objects, and the location of 
reference marks with reference to these objects should also be noted 

wly o ~ s r a n o * :  Sli& 

iurlro-slalion mark, noto.. 
Un&r~round-Itilion muk, Nolo.* 
Mmnce mark. Bo. 1 Note,’ 
Idermce mark, Io. 2 Note.’ 
W i t m u  mark Note,. 
W h e n  mark, nota,. 
Welnht of algnal a b n  station mark 

CHIEF OF P A W :  x. 8. Cwb11 

’ 

Hel&l d t d e r b p o  above Itation mark motor& I I I ‘I I 
Iklalleddeacriplloi: About 10 mila@ southout of  th. + 1 1 1 0  of  Bp.bn. on tb. .ut si& O f  
the eonthem antrance of m i s d  Strait, on tb. w u t m s t  d t  of tho long mrth 
ad smth ridge on the southern part o f  loy Iolad. Imc’ rtdgo i m  hoar- woM. 
-opt for tho s d t .  .hi& i s  slight4 hlg;h.r than tho top. of the mmmadiw t r r e .  

d mots to put l n  the mWk, and i t  i m  probable that i n  L short tiu tho rrlc dl1 

aud about 10 meters .part. Baferenoe llsrr Eo. a i s  on tho most ~ r t b l y  of thue 
l d g m  d nfmroncc mark lo. 1 i m  on thr other. Su station 
from the rcmthwst. lauding in tb. wt Mt t o  tho OM- of 
s b n l d  mt be .ppro.oha f r o m  .~lp pl.0. to the out& of tb. corupi- -1- 
a t b  mthd of the ridgo 01) moonat of 

hrr1b.d by - 
station d i s  set  in bod rock. I t  ma n a e r r a r ~  to dig thron& a foot of ma# 

bo C O V d .  -0 tlo bare r0- Ides f0- O h .  Mrth.Mt f.0. Of thr -1 

bast bo rwhr(l 
mint. I t  

f . l h  trees. 

Y . r k e d b y W  and 0 .. 1 A. - 
na%-rb .1IUdkmm lul bo U. p.y-uu0 ..e 1nm 

Fro. 70.-Spcimen, description of station 

The original description should be written in the angle or direction 
record book or in a separate notebook carried by the recorder for 
that purpose. As soon as possible after leaving the station, while 
the topography of the vicinity is fresh in mind, the written notes 
should be transferred to Form 525, on a typewriter if practicable. 
A single copy only need be sent to the Washington office, but it is a 
good plan always to make one carbon copy to be retained in the 
field for reference until the end of the season, when the duplicates 
can be transmitted to the office if no longer needed. The form, 
after being completely filled out, should be read over carefully 
to see that there are no reversed directions and that no part of 
the description is vague, ambiguous, or erroneous. 

It should be remembered that the descriptions will later be pub: 
lished, and they should be so written as to require as little editing 
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as possible. I f  the space on the card is not large enough, continue 
the description on another card and not on the back of the same 
card. The name of the station given in the description should 
cornspond to that given in the triangulation records and 
computations. 

Descriptions should be furnished of all stsltions which may be re- 
covered in the future. This includes dl marked stations, both main 
scheme and supplementmy, all stations of other organizations, such 
as the United States Geological Survey, United States A m y  Corps 
of Engineers, and General Land Office, to which connections have 
been made and all stations which are in themselves marks, such as 
lighthouses, church spires, cupolas, towers, chimneys, sharp peaks, 
objects valuable for future hydrographic signals, etc. The descrip- 
tions of these last-mentioned stations will usually be very brief, and 
several descriptions may be written on the same card. A station 
marked with a hydrographic station mark and located by triangula- 
tion should be described on Forhi 525, " Description of triangulation 
station." The method by which it is located, not the kind of a mark, 
differentiates a hydrographic station froni a triangulation station. 

On account of inadequate descriptions, there has been considerable 
confusion in identifying such objects as flagpoles, which art3 some- 
times replaced by another pole in the immediate vicinity. The 
description of such objects should state the particular part of the 
grounds, building, or' other structure where located. 

Notes la, 70, etc., on the specimen form refer to particular kinds 
of marks, as described below. The use of such a notation decreases 
the time required for writing the description and also appreciably 
reduces the cost of printing the triangulation data. These notes 
describe the marks in general terms only, and any essential divergence 
from these types should be mentioned in the description. 

I f  a tower was required at the station described, the description 
should state the height of the tower. Since i t  frequently happens 
that a tall tower is required to render one or two of the adjoining 
stations visible while others may be visible from the ground, the 
description should also state the approsiniate heights above the 
ground at  which the various stations observed upon become visible. 
such inforniation is of great value in deciding from what points 
new work should start. 

Burface iiuGTfGa 

Note 1.-A standard disk triangulation station mark set in the top of (a) a 
square block or post of concrete, ( b )  a concrete cylinder, (c) an irregular mam 
of concrete. 
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Note 9.-A standard disk triangulation station mark wedged in a drill hole 

in outcropping bedrock (a) and surrounded by a triangle chiseled in the rock, 
(b) and surrounded by a circle chiseled in the mck, (c) at the intersection of 
two lines chiseled in the rock. 

Note &-A standard disk triangulation station mark set in concrete in a de- 
pression in outcropping bedrock. 

Note 4.-A standard disk triangulation station mark wedged in a drill hole 
ln a bowlder. 

Note 5.-A standard disk triangulation station mark set in concrete in a d e  
preasion in a bowlder. 

Note 6.-A standard disk triangulation station mark set in concrete at the 
center of the top of a tile ( a )  which is embedded in the ground, (b) which is 
surrounded by a mass of concrete, (c) which is fastened by means of concrete 
to the upper end of a long wooden pile driven into the marsh, ( d )  which is Set 
in a block of concrete and projects from 12 to 20 inches above the block. 

Underpvunct murk8 

Note 7.-A block of concrete 3 feet below the ground containing at the center 
of its upper surface (a) a standard disk triangulation station mark, ( b )  a cop 
per bolt projecting slightly above the concrete, (c) a n  iron nail with the point 
projecting above the concrete, ( d )  a glass bottle with the neck projecting a 
little above the concrete, ( e )  an earthenware jug with the mouth projecting a 
little above the concrete. 

Note 8.-In bedrock ( a )  a standard disk triangulation station mark wedged 
in a drill hole, ( b )  a standard disk triangulstion station mark set in concrete in 
a depression, ( c )  a copper bolt set in cement in a drill hole or depression, ( d )  an  
iron spike set point up in cement in a drill hole or depression. 

Note 9.-In a bowlder 3 feet below the ground (a) a standard disk triangula- 
lation station mark wedged in a drill hole, (b)  a standard disk triangulation 
station mark set in oncrete in a depression, (0) a copper bolt set with cement 
in a drill hole o r  depression, (a) an iron spike set with cement in a drill hole or 
depression. 

Note 10.-Embedded in earth 3 feet below the surface of the ground (a) a 
bottle in an upright position, ( b )  an earthenware jug in an upright position, 
(c) a brick in a horizontal position with a drill hole in its upper surface. 

&fWtVlC0 mark8 

Note 11.-A standard disk reference mark with the arrow pointing toward the 
station set a t  the center of the top of (a,) a square block or post of concrete, ( b )  
a concrete cylinder, (0) an irregular mass of concrete. 

Note l&-A standard disk reference mark with the arrow pointing toward the 
station ( a )  Weaged in a drill hole in outcropping bediwk. f b )  set in concrete in 
8 depression in outcropping bedrock, ( 0 )  wedged in a drill hole in a bowlder, 
( d )  set in concrete in a depression in a bowlder. 

Note 13.-A standard disk reference mark with the arrow pointing toward the 
station, set in concrete at the center of the top of a tile ( a )  which is embedded in 
the ground, ( b )  which is surrounded by a mass of concrete, (c) which is fastened 
by means of concrete to the upper end of a long wooden pile driven into the 
marsh, ( d )  which is set in a block of concrete and projects from 12 to 20 inchee 
above the block. 
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Wit.ne.98 masks 

Note l#.---A conical mound of earth surrouuded by a circular trench. 
Note 15.-A tree marked with ( a )  a triangular blaze with a nail at the center 

and each apex of the triangle, ( b )  a square blase with a nail at the center and 
each corner of the square, (c) a blaze with a standard disk reference mark set 
at its center into the tree. 

Recovery note, triangulation station.-Whenever a station estab- 
lished during some previous season is recovered or searched for, 
Form 5'26, " Recovery note," Figure 71, must be made out and trans- 
mitted t,o the oftice. Any deficiency or lack of accuracy in the orig- 
inal description, any change in the character of the marks or of the 
topography near the station, or any information which will make 

RECOVERY NOTE, TRIANGULATION STATION R DSPA-E*T- L . -- ... ..om. --E a".... 

N ~ r r o ~ S m m n :  & * :  Oalifomi. coulrrr: vmtur. 

RmemrprD .T:* P. w. Hough 

- 8 u  

~.rrm.msrn -1: W. S. ~ r m e n w e ~ l  ~ r n u : ~ ~ ?  ~ o ~ l u n :  -110 or 
Y . u : 1 9 P  

the station more readily recovered in the future should be recorded 
on the recovery note. I f  the station is looked for and not found, 
the recovery note should describe in some detail the completeness of 
the search in order that the office may know whether or not to mark 
the station in the records as " lost.'' I f  the evidence seems conclusive 
that the station is lost, a definite recommendation to this effect should 
be made on the recovery form by the officer in the field. 

Whenever a party is engaged in field work in an area covered 
by old triangulation a search should be made for as many of the old 
stations as practicable. This applies t.0 parties engaged in hydrog- 
raphy or topography as well as to those executing triangulation. A 
recovery n6t.e card should be filled out and sent to the office for each 
station visited, whether the station was recovered or not. The 
name of the chief of party should be entered at the top of the form 
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in the space after Recovered by,” and the officer who recovered or 
marched for the stationshould sign the statement about the fitness 
of the original description. 
Shore-line mference-Wherc, a permanent mark is establishedl or 

recovered along a shore subject to wave action and in such a position 
as to make the measurements feasible, the field party shall measure 
the distance and azimuth from the mark to one or more points on 
either the high-water line, top of beach slope, crest of bluff, or such 
other characteristic feature as, when compared with similar measure- 
ments to be made in the future, will best indicate the change in the 
shore line during the interim. On a straight or curving shore a 
single measurement normal to the shore line will s&ce. At points 
or headlands severkd measurements, preferably not less than threg 
should be made in directions as widely separated aa practicable. 
The resulting data should be included in the description of station 
or recovery note in the same manner as reference marks and in 
addition thereto. 

SEASON’S REPORT 

All triangulation records and computations should be forwarded 
to the Washington office as soon as possible after the field observations 
have been completed and should be accompanied by a progress sketch 
on tracing vellum and a descriptive report. The records, computa- 
tions, descriptions, recovery notes, sketch, and report should all be 
sent within a few days of each other. The list of “ Landmarks for 
charts ” (see p. 36) should be sent under separate cover. 

Each progress sketch must have a projection and a title which 
should include the following: Locality, scale, date of field work, and 
name of chief of party. If the work is along the coast, the shore 
line, as traced from the chart of the area covered by the triangula- 
tion, should be shown on the progress sketch. There should be a 
complete sketch for each piece of triangulation executed even if the 
observations were made in two different fiscal years. The R, for 
each figure should be shown in small numerals on the sketch. All 
triangulation stations, their names, and the lines between stations 
should be indicated as follows: 

Principal triangulation schemes should be in heavy lines, and base 
lines should be of double width. A line observed at both ends should 
be full throughout. A line observed at  one end should be full at the 
observed end and broken at the other. Reconnaissance lines should 
be dotted if shown on the sketch with triangulation. When the 
sketch contains mnnaissanc8 only, the lines should be full if they 
are to be observed at  both ends’and broken a t  one end if they are to be 
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observed in one direction only. Old stations recovered, including 
spires, stacks, etc., should appear thus: @. New stations should 
appear thus : A. 

All important points determined, including mountain peaks, should 
be shown as far as practicable. Lines to intersection stations should 
be drawn lighter than those of the main scheme. A confusion of 
limes may often be avoided by indicating, with short lines radiating 
from intersection points, the stations from which they were observed. 
All lines, letters, figures, etc., shown on the sketch should be suffi- 
ciently bold to make a good blue print. 

All recovered stations should be shown on the sketch even if not 
connected with the new triangulation. The names of trhe stations on 
the sketch should correspond to the names used in the records and 
computations. 

The descriptive report should contain a brief statement of the 
methods used in executing t.he triangulation, attention being called 
to any unusual conditions. The number of closed triangles and the 
average and maximum closing errors of the triangles should be given, 
together with t-he discrepancy in latitude, longitude, azimuth, and 
length if connection is made at more than one place to triangulation 
previously executed. The report should also contain the length in 
miles and the area in square miles of the triangulation and the 
number of geographic positions determined. If Form 91,. " Statistics 
of field work," accompanies the report, the statistics gmen on the 
form need not be repeated in the written report. Whe.n the triangu- 
lation is in progress at the close of the fiscal year the above statistics 
covering the work up to June 30 shoulcl be forwarded to the office 
on June 30, or as soon after that as possible, so that this information 
will be available for the director's annual report, the manuscript of 
which is prepared soon after the close of the fiscal year. 

RECORDS OF FOURTH-ORDER CONTROL 

The records and computations of any f ourth-order triangulation 
and traverse should not be sent to the office as triangulation and 
traverse records but should be forwarded as part of the records of the 
hydrographic or topographic sheet on which the positions are plotted. 
Fourth-order horizontal control includes sextant triangulation, or a 
combination of sextant and theodolite triangulation, or a theodolite 
and tape traverse of a lower order of accuracy than third, for which 
the geographic positions have been'coniputed to prevent the accumu- 
lation of plotting errors. This paragraph does not apply to records 
pertaining to intersection stations located from third-order control. 



CHAPTER 3QECOND AND THIRD'ORDER BASE 
MEASUREMENT 

SPECIFICATIONS, SECOND-ORDER BASES 

On December 10,1928, the following specifications for the measum- 
ment of second-order bases were approved by the Director of the 
Coast and Geodetic Survey. They supersede all previous instruc- 
tions for work of this class. 
1. The specifications for reconnaissance for seeond-order triangulation, a p  

proved also on December 10, 1928,' govern the character of flgunres and the dis- 
tance between bases, but the engineer must bear in mind the close interra- 
tion of the specifications for reconnaissance. triangulation, and base measure- 
ment. The f&guency of bases, the geometrical strength of the intervening 
figures, and the accuracy of the measurement of angles and bases are the 
factors which determine the final accuracy of the adjusted lengths, azimuths, 
and geographic positions. If one factor is weakened, one or more of the others 
must be correspondingly strengthened to maintain the required acpracy. 
2 A base may be measured with tapes with the required accuracy over 

fairly rough ground and steep slopes. It is of more importance to locate the 
base so as to secure in the base net as low a value for R as practicable than to 
locate it in the smoothest place. The longer the base the lower, as a rule, will 
be the value of R* in the base net, and therefore the lcnger may be the chain 
of triangles between base nets. 

3. Where topographic conditions demand it a broken base may be used, pnr 
vided the terminal stations are intervisible and the angle at each break and at 
each end is measured so as to form a closed polygon and with an accuracy 
necessary to secure the precision in length indicated below. No considerable 
portion of the base should be inclined at an angle of more than 30° to the 
dnal projected line of the base, and this m~uirnum should be kept down to 20° 
if possible. The total error due to projecting the elements of the base upon 
the straight line between the base ends should not exceed 1 part in 300,000 of 
the length of the base. 

4. A second-order .base shall be measured with such accuracy that the total 
actual error shall not-exceed 1 part in 160,OOO of the length of the base, and 
the computed probable error shall not be greater than 1 part in 500,OOO. Very 
little increase in the average accuracy of the lengths of the lines of the triangu- 
lation will result from an increase in the accuracy indicated above, and no 
additional time and expense should be expended in securing an accuracy b e  
yond the limits stated. 

5. Two measurements shall be made of the base with either steel or invaF 
tapes which have been properly standardized. If the discrepancy in mflli- 
meters between the two measuremente of a section exceeds 2 0 a  (where E is 
the length of the section in kilometers). additional measurements of that 

*See pp, 6 and 7. * See p. 7. 
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aection should be made until two measures made in opposite directions are se- 
cured which agree within this limit. At the end of the season, or sooner if 
phcticable, the tapes ,should be returned to the office for restandardization. 
6. If steel tapes are  used, the measurement should be made either at night 

or when the sky is heavily overcast. In the Coast and Geodetic Survey, invar 
tam because of tliz greater economy of operation, have so completely replaced 
steel tapes for all accurate measurements that in these specifications the use 
of invar tapes is assumed unless steel tapes are specifically mentioned. 

7. Two tapes shall be used on the measurement of a base, and a third tape 
should be available as a fleld standard. The third tape should be used in case 
the measurements made with the other two tapes indicate injury to one or both 
of them. The base should be measured in sections about 1 kilometer in length 
with the exception of one section which may be longer or shorter than this. 
Each section should be measured at least twice, one measurement being made 
in the forward direction and the other in the backward. At the beginning 
and at the ending of the measurement of a base, one kilometer section should 
be measured with all three tapes, in order to a field comparison to detect 
any changes from the standardized lengths. 

8. If the mean elevation of the base is more than 25 meters above sea level, 
a connection should be made between the baseline levels and some point of 
known elevation which will give the elevation of the base with an error not 
exceeding 25 meters. An error of 25 meters in elevation causes an error of 
about 1 part in 250,OOO in the reduced length of the base; in most cases me 
mean elevation of the base can be easily determined with much greater accuracy 
than that specified. 

9. The computation of the base length shall be completely made and checked 
In the field and all records and computations relating to the base sent to the 
office. 

PREPARATION OF BASE 

ALIGNMENT 

I f  the flags or signals marking the terminal stations of the base are 
not both visible throughout the line, intermediate targets should be 
accurately located along the base. No part of the measured line 
should be more than 6 inches off the straight line between the 
terminal stations, or between the stations a t  the ends of a section in 
the case of a broken base, nor should any one marking strip on a 
stake be more than 2 inches off the line between the strips on the 
two adjacent stakes. When one or both of the adjacent stakes are 
at a less distance than the usual 50 meters the 2-inch tolerance must 
be proportionately reduced. I f  due care is used and if flags are 
lined in at  intervals of about a kilometer along the base line, the 
tolerance of alignment Specified above can be secured by lining in 
the stakes and marking strips by eye without the aid of any i&ru- 
ment other than a plumb bob. 

If the measurement is being made over water, the tape must clear 
the water at all times when in place and under full tension, other- 
wise the shape of the catenary and the effective length of the tape 
will be changed. The shore parts of the line must be cleared of 
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bushes and weeds in order that the tapes may hang free when under 
tension. Since those making the tape measurements work on only 
one side of the line, the cleared swath need not extend to an equal 
distance on each side of the line. 

STAKING 

Ordinarily the 50-meter tape is supported at  the 0, 95, and 50 
meter points. For second-order bases it is seldom necessary to 
provide a greater number of supports. to overcome the effects of 
wind. (See p. 131.) 
An old spliced invar tape or a 50-meter steel tape is usually used 

on the staking, since the* is a possibility of injuring the tape. 
I n  either case the staking tape should be compared with a standard 
tape before the staking is begun, for frequently the staking tape is 
enough in error to cause considerable delay in the final measurements 
when numerous set-ups or setbacks becorn0 necessary due to the inter- 
val between stakes being different from the length of the measuring 
tape. I f  a steel tape is used, it may save time to make an appl'oxi- 
mate allowance for the change in length due to temperature. Each 
change of 10" C. from the temperature obtaining when the steel 
staking tape was compared with the standard invar tape will cause 
a change between the relative effective lengths of the two tapes of 
about half a centimeter. The 25-meter point of th0 tape may be 
marked by a strip of adhesive tape while staking to make it readily 
recognizable. 

I f  the nature of ihe soil along the base permits of staking, a 2 by 
4 inch stake is driven solidly into the ground for each tape end 
and a 1 by 4 inch stake is driven in on line at the 25-meter point. 
When the tape is in position for measuring it extends over the top 
of the stakes at  the terminal marks, but alongside the stake at the 
%-meter point, being held a t  the proper elevation a t  the mid-point by 
a nail driven horizontally into the stake. 

Care should be used to secure lumber for the stakes which will 
not split.e&ly. rf the top sqdre-mh end of the akahs is beded 
off slightly, the stake will not be split so readily while being driven. 

The staking can best be done by a party of four men, provided the 
stakes have already been distributed along the line at  intervals 
slightly less than that required in order that there may be no need 
of going forward for a stake and carrying it back. Extra pieces 
of lumber are also distributed where needed for bracing the stakes. 
One man carries the rear end of the tape and holds the rear mark 
at the stake already set while the position of the forward stake is 
being located, The second man a t  the middle of the tape supports 
the tape as it is being carried forward, holds the tape at  the proper 
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elevation while the trial measuring is being done, and later drives 
the middle stake. The third man carries the forward end of the 
tape, applies the tension for the trial measurement, and helps drive 
the forward stake. The fourth man picks up the forward stake, 
lines it in with the assistance of the rear man, and does most of 
the sledge work. I f  the party is short-handed, one man can do 
all the work at the front end of the tape. 

A 16-pound sledge is best for driving the 2 by 4 inch stakes. If 
the ground is hard or rocky, a pointed iron bar may be used to make 
a hole for the stake before starting to drive it. The forward men 
c a r q  a sledge, a saw, a hammer, nails, copper strips and brads for 
fastening the strips to the stakes, and an iron bar if necessary. 

Where the ground is so rocky that stakes can not be driven a 
different kind of support must be provided. I f  the base is long and 
the rocky character of the soil is known beforehand, iron or wooden 
movable tripods may be prepared, with a marking table supported 
by a ball-and-socket joint as described for traverse on page 155; or 
the stakes may be braced by 1 by 4-inch stakes driven into crevices 
of the rock or held in place by rocks. The only requirement is that 
the stakes at  the tape ends shall be sufficiently stable to hold the 
marks in place while the base is being measured. All stakes a t  
kilometer ends should Be braced. If the permanent mark a t  an 
angls station is low, a bench should be built over it and a scratch 
made on the copper strip fastened to the bench directly over the 
station mark to which the measurements may be.made. 

PROCEDURE IN STAKING 

With the tape laid out along the base, the rear man holds the rear 
mark of the tape in contact with the mark over the base station, the 
forward man, approximately on line, applies to the tape with the 
spring balance attached to his tape stretcher the same tension which 
will later be used on the actual measurement, and the helper, holding 
the 2 by 4 inch stake opposite the forward mark.o$ the Npe, is waved 
into line by the rear man. While this is being done the middle man 
supports the middle of the tape approximately on *e lip3 between 
the ends and at the same time mar& with the end of his stake the 
point on the ground under the middle mark of the tape. 

With the forward stake in approsimate alignment, the forward 
man lays aside the tape and drives the stake while the helper keeps 
it in position. While this is being done the Gar man aligns the center 
stake, which is driven by the middle man, and a t  the same time 
watches the forward stake and signals if it is being driven out of line. 
As soon as the forward stake has been driven and aligned, the 

forward man sights from the top of the forward stake to ths top 
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of. the rear stake and signals the middle man who drives a nail in the 
center stake on this line for the support of the tape. After the nail 
has been driven, the rear man checks the a.li@ment of the center 
stake. He then lines in a pencil or other object held on top of the 
forward stake to give, the final alignment. for that st.ake, a pencil line 
being drawn to mark it. 

The tape is again brought into position wit.h its rear mark in 
contact with the mark on the base station or on t,he bench above it, 
and the. proper tension is applied? with t.he edge of the tape t,ouching 
the final aligning niark on the forward st.ake. A copper strip is then 
nailed in position flush alongside the ta.pe on t.he aligning side, and 
a t  t.he same time a pencil mark is niade on the top of the stake 
opposite the forward mark on the tape. This mark is used as a. 
rear contact mark in setting the stakes for the nest tape length. 
The tape is then moved forward and the process repeated. Some 
time ca.n be saved by nia.rking with a pencil on the forwarcl stake 
the posit.ion of the copper strip and letting the rear tape man nail 
it in position while the nest stake is being driven. 

When the ground is stony and a g o d  nmn ;S available for the 
middle of the tape during the actual measurement no middle shke 
need be driven, the middle of t,he tape being held in position by the 
middleman. (See p. 133.) 

From 3 to 5 kilonietms a day can be staked by a 4-man party, tlrs 
speed depending upon the nature of tlie soil and the proficiency of the 
party. 

I f  for any reason the intemedipte iupport. between the tape ends 
can not be plwed so it will 'be On 'grade with the terminal posts, it 
should be numbered with colored chalk and marked wit.h n piece of 
cloth so. it niay be noticed and touched upon by the levelman. All 
stakes .are numbered with colored crayon as ,they are driven, and 
intmrnediate supports not on grade. should be, given a fractional 
number. An intermediate .support which ig not on grade makes 
what is knobn 'as a broken grade. '' Broken grades" should ,be 
avoided whenever possible, because t.1i.e tension through the tape and 
the shape of the catenary m@y be different on the two sides of tlie 
stake at the broken grade. 

A t  ravines or streams it is frequenUy necessary to place a stake 
on t.he edge of the bank and begin a tape length from that point. 
If it is less than half a, tape length from the previous tape-end post, 
whose number, for instance, is 34, the fractional-length post should 
be numbered " 34 set-up," the nest terminal post being numbered 
35. If: the fractional-!ength .post, is more than half a bape length 
from the next preceding tape-end post, a 2 by 4 inch stake should 
be driven in at the half-tape mark and be given number 344/2, 
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and the post on the edge of the obstruction should be numbered 
‘‘34Y2 set-up.” By following this system, which has been used in 
most cases for many years, there will be no uncertainty in the inter- 
pretation of records. 

MEASUREMENT OF BASE 
INSTRUMENTS AND APPLIANCES 

The following instruments and appliances will usually be needed 
on the nieasurment of a second-order base: 
2 awls, marking. 
2 dividers. pairs. 
1 level, wye, with rod. 
2 plummets. 
2 scales, one - tenth -meter, boxwood, 

reading to millimeters. 
1 stretcher apparatus for tape, com- 

plete, consisting of two staves 
with loops and tape attaching 
clips, two balances, and an appa- 
ratus for testing balances. 

Strips, copper, for stake tops, of same 
thickness as tape, 20 per kilometer. 

1 1 tape, steel, 30-meter (standardized 
or tested in fleld), for measuring 
set-ups and setbacks. 

1 tape, steel or invar, MTmeter, dn- 
standardized, for marking out 
base. 

3 tapes, invar, %meter, standardized. 
1 theodolite, 7-inch. repeating. i 3 thermometers, backed, for tapes. 

Special conditions may necessitate the use of other instruments, 
such as a direction theodolite on a broken base, or movable tripods. 

HANDLING AND TESTING OF BASE APPABATUS 

Invar tapes-The proper handling of the tapes is most impor- 
tant’ on base measurement. When properly standardized and manipu- 
lated invap tapes are capable of giving a very high degree of accuracy, 
but they must be used with a full knowledge of their physical prop- 
erties, some of which may introduce error. To secure the best results 
two general conditions must be met: First, it is necessary to avoid 
accidents and methods of handling which may alter their lengths; 
second, they must be used, so far as possible, either under the same 
conditions as when standardized or under only such different condi- 
tions as can be corrected for. Among the ways in which the first 
condition may fail to be met may be mentioned: Kinking the tape; 
altering its mass by abrasion against the ground when measuring; 
or changing its length by stretching it beyond its yielding point. 
The second condition involves the determination of the corrections 
for tension, sag, grade, alignment, and temperature within the allow- 
able limit of error. This will be discussed in detail later. 

One thing to be borne in mind is that invar is a very unstable alloy. 
The four invar tapes used on the measurement of all our first-ordef 
bases from about 1907 to 1916 exhibited a very satisfactory stability 
of length in their standardizations during that period, but later tapes 
have shown decided changes. Three 50-meter tapes from a particular 
lot of recent tapes, some of which had negative coefficients of expan- 
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sion and others very low positive ones, showed changes of length 
while being s tandard id  of from 0.3 to 1.0 millimeter, the largest 
change corresponding to 1 part in 50,000 of the length of the tape. 
Tapes subject to such erratic changes in length of course should 
not be used on base measurement. 

With this potential instability it is easy to infer that cafe should 
be used in handling tapes, even when using those of fairly stable 
qualities. They should not be reeled or unreeled rapidly or under 
a heavy tension, nor wound upon a reel having a small diameter, nor 
dragged over the ground, nor shaken violently, nor should they be 
subjected to sudden large changes in temperature. 

In  addition to the special precautions described above, which are 
designed to preserve the tape from changes in length, the usual care 
should be taken to keep the tape free from adhering substances and 
from corrosion. After the tape is used it should be cleaned and then 
oiled with a light oil before being reeled up. I f  reeled up in the rain, 
a tape should be dried and oiled at the. first opportunity. 
' Persons not accustomed to handling tapes will frequently kink 
them when unreeling or reeling them, as the tape channel on a reel 
is narrow and deep. Instructions on the proper way to handle the 
tapes should be given the members of the party when the tapes are 
first unreeled. Kinking a tape may render it useless as a precise 
measuring instrument, for, whether the tape is allowed to remain 
kinked or is straightened, its effective length will be different from 
its previous standardized length. When a tape is kinked a note 
should be made in the record showing the exact time the kinking 
took place, in order that a different standardized length may be 
used for later measurements if necessary. I f  a tape becomes badly 
kinked, a spare tape, if available, should be substituted for it. 
As a result of the standardization of a tape at the Bureau of 

Standards, the following data are made available (see fig. 73) : 
Weight of tape in grams per meter. 
Coefacient of expansion per degree centigrade. . 
Length at specifled temperature supported at 0, 26, and 60 meter points. 
Length at specifled temperature supported at 0, 12.5, 26, 37.5, and M) meter 

Length at specified temperature supported throughout. 

The last value is usually computed from the values obtained by the 
standardizations when the tape is supported at  three and at  five 
points. It is to be noted that the standardized length for the tape 
supported throughout presupposes a frictionless surface as a support 
for the tape. In  the field, when the tape is supported throughout, 
a railroad rail is ordinarily used as the support. I f  the rail is dry 
and due care is taken by the middle man on the tape in lowering it 

mnts. 
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to the rail, satisfactory results can be obtained on second-order base 
measurement with the tape supported on the rail. (See pp. 148 and 
156.) With these precautions the error due to the friction of the 
tape on the mil will not usually exceed 1 part in 200,000. 

Tape-stretching apparatus.-This is shown in Figure 72. It con- 
sists essentially of two staves of steel tubing, pointed at  the bottom 
and wit.h wooden tops. A loose-fitting leather loop with an attach- 
ment to receive the looped end of the tape slips over the staff used 
at  the rear end of the tape. The leather loop can be easily slipped 
up and down on the staff according to the height of the rear stake. 
A frame for holding the spring balance is attached to the forward 
staff by nieans of a spring friction grip. The tape is fastened to the 
balance by the attschment. shown in Figure 72. There is a finger 
bar by which the forward contact nian carries the end of the tape 
when moving forward. 

Spring balances.-The balance used, shown in Figure 22, is n. 
commercial one, altered in the instrument division of the bureau to 
reduce the internal friction as much as possible. The counterweight, 
shown in the figure, may be so adjusted as to prevent any drag of the 
frame of the balance on the drawbar when tension is applied. 

Errors in base measureiiients have frequently been due to spring 
balances which clo not read correctly. For this reason a testing 
apparatus for the spring balances is sent with the balances. This 
should be used in testing before and after each clay's work, also at  
midday if practicable, and oftener if it  is suspected that the position 
of the dial pointer has changed. The form of tester usually sent is 
a weight which is applied to the balance held vertically, after di ich 
the pointer is adjusted exactly to 15 kilograms. When this is clone 
the balance will indicate true tensions when it is used in a horizontal 
position. I n  other words, the weight is of 15 kilograms niass, as 
weighed by the spring of the balance at Washington, minus the 
wGght of the drawbar and other movable parts of balance below the 
spring. 

The most common injury to a spring balance used on base measiire- 
ment results from the tension being suddenly released, allowing the 
drawbar to snap back. This may change the position of the dial 
pointer by several hunclrd grams and even result in injury to the 
spring. For this reason the tension on the tape should always be 
released gradually. I f  through accident the drawbar of the balance 
is allowed to snap back, the balance should be tested before measuring 
is resumed. 

Thermometers-These are special and rather espensive thermom- 
eters, correct to within 005 C., within the ordinary range of tempera- 
ture. They are tested at  the Bureau of Standards before being sent 
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FIG. 72.-TAPE STRETCHER AND SPRING BALANCE 
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to the field. Field computations need not take into account the 
gpduation errors of the thermometers found by the standardization. 
The glass tube is supported in a metal holder, to prevent. the breaking 
of the tube when the tape is being handled or flexed. 

During standardization a thermometer of the type described above 
is fastened at each end of the tape, a t  a point 1 meter toward the 
center from the terminal mark, the distance being measured from the 
mark to the nearer end of the thermometer. On base measurement 
the thermometers should always be fastened in this same position by 
narrow bands of adhesive tape. 

CORRECTIONS TO MEASURED LENGTHS AND PRECAUTIONS 
AGAINST ERRORS 

GRADE CORRECTION 

The data for the correction for the slope of the tape are usually 
obtained by spirit leveling, by which the differences of elevation of 
the stakes supporting the two ends of the tape are obtained. I f  I is 
the inclined length and h the difference of elevation of the two ends, 
the correction is 

Qc= -(l-di+=-n-sts-m5-. h3 h4 he . . . . 
Tables for grade corrections for various lengths of tape and dif- 

ferencvs of elevation in both meters and feet are given on pages 187- 
195. A table of grade corrections depending on the angular slope of 
the tape is given on page 186. Since for a 50-meter tape length the 

h 4  second term -<0.1 millimeter where h<3.1 meters, on ordinary 
813 

grades the correction mill vary directly as the square of the difference 
of elevation. For this reason the leveling must be more accurately 
done on steep grades, and an inspection of the rate of change of the 
values for the correction in the tables should be t.he guide in deciding 
upon what accuracy is necessary in the leveling. The nomogram 
in Figure 78 also will indicate what accuracy is required in leveling 
for different lengths of tape and different slopes. For steep slopes 
and short lengths it is better to compute the grade correction by 
solving the triangle. 

I n  second-order base measurement the error in CG for a single tape 
length should never exceed 1 millimeter and should seldom esceed 
0.5 millimeter even though the error is accidental in character. Since 
the correction varies inversely as the distance, fractional tape lengths 
are liable to a larger error in the grade correction. 

The error in the grade correction which must be most closely 
guarded against is due to the failure to note and correct for the 
break in the grade of the tape at  the middle support. For that 
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reason such supports should always be flagged with cloth and given 
a number, such as 344/2, the number signifying that thg broken grade 
was at the half tape length between stakes 34 and 35. The tape 
record mill then contain the note in the remarks column, “Broken 
grade at 34s.’’ Before the grade corrections for any section are 
summed up a special check should be made to learn whether the level- 
man has touched upon the support at each broken grade and at  the 
ends of fractional tape lengths, and that the leveling record has the 
same system of numbering of the tape supports as the tape record. 
By doing this confusion or doubt mill be avoided when the final 
computation is made. I n  general, broken grades should be avoided 
whenever possible and long set-ups used instead, to avoid the errors 
due to the friction of the tape on the middle support. 

1 Either the leveling should be run twice, once in each direction, or 
else a rod should be used which is graduated in feet on one side and in 
meters on the other. I n  the latter case the levels are run in only one 
direction, but both sides of the rod are read at each rod station and the 
differences carefully compared before the party leaves the baqe. I f  
any material difference is found, the discrepancy must be checked in 
the field. 

Special rods with metric graduations on the back niay be obtained 
on requisition from the office if the length of the base to be measured 
warrants the use of the special rod. 

ALIGNMENT CORRECTION 

This should more properly be called the alignment error, for 
although the same correction formula and tables apply to differences 
in alignment of the tape as to differences of grade, the alignment 
can usually be made sufficiently exact to require no correction. It 
should be borne in mind, however, that alignment errors are always 
of the same algebraic sign, tending to make the measured length 
greater than the actual length, and for that reason they should be 
kept much smaller in magnitude than the inaccuracies in the grade 
corrections. The section describing the staking of the base gives de- 
tails of the precautions to be taken in aligning the stakes. In addi- 
tion, some member of the taping party, usually the rear contact 
man or the front stretcher man, should check each tape length as the 
measurement progresses to see that the tape does not change its hori- 
zontal direction at the middle support, and also that the forward 
stake has not been disturbed in alignment. 

CORRECTIONS DUE TO SAG OF TAPE AND TO STBETCHING 

The effective length of the tape when suspended between supports 
under tension is affected by the shortening due to the sag and to the 
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stretching due to the tension. The correction due to  the sag is given 
by the formula 

n w 2  ce= - 2 4 d  -(-) 23, 

where .n=number of sect,ions into which the tape is divided by the 
equidistant supports. 

Z=length of each section in meters. 
w=weight of tape in grams per meter. 
t= tension in grams. 

To illust.rate by an example: For tape No. 922, supported at three 
points under a tension of 15 kilograms, 

.n= 2 
I =  25 

w=25.6 
and 

1 cs= --- I x 2 X 25.62x 253 x- = - 0.00379 meter. 
24 15000' 

The modulus of elasticity of inrar varies greatly with the percent- 
age of nickel in its coniposition and also with temperature. Five 50- 
nieter invar tapes tested at the Bureau of Standards showed a mean 
change in length of 0.43 millimeter for a 500-gram change froin a 
tension of 15 kilograms. 

CORBECTIONS DUE TO ERBONEOUS TENSION 

Variations in tension change the effective length of the tape in two 
ways: First, by changing the shape of the catenary (correction for 
sag), and second, by changing the length of the tape due to stretch- 
ing, both changes tending to increase the effective length when the 
tension is increased. For invar tapes having a cross-sectional area 
approsimately equal to that of the tapes used by the Coast and 
Geodetic Survey a change of 200 grains froni the usual 15-kilogram 
tension applied to a tape will change its effective length about 0.10 
millimeter, due to the change in the sag correction. The same change 
in tension will change the effective length by about 0.17 millimeter 
because of the difference due to the stretching of the tape. The 
total change is 0.27 millimeter, or about 1 part in 185,000. Since it 
is easy to keep the error in the applied tension within a 100-gram 
limit, half the change assumed above, the errors in length attrib- 
utable to incorrect tension are negligible on second-order base 
measurement. 

I n  order that a true tension of 15 kilograms may be applied the 
dial pointing on the spring balance should be adjusted to the proper 
reading whenever the tests show it to be appreciably in error. If 
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it can not be adjusted, the proper allowance. should be macle in the 
dial reading when applying tension to the tape and a remark giving 
the d id  reading used should be inserted in the record book imine- 
diately following tlie statement giving the results of tlie testing of the 
balances. In  the absence of B positive statement in the record, there 
is always a doubt as to whether the dial was corrected or whether an 
allowance for the error was made. 

Amount of sag.-It is sometinies clcsirecl to compute the sag of 
the tape; that is, the vertical distance from the lowest point of the 
catenary to the line joining the adjacent points of support. For 
all practical purposes this is given by the formula 

ui!a Amount of sag= y= - st 
where ur, Z, and ct represent. the same quantities as in the formula for 
the correction to the length clue to sag. (See p. 187.) - 

For example, taking again tape No. 922 supported at  three points 
under a tension of 15 kilograms, 

25.6 X 25a 
SX15000 y=-- =0.1333 meter. 

CORFlECTIONS FOR METHOD OF SUPPORT OF TAPE AND FOR CHANGE IN WEIGHT 

The change in the effective length of tlie tape due to a change in 
the number of supports can be determined by substituting in the 
formula for the correction due to sag different values for 11. and I, 
since a variation in the number of supports does not appreciably 
affect the stretching of the tape. Changes in the effective length of 
the tape due to a change in the weight of the tape per unit length, 
or in a lack of equidistance of the supports, can be determined by 
differentiating the same formula with respect to 20 and I, respectively. 
Moisture or grease on the tape will change its weight from 1 to 10 
per cent. When thoroughly wet an invar tape is 10 per cent heavier 
than when dry, and after being sharply shaken to remove the drops 
of water it is still 1 or B per cent heavier tlmn normal. An increase 
of 1 per cent in the weight of the tape changes its length about 1 part 
in 700,000 when supported at the 0, 25, and 50 nieter points and an 
increase of 10 per cent changes its length about 1 part in 70,000. 
I f  a second-order base is measured in rain or heavy fog, the tape 
should be lightly shaken while the tension is being applied, to re- 
move part of the adhering water, the slinking of course being 
stopped prior to the marking. 
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STANDARDIZATION DATA 

The standardization values of the tapes are usually furnished 
the field party in the same form as received from the Bureau of 
Standards. (See fig. 73.) 

DEPARTMENT OF COMMERCE LVJ:Em 
11-1 

Certificate 

-METER INVAR TAPE 

L s. ma 3 a 9  
D.8.c. a 0. s.no.986 

SUBMITTED n 
United States Coaet and Ceodetio Sanep. 

Mehlngton, D. E. 
TRIS CLILTIFIBS that the abwcdruibad U p  h s  been campsrod with tho 8tMduds ot the Udtd 

Sums and l a n d  to b a n  rho Ian& dnn below whoa udr a LorirmW toodon ol IS kilograms and 
mrn suppmad at P a  4 2 5 ,  Md 50 meter palms: 

( o t o ~ m n m ) -  49.995~matm,.t 2'6.1 *c. 

When mn#ed a1 the 0,1252S.0, S7.5, u d  metm paint#: 

(0 to SO met&- 49.99887 maters, a 86 -1 *c. 

wbo~.a n ) )Mcd on rn Lorimad mutaw. tbrwpout its entin (oslae oomputea from 
obnerratlont3 taken on the ta e when supported a t  3 an6 at 5 pointm) 

(oto 5 0 r a t . n ) -  89.99989 metm,at 26.4 OC. 

lo# tho M Md Uc0.d d @j grams .arb were 

The .baa C m M n S  rm Ud. U the U&#U d the UnOS nemr the end 0. tho ed&a d the U p  puL.d 

'h .baa v s h r  a n  i &e )rob.ble error does not u c d  

ab... colldiIions thamomeun weighing 
muached at the points I mater hdde (L. tatmi~I muks awing the taw& 

dP . Smdl "X" 01 '1." nosr the p..auaon. 
wilbi. I )uc ia 300,OOO 

I ** 1,000,000. 
Oocffioient of.Elp.nrion = 0.00000104 p r  &-e ( b n t i m .  
might p r  mttr = 26.7 (p.uol- 

r~~yl.lra. Deoember 18. 1926 

~ d n e  hl 48928 w- 
George K. Burgess, 

~ . a q t . 4 ~ . ~ . b e o .  22, 1g& 
FIG. 73.-Sampls certificate of tape standarclizntion 

Since t,he tapes are standardized under a tension of 15 kilo- 
grams when supported at three and at five points and throughout 
the formulas given previously for correcting the length of the tape 
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need be used anly in the cases where an unusual number of sup- 
ports are used, when it is desired to apply corrections for small 
'changes in tension, or when it is necessary to investigate the effect 
of small changes in one of the many factors affecting the length of 
the tape. 

I f  the terminal marks on the tape extend entirely across its width, 
the end of the mark which should be used on standardizations and 
measurements is usually designated by a small X or V or by dots cut 
into the tape near the end of the mark. On the tapes where the 
terminal marks extend only about two-thirds of the way across the 
tape, there is no doubt as to which end of the mark to use. 

FRICTION OVER SUPPORTS 

With proper handling of tapes the error due to this cause is 
negligible. Before the tension is applied the devices attaching the 
tape to the stretcher staves should be sa adjusted in height that the 
tape will be a millimeter or so above the tops of the marking posts 
when the tension is fully on. Frequently it is necessary to slacken 
off and adjust to the proper height after the tension has been partly 
applied. The tape must not at  any time be permitted to drag over 
the rear post because of the danger of moving the post, which holds 
the mark froin the previous tape length. With the tape in equilib- 
rium under tension just above the posts a touch of the finger mill 
depress it into position for marking. 

I f  a nail driven into a piece of lumber is used as a middle support, 
the middle tape man keep the tape vibrating on the nail by tapping 
it rapidly on its under side with a light stick while the tension is 
being applied. If the middle of the tape is supported during the 
measurements by a string attached to i t  and held by the middle man, 
the mid-point of the tape should be lined in vertically and hori- 
zontally betweeq the terminal tape supports by the rear contact man 
and means provided for maintaining that alignment with an error 
of not more than an inch in either direction until the final contact 
and mark is made. 

TEMPERATURE CORRECTION 

I f  invar tapes are used on second-order base measurement, one may 
neglect the errors due to the failure of the attached thermometers to 
register the mean temperature of the. tape. Even under adverse con- 
ditions the difference between the indicated and real temperature will 
probably not be more than Po or 5 O  C. With.a coefficient of expansion 
for the tape of 1 part in 1,OOO,OOO per degree centigrade an error of 
temperature of 4" C. would cause an error of length of only 1 part 
in 250,000. With a steel tape, however, this error would be about 
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eleven times as great, and therefore measurements with steel tapes 
must be made during heavily overcast days or at night. 

When reading the thermometers attached to the tape they should 
be steadied by grasping the tape a few inches on either side of the 
thermometer with the hands to avoid flexing the thermometer case 
and breaking the tube. 

PARALLAX IN MARKING: 

Throughout the entire measurement of the base one man should 
make the mark for the forward contact, for the reason that this error 
in marking tends to be constant in size and direction for any one 
person. I f  then the person marking remains always on the same 
side of the tape and stakes, the niarks which tend to make the meas- 
ured length too long when measuring in one direction will make it 
too short when measuring in the opposite direction. It is probable 
that there is no parallax in making the rear contact, I f  there is 
any, it is exceedingly small and need not be taken into account. 

WIND EFFECT 

The error caused by the bowing of the tape horizontally by the 
wind is always of the same sign and tends to make the measured 
length too long. I f  the tape is supported at  the 0, 25, and 50 meter 
points and is bent by the wind 5 centimeters out of line on each 
section, the error due to the wind is essentially the same as the correc- 
tion for gracle due to a difference in elevation of 5 centimeters on a 
12S-meter section, or about 0.4 millimeter for the 50-meter tape 
length, an error of 1 part in 125,000. I f  each 25-meter sedion of the 
tape is bent 1 decimeter out of line, the error would be four times as 
great. Measurements should not be made when the wind is strong 
enough to bend the tape more than 3 or 4 centimeters out of line. 

It will be noticed that most of the possible systematic errors in 
base measurement, such ad those due to wind effect, uncorrected align- 
ment errors, and friction of the tape on its supports, tend to make the 
measured length too long. For this reason these sources of error 
should be watched closely to prevent an accumulation beyond the 
allowable limit. 

BLUNDERS 

The numbering of the stakes and the inclusion of those numbers 
in the record of both the tape measures and the levels practically pre- 
cludes the possibility of a dropped tape length. There is a chance 
for error, or at least for confusion, if the record of set-ups and half 
tape lengths is not clear and consistent throughout all the record 
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books, There is a chance for a compensating error in recording a 
small set-up as a setback, or vice versa, when measuring in one direc- 
tion, with a like error of approximately the sanie size in the opposite 
running, but, with care and the usual system of having the recorder 
repeat clearly to the observer all data to be recorded, the probability 
of such an error reniaining undetected is rather remote. There is 
one rule, however, which should invariably be observed: Any dis- 
crepancy in the records, whether of tape or level, s?wdd be checked 
by &ld nwwrt??nen.ts, even though the chief of party may think he 
has discovered the cause of the discrepancy through an examination 
of the record. 

An added check against a dropped tape length in the record, or 
the recording of a half tape length as a full one, is to measure the 
base roughly with a 300-foot tape, checking on each kilometer sec- 
tion mark. Two men can do this in a short time, and the resulting 
certainty is worth the time spent. 

Among other blunders which may occur is a tension on one tape 
length of 10 kilograms instead of the required 15 kilograms, since the 
dial pointer marks 5 kiIogams a t  each revolution. The effect of this 
error is about 6 or 7 millimeters in a tape length. The possibility of 
making this blunder will be greatly reduced if both the forward 
stretcher man and the forward contact man, each time the tension is 
applied, will check the tension by a glance at the drawbar of the 
balance on which the 5, 10, and 15 kilogram lines are marked. The 
15-kilogram line should be marked by white paint to distinguish it 
from the other lines. 

I f  t.he stake holding the forward mark is jarred while the tape 
is being moved forward, an error may be caused. I n  such a case 
the previous tape-length measurement should be repeated before the 
forward progress is resumed. Any movement of the stake holding 
the. mark designating the end of a section is usually shown by the dis- 
crepancies between the forward and backward measures of the two 
sections involved having opposite signs and approximately the same 
size. 

MEASURING WITH TAPES 

PEBSONNEL AND DUTIES 

Six men are ordinarily required for the operation of a 50-meter 
tape on base measurement,, and their usual designations are as fol- 
lows: Front contact man, rear contact man, front stretcher man, 
rear stretcher man, middle man, and recorder. Aside from the re- 
corder, who must have t-he special qualifications u s d  to that position, 
the assignments to positions, in the order of experience and ability 
of the personnel, should be in the order given above. Usually the 
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chief of party makes the forward contact, as in that position he can 
best supervise the manipulation of the tape and can set the pace of 
measurement. It is better to have experienced men for both contacts 
if they are available. 

I f  any of the men are inexperienced, it is better to measure 1 or 2 
practim kilometers before the recorded measurements are begun. 
During the preliminary work the chief of party or some other experi- 
enced officer clrills each man in turn in the minutise of his duties. 
A r6sum4 of the precautions to be observed at  each position follows, 
beginning with the least difficult.. 

The middle man carries the middle of the tape high off the ground 
when moving forward, places the tape on the middle support whep 
the tension is to be applied, takes the necessary precautions to see 
that the friction over the middle supporb has a negligible influence 
on the effective length of the tape, sees that the tape is not in contact 
with weeds, brush, or other ohtructions, notifies the recorder of all 
middle supports niarkecl “ broken grade,” carries and places the tape 
so that there is no twist in it, and each time makes sure that the 
middle support is not more than a decimeter distant from the middle 
mark on the tape. I f  a nail is used as a middle support for the tape, 
he must rapidly and lightly tap the under side of the tape near the 
support with a stick somewhat larger than a pencil until the front 
contact man calls “ready,” in order to lessen the friction over the 
nail. The tapping must not, be continued during the marking of the 
front contact. If no fixed rJul,port is used for the niicldle of the tape, 
he should hold it suspended by a string, after the mid-point of the 
tape has been lined in, using a stake or other device to steady the 
tape in place. 

The rear stretcher man (see fig. ’74) with the rear tape stretcher 
holds the tape in position during the time the tension is on, so that 
the rear terminal mark on the tape is opposite to, or slightly forward 
of, the mark on the copper strip on the rear stake. As he comes up 
to the rear stake he must place the rear staff firidy in the ground at 
the proper distance back of the rear stake directly in line with the 
stakes, and at the same time he must slip the leather loop bearing 
the tape link to the proper height on the staff, so that when the 
full tension is applied the tape will be a few millimeters above the 
top of the stake. The tape must not drag over the top of the stake 
at any time. I n  order to maintain a steady position of the staff, the 
rear stretcher man should. have the top of the staff back of one of 
his shoulders, his body being forward of the staff. One foot should 
be forward of and against the base of the staff to brace it. With 
practice all these movements can be so coordinated that they require 
only a few seconds, and the man operating the rear stretoher can keep 
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the rear mark of the tape in the proper position as the tension is 
applied. As soon as the front contact man calls “mark” and the 
thermometers are read, the tension is slackened off. The tape is 
then carried forward without being detached from the rear stretcher, 
the rear stretcher iiian maintaining just enough tension on the tape 
to keep it from touching the ground. 

The front stretcher man (see fig. 75) applies the proper tension 
to the tape as measured by the spring balance attached to the front 
stretcher. In  moving forward he carries the front stretcher and 
balance, detached froin the tape. By hurrying he usually reaches the 
forward stake in time to check the vertical and horizontal alignment 
of the iiiiddle support, by sighting back over the tops of the stakes, 
bkfore the front contact man reaches the stake with the front end 
of the tape. The checking is necessary to make sure that the stakes 
have not been moved since they were set or last. aligned. As the 
tape is brought forward into position the front stretcher man with 
one hand holds the balance out horizontally with the hook in such 
position that the tape can be quickly attached. As the tape is 
attached he places the staff in line with the stakes at the proper dis- 
tance from the front stake and applies the tension smoothly, rapidly 
u t  first, but gradually niore slowly as  the 15-kilogram point is neared. 
Jerking motions must be avoided, as they may injure the balance or 
tape. With the staff held in the same manner as described for the 
rear stretcher man, and with one hand steadying the balance so the 
drawbar swings free, the front stretcher man can quicldy bring the 
tape into equilibrium under the proper tension, at  which time he 
informs the front contact man that the tension is correct. When 
under tension the tape must just clear the top of the forward stake 
and must not drag over it, otherwise the full  tension will not be 
transmitted throughout the tape. Care must be taken that the 
stretcher staff is moved in the vertical plane through the stakes, for 
otherwise the balance will be twisted and friction exerted on the 
drawbar. The tension must be kept constant at  15 kilograms and 
watched closely, for if the dial pointer indicates more than 100 grams 
from 15 kilograms when the front contact man calls “mark,” the 
front stretcher nian should immediately tell the front contact man in 
order that the marking may be repeated. I f  the tension is satisfac- 
tory at  the call of “ mark,” the tension is quickly but smoothly slack- 
ened off while the front contact man is reading the forward therniom- 
eter, the balance is held out for the detachment of the tape by the 
front contact man in the same nixnner as for its attachment, and the 
advance begun to the next position. 

The rear contact man (see fig. 74) makes the rear contact and 
reads the rear thermometer. As the tape is brought up to a new 
position he steadies the tape as the rear staff is being placed in 
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FIG. 74.-MAKING REAR CONTACT WITH TAPE 

FIG. 75.-MAKING FORWARD CONTACT WITH TAPE 



Soecial Publicstion No. 145 

FIG. 76.-PORTABLE IRON TRIPOD FOR 
TAPE SUPPORT, SINGLE JOINT 

The wooden markiug table. which ramies a strip 
of capper on which the mark for the tape end 
Is made. can be placed on correct slope by the 
ball-and-socket base and then clamped in 
position 

FIG. 77.-PORTABLE IRON TRIPOD FOR 
TAPE SUPPORT, DOUBLE JOINT 

This tripod permits the marking table to be 
adjusted over a point as well 83 placed on 
ColTEct slow 
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position and the tension applied, taking care that the tape does not 
drag over the rear stake. As the tension is applied he advises the 
rear stretcher man whether to ease off or take up on the tape. 
Standing directly opposite the mark on the copper strip nailed 
to the top of the stake, with one hand he firmly grasps the tape 
between the staff and the mark and with the other hand he lightly 
touches the tape on the opposite side of the stake to steady it. He 
can then flex the tape with his rearward hand and bring esactly 
opposite each other the marks on the tape and copper strip. Before 
flexing the tape it is necessary, of course, that the mark on it shall 
be d i g h q  forward of the mark on the strip. The marks are thus 
held in qbincidence until the front contact man calls “ ready,” when 
tb rear contact man cells “right,” and the front contact man an- 
swers (‘ mark,” denoting the completion of the marking of the tape 
length. I f  more than a few seconds elapse after the calling of 
either “ready” or “right” before the next response can be made 
with accuracy, the entire process should be repeated. Imrnedilrtely 
following the call “mark” the rear contact man reads the rear 
thermometer and the tape moves forward to the next position, unless 
some one a t  the forward end of the tape calls “ hold ” or “ tension.” 
The front contact man (see fig. 75) has the hardest and the most 

important job of anyone handling the tape, for he must decide when 
all the conditions which affect the tape as a measuring unit are com- 
plied with, satisfying himself that the tape is in proper equilibrium 
under proper tension and support before he makes the forward mark. 
He also carries the forward end of the tape when moving forward 
and thus to a large extent sets the pace for the entire operation. 
The sequence of his movements during the measurement of a single 
tape length is as follows: As the forward stake is reached he lowers 
the front end of the tape from its position above his shoulder and 
attaches the link to the hook of the balance, grasping and guiding 
the hook to make sure that the attachment is made with a single 
movement. He then steps quickly back to a position alongside the 
forward stake, where he steadies the tape into its proper position 
just clear of the top of the stake, alongside the copper strip and 
between him and the strip. As the tension is perfected and the tape 
approaches equilibrium he places the point of the sharp, symmetri- 
cally pointed awl on the edge of the copper strip next to the tape 
and keeps it opposite the terminal mark on the tape until he is 
satisfied that conditions are right. After glancing at the balance to 
check the tension and down the tape to check the alignment he 
calls “ready,” as above described. When he hears the response 
of “right” from the rear contact man he marks the copper strip 
with the awl, calling “ mark ” as the marking is completed. 
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In making the mark several precautions must be taken. The awl 

must be very sharp ; it 6hOUld at no time touch the tape in the region, 
of the terminal mark: the eye of the man making the forward contact, 
the terminal inark of the tape, and the axis of the awl should be kept 
in approxiniately the same vertical plane; and the mark should be 
made by the contact man moving the awl away from him in order 
to keep constant any error due to parallax. The mark should begin 
at the. very edge of the copper strip in order to make it easier for the 
rear contact man to make contact. A straightedge is not used in mak- 
ing the mark, for it is believed that when the rear contact man brings 
the mark on the tape into coincidence with the end of the scratch 
on the strip and ignores the remainder of the scratch the error is 
less than that which would be caused by the less exact aligning of 
the awl point with the mark on the tape when a straightedge is used. 

In order to avoid confusion, the marks placed on the copper strips 
during the second measurement are usually distinguished from the 
first markings by a bar across the scratch, while a third nieasurenieiit 
would have a second bar. On the first measurement of each kilometer 
section the end mark of the section is given n distinguishing mark on 
the copper strip. On the second measurement, as the stake marking 
the end of each section is reached, a set-up or setback is taken to the 
original section mark on the strip, and the measurement of the nest 
section is begun at the section mark. By this method a comparison 
is obtained between the forward and backward measures 0% a section. 
It is frequently better on the second measurement to make a set-up of 
a centimeter or 60 from the section mark in beginning a new kilo- 
meter, in order that the marks of the two runnings may not fall 
closely together 

Immediately following his call of “mark” the front contact man 
reads the forward thermometer as the tension is released, then de- 
taches the front tape link from the balance as he starts to pull the 
tape forward to the next position. I f  the tape is always carried 
in the hand which is toward the rear when making the contact, there 
is no danger of causing a half twist in the tape, for when detaching 
the tape from the balance the finger clip is caught in the rear hand, 
fingers pointing down, then the end of the tape is elevated above the 
shoulder without changing the grip, and at the next position is 
again attached with the hands in the same relative position. 

‘If it does, the mark soon become6 so defneed that neither measurements nor stand- 
ardizations can be satisfactorily eflected. Figure 79 shows a mieropbotograph of a topa 
mark almost obliterated by the careless use of the marking awl. The value of a taDe 
increases with each successive standardization because of the evidence furnished regnrd!ng 
the stability of the tape, and if new marks must be made, the past history of the tape 
becomes to a large extent valueless. 
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When t,he tape is brought into position with its rear mark in con- 
tact wit.11 the mark on the rear stake. the forward mark on the tape 
will somet,imes fall short of or beyond the. copper strip on the forward 
stake. I f  t,he staking was properly clone and the st.akes have not 
been moved, a second mark can be made on the strip on the rear 
st.ake? in front of or behind the first mark, a.t such distance as to per- 
mit of a contact mark being made. on the forward ship. If t.he front 
contact. man calls “ set-up! 3,” meaning that the forward terminal 
mark on the tape lacks 3 centimeters of reaching the copper strip, 
t.he rear contact man ma.kes a mark 3 centimeters or  more ahead of 
the ninrk on the rear stake, measures its distance from the previous 
mark with a boxwood scale, calls out t.he distance to the recorder, 
making sure that tlie recorder repeats it properly, measures the 
distance again as a check, then signals that he is ready to  make 
contact on the new mark. Small set.-ups and setbacks should be 
measured wit.h a n  error not greater tha.n one or two tenths of a 
millimeter. As an additional safeguard the recorder may check 
t,he measurement of set-ups and setbacks and have the cont.act 
inan in turn check his entry in the record book. 

Some base tapes have marks a t  approsimat,elp 5-meter intervals 
along tlie tapes! the lengths of the int.ermediate intervals having been 
determinecl with secondary accuracy. Where such tapes are avsil- 
able long set-ups are sometimes so st,aked as to enable the invar tape 
to be used for tlie. greater part of the set-up-that is, for some multiple 
of 6 met.ers, the. remainder- of the set-up being nieasured with a 
standardizrcI st,eel tape. For instance, if a 23-meter set-up is neces- 
sary, a stake would be. set at t,he %)-meter point and another one a t  
3 meters beyoncl. The 80-meter interval woulcl in such case be 
measured wit.11 t.he invar tape with t,he standard 15-kilogram tension. 
The method of supporting t,he tape and the tape temperature should 
be noted. The 3-meter interval would be measured with tlie steel 
tape, using the stanclarclization tension, which is usually 5 kilograms, 
and noting t.he method of support.. For  each set-up the record 
should also show the part of the bape used in making the measure- 
ment. For instance, n set-up of 20 meters could be macle either 
from the 50-meter to the. 30-meter ma.rk or from the zero to the 20- 
met.er mark, but, t.he stanclarl-lizecl clistnnce between t,he two pairs of 
marks would probably be different. 

Where conditions are favorable the standardized steel tape may 
be used for all set-up distances up to one-half the invar tape length. 
Setbacks of more than a decinieber should never be used. This 
method will avoid in large measure the possibility of a large error 
in lengbh clue to an error in the sign of a partial tape-length distance 
on both measurements. 
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FIG. 79.-MICROPHOTOGRAPH OF DEFACED M A R K  ON TAPE 

The contact end of mark, shown at top of illustration. has been worn away by the marking awl. 
The tape is useless for wurate  work - 
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The recorder should be an experienced man. If he is not, the 
chief of party must frequently inspect the record, especially where 
broke? grades or set-ups and setbacks are to be recorded. It is the 
province of the recorder to be sure that no blunders are committed, 
such as the dropping or adding of a tape length, or recording a half 
tape length as a full one, or a set-up as a setback. He should check 
the chalked numbers on each stake as it is reached and make all notes 
necessary to a definite and correct interpretation of the record. With 
an experienced front contact man it is often advisable for the chief 
of party to assume the recorder’s duties, as he can then not only 
record but can watch in turn the work of each man on the tape and 
correct such practices as need it. 

FORMS FOR RECORDS AND COMPUTATIONS 

Form No. 590 should be used for recording the tape nieasure- 
ments and Form No. 634 for recording the wye levels. The coni- 
putabions of the lengths of the various sections of the base should 
be on Form No. 589. Form No. 635 should be used for tlie abstract 
of wye levels and tlie computations of the grade corrections. Samples 
of all these forms are shown in Figures 80 to 83. 

Explanation of Form No. 590 (Tape Measurements).-In record- 
ing the tape measures on Form No. 590 (fig. SO) two thermometer 
readings indicate a full 50-meter tape length and one thermometer 
reading a half tape length or a set-up. Each half bape length or 
large set-up should be recorded on a separate line, and not on the 
same. line with a full tape length. The numbering of the stakes 
should plainly indicate tlie full tape lengths and the partial lengths. 
(See p. 121 for method of numbering.) 

Notes in the “ Remarks ” column should clearly explain any 
unusual conditions. At the beginning of the day’s work, and as 
often as changes occur, an entry should be macle in the “ Remarks ” 
column giving the names and duties of the officer in charge, recorder, 
and the two contact men, also a stateinent as to the results of the 
comparison of the balances and tlie dial reading being used on tlie 
balances. All marginal notes and entries at  the top of the page 
should be macle as measurement progresses. The insertion of notes 
after leaving the section is very dangerous to accuracy. 

Form No. 634 (Wye Leveling).-The sample form (fig. 81) shows 
the wye-level record when using a rod graduated in meters on one side 
and feet on the ot.her. When such a rod is used the levels are run 
in only one direction, but both sides of the rod are read at each rod 
point, the reading in meters being recorded as the forward running 
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and the reading in feet as t.he backward running. I f  the rod used 
is graduated on only one side, a forward and backward running is 
necessary. The numbering of the stakes in this record should cor- 

DE?ARTMENT OF COMMERCE 
U. 8. QouIllD DCODLIIC SURVYn 

Form 690 

From Station A L B a  tu station iZE.-ZL.- 
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19 20 21.4 20.5 3 
FIQ. EO.-Speeimen, record of tape measurements 

respond to the numbering on Form No. 590. Extreme care should 
be taken to get readings on all broken grades and partial tape lengths, 
and these should be plainly indicated in the record. In the columns 
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headed “ Meters or feet ” the name of the unit not used should be 
crossed out. This is especially important where the rod used is 
graduated on only one side, because the mathematician making the 
office computation has no other way of knowing whether the rod used 
was graduated in meters or feet. 

0 m 

(I 
z 
J 
w > w 
J 

W 

i 

Form No. 635 (Abstract of Wye Levels).-In the first column on 
this form (fig. 88) are recorded the stake numbers, corresponding 
to the numbers on Forms No. 590 and No. 634. The second column 
gives the distances between stakes, each distance being that between 
the stake recorded on the same line as the distance and the stake 
on the line preceding. The third column gives the mean differences 
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of elevation between the two stakes noted. This column is headed 
b6 Meters or feet,” and here again it is important to cross out the word 
not applicable. The fourth column gives the grade or inclination 
corrections in millimeters. For 50-meter tape lengths and measure- 
ments made with the intermediate 5-meter marks these corrections 
can be obtained from the table on pages 193 to 195. These tables are 

DZCAmTTHTNT OF COMMERCE 
Y s CWS1 A m  C W ~ I I C  SUIYT,  

Perm G% 
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23267 
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BIG. 82.-Sperfmen. abstract of wye levels 

made out for differences of elevation in both feet and meters, so either 
feet or meters may be used in the third column. The corrections for 
other lengths and also for differences of elevations outside the limits 
of ‘the tables must be computed as explained on page 135. The 
siun of t,hese corrections for the section of the base is entered on 
Form No. 589, ‘bComputation of base line,” in the column headed 
“ Inclination.” 
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It is very important that all 
broken grades and partial tape 
lengths be indicated on this form 
and that the grade correction be 
computed for the corresponding 
distance. The most frequent mis- 
take made in computing grade 
corrections arises from using a 
50-meter length instead of the 
real length. 

Form No. 589 (Computation 
of Base Line).-On Form No. 
589 (fig. 83) the first correction 
to be entered is the correction 
for temperature. This is com- 
puted as follows: 

Temperature correction = 
(T-T.) X coefficient of expan- 
sion X 50 X number of tape 
lengths, in which T is the mean 
temperature for the section and 
T, is the temperature of the tape 
at. st,andardization. The value of 
T is entered in the column headed 
‘‘ Temperature ” and is the mean 
of the thermometer readings re- 
corded on Form No. 590. The 
value of T. is given in the stand- 
ardization data for the tape. 
(See fig. 73.) The coefficient of 
expansion may be considered as 
the change in length per meter 
for each degree c e n t i g r a d e  
change in temperature and is 
also given with the standardiza- 
tion data. The number of tape 
lengths is given in the column 
headed “Tape lengths” and is 
the number of full tape lengths 
recorded on Form No. 590. For 
tapes with a positive coefficient 
of expansion the temperature, 
correction is, of course, + or -, 
according to whether the mean 

II$ 
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temperature is greater or less than the standard temperature. There 
are a few tapes which have negative coefficients of expansion, and for 
these the corrections would have the opposite signs. 

The correction in the column headed “Tape and catenary” is 
obtained from the standardization data for the tape or by computing 
the catenary correction when the tape is supported in an unusual 
manner. The tape correction per tape length is the cliff erence between 
50 meters and the length of the tape as given for the proper method 
of support. For instance, in the sample of Form No. 590 (fig. 80) 
there are 18 tape lengths supported at three points, 1 a t  four points, 
and 1 at two points. The correction for a tape supported at three 
points is obtained directly from the standardization values, and this 
is multiplied by 18 for the 18 tape lengths. Eeferring again to the 
data on Form No. 590, the correction for the one tape length supported 
at four points is obtained by combining the proper fractional parts 
of the corrections for the three and the five point supports. The cor- 
rection for the tape supported at  two points may be computed by the 
catenary formula (p. 127), or may be taken from the table on page 196. 
The algebraic sum of these corrections is entered in the column headed 

Tape and catenary,” the sign depending on whether the length of 
the tape is greater or less than 50 meters. 

I n  the column headed “ Set-up and setback ?? is entered the algebraic 
sum of the set-ups and setbacks recorded on Foriii No. 590, the set- 
ups being plus and the setbacks minus. In  the saniple shown in 
Figure 83 tho two large set-ups aqd the corrections to them. are re 
corded separately. All set-ups, however, could have been combined, 
and also the temperature, tape, and catenary corrections for the large 
set-ups could have been combined with the same corrections for the 
full tape lengths, and then the entire computation of a section would 
have been on one line. It simplifies the checking of the computation 
somewhat, however, to enter each large set-up on a separate line, as 
shown on the sample form. 

The sum of the inclination correctioiis is obtained from Form No. 
635. Finally the algebraic sum of the uncorrected length and all cor- 
rections gives the reduced length for the section, and the mean of 
the reduced lengths from the forward and backward measurements 
gives the adopted length. The columns headed ‘‘(e)“ and “(vv)” 
are usecl in computing the probable error of the measurement of 
the base. 

PROBABLE ERROR OF MEASUREMENT 

A method of computing the probable error of the measured length 
of the base, with separate values for the probable error due to stand- 
ardization of the tapes, the determination of the coefficients of es- 
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pansion, and the accidental errors of the measurement, is given in 
Appendix No. 4, Coast and Geodetic Survey Report for 1910, pages 
160-161. The probable error is usually computed, however, by the 
method described in the. following paragraph. This method is based 
on the theory that the errors of standardization and of the determina- 
t.ion of the coefficients of expansion are either largely included in or 
are masked by the discrepancies in the measured lengths of the 
scctions. 

The probable error of each section is computed by the formula 

n(n- 1) 

where v is a residual and n the number of measures of the section. 
Where a section is measured only twice the probable error will? of 
course, be 0.6745 times one-half the difference between the two 
measured lengths. The probable error of the entire base is the 
square root of the sums of the squares of the probable errors of the 
component sections. 

REDUCTION TO SEA LEVEL 

Since the lines of a scheme of triangulation are reduced to their 
equivalent lengths at sea level, the length of any base must be like- 
wise reduced to sea level before it can be used in adjusting the tri- 
angulation to which it is connected. It is sometimes necessary to 
reduce the base to sea level in the field in order to compare the 
measured length with the length as 'computed through the triangula- 
tion from the previous base. This requires the connection of the 
base-line levels to a bench mark and the computation of the eleva- 
tion above sea level of the tape supports in order to obtain a mean 
elevation for the base. Only enough elevations need be used in com- 
puting the mean elevation for a section to give a value correct to 
within 25 meters. 

The formula used in reducing a base to sea level is 

h ha hS c=-s-+s--s-3+ . . . . r r  r 

in which C is the correction to reduce to sea level a section of length 
8, of a mean elevation It., with r the radius of curvature of the earth's 
surface for that section. 0n:y the first term of t.he formula need be 
used for any field reduction. 

The computation of the sea level correction, shown on sample 
Form 589 (fig.) 83), is given below, the mean latitude of the base 
being 40" 30' and its azimuth ' 7 5 O ,  giving a value for log 1" (see 
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table, p. 203) of 6.80521. 
Form 635 is 237.8 meters. 

The mean elevation as obtained f h m  

log 1,024.5= 3.01051 
log 237.8= 2.37621 

colog 9= 3.19479 
log C= 8.58131 

C=0. 03S2 meter (always negative) 

The error per kilometer of base line for each 1-meter error id the 
elevation above sea level as used in computing the reduction varies 
from 0.000158 to 0.000156 meter, depending upon the latitude and 
azimuth of the base. This corresponds to a proportionate error in  
length of from 1 part in 6,329,000 to 1 part in 6,410,000. (See p. 118.) 

THIRD-ORDER BASE MEASUREMENT 

The same methods are used in measuring a third-order base as 
those prescribed for second order, and the precautions to be used in 
guarding against error are the'same. The only differences are in 
the permissible errors, as noted in the following paragraphs. 

On a third-order base the total actual error from all sources shall 
not exceed 1 part in 75,000 of the length of the base and the computed 
probable error shall not be greater than 1 part in 250,000. Two 
measurements shall be made of the base with two different stand- 
ardized tapes, the base being divided into kilometer sections and the 
two measurements of each section being made in opposite directions 
as on second-order base measurement. I f  the discrepancy in milli- 
meters between the two measurements of a section exceeds 25rK 
(where X is the length of a section in kilometers), additional 
measurements should be made until two are secured which agree 
within the specified limit. 

I f  the mean elevation of the base is more than 50 meters above 
sea level, the mean elevation shall be determined with an error of 
not to exceed 50 meters in order that the measured length may be 
reduced to its sea-level equivalent. 

Such precautions shall be taken in staking and measuring the base 
that the errors due to lack of alignment, wind effect, or support of 
the tape shall not for any one of these causes be more than 1 part 
in 150,000 of the length of the tape. The tension should not be in 
error by more than 150 grams. The error in the grade corrections 
and the error in projecting a broken base upon the line between the 
terminal stations should not exceed that specified for a second- 
order base. 

The same forms are used for tabulating the measurements and the 
same computations made in determining the corrected length of the 
base as for a second-order base. 



CHAPTER 4.4ECOND AND THIRD ORDER TRAVERSE 
First-order traverse was not used extensively by the Coast and 

Geodetic Survey until 1916, since which time over 3,500 miles have 
been run with invar tapes. A description of first-order traverse 
methods is contained in Special Publication No. 137, Manual of 
First-Order Traverse. Traverse of second and third order accuracy 
measured with wire or tape has been used occasionally in the past 
by the Coast and Geodetic Survey where topographic conditions 
rendered control of topographic and hydrographic surveys by the 
triangulation method very espensive. I n  many respects the same 
methods are used for second and third order traverse as for first 
order, but many of the refinements necessary for first-order cmtrol 
are, of course, neglected or modified. 

The accuracy specified for second-order traverse (see 11. 3) is a 
position check with an error not exceeding 1 part in 10,000 of the 
length of the circuit when closure is made on a point of first or 
second order triangulation or traverse. A circuit closure is never 
conclusive evidence of the accuracy indicated by the error of closure, 
for there is always the possibility of compensating errors, or of 
systematic errors which will not shorn in the error of closure. All 
operations of the traverse method niust, therefore, be closely scru- 
tinized for errors and the possibility of hlimclers reduced to the mini- 
mum. There is no mathematical check on the accuracy of traverse 
such as is afforded by the closure of triangles on triangulation. 

The limiting error of closure in position specified in the preceding 
paragraph, taken in conjunction with the requirements for angle 
and tape measurements which are given later, is intended to provide 
that each line of the traverse after adjustment will have an error not 
to exceed 1 part in 10,000, which will probably give an average error 
of all the lines of about 1 part in 30,000. 

I n  the Coast and Geodetic Survey traverse is usually employed for 
the main scheme second-order control on beaches where the absence of 
off -lying islands and the presence of timber along shore make triangu- 
lation very espensive. These conditions are frequently accompanied 
by lack of transportation facilities, and this makes it necessary to re- 
duce as much as  possible the. weight of the appliances used. On the 
other hand, it is usually possible to measure directly from one angle 
station to the next, and the troublesome offsets necessary when the 
length measurement$ are made along railroad tracks, as is usually the 
cast? on first-order traverse, can ordinarily be avoided. Occasionally, 
however, it  will be economical to measure sections of second-order 
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traverse along a road or railroad. The methods used in projecting the 
nieasured line onto the line between angle st.ations are described 
briefly on pages 168-170. A more extended discussion of projection 
met.hods may be found in Special Publication No. 137. 

SPECIFICATIONS, SECOND-ORDER TRAVERSE 

The following specifications for second-order traverse nieasure 
ments were approved by the Director of the United States Coast and 

FIQ. SQ.--Travelse station at interseetion of two tangents 

Geodetic Survey on December 10, 1928, and supersede all previous 
instructions for work of this character. 

1. Location of stations.-hMn-scheme stntions on a second-order traverse 
line should be located not more than 3 miles apart, and an average distance 
between permanently monumented main-scheme stations of not more than a 
mile is desirable. After the requirements of the intervisibility of stations have 
been satisfled other considerations must be kept in  mind, such as the  selection 
of points which can be permanently marked, which will afford the best routea 
for the tape measures, and which will give the observer the best opportunity 
for locating important objects by the intersection method. Lines of sight when 
opened should be inspected to see that  they are not apt to be unduly affected 

FIG. 85.-Traverse station on extension of one tangent 

by lateral refraction. If practicable, a main-scheme station should be located 
near any highway or railroad which intersects the line of traverse. Where a 
line of traverse, following the ocean beach, crosses a n  inlet or river of any 
considerable width, a pair of stations should be placed in the best location for 
a later extension of triangulation or traverse u p  the inlet or river. 

2. "raverse along railroads.-When in measuring along a railroad a station 
can be located at the intersection of two tangents, no projection of measured 
lines is necessary, and the  work in both field and office is simplified. (See flg. 
84.) If the presence of obstructions or the degree of curvature of the track 
prohibita this location, the station m a y  be placed on the prolongation of one 
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tangent and a t  a small offset distance from the other. .(See fig. 85.) I n  other 
cases it may be necessary to locate tue station a t  a short offset distance from 
botb tangents. 

Where the tangent is longer than the maximum speci6ed distance between 
stations, or where the stations a t  the two ends of the tangent can not be made 
easily intervisible, oue or more intermediate stations should be placed a t  the 
side of the track. For these intermediate stations the offset point on the rail 
is called a "rail station." (See fig. 92.) Where the offset point is on a stake 
of a line of stakes it is called an  "offset station." The inOermediate stations 
along a tangent should preferably be alternated from one side of the track 
to the other to  reduce the effect of lateral refmction. The ratio of the offset 
&tan& to the distance between stations .should seldom exceed 1 part in 50. 

Bra. 66.-Traverse loop 

3. Traverse loops.-\Vhere the traverse follows a railroad with many curves 
and short tangents, or a beach where the topography necessitates carrying 
the taping through many short lines, an attempt should be made to  provide 
an  azimuth line extendi~ig over several curves, in order that the admutli may 
be carried forward with greater accuracy. If the main traverse line can 
be tied in frequently to triangulation or to first-order traverse, these loops 
need not be provided. The subsidiary points between main treverse stations 
are designated by tbe name of the main traverse station a t  the beginning of 
the loop, followed by the letters A; B, C, etc. These subsidiary stations need 
not be permanently marked. Two methods of forming these loops are shown 

A 

C D 
Fro. 87.4onnection between triangulation and 

traverse by quadrilateral 

in Figures 86 and 87. No considerable portion of the measured part of a loop 
should be inclined a t  an angle of more than 4 5 O  to the line through which the 
azimuth is arried.  The larger the angle of inclination the more accurately 
should the loop angles be measured. 

4. Combination of triangulation and traverse.-In many situations traverse 
and triangulation can be advantageously combined. Sometimes triangulation 
c-an be brought down to a coast at widely separated points but txiangulation 
along the coast is prevented by swamps or forests. Under these conditions 
traverse run along the beach and tied into the triangulation stations directly 
or by small triangles can be used for the coastal control. 

5. Azimuth @tations.-A second-order azimuth should be obsmved at intervals 
of 15 to 25 main-scheme stations. I f  the obserping conditions are favorable and 



150 U. 6. GOAST AND GEODETIC SURVEY 

small angular errors probable, the upper liniit of 25 may be approached, but if 
errors from refraction, phase, or eccentricity are apt to be large the smaller 
limit should be adhered to. The discrepancy between the observed astronomic 
azimuth of a traverse line and its azimuth as computed through the  traverse 
from the preceding observed azimuth should not exceed 2".0 times the number 
of intervening min-scheme stntions. 

6. Connections with existing control.-In connecting traverse with triangu- 
lation the desirable requirements are a connection in azimuth and length 
with a check. This means that the connecting figure must be such that there 
are two routes by which the length of a line of the triangulation may be 
carried through to  a line of the traverse. In addition, if the triangulation 
connected with is several years old, observations should be made upun a third 
old station from the two stations of the triangulation involved in the connee 
tion, in order that there may be conclusive evidence of the recovery of the 
proper points. I f  the reobserved values of the angles do not agree with the 
old values within reasonable limits, enough of the old scheme of triangulation 
should be reobserved to locate the trouble. 

A B 

FIG. 88.-Connection between trlangulntlon and traverse by two triangles 

The connection in length is desirable for the sake of strengthening the 
triangulation by 'connecting a triangulation line to a mensured section of the 
traverse. If the triangulation has been carried on by the same party that 
is executing the traverse, and there is therefore no doubt as  to the exact 
recovery of stations, the trnverse may be started from a position giveu by a 
single station of the trinngulation and an azimuth obtained by measuring 
a single deflection angle from a line of the triangulation. 

The simplest connection between triangulation and traverse is by means of 
a quadrilateral as shown in Figure 87. The line CD may be one of the 
measured lines of the traverse or its length may be determined by a loop 
projection. If the line can not be observed over, then the intermediate traverse 
stations between C and D must be main-angle stations. The connection may 
also be made by two triangles, each formed by two adjacent traverse stations 
and a triangulation station, with perhaps several traverse stations interven- 
ing between the two triangles, a s  shown in Figure 88. I t  is necessary to 
measure all interior angles of the connecting figures shown in both Figures 87 
and 88. 

Where a traverse joins an existing traverse line there should be a connection 
in position and azimuth and, in addition. one of the angles of the old traverse 
should be reobserved to check the recovery of the old stations. If there is 
any doubt of the exact recqvery of the stations, one line of the old traverse 
should be remeasured. 
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7. Marking stations.-All maineheme stations of second-order traverse shall 

be permanently marked with the kind of marks specifled for semnd-order 
triangulation stations (see pp 3-1) except where conditions a m  such that a .  
permanent mark can not be established, or  where the main-scheme stations are 
so close together that no particular advantage would be gained by marking 
each one. Reference marks should be established as provided for in the follow- 
ing paragraph. The distribution of. permanently marked stations should be 
such that the average distance between them will be from 1 to 2 miles and the 
maximum distance 5 miles. Where a station is permanently marked, at least 
one of the adjacent main-scheme stations should also be permanently marked 
in order to make available a distance and an azimuth for future control. 

8. Referenee mark-Reference marka should always be established where 
a station which should be preserved can not. be permanently marked or where 
both of the adjacent stations are more than 2 miles distant. Whenever a 
station is referenced two reference marks should be established, placed In 
locations where they are not apt to be disturbed, and made to correspond in 
character and permanency to those prescribed for second-order triangulation. 
( See p. 40.) 

SIGNAL BUILDING 

The type of theodolite ordinarily used on second-order traverse 
can be mounted on its own tripod except where it is necessary to ele- 
vate it to make the stations intervisible. I n  the latter case the type 
of signal usually employed on triangulation will suffice. Where the 
traverse line is readily approached by boat or truck and a consider- 
able number of low towers are needed portable tripods and scaffolds 
may be built which can be readily taken down and moved forward 
to a new location. (See p. 31.) 

ORGANIZATION OF PARTY 

The conditions under which second-order traverse will be run vary 
so greatly that no recommendations can be m d e  regarding party 
organization except to point out that it requires a t  least one officer 
and five men to operate the tape, which sets the lower limit to the 
size of party, unless conditions are such that the tape measurements 
can be made with the tape lying on the ground without being sup- 
ported on stakes or tripods, in which cam 1 officer and 3 or 4 men 
will suffice. 

SUBPARTIES 

Building party.-This party does the detailed reconnaissance, 
marks the stations, clears lines, and builds whatever stands and sig- 
nals are required. The reconnaissance should include the location and 
temporary marking of the A, B, C stations. (See p. 163.) The 
party will consist of one officer and from one to three men, depending 
upon the amount of building and clearing to be done. 
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Taping party.-All meamrsments with the invar tape are made 
by this party. If the measurement is being made over stakes or mov- 
able tripods, two stretcher men, two contact men, a middle man, and 
a recorder are required to operate the tape. In  addition, one man to 
drive the stakes or two men to move the tripods forward into position 
are usually required. The officer in charge of the party will ordi- 
narily act either as recorder or as front contact man. 

Leveling party.-When grade corrections need to be applied to 
reduce inclined measured lengths to the horizontal (see p. 125) wye- 
level readings are taken on tlie support used at  each tape end or on 
some point at a known distance beneath the support. The party 
usually consists of one officer, who act6 as both observer and recorder, 
and one rodman. 

Check-taping party.-This party makes a check measurement of 
the line with a 300-foot tape. It need consist of only two men, one 
to make contact at each end of the tape. The recording is done by 
one of these men. 

Angle party.-This party consists of one officer as observer and a 
recorder. I f  signal lamps are used, one or more light keepers will be 
needed. This party measures the angles at  all stations, including 
subsidiary loop stations and offset stations. 

Ordinarily tlie traverse party will be of such size that practically 
all the personnel will be needed when the invar tapes are being used. 
At other tinies two or three subparties can be employed on operations 
which itquire only two or three men to a party. I f  the chief of party 
keeps in close touch with the progress of all tlie subparties, and keeps 
hiniself informed of the conditions ahead, there need be little, if any, 
lost motion. 

MEASUREMENT WITH INVAR TAPES 

The final computed lengths of the traverse will depend upon meas- 
urements with 50-meter invar tapes, Each tape will be standardized 
at the Bureau of Standards before being sent to the field and should 
be returned to the office for restandardization every two or thiw 
years, or oftener if the field comparisons show the need for it. Most 
of these tapes have 5-meter graduations to permit the measurement 
of fractional tape lengths, or set-ups, to the nearest 5 meters. Only a 
single measurement is made of each section of the traverse with an 
invar tape, unless t.he check measurement with the 300-foot steel tape 
shows that a blunder was made in the measurement with the invar 
tape, when a second measurement of the section with the invar tape 
must be made. 
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. FmLD COMPARISONS 

For purposes of making field comparisons the party should be pro- 
vided with three invar tapes, one of which should be kept as a stand- 
ard and not, used escept for conq)arison purposes. An invar tape 
should not be used on more than 20 to 25 niiles of line without being 
compared with the other tapes. A careful measurement of a single 
tape length over stakes will give a comparison accurate to within one- 
tenth of a millimeter. I n  case a tape becomes kinked in use, a note 
should be made in the traverse record of the exact time of kinking and 
a field comparison macle of its length before it is iisecl on another 
day% measurements. 

The comparisons should be entered in the record book, in which 
should be shown the temperature, method of support, and the set-up 
or setback to the forward mark of the first tape used in the com- 
parison. If the measuring tape is shown by coniparison with the 
standard tape to be in error by more than 1 part in 50,000, itr should 
be sent to the office for restandardization, provided another tape is 
available for field measurements. Otherwise it may be used until 
another tape can be procured. The length of the injured tape ob- 
tained by tlie field comparisons will then be used in the computatioiis 
involved. 

DETAILS OF MEASUREMENT 

For convenience in measuring fractional tape lengths t.he zero 
end of the tape should always be to the rear. Great care must be ex- 
ercised in recording the number of full tape lengths and tlie lengths 
of set-ups. The temperature of a single thermonieter, attached to 
the rear end of the tape, should be recorded for each full tape length. 
Fractional tape lengths including set-ups of more than 1 decimeter 
should be recorded on a separate line, biit no temperature should be 
recorded for these, in order that the number of recorded temperatures 
may be t.he same as the number of full tape lengths. No tempera- 
ture correct.ion is needed for fractional tape lengths. If the measures 
are made over stakes or on a pavement or railroad rail, the number 
of each tape length should be marked with chalk or keel on the 
stake, pavement, or rail. The forward contact nian should call out 
t.he number as he marks it, the rear contact nian checking i t  from 
the mark a t  his encl of the tape and the recorder checking it9 from 
his record. I f  the measurement is made along the ground without 
stakes, metal pins may be used as in ordinary chaining, the pins being 
collected and counted at the end of each section. Each pin should 
have a diamond-shaped cross-section or have one sharp edge to 
furnish a more definite point. for marking the tape encl. A chalk 
mark may be used to designate the point on the pin at which contact 
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was made if the pin is inclined considerably. I f  preferred, the 
position of the forward end of each successive tape length may be 
marked by an ordinary pin stuck int.0 a soft-pine block. The block 
is held in place by three or more bolts projecting several inches below 
the block held firmly by nuts and washers and of suitable length to 
hold the block firmly in place in the kind of soil encountered. The 
lower ends of the bolts may be sharpened if necessary. 
As the measurement with the invar tape progresses, any points 

suitable for hydrographic or topographic signals should be connected 
with the traverse line .and marked temporarily by stakes. The posi- 
tions of these points can either be computed later or they can be 
plotted by distance and direction from the main-scheme points. The 
distances should be recorded as follows: “Stake on point, 24+4,” 
meaning that the stake is 4 meters beyond the end of the twenty- 
fourth tape length from the preceding station; or “stake, 9+6, north 
5 meters,” meaning that the st,ake is 5 meters north of the traverse 
line at  a point 6 meters beyond the end of the ninth tape length. 

SUPPOBT OF TAPE 

A judicious selection of the methods of tape support on second- 
order traverse may reduce the cost of the work materially. Wherever 
conditions permit the tape should be stretched along the ground, but 
this should be done only after rather definite information has been 
obtained of the amount of error caused by the inequalities of the 
supporting surface. This information can, best be obtained by 
selecting a few sections, 4 or 5 tape lengths long, where the ground 
seems to be approaching the maximum in roughness, and measuring 
the sections with the tape supported on stakes and also stretched 
along the ground. Inequalities of the supparting surface when the 
tape is on the ground always make the measured length too long. 
I f  the error introduced by these bumps and depressions exceeds 1 
part in 20,000 ( 1 centimeter in four tape lengths) for the greater 
number of the tape lengths, the tape should be supported on stakes or 
light movable tripods. The e m r  can usually be closely estimated 
by the officer in charge by keeping in mind the corrections for in- 
clination. For instance, the grad0 correction (see p. 125) varies 
directly as the quare of the difference of the elevation of the two 
ends of the tape and inversely as’ the length of the tape. I f  a tape 
lying on an even grade has a difference of elevation of the two ends 
of 0.3 meter, the correction for grade will be only 0.9 millimeter. 
I f  a tape length only 10 meters long has the same difference of 
elevation of the ends, the grade correction will be five times as 
great, or 4.5 millimeters. 
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The effect of sag (see p. 126) when the tape hangs unsupported be- 
$ween higher points of the ,ground surface may be computed by the 
formula or by the table on page 196. Since the correction for sag 
varies as the cube of the length of the tape, it is easy to keep the 
.correction in mind. For a tape weighing 24 grams per meter under 
B tension of 15 kilograms the catenary correction for a 10-meter 
unsupported length would be only 0.1 millimeter, for a 20-meter un- 
supported length 0.8 millimeter, etc. I n  other words, the corrections 
for sag for unsupported sections of the tape when lying on the 
ground can usually be disregarded, but the corrections for grade 
niust be closely noted. It will frequently happen that a sniall 
amount of time spent in clearing bushes and weeds from the line and 
leveling off occasional nlounds will permit measurements with the 
tape supported on the ground. 

When the terrain is such that supports must be provided for the 
tape the chief of party can choose betveen driving stakes for the 
end supports of the tapes or using light movable tripods. I n  either 
case the middle of the tape is usually held on grade and in align- 
ment by the man at  the middle of the tape, guided by the rear con- 
tact man. The stakes, usually of 1 by 4 inch lumber, are driven by 
a n  extra man of the party as the taping progresses. 

If  tripods are used, they should be light wooden ones with a 
wooden marking table about 4 by 6 inches in size on top, which 
can be easily replaced when the marks on i t  become so numerous 
that there is danger of the rear contact man not being able to detect 
the last mark macle by the forward contact man. The marks can be 
macle with R knife and crossed out by the rear man after the contact, 
or pins stuck into the marking table may be used. I f  the tripods are 
light, two or three can be carried at  one time by the man whose 
duty it is to move them forward. 

A sufficient number of signal poles with banners should be placed 
on the line to enable the taping party to align the stakes or tripods 
as the measurement proceeds, thus avoiding the need for a theodolite. 
The errors due to lack of alignment are the same as those due to an 
equal uncorrected inclination of the tape, and ordinary care will keep 
the alignment errors negligible in size. 

TENSION 

All inrar-tape measurenients should be made with the tape under 
pl. tension of 15 kilograms (about 33 pounds). The tension should be 
applied by a spring balance attached between the forward end of the 
$ape and the front &etcher. The balances should be tested occasion- 
ally with a sta&rd weight which is furnished on requisition by the 
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office. For second-order traverse the tension applied to the tape may 
be in error by 200 or 300 grams without. appreciable error in the 
measured lengths. 

The tape stretchers used in taping over stakes are of the same type 
as those used on base measurements, described on page 124 and shown 
in Figure 7 8  For taping along a rail a different, type of stretcher 
is used. It, conbists of a shoe of galvanized iron about 1s inches long 
and just wide enough to fit easily over the top of the rail, with up- 
rights of the same material projecting about 6 inches above the rail. 
These uprights furnish the fulcrum for a lever: to the lower encl of 
which the tape is attached by means of a hook. (See fig. 89.) This 
device makes itr possible to apply the tension to tlie tape and a t  the 
same time holds the tape close to the rail. By attaching a wooden 
block to the uncler part, of the shoe this same sti.etcher can be used for 
taping over a sidewalk or over the ground, since the block prevents 
the sides of the shoe from being crushed down. 

TEMPERATURE 

A single thermometer inclosed in a special protective casing is 
used on t.he tape. It 
should be attached by adhesive tape to the rear encl of the tape, 
about 1 nieter forward of the rear mark, and the temperature shoulcl 
be read by the rear contact man for each full tape length. (See 
p. 134.) The thermometer used on tlie tape shoulcl be closely matched 
to detect any separation of the niercury column and sbauld be com- 
pared each clay with another liept as a standard. 

I t  is supplied by the ofice 011 requisition. 

CARE OF TAPES 

Great. care shoulcl be exercised in the use of tapes. Kinks are 
usually niade by catching the tape zincler ties or spikes along the 
railroad track or on roots and bushes. by clrogging the tape along 
the grouncl, or by careless reeling and unreeling. The tape. should 
never be allowed to  come in contact with the ground while being 
carried forward. Tapes should be cleaned ancl oiled afteii enough ta 
prevent corrosion. 

SET-UPS. SETBACKS. AND OFFSET DISTANCES 

To avoicl gross errors, clue to the erroneous recording of a set-up 
as a.setback, or vice versa, setbacks should not be greater than 1 
decimeter, the amount that may be measured with a pocket decimeter 
scale. Any larger variation froni a full tape length should ba 
measured as a set-up, or plus correction ta the measurect length. 
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FIG. 89.-TYPE OF T A F E  STRETCHER U S E D  ON TRAVERSE A L O N G  
RAILROAD 
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To measure a fraction of a 50-meter tape. length, the best pro- 
cedure, unless the distance is so short as to be more easily measured 
with a decimeter scale or a steel tape, is to make use of the 5-meter 
graduations on the invar tape and measure as large a part of the 
distance as possible in this way. The remainder should then be 
measured with a pocket steel tape. The horizontal distance should 
be measured whenever practicable by using a plunib bob when 
necessary. 

Didnces from offset and rail stations to the traverse stations 
should be measured with a steel tape in the same manner as set-ups 
and m r d e d  in thz “ Remarks ” column of the record. They should 
be mesls~ired horizontally whenever possible in order to eliminate 
corredions for inclination. The record shodd state clearly whether 
the horimtal  or inclined distance was measured. I f  the inclined 
distance is measured, the difference of elevation should be determined. 

All o&et distances and set-ups measured with a steel tape should be 
measured in both meters and feet by using a tape graduated in meters 
on one side and in feet on the other. At the end of the day’s work 
the measurements in meters shoulcl be compared with those in feet 
to  disclose any discrepancy. I f  any appreciable discrepancy is 
found, the measurement. should be repeated and corrected in the field. 

INVAR-TAPE RECORD 

The invar-tape measurements should be recorded on Form 590, 
uTraverse measurements,” in exactly the same manner as  indicated 
for base measurements, Figure SO, except that on traverse only one 
temperature is recorded for each tape length, no temperature for a 
fractional tape length, and a sketch is placed in the “Remarks” 
column showing the section of traverse to which the measurements 
relate. This sketch not only serves as a guide in projecting measured 
lengths onto projected lines but often helps in detecting blunders. 
The sketch should be made in the field and not from memory and 
should show the mutual relations between the measured line, the 
projected line (if any), and the railroad, road, or beach along which 
the measurenient is being made. 

The fdlowing data should also be recorded in the “Remarks” 
column : 

Names of officer in charge and recorder. (At beginning of each day’s work.) 
Weather. (At beginning of each day and when change occurs.) 
Note 8s to which rail of tangent was used, if measurement is along a rail- 

Distances to all rail and offset stations. 
Statement as to whether offset distances are horizontal or inclined meae 

road. (On each page.) 

urements. 
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Distances from beginning of section to road crossings, stream crossings, ete. 
Record of broken grades. 
Statement of route followed by traverse, with names of streets or highways 

if not shown adequately by sketches. 

CHECK MEASUREMENT O F  DISTANCES 

A single check measurement will be made of each section of the 
traverse with a 30@foot tape to detect blunders. Small errors will 
not be detected by this check. The measurement may be made under 
any condition of the weather and should be made from traverse 
station to traverse station along the route used by the invar tape, 
with no reference to kilometer sections. Each section from a trav- 
erse station to an A station, from an A station to a B station, etc., 
should be considered as a separate section of the traverse in this 
measurement and should have a separate page in the record. 

A moderate tension only should be used with the 300-foot tape. It 
is believed that about 5 kilograms is sufficient, and with this light 
tension two nien can do the measuring. A heavy tension would 
require a tape stretcher at each end of the tape. No corrections for 
temperature need be made and ordinarily no corrections for grade. 
The tape should be stretched along the ground without special sup- 
ports. To mark the position of the forward end of the tape when 
measuring on the ground long iron or heavy wire pins pointed at  
the end should be used. If the measurement is being made over 
a paved highway or a railroad, the successive tape lengths may be 
numbered, instead of using pins. 

A comparison between the check measurements of the sections 
and those made with the invar tape should be made immediately 
after the completion of a day’s work, so that, if any appreciable 
discrepancy is disclosed, the necessary remeamring may be done 
before the partry has left the vicinity. After the measurement with 
the 300-foot tape has been reduced to meters, the length of the sec- 
tion as obtained by measurement with the invar tape should be 
entered alongside or beneath it for convenient reference. 

The party making the check measurementv should have no knowl- 
edge of the length obtained with the invar tape. I f  the 1:ngth ob- 
tained with the 300-foot tape differs from the length obtained with 
the 50-meter invar tape by more than 1 part in 1,000 in any section 
over 500 meters in length or by more than 1 part in 500 for sections 
under 500 meters in length, a second measurement with the 300-fOOt 
tape should be made unless the 300-foot measurement has been made 
over very rough ground, in which case the lack of agreement be- 
tween the two measures may be allowed to exceed somewhat the 
amounts stated. I f  this second measurement agrees closely with 
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the first one made with the 300-foot tape, then a second measure- 
ment should be made with the 50-nieter invar tape. I f  necessary 
to make a second measurement with the invar tape, kilometer see 
tions of 20 full-tape lengths supported on the rail need be remeas- 
ured only if the error can not be found elsewhere. 

MEASUREMENTS ALONG HIGHWAYS AND CITY STREETS 

Practically the same methods should be used for traverse measure- 
ments along paved streets and improved highways as for the nieasuie- 
ments along a railroad. The tape may be supported throughout its 
length on the street pavement or sidewalk or it may be supported on 
stakes driven along the side of the highway or on portable tripods. 
I f  the surface of the pavement is smooth and has a uniform grade, 
it is ordinarily advisable to use the pavenient as a support for the 
tape. 

For marking tape ends, white adhesive tepe 1 inch wide may be 
used. A piece of this tape about 3 inches long should be stuck to 
the pavement and the forward mark on the tape transferred to it 
with a hard pencil. On a street paved with asphalt the tape ends may 
be marked directly on th0 pavement with a knife. Each tape end 
should be marked and numbered on the pavement with yellow lumber 
crayon so that it may be easily found by the rodman of the wye-level 
party if grade corrections are required. 

The check measurement with the 300-foot tape should be made 
in the usual way. 

LEVELS 

The purpose of the leveling dong a traverse is twofold-first, to 
provide data for reducing the measured lengths to sea. level, and sec- 
ond, t o  reduce the inclined tape lengths to the horizontal. 

On most second-order traverse of the Coast and Geodetic Survey 
levels are not needed for sea-level reduction, since the lines are usually 
run over terrain near the sea and at  low elevation. I f  it is desired to 
reduce a measured length to sea level, or conversely to compute its 
length at  its actual elevation above sea level after. its sea-level length 
has been obtained, it is not necessary to h o w  the mean elevation of 
the line closer than about 300 meters, since that error in elevation 
mould affect its length less than 1 part in 20,000. The mean elevation 
of any line can always be estimated that closely. 

Whether or not level readings are needed a t  each tape end to reduce 
the inclined measured distance to the horizontal depends entirely upon 
the grades. Failure to apply grade corrections will always make the 
measured length too long. Since any one systematic error should 
not exceed 1 part in 20,000 of the length between any two main- 
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scheme stations, the chief of party must make a close estimate of the 
errors to be introduced by neglecting grade corrections. The tables 
of grade corrections on pages 187-189 will guide him in making this 
estimate if he bears in mind that 5 centimeters are 1/20,000 of a 
kilometer. This amount of error could be introduced by neglecting 
to correct for grade a single tape length having a difference of eleva- 
tion of its two end5 of about 2.2 meters, or by each tape length in the 
kilometer distance having a difference of elevation of 0.5 nieter. I f  
any fractional tape lengths occur, the grade corrections on them may 
have to be computed. 

When grade corrections need to be applied a single line of wye 
levels should be run over tlie traverse line, with readings at  each tape 
end. No restrictions as to the length of sights are specified, and no 
attempt need be macle to keep the back sights and fore sights eciual. 
To avoid bIunders, a special rod should be used, having foot gradua- 
tions on one side and nieter graduations on the other. Both sides of 
the rod should be read a t  each rod station, a coniparison of the two 
values in different units serving as a check on the readings. Differ- 
ences of elevation of tape ends need be taken out for only one unit, 
however, after a laugh comparison of the two sets of readings has 
been made. 

On moderate grades the rod need be held at only the approximate 
elevation of the tope end, since an error of a few centimeters would 
have little effect. On steep grades more care must be exercised in 
holding the rod a t  the same elevation as the tape end and in reading 
the rod. For instance, where the difference in elevation of the two 
tape ends is 3.0 meters an error of 4 centimeters in the difference of 
elevation would produce an error in the reduced length of 1 part  
in 20,000. 

M i e n  movable tripods are used to support the tape the rod niay 
usually be held on the ground at  tlie center of the space occupied 
by the tripod, the height of the tripod not being taken into account 
after the first one is reached. While this may be clone with safety 
for moderate grades, the requirements for greater accuracy on steep 
grades must be borne in mind. 

The wye levels should be recorded in Form 634 and a complete 
abstract of wye levels niust be macle on Form 635, &‘ Abstract of wye 
levels,” the same leveling forms being used on traverse as  on base 
measurement. 

(See p. 125.) 

(See figs. 81 and 82.) 

ANGLE MEASUREMENTS 
MAIN TRAVERSE STATIONS 

Either a direction instrument read by micrometers or a repeating 
instrument read by verniers may be used in making the angle meas- 
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iurements. With either type of instrument the error of the measured 
deflection angle should seldom esceecl three seconds of arc. The 
station to the. rear? considering the direct.ion of progress of the trav- 
prse line, should always be used as the initial. Observations may be 
made upon either targebs or lights, so long as the accuracy specified 
in subsequent paragraphs is obtained. 

OBSERVATIONS WITH MICROMETER DIRECTION THEODOLITE 

The class of instrument will, of course, determine the number of 
positions to be observed with a direction theoclslite on second-order 
traverse. With a theodolite having a circle flioni 8 to 10 inches in 
dia.ineter four to six positions of the circle will be sufficient. With 
a smaller theodolite, having a 5 to 7 inch circle which can usually 
.be read to the nearest, two seconds on each micrometer, from six to 
eight positions will siifrice. The same obserting prograni should be 
followed as described for second-order triangulation with similar 
instruinents. The limit of rejection for bheharger theodolites should 
orclinarilg be five seconds from the mean a h  for the smaller theod- 
olites six seconds from the mean. 
In many respects a micrometer direction theodolite is superior to 

a vernier repeating theodolite for second-order tra.verse. Not only 
can the required accuracy be more quickly obtained, but there is also 
a decided advantage in being able to read directions to objects lo- 
cated by the intersection method to the nearest one or two seconds 
rather than t.0 the nearest 10 seconds. If t.he objects to  be located 
by intersections are at a considerable distance and the locating tri- 
angles are weak, as frequently happens, the increased accuracy of 
the a.ngles is a desirable feature. 

The initial settings for 2, 4, 6, and S positions of the circle for 
%micrometer theodolites are given on page 34. 

OBSERVATIONS WITH REPEbTING THEODOLITE 

When the measurement of a. nmin angle of the, traverse is made 
with st 7-inch 10-second repenting tlqeoclolite of the type frequently 
used in the Coast a.ncl Geodet,ic Survgr, t.wo sets of G D/R (see 1). 53) 
on both the e.sterior and interior angles will usually give the required 
accuracy. The initial readings for the two sets should differ by about 
900". I f  t.Iie two 'values for 
an angle differ by more than four secbnds, a third set of 6 D/R slioiild 
be taken. I f  the horizon fails to close by more than five seconds, ad- 
ditional readings shoiilcl be talien. The saine ca.re should be taken 
in instruinental acljustinent. and manipulation as is specified for 
second-order triangulation. (See p. 75.) 

(See. p. 33 for formula for sdttingp.) 
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CONDITIONS AFFECTING THE ACCURACY OF OBSERVATIONS 

On traverse the distances between main-angle stations are coin- 
paratively short, so that the accurate centering of theodolites, tar- 
gets, and lights is of much greater importance than on triangulation 
of the sanie order of accuracy. For the smie reason errors due to 
phase must. be more carefully guarded against. When it is remeni- 
bered that a t  a distance of 1 niile one-third of an inch subtends 
one second of arc the possible magnitude of errors of phase and 
centering is easily comprehended. 

The atmospheric conditions attendant upon traverse nngle measure-. 
ments are usually more conducive to horizontal refraction than those 
encountered during triangulation observations. The lines of sight 
are apt to be near the. ground, and on beach traverse the conditions 
are especially unfavorable. Each sand spit and inlet under the line 
of sight, and each bluff, or dune near it, will exert an influence. Sta- 
tions should be occasionally reoccupied, under very different atmos- 
pheric conditions than were present a t  the first occupation, to see 
what changes are found in the measured angles. The best angular 
values can be obtained either on cloudy days or a t  night, provided 
the night observations are not made within a half hour after sun- 
down. 

INTERSECTION STATIONS 

It is very important that directions should be observed to prorni- 
nemt objects distant from the traverse line, such as church spires, 
large chimneys, cupolas, etc., especially when the positions of these 
objects may be determined by observations from two or more sta- 
tions. These observations on intersection points niay be made in the 
daytime with a direction theodolite and using one position of the 
circle or with a '?-inch repeating t.heoc1olite and taking one set of 
three direct. and three reverse. An adjacent traverse station, pref- 
erably the one to the rear to avoid the use of two different, initials 
at one station, should be used for the initial on these observations. 
Horizontal directions to reference inarks should be observed with 
two positions of the circle. The reason for the second position is 
not to secure greater accuracy but to  avoid the possibility of a blun- 
der in reading the angle, for the future positive recovery of the 
station inay depend upon the accuracy of both distance and angle 
measurements. 

ECCENTRIC STATIONS 

I f  the instrument. or the object sighted upon is eccentric, the 
eccentric distance and . direction must be carefully iiieasured and 
recorded in the manner described on pages 76 and 90. 
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SUBSIDIARY STATIONS 

Where the loops are small, not more than a mile in length (see 
p. 149), the stations designated A, B, C, etc., may be occupied with 
a theodolite mounted on a tripod. I f  a 10-second repeating theod- 
olite is used, one set of 3 D/R* on both the interior and exterior 
angles will be sufficient. I f  a small micrometer direction theodolite 
is used, two positions of the circle will be sufficient. Where the loops 
are longer the accuracy of the angle measurements a t  the subsidiary 
stations should more nearly approach 
in accuracy that obtained at  the main- 
angle stations. 

All loops must be closed, because a 
concluded angle will conceal any errors 
in  the angle measurements that may 
have been made. The angles a t  the 
main-angle stations required to close 
loops should be measured a t  the same 
time the main angles are measured. 
Because of the many short lines in a 
loop, the chief of party must rely upon 
his own judgment regarding the allow- 
able angle closure of loops, but the 
closing error should seldoni exceed 10 
seconds per angle. 

At rail and offset stations the offset 
distances are so small in comparison 
to  the distances between stations ancl 
the angles a t  the rail and offset stations 
are so nearly 90° that only the angles 
at the rail and offset stations them- 
selves need be observed. Here the 'IQ. and gOS"mbination triangulution, Oregon Of traverse coast 
direction method may be used with Bold headlands and wooded interior 
either a repeating or direction theod- prevented the erclusive use of 

either triangulation or traverse. olite and with two positions of the (see p. 149.) 
circle. I f  the same rail or offset 
station is used both in coming up to and leaving a traverse sta- 
tion, the angle on each side of the line to the main traverse station 
should be measured. Angles must always be measured in a clock- 
wise direction. At rail or offset stations the pointing may be made 
upon the rail of the tangent or upon the line of stakes along which 
the measurement has been made, but the sights should be taken as 
far u p  the tangent or line of stakes as possible. 

* See footnote on p. 33. 
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AZIMUTH OBSERVATIONS ON SECOND-ORDER TBAVERSE 

There is a decided tendency for a traverse line to swerve in azi- 
muth. Therefore, at intervals of 15 to 26 main-scheme stations 
along the traverse either n connection to  first-order control must be 
provided or a second-order azimuth observed. (See p. 173.) Where 
one second-order traverse line joins onto another an azimuth should 
l e  observed at. the junction station. When the horizontal-angle ob- 
servations at trlie main-line stations are made at night or cluring 
cloudy weather it. will usually be possible to space the aziniuth sta- 
tions about 2.5 main-line stations apart, but when the angle observa- 
tions are niacle in sunshine the lower limit stated should be used. 
The azimuth correction per station between axiniuth stations should 
not exceecl three seconds. This extreme limit will seldom be reached 
escecept. under the ninst unfavorable terrain conditions. Ordinarily 
the azimuth correction per station can be kept clown to 1.5” per 
station. 

THIRD-ORDER TRAVERSE 

Tlie same metliocls are nsed on t.hird-order traverse as on second 
order, subject to the larger perniissible closure in position. IVhere 
no distinctions between seconcl and thircl order traverse are noted 
in t,lw following para.gra.phs the sa.me methocls and limits of error 
should be used on third order as have been specified for second- 
order t,raverse. 

The accuracy to be at,tainecl on third-order traverse is a. position. 
check on an adjusted control point of a higher order than third 
with an error not esceecling 1 part in 5,000 of the length of the 
traverse line, or a circuit closure of similar accuracy when a thircl- 
order tra.verse is closed upon itself. Tlie same precautions should 
be observed in judging a circuit closure as were mentioned on page 
147. Tlie error of closure specified will usually mean t,hat after ad- 
just,nient the length of no line of the traverse will be in error more 
than 1 part, in 5,000. 

No single systcinatic error, such as that, due t.0 lack of proper 
alignment, unapplied grade corrections, ebc., should be permitted 
which woulcl cause trlie b‘ redmecl length” (see fig. 83) of R line 
between angle stations to be in error more than 1 part in 10,000. 

The marks for main-scheme thircl-order stgt,ions should be of 
the same character and establisheil under the m n e  conclitions as 
were specified for second-order traverse. 

SPECIFICATIONS, TIIIRD-ORDER TRAVERSE 

Support of tape.-The tripe may be supported on the ground whenever the 
Pffect of the ineyualities of the surface does not introduce an error of more 
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th.n 1 p u t  i 10,OOO for the greater number of the tape lengths. If doubt 
exists ~n M s  point, a test measurement on some Characteristic sections of 
the line &odd be made as  described on page 158 If stakes or tripods are 
used as tape supports, levels must be run wherever necessary to insure that 
the e m r  due to unapplied grade corrections does not exceed the specifled 
am011nt~ If grades are not heavy, clinometer readings, if carefully made, 
may be wed in place of levels to determine the grade corrections. 

cheek measurement of distances.-A check niensurenient with a 300-foot tape 
be made in the same manner as described for second-order traverse. 

The permh%U e differences between the distances obtained with the SO-meter 
and with the 3OO-ht tape are 1 part in 500 in sections over 600 meters in 
length and 1 part in 300 for sections of lesser length. If the discrepancy 
exceeds that speeifled, a second and more careful measurement should be 
made with the 300-foot tape. I f  the second measurement discloses no ma- 
terial m r  in the first, the section must be measured again with the 50-meter 
invar tape. 
Angle measorementa-A tripod theodolite, either of the micrometer direction' 

ur the vernier repeating type, will ordinarily be used and the observations 
made upon signal poles unless unfavorable observing conditions malie the use 
of llghts necessary. The error of the measured deflection angle should seldom 
exceed six seconds of arc. With a micrometer theodolite four positions will 
be sufRdent, and with a 10-second repeating theodolite one set of 6 direct 
and 6 reverse (6 D/R )on both the deflection angle and its explement will 
be adequate. With a direction theodolite the limit of rejection for any 
m e  position may usuolly be taken as six seconds from the mean. With a 
repeating theodolite the horizon should close within six seconds. 

The angle measurements on third-order traveme nre subject to much greater 
errors from refraction than from observationnl errors, provided the obserra- 
tions are carefully made. Occasional reoccupations of a station should be made 
to test the changes caused by refraction, choosing atmospheric (especially wind) 
conditions which are very different from those present on the first occupation. 

On third-order traverse extensive use of loops need not be made, and the 
tedious projection computations will thus be avoided. If care is taken in 
centering the theodolite and targets and a type of target is used which is 
adapted to the length of line and not conducive to phase error, short lines 
may be used in the main scheme without reducing the accuracy below the 
allowable limit. 

Azimuth observations on third-order traverse.-At intervals of 20 to 35 main- 
angle stations along the traverse either a connection to first or second order 
control must be provided or else a third-order azimuth must be observed. 
(See p. 183.) Also, where one line of third-order traverse crosses another 
an azimuth should be observed a t  the junction station. The azimuth correc- 
tion per 'station should never exceed five seconds and should seldom exceed 
three seconds. Whenever the lower limit is exceeded the observer should make 
an investigation to see if at some station a wrong object has not been observed 
upon, and he should check suspected observations. 

FIELD RECORDS AND COMPUTATIONS, SECOND AND THIRD ORDER 
TRAVERSE 

The same records and computations are made for both classes of 
traverse, and to a large extent they are the same as are used for base 
measurement, the only differences arising from the necessity of pro- 



166 U. S. COAST AND QEODETIC SURVEY 

jecting the measured lengths upon the line between the main-scheme 
angle stations when the measurement is not made directly between 
them. 

A complete computation of the traverse should be made in the 
field, including the computation of geographic positions and their 
tabulation on the List of geographic positions.” (See figs. 63 and 
65.) Since there is no check on the accuracy of the computation of 
geographic positions on traverse as there is on triangulation, the 
computation should be repeated independently and preferably by a 
different person. The method of independent computation is much 
more apt to disclose errors than the method of checking a computa- 
tion already made. 

Record of tape measurements.-This record is made on Form 590 
in the same manner as shown in Figure 80, except that only one 
temperature is recorded for each tape length and that at the bottom 
of each page is drawn a rough sketch showing the relation of the 
measured line to the beach, road, or railroad along which ths trav- 
erse is being run. The record must also contain the measurement of 
all offset distances in both meters and feet, which must be compared 
at the first opportunity by converting one to the same units as the 
other. The mean temperature for each section must be computed 
and the set-ups and setbacks summed up ready for transfer to Form 
589. 

Level record.-If levels have been run over all or part of the 
traverse line, they should be recorded on Form 634 and abstracted on 
Form 635, as shown in Figures 81 and 82 in the section on base 
measurement. The sum of the inclination corrections should be 
taken, ready for transfer to Form 589. 

Computation of traverse line.-The computation of the measured 
lengths of the traverse is made on Form 559 in exactly the same 
manner as shown in Figure 83. The “reduced length” of each 
section between angle stations, whether main angle stations or loop 
stations, is obtained separately, ready to be used in the projection 
computations. 

TIUVEBSE SKENXEB ON COMPUTATION SHEETS 

A sketch should be made of each section of the t.raverse line, and 
on the sketch should be inserted in their appropriate places all the 
data necessary for projecting the measured lengths onto the lines 
between the main angle stations. The kind of sketches required is 
shown in Figures 84 and 92, where no projection is required, and in 
Figures 93 to 95, which illustrate the different conditions of projec- 
tion. I n  Figures 93 to 95 the data above the long horizontal ,line are 
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those derived from the tape and angle measurements, the projection 
computations being below the line. 

The sket&es should be iiiacle on horizontally ruled computing 
paper, and only one sketch should be placed on a page. The follow- 
ing data should be shown on each sketch: 
1. Direction of progress (shown by arrow). 
2. Relation of traverse line to beach, road, or railroad. taken from correspond- 

ing sketch on Form 590. " Traverse measurements." 
3. Distances derived from invar-tape measurements from Form 589, " Com- 

putation of traverse line," corrected for temperature, standardization, inclina- 
tion, and sea level, a s  given in the column headed "Reduced lengths." 

- 
FIQ. 9l.-!l!raverse sketch, direct measurement betwren stations 

Cacao 

Rad c#cao-x= 0.160 666.667 
9.2043 897 - 0.180 

/oq COS 6 = 8.8639383 666: 5 07 = Caboose - X /+ .2!85m. = 0.3394519 
/og sin 8 = 9.9988310 2.8238047= log. Caboose-x 

log 666507 = 2.8238047 
/og tnn c = 7.5144777 666.510 m= Caboose-Cacwo 

Pro. %.-Specimen, projection computatlon, one offmet mtation 

0.3382824 0.0000023= /og,sec c 
2.8238070 = 10g.Caboose-Cacao 

4. Offset distances expressed in meters with statement whether distances 

6. Angles a t  loop stations and a t  offset and rail stiitiona 
6. Summation of loop angles with closure. 

The inlport,ance of these. sketches can not be overemphasized. They 
guide the officer in charge of field work in deciding whether all the 
data have been obtained and whether the necessary accuracy has bean 
secured. These sketches and the necessary computations preceding 
them should be kept as nearly as possible up to date. 

In  Figures 92 to 95, below the horizontal line, is shown the compu- 
tation necessary to make each type of projection. If the computation 
is made neatly and methodically, the checking, which should be done 

were measurecl horizontally or inclined. 
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in the field before the computation of geographic positioas is made, 
can be done more easily, quickly, and accurately. 

CLOSURE AND PROJECTION OF LOOPS 

As already explained (p. lag), it is often desirable to carry &e 
azimuth through long lines extending past several intermedia sta- 

Rad Spencer /0589.4/3 ffdi/Omah? 

5= GO0/O'45" 
A = 89 '/7'/9'' 

BIG. 94.-Spedmen, projwtlon computation, stations on opposlte sides of track 

tions and forming loops with the intermediate stations. The lengths 
of these long lines must be determined by projecting the measured 
intermediate lines upon them. 

The first step in the computation is to make a diagram of the loop, 
as shown in Figure 95. The error of closure of the angles in the 
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4oop should be determined and distributed among the angles before 
making the projection. The error of closure is the difference between 
the sum of the interior angles in the loop and the proper number of 
right angles (number of sides minus 2 multiplied by 2). Dis- 
tribute the error equally among the angles unless there is some good 
reason, such as very unequal lengths of lines, for making an arbitrary 
.weighted distribution of the closing error. Frequently a large clos- 
ing error occurs in a loop which has one or more extremely short 

Zen/% 0 /"/6'328: 
Zenith A /87°57:58.411 
Zenith 6 =/73"k3 5521, 
Zenith C =/64"0/'2/.2 
Lunch 2 = /3"0O1I8.7" 

L72Y8Y33 I__ 56613 
- a O J 6 m  P387.72Yn 

: 7 7 W l j  

BW 96.-Specimen, loop closure and projection computation 

lines in it, where a slight eccentricity would produce o large angular 
error, and in such a case an unequal distribution of closing error is 
sometimes warranted. Whatever method is used, it should be made 
evident by the arrangement of the computation somewhat as shown in 
Figure 95. I n  that figure the azimuth method of distributing the 
error is used. To use this method, start at one end of the loop. assume 
the azimuth of the long line to be 0" 00' OO".O, and then ccmpute the 
corresponding azimuth of each of the other lines wit.h respect, to the 
long line. The azimuth of each line is obtained by adding to the 
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azimuth of the preceding line 180" plus the direction of the second 
line measured in a clockwise direction from the first. The amount 
that the back azimuth of the long line as thus computed through 
the angles differs from 190" 00' 00?0 will be the closing error of the 
angles of the loop. When this error is distributed among the angles 
the corrected azimuths can be obtained by merely correcting the 
seconds of the preliminary azimuths, the degrees and usually the 
minutes remaining unchanged. 

The length of each measured line in the loop is next multiplied 
by the sine and cosine of the azimuth of that line as determined in 
the previous computation. The product of the length and the cosine 
gives the projected length of the line on the long line, and the sum 
of these projected lengths for all the measured lines gives the length 
of the long line. The product of the length and the sine gives the 
departure of the line or the differences between the perpendicular 
distances from the long line of the two ends of the measured line, 
the sign depending upon the azimuth. The sum of the plus per- 
pendiculars for. all the measured lines should equal the sum of the 
minus perpendiculars, and this gives a valuable check on the ac- 
curacy of the field measurements and the office computations. (See 
fig. 95.) A large discrepancy between the sums of the plus and 
minus perpendiculars indicates that a inistake has been made either 
in the computations or in the measurement of the angles or distances. 

It is possible, of course, to make a least-squares adjustment of each 
loop and thus make the sums of the perpendiculars esactly equal 
as well as eliminate the closing error of the angles. This has been 
tried on a number of different loops and has been found to give a 
length for the long line which differs so slightly from the length 
determined as described above as not to  justify the additional work, 
except where one of the lines is used to make a connection with 
triangulation. 

COMPUTATION OF GEOGRAPHIC POSITIONS 

After the lengths of the lines connecting the main traverse stations 
have been determined the geographic positions of the stations and 
the azimuths of the lines between then1 should be computed. This 
computation may be macle either on Form 27, Figure 63, or on Form 
596, which is a one-sheet form similar to Form 27 and adapted 
especially for traverse. The computation is described fully in Spe- 
cial Publication No. 9, Formulre and Tables for the Computation of 
Geodetic Positions, and also in Special Publication No. 138, Manual 
of Triangulation Computation and Adjustment. 

The geographic positions are computed by starting with the fixed 
position and azimuth at orre end of the traverse and coniputing the 
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positions and azimuths in order through the traverse until a check 
is obtained on a fixed position and azimuth at the other end. At  each 
station where an astronomic azimuth has been observed the geodetic 
azimuth obtained by computing through the traverse is compared 
with t,he observed astronomic azimuth, and if the discrepancy is too 
large (see pp. 149, 164, and 166), the computations should be ex- 
amined in an attempt to locate the error. If the error is not found 
ilr the computations, it will be necessary to reobserve angles a t  main- 
scheme stations until the discrepancy is reduced to allowable limits. 
The error may be due to a blunder a t  a single station, such as that due 
to observing upon a wrong object, or may be the result of the accumu- 
lation of errors a t  several stations due to unfavorable observing 
conditions. 

The geodetic azimuths and positions derived from the fixed start- 
ing point is continued throughout the line without correction a t  the 
intervening astronomic azimuth stations. Since there is f requent.ly 
a tendency for the azimuth discrepancy to  accumulate in one clirec- 
tion .dong IZ traverse line, the discrepancy in position and azimuth a t  
the closing point of the traverse is often rather large. 

DISTRIBUTION OF DISCREPANCIES 

No least-squares adjustments of traverse need be made in the field. 
I f  the geographic positions of the stations axe needed immediately 
to control topographic and hydrographic surveys, as will frequentlp 
be the case, the discrepancies may be distributed in the following 
manner : 

Unless the azimuth discrepancies are very large at one or niore 
of the astronomic azimuth stations near the beginning of the traverse 
line, no azimuth discrepancy need be distributed. I f ,  in the escep- 
tional case mentioned in the preceding sentence, the azimuth discrep- 
ancy will swing the closing end of the traverse line to such an extent 
that it will not be sufficiently corrected for field use by the distribu- 
tion of the discrepancies in latitude and longitude, then the azimuth 
discrepancy at the forward astronomic azimuth station of the section 
should be distributed equally aniong the main-scheme angle stations 
back to the preceding fixed azimuth. The positions of the stations 
in that section will then have to be recomputed, a comparatively easy 
and rapid process, since the factors remain unchanged. 

The discrepancies in latitude and longitude are distributed sepa- 
rately back through the traverse, roughly in proportion to the lengths 
of the various main-scheme lines. I f  the liDes fire not so very unequal 
in length, if the traverse is fairly short, or if the discrepancy in 
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position is small, the discrepancies in latitude and longitude may 
be distributed without weighting according to length of line. Ordi- 
narily this will give geographic positions closely enough for field 
work, until the least-squares adjustment of the results can be made 
in t.he ofice. 

The methods of making the, least-squares adj.ustments are de- 
scribed in Special Publication No. 187, Manual of First-Order 
Traverse, and can be consulted there if needed. 



CHAPTER 5-ASTRONOMIC AZIlMrTTHS 

CLASSIFICATION OF AZIMUTHS 

The classification of azimuths given below differs somewhat from 
that given in Special Publication No. 120, Maiiual of First-Order 
Triangulation, but the classification below seems more logical than 
the one previously used and has been adopted by the United States 
Coast and Geodetic Survey. 

A first-order astronomic azimuth is one observed with such methods 
as to give a probable error for the result of O('5 or better, obtained 
from observations on a single, night. When it :becomes necessary 
to secure greater accuracy the same methods are used but the nuin- 
ber of observations is increased and the observations are usually 
distributed over more than one night. 
To prevent. the accumulation of azimuthal errors in first-order 

triangulation and traverse certain azimuth control pints ,  called 
Laplace stations, are included in the adjustment. A Laplace station 
E a station of the triangulation or traverse at  which both the astro- 
nomic azimuth and the astronomic longitude have been determined. 
A Laplace azimuth is an astronomic azimuth corrected for the deflec- 
tion of the vertical in the manner described in Special ' Publication 
No. 138, Manual of Triangulation Computation and Adjustment, 
pages 204 to 207. Azimuths at  Laplace stations are determined with 
a ,probable error of OY30 or less from observations made with first- 
order methods, usually on two separate nights. 

A second-order azimuth is one observed with such methods as 
to give a probable error for the result of 2'.'0 or less. The observed 
vdue'is not corrected for t.he effect of the deflection of the vertical 
before being used in the adjustment of the triangulation or traverse, 
and therefore great accuracy has no advantage. I n  regions with no 
high mountains and no'great differences in the density of the near-by 
subsurface geological structures the error in the observed azimuth due 
to the uncorrected effects of the deflections of the vertical will not 
usually exceed one or two seconds of arc, but in other regions it may 
amount to several times that amount. In  southeast Alaska' the prime 
vertical deflections at  six sea-level stations as determined by longitude 
observations ranged from -7'.'94 to +12'.'33, with an average with- 

&ut regard to sign of 8'.'2. This average deflection would affect the 
'observed azimuth by more than 12 seconds of arc. 

173 
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A third-order azimuth (see p. 183) is one observed with such 
methods as will give a probable error for  the result of 5'1'0 or less. 

METHOD O F  OBSERVING A SECOND-ORDER AZIMUTH 

A detailed description of the method of making observations for 
azimuth and of computing the results of the observations is dven 

in Special Publication No. 14, Determination of Time, Longitude,. 
Latlitude, and Azimuth, with tables and specimen computations. Ib 
is assumed that this publication is available to the observer. 
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I n  the Northern Hemisphere observations upon Polaris with a 
theodolite provide the most convenient met hod for determining an 
azimuth. In  the higher latitudes a special right-angled eyepiece 
must be provided for the theodolite to enable the observer to point 
on the north star. Either a direction or a repeating instrument 
may be used. A sufficient number of observations should be made 
to give the specified probable error. 

AZIMUTH OBSERVATIONS WITH DIRECTION THEODOLITE 

If a direction instrument is used, twice the number of observations 
on Polaris should be made as would ordinarily be taken on second- 
order triangulation with that class of instrument. The form of 
record is shown in Figure 97. The station used as the azimuth mark 
is observed upon nest before Polaris, in order to reduce the time 
elapsed between the pointings upon Polaris and the mark. For the 
same reason the horizon is not closed when tlziiiiuth observations are 
being made. The observing routine for a direction instriiment de- 
scribed in the nest paragraph will reduce the time required for the 
operation and also minimize the chances for mistakes and omissions. 
The observing routine described for a direction instrument can easily 
be modified t o  apply to a repeating instrument. 

After having completed the pointing and readings upon the 
mark point upon Polaris, bringing the star within a half minute or 
so of the vertical wires in the middle of the field, clamp the horizontal 
motion; place the stride level in position on the standards, a t  the same 
time calling " stand by " to the recorder ; perfect the pointing, calling 
" tip " sharply a t  the moment of bisection; then read and make niental 
note of the stride-level readings, but do not call out the readings until 
the recorder, who is markkg down the time, calls " ready." After 
noting the stride-level readings reverse the stride level and move to 
the first micrometer, calling out the stride-level readings, west 
end always first, then the micrometer readings in order, and lastly 
the readings of the reversed level, again west end first. Remove the 
level, turning it end for end as it is removed, and place it on the 
supports1 provided for the purpose on the south side of the stand 
or tripod, in position to be placed later on the instrument with the 
same end to  the west as on the first reading. This is not necessary, 
but will often enable the computer to detect mistakes in the recording. 

Next loosen the upper horizontal clamp, turn the instrument 130°, 
reverse the telescope and point again upon Polaris, going through the 

If a wooden stand or tower has been built on which to mount the theodolite, two nails 
should be driven into the structure on the RoUth side of the tripod head at the proper dls- 
tnnce apart ta serve as a rack For the stride level. If  a steel tower or portable folding 
tripod is being used as an instrument support, a piece of stii wire may be bent into the 
proper shape and fastened t,~ the tripod for the same purpose. 
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same proceclure as describecl for tlie first. pointing. This routine 
permits the stride-level bubble to come fully to rest without delay 
to the observing. 

I f  the value of one division of the stride level is not known, it 
should be determined in tlie field. (See 1). 80.) 

AZIMUTH OBSERVATIONS WITH REPEATING VERNIER THEODOLITE 

I f  a repeating theodolite reading by verniers to 10 seconds is used, 
from three to  four sets will be sufficient, each set consisting of 6 D/R* 
between Polaris ancl the aziniiitli mark. The record of observations 
should include the time as marked for each pointing upon Polaris, 
the angle readings for the beginning and ending of each half set, and 
the stride-level readings, direct and reversed, for tlie beginning and 
ending of each half set. I f  the value of one division of the stride 
Ievel is not known, it should be determined in the field. (See p. 80.) 
A sample form of record for a repeating instrunient is shown in 
Figure 98. It is not necessary to  record the angle readings corre- 
sponding to the times of the pointings between the first and sixth 
repetitions, for a curvature correction can be derived from the mean 
of the recorded times and the niean angle corrected accordingly. 
(See Special Publication No. 14, fifth edition, p. 144.) 

AZIMUTH MARK 

Ordinarily it will be found most convenient. ancl desirable to use 
as an  azimuth niark a light niounted a t  some adjacent triangulat,ion 
station of tlie main scheme. If it is necessary to use some other 
point as  an azimuth mark, it shoulcl preferably be a t  least B mile 
sway from the azimuth dation, and the angle between it and at. least 
one main-scheme station should be. cleterniined by observations of the 
sanie accuracy as that used in the main scheme. Precautions must 
also be taken to hold tlie azimuth marks fixed in position and to ob- 
serve upon the same point of the mark in connecting it to the main 
scheme as was used in the aziniuth observations. A focusing flash 
light showing @rough a small slit or hole in a board will often make 
a satisfactory mark for azimuth work. 

RECORDER’S DUTIES 

The principal precautions to take in observing upon Polaris are 
to center the instrument and mark accurately, to see that the theod- 
olite is firmly supported, and then to train the recorder to note ac- 
curately the chronometer time corresponding to the call of “tip,” 

* See foptnote on p 33. 
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giving him sufficient time to niake record of it before he is confused 
by other readings. The recorder should be trained to carry mentally 
a staccato count of the seconds of the chronometer, as, "twenty' 
half, twenty-one' half, twenty-two' half"-the accented word or 
syllable and the word " half " synchronizing with the half-second 

f - a  
* *  
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beat. It is then easy for hini to note within a half second the time 
of the observer's " tip." 

I f  a sidereal watch is used instead of a chronometer, its fifth-second 
beat can not readily be followed, but with practice the mental 
staccato half-second count can be regulated so that the count of thc 
whole second can be made to coincide with the passage of the second 
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Lati- 
tude 

36 
38 

hand over each successive second division of the dial as registered 
by the eye and the time of the “ t ip”  noted with reference to the 
count. This is more accurate than noting the time by the eye alone. 

The record book in which are recorded the observations upon 
Polaris should always contain a record of the eccentricity of both the 
light and the theodolite. I f  there is no eccentricity of either, it should 
be so stated. Often there is uncertainty as to whether the eccentricity 
recorded for the regular angle observations should be applied to 
the azimuth observations also, if t.he azimuth is measured separatdy 
from the other directions. 

Mean tlme 
interval 

dongatidn 
minusup 
per cul- 

mination -- 
W. E. 
4-6 55.9- 
$6 66.7- 

h. m. 

WHEN TO OBSERVE POLARIS 

The observations upon Polaris are preferably made near t4he time 
of elongation, when an error in the chronometer correction has a 
relatively small effect. Observations upon Polaris may be made at 
any hour angle, however, if the chronometer correction is known 
within one or two seconds. An error of two seconds in the time 
would cause an error of about 0‘!6 in the computed azimuth of 
Polaris near culmination in latitude 30° and 1!’2 in latitude 60’. 

The hour angle of Polaris or iti3 position with’ reference to the 
Meridian may be roughly determined by the fact that the line from 
[ UrstlB Majoris (Mizar) to 6 Cassiopeiae passes approximately through 
both Polaris and the pole. Therefore when Polaris is directly above 
C Urss Majoris and below 8 Casssopeise, or vice versa, i t  is near the 
meridian. or about six hours from elongation. 
The times of upper culmination and of elongation can be readily 

obtained from Table VI1 in the American Ephemeris and Nautical 
Almanac headed “ Apparent place, time of upper culmination? and 
time interval between upper culmination and elongation east or west, 
of Polaris.” As an example, suppose it is desired to find the local 
time of eastern or western elongation (depending on which one 
occurs during the hours of darkness) on the evening of November 
20 or the early morning of November 21, 1928, at a station whose 
approximate latitude and longitude are respectively 36” 42’ and 93O 
17’. In  the Ephemeris table mentioned abore will be found the 
following data : 

November, 14.9 _ _ _ _ _  
Novembea, 24.9 _ _ _ _ _  

I Upper culmination, mddlan of Greenwich 

I ) .  na. 8. 
1 36 53 
1 36 48 

E right 

0 ’1 I i. m. a. 1 m. 8. 
+ss 55 ! a 0  22 01 53 -3 66.3 
+ee tis ai.6 21 aa xi -3 m.6 

Variation 
per hour 

w. E. 
-9.86+ 
-9.85+ 

8. 
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From these data the computation is made as follows : 
h . m a  

Greenwich civil time, upper culmination, November, 14.9 ________ = 22 @l 63 

Variation for 6 days (6X-3 56.4) -__---- - -__------ --------- = -23 .38 

Greenwich civil time, upper culmination, November, 20.9 ________ = 21 38 15 

-1 01 

m. s. 

- h. 
Correction for longitude ( 9 2 O  17'=6.15) ____________-____-_-__ - 

= Zl 37 14 
= a1 37.2 Local civil time, upper culmination __________________________ 

Mean time interval t o  'western ..elmgation _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  =+5 55. S 

Local civil time, western elongation (Nov. 21) ___________-_____ 3 33.0 

It should be noted that the time of western elongation thus obtained 
is local civil time and not standard time. In order to obtain the cor- 
responding standard time a correction must be applied to take account 
of the difference in time between the standard meridian of 90" and 
the meridian of 92" 17'. This correction is obtained by simply con- 
verting the difference in longitude, 2" 17', into time and amounts in 
this example to 9.1 minutes. The standard tinie of western elonga- 
tion on the morning of Kovember 31 at the given station is therefore, 

3 38.0+9.1=3 42.1. 
h. m. m. h. m. 

CHRONOMETER CORRECTION 

Different methods may be used to determine the chronometer cor- 
rection. The chronometer should have a fairly uniform rate, and 
ita correction should be deterniined both before and after the obser- 
vations upon Polaris, in order to determine the rate and eliminate 
the possibility of larue errors. The most convenient method for de- 9 lermining the correction is by comparison of the chronometer with 
radio time signals. I f  no receiving set is available, or if the chro- 
nometer must be transported a considerable distance to the station 
after a coniparison is macle, the correction should be obtained from 
star observations. 

I f  a standard chronometer aboard ship is accessible for compari- 
son with t.he hack chronometer or watch both before and after the 
azimuth observations, no observations for tinie need be made, pro- 
vided the standard chronometer has a satisfactory rate and has been 
conipared with radio time signals within 24 hours of the time of the 
aziniut h observations. 

Whether a hack chronometer or a good sidereal watch is used, it 
should be protected as much as possible from changes in tenipera- 
ture. I f  packed in a box with cotton, with only its fa& exposed and 
shielded from the wind, the changes in rate due to temperature 
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changes will be materially lessened. An ordinary watch left unpro- 
tected will often change several seconds in a short period of time. 

The star observations for time may be made by observing the transit 
of stars across the middle wire of a theodolite mounted so that, with 
the horizontal circle clamped, its telescope swine  in the meridian. 
The method to be followed in placing the telescope in the meridian 
is described on page 16 of Special Publication No. 14 (fifth edition), 
Determination of Time, Longitude, Latitude, and Azimuth. ,4 star 
catalogue must, of course, be available when this method is used. 

Probably the best method for determining the chronometer cor- 
rection with the instruments usually a t  hand is to observe the alti- 
tudes of east and west stars near the prime vertical. No star cata- 
logue or observing list is needed, and any star near the prime vertical 
of greater aItitude than 2 5 O  may be used, even though it shows for 
only a few minutes through a broken field of clouds. A star chart 
can be used to identify the st.ars observed upon. To make identi- 
fication certain, the horizontal angle should be measured from 
Polaris or from some adjacent triangulation station to each time 
star observed upon. For determining the chronometer correction 
four observations should be made upon an east star and four upon 
a west star before the azimuth observations, to constitute what is 
called a $ime set, the mean of all unrejected values being used as 
the chronometer correction. A time set should be observed before the 
azimuth observations are started and another one immediately after 
they have been completecl, the difference in the chronometer cor- 
rections so obtained being applied as a rate distributed throughout 
the intervening time interval. If the probable error of a time set 
obtained by this method is greater than two seconds, Polaris should 
be observed near elongation. Any instrument having a vertical circle 
which reads to 30 seconds or less may be used to make the time 
observations. Thermometric and barometric readings should be 
talien at the beginning and at the end of each time set. 

Since for practically all theodolites used on second-order work the 
level bubble on the vertical circle is attached to the vernier frame, the 
routine of observing with that arrangement only will be described. 
With circle right, bring the star near the intersection of the middle 
vertical and horizontal wires, with the horizontal wire just ahead 
of the star in  the direction in which the star is moving, and allow the 
star to make contact with the wire. thus eliminating the error due 
to the thrust upon the instrument when the tangent mew is oper- 
ated to make the contact. At the time of contact call “ t ip  ” to the 
recorder, who notes the time. Bring the bubble to the center of 
the tube with the vernier screw and read the verniers. Then loosen 
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the vernier clamp, reverse the telescope, and with the circle left bring 
the star into approximate position with the vernier screw. Call 
“tip ” to the recorder as the star makes contact with the horizontal 
wire, then bring the bubble to the center and read the verniers. This 
constitutes one measure of the zenith distance. The next measure 
should be made beginning with circle left and ending with circle 
right. 

ERRORS IN TIME OBSERVATIONS 

It is more difficult to secure good time sets than to secure good 
observations upon Polaris. For that reason the observer should 
always compute his time sets. The computation of both time and mi- 
mnth is fully explained in Special Publication No. 14, and a sample 
of the time record is shown in Figure 96. Some of the more common 
sources of error in time observations are mentioned below and the 
remedy for each indicated. 

1. Incorrect noting of time.-An inexperienced recorder should 
be trained in the way explained in the paragraphs relating to the 
observations on Polaris. Do not confuse him by calling out the 
readings of the verniers or levels before he has finished recording the 
time. 

2. Incorrect circle readings-The difficulty of securing an even 
illumination of the verniers by flashlight increases the chances of 
incorrect readings. Check carefully the minutes of each vernier 
reading, for the mistakes are more apt to occur in the minutes than 
in either the degrees or seconds. 

3. Wrong star.-The effect of this error can be nullified by meas- 
uring roughly the horizontal direction to each time star from either 
Polaris or some station of the triangulation, noting the time of the 
measurement. This should invariably be done, and the angle and 
time recorded for each time star. 

4. Refraction errors.-The zenith distances are corrected for re- 
fraction, the correction angles being taken from tables given in 
Special Publication No. 14 (fifth edition), Determination of Time, 
Longitude, Latitude, and Azimuth. These tabulated values must, 
themselves be corrected for temperature and barometric pressure, 50 
thermometer and barometer readings must be recorded for each time 
set. The differential effect of an incorrect index of refraction being 
used for the tabulated values for the correction will be lessened by 
having the east and west stars as nearly as possible of the same 
zenith distance, though usually the error from this source is not 
serious if no star is used of an altitude less than 30”. 

5. Poor selection of stars.-More serious errors will be intro- 
duced by selecting stars too far from the prime vertical. In  the 
early evening there is always the temptation to use the first stars 
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visible in order to begin the night's work. A delay of a quarter of an 
hour is usually not serious and will often result in securing time 
stars which will give a much more accurate chronometer correction. 

6. ParaliaL-The effect of parallax in the telescope is very apt to 
be evident in the computed timea, for the effect of this error is almost 
invariably opposite in sign for east and west stars. It is very essen- 
tial that  both east and west stars be observed upon for each time set, 
for the mean will be measurably free from this error unless there is 
a great difference in their zenith distances. 

THIRD-ORDER AZIMUTH 

A third-order azimuth is an astronomic azimuth observed with 
such instruments and methods as will give a probable error for the 
result of not to exceed five seconds. 

Practically the same methods are employed in observing a third- 
oider azimuth as those degcribed for second-order, but the larger 
permissible limit of error allows greater latitude in the choice of 
instrument and also requires a smaller number of observations. In 
the Northern Hemisphere a third-order azimuth should preferably 
be observed upon Polaris because of the greater convenience in both 
the observing and in the computations. Observations upon Polaris 
may be made at  any houiaangle provided the chrofiorneter (or watch) 
correction is known within four or five seconds. (See 11. 1'79.) 

I f  the match correction is determined by observations upon the 
stars, at  least two, and preferably three, observations should be made 
upon an east star and the same number upon a west star before the 
observations upon Polaris are started and a similar set after the 
Polaris observations are completed. Any instrument having a ver- 
tical circle reading to one minute or less mug be-used for the time 
observations. 



CHAPTER 6.40NSTANT23, HIRLPIUEAS, AMD TABLES 
CONSTANTS AND FORMULAS 

Dimensions of the earth according to Clarke’s spheroid of reference 
(1866) : 

Equatorial radius, a,=6378206.4 meters 

Polar semi-axis, b,=6356563.8 meters 
log. a= 6.80469857 

log. 6 = 6.80322378 - 
Eccentricity, e, = 4 7  

e2=0.006768658 
log. e2 = 7.83050257 - 10 

Base of Naperian logarithms, ~,=2.71828183 

Modulus of common logarithms, M,=0.43429448 

r=3.14159265 

log. r=0.43429448 

log. M=9.63778431- 10 

log. r=0.49714987 
log. sin 1“ = 4.68557487 - 10 
lo . tan 1”=4.68557487- 10 
1 filometer = 0.6213$0 statute mile= 0.539593 nautical mile, 
1 meter = 0.0006213’iO statute mile= O.OO0539593 nautical mile. 
1 statute mile= 1609.35 meters= 1.60935 kilometers. 
1 nautical mile= 1853.25 meters = 1.85385 kilometers. 
1 nautical mile= 1.151553 statute miles. 
1 statute mile=0.868393 nautical mile. 
1 meter=39.37 inches (law of July 28, 1866). 
1 meter = 3.28083333 feet. 

1 foot=O.30480061 meter. 
log. 3.28083333 = 0.51598417 

log. 0.30480061 = 9148401583 - 10 - 
Probable error of an observation, T =  0 . 6 7 4 5 G  

T zvg 
Probable error of result, T, = -- - 0 . 6 7 4 5 d r  1) 

Probable error of an  observation of unit weight, p 1 = 0 . 6 7 4 5 r  12- 1 

4- 
E p o t  

Probable error of an  observation of weightpl,rt=& Irl = 0 . 6 7 4 4 x  Pdn-1) 

184 
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Probable error of an observed direction,d=0.674 whereZd=sum 

of squares of correctionS to directions, and c is the number of 
conditions. 

6 
- 

Mean error of an angle, a! = Jgp 
where EA2 is the suiii of the squares of the closing errors of the 
triangles, and .n is the number of triangles. 
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6.577 
5.610 
5.643 
5.676 
si09 

J. 741 
&. 774 
5.807 
5. a40 
5.873 

&gas 
5.m 
5.971 
6.m 
8.037 

8.m 
6. loa 
6.135 
6.168 
8.201 

6.234 
6.288 
6.288 a 332 
0886 

18.0 
19.3 

19.6 %:I 20.4 

20 .7 ,  

21.9 
222 

22.6 
32.8 
23.1 
23.4 
23.7 

24.0 
24.3 
24.6 
250 
25.3 

256 
259 
2&2 
2t16 
a69 

27.2 
27.6 
27.9 
28.2 
?$.6 

2 5 9  
29.2 
29.6 
29.9 
3 a 3  

30.6 
31.0 
31.3 
31.7 
32.0 

32 4 
32 8 
33.1 
3a.5 
33.9 

34.2 
3 4 0  
ar*O 
35.3 
35.1 

W.1 
36.5 
3R 9 
37.2 
37. e 

200 
2 01 
202 
203 
204 
205 
208 
2 07 
208 
208 

2 10 
2 11 
2 12 
2 13 
2 14 

2 15 
2 16 
2 17 
2 18 
2 I9 

220 
221 
222 
223 
224 

2 25 
2% 
221 
2B 
2as 

2.30 
2 31 
2.32 
233 
234 

2 35 
236 
2 37 
239 
239 

240 
2 41 
2 42 
243 
244 

2 45 
246 
2 47 
248 
2 49 

260 
2.51 
2 s2 
253 
254 

256 
258 
2 57 
258 
1 L I  

- 
Fret 
6.3M 
8.m 
6.463 a 498 
6.538 

6.662 
6.m 
6. L? 
6.6W 
6.683 

8.128 
6. 759 
6. n1 
6.824 
6. 857 

8.880 
6. 923 
6.955 
6.9s 
7.021 

7.054 
7.087 
7. I19 
7. 1 8  
7. 185 

7.218 
7.251 
7. !a3 
7.316 
7.349 

7.302 
7,415 
7.447 
7.480 
7.513 

7.546 
7.570 
7.012 
7. 644 
7.677 

7.710 
7.743 
7.776 
7. 
7.841 

7.874 
7.907 
7.940 
7.972 
8.005 

a w  
a on 
a IM 
a lee 
am 

a 301 
a m 

am a 432 
8.485 

8. 136 

8.235 
8.288 

8.365 

8.497 

187 

- 
C- 
tion 

Mm. 

- 
380 
38.4 
3R8 
39.2 
38.6 

40.0 

41. a 
41.6 

420 
42 5 
12 9 
43.8 
43.7 

44.1 
44.5 
45.0 
45.4 
45.8 

46.7 
47. 1 
47. 5 
4&0 

48.4 

49.3 
49.8 
a 2  

5a7 
51. 1 
51. 6 
5 2 0  
525 

5 2  9 
53.4 
53.9 
% 3  
54.8 

55.7 

56.7 
57. a 
57.6 
581 
5&6 
59.1 
59. e 
a1 
&16 
61.0 
61.5 
620 

625 
63.0 
63.1 
M.0 
64.6 

66.1 
6 6  
68.1 
86.6 

4a 4 
4a 8 

M a  

4a 9 

55 a 
5e.a 

m. a 



188 U. 6. COAST AND GEODETIC SURVEY 

Indination corrections for 60-meter tape ZengtHontinued 

dfm. 
67.6 
68.2 
88.7 
8 8 2  
8 8 7  

~ 

Difference of 
elevation 

Xefera 
3.25 
3.33 
3.27 
3.28 
3.29 

l C d c T 4  
880 
2 61 
262 
263 
284 

2 65 
268 
2 67 
288 
269 

270 
2 71 
272 
2 73 
2 74 

2 75 
2 76 
2 77 
278 
879 

280 
2 81 
282 
283 
284 

285 
2 86 
2 87 
288 
2 69 

290 
2 91 
2sa 
283 
294 

2 a5 
2 I1 
2. IYI 
298 
2 9 0  

aoo 
a oi 
a 02 
9.03 
a04 

ao7 
ao8 

a IO 
a 12 a 13 

a 15 a 16 a 17 a 18 a 18 

am 
a2a 
a= 

3.05 
a00 

a09 

3. 11 

a 14 

3. 21 

(La4 

Mm. I 
1057 
1 M 4  
107.0 
107.7 
1oLL4 

109.0 
109.7 

111.0 
111.7 

112 4 
113. 0 
113.7 
1144 
115. 1 

115.7 
116.4 
117.1 
117.8 
115 5 

119.2 
119.9 
120.6 
121.3 
122 0 

122.7 
1 3  4 
1%. 1 
124.8 
125.5 

1% 2 
128.9 
137.6 
12% 3 laa 0 

l29.& " 

131.2 
131.9 
132 7 

133. 4 
134.1 
134.9 
135.6 
136.3 

137.1 
137.8 
138.6 
139.3 

140.8 
141.6 
142 3 
16.1 
143.8 

144.6 
115.4 
146. 1 
146.8 
147.7 

14s. 4 
149.2 
1.50.0 
15a 8 
151.6 

iia 3 

raa 5 

140.1 

Feet 
a m  aim 
a m  a m  a 061 

a m  
a 700 am 
a= 
a m  
a 891 

a 957 
a m  

8.737 

a PA 

9.022 
9.055 
9.088 
9.121 
9.154 

9.185 
9. "9 
9.253 
8.285 
9.318 

9.350 
9.383 
9.416 
9.449 
9.482 

0.514 
9.547 
9.580 
9.613 
0.646 

9.678 
9.711 
9.744 
9.777 
0. s10 

9.843 
9.875 
9. m 
8.941 
9.974 

am a 038 a 072 

a 138 

a 171 
a m  a 1 6  

a 105 

am 
.a 302 
la 335 

'0. 433 

io. 367 
la 403 

a 468 

io. 490 

la 5 ~ 4  
la rn 
La 630 

la 531 

Meha 
3.90 
3.01 
3 92 
3.93 
3.M 

~ 

Corm* /I Difference of 
tion elevation 

Mm. 
1523 
153.1 
153.9 
154.7 
155.5 

156.3 

Meter1 
4.55 
4.58 
4.57 
4.58 
4 . 3  

m3 I 
70.8 
71.3 
71.9 
722 4 

73.0 
73.6 
74.0 
74.6 
75.1 

1:: 
76.8 
77.3 
77.9 

1 
I 

7 a 5  
79.0 
79.6 
s a 2  
s a 7  

81.3 
81.9 
82.4 
83.0 
83.6 

84. 2 
84.8 
85.3 
85.9 
m.5 

87. 1 
87. 7 
88.3 
88.9 
a 5  

9al 
9 a 7  
91.3 
91.9 
92 5 

93.1 
93.7 
w 3  
95.0 
95. 6 

98.2 
h l 8  

09.3 E I 
loa 0 
1o(x 6 
101.2 
101.9 

102 6 
103.1 
1m 8 
I o 4  4 
105,l 

3. 30 
3.31 
3.32 
3.33 

3.35 
3. 36 
3.37 
3.38 
3.39 

3.40 
3. 41 
3.42 
3. 43 
3.44 

3.45 
3.46 
3.47 
3.48 
3. 49 

3.50 
3.51 
3.52 
3.53 
3.54 

3.65 
3.56 
3.57 
3.56 
8.59 

3.00 
3. 61 

3. 63 

3.65 
3.60 
3.67 
3. 08 
3.69 

3.70 
3. i l  
3.72 
ai3 
3.74 

3.15 a 76 a 77 
3.78 
3.79 

3. 80 
3.81 
3.82 
3.83 
3.84 

a. RS 
3. $6 
3.87 a. tis 
ass 

a. 34 

3.113 

aa 

- 
Fed 

ia ea 
l0.6M la PA 
10.761 
10.794 

la 827 
la 860 
io. a92 
io. 9% ia 9% 

ia mi 
11.024 
11.058 
11.089 
11.122 

11.155 
11.198 
11. 220 
11.253 
11.298 

11.319 
11.352 
11. %4 
11.417 
11.450 

11.483 
11.516 
11.549 
11.5s1 
11.614 

11.647 
11.680 
11.713 
11.745 
11.778 

11.811 
11.844 
11.877 
11. Bog 
11.942 

11.975 
12 008 
12 041 
12 073 
12 108 

12  139 
12 372 
12 2OcI 
I2 218 
12 270 

12 303 
I?. 336 
12 3 8  
12 4tX4 
1 2  434 

I 2  467 
12 500 
12 633 
12 588 
12.663 

j: % 
12 697 
12 730 
12 762 

Coiree 1) Difference of 
tion elevation 

3.95 
3.90 
3.07 
3.93 
3.90 

4.00 
4 01 
4. m 
4.03 
4.04 

4.05 
4. 00 
4.07 
4. cs 
4.09 

4. 10 
4.11 
4.12 
4. I3 
4.14 

4. I5 
4. I6 
4.17 
4. I3 
4.10 

4.20 
4.21 
4.22 
4.23 
4.34 

2 2s 
4 2 8  
4.27 
A 2s 
4 2 9  

4.30 
4.31 
4.32 
4.33 
4.84 

4.35 
4. as 
4.27 
4.23 
4. 39 

4.40 
4.41 
4.42 
4.43 
4.44 

4.45 
4. 46 
4.47 
4.48 
4.49 

4.50 
4.51 
4. 52 
4.53 
C M  

- 
Fret 

12 795 
12 8 1  
12 801 
12894 
12.93 

In 959 
1 2  99.2 
13.0% 
13.058 
13. 091 

13.123 

13.189 
13. -22 
13. 255 

13.287 
13.320 
13.353 
13.360 
13.419 

13.151 
13. 4.94 
13.517 
13. FS3 
13.533 

13.615 
13.648 
13.681 
13.714 
13.747 

13. 750 
13.812 
13.815 
13.8% 
13.911 

13. MI 
13.9i6 
14. m 
14.042 
14. 075 

14.108 
14.140 
14.173 
14. 2c8 
14.239 

14. 273 
14.304 
14.37 
1.1. 370 
14 403 

14.436 
I& 4G8 
14.501 
14. 534. 
14.507 

14.800 
14.633 
14. GB5 
14.888 
14.731 

I4.7f34 
I4.7U7 
14.828 
I4 862 
14.886 

13.150 
160.3 
161.1 
181.9 loa 7 
163.5 

164.3 
105.1 
165.9 
1GB 7 
167.6 

168. 4 
Ins. 3 

170.9 
171.7 

172 6 
173.4 
174 2 
li5.0 
175.9 

170. a 

176.7 
177.6 
17& 4 
179. 2 
1m 1 

181.0 
181.8 
18% 7 
183.5 
151.4 

188.1 

187.8 
15s. 7 

189.6 

101.3 
192.2 
193.1 

is7. n 

ioa 5 

194.0 1 
195.7 j 104.9 

188 6 
197.5 

16a 4 
109.3 
m2 
a02 0 

2 o a O  m. 8 
204.7 
X 6  
aoBd 

mi. 1 

4. Bo 
4.61 
4.62 
4.63 
B'M 

4.65 
4.88 
4. 07 
4.m 
4.69 

4.71 
4.72 
4.73 
4.74 

4.75 
4.76 
4.77 
4.78 
4. 79 

4.80 
4.81 
4.82 
4.83 
4.M 

4.85 
4.86 
4.87 
4.88 
4.69 

4.90 
4.91 
4.92 
4.93 
4.04 

4.95 
4.96 
4.97 
4.98 
4.99 

LOO 
5.01 
5.02 
5.03 
5.04 

5.05 
5.06 
5.07 
5.08 
5.09 

5.10 
6.11 
5. 12 
5.13 
5.14 

5.16 

5. 17 
5. 18 
5.19 

4.70 

a 16 

- 
Feet 

14.9% 
14.861 
14.903 
15. OZB 
15.059 

15.091 
15.125 
15.157 
15.190 
15.23 

15.258 
15.289 
15.321 
15.354 
15.387 

15.4m 
15.453 
15.486 
15.518 
15.551 

15.584 
15.817 
15.850 
15. cR2 
15. 71.5 

15. 748 
15.781 
15.814 
15.846 
15.879 

15.912 
15.0i5 
15.978 
16. 010 
16.043 

16.076 
16. 109 
16.142 
16. 175 
16. 207 

16.240 
16. 273 
16.306 
16.339 
16.371 

16.404 
16.437 
16.470 
16. 503 la 535 

16. 588 
16.601 
16.634 
16. ne7 ia 6a9 

1 6 . m  
16.765 
16.798 
18 831 
16. 683 

16.888 
16.029 

16. 995 
17.028 

1 6 . 9 ~ 2  

:orreo- 
tion 

Mm. 
207.5 
! a x 4  
209.3 

211.1 

212 0 
213.0 
213. 8 
214.8 
216.8 

21& 7 
217.6 
218.6 
219.5 
a 4  

221.4 
222.3 
223.3 
224. 2 
225. 2 

22&1 
227.1 
22&0 
229.0 
230.0 

230.0 
231.9 
232 9 
233.8 
234.8 

B5.8 
16.8 
237. 7 

239.7 

241. 7 
242 7 
243.6 
244.6 

245.6 
240.0 
247.6 
248.6 
249.6 

251.6 
2526 
253.6 
254.7 

255.7 
256.7 
257.7 
258.7 
259.8 

26a8 

2628 
263.8 
2%&9 

!m18 

268.0 

27fLl 

210.2 

s a  7 

240.7 

250. ti 

mi. 8 

287.0 

an o 



COmTANTS, FORMULAS, AND TABLES $89 
f d k a t h n  m e d i a n s  for 6 M e r  tape lengths-Continued 

- 
Yskr 

L 21 
h22 
h23 
6.24 

ha5 
hrn 
6.27 
6.39 
h20 

LBO 
6.31 
6.32 
h 33 
h34 

135  
ti36 
h 37 
h30 
h39 

1 4 0  
h 41 
6.42 
hlil 
A44 

6.46 
6. 46 
h 47 
6.48 
6.49 
REO 
6. 51 
6.52 
h63 
l i b 4  
h l  
6.56 
h b7 
h68 
h69 
h.Bo 
h 61 
6.62 
6.83 
h.84 
6.65 
h66 
hB1 
hBB 
6.09 
hla 
h 71 
h72 
6.n 
h 74 
h 76 

h7l 
hn 
hn 

am 

ti 7m 

- 

- 
Feet 
L7.080 
17.093 
17.128 
17.169 
L7.181 

17.224 
17.157 
17.280 
L7.3.23 
17.358 

17.388 
17.42l 
17.454 
17.487 
17.620 

17.652 
17. 68s 
17.618 
17.651 
17.684 

17.716 
17.749 
17.782 
17.816 
17.848 

17. $31 
17.913 
17.948 
17.979 
is 012 
l a  045 
l a  on 
i a  143 
is 176 
i a  a o ~  
i a  241 

18 110 

18.274 
la307 
la340 
la 373 la a 
la438 
18 471 ia m 
18 m ia bm lam 
is wi lam 
ia mi lam la 760 ia ~ 0 9  
law 
18 lam ia w ia law - 

- - - 
tion 

F m .  
n i .  1 

- 
3722 ma 
224. 3 
275 3 

n e 4  
277.4 
2n.5  
279.6 

281.7 
2828 
!m.8 
264.9 
a 0  

2a7.0 
2881 
m 2  
m 3  
2BL 4 

2926 
2%3.6 
2816 
2957 
ass8 

281.0 
29RO 

3oL 2 
s o a 3  
303.4 
304.6 
305.6 
306.7 
307. 9 
308.0 

311.2 
312 3 
31% 6 
314. 6 
316. 7 

319. 1 
m 2  
331.4 
m6 
323.7 
324.8 

327.1 
32a3 
328.4 
3 2 a 8  
831.1 
3 3 2 9  

m1 
386 I 

3011 1 

810.1 

ala 8 
318 o 

326. a 

a s l a  

- 

Diflerrecaof 
elevation 

r&ra 
6.80 
h 81 
h 82 

:3 
6.85 
h 86 
h 87 
6.88 
6.89 

h90 
6.91 
h 92 
6.93 
6.01 

5.95 
6.96 
6. 97 
6.m 
6 .W 

LOO 
6.01 
(Loa 
6.w 
6.04 

6.06 

6.07 
6.08 
8. 09 
6. 10 
6.11 
8.12 
6. 13 
6.14 
6. 15 
8. 16 
6.17 

6. 19 
6.20 
6.21 

6.24 
6.a 
6 . l  

6.24 
&a( 

&a( 
6.31 

6.32 
(La4 

6.3( 
6. 3; 
(La 
6. 31 

6.08 

6. is 

6.z 
6.23 

azi 

e 3: 

a 3: 

- 

- 
Fee: 
19.029 
19. a8a 
19. og( 
19.127 
19.160 

19. 193 
19. 220 

19. au 
19.357 
19. 390 
19. 423 
19.455 
19. PBB 

19.62l 
19. bG4 
19.587 
19.819 
19.662 

19.685 
19.718 
19.751 
19.783 
19.818 

19.849 
19. 882 
19.915 
19.847 
19.980 
20.013 
20.w 
2am 
20.111 
20. 144 
20.M 
20. PO 
20.24-a 
20. 278 
20.308 
20. 341 
!a 374 
!am 
20.M 
20.47i 
2am 
20.638 
20. b71 
20.m 
20.M 

a m  
20. 731 
20.781 mal 
20.w 
20.m 
20. 8W 
20.w mw 

2 % 

mw 

- 

arm. 
337.5 
8387 
339. 0 
341.0 
2422 

343.4 
344.6 
245.8 
348.9 
34R1 

349.3 

352 9 
3E4 1 

355 3 
%b 
857.7 
358.9 
BBal 

36L 3 
362 6 
363.7 
364.9 
ME1 
367.4 
26R6 
369.8 
371.0 
372 3 
373. b 

h? ; 

E 4 
377.2 
37a 4 
379.7 
am9 
30% 1 
3834 
3846 
3850 
a87.1 
8884 
369.6 
m9 

393.4 
a 7  
39hQ 
397.1 
388 6 
388.1 
40L 0 
4023 
a8 
4 0 t . g  
4M.I 
407.4 
mi 

ma 

4 i a  ( - 

D i f k u m  of 
elevation - 

ratsrs 
6.40 
6.41 
6 . 4  

6. 44 

6.45 
6.46 
6. 47 
a48 
6.49 

6.60 
8.61 
6.63 
6.63 
6.M 

6. b5 
6. G6 
6.67 
6.68 
6.69 

6.80 
6.61 
6.61 
6.63 
6.81 

6.65 
6.M 
6.81 
6.88 
8.m 
6 . M  
6.71 
6.72 
6.73 
6.74 
6. 73 
6.78 
6.77 
6.78 6.n 
6.a 
a 81 
6.81 
6.83 
884 
6.a 
6.R 
6. 81 
6.s 
B 86 
6.w: 
6. 91 
6.N 
6 . I  

6.w 
6.ff 
6% 
&&I 
Lo( 

6.43 

ew 

- 

Fed 
2aW 
21. (Mo 
21.003 
21. OWI 
21.129 

n. 161 
21.194 
2L a7 
21. m 
21.293 

21. a25 
n. 353 
21.391 
21.424 
21.467 

n. 4m 
2 1 . m  
2L 1 5  
21. bm 
21. e21 

21.854 
21. a6 
2L 719 
2L 762 
21.786 

n. 818 
21.850 
21. s3 
21.918 n. 949 
n. 982 
22. 014 
22. 047 
22  080 
21 113 
22 146 
22.178 
22 2ll 
22244 
22 277 
22.310 
22342 
22.375 
22.408 
22.44.l 
la 474 
22.m 
M 639 
22.672 
la805 
22838 
Z?. 671 
22 708 
22 736 
22 7eQ 
22.802 
22.836 
22 867 
22.m 
22.933 - 

Mm. dcttera 
411.3 7. a0 
4126 7.01 
418.9 7.02 
415.2 7 . a  
416.6 7.04 

417.8 7.06 
419.1 7.08 
a 4  7.07 
421.7 7.08 
- 0  7.08 

4243 7.10 
423.8 7.11 
426.9 7.12 
428.2 7.13 
42R6 7.14 

MQ 7.16 
432.2 7.16 
433.6 7.17 
434.8 7.18 
438.2 7.19 

437.6 7. #) 

441.6 7.23 
4428 7 . 3  

ea8 7.21 
44a2 7.22 

444.2 7.25 
445.6 7.28 
446.9 7.27 
44a2 7.28 
449.6 7.29 
m0 7.m 
4523 7.31 
46%6 7.32 
455.0 7.33 
4se.3 7.34 
467.7 7.35 
a 1  7.36 
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Im$hation correctfom for  25meter lengtldontinoed 

Fed 
5.60 
.61 
.62 
-63 
-64 
.I 
-66 
-67 
-68 
.69 
6.70 
.71 
.72 
.13 
.74 
-76 
-76 
-77 
.78 
.79 
6.80 
.81 .aa 
.8 
.84 
-85 
.88 
-87 
-88 
-88 
Lw) 
-91 
.92 
.93 
-94 
-85 
-96 
.97 
.gs .w 

Difference in 
elevation 

Mflcra 
1.7069 
. 7 m  
.7130 
.7160 
.7191 
.w1 
.m2 
.ma2 
.7313 
.7343 
1.7874 
.7404 
.7435 
.741 
.7496 
.75#I 
.7557 
.75a7 
.7617 
.7648 
1.7678 
.7708 
.7739 
.n70 
. 7 m  
.m1 
.7861 
.78B .m 
.7953 
1.7983 
.No14 .w 
. m 5  
.a106 
.a136 
.a166 
.a197 .can 
.a258 

6.00 
.01 .oa 
.03 
.04 
.a5 
.06 
.07 
.08 
.08 
a10 
.ll 
.I2 
.13 
.14 
.15 
.16 
.I7 
.18 
.19 

.a1 
-22 
.23 
.24 

.#I .n 

.!28 

.lo 

txm 

.ab 

1.8288 
.019 
.a349 
.a379 
.a10 
.w40 
.%I71 
.SO1 
.I3532 
.a662 

1.8593 
.88% 
.s654 
.8684 
.8715 
8746 
.8n6 
.8808 
.as7 
. a 7  

.ma 

.896Q 

.a089 

.m 

.m1 

.I3111 

.9141 
,9112 

1.8898 

.m 

59.1 
59.4 
59.6 
59.8 
60.0 
60.2 
60.4 
60. 6 
60. 8 
61.1 
61.3 
61.6 
61.7 
61.9 
82.2 
62.4 
62.6 
62.8 
63.0 
63.3 
63.5 
63.7 
63.9 
64.1 
84.4 
64.6 
a8 
65.0 a. 2 
65.5 a. 7 
65.9 
8 8 1  a. 3 
66.6 
66.8 
67.0 
67.2 
67.4 
67.7 
67.9 
68.1 
63.3 
63.5 
88.8 
69.0 
69.2 
69.4 
a 7  
69.9 
M 1  
70.4 
70.6 m. R 
71.0 
71.3 
71.5 
71.7 
72.0 
72.2 
72.5 
72.7 
72 9 
n . 2  
73.4 
n.7 

Fed 
6.30 
.31 
.82 
.33 
.a4 
.86 
.36 
.37 
.38 
.39 
6.40 
.41 
.42 .a 
.% 
.45 
.46 
.47 
.48 
.49 
6.50 
.51 . s2 
.I 
.54 
.55 
.M 
.5i 
.58 
.59 

a60 
.61 
.62 
.63 
.e4 
.e5 
.66 
.67 .a 
.68 
6.70 
.71 
.72 
.73 
.74 
.75 
.76 .w 
.78 
.79 
6.80 
.81 
.82 
.83 
.84 
-85 
.88 
.87 
.88 
.I39 

.91 

.92 

.93 

.94 

.96 

.97 

.88 .w 

e.90 

.m 

- 
!€ems 
L. 9202 
.m 
.ma .m 
.mu 
.9365 
.ass 
.9416 
.9446 

L. 95oi 
.9538 
.9568 
.9599 
.WW 
.9680 
.9690 .m1 
.E51 
.87a 
1.9912 .w 
.w73 
.8803 
. m 4  
.Ned 
9995 

.ax6 .m 
B. 0117 
.014i 
.01i8 
.m .m!3 
.om 
.o300 .mo 
.a61 
.m91 

A 0429 
.0452 
.0483 
.0513 .w 
.0574 
.0805 .om .ow 
.0898 

2.0728 
.0757 
.0767 . os14 .w 
.m79 
.m 
.(M40 
.ow0 
.loo1 
1.1031 
.I062 
.loo2 
.I123 
.1153 
.ll84 
.1211 
.la45 
.1275 
.la08 

. 94n 

do025 

- - 
:ORW 
t i n  

Mm. 
73.9 
74.1 
74.4 
74 6 
74 8 
75.1 
76.3 
75.6 
75.7 
76.0 
76.2 
76.4 
26.7 
16.9 

77.4 
77.6 
77.9 
78.1 

- 

n. 2 

.n.4 
7a 6 
75 9 
79.1 
79.4 
79.6 
79.9 
a1 
80.4 
80.6 
80.9 
8L 1 
81.4 
81.6 
81.9 
82.1 
824 
82.6 
82.9 
83.1 
83.4 
83.6 
83.9 
84.1 
84.4 
84.6 
8t. 9 
85.1 
85.4 

1.9 
86.1 
86.4 
86.6 
88.9 
87.1 
87.4 
87.6 
87.9 
88. 1 
88.4 
8R6 
88.9 
89.1 
89.4 
89.6 
89.9 
Ro. 2 
90.4 

Ml.9 

RS. e 

m. 7 

Difference in 
elevation - 

Fed 
7.00 . 01 
.02 .oa 
.04 
.05 
.06 
.07 
.or) 
.08 
7. 10 
.ll 
.12 
.13 
.14 
.16 
.16 
.17 
.18 
.19 
7.20 
.?l .n 
.23 .u 
.I 
.?g 
.27 
.28 .a 
7.30 
.31 
.32 
.33 
.34 
.36 
.30 
.37 
.38 

7.40 
.41 
.42 
.43 
.44 
.a 
..la 
.47 
.48 
.49 
7.50 
.51 
.52 
.53 
.54 
.55 
.56 
.67 
.58 
.59 
7.60 
.61 
.62 
.63 .a 
.e5 
.66 
.67 
.68 
.69 

. a9 

- 
Mdera 
2.1336 
.1367 
.1397 
.1427 
.1458 
.1488 
.1519 
.I549 
.I580 
.1610 

a. 1641 
.1671 
.1m 
.1732 
.1763 
.1793 
.1m . la64 
.18s5 
.I915 
2.1946 
.lrJi6 . Moi 
.2M7 
.3068 
.m 
.21% 
.?159 
.2189 
.2m 

A 2 W 1  
.2%1 
.23ll 
.2342 
.23m 
.!a33 
.a33 
.2464 
.24N 
.2525 

2.2555 
.a586 
.2616 . a647 
.%77 
.no8 
.2736 . 2769 
.m 
.2830 

2.2860 
.%91 
.m1 .m1 .aeea 
.3012 
.3043 
.3073 
.3104 
.3134 
2.3165 
.3195 
.32% 
.a258 
.3287 
.a17 
.3348 
.3378 
.3408 
.3439 

- - 
:0ITeC 
tion 

Mm. 
91. a 
91.5 
81.7 
92.0 
92.2 
62.5 
92. E 
93.0 
93.3 
93.5 
93.8 
94.1 
94.3 
94.6 
94 9 
95.2 
95.4 
95.7 
96.0 
63.2 
Qfj. 5 
96.8 
97.0 
97.3 
97.6 
97.9 
98.1 
9a4 
98.7 
98.9 
89.2 
99.5 
99.8 
loo. 0 
loo. 3 
100. 6 
100. 9 
101.3 
101.4 
101.7 
102.0 
loa. 3 
102.6 
102.8 
lB.1 
103.4 
103.7 
104.0 
104.2 
104.5 
104.8 
105.1 
105.4 
105.6 
105.9 
106.2 
106.5 
106. 8 
107.0 
107.3 
107.6 
107.8 
108.2 
108.4 
108.7 
108.0 
109.3 
109.6 
108.8 

- 

iia 1 

Differerence in 
elevation - 

Fer1 
7. 70 
.71 .n 
.73 
.74 
.75 
.76 
.i7 
.78 
.79 

7.80 
.81 .a 
.83 
.84 
.85 
.86 
.87 
.88 
.89 
7.90 
.91 
.92 
.93 
.94 
.96 .w 
.97 
.98 
.89 

. 01 .a? 

.M 

.04 

.a5 

.OB 

.07 

.08 

.m 

.ll 

.12 

.13 

.14 

.15 

.I6 

.17 

.l8 

. l 9  

.21 

.22 

.2a 

.24 

.25 

.26 .n 

.28 

.29 

.31 

.a2 

.33 

.a4 

.I 

.36 

.37 .ae 
39 

a00 

a io 

am 

am 

dro 

- 
Metera 
2.3470 
.3500 
.3531 .m1 
.a92  
.a622 
. 3 w  
. 3 m  
.3713 
.3744 
2.3774 
.3805 
.3835 
. 3 m  
.3896 
.3927 
.3%7 
.3955 
.4018 
. a 9  
2.4079 
.4110 
.4140 
.4171 

.4232 .a .m 

.a23 

.4354 
#.a 
.4415 
.4445 
,4475 .w 
.8538 
.4567 
,4697 
.4628 
.ma 
2.4689 
.4719 
.4750 
.4780 
.4a11 
.4?41 . lei2 .ma 
.4M3 
.4m3 
2.4994 
.Em4 
.5055 
.m 
.5116 
.5146 
.5177 
.m 
.5237 
.5268 
2.5388 
.63m 
.535b 
.5390 
.5(p0 

.6461 

.5481 

.5512 .m 
,5573 
2.m 

.4m1 

- 

- 
? O W  
tion 

Mm. iia 4 
110.7 
111.0 
111.3 
111.6 
111.9 
112.1 
112.4 
112. 'I 
113.0 
113.3 
113.6 
113.9 
114.2 
114 5 
114.8 
115.0 
115.3 
115.5 
115.9 
116.2 

116.8 
117.1 
117.4 
117.7 

118.3 
118.6 

11% 2 
119.5 
119.8 

116.5 

iiao 

iia 9 

im. 1 
120.4 
120.7 
121.0 
121.3 
121.6 
121.9 
1%. 2 

12.8 
123.1 
123. 4 
1%. 7 
124.0 
124.3 
124.6 
13.9 
125.2 
125.5 
125.8 
128.1 
128.4 
126.8 
127.1 
12;. 4 
127.7 

iaa. e 

im. o 
128.3 

12a 9 
128.6 

129.2 
129.6 
129.9 
130.2 
130.5 
130.8 
131.1 
131.4 - 
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Incltrsatbn mmctkma for 5, 10, 15, 80, 25, SO, 35, 40, and 45 meter lenglhs 

Differenre in 
elevation 

- 
Yetera 

0.01 
0.02 
0. M 
0.04 
0.05 

0. OB 
0.07 
0.09 
0.10 

0.11 
0.12 

am 

a 13 a 14 a 15 
0.16 
0.17 
0.18 
0.19 

aa 
0.22 
0.23 

am 

a= 
aas 

a21 

aze 

a 31 

0.28 

0. !a 
a 30 

0.32 
a 33 
434 
0.36 

0.38 a 37 am a 3~ aa 

atl a# 
a4 au 
a# 
a# a 45 au 

aa 
as 
a8 
a& 

aM 
acu 
a 6. 

a6 

as 

a 41 

a 4i 

a 51 
as: 

0.6: 
0. M 

aei 
a6 

- 
Fret 
0.033 
0.088 
0.088 
0.131 

0.197 
0.230 

0.296 
0.3% 

0.361 

0.421 
0.459 
0.492 

0.525 
0.555 
0. I1 
0. e23 
0.656 

0.m 
0.722 
0.755 
0.787 
0.8N 

0.853 
0. pB8 
0.919 
0.951 
0.094 

1.017 
1.om 
1.083 
1.11: 
1.lI 

1.181 
1.214 

1. 
1.31: 

1. x 
1.33 
1.411 
1.444 
1.4n 

1.506 
1. 54: 
L 57: 
1.m 
1.w 

1.67: 
1.7M 
1.731 
1.77 
1.80 

1.83 
1.8n 
l .W 
1. Q 
1.96 

200 
203 
208 
2 10 
2 13 

a i~ 

0. %a 

a 394 

1. m: 

- 
5 

Mm . 
- 

ao 

aa 
0.0 
0.1 

0.2 

a 4  
0.5 
0.6 
0.8 
1.0 

1. 2 
1.4 
1.7 
2.0 
2 3  

2 6  
2 9  

3.6 
4 0  

4 4  
4.8 
6.3 
6.8 
6.3 

7.3 
7.8 
8.4 

9. e 
10.2 

11.8 
12 3 

13. C 
13.1 

lac 

16. E 
17.1 la i 
19.4 
pa? 
21. : 
221 
23.1 
241 
2 5 1  

2a1 
27. ! 
28.: 
29. : 
mi 
31. ! 
32. I 

34. 
36. 

37. I 

39.1 
41. 
42 

3. a 

aa 

9. a 

ia g 

14. ? 
15. A 

33. i 

3a I 

- 
10 

Mm. 

- 
0.0 
0.0 
0.0 
0.1 ai  
a2 
0. 2 
0.3 
0.4 
0.5 

0.6 
0.7 
0.8 
1.0 
1.1 

1.3 
1.4 
1.6 
1.8 
20 

2 2  
2.4 
2 6  
29 
3.1 

3.4 
3.6 
3.9 
4.2 
4.5 

4.8 
5.1 
R 4  
5.8 

6.6 
6.8 
7. 2 
7.6 

8 4  

Q3 
9.1 

6.1 

aa 

a 8  

ia 1 
io. e 

12 a 
11. 1 
11.6 

12 5 

l3.C 
13. : 
14.1 
14. t 
15.1 

15. : 
16. : 
16. I 
17. ! 
18. e 

19. : 
a, 
21. ; 

ia e 
19.1 

- 
15 

Aim. ao 
ao ao ai 

0. a 

a 4  

- 

0.0 

0.1 
0. 2 
0.3 
0.3 

0.5 
0.6 
0.7 
a8 

0.9 
1.0 
1.1 
1.2 
1.3 

1. b 
1.6 
1.8 
1.9 
2 1  

28 
2 4  
2 6  
2 8  
3.0 

3.4 
3.6 
3.9 
4 1  

4.3 
4.6 
4.8 
5.1 
h3 

R 6  
8 9  
6.2 
6.5 
6.8 

7.1 
7.4 
7.7 
8.0 
8.3 

a1 
9.4 
9.1 

10. : la 8 
11.1 
11. e 
12 c 
12 4 
12. f 
13. i 
13.1 
11.1 

aa 

pa 

ia 1 

Length in meters - 
20 

Mm. 
- 

u. 0 
0.0 
0.0 
0.0 
0.1 

a1 
0.1 
0.2 
0. 2 
a 2  

0.3 
0.4 
0.4 
0.5 
a6 

as 
a 7  
0.8 
0.9 
1.0 

1.1 

1.3 
1.4 
1.6 

1.7 
1.8 
2 0  
21 

2 4  
2 G  
2 7  
2 9  
3.1 

3.4 
3.6 
3.8 
4.0 

4.2 
4.4 
4.6 
4.8 
5.1 

8 3  
5.5 
5.8 
6.0 
6.3 

6.5 
6.8 
7.0 
7.3 
7.6 

7.8 a1 
8.7 

9.3 
9.8 
9. g 

1. a 

aa 

3. a 

a 4  

9.0 

ia a ia B 

25 

Mm. 
- 

0.0 
0.0 
0.0 
0.0 
0.0 

0.1 

0.1 
0.2 

0.2 
0.3 
0.3 
0.4 
0.4 

0.5 
0.6 
0.6 
0.7 

0.9 
1.0 
1.0 
1.1 

1.3 
1.5 
1.6 
1.7 
1.8 

I. 9 
20 

23 
2 6  

2 6  
21 
2e 
3.1 
3.2 

3.4 
3.5 
3.1 
3.8 
4.1 

4.2 
4.4 
4.t 
4. E 
R (  

55 
5.4 
5.t 
5.I  
e.( 
6.: 

7. ( 
7. : 
7. < 
7. e 
at 
8.: 

ai 

aa 

as 

1. a 

2a 

2 

a! 

-- 
30 - 
Aim. 

0.0 
0.0 
0.0 

0.0 

0.1 
0.1 
0. 2 

0.2 
0.2 
0.3 

ao 

ai 

a2 

a 3  
a 3  

0.4 
0.5 
0.5 
0. 6 
a 7  

0.8 
0.9 
1.0 
1.0 

1.1 
1. 2 
1.3 
1.4 
1.6 

1.6 
1.7 
1.8 
1.9 
2 0  

2 2  
2 3  
2 4  
2.5 
2 7  

2 8  
2 9  
3.1 

3.4 

3.5 
3.1 

4.2 

4.3 
4.1 
4.i 
4.f 
RC 
5.5 
R4 
5.t 
5.f 

6 . 5  
6.4 
6.t 
6.2 
7. ( 

0.7 

aa 

3.8 
4a 

a( 

- 
35 

Mm. 
0.0 
0.0 
0.0 
0.0 
0.0 

0.1 
0.1 
0.1 

0.2 
0. 2 
0. 2 
0.3 

0.4 

0.5 
0.6 
0.8 

0.7 

ae 

ao 

ai 

a 3  

a 4  

aa 
0.8 
0. e 

1. a 
1. a 
1.1 
1.2 
1.3 

1.4 
1. t 
1. t 
1.1 
l . 6  

1. s 
a(  

2: 

24 
2. 1 
2c 
21 zr 
3.I 
3.1 
3.: 
3. 
3.1 

3.' 
3.' 
4.1 
4. 
4.  

4. 
4. 
4. 
5 .  
5. 

5. 
6. 
5. 
5. 
6.1 

$1 

40 

Bfm. 
- 

0.0 
0.0 
0.0 

0.0 

0.0 

0.1 

ao 

ai ai 
a i  
a2 
0. a 
a2 
aa 

a 4  

as 
ae 
a 7  
a 7  as 

a9 

0.3 

0.8 

0.4 
0.5 

0.6 

0.8 

1.0 
1 1  
11 
1.1 
L3 
L4 
L4 
1 8  

L1 
1. e 
1. Q 
2c 

a1 
21 
22 
24 
24 

21 
2 I  
21 
3. ( 
3.1 

3.4 
3.1 
3.e 
3.r 

3.l 
4. : 
4: 
4 . a  
4.1 

4.' 
4.1 
5.1 
5. 
6.: 

1. e 

ai 

15 

Km. 
ao 

ao 
ao 

ai 

U. D 
0.0 
0.0 

0.2 
0.1 

0.1 

0.1 
9.2 

0.2 

a3 
0.4 
a4 

0.5 
0.6 
a6 

0.8 

0.9 
L O  

1.1 
1.1 
1. a 
1. a 
14 

1.4 
1.6 
1.6 
1.7 
L E  

1.9 
20 
2 1  
2 2  
a 3  

2 4  
2 5  
2 6  
27 
28 

3.0 
3.1 
3.2 
3.4 

3.6 
3.6 
3.z 
3. D 
4.0 

+1 
4 8  
4 4  
4.6 
67 

a2 
a2 

a2 
a4 

as 

a7 

as 
0.9 

a. 9 
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Imlinathn correction8 for 5, 10, 15. 20, 2.5, SO, 55, 40, and 45 meter - t h e  
Continued 

Difference in 
elevation 

- 
MtlrrS 

0. B' 
a6 
0.8 

a? 
0. ?: 
0.7. 

0. 71 
0. I' 
0.7I 

as 

a6 

a 7  

a 71 

an aw 
0.8: 
0.8: 
0. Si 
0. a 
a 1  
0.81 
0.8; 
0. &! 
0. S! 
0.M 
0.91 
0. B: 
0. % 
0.94 
0. B: 
0.w 
0.97 
0.9s 
-0.89 
I. OC 
1.01 
1.09 
1.03 
1. b4 
1.05 
1. M 
1.07 
1. (is 
1.09 
1.10 
1.11 
1.13 
I. 13 
1.14 
1.15 
1.16 
1.17 
1.18 
1. 19 
1.3 
1.21 
1.22 
1.23 
1.24 
l.25 
L28 
1.27 
l.28 
1.29 
130 
1.31 
1. Ba 
1.33 
1. a4 
L I  

FWl 
2. 16 
2 19 
223 
3.28 
229 

2 36 
2 39 
2.42 
2.46 
2 41y 
2. 521 
2.53 
2 59: 
2.62 
2.65 
2.69 
2.7z 
2.73 
2 78! 
2. 821 
2. &5. 
2. ss: 
as# 
2.95: 
2.W 
3.011 
3.051 
3. a% 
3. l l i  
3 . 1 s  
3. 1s: 
3.21: 
3.34f 
3.281 
3.314 
3.3.R 
3. 3;s 
3.41: 
3.446 
3.47s 
3.51C 
3.543 
3.570 
3.608 

3.675 
3.707 
3.740 
3.773 
3.808 
3.639 
3.871 
3.904 
3.937 
3.970 
4.003 
4.035 
4.068 
4.101 
4.134 
4167 
4.199 
4.332 
4.265 
A 298 
4.331 
4. a84 
4.896 
44.29 

a. 32 

3.64-2 

- 
Length In mcters 

5 

Mm. 
43. 
45. 
4n. 
47. 
49. 
50. 
52. 
63.1 
55. 
561 
59. 
59.1 
61. ' e. : 
64. ' 

67. 
69. ' 
71. 
71: 
74. ! 
ffi. : 
78.1 

81. I 

83.4 
85. ' 
89. , 
SI. 1 
93. I 
9s. ( 
97. ( 
09. ( 

101. I 
103.1 
105.1 
107. i 
109.4 
111.6 
113.8 

66. ! 

79. ! 

87. i 

115. a 
l i s  a 
120.2 
1%. 5 
124.8 
127.1 
129. 4 
131.7 
1%. 0 
136.4 
138.8 
141. 3 
143.7 
1%. 1 
1%. 6 
151.1 
18. i 
156.2 
158.8 
161.4 
164.0 
166.6 
169.3 
172.0 
174.7 
177.4 
180.1 
182.9 
l86.7 

10 
- 
Mm. 

21. 
E. 
23. 
3. I 
24. 
25 
%! 
X I  
27. * 
!a 

29. 
30. ! 
31.: 
32. : 
3 2  < 
33. ; 
34. ! 
35. : xi. : 
37. I 
37. < 

40. f 
41.1 
424 
43.a 

45. 1 

46.1 
47. i 

49.1 
XI1 
51.1 
5 3  2 
53.2 

55.3 
56.3 
57.4 
5s. 5 
59.6 
60.7 
61.8 
62.9 
64.1 
65.2 
66.3 
67.5 
68.7 
G9. 9 n. 1 
72.3 
73.5 
74.7 
75.0 
77.1 

79.7 
61.0 
82.8 
83.6 
84.9 
86.2 
87.5 
88.8 
90.2 
91.5 

28 ! 

EI 

44. f 

4a I 

H. a 

7a 4 

- 
15 
- 
Mm. 

14. I 
15. I 

15. I 

16. : 
16. I 
17. : 
17. 1 

18. I 
IS. : 
19. : 
20. L 
21. 1 
31. $ 
22.4 
23. ( 
23. ! 
24.1 
24.1 
25.1 
25. E 
! a i 4  
27. E 

2 5 2  
% F  
29. I 
30. 1 
30.8 
31.4 
32 0 
3 3  7 
33.3 
34.0 
34.7 
35.4 
36.1 
36.8 
37.5 

3&9 
39.6 
40.4 
41.1 
41.9 
42.6 
43.3 
44.1 
44.9 
45.7 
46.5 
47.3 
48.1 
46.9 
49.7 
50.5 
51.3 
F2. 2 
53.0 
53.8 
54.7 
65.6 
58.4 
57.3 
58.2' 
59.1 
6 0 0  
a 9  

15. ; 

ia : 

m. : 

27. e 

38 a 

- 
20 
- 
Mm. 

10. I 
11. : 
11. 
I t  I 
12 : 
13. t la ( 
13. i 
13.8 
14 1 
14. 4 
14.5 
15.1 
15. E 
18 E 
16.4 
16. F 
17. 2 
17. e 
la I 
IS. 5 
l8.6 
19.4 
19. s 

20.1 
21.2 
21.6 
22. 1 
22.6 
33.1 
23.5 
24.0 
24.5 
25.0 
25.5 as. 0 xi 5 
27.0 
27.6 
a 8 1  
a 8 0  
29.2 
29.7 
30.3 

31.4 
31.9 
32.5 
33.1 
33.7 
34.3 
34.8 
35.4 
36.0 
36.6 
37.2 
37.9 
b. 5 
39.1 
39.7 
40.4 
41.0 
41.6 
42.3 
42.9 
43.6 
44.3 
44.9 
45.6 

m. 3 

3n 8 

- 
25 

Mm. 
9. 
9. 
9. 
9. 

10. 

IO. 
11. 
11. 
11. 
11. 
12. 
13 
I?. 
13. 
13. 
13. 
14. 
14. I 
14. I 
15. 
15. * 
1.5. I 
lli : 
16. I 
16. < 
17. : 
17. 

IS. ! 
la 1 
19. : 
19. I 
20. ( 
20.4 
20.5 
21. : 
21. t 
3 2 1  
23.5 
22.9 
23.4 
n. F 
-A 2 

2 5 u  
2 5 5  

26.4 
38.9 
27.4 
27.9 
!a3  
28.8 
29.3 
29.8 
30.3 
30.8 
31.2 
31.7 
32.3 
32.8 
33.3 
33.8 
34.4 
34.9 
35.4 
85.9 
N . 6  

a 

IO. 

la I 

24. m 

ze,.a 

Mm. 
7. 
7. 
7. : 
at 
a )  
a1 
9. 
9. 
9. I 
9. I 

10. 
lQ. 1 

10. ! 
11. ! 
11. I 
11.1 
12. 
12 i 
1 2  I 
12. I 
13. : 
13. J 
13. d 
14.1 
14.4 
14. i 
15. ( 
15. 4 
15. i 
16. C 
16.3 
16. 7 
17. c 
17. 
17. t 

io. 

18. a la 4 
IS  7 
19.1 
19.4 
19.8 

20.5 
2Ll9 
21.3 
21.7 
220 
n 4  

B. 2 
23.6 
24.0 
24.4 
24.8 
25.2 
25.6 
26.0 
26.5 
26.8 
27.3 
27.7 
28.2 
28.6 
29.0 
29.5 
29.9 
30.4 

ma 

=a 

35 

Mm. 
6.: 
6.. 
6.1 
6. I 
7. I 
1. ! 
7. 1 

7. I 
7. I 
8. I 
a: 
a! 
8. ; 
R I  
P. 1 
9.1 
9. t 
9. t 

10. I 
10. f 
10.6 
11.1 
11. z 
11.E 
11.6 
12 I 
12 4 
13.8 
12.9 
13.2 
13.4 
18.7 
14. a 
14.3 
14. ti 
14.9 
15.2 
15.5 
15.8 
16.1 
16.2 
16. I 
17.0 
17.3 
17.6 
17.9 
18.2 
16.6 
18.9 
19. 2 
19.6 
19.9 
3 . 2  
20.6 
20.9 
21.3 
21.6 
22.0 
22.3 
22.7 
23.0 
23.4 
23.8 
24. 1 
24. b 
24.9 

25.6 
28.0 

ia I 

25. a 

40 

Mm. 
L !  
5.1 
5.f 
a( 
6.2 

6 :  
6.i 
6.I 
7. ( 
7. : 
7.4 
7. t 
7. E 

a: 

a( 
a2 
84 
a0 
a8 
9.4 
9.2 
9.5 
9.1 
9.Q 

10.1 
10.4 
10.6 
10.8 
11.0 
11.3 
11.5 
11. 8 
la. 0 
12.3 
12.5 
12  8 
13.0 
13.3 
13.5 
13.8 
14.0 
14.3 
14.0 
14.9 
15.1 
15.4 
15.7 
16.0 
16.2 
16.5 
16.8 
17. 1 
17.4 
17.7 
18. 0 
la 3 
18.6 

19.2 
19.5 
19.8 
20.2 
20.5 
Zfh8 
21.1 
21.5 
21.8 
22.1 
22.4 
22.8 

ia 9 

45 

Mm. 

- 
4.6 
5.0 
5.3 
5.3 
5.4 
5.6 
5.8 
5.9 
6.1 
6.3 
R 4  
6. fl 
6.8 
6.9 
7. 1 

7.3 
7. 5 
7. 7 
7.8 
d.0 
8.2  

8.6 
8.8 
9 . 0  
9. 2 
9.4 
0. 6 
9.8 la 0 

10.4 
10.5 
10.7 
10.9 

11.3 
11.6 
11.8 
12 0 
12. 2 
12.5 
1 2 7  
IS. 0 
13. a. 
13.4 
13.7 
13.9 
14.2 
14.4 
14.7 
14.9 
1L 2 
15.5 
15.7 la 0 
16. s 
16.5 
16.8 
17.1 
17.4 
17.8 
17. s 
18.2 

18.8 
19.1 
19.4 
19.7 
19.9 

a 4  

ri. 1 

la 5 

aaa 
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$m%+nation cowectbne for 5, 10, 15, 90, 25, SO, 35, 40, mnd 45 meter length- 
Continued 

Diffexence in 
eleV8tiOn 

Yclm 
1.36 
1.37 
1.38 
1.39 
1.40 
1.41 
1.42 
1.43 
1.44 
1.45 

1.51 
1.52 
1.53 
1.54 
1.55 
1.56 
L 57 
1.68 
1.5Q 
1. Bo 
1. 61 
1. 62 
1.63 
1.64 
1. e5 
1.86 
1.67 
1.68 
1.88 
1.70 
1.71 
1.73 
1.73 
1.74 
1.75 
L 76 
1.77 
1.78 
1.79 
1.80 
1.81 
1.82 
1.83 
1. ai 
1.85 
1 . w  
1.87 
1.88 
1.89 
1. BO 
1.91 
1.82 
1.93 
1.94 
1.95 
1.96 
1.97 
1.88 
1.99 
LOO 

Frel 
4.482 
4.495 
4.518 
4.560 
4.593 
4.626 
4.659 
4.692 
4.724 
4. i57 
4.790 
4.823 
4.556 
4. p88 
4.921 
4.954 
4.987 
5. wo 
5.052 
5.085 
5.11s 
5.151 
5.184 
5.217 
5.249 
6.281 
5.315 
5.348 
5.381 
5.413 
5.446 
5.479 
5. 512 
6.545 
5.577 
5.610 
6.643 
5.676 
5.709 
5.741 
6.774 
5.8M 
5.840 
6. 873 
5.m 
5.938 
5. 971 
6.004 
6. 037 
6. MO 
6. 102 
6.135 
6. 168 
8.201 
6.m 
(Lm 
6.s 
6.332 
6. 365 
6. 3es 
6. 430 
8. 463 
6.4w 
6.629 
a m  - 

- 
5 - 

Mm. 
188.5 
191.4 
194.2 
197.1 
200.0 
302.9 
?05.9 
m. 9 
211.8 
214.9 
217.9 
0 1 . 0  
224.1 ‘m. 2 
230.3 
233.5 
276.6 
239.8 
“A. 1 
we. 3 
249.6 
252.9 
256.2 
”59.5 
262.9 
m. 3 
269.7 
273.2 
276.6 ‘a 1 
283.6 
287. 1 
m 7  
294.3 
297.9 
301.5 
305.2 
3as. 8 
312. 5 
316.2 
320.0 
323.8 
321. 6 
331.4 
335.2 
339.1 
343.0 
348.9 
350.9 
354.8 
358.8 
362 9 
386.9 
371.0 
375.1 
379.2 
383.3 
387.5 
391.7 
395.9 
44x2 
404.4 
408.7 
413.1 
417.4 - 

- 
10 

Mm. 
- 

92.9 
9 4 3  
95.7 
97.1 
S.6 
99. 0 

101.3 
102.8 
104.2 
105.7 
107.2 
1oB. 6 

111.6 
113.1 
114.7 
I!&? 
117.7 
119.3 
120.8 
1E. 4 
124.0 
125. 6 
In. 3 
12s. 8 
130.4 
132. 1 
133.7 
135. i 
137.0 
1%. 7 
340.4 
142 1 
1 8 .  8 
145.5 
147.3 
149.0 
150.8 
15% 5 
154.3 
158.1 
157.9 
159.7 
161.5 
163.3 
165.1 
167.0 
168.8 
170.7 
172 6 
174.5 
176.4 
178.3 
1Sa 3 
182 a 
184.1 m. 1 
188.0 
190.0 
182.0 
194.0 
196.0 
196.0 
200.0 
202.0 

110.1 

- 

- 
15 
- 
Mm. 

61.8 
62.7 
83.6 
64.6 
65.5 
e a 4  
67.3 
68.3 
69.3 
70.2 
71.2 
72.2 
73. a 
74. a 
75.2 
76.2 

78. 2 
79.3 
80.3 
81.3 
82.4 
63.4 
84.5 
85.6 
W6 
87.7 
88.8 
89.9 
91.0 
9 2  1 
W 2  
94.4 
95.5 
W 6  
97.8 
98.9 

loa 1 
101.2 
102.4 
103.6 
104.8 
108.0 
IM. 2 
108.4 
101). 6 
110.8 
1120 
113.3 
114.5 
115.8 
117.0 
118. 3 
119.6 
130.8 
122 1 
123.4 
124.7 
1%. 0 
127.3 
1% 6 
129.8 
131.2 

133. B 

n. 2 

132 a 
- 

Length in meters - 
20 

Mm. 
- 

46.3 
47.0 
47.7 
48.4 
49.1 
49.8 
a 6  
61.2 
51.9 
52.6 
63.4 
54.1 
54.8 
55.6 
w 3  
57.1 
57.8 
58.6 
59.4 
e a 2  
a 9  
61.7 
62.5 
63.3 
64.1 
a. 9 
65.7 
66.5 
67.1 
e a 2  
69.0 
69.8 
70. 7 
71. 5 
7 2 4  
73.2 
74. 1 
75.0 
75.8 
76.7 
77.6 
78.5 
79.4 
S a 3  
81.2 
8 2 1  
89.0 
83.9 
ai. 8 
85.7 
88.7 
87. 6 
88.6 
89.5 
90.5 
91.4 
9 2  4 
Q. 3 
84.3 
95.3 
96.3 
97.3 
w3 
99.3 

100.3 - 

25 

Mm. 
- 

37.0 
37.6 
38.2 
38.7 
39.3 
39.8 
4 a 4  
40.9 
41.5 
42.1 
a. 7 
43.3 
43.9 
44. 5 
45.1 
45.7 
46.3 
46.9 
47.5 
48.1 
1 . 8  
49.4 
50.0 
50.6 
51.3 
52. 0 
52  6 
Fa. 3 
63.0 

55.2 
55.9 
56.5 
57.2 
67.9 
5 s 6  
59.3 
59.8 
60.6 
61.3 
620 
62 7 
63.5 
64.2 
64.9 
6 6  
66.3 
67. 1 
67.8 
68.5 
88.2 

71.5 
7 2 3  
73.1 
73.9 
74. 6 
75.4 

76. 9 

78.5 
79.3 
8a 1 

M. a 

70. o 
70. 8 

7a 2 

n. 7 

- 

30 

M m  . 
- 

30. 8 
31.3 
31.7 
32.2 
32.7 
33.1 

34.1 
34.6 
35.0 
35.5 
36.0 
36.5 
37.0 
37.5 
38.0 
38.5 
39.0 
39.5 
40.0 
40.6 
41. 1 
41.6 
42.1 
42.7 
43.2 
43.7 
44.3 
44.8 
45.4 
45.9 
46. R 
47. 0 
47. B 
4a2 
4 a 7  
49.3 
49.9 
50.5 
51.0 
51.6 
52. 2 
52  8 
53.4 
54.0 
54.6 
.55.2 
65.8 
56.4 
57.0 
67.7 
.% 8 

59.6 
ea2 
ea8 
61.4 
63.1 
e 2 7  
63.4 
64.0 
64.7 
65.3 
66.0 
e a 7  

33. a 

59. n 

36 
- 
Mm. 

20.4 
33.8 
27.2 
27.6 
28.0 
28.4 
28.8 
29. 2 
29.6 
30.0 
20.5 
30.9 
31.3 
31.7 
32.1 
32.6 
33.0 
33.4 
a3.9 
34.3 
24.8 
35.2 
35.7 
36.1 
36.6 
37.0 
37.5 
38. 0 
38.4 
38.9 
39.4 
39.8 

40. 8 
41.3 
41.8 
42.3 
42.8 a. 3 
43.8 
44.3 
44.8 
45.3 
45.8 
46.3 
46.8 
47.3 
47.8 
48.4 

49.4 
bo. 0 
60.5 
61.0 
51. 6 
5 2  1 
5 2  7 
63.2 
57.8 
54.3 
54.9 
55.4 
s8.0 
E6.6 
57.2 

40.3 

4s. 9 

- 
e 

Mm. 
- 

23.1 
23.5 
! a 8  
24.2 
24 5 
24.9 
?A2 
25.6 
25.9 
28.3 
26.6 
21.0 
27.4 
27.8 
28.1 
28.5 
28.9 
?9.3 
29.6 
3 l l O  
30.4 
30.8 
31.2 
31.6 a. 0 
32 4 
3 2  8 
33.2 
33.6 
XO 
34. 4 
34.9 
35.3 
35.7 
36.1 
36.6 
37.0 
37. 4 
31.8 
38.3 
38.7 
39.2 
39. 6 
40.1 
40. 5 
41.0 
41.4 
41.9 
42.3 
a 8  
43.2 
43.7 
44. a 
44.7 
4&1 
46.6 
48.1 
46.6 
47.0 
47.5 
48.0 
4 8 5  
49.0 
49.5 
M l O  

- 
1 

Mm. 
- 

20.11 
20.8 

21. s 
21.8 
0.1 
22.4 
E. 7 
?&O 
23. 4 
23.7 
24.0 
24.3 
24.7 
25.0 
25.3 
25.7 
26.0 
as. 3 
20.7 
21.0 
27. 4 
27.7 
28.1 
28.4 
288 
29.2 
29.5 
29. 9 

30.6 
31.0 
31.4 
31.7 
3 2  1 
32. 5 
32.9 
33.2 
33.6 
34.0 
34.4 
34. 8 
35.2 
35. 6 
36.0 
3 6 4  
36.8 
37. 2 
37.6 
38.0 
38.4 
38.0 
39.3 
39.7 
40.1 
40.6 
41.0 
41. 4 
41.8 
4221 
427 
43.1 
43.6 
44.0 
44.4 

21. a 

30.3 

- 
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788 
864 
948 

1.031 
1,121 

1.214 
1.310 
1.411 
1.515 
?.,623 

7s4 801 809 
872 880 888 
955 963 9'11 

1,010 1,049 1,068 
1,130 1,139 1,148 

1.223 1.233 L l 2  
1.320 1,330 
1.421 1.431 
1.525 1,536 1.647 
1,634 I, 645 1,656 

ICombined ridb and top argumcnts=weightof tape in grams ycr meter. Tabular vnlues=i4($)'X IO:@ 
when t=15.M)O grams. To obtain catenary correction multiply tabulsr value by cube r,C length b e t w w  
supports and point Off 10 decimal places. The result will bc in meters] - - 

0.5 

-- 
0.1 - 

748 
824 
801 
958 

1.076 

778 
858 
938 

1.023 
1,112 

1, ?04 
1.300 
1.400 
1,504 
1,612 

758 

913 

1,167 
1.262 

1,462 
1.568 

1,360 1 
CateHarg correctio~rs for various 2etr.gt71s mad wcights of tape 

I 
Weight of tape in grams per meter - 

#). 8 

ddm. 
0.01 

0. I%? 
1.23 

2. 12 
3.37 
5.03 
7. 1fi 
9. 82 

- 

am an 

- - 
21. 6 

- 
m, 7 - 
N m  . 

0. u1 
0.08 
0.31 
0. c i  
1.24 

2. 14 
3.40 
hrn 
7.23 
9. 92 

21. 7 

(meters) 
m. 1 m. 2 m. 3 3 . 4  m. 5 m. 8 

Mrn. 
0.01 
0. O i  

0. eo 
1. 17 

202 
3. 21 
4.79 n 83 
9. 35 

a s  

- - 
21. 1 

Mm. 
0.01 
0.05 
0.x 
0.a 
1. 18 

2 04 
3 . 3  
4.84 
6. ,Sg 
rj. 45 - - 

21.2 - 
0.01 
0. (y9 
0.3 

1.30 

2. 25 
3.57 
5.33 
7 . s  

10. 40 

22.3 

a 67 

- - 
- 

0. u1 
0.09 
0. 31 
0. 73 
1.43 

3.46 
3. Y1 
5.84 
R 32 

11.41 

23.2 
- __ 

N m .  
0.01 
0.01 
aar 
0.61 
1. If 

2of 
3 . z  
4.g 
6. Qt 
9. 54 

21.3 

0.01 
0. oe 
0. 3 
0. 61 
1.31 

3.27 
3.80 
5. 39 
7. M 

10.50 

22.3 

_. _. 

- 

- - 
- 

0.01 
0.09 
0. 31 
0. i 4  
1.44 

2 49 
3.95 
5.89 

11.51 

23.3 

a 39 

- - 
- 
0. 01 
0. 10 
0.34 

1. 57 

2.71 
4.31 
8.43 
9. 16 
la 57 

aso 

Mm. 
0.01 
0.08 
0.26 
0. 62 
1.30 

208 
3.30 
4.93 
7.02 
9. a3 - - 

21.4 - 
0.01 

0. 29 
a m  
1.9 

2 3  
3. &I 
5.43 
7.73 

10.60 

22. 4 

0. aq 

- - 

Mm. 
0.01 
0.08 
0. m 
0.62 
1.23 

2 10 
3.34 
4.9s 
7.09 
9. 73 - - 

21.5 

hfm. 
0.01 
0.05 
0.27 
0. 84 
1.25 

2 I6 
3.44 
5. 13 
7.30 

10.01 

31. s 
- -- 

M m .  

a m  
acu 

0.01 
0.08 

1. as 
2.18 
3.47 
5. 18 
7.37 la 11 - - 

21. 9 - 
0.01 
0.08 
0.30 
0.71 
1.39 

2.40 
3.81 
5.88 
a09 

11. IO - - 
23.9 

0.01 
0. IN 
a2q 

1.29 

2.23 
3.53 
5. ?3 
7.51 

10.31 

2 2 1  

aBg 

?===== 

-- 
0.01 
0.09 
a 31 
0. 72 
1.41 

2.44 
3.88 
5.7Q 
0.24 

11.31 

3 . 1  
- -_ 

0.01 
0.09 
0.21) 

1. 34 

2. 31 
3.67 
5.48 
7.80 

10. 70 

22.5 

aas 

- - 

0.01 
0.09 

0.69 
1.35 

2.33 
3. 70 
5.53 
7.87 
IO. so 
22.6 

a m  

- - 

0.01 
0.09 
a29 

1.38 

2.35 
3. 7.1 
5.55 
7.95 

10.90 

22. i 

a i o  

-- -_ 
- 

0.01 
0. 10 
0.32 
0.76 
1.49 

2.58 
4.09 
6.11 

11.93 

23.7 

a 01 
0.10 
a 35 
as3 
1.63 

2 81 
4.46 
8.66 
9.48 
9 9 0  

a 70 

- - 
- 

~ 

0.01 
0.09 
0.30 

1.38 

238 
3.77 
5.63 
8.02 

11.00 

22.9 

a m  

- -- 
- 

a ui 
0. 10 
0.32 an 
1.50 

2.80 
4. 13 
8. 16 an 
I2 03 

23.8 
- - 

0.01 
0. 
0.31 
0. i 4  
1.45 

2 51 
3.88 
5. (r5 

11.61 

23.4 

a 47 - 
- 

0.01 

0.34 
0.81 
1.58 

2.74 
4.35 
8.49 
9.3 

12. (18 

a io 

0. o i  
am 
0.32 
0. i 5  
1.46 

2.53 
4. m 
6.00 
8.54 

11. n 
23.5 
-- - 
- 
a o i  

a 82 

0.10 
0.35 

1. Bo 
2 78 
4.38 
8.55 
9.32 

12. 78 

0.01 
0.09 
0.33 
0. 78 
1.48 

2 55 
4. OB 
6.05 
8. fi2 

1 1 . 1  

23.6 
- - 
- 

0.01 
0. 10 

1. 61 

2.78 
4.42 
8.60 
9.40 

12 89 

a 35 
0.83 

0.01 
0. 10 
0.33 
0.78 
1.53 

2. 82 

8.22 

12 14 

ie 
ass 
- - 
23. 9 

0.01 
0. 10 
0. aa 
0.79 
1.54 

2 87 
4.24 
8.32 
9.00 

12 35 

0. 01 
0. 10 
0.31 

1. 58 

289 4.n 
6.38 
9. os 

12 46 

a 8 0  

a 01 

0.35 
as4 
0. 10 

1.84 

2.83 
4.3 
8.71 
9. 50 

13.11 

a o i  
a 11 

a= 
a36 

1.65 

2.86 
454 
8.R 
9.64 Pa 
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Oattmzrg correction8 for various lengths and Weight8 of tape-continaed 

I Weight of tape in grams par meter -- 
24.9 24.1 24. 2 !a4.3 24.4 24.5 24.6 24.7 24.8 

ium. 
0.01 
0. 11 

1. &I 

2 9 0  
4.61 
6.85 
9.80 

13.44 

25.1 

a 36 
0.86 

- - 

Mm. 
0. 11 

1.69 

a oi 
a 37 a 87 

Mm. 
a oi a 11 a 37 
0.87 
L 71 

Mm. 
a oi a 11 a 37 ass 
1.72 
298 
4.73 
7.06 

10.05 
13.78 

25.4 
- 

Mm. 
0.01 
a 11 
a38 am 
1.74 
3.00 
4. 77 
7. 11 

13. 89 

25.5 

ia 13 
- - 

Mm. 
0.01 a 11 
0.38 
aoo 
1.75 
am 
4.80 
7. 17 

lo. 21 
14.01 

25.6 
- - 

Mm. a oi a 11 
a88 
am 
l.77 
3.05 
4.84 
7. 23 

14.12 

25.7 

ia 30 
- - 

Mm. a oi a 11 
a s  a 91 
L 78 
a m  
4.88 
7. m 

io. 3s 
11 24 

25.8 
- -. 

Mm. 
a 01 
a 11 
a& 

3.10 

ia M 

OB? 
1.70 

4.w 
7.35 

14.35 

25.9 
- 

2 8 3  
4.65 
6.94 
9.88 
13.58 

25.2 
- - 

2 9 5  
4.69 
7.00 
9. 96 

13.67 

25.3 
- - 

a oi 
a 39 
0. 12 

0. u3 
1.82 
3.15 
5.00 
7.47 

10.83 
14.59 

26.1 

0.02 
0.13 
0.43 
1.01 
1.97 
3.41 
5.41 
8.07 

11.50 
15.77 

27.1 

c_ c_ 

- 

- - 
- 

0.02 
0.14 
0.48 
1.09 
2. 13 
3.67 
6. ffl 

12.39 
17.00 

2S.l 

a 70 

- - 

0; 01 
0.12 
0.40 
0.96 
1.87 
3.23 
5.12 
7.66 

10.80 
14. %i 

26.4 

0.02 
0.13 
0.44 
1.03 
2.02 
3.48 
5.53 

11.16 
16 13 

27.4 

- - 
- 

828 

- - 

0.02 
0.12 
0.41 
0.96 
L88 
3.35 
5.16 
7. 71 

15.05 

26.5 

0.02 
0.13 
0.44 
1.04 
2. 03 
3.51 
5.58 

11.85 
16. 

27.5 

0. (a 
.O. 14 
0.17 
1.12 
2 1 

6.00 
8.96 

12 76 
17.51 

io. 97 
- - 
- 

8.31 

- - 
-- 

3.78 

- - 
28.5 

0.03 

0 .9 i  
1.90 
3.28 

7.77 
11. OB 
15.17 

26.6 

0.02 

1.06 
2. 05 
3.54 
5.62 
8.39 

11.94 
16.38 

27.6 

0. 02 
0.14 
0.48 
1. 13 
230 
3.81 
6.05 
9. m 

12 85 
17. ti3 

28.6 

a 12 a 41 

5. a0 

- - 
- 
a 13 
0.44 

- - 
- 

- - 

am 

am 
0.12 
0.41 

1.91 
3.30 
5.24 
7. e3 

11.15 
15. 28 

28.7 

a02 
0.13 
0.45 
1.08 
2. 06 

5.68 

12. m 
16.50 

27.7 

0.02 
0.14 
0.48 
1. 14 
2. 22 
3.84 
6. OLJ 
9.09 
la 95 
17.76 

28.7 

- - 
- 

a. MI 

a 45 

- -- 
- 

i_ 

a w  
a la am aw 
l.83 
3.33 
5.28 
7.89 

11. 23 
15.41 

26.8 

0.02 

a46 
1. OB 
2 0 8  
3.69 
6.70 
8.51 

12.13 
16. 63 

27.8 

0. 02 

1.14 
224 

6.14 
9.16 
13. 04 
17.89 

288 

- - 
- 
a 13 

- - 
- 
a 14 
0.48 

a. 88 

====== 

0.02 
0.12 
a 4 2  

LBC 
8.85 
6.38 
7.85 

11.32 
16.53 

18 .e 

aee 

- - 
- 

0.02 

1.01 
2. 09 

5.75 
8.68 

1221 
16.75 

27.9 

a 13 a 4 s  

a. BZ 

-- - 
- 

0. os 

1.15 
2. 23 
3.u 
6.18 
9.23 

13.14 
18. 02 

28.9 

a 14 a 49 

- 

a o i  0.01 

0.40 a40 
a94 a 9 5  

'3.18 8.20 

ia n 10.80 

0.12 0.12 

1.84 1 . 1  

5.04 5.08 
7.53 7.59 

14. 70 11.82 

0.02 0.02 
0.13 0.13 
0.43 0.43 
1.02 1.03 
1.99 2 0 0  

5.45 5.49 

11.68 11.67 
15.89 16.01 

9.43 3.46 

8.14 am 
-- -- 
27.2 27.3 -- 
0.02 0.02 
0.14 0.14 
0.46 0.47 
1.10 1.10 
2. 14 2. 16 
3.70 3.73 
5.87 5.92 

1148 E58 
17.13 17.25 

28.2 28.3 

a 7 7  883 

-- 

~ 

0.02 
0.14 

1.11 
2 17 
3.75 
5.96 

12.67 
17.38 

a 47 

am 

m .4 
- 

0.02 
0. 15 

1.17 
2 2 8  
3.95 
6.27 
9.36 

13.32 
18.B 

29.1 

a 49 

-- - 

0. 02 
0.15 

1.19 
2 33 
4.03 
6.40 
9.56 

13.61 
18" 67 

29 A 

am 

- - 

a(a 
a 15 
0.51 
1.m 
2 35 
4. OB 
6. 45 
9.63 

13.71 
IS. 8E 

29.5 
- - 

0.02 
0. 15 
0.51 
1.21 
2 37 
4.09 
6.49 
9.69 

13.80 

29.6 

la w - - 

0.02 
0.15 
0.51 
1. a2 
2. 38 
4.12 
e. M 
9.76 

13.90 
19.07 

as.? 
- - 

0. oa 
0.52 
1.23 
240 
4.15 
6.59 
9. E3 

14.00 
19. m 
298 

a 15 

- - 

0.02 
0.15 
a52 
1.24 
2 42 
4.18 
6.63 
9. Bo 

14.09 
19.33 - 

29.9 

2 30 

6.3: 

0.02 
0. 16 
0.53 
1.25 
245 
4.23 
6.72 

1 4 . 1  
19. Bo 

io. 04 

0.02 a 16 

1. 26 
0.53 

2 47 
4. a6 
6. 77 

14.39 
19.74 

io. 11 

0.02 

1.21 
2 48 

a 18 
0.54 

0.02 

0.54 
1.28 
250 
4.32 
6.86 

10.24 
14.59 
20.01 

a 16 
0. ol 
0.16 
0.54 
1. B 
2 51 
4 . x  
6.91 

10.31 
14. @ 
20.14 

0.03 
0. le 
0.55 
1.30 
2 5 4  
4.38 
6.96 

10.38 
14.79 
20.28 

0.02 
0.'16 
0.55 
1.31 
2. 55 
4.41 
7.00 

io. 45 
14. .sa 
20. 4a 

0.02 
0.16 

1.32 
2.57 
4.44 
7. a5 

10.52 
14. W 
a58 

ase 
0.02 
0.17 

1.32 
2.m 
4.Q 
7. 10 

16. OD 
20.69 

0.56 

ia 60 

4.29 
as? 

10.11 
14.4g 
19.81 



- 
15 
2s 

dm. a i  a i  
0. 2 
a 2  
0.3 

a 3  
0.4 
a 5  
a 5  
0.6 

0.6 
0.7 
0. s 
0. 8 
0.Q 

0.9 
1.0 
1.0 
1.1 
1.2 

1.2 
1.3 
1.3 
1.4 
1.4 

1.5 
1.6 
I. 6 
1.7 
1.7 

- 

- 

- 
14 aa 
- 
Km. 
u. 1 ai 
a 2  
0.3 
a 3  

a 4  
0.5 
0. G 
a6 
0.7 

a 8  
as 
a9 
1.0 
1.0 

1. 1 
1.2 
1.3 
1.3 
1.4 

1.5 
1.5 
1.6 
1.7 
1.7 

1.8 
1.9 
1.9 
2.0 
2.1 - 

- 
13 
21 - 
Km. 
ai 
0. 2 
a 2  
0.3 
0. 4 

0. 6 
a6 
a7 
0.8 

a9 
1.0 
1. 1 
1.1 
1.2 

1.3 
1.4 
1.5 
1.5 
1.6 

1.7 
1.8 
1.9 
1.9 
2 0  

21 
2.2 

2.4 
2 4  

a 5  

za 

- 

- 
12 
!a3 

KW. 

a 3  

a 5  

a6 
0. 6 

0.8 
0.9 

1.0 
1.1 
1.2 
1.3 
1.4 

1.5 
1.6 
1.7 
1.8 
1.9 

1.9 
2 0  
21 
2.2 
2 3 

2.4 
8 5  
26 
2 7  
a. 8 

- 
ai 
a2 

a 4  

a 7  

- 

- 
11 
?B 
- 
Km. 

0.2 
0.3 

ai 

a 4  
a5 

0.6 
0. 7 
0.8 
0. 9 
1.0 

1.1 
1.3 
1.4 
1.5 
1.6 

1.7 
1.8 
1.9 
2 0  
2. 1 

2 2  
2 3  
2 4  
2 5  
2.6 

2.7 
2.8 
as 
3.0 
3.1 - 

Temperature of tape in d e g w  centigrade - 
10 
30 

Km. a i  
0. 2 
0.3 
a5 
0.6 

0.7 
a8 
0.9 
1.0 
1.2 

1.3 
1.4 
1.5 
1.6 
1.7 

1.9 
2.0 
2.1 
4 2 
2 3  

8 4  
2 6  
2.7 
2.8 
2.9 

3.0 
3.1 
3.2 
3.4 
3.6 

- 

- 

- 
9 
31 
- 
Kin. 
0.1 

0.4 
0. 5 
0.6 

0.8 

1.0 
1. I 
1.3 

1.4 
1.5 
1.7 
1.8 
1. Q 
2 0  
2.2 
2.3 
2.4 
2.6 

2.7 
as 
2 9  
3.1 
3.2 

3.3 
3.4 
BE 
3.7 
3.8 

a3 

a9 

- 

- 
8 
32 

Km. 
0. 1 
a3 
a4 
a 6  
0.7 

0.8 
1.0 
1.1 
1.3 
1.4 

1.5 
1.7 
1.8 
1.9 
2.1 

2.2 
2.4 
2.5 
2.6 
2 8  

2 9  
3.1 
3.2 
3.3 
3.5 

3.6 
3.8 
18 
4.0 

- 

4. a - 

- 
7 
33 
- 
Km. 
a3 
0.3 
0.5 
0.6 

a9 
1. 1 
1.2 
1.4 
1.5 

1.7 
1.8 
2.0 
21 
2 3  

2 4  

2.7 
2.9 
8.0 

3.2 
3.3 
3.5 
3.6 
3.8 

3.9 
4.1 
4. a 
4.4 
4.5 

aa 

2. n 

- 

- 
6 
34 

KW. 

0.5 

- 
a2 
a3 
a6 
a8 

1.0 
1.1 
1.3 
1.5 
1.6 

1.8 
1.9 
2.1 
2.3 
2.4 

2.6 
2.8 
2.9 
3.1 
3.2 

3.4 
3.6 
3.7 
3.9 
41 

4.2 
4.4 
4 5  
4. I 
4.9 - 

- 
5 
35 
- 
Km. 
0.2 
0.3 
0.5 
0. 7 
0.9 

1.0 
1.2 
I. 4 
1.6 
1.7 

1.9 
2.1 
2.3 
2 4  
2.6 

2 8  
3.0 
3.1 
3.3 
3.5 

3.7 
3.8 
4.0 
4.2 
4.4 

4 5  
4.7 
4. Q 
5.0 
6.2 - 

- 
4 
86 
- 
Urn. 
0. 2 
a4 
0.6 
a i  
a9 
1.1 
1.3 
1.5 
1.7 
1.9 

2.0 
2 2  
2 4  
2.6 
2.8 

3.0 
3.2 
3.3 
3.5 
3.7 

3.9 
4 1  
4.3 
4 5  
4.6 

4.8 
6.0 
5. a 
5.4 
6.6 - 

4.1 4.4 4 6  4.9 6.1 6.4 6.6 6.8 
4.3 4.6 4.8 6.1 5.4 6.6 5.9 6.1 
4 5  4.8 5.1 5.3 6.6 6.9 6.1 6.4 
4.7 5.0 5.3 5.6 6.8 8.1 6.4 6.7 
49 6.2 6.5 6.8 6.1 6.4 6.7 7.0 
5.1 5.4 5.7 b0 6.3 6.6 6.9 7.3 
5.3 6.6 6.0 6.3 6.8 6.9 7.a 7.6 
5.5 6.8 6.2 6.5 a 8  7.1 7.6 7.8 
5.7 6.1 6.4 6.7 7.1 1.4 7.7 81 
6.9 6.3 6.6 7.0 7.3 7.7 SO S I  

I 

-5 
45 

Urn. 
a3 
0.6 
a9 
1. a 
1.4 

1.7 
2 0  
2 3  
2 6  
2. 9 

3.2 
3.5 
3.8 
4.1 
4 4  

4 6  
4.9 
5.2 
5.6 
5.8 

6.1 

6.7 
7.0 
7.2 

7.6 
7.8 

S4 

- 

a 4  

ai 
a i  - 
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Table 01 log m 

IC.omputed for the Clarke spheroid of 1868 as expressed in metem] 
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L W  -10 
895 -10 
a5 -10 
a4 -lo 
894 -10 

694 -lo 
883 -10 
698 -10 ea -10 
881 -lo 

680 -10 
689 -10 
688 -10 
887 -10 
688 -10 

686 -10 

677 -10 
675 -10 
673 -10 
w 1  -10 
8(18 -la 

&I7 -lo 
a6 -10 tm -lo 
m -lo 
658 -lo 

655 -lo 
063 -10 
650 -10 
647 -10 
644 -10 

lua -lo 
639 -10 
838 -la 
632 -la 

1.40829 -10 

Latltude 

0 ,  

2 0 0 0  
2030 
2 l W  
2l30 
2 2 0 0  

22 30 
8 0 0  
8 3 0  
2400 
2430 

2500 
2530 
2 6 0 0  
2630 
2 7 0 0  

2 8 0 0  
2830 
2 0 0 0  
2930 
3000 
a030 
81 00 
;1 30 
32 00 
32 30 
3300 

3424 

35 00 
35 3(1 
13 o(: 
363c 
37 00 

37 3(1 
3 B o E  
3 8 x  
3 l N  
8 9 %  

nao 

!?: 

. W 6  -10 
m -10 
619 -10 
6l6 -10 
612 -10 

608 -10 
605 -10 
eo1 -10 
697 -10 
694 -10 

690 -10 
rn -10 
683 -10 
578 -10 
673 -10 

XI9 -10 
506 -10 
580 -10 
E8 -10 
652 -10 

648 -10 
544 -10 
E39 -10 
634 -10 
530 -10 

626 -10 
620 -10 
616 -10 
611 -10 
506 -10 

601 -10 
496 -10 
491 -10 
488 -10 
482 -10 

477 -10 
472 -10 
467 -10 
462 -10 

1.40467 -10 

Latitude 

G I  

4000 
4030 
u00 
4l30 
4200 
42 30 
4300 
4330 
4400 
4430 

4600 
4530 
4600 
4630 
47 00 

47 30 
4800 
4830 
49 00 
49 30 

6 0 0 0  
5030 
61 00 
61 30 
5200 

52.30 
6 3 0 0  
5330 

54 30 

1 0 0  
65 30 
M I 0 0  
Ml30  
a00 

m m  

67 30 
68 00 
6830 
6 8 0 0  a30 

h g m  Latitude Il- 
L. 40452 -10 

446 -10 
w -10 
436 -10 
431 -10 
4% -10 
421 -10 
416 -10 
411 -10 
408 -10 

400 -10 
895 -10 
390 -10 
385 -10 
380 -10, 

376 -10 

369 -10 
3 m  -io 
349 -10 1 
344 -10 
339 -10 
934 -10 
320 -10 

324 -10 
319 -10 
314 -10 
309 -10 
304 -10 

290 -10 
206 -10 aeo -10 
286 -10 aao -10 
!270 -10 
271 -10 ass -10 
202 -10 

1.40267 -10 

0 1  

6000 
6030 
61 00 
8130 
e200 
e230 
6300 
63 30 
6400 
6430 

6 6 0 0  
66 30 
moo 
6830 
67 00 

67 30 
8 8 0 0  
8830 
6 9 0 0  
6930 

70 30 
71 00 
71 30 
72 00 

m o o  

Loem 

.4Ix?5a -18 
!a9 -10 
244 -10 
240 -10 
236 -lo 
231 -10 
227 -10 
22a -10 
2l9 -10 
216 -10 

aio -io m -10 
203 -10 
19Q -10 
196 -lo 

192 -10 
la8 -10 
185 -10 
181 -10 
178 -10 

174 -10 

168 -10 
164 -10 

1.40161 -lo 

in -io 



200 

4.177---- 
4.327 _ _ _ _  -. -. 
4.415 
4.478 _ _ _ _ _  _ _  . 
4.526 

4.588 
4.569 
4.628. 
4.054 
4.677 

4.870 _ _ _ _ _  _ _  
4.915 _ _ _ _ _ _ _  
4.898 _ _ _ _ _ _ _  
4.955 _ _ _ _ _ _  
4.892 _ _ _ _ _ _ _  

5.114 _ _ _ _ _ _ _  
5.128 _ _ _ _ _ _ _  
5.139 _ _ _ _ _ _ _  
5.151 _ _ _ _ _  _ _  
6.163 _ _ _ _  _ _  

Armin 
m e  
tion in 
units of 
seventh 
decimal 
of logs- 
rithms 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 

23 

25 
27 
30 
33 
36 

30 
42 
45 
48 
52 

56 
50 
63 
67 
71 

75 
Bo 
&I 
sg 
94 

!38 
103 
108 
114 
118 

a0 

2.698 
2. s36 
3.824 
2 987 
3.m5 

3.075 
3.108 
3.137 
3.163 
3. ISB 

3.206 
3.235 
3. w 3  
3.259 
3.274 

3. ?s 
3.301 
3.313 
3.336 
3.366 

3.385 
3.401 
3.424 
3.445 
3.564 

3.481 
3.497 
3.512 
3.526 
3 . 5 4  

3.560 
3.571 
3. s5 
3.598 
3.611 

3.623 
3.637 
3.048 
3. 860 
3.671 

3.681 
3. m 
3.702 
3.714 
3.722 

tion in 
units of 

of logs- 
rithms 

13i 1w 
136 
141 
141 

152 
IN 
16E 
172 
1A 
18f 
19: 
1% 
aot 
21: 

221 
m 
I t  
24 
251 

m 
% 
27! 
!B! 
29: 

30( 
30( 
311 
32; 
33( 

M 
351 
3 6  
3 z  
38: 

39: 
40: 
41: 
4% a 
M 
45 
40 
47d 
48 

n g & m  
log AX 

3.732 
3.743 
3.752 
3.762 
3.769 

3 . m  
3.788 
3.796 
3 . m  
3.812 

3.830 
3.822 
3.835 
3.843 
3.850 

3.853 
3.665 
3.872 
3. Y7.5 
3. a 
3.802 
3.8911 
3. SW 
3.912 
3.91s 

3.924 
3.931 
3.931 
3.943 
3.M$ 

3.9% 
3. w 
3. w 
3.971 
3 . m  

3.98: 
3.98t 
3.99: 
3 . w  
4. rn 
4. om 
4.014 
4.01s 
4.0% 
4. oz 

Log a1 

6.525 _ _ _ _ _  _ _  
5.530. - - - . . . 
5.531 __._. . . 
5.539 .... __. 
5.543 ..__ __. 
5.548 _ _ _ _ _  _. 
5.553.-- - - -. 
5.557 ______. 
5.501 _ _ _ _ _ _ _  
6.566 _ _ _ _ _ _ _  
5.570 _ _ _ _  -. 
5.5i5 _ _ _ _ _ _ _  
5.579- - - - - - . 
5.583 _ _ _ _ _  -. 
5.581 _ _ _ _  - -. 

5.052 _ _ _ _  

5.671 
5.674 
5.678 ______. 

- 
Aresin 
tion in 
units of 
seventh 
decimal 
of loga- 
rithms 

correo- 

497 
508 
519 
,530 
541 

553 
565 
577 
588 
800 

613 
625 
637 
650 
863 

674 w 
702 
716 
720 

743 
757 
771 
785 
&la 
814 
838 
tu5 
861 
877 

893 
goIi 
925 
941 
957 

973 
9sg 
1001 

- 
adoor 
losd  

4.034 
4. rn 
4.043 
4.04.3 
4.052 

4.067 
4.082 
4. OBB 
4.070 
4.075 

4.019 
4.084 
4.088 
4.092 
4. ow 
4.100 
4.104 
4. 109 
4.113 
4.117 

4.121 
4.126 
4.128 
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 
4.167 
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A l o g  N A108 N A N  AlOg -v ~2 A l o e  N 
seventh N seventh 7 seventh seventh 
decimal one part decimal OynFt decimal On;? decimal 

units of A X  units of units of ulutsof 

P l W  Plm place In- Pl- 
--- 

Proportional cliange is a number correspomli~~g to a change 4% its l o g w i t h  

AN x 
Om- 
in- 

I I I I . _._.-. . . I  ___. ....... . 



250 
273 

324 
349 
374 
397 
418 
436 

2 2 8 2 3 0  
251 
a74 

2 8 8 2 9 9  
324 
350 
374 
390 
418 
437 

U. 6. COAST AND GEODETIC SURVEY 

Logarithm of radii of cmature  of the earth's surface (in meters) 
Desed upon Clarke's spheroid of l8sS 88 expressed in meters]. 

I 
Latitude - 

0O 

6.80180 
182 
188 
199 
214 
232 
252 
270 
300 
3% 
351 
375 
398 
419 
437 
452 
463 
409 
472 

- 

- - 

- 
70 

3.80181 
l84 
190 
201 
215 
m 
264 
277 
301 
328 
352 
376 
399 
430 
438 
452 
463 
470 
472 

- 

- - 

10 20 

6.80175 
177 
184 
195 
209 
228 
249 
272 
297 
322 
348 
373 
398 
417 
635 
450 
401 
468 
470 - - 

I. 80175 
178 
184 
195 
210 
228 
!a9 
272 
297 
322 
348 
373 
398 
417 
430 
450 
481 
408 
470 - - 

L 80170 
179 
la5 
198 
210 
rn 
250 
273 
297 
323 
348 
373 
398 
418 
430 
450 
451 
468 
470 

I 

Latitude - 
110 

3.80191 
1'93 
200 
210 
224 
242 
263 
284 
308 
333 
358 
382 
404 
424 
443 
456 
487 
473 
475 

- 

- - 

- 
1 8  

L 80194 
186 
202 
213 
222 
244 
264 
287 
310 
335 
359 
3% 
400 
425 
443 
457 
408 
474 
470 

- 

- - 

15' - 
0.80204 

#w 
213 
223 
236 
254 
273 
205 
318 
342 
360 
389 
41 1 
430 
447 
401 
47 1 
4i8 
480 - - 

- 
230 

13' I 14' 

6.80180 
189 
194 
a05 
219 
237 
257 
%o 
304 
329 
354 
379 
401 
4a 
440 

6.80188 
190 
197 
m 
212 

1.80187 6.80201 
199 a03 
? 0 6 m  
316 ale 
230 233 

239 aeo 
252 
300 
331 

247 250 
267 270 
239 292 
313 315 
337 339 
361 364 
385 387 
407 409 
427 429 
4 4 4 4 4 0  
458 480 
409 470 
475 1 476 
477 478 

Latitude 

17' 18O 

6.80313 
215 
221 
231 
244 

m 
301 
324 
347 
371 
394 
411 
434 
451 
404 
474 
180 
48a 

mi 

- 

L 80217 
219 
2% 
2-35 
?A8 
as5 
284 
305 
321 
350 
373 
398 
417 
430 
453 
406 
470 
482 
1&1 - 

6 . m 2  
234 
239 
249 
262 
277 
296 
316 
339 
380 
382 
404 
424 
443 
45u 
472 
481 
487 
489 - 

3.80237 
239 
244 
254 
a68 
282 
300 
320 
391 
364 
388 
407 
427 
445 
401 
473 
483 
489 
?Ila - 

680343 
2-44 
250 
259 
271 
287 
305 
324 
341 
307 
380 
410 
430 
448 
403 
476 
485 
1w) 
492 - 

ass 273 
a87 292 
308 312 
330 334 
353 357 
370 379 
398 401 
419 422 
4 3 8 4 4 4  
4 5 4 4 5 6  

470 

485 i i  4% 2 -- 
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tOgarithms of d i i  of curvature of the earth's surface (in meters)-Continued 

I Latitude 

6 . m 5  
366 

376 
386 

3m 

6.80373 
374 

854 
392 

378 

amaa 
389 
3 B  
308 
408 
415 
423 
430 
451 

478 
490 
502 
514 

a.4 

~ 8 0 3 ~  
391 
400 
408 
413 
422 
a 3  
444 
457 

482 
495 
606 
517 

m 5 2 6  

470 

396 
407 
4m 

448 

478 
491 

614 

4oa 
413 
423 

4 3 4 4 4 0  
454 

4 0 4 4 8 8  
482 
49s 

5 0 3 6 0 7  
611 

- 
3!2? 

3.mm 
300. 
305 
813 
324 
aaT 
352 
389 
886 
105 
4 B  
441 
458. 
473 
480 
491 
505 
SI& 
511 

- 

- - 
- 

rloD 

1. 80367 
359 
363 
368 
378. 
a88: 
401 
414 

444 
459 
474 
487 
500 
610 
519. 
525 
5pD. 
511 

- 

4m 

- 

- 
280 

6 . m n  
274 
2i9 
288 
299 
313 
32JJ 
348 
a67 
381 
407 
4% 
445 
461 
475 
487 
495 
MI1 m 

- 

- - 

- 
310 

6.80202 
294 
298 
308 
317 
331 
346 
363 
882 
rloo 
419 
43i 
455 
470 
484 
484 
502 
501 
SOB 

- 

- - 
- 

390 

6.80350 
351 
355 
383 
371 
382 
304 
108 
423 
439 
454 
469 
484 
496 m 

-- 

-- * I 300 I I 
6. W ?  

256 
281 
270 
182 
sl 
314 
333 
354 
376 

3.m 
280 
285 
2Ba 
305 

6.80280 6.80% 
382 WA 
287 273 
276 282 
288m 
m m  
319 324 
338 343 
358 383 
379 383 

319 325 
335 310 
353 358 
372 377 
391 3!36 
411 415 
430 434 
446 451 
464 467 
478 481 

3913 
416 
43s 
453 
468 

399 
4?Jl 
438 
455 
4m 

442 
458 
473 

Latitude - 
350 

6 . 8 0  
322 
3% 
833 
343 
355 
370 
385 
402 
419 
438 
453 
469 
483 
49s 
€05 
S13 
617 
618 

- 

- - 

- 
38' 

6. m a  
- 

344 
243 
355 
384 
375 
388 
402 
4Is 
434 
450 
465 
480 
4 B  
MYI 

~~~ ~ 

338 340 

6.m 6.80313 sol 314 
312 319 

330 337 
243 349 
358 304 
374 380 
392 397 
4M 414 
r128 432 
445 449 
463 465 
476 180 
489 492 

-- 

a20 a% 

~~ ~ 

38' 3 P  

b80s27 6.80335 
329 336 
a33 340 
340 348 
350 357 
382 asB 
316 382 
391 387 

4 2 4 m  
441 445 
457 461 
41Z 476 
a88489 
4m 501 

-- 

407 413 

I( 514 E 516 

Latitude 
Azimuth (degrees) I 400 

41° 1 42' 430 44' I 450 468 4 F  

6.80380 
383 
385 
391 
399 
108 

432 
446 
459 
473 
4ss 
499 
510 
620 
6s 
634 
537 
538 

420 

- 

6.soloL 
404 
408 
413 
4'24 
428 
439 
'150 
462 
475 
487 
499 
510 
520 
628 
m6 
542 
545 
546 - 

5.80411 
412 
415 
420 
427 
438 
446 
456 
468 
480 
492 
503 
514 
5% 
632 
539 
544 
548 
519 - 



,204 IT. S. COdST A N D  GEODETIC SURVEY 

Logarithm of radii of curvature of the earth's surface (in meters)-Continued 

5.80565 
566 
586 
568 
570 
572 
574 
577 
580 

580 
6U1 
.594 

598 
599 
goo 

.Azimuth (degrees) - 1 480 

0.80570 6.80675 
570 575 
671 576 
572 677 
574 578 
576 680 
578 682 
581 5&( 
s.3 687 

5 8 3 6 8 6 6 8 9  
5 8 8 6 8 9 8 9 5 8 3  

581 w 
694 588 
598 59a 

5 9 6 5 9 8 8 0 0  
800 601 
801 Boa 
801 803 

e a o a O a 8 0 3  

Latitude 

0.80550 
b50 
551 
653 
655 

Elel 
604 
5&3 
572 
576 

590 

593 
b!H 

- 
b 

6.80555 
555 
556 
158 
EO3 

5 5 8 5 8 2  
585 
569 
572 
676 
b79 

6 8 o m  
5 3 1 5 8 8  
5 8 7 5 8 8  w- 
m594 

5Q.5 
586 

6 9 5 5 8 1  

4 v  500 51' 530 I 540 

&8M3 
428 
430 
435 
441 
449 
43 
468 
479 
490 
501 
513 
522 
El1 
639 
645 
650 
553 
554 
- - 

Ei. 80134 
135 
4 3  
412 
44s 
456 
4 G  
474 
4% 
485 
506 
516 
626 
634 
513 
Ha 
553 
555 
556 
- - 

3. w 2  
443 
445 
450 
455 
463 
471 
4.30 
490 
m 
510 
520 
530 
E38 
545 
591 
555 
655 
659 
- - 

L W V  

457 
&3 
409 
477 
4% 
496 
505 
515 
524 
533 
541 
548 
5% 
55s 
580 
MI1 

1 

- _- 
Latitude 

5.80471 
472 
474 
478 
483 
489 
490 
603 
612 
530 
528 
537 
544 
551 
557 
583 
566 
668 
689 
- -- 

s. 80478 
470 
481 
d55 
4a9 
495 
50z 
609 
517 
525 
533 
541 
548 
b55 
560 
565 
568 
570 
671 - - 

i.80457 8.80464 
458 465 
4(io 467 
464 471 
469 476 
476 483 
4% 4m 
462 498 
501 506 
610 615 
5 2 0 6 2 4  
528 533 
537 541 
54s M8 
551 554 

5'p 610 620 

LSMSB 
488 
448 
492 

5.80513 
514 
515 
518 
611 
b?6 
1 0  
536 
543 
548 
654 
560 
6f35 
670 
674 
578 
590 
552 
553 
- - 

i80520 
5 3  
522 
524 
527 
531 
536 
541 
546 
653 
658 
E83 
588 
673 
517 
650 
593 
S84 
58: 
- - 

1.805% 6.805s2 
526 5.32 
628 534 
530 538 
533 0 9  
537 543 
541 540 
MB 551 
551 556 
5 5 5 m  
5 6 3 5 0 5  
567 570 
572 675 
576 578 
W 5 a 2  
m585 
585 687 
588 
587 % 

Lao493 6.80500 6.80508 
493 500 507 
495 502 609 
498 505 511 
503 509 615 
608 514 620 
614 519 625 
5% 535 531 
5?7 532 637 
534 539 643 
5c2 546 650 
548 552 550 
555 558 MI3 
581 664 567 
568 689 672 
570 573 675 
573 6i6 5'18 
575 578 590 
676 578 580 

4 1  
m1 
508 
515 
532 
530 
537 
645 
552 
558 
b63 

Latitude 

--- e? I * O  

700 I 71O I 130 
-I-I- 

5.80560 
561 
563 
y13 
585 

0.80538 6.80544 
538 514 
540 545 
5 4  547 
5 4 4 5 5 0  
H a 5 5 3  
651 550 
6 5 6 5 6 0  
5 6 0 5 6 4  
m 6 6 8  
588 673 
574 677 
578 6al 
6 8 2 w  

667 
670 
573 
576 
679 
583 
596 
5% 
592 
594 
598 
59l 
588 
588 
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Fmtors uee& h the wmputatfon of trlevatiims from reoipwxal and rronreciprocd 
obmmah'ona 

[The unlt of length throughout these tables is the meter] 
LOQ A 

661 
801 
954 

1101 
1248 

1394 
1#1 
1688 
1835 
1982 

I I l l  ' 

4.5 
5.5 
6.5 
7.5 
8.6 

9.5 
10.5 
11.5 
12 5 
18 5 

Metera 
0 

73 
m 
as7 

1 614 

I- ll I- 

2128 
2315 
2423 
2.569 
2715 asaa 

14.5 
15.5 
16.5 
17.5 
l a 5  
19.5 

3743 
38w) 
49Ba 
4183 
aao 

4624 
4770 
4917 
5064 

4.477 

5211 
5357 
550( 
5651 
5'198 
5945 

a 6  
Zl. 6 
225 
a 5  
24.5 

z5.5 as. 5 
z7.5 
28.5 as. 5 

3a5  
31.5 
32.5 
33.5 
ah5 

35.5 
36.5 
37.5 
38.5 
39.5 
40.5 

LOG B AND LOG C 
B has the m e  sign as the approximate diflerence of elevatlon; log Cis always pmlc vel 

2 167 

:1 a 011 
3.121 am 
3.281 
3.343 
3.387 

3.445 
3.489 a 5% 
3.566 
3.588 

ao 

a 5  

0.5 
1.5 
2.6. 

4.6 
5 5  
6.5 
7.5 

9.5 
10.5 
11.5 
12 5 
1% 5 

a 5  

a 75s a ne am 
3.820 
3.839 
3.857 
a. 874 

19.5 
a 5  
21.5 
225 
?.a5 
Y. 5 
25.5 

4.875 
6 113 
5.m 
6.297 

5.352 
5.395 
5.432 
5.463 

ao 
a 5  
1.5 
2 5  
a 5  

4.5 
5 5  
6.5 
7.5 



U. 6. COAST A N D  GEODETIC SURVEY 

Length of I degree of the meridian at different latitrtdes 

0-1 _ _ _ _ _ _ _ _ _ _ _ _  
1-2 _ _ _ _ _ _ _ _ _ _ _ _  
2 4  _ _ _ _ _ _ _ _ _ _ _ _  
5.1 _ _ _ _ _ _ _ _ _ _ _ _  
4-6 _ _ _ _ _ _ _ _ _ _ _ _  
E 4  _ _ _ _ _ _ _ _ _ _ _ _  
6-7 _ _ _ r _ _ _ _ _ _ _ _  

7-8 _ _ _ _ _ _ _ _ _ _ _ _  
8-9 ____-_ -_ - - -_  
9-10 _ _ _ _ _ _ _ _ _ _ _  

110,567.3 
110,568.0 
110,569.4 
110,571.4 
110,574.1 

110.577.6 
110,581.6 
110,588.4 
110 591 8 
110; 597: 8 

59.661 
59.682 
59.602 
59.864 
59.665 

45-46 __.___.___ 111,140.8 
48-47 _ _ _ _ _ _ _ _ _ _  111,160.5 
4748 _ _ _ _ _ _ _ _ _ _  111.180.2 
4-9 _ _ _ _ _ _ _ _ _ _  111,199.9 
49-50 _ _ _ _ _ _ _ _ _ _  111,219.6 

59 e87 5051 - - - - _ _ _ _ _ _  
69: 669 I 51-52 _ _ _ _ _ _ _ _ _ _  
59.672 5-Xi3 _ _ _ _ _ _ _ _ _ _  
59.675 53-54 _ _ _ _ _ _ _ _ _ _  
59.678 I 54-55 _ _ _ _ _ _ _ _ _ _  

111,239.0 
111,258.3 
111.277.6 
111,296.6 
111.315.4 

10-11 _ _ _ _ _ _ _ _ _ _  
11-12 _ _ _ _ _ _ _ _ _ _  
12-13 _ _ _ _ _ _ _ _ _ _  
13-14 _ _ _ _ _ _ _ _ _ _  
14-15 _ _ _ _  _ _  . - - - 

110.604.5 
110,611.9 
110,019.8 
110.628.4 
110,637.6 

statute 
milea 

68.703 
88. m 
88. 705 
88.700 

88.710 
88.712 
88.715 
88.718 
88.722 

88.726 
88.731 
88.736 
88.741 
68. 747 

88.753 
88.750 
68. 760 
08.773 
88. '181 

88.789 
68. 797 
68. 805 
6% 814 
68. 823 

68.w 
68.842 a 852 
68.862 
88.873 

68.883 
88. 894 
68.905 

68.92s 

68. 93s 
68.951 
68. gag 
68.974 
68. we 
68.9% 
69.011 
69. OI 
69. w: 
69.047 

88. 707 

88. 918 

15-16 _ _ _ _ _ _ _ _ _ _  
16-17 _ _ _ _ _  ~ _ _ _ _  
17-18 _ _ _ _ _ _ _ _ _ _  
l8-19 ______.__. 
19-S- _ _ _ _  -. - -. 

Nautical 1) Latitude 
miles 

110,M7.5 
110.657.8 
11O.W 8 
110,680.4 
110,692 4 

ll I- 

59.736 
59.743 
59.750 
59.758 
58.765 

59.774 
59.782 
59.791 
59.800 
59.808 

58.818 
59.827 
59.837 
58.846 
59.856 

65-M _ _ _ _ _ _ _ _ _ _  
6.347 ____._____ 
6748  ____._.___ 
03-69 _ _ _ _ _ _ _ _ _ _  
69-70 _ _ _ _ _ _ _ _ _ _  
70-71 _ _ _ _ _ _ _ _ _ _  
71-72 .___._____ 
7>73 _ _ _ _ _ _ _ _ _ _  
73-74 -_-.-_--.- 
7Pi5  _ _ _ _ _ _ _ _ _ _  
75-76 ____.___-- 
76-77 _ _ _ _ _ _ _ - - -  
77-78 ._-_-_-_-- 
78-79 _ _ _ _ _ _ _ _ _ _  
79-80 ---------- 

20-21 _ _ _ _ _ _ _ _ _ _  
21-22 _ _ _ _ _ _ _ _ _ _  
22-23 _ _ _ _ _ _ _ _ _ _  
S 2 4  _ _ _ _ _ _ _ _  _ _  
24-25 _ _ _ _ _ _ _ _ _ _  

59.681 55-58. _ _ _ _ _ _ _ _ _  111,334.0 
59.895 I 6657 _ _ _ _ _ _ _ _ _ _  I 111.352.4 

110.705.1 
110,718.2 
110.731.8 
110,746.0 
110.760.6 

26-28... ______. 
28-27--. ___._.. 
27-28- - ~ -. - - - -. 
!js-!!-- 
28-30... _ _ _ _ _ _ _  

111.43.1 
111,439.9 
111,456.4 
111.472 4 
111,4s8.1 

110.775.6 
110,791.1 
110, w. 0 
110,623.3 
11o.&u).o 

111.503.3 
111,518.0 
1lI.ssz. s 
111.546.2 
111,559.5 

30-31 ________._ 
31-32 ______.__. 
32-33 _ _ _ _ _ _ _ _ _ _  
33-34 _ _ _ _ _ _ _ _ _ _  
34-35 _ _ _ _ _ _ _ _ _ _  

111.5722 
111,584.5 
111.596.2 
111,607.3 
111,617.9 

111.627.8 
111.637. 1 
111,645.9 
111.653.9 
111,e81.1 

111 .w.  2 

11 1,679.9 

111,888. e 
111,692.3 
111.695. 1 
111.697.2 
111,698. t 
111,699.3 

111.674.4 

111,884.7 

110,857.0 
110.874.4 
110.892 1 
110,910.1 
110,9% 3 

SUrtAtA 
miles 

35-36 ____..--_. 
36-37 ____- - - -__  
37-36 _ _ _ _ _ _ _ _ _ _  
Qgag __.-._-._. 
3940 _ _ _ _ _ _ _ _ _ _  

69.m 
69.072 
69.w 
69.096 
69.108 

69. 121 
69.133 
69.145 
69.156 
69.168 

69.180 
69.191 
69.203 
69.213 
69.224 

69. 235 
69.246 
69.256 
69.286 
69.275 

69.35 
69 294 
69. so3 
80.311 
88.310 

69.33 
69.335 
69.343 
69.34s 
69.358 

69.361 
69.36s 
69.373 
69.378 
69.383 

69.385 
69.391 
68.39: 
68. 3er 
69.4M 

68.40: 
69.40! 
69.40! 
69. IM 
69.407 

110.948.9 
110.905.6 
110,964.5 

111,023.0 
l l l . r n . 7  

Cautlcal 
miles 

59.971 
59.881 
59.902 
Bo. 003 
Bo. 013 

80.024 
Bo. 034 
Bo. 045 
Go. 055 
Bo. 085 

60.075 
Bo. 085 
60.095 
80.104 
Bo. 114 

60.123 
60. 132 
Bo. 141 
Bo. 160 
Bo. 158 

80.168 
80.174 
Qo. 182 
80.180 
80.197 

60.m 
60.210 
Bo. 217 
Bo. 223 
60.228 

Bo. a32 
Bo. 239 
Bo. 243 
60. 248 
60.253 

60.255 
Bo. 259 
60.262 
60. 284 
Bo. 288 

00.288 
60.270 
60.271 
60.272 
80.272 



CONSTANTS, FORMULAS, AND TABLES 

Length of 1 degree pf the parallel at different latdfzcdes 

60.065 
60.059 
60.031 
59.9% 
59.922 

1 Meters 

46 _ _ _ _ _ _ _ _ _ _ _ _ _  
47 _ _ _ _ _ _ _ _ _ _ _ _ _  
45 _ _ _ _  ~ ._______ 
49 _...___... 
50 _____._....__ 

111,321 
111.304 
111.253 
111,188 
111,a51 

IlO.Wx) 
110.71b 
110,497 
110.245 
109,959 

109.641 
109.289 
108,904 
108.486 
109.036 

lo;, 553 
107,036 
106.97 
105.906 
105.294 

104.649 
103.972 
103.334 
102.524 
101,754 

100,952 
loo. 119 
$9,257 
9S, 361 
97,441 

96.- 
95. m 
94.495 
93.455 
82,387 

91. m 
90.16G 
89,014 w. Y35 
88 6 3  

85.388 
84,137 
82.853 
81.543 
so. aorJ 
7a. 849 

58.295 

58.034 
57.758 
57.459 
57.146 
56.816 

68.172 
69.162 
69.130 
69.078 a. 005 

68.911 
88.795 
68.660 
88.604 
68. 324 

60 _._______.___ 

61 _ _ _ _ _ _ _ _ _ _ _ _ _  
C2 _ _ _ _ _ _ _ _ _ _ _ _ _  
C3 _ _ _ _ _ _ _ _ _ _ _ _ _  
&I _ _ _ _ _ _ _ _ _ _ _ _ _  
65 _ _ _ _ _ _ _ _ _ _ _ _ _  I 

a. 1 3  
17.910 
67.670 
67.410 
67.131 

56.469 
56.102 
55.720 
55.321 
54.905 

66.830 
66.510 
OB. lfi9 
65.808 
65.421 

65.026 
64.6M; 
64.166 
63.706 
63.23 

€8 _ _ _ _ _ _ _ _ _ _ _ _ _  
67 _.___________ 
8s _ _ _ _ _ _ _ _ _ _ _ _ _  
69 _ _ _ _ _ _ _ _ _ _ _ _ _  
io  _.-.__.._..__ 

62.73 
62.212 
61.676 
G1.122 
BO. 54s 

52.064 
51.534 
50.9Sll 
50.43 
49.851 

49.19 

59.956 
59.345 
58.716 
5s. Oil 
57.407 

56.725 
56. on 
55.311 
59.5iY 
53.820 

53.063 
52.281 
51. 4S3 
50.669 
49.840 

a. 995 

76 _ _ _ _ _ _ _ _ _ _ _ _ _  
77 _______...___ 
i Y  _._____._..._ 
79 _ _ _ _  ~ .___._.. 
SO ___.________. 

81 ... ___.__.... 

Naut,i~l 11 Latitude 1 
(degrees1 Meters 

I I2.548 (1 

77,408 
71,058 
74.63 
73,174 
71,688 

70.30 
69,680 
67.140 
G5.5iY 
03.9% 

82.395 
G'J, 774 
59.135 
57.4i8 
55- 802 

54,110 
52.400 
50.675 
4s. 934 
47.177 

45.407 
43, 622 
41,823 
to. 012 
38,195 

35.353 
31.606 
J?. w3 
30.761 
3, fm 
27,017 
25.123 
23.220 
21.311 
In. ne4 

17, 172 
15, $15 
13,612 
11.675 
9.735 

7,792 
5.846 
3.898 
1.949 

0 

Statute 
miles 

48.136 
47. I1 
46.372 
45.469 
44.552 

43.611 
42.676 
41.719 
40.749 
39.766 

39.771 
37.764 
36.745 
35.716 
34.674 

33.63  
32.5Go 
31.4SS 
30.406 
29.315 

28.215 
27.106 
25. %SS 
24. 8R2 
23.729 

22.589 
21.441 
20.247 
19. 127 
17.960 

16.795 
15.611 
14.4% 
13.242 
12.051 

10.857 
9.659 
8.458 
7.255 
6.049 

4. 842 
3.632 
2 42" 
1.211 

0 

207 

!Jautiml 
miles 

41.801 
41.041 
40.268 
39.484 
38. 888 

37.880 
37.m 
36.229 
35.386 
34.532 

33. G58 
32.794 
81.909 
31.015 
30. 110 

23.197 
25. 275 
27.314 
36.404 
1.456 

24. GO1 
3.5s 
22.567 
21.580 
20.606 

19.01G 
18. 619 
17.617 
1R. BoIl 
15.598 

14.578 
13.556 
1 1  526 
11.499 
10.465 

9.428 

I .  345 
6.300 
5.253 

4. 3 5  
3.154 
2.103 
1.052 

0 

i. 3 s  



- 
me4 

0 
1 
2 
3 
4 

5 

8 
9 

IO 
1 

4 

5 
6 
9 
9 

I 
1 
2 
3 
4 
5 
6 
1 
P 
9 

8c 
1 
2 
! 
4 

- 

! 

a a 

a 

I 

i 
I 
I 
3 
4l 

1 
i : 

1 
! 
I 

! 

0.0 
0. XI480 
0. Bogso 
0.9l440 
3.2lm 

3. !mal 
1.83880 
2.13980 
2 . 4 3 w  
2.7432l 

8 . M  

8.96!241 
4.a873l 

4.57901 
4.67681 
6.18161 
6.48641 
6.- 
8.08801 
8. looBl 
8.70531 
7.01041 
7.51521 

7. elm2 
7.92453 
8.23962 
8.53443 

9.1440!2 
9.4189a 
9.7- 

10.a584a 
10.38aaa 

10. em 
10.97782 
11.27762 
11.58M 
11.88m 

la. 1m 
l2.49082 
l280l63 
13.10643 
l8.u 
l3.718oa 
14.- 
14.32% 

a. sau 
a . e m i  

aam 

50 
1 
2 
3 
4 

5 
6 
7 
8 
9 

F 
2 
a 
4 

5 
6 
7 
8 
9 

70 
1 
2 
9 
4 
5 
6 
1 
8 
9 

80 
1 
2 
3 
4 

5 
6 
7 
8 
9 

90 
1 
2 
3 
4 
5 
6 
'1 

I 

Meteas 

Mz4Om w. 54483 
l5.34903 
10.l5448 
30.- 

36.78403 
17.- 
17.37363 
17.07844 
17.9- 

18.- 

19.!20244 
19.60724 

19.8lm4 
m . 1 1 w  !a. 42lM 
20.12844 
2l.03l7.4 
al.a3604 
2l.m 
2l.w !a. m 4  
a2.66525 
aas8OQs 
2 3 . 1 W  
23.46965 
23.75445 
24.079% 

24.38405 
21.68555 
24.99385 
25.29545 
25.60325 
25.90805 
a8.2l285 
28.51i6 
%.Sa345 
27.13735 
27.- 
27.73688 
28.04106 
28.34040 
28.05128 

28. 95608 
x).26oSB as. w 

ia EQXM 
18. mm 

100 
1 
2 
3 
4 
5 
6 
7 
8 
9 

110 
1 
2 
3 
4 

5 
6 
7 
8 
9 

120 
1 
2 
8 
4 
5 
6 
7 
8 
D 

130 
1 
2 
3 
I 

5 
6 
7 
8 
9 

140 
1 
2 
3 
4 
5 
6 

80.48008 
30.784% 
3 1 . W  
81.39448 
31.68816 

3!aa.oor0a 
s2.ao888 
32.01367 
32.81847 
33.m21 
33.53807 
33.83287 
34.13707 
aL-7 
34.74727 

85.05201 
35.35687 
35.88107 
35.96047 
36.27121 
98.57007 
30.88057 

87.49047 
87.- 

a?. 18587 

sa im 
aar10488 
3s. 7 m s  
39.01448 
39.31m 

89. &Ma! 
39.92889 
40.!23308 
40.53848 
40. 

U.lrlso8 
41.45288 
41.75768 
43.06248 
42.stm 
42. rn 
42.976% 
43. 2 8 m  
43.680419 
4a.89128 
44.1W 
44.m9 
44.80% 
45. llMg 
&U 

150 
1 
2 
9 
4 
5 
6 
7 
8 
9 

160 
1 
2 
3 
4 

5 
6 
7 
8 
9 

170 
1 
2 
3 
4 
5 
6 
7 

9 

180 
1 
2 
3 
4 

5 
6 
7 

9 

190 
1 
2 
3 
4 
3 
6 
1 

a 

a 

1 

&.mm 
48.02469 
4 e . 3 m  
46.03449 
46.93929 

47.!24408 
47.54890 
47.85370 
48.l5W 
4 8 . 4 W  

48.70810 
49.07280 
49.37770 
49.68250 
49 .9sm 

60. a9310 
60.59690 
m.Wn70 
61.20650 
61.61130 

6l.81010 
52.12080 
62.42570 
53.73051 
63.W31 

53.34011 
63.04491 
63.94971 
54.25451 
64.55931 

54.8e.411 
55.10891 
65.47371 
55.7'1851 
66.09331 

56.38811 
60.69381 
66.99771 
67.30251 
67.60733 

6 7 . 9 l a  
68.21683 
68.52lR 
68. mi52 
69.13133 
69.4w.12 
59.74093 
80.01572 
80.35052 
ag5181 

= 
M 

200 
1 
2 
3 
4 
5 
6 
9 
8 
9 

210 
1 
2 
9 
4 

5 
6 
7 
8 
9 

220 
1 
2 
3 
4 

5 
6 
1 
8 
9 

230 
1 
2 
3 
4 

5 
6 
7 
8 
9 

240 
1 
2 
4 
5 
6 

- 

a 

H 

m9em 
61. !M9!l 
e 1 . m  
61. 8 7 m  

ea. 484n 
02.78893 
63.08313 
63.39853 
&1.7mw 

84.00813 
64.31m 
64.61773 
64.93253 
tw22733 
05.53213 
05.83893 
88.14173 
66.44053 
66.16188 

67.05818 
67.38093 
07.68574 
0 7 . M  
68.a7534 

w.m4 
88.88494 
69.18974 
69.49454 
69.79934 

ea.ima 

m. 10414 m. r10884 
m.7n74 
n . 0 ~ 4  

n.as 
71.32384 
7 1 . m 4  

72.zVl-cr 
72.54255 
72.847.3s 

73. ml5 
73.- 
93.70176 
94.ocl0M 

l4.61(1111 
v 4 . w  
W a8676 
76.69066 
rnaiM5 

o~.anaa 



CONSTANTS, FORMULAS, AX'n TABLES 

Lmg?h-Feet to mtsro (jbn 1 to lo00 m&+CbnW 

1 Z a m  
1% 7018 
1 2 1 . m  
121.510&( 
l?tW 

WaoM6 
76.504% 
76.80975 
77.11455 
37.U9S5 

77.72410 
78.- 
78.SB76 
78.- 
1884536 

79.248l6 
79.55296 
79.85733 
80.16256 
m.46736 

Xl.7i2l6 
81.07696 
81.38176 
81.88&50 
8l.99136 

82.m16 
aa.60097 sa. 90577 
83. no57 
88.51537 

83.82017 
84.12497 
84.42877 
84. m57  
65.oa831 
85. W l 7  
s5.04897 
85.95377 
m.25957 
s0.66337 

(UI. 88817 
87.17!2!37 
87.47772 
8 7 . m  
8&@37s8 

88.68898 
m.00178 
89.3065e 
89.61l3e 

m.916l8 m2a9f 
w). 63578 
KI.m 
81.- 

sggena 

- - 
m 

900 
1 
2 
9 
4 

5 
6 
7 
9 

810 
1 a 
3 
4 
5 
6 
7 
8 
9 

320 
1 
2 
9 
4 

5 
6 
1 
8 
9 

330 
1 
a 
3 
4 

5 
6 

9 
340 

1 

3 
4 
5 
6 
1 

- 

a 

1 

a 

8 

91.11018 
91.74498 
92.04978 
92.95458 
na.85839 

n2 98419 
83. !2&99 
83.67S79 
83. a7859 
94.18388 
94. a 9  
94.79288 
95.09779 
95.40259 
95.10186 

Q0.3lW 
08.6Zl79 
96.82859 
97.- 

97.m 
97. 84100 
W14.W 
98.m 
w.75540 

w. wo w. 36500 w. el0980 
00.97460 

lNAnsa0 

loo. 55420 
1M). 88w)(l 
101.19350 
101.lsSW 
101.80340 

loa 1 m  loa 41300 
102.71781 
1m. m1 
los.3314l 
103.03221 
103.83701 
104.24181 
104.5Hl(ll 
10185141 

a m n 9  

- - 
be4 

350 
1 
a 
3 
4 

5 
6 
7 

9 

360 
1 
2 
3 
4 

5 
6 
7 
8 
9 

370 
1 
2 
3 
4 
5 
6 
1 
9 

980 
1 
a 
3 
4 
5 
6 
1 
8 
9 

390 
1 
2 
3 
4 

5 
6 
1 
8 
9 

- 

a 

a 

10&68U4I 
1oet.98501 
107. ass81 
107. a 6 2  
107. sQo4!d 

lOa!XWB 
la. 5oBM loa 8lssz 
109.11863 
100.42342 

109.73823 
110.033oa 
110.33m 
110.04262 
110.94742 

- - 
M 

406 
1 
2 
3 
4 
5 
6 
7 
9 

410 
1 
2 
3 
4 

5 
6 
7 

9 

420 
1 
2 
3 
4 

5 
6 
7 
8 
9 

430 
1 
2 
9 
4 

5 
6 
7 

9 
440 

1 

3 
I 
5 
6 
1 

- 

a 

a 

a 

a 

I 

- 
Feet - 

450 
1 
2 
3 
4 
5 
6 
I 
8 
9 

460 
1 
2 
3 
4 

5 
6 
7 
8 
9 

1 

3 
4 

5 
6 
1 
8 
9 

4&l 
1 

9 
4 

5 
6 
1 
0 
9 

490 
1 

1 

I 
E 
1 
8 
9 

410 

a 

a 

a a 

209 

- 
Melam 

137. lrn 
!97.4e.m 
137.7- 

l36.81918 

ls8.68438 
13888808 
WB.a9388 
WB. 
138 
140. a0828 
140.51305 
14QS178S 
14L 12288 
14L4!2748 
l4L 13328 
142.03m 
142.3alM 
142.84868 
laI)S119 

14S.= 
158.68108 
14S.88588 
144.17086 
144.4IMB 
144.78oaD 
14S.MlN 
145.38988 
145.0946!3 
145.W 

138 07488 

E%% 
146.91389 
147.21886 
141.6835(t 

149.= 

149.88190 
l60. m m  
l60.611W 
l&l.87890 
l51.18110 
15L 48580 
161.78070 16pmso 

149. &no 



'210 U. 6. COAST AND GEODETIC SURVEY 

Iengths-Feet to metera Cfrom 1 to 1000 units)-Continued 

152.4lXXO 
152.70511 
153.00991 
153.31471 
153.81951 

153.92431 
154.21911 
154.53381 
154.83871 
155.14351 

Feet 

650 
1 
2 
3 
4 

5 
6 
7 
8 
9 

500 
1 
2 
3 
4 

5 
6 
7 
8 
9 

'610 
1 
2 a 
4 

6 
6 
7 
8 
9 

522 
1 
2 
3 
4 

5 
8 
7 
8 
9 

530 
1 
2 
3 
4 

5 
6 
7 
8 
9 

a 0  
1 
2 
3 
4 

5 
6 
7 
8 
Y 

167.G4W I 
167.94514 
163.2495M 
lrls.55474 
18885954 

16fLlM34 
169.46914 
169.77394 
17U07874 
170.38354 

1'10.08834 
170.99314 
171.29i$l 
171.w274 
lil.WX4 

1722122A 
172.51715 

178 1%i5 
173:43155 I 172%2195 I 

Meters 11 Feat 

600 
1 
2 
3 
4 

5 
6 
7 
8 
9 

610 
1 
2 
3 
4 

5 
6 
7 
8 
9 

184.40437 
154.7OD17 
195.01397 
1&31877 
165.62S57 

155.44831 560 
155.75311 1 
156.05701 2 

5 
6 
7 
8 
9 

198.64440 
199.9L920 
2 0 0 . ~ 0 0  
200.55880 
mweo 

6 
6 
7 
8 
9 

165.92S37 
186.23317 
156.53797 
lS6.84277 
167.14i57 

187.45237 
187.75718 
169.06198 
l'?g366iS 
159.65158 

-- Met- ll Feet 

660 
1 
2 
3 
4 

6 
6 
7 
8 
9 

202.99721 
203.30201 
203.60651 
m . 9 i i e i  

6 
7 
8 
9 

157.27i11 
I.ii.5$19? 
157.S867? 
I S .  19152 

1S.49632 
15sRoll? 
159.lG592 
IS9.410i? 
159.i1552 

160.11203? 
160.3?51? 
160.62992 
160.93473 
lti1.23952 

161.5443? 
161.%912 
162.15392 
162.45872 
i c z . 7 e 3 ~  

182R8037 650 
183.118517 1 
183.48997 2 
183.79L77 a 
llwoB957 4 

6 
7 
8 
9 

570 
1 
2 
3 
4 

5 
6 
7 
8 
9 

580 
1 
I 
3 
4 

173.3635 I 
174.M115 
li4.345q 
174.65073 
171.955535 

C?o 
1 
2 
3 
4 

155.97K38 
1C9.?8118 
159. m93 
189..8 
190.19558 

670 
1 
2 
3 
4 

5 :%"8:;: 11 6 
197.3599 7 
lY7.51WO 8 
197.815m 9 

rn.?If341 
?01.521?1 
2M.8101 
205.130S1 
205.43331 

Foa74Ml 
-06.M521 
206.35001 
WG654Sl 
"u8.95901 

Meters 11 Feat 

720 
1 
2 
3 
4 

5 
8 
7 
8 
9 

II- 

163.01;833 
163.37313 
163.67593 
I63.%273 
164.3753 

5 
6 
7 
8 
9 

1'93.54839 
1!13.W319 

5 
6 

?ga7sss? 
2G9.0(6('22 
20Y.3YLw2 
Zn9.iES2 
?10.0076? 

?10.311? 
210.61722 
210.92302 
211.?-!2 
211.53162 

211.8364? 
?1?.141?2 
213.44603 
213.75083 
213.05563 

Meters 

5 
6 
7 
8 
9 

740 
1 
2 
3 
4 

5 
6 
7 
8 
9 

zl3.36043 
213. m523 
213.97003 
214.27483 
214 57963 

214.88443 
215.18923 
215.49403 
215.79883 
216.10363 

?la. 4 w  
216.71323 
217.01803 
?17.3'iP3 
317.62784 

217.93244 
218.23724 
218. 54m 
218. 848M 
219.15164 

219.45044 
219. 7611 
220. mo4 
5% 3ioS4 
??O. 67504 

3.9%l44 
n1.2s521 
221. :9o(N 
21. s9:BL 
222. 10%4 

222. ,50445 
222.80825 
223.11405 
223.41885 
223.1'2365 

224.w.345 
21. %3?5 
224.63805 
21.9435 
225.34765 

225.55245 
2%. s5725 
2 3 .  1cm 
23.45BY5 
226.77165 

?27.u7645 
2?7.3!3125 
227.88808 
227. ggo88 
22a. 29566 

195.07239 I 
195 37719 
19i5:lW : 
1(r.5.;79 I 

690 

3 
I 180.441w> 

lW.74CiG 
181.0515R 

181.35638 
181.6~116 
181.90586 
18227076 
182.55'1557 

2 I 3 
4 

5 
6 
7 
8 
9 

105.81153 

166.11633 
106.42113 
188.72s3 
167.03073 
167.33553 

4 

6 
6 
7 
8 
3 



met 

Is0 
1 
2 

- 

1 
5 
6 
I 
8 
9 

1 

t 

; 

t 
Y 

3i 
7 
S 
9 

7m 

3 
4 

6 
6 

9 

2 
B 
4 

5 
6 

9 
1 
1 

2 
B 
4 
5 
6 
Q 
8 - 

CONSTANTS, FORMVWS. AND TABLES 

LsngUls--Fcct to mtcre (jrn 1 to 1000 units)--continned 

aas.6una 
238. mztl 
238.21006 
238. 61486 
828.81988 

930.12448 
230. rlasaa 
m.73408 
981.00888 
23l.84360 

2al.84848 
231.653% 
pa. 25808 m. 58281 
232.88767 

m. 17247 
233.47721 
m.78207 
!B4.088S7 
234.39167 

pa.22047 
86.63521 
m.11(00'1 
87.13487 
m.43007 
m.7w 
238.04w 
Pg3ylog  
238.85888 
138.98368 
m.a8&48 
BQ. 573% 
!U0.87@X 
240.18258 
240.48763 
810. m48 an. @am 
841. r10#)8 
2441.70688 
242.01168 

242.81648 
24a. 83139 
243.826(38 
243. a9088 
243.63569 

= 
Teet 

8w1 
1 

- 
a 
0 
! 
5 

8 
0 

810 
1 a B 
5 
6 
9 a e 

a a 

820 
1 

I 
5 
6 
1 

9 

830 
I 
2 

4 
5 
t 
4 
I 
5 

w 
1 

4 

a 

a 

i 
I 

i 
9 
I 
5 
c 

243.84049 
244.1- 
244.rw)os 
m.76480 
246.- 

a45.8Bv19 
246.wa.m 
!245.97403 
M.m 
a46.&3@3 
246.88849 
!247.193m 
a r 7 . 4 m  
247.8oaw) 
w.1m 
248.41250 
248.71730 
848.022lO 
249. 3 m  

w.93850 
250. Ull30 
250.546Io 
250.85om 
25l.15570 

251.4tlLXO 
2jl.issaO 
25a.07010 
252.37m 
!A%. 6707l 

2.52.wn 
2x3. !mal 
253.694ll m. ml 
a!i4.m 

254.m 
2%. 81331 
255.11811 
255.4ZB1 
265.m 
358.c3!m 
2S6.83731 
?5e.. 84311 
256.84881 
251.m7l 
357.55853 
261.86132 
258.1aal2 
958.47088 
258.775Ia 

z4a.am 

- 

850 
1 
2 
8 
4 
5 
6 
1 
8 
9 

860 
1 a 
3 
I 
5 
6 
1 
8 
B 

1 
a 
3 
4 

5 
6 
I 
8 

880 
1 a 
B 
4 
5 
6 

9 

mo 

e 

x 
1 a 
S 
I 
S 
6 
I 
8 
9 - 

358.08053 
259.38532 m. 69012 
258.99492 
aS0.m 
380.60453 
360.80833 
261.21413 
261.61893 

asa.laasa 
28a.4S232 
28a. i3813 
283.04293 
m.34773 
m . m  
263.95733 
264. !XI3 
2 6 4 . m  
%.SA73 
2 8 5 . 1 m  
265.48133 
a65. i M l 3  
288.0906)3 
268.39573 

ass. rn 
207.00533 
207.31013 
287.61494 
267.91974 

aes.5a93r 
268.83414 m. 13884 
M.44374 

2 ~ 2 3 7 a  

E:= 
271.88214 m. 19664 
m.4m74 
m.78885 m. 10135 m.m5 
273.71085 
274.Ol576 

? a 
8 
4 
5 
6 
I 
8 
9 

910 
1 
a 
8 
4 

5 
6 
1 
8 
9 

920 
1 
a 
3 
4 

5 
6 
1 
0 
9 

990 
1 a 
8 
4 
5 
6 
9 
8 
9 

Y a 
3 
4 
!I 
6 

9 
x 

c_ 

2 7 4 . m  
274.62635 
274.93015 
276.23485 
a?S.s3e?5 
a 7 5 . W  
218.14935 
218.45415 
m. 75895 
m.w.375 

271.86855 
277.07330 

m.S.!m m . m  
m.ms16 

280.41650 
280. 722138 
281.02618 
a81.33096 
281.68676 

281.94058 
%9.24530 
283.55017 
282.85497 
E3.m 
m.46467 
283. m 7  
B4.07417 
B 4 . m  %%.m 
284.w57 
285.29337 
155.5S817 
285.90297 
288.m 
288.61257 
288.81737 
287.12217 
aS7.4!%w 
281.13118 
%.03(L58 
298.35138 
255.64618 
255.95068 
289. W 7 8  

950 
1 
2 
8 
4 
5 
6 
1 
8 
9 

960 
1 
2 
8 
4 

I 

Y 

7 
8 
9 

a 
3 
4 

5 
6 
1 
8 
9 

980 
1 

8 
4 

5 
6 
1 
8 
9 

990 
1 
2 
8 
I 
5 
6 
1 
8 
9 

a 

- 



t.E 
0.84250 
l8.m 
16.40211 
yo.88100 
22.86583 
28.24G67 
20.62760 
83.80839 
88.08917 
8 9 . 3 m  ea. BSQBS 
(15.93167 

4 9 . n m  
I. 49333 
65.77417 
69. o5500 

65.81667 
w.89750 
72.17833 
75.45917 
98.74000 

82.oao89 
811.3Ol67 
886s25ll 
ol.8633a 
95.144l7 

98. m 
101.70583 
109.98667 
1Oga6750 
111.64833 

114.WJl7 
118.1100(1 
121.39083 
EM. 67l67 
127.85w) 

131.23332 
134.51417 
l37.m 
141.07583 
144.35661 
147.637E4 
150.91833 
154.lW17 
157.r18oOo 
laam 

e.2.ly5iQ 

u. s. COAST AND GEODETIC SURVEY 

LsnglJlCJ&ra iOfe& 1 b loo0 lm*) 
~ ~ ~ 1 m e t a r l a z e o s s a s 3 3 ~ t l  

s 
b 
ten, - 

50 
1 
2 
3 
4 
5 
6 
I 
8 
0 

€a 
1 
2 
0 
5 
6 
I 
8 
B 

1 
2 
3 
4 
5 
6 

0 
1 
? a 
3 
4 
I 
6 

9 
1 
? 

2 

4 
5 
6 
7 

a 

3 

Feet 

lBO.rL1598 

190.25833 
193.58911 

1%. 85M)o 
200.13063 
203.41167 
m. w?50 
m.97333 

:E: #El 

220.85833 
232.83917 m. 2mx 
m.50083 
!W. 18181 
246 .m 
249.34333 
252.62417 
!?.55.905oO 
258.lslrs3 
m.46667 m. 74750 
m.02833 
272.30817 m m  
282.15167 
285.43250 
288.71333 
291.9B4l7 

a95.nm 
m.55583 
301.83667 
305.11750 
308.39833 
311.61w7 
314.88000 
318.24083 

m.am 

- - 
Me 
tara - 

100 
1 
2 
3 
4 

5 
6 
7 a 
9 

110 
1 
2 
3 
4 
5 
6 
7 
8 
9 

120 
1 
2 
3 
4 
5 
6 
I a 
9 

l30 
1 
2 
3 
4 

i! 
1 

'? 
0 

1 

9 

2 

5 
6 

9 

Feet 
~~ 

82(cllx33s 
331.36417 
334.64500 
337.82583 
S4l .m7 

844.48150 
347.70833 
8R.04917 
354.33Ooo 
857.81083 

360.89181 
367.45333 
370.73417 
874.01500 

364. ira 

8 9 a . m  
8 8 6 . m  
'ulo.281G7 
4a3.54250 
m.s2aa3 

4lO.loU7 
u3.38500 
416.685s3 
4l9.94ftl7 
4!B.m60 

44!2.91m 
446.19333 
449.47417 
m. 7 m  
450.00583 

459.31667 
462.59750 
465.8rn 
469.15917 4n.m 

150 
1 
a 
3 
4 

5 
6 
7 a 
9 

160 
1 
2 
8 
4 
5 
6 
7 
8 
9 

im 
0 
3 
4 

5 
6 
I a 
9 

m 
1 
2 
3 
4 
5 
6 

9 
1 
1 

2 
9 
4 
I 
6 
7 
0 
P 

m. lrn 
4%.r10583 
498.68667 
601.96750 
w6.24883 
m.53817 
611.81wO 
6%. 09083 
618.37167 
62l.85250 

m.83333 
Sas. a417 
Ml.495W 
634.77m 
638.06887 
641.33750 
644.61833 
647.88917 
6 5 1 . 1 m  
w.46n33 
667.74167 
E81.02a50 
664.m 
€07.58417 
670.88500 
R4.14583 
677.4288'1 
580.70750 
583.9m 
687.a69l7 

608.954l7 
610.23500 
6 1 3 . 5 1 s  
616. -7 
m.07750 

833.35833 
8aB. 63917 
6!29.93ooo 
833.20083 
w 4 m 7  
639.162M) 
643.04333 
048.33417 
649.81)500 
t W A m  

m 
1 
2 
0 

8 
5 
6 
9 

210 
1 
2 
3 
4 

5 
6 
7 
8 
9 

220 
1 
2 
3 
4 
5 
6 
7 a 
9 

230 
1 
2 
3 
4 
5 
6 

B 
240 

1 
2 

z 

t 

t 
B 

F# 

BMLlW7 
BsB.447a 
883.12889 
886.(rn7 
e69.28ooo 
612.sIoRJ 
075.85167 

885.BBu7 

888.m 
692.25589 
695.53667 
698.81750 
702.08888 
m.3781'1 
7 0 8 . m  
711.- 
7w. 'Bl67 
7l8.50250 

131.18339 
135.06417 
m.34Yla 
731.6a583 
734.90887 

738.1- 
741.46833 
744.74917 
748.omM 
151.31083 

764.58187 
757.87!23 
761.15333 
764.43417 
767.7lYN 

770.96563 
774.27667 
777.55750 
180.83833 
784.11017 

187. rn 
190.88083 
593. Si3167 
m.244W) 
al0.62333 

%2z 



CONSTANTS, FORMUL4S, AND TABLES 

Lmg€b-Metsrr to fret (jhnn 1 to 1000 units)-Continned 

&e - 
400 

1 

3 
4 
5 
6 
7 
8 
9 

410 
1 
2 
8 
4 

5 
6 
7 
9 

420 
1 
2 
3 
4 
5 
6 
7 
8 
9 

(90 
1 
2 
3 
4 
5 
6 
7 
8 
9 

2 

8 

Feet 

181383333 
1’315:61417 
1’322.17583 
li325.46667 
1528.73750 
1’832.MW 
1’335.29917 

i’siasss~) 

1’338.58ooo 
1:a4l.S606a 
1845 14167 
3’348‘42350 
1’351:70333 
1’354.03417 

1801545&1 
1’384:8a687 

1,374-Wl7 

1877gwoO 
1384 51167 
1’387:W? 

139435417 
1’397:635ao 
1’400 91569 
1’404:19667 
1;401.47760 
1 410.7583 
1’414 03817 
1’417:320(30 

1;35R28ww) 

1’308.10750 
i : 3 n . 3 ~  

1:381:!23083 

1;3al3.07338 

1’4!m.60083 
1:423mlU 
1,427.18350 
1430.44333 
1’433.72417 
1’437.- 
1:44o.aSs83 

- _. 

&I. 
b - 
4a 

1 
2 
8 
4 
S 
6 
7 
8 
9 

T 
2 

4 
S 
6 
I 
8 
9 

470 
1 
2 
3 
4 
5 
6 

9 
4a 

1 a 

a 

z 

0 
5 
6 
1 
8 
9 

4w 
1 
2 
S 
4 
6 
6 
7 

0 
5 
6 
7 
0 

145997089 
1’463’25167 
1’468’53250 
l’468l333 



214 U. S. COAST AND GEODETIC SURVEY 

-Netera to jeet urn I ta IO00 Ulrile)--conthnd - 
Me 
ters - 

ma 
1 a 
3 
4 

5 
6 

9 

1 a 
8 
4 

3 

g 
no 

B 

: 
1 

a 
9 

1a0 
1 

4 
5 

a 
9 

150 
1 a 
9 
1 

5 
6 
1 

9 

94a 
1 
2 
8 
4 
5 
6 
7 

a 

- 
Me- m 

500 
1 

3 
4 

5 
6 
1 
9 

m 
1 
2 
8 
4 

5 
6 
I 

- 
a 

a 

8 
520 
1 
2 
3 
4 

56 
1 
9 

690 
1 
2 
4 

a 

a 

P 

1 

7 a 
9 

2 
3 
4 
5 

t 
9 

a 
4 
a 

8 
9 
0 
0 

Feet 
- 
Me- 
tera - 

550 
1 

9 
4 

5 
6 

9 

5w 
1 
2 
9 
4 
5 
6 
7 
8 
9 

570 
1 

4 

5 
6 
7 
8 
9 

sa0 
1 
2 

a 

1 

B 

f 
S 
6 
7 
8 
B 

1 

2 
I 
9 
0 
a 

Feet 

l r n . w O ( w  
1:971.7sOS; 
19i5.08161 
1:978.342% 
lJesl.e2332 
1 964 90417 
l'IK18'18500 
1'991'48583 
1:994:74687 
ljeeS.027SIl 

2 ' 0 0 7 : m  
2'oll.lsora 

2'mo'ss333 

2'ora'btmo 
2;090:83583 

2' 031'swa 

3E-E 
2)H4.43162 

2 017 11wl 
2'Waa'27417 

2 084 11667 

2'0"6B33 
2'043'95817 
2 ~ M 7 ~ ~  

Feet 



- 
Feet 

&lleo.saWc 
2 4 e . 3 m  
2'467:lsSe.i 
2'4m 4 6 7 ~  
2: 473: 14% 
2 477 02817 
2'4Bo'31ooC 
2:483:6%W 
2,488.87107 
2'490.l625C 

&r183.4333a 
2 498.71417 

2 503.27583 

2 609.83'150 
2:513.1W 
2 616.39917 
$619.68oOo 

2 520.!24167 
2'5!29.52250 
2'532.80333 
a:m.osn7 
2,m.3asOo 
2 642 84583 
2'645:m7 
2'M9 ao7M) 
2'652:48ssj 
a:=. 70917 

2569R5ooo a'm'm 
2:505:61167 
2 m.69250 
2: b72.17W 
2 575 46417 
2' 578: 73500 

2:49s.Q95ofl 

2:&M.m7 

2,522.rJeQEa 

2'582.01583 
2'685.2eSe7 
a:68~.577m 

2 681.85838 
2: 595.13917 
2 m m  
2'aol:?oos3 
a:w.m67 
2 e m a B w )  
2'611'54333 
2'614'82417 
2'618' lo500 
2:62l:aS683 

CONSTANTS, FORMULAS, A N D  TABLES 

Lengths-Hetas to feet (from 1 to loo0 unita>--continued 

800 
1 
2 
3 
4 
5 
6 
7 
B 

1 
2 
3 
4 
5 
6 
7 

9 

820 
1 
2 

4 
5 
6 
7 

0 

a30 
1 
2 
3 
4 
5 
6 
7 
8 
9 

810 
1 a 

a 

mo 

a 

a 

a 

3 
5 
6 
7 
8 
9 - 

Feet 

a641 01083 
2'644'35167 

a'fmSl333 
2'647:03250 

2:ssll.laU.r 

2 6 5 7 4 7 m  
2:sed.75533 
2 664 03667 

2:670:sea39 
2673679l7 

2 683 72l67 

a' 067' 31750 

a'677'leooo 
2:seO:44w 

2:687:ocmso 

aciw,28333 

a'696'w 

$m.4Oas7 
2 708.88750 
337OD.96833 
2 713 24917 
a'71s'&4XM 4ns:mw 
272809187 a'm'am 
a'729'&333 

2:m.m 
a 739 49598 
2'742'77667 

2:749:33833 

2'693'60417 

2'700: 12553 

a'732:=417 

$748'05760 

3,752.81917 

4772.33417 
a 775 68500 
a'778'88583 
a'.782:14007 
2,7s 42760 

8M 
1 

3 
4 
5 
6 
7 
8 
9 

860 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 
2 

a 

am 

: 
5 
6 
7 

9 

880 
1 
a 
3 
4 
5 
6 
7 
8 
9 

S¶o 
1 
2 
3 
4 
5 
6 
1 
8 
9 

a 

- 

Feet 

2 78870831 
2'795:27WC 

2sos l rn  
2'811'67417 
2'814:asSOa 
2:8l8.23W 

2 821 6106'1 
2:824:7975a 
282607833 
a'831'35sl? 

2'791 88911 

2'798 65083 
2;m:aUcn 

a'sos'3S32s 

2334:srOacl 

a 884.14.33500 
2:857.ao583 
2 W s s a 6 7  
2' 884' 16750 
2: 887: 44823 

2'S74:01000 
2:877.29W3 
2 880 57167 

2 am 72917 

2 : ~ s s a s o  

3E.E 
a'sscr 'm 
a'm'97583 
a:sao:26as7 

2'908'81833 

2:m0.aaoe3 

a ae aim 
2'9233'22250 
2;920:50333 

a:m.ossoo 
a93034583 

a'eaa'W50 
a'Ws'las33 

2 m m  

2'910hW17 
2'913:3aooO 

2 929.78417 

a'93i 62667 
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PUBLICATIONS O F  THE COAST AND GEODETIC SURVEY RELATING 
TO FIELD METHODS 

Rpecicrl Publication No. &-Tables for a Polyconic Projection of Maps, 20 
cents. This publici1tiun contains the necessary explanation of the method 
employed in constructing a polyconic projection, and also gives the values in  
meters of degrees, minutes, and seconds of latitude and longitude fcr all 
latitudes. 

Xppecial PubZ;cation No. S.-Formulte and Tables for  the Computation of 
Geodetic Positions, 25 cents. Contains the  formulas. instructions, and da ta  
for computing the geographical coordinates of triangulation and traverse sta- 
t i o x  when the distances and angles are known. 

8peoW Publhtioir No. 14.-Deterniination of Time, Longitude, Latitude, 
and Azimuth, 35 cents. A nianual dwcribing the  instruments and methods 
used by the Coast and Geodetic Survey on i t s  astronomic field and office work. 

#pmizl PubZimtkm No. 28.-Application of t he  Theory of Least Squares to 
the Adjustment of Triangulation, 25 cents. Explains the principles of least- 
squares adjustments of triangulution, with illustrative examples. 

Rpecfal Pub7icatim No.  65.-Instructions to  Light Keepers on First-Order Tri- 
angulation, 10 cents. A small pamphlet issued t o  light keepers, containing the  
signaling code used and instructions for adjusting and sighting the lights. 

Speeinl PiiblicatSow No.  71.-Relation between Plane Rectangular Coordinates 
and Geographic Positions, 10 cents. . Contains formulas and tables for  cliang- 
ing from plane to  spherical coordinates, and vice versa. 

Rerial No. 166.-Directions for Magnetic Mltnsurements. 16 cents. Contains 
discussion of the theory of magnetic measurements, directions for making 
magnetic observations on both land and sea, and directions for operating a 
magnetic observatory. 

SpcciclJ P4i blicatioii No. SJ.-Reconuaissance and Signal Building, 30 cents. 
A manuiil covering reconnaissance for triringulntion and traverse, the niark- 
ing of stations, and the  construction of triangulation and traverse targets and  
towers. 

Specinl Publication No.  109.-Wireless Longitude, 15 cents. A description of 
the appamtus and methods employed in the accurate measurenient of differ- 
ences in longitude when radio time signals a r e  used in  place of signals sent 
over telegraph lines. 

Xpecial Prtblicntion No. ltO.-Manunl of First-Order Triangulation, 40 cents. 
Includes detailed instructions for first-order triangulation and base 
measurement. 

Xpecial Pubtication No. 137.-Manual of First-Order Traverse, 30 cents. Con- 
tains the specifications used by this bureau for executing first-order traverse 
and explains how the computations, both field and omce, are made. 

Special Pviblication No. 13s.-Manual of Triangulation Computation and 
Adjustment, 50 cents. Contains detailed instructions for computing and 
adjusting triangulation. 

216 



CONSTANTS, FORMULAS, AND TABLES 217 
r8pecial p u b l h t i o n  No. 139.-Instructlons for Tide Observations, 20 cents. 

Summariees the methods used by this bureau in obtaining tide observations 
and in making the reductions of the records necessary to establish planes 
of reference for reducing hydrographic soundings. 

(In press.) 
Contains detailed instructions for both the field work and ofice computation 
of first-order leveling. 

BperiaZ Pirblicatfm No. 14S.-Hydrographi~ Manual, 45 cents. Contains the 
general requirements of this bureau for the execution of hydrographic surveys 
and describes the equipment and methods used for hydrcgrahic work. 

tYpf'ciaJ PubZica th  No. 144.-Topographic Manual. 30 cents. Chntains speci-. 
fications for topographic surveys and complete descriptions of instruments and 
methods. Several useful tables are included. and samples of symbols and 
maps are shown. 

Any of the publications listed above can be purchwed by those 
outside the bureau from the Superintendent of Documents, Wash- 
ington, D. C., a t  the price dated. Numerous publications of this 
bureau contain the results of geodetic operations in the form of 
geographic positions of triangulation and traverse stations and ele- 
vations of bench marks. An engineer intere&ed in securing those 
data for any particular locality should address his inquiry to the 
Director, Coast and Gaodetic Survey. 

A complete list of the publications of the Coast and Geodetic 
Survey will be found in the List of Publications of the Department 
of Commerce, a copy of which may be obtained free of charge upon 
application t o  the Department of Commerce. 

8pepecn:aZ PubFkation No. l.$O.-Manual of First-Order Leveling. 
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