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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 many 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 manual has been given by a 
large number of the engineers and mathematicians of the Coast and 
Geodetic Survey. Particular mention should be made of W. E”. 
Reynolds, senior mathematician, and W. D. Sutcliffe, associate 
mathematician, who prepared the rough draft of the sections on 
the field computtLtions for triangulation and traverse, respectively. 
C. H. Swick, senior mathematician, rendered invaluable assistance 
in arranging and correcting the text and supplying general criticisms 
of the material. 
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MANUAL OF SECOND AND THIRD ORDER 
TRIANGULATION AND TRAVERSE 

By C. V. how so^, Hydrographio and Cfeodetio Engineer, United state8 Coast and 
Qeodetb Nurvw 

GENERAL STATEMENT 

Instructions and specifications for second-order triangulation and 
traverse have heretofore been available in abbreviated form only. 
Sin? 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 measure- 
ment, 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 which 
have been included are those necessary to a proper understanding of 
field methods. The manual is not designed to take the place of text- 
books teaching the basic 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 mora accurate class was usually called 
“ primary,” irrespective of the degree of accuracy obtained, while the 
subsidiary schemes were usually classed 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 what 

1 



2 U. S. COAST AND GEODETIC SURVEY 

had previously been known in the Coast and Geodetic Survey a~ 
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 
Union, 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 control point of 
the 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 betwesn the 
measured length of a base line and its length as computed through the 
scheme from the next preceding base shall not, after the side and 
angle equations have been satisfied, be greater than 1 part in 25,000 
of the length of the base for first-order work, 1 part in 10,000 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 

Usual number of observations: 
Positions with I-second direotion theodolite _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Posltlons with 2-second direction theodolite _____.____ ~ _ _ _ _ _ _  
Bats with 10-second repeating theodolite. _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Actual error of base not to exceed _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Probable error of base not to exceed _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Discrepancy between 2 measures of a section, not to exoeed- 

Astronomio azimuth probable error of result _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  

Base measurement: 

for these grades: 
Requirements for  hortontal controt 

TRUNaULATION 

1 First order 

10 
’20 to 24 

5 to 0 

1 la 300,MX) 
1 In l,oOo,oM 

10 mm. fi  
0.5 980. 

Btmngth of figures: 
Desirable limit, ZRI between basss _______________._________ 
Maximum limit, XRI between bases. ____.______._. ~ _ _ _ _ _ _ _  ~ 

Desirable limit, RI. single fl re _ _ _ _  - _ _ _  - _ _ _ _ _ _  _ _ _ _ _  ___.___ 
Maximum limit, RI, single &ur i - -  ______________._________ 

80 

Closlng error in Ition, not tqexoeed _______.__ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  
Number of stations between astronomical asimut hs.....-.. ___._ 
Astronomlo acimuth, discrepancy per main anglestation, not to 

exceed ____________. _ _ _ _  _ _ _  ________._______ ~ _________.___ _ _ _ _ - _  
Astronomic azimuth, probable error oi mult _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Probable error of%in scheme angles _ _ _ _  ~ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _  

Discmpanc between computed length and measured length of 
base or a$usted length of check line, not to exceed _ _ _ _ _ _ _ _ _ _ _ _  1 In 26,ooO 

1 la 25,ooO 
1.5 m. 
10 to 1b 

1.0 SBO. 
0.5 W. 

eaond ords 

100 
130 
26 
K1 

1 in 10,w 

8 980. 
8 980. 

4 
4 to 8 
a t 0 3  

1 in 150,000 
1 In m,m 
B mm. Ji 

2.0 980. 

’hird order 

125 
176 
25 
50 

1 in 5,0oO 

6 880. 
ia BBC. 

1 
a t 0 4  
1 to 1 

1 la 75,000 
L in 2w,0oO 
amm. Jr 

6.0 .w. 

1 in 10,ooO 
3.0 m. 
15 to % 

2.0 SBO. 
“0 sen. 

1 In 6,000 
0.0 sea. 
a0 to 31 

5.0 SBO. 
6.0 sea. 

For  many years the Coast and Geodetic Survey controlled its 
coastal 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 a t  a distance from shore with any degree of accuracy. 
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I n  addition, the horizontal 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. I n  recognition 
of this fact and of the increasing economic importance of the coastal 
area this bureau has within recent years gradually increased the 
accuracy of the control surveys of those regions, though they are 
still specified as of third-order accuracy for most of the coastal 
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 that 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 
prcceding base, must agree with the measured or adjusted length 
within 1 part in 10,000 afterr the side and angb equations haw beem 
ecct.kfie6 by the method of least squares. Ordinarily, the field coin- 
putation of the length discrepancy through the triangles is a suffi- 
ciently accurate guide, since an adjustment of thc 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 tcn- 
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 tho 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 dl errors. If the observational errors 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 accumulation 
of errors; or, if the accumulation of error in length between bases, 
or in azimuth between Laplace stations, is fairly constant in amount 
and direction, then the adjustment will distributo the errors ap- 
proximately where they belong. Blunders, large accidental errors, 
and systematic errors of varying s i p s  are not distributed correctly 
by the adjustment process. 

Under certain conditions the specified allowable error in the 
Iength of a line may be found to be exceeded even when the triangula- 
tion meets the other specifications for thrtt particular grade of con- 
trol. Where two points are close together, as 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 
t,he computcd length of any line can be estimated by computing 
the ERl 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 lucky balancing of errors to secure small triangle closures in a 
short scheme of triangulation even when the observations are below 
standard. IL is also possible by omitting from the computations 
observations which differ greatly from the mean to reduce triangle 
closures greatly. It may also happen that a balancing of errors in 
computing n chain of triangles will result in a very small discrep- 
ancy in length on the next fixed line. The accuracy of triangulation 
is perhaps best indicated by the probable error of a direction, but 
since this gmige of the work is not available until after the adjust- 
mrnt has'becn mndc, the triangle closure and the agreement in 
length, as given by thc preliminary computations, are thc best avail- 
able field criteria. To insure that the requisite accuracy is main- 
tained throughout tho triangulation, it is essential to give careful 
considerations to the instrumental equipment Rnd the methods of 
observing in order that the systematic and accidental errors may be 
kept within the prescribed Iimits and that no part of the triangulation 
will exhibit undue weakness. 

Since the methods employed in triangulation differ essentially from 
those used in traverse, the two operations will be treated separately. 
(See p. 147 for the chapter on traverse.) - --_ 
' h  p. 173. 



CHAPTER 1-RECONNAISSANCE 

The general term “ triangulation ” properly includw, in addition 
to the 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, the computed lengths of the successive 
triangle sides will gradually become less accurate until finally a now 
base will be necessary if the required accuracy is to be maint,ainetl. 
The stronger the geometrical figures through which the lengths are 
carried by the triangulation proce,ss, and the more accurately the 
angles are measured, the farther 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 
difficult 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 flgures of from four to seven points each, in which certain stationa may 
be left unoccupied as indicated under paragraph 2, “ Strength of ‘Aguiw.’’ 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 flgures, except that in a four- 
sided, central-point flyre one of the diagonals of the figure may be observed, 
and with the above exception there should be no excess of observed linm beyond 
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 flgure 
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 is neces- 
eary to occupy other stations than those in the main scheme in order to locate 
by intersection certain stations which must be flxed to control hydrographic 
or topographic operations, connect these additional occupied stations (which 
will be called supplementary stations) with the maln scheme by the simplest 
flgures possible in which there is a check. Single triangles with all the angles 
measured will, in general, be sumcient 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 StatlOn 
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RE 0 ON N AISSAN CE 7 
is not occupied and, althoogh it may be of second or third order accuracy fl 
deterrhined with a check and with a sufficient number of observations, it 
frequently located with fourth-order accnracy. 

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

quantity R = - ~ s - C [ ~ A ~ + ~ A ~ B + ~ B ~ ] *  for any one figure should not, in tbd 

selectecl best chain of triangles (cull it R), exceed 40, nor in the second best 
(call it Rz)  exceed 120 in uiiits of the sixth place of logarithms. These am 
outside limits never to be exceeded except when it is extremely difflcult under 
&sting conditions to keep within them. The quantities R, and R should be 
kept down to the limits 25 and 80 for the best and second-best chains, respec 
tlwly, whenever the estimnted total cost does not egteed that for the chain 
bards within the extreme limits by more than 25 per cent. One station id 
each quadrilateral or central-point flgure may be left unoccupied or  certain 
lines in a Ayre may be observed over in one direction only if the value8 O f  
I& and R2 do not exceed the specified limits and if a considerable saving o f  
time can be effected thereby. When a supplementary station is connected to 
thq‘main scheme by a single triangle, the angle at the supplementary station 
ghould not be less than 30” if p o d b l e  to avoid it.’ 

3. Frequency of bases.-Jf the cliaracter of the country is such Lhnt a base 
B i t e  c m  be found nenr any desired locntion, Z R a  between base lines, whether 
these are actually measured base lines or lines of 51%-order triangulation used 
as bases, shoulri be mudu atbut1 100. This value will be found to commpond 
to a chnin of from 10 to 30 $riqrigles, according to tho strength of the flbwres 
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  
graRhic conditions make it diacult to secure a base site at the desired location, 
ZR, 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 
requirements stated in the next sentence. If in any case the discrepancy be- 
tween adjacent bases is found to exceed l part in 10,000, after the side and 
angle equations have been slitisfled, an intermediate base lhust be measured 
or the angle observntione made more accurate. 

D--c 

STRENGTH OF FIGURE 

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

a figure is 5 x[[SAa+8A8B+[SBa]) in which d is the pqob 
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. 16), and ‘8*, SB are the respective logarithmic 
differences of the sines, expressed in units of the sixth decimal place, 
corresponding to a change of one second in the distance angles A 
and B of a triangle. (See p. 9, “Computation of strength of fig- 
ure.”) The summation, indicated by 2, is to be taken for the 
triangles used in computing the value of the side in question from 
the side supposed to be absolutely l- aown.  

4 

* S e e p  0. 
The computation of R, and It., I5 demibal on pp. 0 to 17. 
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I n  the preceding formula the two terms __ - and E [ aAz + aAaB+ aB2], 
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 a 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 [6A2 + 6A&+ an2]. 
The two arguments of the table are the distance angles in degrees, 
t h e  d & r  distance angle being given at the top of the tablQ. The 
distance angles are the angles in each triangle opposite the known 
side and the side required. 

D 

M 
M a a 
70 
76 
80 
8h 

WI 

96 
100 
105 
110 

116 
120 
125 
la0 

136 
140 
146 
160 

162 
164 
166 
168 
180 

162 
184 
106 
188 
170 - 

- 
1Q 
- 
4% 

31t 
284 
232 

2 4 E  
231 
.sal 
213 
208 

199 
188 
179 
172 

167 
162 
1 8  
165 

162 
160 
147 
146 

143 

140 w 
186 
134 

132 
128 
la7 
125 

122 
119 
116 
112 

111 
110 
108 
107 
107 

107 
109 
113 
122 
143 

a& 

- 

- 
12 - 
3 8  
296 
253 
226 
204 

189 
177 
167 
160 
153 

148 
137 
129 
124 

119 
116 
112 
109 

108 
104 
102 
100 

98 

95 
93 
91 

89 
88 
86 
84 

82 
80 
77 
75 

76 
74 
74 
74 
74 

76 

86 
98 

m 

7a 

- 

- 
1 4 O  
- 

263 
214 
187 
168 

153 
142 
134 
1% 
120 

116 
106 
99 

89 
86 
83 
80 

7R 
76 
74 
73 

71 

70 
68 
67 
66 

64 
62 
61 
69 

Ea 
66 
55 
64 

63 
63 
64 
54 
66 

69 
63 
71 

9a 

Faotors for detormining strength of fgure 
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162 
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I04 
99 

94 
85 
79 
74 

70 
67 
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62 

00 
58 
57 
66 

64 
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49 
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44 
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40 
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64 
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28 

13 
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83 
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60 
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49 

48 

43 
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41 

s8 

37 
36 35 

34 

33 
32 
32 
32 

32 
)3 
34 

96 03 

46 45 

90 3v 

1;: 
12 
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20 
- 

12 
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83 
71 
7i 

6e tx 
64 
5c 

47 

40 
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37 
3G 
34 

33 
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31 
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20 
28 
27 
u1 
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26 
26 
28 

28 
27 
28 
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a 

- 
22 
- 

91 
81 
74 
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E 

56 
5z 
47 
4% 

39 
37 

2 
32 
30 
20 
28 

27 

28 
26 
25 
24 

23 
22 
22 
21 
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21 

22 
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27 
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- 
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67 

53 
46 
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28 
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23 
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19 

19 
18 
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17 

17 
17 
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18 

19 
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22 
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- 

- 
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61 
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30 
32 
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24 
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21 

19 

19 
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17 
17 
16 
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14 
14 
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16 
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19 

20 

- 
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- 
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47 
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37 
32 
28 
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24 
22 
21 
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17 
16 

16 

16 

13 

13 
12 
12 
12 

12 
12 
13 
16 

16 

!: 
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- 

L3 
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0 !3 
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0 
8 
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6 
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4 

3 
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1 
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0 
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3 
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9 
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7 
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4 
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11 
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COMPUTATION OF STRENGTH OF FIGURE 

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 aa 
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 a t  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 )  Multiply each sum by the factor - for that figure, where 
D is the number of directions observed and C is the number of con- 
ditions to be satisfied in the figure. The quantities so 
obtained, namely, D -  __ 2: [6A2 + 6,6B + aB2], will for convenience be 
called R, and R, for the 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 R, 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. I n  
deriding between alternative figures in reconnaissance they should be 
selected according to their best chains, unless said best chains are 
very nearly of equal strength and their second best chains differ 

D- 6 
D 

(See p. 16.) 

D 

greatly. 
SOME VALUES OF THE QUANTITY 

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

For a single triangle, - = 0.75. 

computing D but uve included in computing C. 
4- 1 

4 

For a completed quadrilateral, -- -0.60. lo  
For a quadrilateral with one station on the fixed line unoccupied, 

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

For a three-sided, central-point figure, -- lo-* -0.60. 

0.75. 
8-2- -_ 

0.71. 7-2- pied, -- 7 
10 
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For a three-sided, central-point figure with one station on the 

fixed line unoccupied, 8-2 = 0.75. 

fixed line unoccupied, ==0.71. 

8 
For a three-sided, central-point figure with one station not on the 

7 
For a four-sided, central-point figure, - 14-5 -0.64. 

For a four-sided, central-point figure with one corner station on 
14 

the fixed line unoccupied, 12-3 = 0.75. 12 
For a four-sided, central-point figure with one corner station not 

on the fixed line unoccupied, 11- -0.73. 

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

on the fixed line unoccupied, -- -0.80. 

observed, 16- 16-" -0.56. 

the fixed line unoccupied and one diagonal observed, -- 1 2 - 4 - ~ , ~ 7 .  

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

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

12 
For a five-sided, central-point figure, -- 18-' -0.67. 

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

side line unoccupied, 1 6 - 4 . 7 5 .  

on the fixed line unoccupied, E - ~  -- -0.73. 

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

15 

13-2 
13 

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

3n the fixed line unoccupied, -= 0.85. 

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

For a six-sided, centrsl-point figure with one outside station on 
22 

the fixed line unoccupied, -- 20-5 -0.75. 

on the fixed line unoccupied, -- 19- - 0.74. 

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

19 
For a six-sided, central-point figure with the central station not 

0.88. 16-2- on the fixed line unoccupied, -- 16 
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To illustrate the application of the preceding strength table the 
R, 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 R,, for this figure will be 
&tained by computing through the three bestshaped triangles 
around the central point. The next besti 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 2 7 O .  Using 
these angles as arguments in the preceding strength table, the factor 
17.5 is obtained. Similarly, from the diagonal to the top line the 
distance angles are 91 and 26" 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, D3=0.66 (see p. 10) and R2-36.3X0.56=20. 
D - C -  If the central point is unoccupied, as shown in Ifigure 1 4 , 7 - 0 . 6 7  

(see p. 10) and B,= 36 3 X 0.67=24, ns given opposite the fibwre. 
The R, may be computed in a similar manner by using the dis- 

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

EXAMPLES OF vmous TRIANOUu A N  m ~ k s  

The following 14 figures are given to i1luStrate some of the prin- 
ciples involved in the selection of strong figures and to illustrate the 
use of the preceding strength table : 

D 

FIG. 1.-All stations OccuPied. 

Same, any one station 
not occupied. 

FIQ. 2.-All statlons occupied. 

Same, any one station not occupied. 

Fxo. 8.-All statione occuple 1. R ~ 2 2  
R-22 

Same, one station od R1=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 $he line of which the length is required are represented by 
heavy lines. Either of these two heavy lines may be cowidered to 
be the fixed line and the other the required line. Opposite each 
figure R, and R,, as computed by t.he table on page 8 are shown. The 

FIQ. 4.-All stations occcrpled Ri=l 
R-2 

P 

!j 
smaller the value of R, the greater the strength of the figure. R, 
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 i s  a square quadrilateral ; 
Figure 2 is a rectangular quadrilateral which is one-half as long in 
the direction of progress as it is 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 52 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 v2ry 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. 

s 
FIQ. &-All stations occupied R1=164 (approx.) 

R ~ 1 7 6  (approx.) 

Fro. ?.-All stations oc- R,= 2 
cupled R p 1 2  

One outside sta- R1= S 
tion, on flred line, R-16 
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 X 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 so much elongated, 
and therefore so weak, that i t  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 four-sided, 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 than any of the quadrilaterals shown in Figures 
1,2, or 4. 

~ro.8.-All ~tktlone occn- &13 
pied R e 1 3  

Same, ODR comer &=16 
station not occupied -18 

&me. central eta- R1=17 
tian not occupied R-17 

Rxa. 9.-All stations oc- 

Same, any one 
cupied 

outside 6tRtlOn 
not occupied 

Same, central 
etation not occu- 
pied 

R1=10 
rp16 

R ~ l l  
R-1% 

R.1-13 
R ~ 1 9  

FIQ. lO.-AlI stations R 1 d  
occupied RF-6 

w-cr-zs-6 -0.48 
0 2 8  

Figure 10 is 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 R 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 

a) FIG. 11.-Unoccupled statlon R1= 85 
not on flxed line B-102 

02 

2.-Unoccuph?d station 
at intersection of flxed 
line and llne to be de- 
termined 

Ikpp 4 
R-20 

m. i8.-~n etationa occupkd 

expansion figure.) 
(A strong aiid qulck 

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 
coast is increased. 
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Some of the figures given on the preceding pages are too weak 
to be used in the main schema of triangulstion, but for convenience 

FIG. 14.-Central station not 
occupied 

R1=18 
R-24 

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

DETERMINATION OF C AND D IN STRENGTH OF FIGURE FORMULA 

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

n-c, the number of conditions to be satisfied in any figure may be u 
computed from thc  following formula : 

in which 
6’- (n’-s’+l) + (n-2sf3)  

n=total nuinher of lines, 

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

8‘= number of occupied stations. 

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

’ G = ( 2 - 3 + 1 ) + ( 6 - 8 + 3 ) = 1  

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

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

angles previously fixed.) 

also 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 at each new station. 
To obtain the number of conditions for the entire figure, simply add 
the number of conditions at all the stations. A t  each station the 
number of anglo conditions is one less than the total number of 
fuIl lines to the station from previously considered stations. The 
number of side conditions at each station is two less than the total 
number of lines, full and broken, to the station from prevjously 
considered stations. 

As previously stated, Z 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 nieant by “overlapping of figures” and an 
“ excess of obscrved lincs ’’ (see p. G ) ,  rcfere~ice is made to Figure 16, 
where the figures overlap in ?pace but where there is no excess of 
observed lines. Assume Ihe direction of progress to  be from -+Ill to 
EC. After AB the next line to go ahead on, or the known line of 

the second figure, is ci3. I n  the figure CDEF the diagonal OR is 
determined as the known line of the succeeding figure PCrEG. The 
last two figures are thus seen to overlap in spac,e but to  be simple 
quadrilaterals. 

I n  Figure 17 the line AB connects stations in separate figures 
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-position 
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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 two considerations. 
On very short lines it 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 
ond 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 E. The extreme 
lower limit fixed by these two considerations should be avoided. 
On the other 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- 
mentary 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 use 
the economical length of line-that 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 w&th 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- 
narily the longer the base the easier it will be found t o  secure small 
values of R, and the smaller the values of R the longer the chain of 
triangles through 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 ad 
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 
observed lines which tie together the separate figures. 
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They 
will frequently be found necessary along rugged coasts. No large 
section 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. 

Broken bases are permissible when found advantageous. 

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 within the specified limi&s of accuracy. 

MODIFICATIONS OF SPECIFICATIONS 

To interpret correctly the foregoing reconnaissance specifications 
it must be borne in mind that they were drawn to meet particularly 
one requirement, namely, to enable the triangulator to  determine the 
lengths of successive lines of the triangulation RS economically as 
pos,sible 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 t o  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 computing 
lengths through the scheme; or, where an  area is to be covered with 
a network of triangulation, belts of triangulation figurw can be 
h a t e d  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 purpose 
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 a d d  tional 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 awwer every requirement for the work in 
hand, but if it is placed on the summit the chances are that it will 
be of much greater futuro 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 stations 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 

I n  starting from or connecting with existing triangulation it is 
essential that the connection be made to a line of proper strength, and 
alstr 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 sta- 
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- 
tiohs in length just described. 
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- 
Dis- Correo- Dis- 
tance tion tance 

Miles Feet Mites 
1 0.6 16 
2 2.3 17 
3 5.2 18 
4 9.2 I9 
6 14.4 20 

6 20.6 21 
7 28.1 22 
8 36.7 23 
9 46.4 24 
10 67.4 25 

11 69.4 28 
12 82.7 27 
13 97.0 I 
14 112.5 29 
16 129.1 30 

- ~ -  

- 

INTERVISIBILITY OF STATIONS 

Reconnaissance for triangulation can be executed by either of two 
general methods, or by a combination of them. I n  the first method, 
which can be used in  hilly or mountainous conntry, the intervisi- 
bility of the stations is tested by visiting each station. I n  the second 
method reliance is placed upon obtaining the elevations of tlie sta- 
tions 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 u m l .  

The difference between tlic apparent and true difference in eleva- 
tion of two points is affected by two factors-llie curvature of the 
earth’s surface and the refraction of ligbt by tlie earth’s atmosphere. 
These factors are of opposite sign and of an approximately fixed 
relation to each other, so that the combined efftvt can be applied as 
a single factor. The effect of refraction is about one-seventh as  
much as the curvature. The formulas for the separate effect of 
each can be found in varions works on geodetic surveying, but the 
formulas below give the approximate resultant : 

h (in feet) = IC2 (in miles) times 0.574, 

coma- 
tion 

Feet 
551.4 
687.6 
F24.9 
663.3 
703.0 

743.7 
785.6 
828.6 
872.8 
918.1 

w.7 
1.012.2 
1,061.0 
1,111.0 
1,1620 

~- 

-- 

or 

nis- 
tance 

Miles 
46 
47 
48 
49 
50 

61 
52 
B 
54 
55 

56 
57 
58 
59 
Bo 

I( (in miles) = ,/h (in feet) times 1.32. 

Correo 
tion 

Feel 
146.9 
165.8 
1R5.9 
207.2 
B9.5 

243.1 
277.7 
303.6 
330.6 
358.6 

388.0 
418.3 
449.9 
452.6 
616.4 

~- 

Below is a table, condensed from the one given in Appendix 9, 
Report for 1882, which gives the distance Ii (in statute miles) at 
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. 

Correction for cartL’8 curvature atid refraotbn 

Dis- 
tance 

M4la 
31 
32 
33 
34 
36 

36 
37 
3R 
39 
40 

41 
42 
43 
44 
45 

Correc- 
, tion 

Feet 
1,211.2 
1, %7. 7 
1,322.1 
1,377. 7 
1,434.6 

1,492.5 
1,551.6 
1,611.9 
1,673.3 
1,735.5 

1,799.6 
1.5FA. 4 
1, M10. 4 
1,987.5 
2Ims - 
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To determine how much the line of sight between two stations 
will clear or  fail to clear an intervening hill, either the table above 
may be used or  the following formula employed : 

- 0.574d$,, 
dl h=k+ (h2-h,)d,sd,  

where 
h =height of line a t  obstruction, in feet. 
h,=height of lower station, in feet. 
h,=height of higher station, in feet. 
dl= 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 DETERWSNATION OF THE INTERYISIBILITY OF STATION8 

A few exemples will be given to illustrate the application of the 

Example.-Two stations are at the water's level on opposite shoresoof a bay 18 
I n  th i s  problem the line of sight is not s u y p m d  t o  approach the 

(a) How high above the water  must the instrument be at station A with the 

( b )  How high must the towers be, supposing them to be of equal height a t  

formulas relating to curvature and refraction. 

miles wide. 
water nearer than 10 feet. 

instrument at station I3 10 feet above the surface? 

the two stations? 

FIQ. 18.--T~terv!sibility of statlons across water, cnse ( a )  

solution of (a).-From the  table for  curvature and refraction, phge 21, the  
instrument! must be a t  a n  elevation of 185.9 feet for  the line of sight, to  be 
tangent to the earth's surface at  a distance of 18 miles. Since it must not 
approach the  water surface nearer thnn 10 feet a t  stntion R ,  the instrument at  
A must be 195.9 feet above the water surfuce. (See flg. 18.) 

' 

Fro. lO.-Intwvislbillty o i  stntions acro8a wnter, cnse (a)  

BoZutbn 01 (b).-Since the  towers are to bo of equal height, the line of Bight 
will approach the water  t h e  nearest at a point midway between the  two stations. 
From the table the instrument must be elevated 46.4 feet to see the water sur- 
face 9 mile8 distant, Since the  line of sight must clear the euriace by 10 feet, 
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the instrument must be elevated 50.4 feet at each station. 
the formula 

71 (in feet) =Ii' (in miles) X0.574, 
h=SlX0.574=46.49 feet, 
46.49+10=56.49 fret. 

(See fig. 19.) Or, by 

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

( a )  With towers 70 feet high, without s u p e r s t r u c t u r e t h a t  is, with lamp 
and theodolite mounted at same height-what is the maximum length of line? 

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

670 f t. -- -- -- -_ 
13.2 mites 4 - 

45ft. 
Fro. 20.-Intcrvisibllity of etatiom acrofls wnodcd plrin, case ( 5 )  

Solutian of (a).-Since the line of sight must not approach nearer than 46 
feet to the surface of the  plain or 10 f re t  above the tree tops, and the  towers 
are 70 feet high, the problem is the same as if the towers were 7 M 5  feet high 
and the line of sight could be tangent to the surface of a level plain. From the  
table i t  I s  seen that the line of sight from a tower 25 feet high would be tan- 
gent to the surface of the sphere at a dhtance.t&weeea 8 and 7 mfles. 

Applying the formula 

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

IF== 
0.674 

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

I . - - - - _ _  
1 

90ft. _____- ------ 
e- 

+ - ~ . ~ r n i , e s - i c ~ ~ m i ~ e e  
Fro. 2l.-IntervlsIbIlity of stations acme8 wooded plain, case (a )  

80lutim oj (&).--From the  previous example the  line of sight from a tower 
70 feet high is tangent to the  spherical surface 45 feet above the  station at d 
distance of 6.6 miles. The distance a t  which the line of sight from the 90- 
foot tower will be tangent to  the 45-foot surface is found from t h e  formula ih 
a dmi lar  manner, as follows: 

(90-45) =h=PX(k574 

45 
0.574 

Jp=- ' 

ox E=S.9 miles. 

Therefore, the maximum distance between statfons would be 6.6+8.9=15.6 
miles. (see fig. 21.) 
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When contoured maps of a hilly or mountainous country are avail- 
able they are of great assistance 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 a t  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.-!hvo 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 a t  a distance of 18 miles from A is a ridge 1,840 feet high. (See 
flg. 22.) 

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

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

- 18 n?i.;;3-- 1 - 

Fro. 22.-Intervisibility of stations in mountain country 
e 
8oZutbn. of (a).-At 18 miles, the distance from A to  X (flg. 2 2 ) ,  the correc- 

tion for curvature and refrnction is 185.9 feet and a t  54 miles, the distance from 
A to  B, it is 1,673.3 feet. Subtracting these amounts from the elevations of X 
and B, respectively, will have the effect of reducing the sea-level bases of A, X, 
and B to a plane ourface. 

Therefore, in Figure 23, 

bc=4,500 fec't-1,OT'O feet-1,673.3 feet, 
=1,770.7 fwt. 

and 
e B : b c : : 1 8 : 5 4  

Therefore ed=592.2 feet. 

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

X=1,84O - 1,050- 186.9 
=604.1 feet. 

Since the line of sight from A to B, a t  R point 18 miles from A, is only 
592.2 feet above A, therefore the line of sight f a i b  to clear peak X by 604.1- 
692.2=11.9 feet. 
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Another method for obtaining the elevation at  X of the straight 

line between the two stations is by the formula given on page 22, 

h=b+(h.a-h,) d+a,- 0.574 & at. 

l n  which for  t h e  example given above 

b=1,050, h?=4,600, di=18, d=36. 

Substituting these v n l i i w  

h=1,050f ( 4 , 5 W l , O Y f i )  mse -  0.674X 18X36=1,828. 

Therefore, the line between A and 13 ia 12 feet below the top of the ridge. 

Fro. 23.-Intervisibility of stations In mountain country, 
solution (a )  

There may be times in the field when the 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 little easier RS 

regards the numerical operations. 

x‘ ,I2 f t. A 
B 

I 36rni. 
el ) 18 mi. 

FIG.  24.-Intervisibillty of stations in mountain country. solulion ( b )  

dnlutlon. of (b).-Accepting 1,828 feet a s  the elevation at X of the line 
from A to B, the  line strikes 12 feet below the crest of the ridge. If the station 
k t  A is to be ekvated, the necessary height urn be computed by means of n 
triangle, as shown in Figure 24. The line from A to I3 has already been 
corrected for  curvature and refraction. 

Let 88’ be the height by which A is to  be increased. From similar triangles, 

or 
Therefore, 

AA’ : X’X’ : : A n :  XB, 
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 Figure 2h 

BB’:12 ::54:18. 
Therefore, BB’==86 feet. 

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

SELECTING SITES FOR TRIANGULATION STATIONS 

Triaagulation stations, as far as practicable, should be placed on 
the crests of ridges and on the highest points of hills and moufitains. 
In a mountainous country i t  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 cost 

Fro. fLLI.-Intervisibility of stations in mountain country, solation (a)  

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 sccure strong figures when 
the highest peaks are used as main-scheme points. 

Where all stations are convenient of access on both large and 
small alternative schemes, the cost of observing will be almost in 
proportion to the number of stations to be occupied on the two 
schemes. Usually, however, the stations of the larger scheme will be 
80 much more difficult to reach that the cost of making the observa- 
tions through the smaller scheme will not be much 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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observations will often be the controlling factor in deciding upon 
the economical length of lines. 

SIGNALS AND SIGNAL BUILDING 

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

fiQ. 26a.-Determining the approximate height of a tree on rc?cO~IIafSsanCe 
A distance AB approximately equal to the  height of the  tree shonld be 

Paced or measured out from the base of the tree and the point A marked. 
AIBO a point o should be located toward the tree from d such tha t  4 C  equals 
the height of the  observer’s eye from the ground when standing upright. 
At 0 a Btraight pole about 2 feet higher than the obeemer should be set 
Perpendicularly in the ground. A point e should then be marked on the pole 
at such a height t h a t  mc&f&, where od equals the distdnce 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 t h e  
ground with his feet against the pole and his eye above the  P i n t  A the  
llne of sight from his p p  past the point e on the pole will strike the  Per- 
pendicular from B a t  the point 0, and W - a b - A B .  Approximate allowance 
can eafMy be made for elope of ground along the line AB, and an estimate 
can be made of the distance the point 0 falls above or below the top of 
.the tree. 

bility but must also be of a type which will reduce the effects of p h w  
and eccentricity to a minimum. The lengths of the 
lines of sight and the materials available for constructing the signal 
will also inipose their requirements. In  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 

(See p. 76.) 

6961i8Go--4(1- -3 
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fig. 26.) Where tall signals are required the trunks of standing trees 
are frequently of great assistance. I n  building tree 
signals ingenuity in the utilization of the materials available and the 
assistance of one or two experienced men are of much greater value 
than written instructions. 

Occasionally it is nccessary to build tall towers of sawed timbers 
of the type frequently used on first-order triangulation. The con- 
struction of these towers is described in Special Publication No. 93, 
Reconnaissance and Signal Building. Only the more ordinary types 
of signals will be described here. 

(See fig. 2’7.) 

Fro. ZM.-DinEmm of polo 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 macle 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 
directly over the station. Each set of guys should consist of four 
guys of No. 12 smooth galvanized wire. The number of sets depends 
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FIG. 2 1 .  TREE SIGNAL 143 FEET HIGH 

The tlieodolitn was 11iniinted o n  t,lw I.oyj or t,hr Lree trunk and the observer 
WNS supprted by the scaffold huilt of poles 
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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 nDt 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 the pole or that part on which observations are made should be 
tested after the pole has thus been replaced. The ease with which 
a pole signal can be erected, removed, and 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 makw 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 them-these and other causes 
may displace the signal enough to cause considerable errors in the 
observations. 

When signnl lights are used to observe upon it will be found! 
mor8 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 fastenedl 
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 it is to be used also for hydrographic or topographic pur- 
Poses, ft 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 along the coast will usually be erected with one leg toward 
the water and with the two adjacent sides of the tripod covered with 
cloth or painted boards. The part of the center pole or target to be 
ohserved upon must be carefully centered over the station mark. 
Each leg should be secured to the ground by a stake or othcr means. 
Wire guys to hold the center pole are necessary if the pole has con- 
siderable length. 

The largest tripod signals usually have 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 sqlare 
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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 pQle 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 
eccentricity 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. 

?3mr o f  cloth on 
wooden cmss peces 

Centerpole 
Cross bracing 

Fro. 3Z.-Diagram sh3wing eoustrudion of trigod-and- 
pole ~ i g r ~ l  

A convenient method of constructing a largo tripod &pal is 
indicatecl in Figure 32. The drawing shows the legs and center pole 
as assembled on the ground. The identifying letter 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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F I C  ! 1  - I l t L L  I t 1 I A N G U L A I I O N  TOWER,  I /  I t L r  IiI 'uH r 0  7 0 t '  O f  I N N F R  
TRIPOD 

A tower of this type c8n be erected in-hnlf R day tiy flvp rnpn Similar towers 25 feet higher have b n  
used successfully 
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pole, which pivots on the bolt, is brought within reach by means of 8: 
line attached at D ,  and the pole is then adjusted to a vertical position 
and gecured 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 then 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 w much surface as 
possible with a limited amount of material. 

OTHER TYPES OF SIGNALS 

Occasionally the type of steel tower used on first-order tr ianela- 
tion can be employed to advantage. (See fig. 33.) Them 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 
h w r s  and in much less time. 

Where lumber i s  not readily available a portable wooden signal 
has been used to advantage on coastal triangulation. It consists of 
inner and outer tripods, the inner one having a height of 15 feet. 
The members of both the inner and outer tripods are fastened 
%ether by bolts. The diagonals are of &-inch wire and are pro- 
vided with turnbuckles. The entire signal weighs about 175 pounds 
and can be dismantled by two men in half an hour. These signals 
have been used with a direction theodolite on very swampy, unstable 
Pound and second-order accuracy secured, but care must 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 Hydropph ic  
Manual (Spec. Pub. NO. 143) or the Xbpographic Manual ( s p c .  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 methob are applied in reconnaissance for 
t,hisd-order triangulation as for second-order, though the allowable 
limits of some of the controlling factors are different, as noted below. 

Strength of figures.-In the main scheme the value of RI (set? p. 9) !or any 
one f lare  must not exceed 50, and that of R, for the figure must not exceed lw, 
except when conditions are such that it is very difflcult to keep within these 
limfts. The quantities Rl and R, for a single fligure 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 for 
the chain barely within the extreme limits by more than 28 per cent. 
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Frequency of bases.-When a b a s  site can be found near any desired locat 
tion, ZRl between base lines, whether these are actual measured bases or lines 
of first or second order triangulation used a s  bases, should be made about 125. 
Where topographic conditions make it difflcult to measure a base near the 
desired location, ZR1 between bases may be increased but should never greatly 
exceed 175. When this upper limit is approached an intervening base may be 
necessary, for if the discrepancy in length between bases exceeds 1 part in 
8,OOO, after the side and angle equations have been satisfled, either an  inter- 
mediate base must be measured or the angle observations made more accurate, 

Marking of stations.-Stations of third-order triangulation must be marked 
and referenced by marks of the same s h e  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- 
order triangulation were approved by the Director of the Coast and 
Geodetic Survey on December 10, 1928, and supersede all previous 
instructions for work of this character. Specifications for third- 
order triangulation 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 thtwdolite with micrometers. 
The iminedirite requirements which the anglo measurements must meet are 
that the average closure of the triangles in the main scheme shall not exceed 
3 seconds, that an effort be made to keep the average closure down to 215 
seconds, and thatothe mnximuin closure shall but seldom exceed 6 seconds. 

2. Observations with repeating theodolite.-A set of observations should 
consist of six repetitions of the angle with the telescope in the direct (or 
reversed) position, followed immediately by six repetitions of the explement 
of the angle with the telescope in the reversed (or direct) position? With 
the ordinary type of 7-inch repeating theodolite equipped with verniers reading 
to 10 seconds, the accuracy specified for second-order triangulation will usually 
be obtained by making from two to three sets of observations on each angle. 

3. Circle settings.-When two or more sets of observations with either a 
direction or a reRating theodolite are made on the same angle the initial 
setting for each set should differ by an amount depending upon the number 
of positions to be observed and the number of verniers or micrometers on the 
theodolite. The interval in degrees between successive settings with a 

Zmicrometer or a 2-vernier theodolite is given by the formula I=%%, where 1 
is the interval in degrees, rn the number of verniers or micrometers, and IL 
the number of positions or sets. In addition an increment reprmented by 
the value of one division of the circle divided by the number of sets to be 
observed should be added to the difference in degree3 between settings in order 
to eliminate the error of graduation of the verniers or the run of the microm- 
eters. For instance, with a circle graduated to 10 minutes and with two sets 
ob*rvd on an angle, the settings would be 01" 00' 00" and 90" 05' 00". 

4. Program of observing.-With a repeating theodolite, measure only the 
single angles between adjacent lines of the main scheme, including the angle 
necessary to clme the horizon. In  the comparatively rare cases in which 
the failure of adjacent signnle to show a t  the same time prevents carrying 
Out this p r m u n i  make as near an approach to it a s  pomible and then take 

360° 

The abbreviation 'I 6 D/R '' is ordinarily used to lndicate a set of RiS observations W i t h  
Slmllarly, " 3 D/R " means a set of three the telescope direct and SIX wlth It reversed. 

Qbservatlone direct and reversed. 
33 
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Posi- 
tion 
NO. - 

the remaining signals in another series together with some one, and only 
one, of the signals observed in the flrst 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 measure- 
ment of an angle which 13 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 unlformly among the angles measured 
in that series. 

5. Observations with direction instrument.-One complete measure of the 
horizontal direction to mch station from some one 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 fuur to six 
positions are usually sufflcient to secure second-order accuracy, and with a 
theodolite reading to 2 seconds, six to eight positiom will urdinarily 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 succeseive 
positions by an  amount determined in the mme manner as described for 
repeating theodolites on page 33. 

Ini t id  aattbnge lor %micrometer theodolite 

T W O  POSITIONS OF CIRCLE 

1 division of 1 division of 1 division of 
circle-4 circle=6 circle-10 
minutes minutes minutes 

I I I I I .  

0 0 0 4 0  0 M ) S o  
300200 3 0 0 2 3 0  
6 0 0 3 2 0  8 0 0 4 1 0  
800040 9 0 0 0 M )  
120 02 00 120 02 30 
160 03 20 150 04 10 

0 0 1 4 0  
300500 
8 0 0 8 2 0  
900140 
120 08 00 
160 08 20 

FOUR POSITIONS O F  CIRCLE 

1 
2 
3 
4 
5 
6 
7 
8 

0 0 0 3 0  0 0 0 4 0  0 0 1 2 0  
2 2 0 1 3 0  2 2 0 1 6 0  2 2 0 3 6 0  
4 6 0 2 3 0  450310 4 6 0 8 2 0  
8 7 0 3 3 0  6 7 0 4 2 0  67@360 
9 0 0 0 3 0  u O 0 0 4 0  9 0 O l ' X J  
112 01 30 112 01 60 112 03 M) 
136 02 30 135 03 10 135 08 20 
167 03 30 167 04 20 167 09 b0 
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Manual of First-Order Traverse, pages 43 and 44. Settings for any other 
number of positions may be easily computed by the formula already given. 

The settings given in the tnbles 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 positions, the given settings re 
quire the changing of the circlb almost 180" in orientation for each new posi- 
tion. This tends to maintain the circle a t  a uniform temperature, even 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 ns any. It is not necessary to set the circle nearer than 
about one-half minute to the  setting given. 

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

7. Incomplete series, direction theodolite.-It frequently happens that one or 
more signals are not visible during all or a 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 missing from the flrst series 
can be observed later, using the same initial as was used during the first series, 
or some other main-scheme station observed upon during that series. Not 
more than two initials should be used a t  any one station. With this system of 
cbserving, no local adjustment is necessary aside from that arising from 
observing back upon the initial at the middle of m c h  position and using the 
mean of all readings upon the initial. (Bee flg. 64, p. 86.) 

8. Observations on intersection stations.-An intersection station is one 
which is not occupied, the posttion 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 mountain peak. In  these speci- 
fications the term '' intersection station " is used in a restricted sense to mean 
a station h a t e d  by intersections with fewer observations than are specifled 
for secund-order triangulation. A line to such a station must not be used a s  a 
base from which to start  second-order triangulation. 

The direction method of observation should be used in observations upon 
intersection stations even if the theodolite is a repeater. Elach series of obser- 
vations on intersection stations should contain some one line, and only one, of 
the main schema Two positions should be observed upon each intersection 
station with a vernier instrument or  with a direction instrument reading to two 
seconds. One position is adequata with a directbn instrument reading to one 
Second, but in this case a second round of pointings should be made with the 
telescope either direct or reversed in order to provida a check on the readings 
Of degrees and minutes on the flrst position. It is advisable to observe upon 
each intersection station from at least three stations in order to obtain a check 
upon the position, and the directions from at laast two of the stations should, 
if prac-ticable, form a gobd angle of intersection at the object to be located. 
8. 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 dhc t ion  to the Same object taken during a different season's 
work. 
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9. Value of intersection stations.-In selecting intersection stations i t  should 
be kept in mind that the geographic value of triangulation depends upon the 
number of Wints 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  weil as  by thorough marking. For the 
reasons stated. there should be determined as intersection stations many arti- 
5cial objects of a permanent character, such as lighthouses, church spires, 
cupolas, towers, chimneys, and standpipes. Make the diqcription deflnite 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 statiws should be sub- 
mitted on Form 526, even though the name itself may be a description. (See 

10. Distance between points.--On all trinngulaton l i e u  the coast, recoverable 
points suitable for t h s  control of topography shall be located not more than 6 
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 i t  pmc- 
ticable without considerable ndditionrrl expense. If objects suitable for the 
purpose do not exist, then marked stations must be established. A sttation to 
be suitable for the control of topography must be locutid on the shore or be 
easily accessible from the shore. I n  addition, on work of this character all 
prominent objec! visible from the sea and suitable for charting as landmarks 
or as hydrographic signals should be located. In  a mountainous country, 
such 21s Alaska, the location and elevation of prornineut riiountain peaks 
visible from the sea and beyond the limit of the fringe along the coast usually 
covered by the topographer 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 ridges and loation of va lky~ .  

11. Report on “ landmarks for charts.”-All objects located by u triangu- 
lation party which should be shown on the charts shali be listed on Form 607 
and shall be forwarded under separate cover from other records a t  the c.nd 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 a scheme of triangulation but are neces- 
sarily used in determining the elevations of intersection stations. Vertical 
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 eatablishd by spirit levels or to the water level of the 
sea or to that of lakes arid 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 to 
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 
pages 104-110. 

p. 112.) 

( S e e  p. 81.) 

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 oljject often leads to serious errors and delays. Care 
should be t&en 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 dequate checking to make certain that no 
change in location has taken place. 

, 

TRIANGULATION AND TRAVERSE MARKS O F  OTHER 
ORGANIZATIONS 

On April 10, 1928, the Board of Surveys and Maps adopted the 
following report : 

whenever a11 adequately equipped fleld party of the United States GeOlogicnI 
h V ? Y ,  the Cnited States Const and Geodetic Survey, the COWS O f  Engineels 
of the United States A m y ,  the Forest Sewice, the Mississippi River Commis- 
don, the General Land omcp, or other member orga~iization of the Board of 
surveys and iClam is engaged in trianmlation or traverse it shOuk1 make con- 
nections with any control marks In the vidnity of the work established by 
other member organizations, provided such connections can be made without 
UrldUe expenditure of time. The connection should be made with third-order 
accuracy and should be made either by direct measurement Of a distance and 
dii*ection from a triangulation or a traverse station by the three-point method 
with check, or by the intersedion method. Recovery notes for such stationll 
ahall be sent to the main omce of the organization to  which the field wrtg 
belonm, where a duplicate will be made and sent to the oGanization which 
originally estnblished the station. 

Where a station of third-order or higher accuracy, oridnally established by 
another organization, is definitely recovered, but is found to he inadequately 
marked, it should be remarked in a permanent manner, and the character of 
the new mark dewrilml in the recovery note. If the station was originally 
marked by a tal)let, the tablet should be reset in the new mark. If the station 
Was not marked by a tablet, then a tablet such Ns is now used by ale orgnniza- 
tion which established the station should he secured by the field party from 
its owu hendqurirters and used as the new station mark. If there is not time 
to -re the tablet, a copper bolt may be stamped with the initials of the 

‘organization which flmt estublished the mark, and this 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 n(>w station may be 
eatablished near by and marked, and the old station should be connected with 
the new one and used as a reference mark for it. I n  general, no survey monn- 
ment established by one organization of the Government should be changed or 
replaced by another organization unless there is an agreement between the two 
organizations regarding such replacement. 

However, a station established by another organization should never be 
re-marked unless it had a subsurface mark and this was definitely recovered or 
unless the tablet was established in rock and i ts  original location can be defl- 
nitely and accurately determined. The recovery note should describe the present 
condition of the surface, subsurface, and reference marks in sufflcient detail to 
make the remrd clear a s  to the certainty of recovery of the station. 

Triangtlation parties of this bureau will follow the procedure 
cutlined in the above report. 

SPECIFICATIONS FOR MARKING TRIANGULATION STATIONS 

1. Metal tablets.-Each station which has been located with flrst, 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. The name of 
the station and the year established ahould be stampul upon the mark, pref- 
erably before 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 locntion of the sta- 
tion, depth of soil, or  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) 1% rook ozltmp.-Care should be taken that the rock in which a mark is 
set  is hard and is part of the main ldge ,  not a detached fragment. The tablet 
should be countersunk and well cemented in. 

(2) I* bowZdas.-When a tablet is set in a bowlder the latter should be of 
durable material and of LTMS section, area, and depth below the surface not 
less than the standard concrete mark as described below. 
(3) In rock ledge8 below surface.-When the ledge is only slightly below the 

surface a tablet set in the usual manner in the ledge will be sufflcient, provided 
two reference mark@ are established. Where the ledge is so far below the 
surface that a 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 leaat 18 
inches in diameter, and a concrete surface mark placed above the subsurface 
mark. A tablet should be 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 

(See figs. 34 aiid 36.) 

PThe authority for the warning concerning punishment for disturbing the mark is con- 
tained in an act of Congress, approved March 4, 1900, entitled “An act to codify, revise, 
and amend the penal laws of the United States,” and reads ns follows : “ Whoever * 
ahall wlllfully deface, change, or remove any monument or bench mark of any Government 
survey shall be Aned not more than $260, or imprisoned not more than six months, or 
both.” Many States have also enacted additional laws on the 
game subject, among them being California, Connecticut, Georgia, Illinoirr, Indiand, Maine. 
Maryland. Massachusetts, Minnesota, Michlgan, Missouri, MisslSaippl, New Hampshire, 
New Jersey, Ohio, Oregon, South Carolina, Tennessee, Vermont, Virginia, Waehlnpton, and 
West Virginia. 

(35 Stat. 1088, sec. 87.) 
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Rmooth, it should be furrowed with a chisel to afford better anchorage for  the 
mncrete. 

(4)  In colccrete.-(a) Shape.-The mark should be either a frustum of a 
cone or of a pyramid, or have the form of a post with a n  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 a n  eulurged base is used the bottom of the base 
should be 4 inches larger in  least horizontal dimension than the post pr6per and 
should have a vertical thickness of at least 6 inches. If  the concrete is cast in 
Pktce, the enlarged base can easily be provided for by enltlrging 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 corners near the 
mrface, which would provide leverage points for  frost action and would make 
easier the malicious destruction of the mark. 

(&) Size as& d@fL.-The concrete post should extend to  a depth of from 30 
to 36 inche% dppentling upon the kind of soil. It should be not less than 14 
inches in  dinmeter, 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 murk is not in the path of trafflc or in  soil subject to 
cU1tiv:ition i t  sllould extend from 2 to 4 inches above the surface. When locntea 
where traffic passes over it the top of t h e  mark should be slightly below t h e  
eurface. 

( c )  U%dergroulzd mark.-A standard station-mark tablet, set in a mass of 
concrete at least 10 inches in  diameter nnd accurately centered under t h e  
station mark, should 11lw11ys he estnblished for  a n  underground mark where! 
Sol1 conditions permit. The tablet should be stamped with the same desig- 
nation as the tablet in the surface mark. 

The procedure in  making the staiidard concrete mark is as follows : A hole la 
dug to a depth of 3% feet or  more. I t  should be 16 inches in diameter for t h e  
top 2% feet and 10 inches in diameter at the lower end. Concrete made or 
good cement, sand, and gravel or broken rock is placed in  the  lower par t  of t h e  
hole to a depth of 8 inches. A standard tablet fitation mark (flg. 35) is then set 
in the concrete, with the top of the tablet slightly depressed. This completes t h e  
undrrground mark. A layer of from 4 to 6 inches of ssnd or dirt is then put in to  
the hole. The hole is then enlarged about 2 inches in  radius near the bottom in 
order that  the lower end of the  block of concrete for  the surface mark will be 
mushroomed, :ind then the liole is fllled with concrete to  within 9 inches of the 
“ace of the ground. Next a mold or f rame 12 inches on a side at  the top, 13 
inches at the bottom, and 12 inches in  depth is  set in the hole on top of the con- 
crete and filled in around the outside with dir t  tamped f lmly.  T h e  frame is. 
then Alled with concrete level with i ts  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 Rhould be Nmoothed with a trowel and the frame should be left in place 
to Protect the concrete until it bccomes firmly set. 

Care must be taken not to  disturb the pxi t ion of the tablet in the underground 
mark when placing the layer of sand or dir t  and when pouring the concrete for 
the Surface mark. A piece of thin board should be placed over the lower mark 
cw 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. 
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(1) Sand.-In sand, which if used as a mold would spoil the concrete by ab- 
sorbing the water from it, 6ewer tiles 8 inches in diameter and 30 inches long 
may be used, set with the bell end clown, fllled with concrete, and with the%ase 
end set in  concrete. A sheet-iron mold of the same dimensions fllled with con- 
crete may also be used. A metal tablet should be set in the  center of the top. 

(2) Yarsh.-Where the surface of the ground is too soft to hold a mark of the 
usual type a post of durable wood should be forced down vertically as f a r  as it 
will go, i t s  top cut  off flush with the  surface, and a sewer tile at least 6 inches in  
diameter set into the marsh around the top of the post. The tile should then be 
filled with concrete and a tablet set in the top. The post should always he 
waterwaked Mope being used, as otherwise it will swell and break the con- 
crete which incases it. Whew t h e  marsh is verg $oft but dries out at certain 
seasons of the yea* mccessive tiles can be forced d m n  around the post, the 
post then can be withdrawn and the mud worked out from within the tiles, and 
the tiles then fllled with a hydraulic cement mixture. 

(3) Land subject to mEtivatwn.-The subsurface or  lower mark should be a 
tablet in  a block of concrete 10 inches square or 10 inches in diameter and 
6 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 its top at lea& 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. 

All 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 befag disturbed. The  directions to the r e f e m r e  marks 
should be such as to  give a good angle of intersection at the  statlon. The ref- 
erence marks may be a8 much as a half mile from the  station, if necessary, pro- 
vided they can be seen from the  station. The  distance to  each re€.ference mark 
should be carefully measured. Other distances, such us  those t o  the center of 
a highway, the corner of a building, or  the center of a well, should be measured 
if feasible. Two or more such measurements will intersect so near the station 
t h a t  the  concrete Mock will be easily found with a small prodding rod. When 
memurements are made to  buildings 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  meas- 
urements to  a road should always be to  the center of the road and not to  the 
fence line. All distances mu& 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.--Mach reference mark should consist of a metal tablet 
similar in material andashape to the station mark but bearing a n  arrow which 
points to the station. A reference mark should he stamped with the same desig- 
nation as i ts  station mark, and where there is more than one reference mark 
they should be numbered serially i n  a clclckwise direction, the  number to be 
stamped upon each one. Each should be set under the same conditions; a s  Rpeci- 
fled for the station mark, except that the concrete post in which it is set may be 
2 lnchw snidler  in diameter and 6 inches shorter thnn for the station mark. 
No subsurface marks need be used with reference marks. 

Each statton mark must have at k a s t  one referenre mark nnrl should pref- 
erably have two. I f  the station mark, due to surface conditions, is entirely 
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beneath the surface, there should be two reference marks, unless there are 
E m n e n t  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 to  be disturbed or washed away, two reference 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 a t  the station, or else be placed 
in range with the station. The distance and direction to each reference mark 
must be carefully measured. 

5. Azimuth mark.-At each station where a tall signal tower is needed to 
enable the observer to see the adjacent statiolis Of the scheme an azimuth mark 
should be established. This mark should be placed several hundred feet away, 
a t  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 nu azimuth as well. 
The azimuth mark should be of the same size and character as a reference mark. 

6. Material for marks.-The main considerations in making concrete a re  to  
have clean materials, mlx them well before adding water, have the mixture not 
too wet, and tamp well into the form. Each streak of dirt in mncrete meang a 
line of cleavage. Where rough aggregate is available the proportions should be 
about 1-24, with the top 12 inches of the mark of slightlY richer mixture. 
Where only cement and sand are available the lower I#lrt of the mark should 
be proportioned 1 part of cement to 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 necessary 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 48 hours. 

HORIZONTAL ANGLE MEASUREMENT 

INSTRUMENTAL PROCEDURE. REPETITION METHOD 

The procedure used in making a set of observations is as follows: 
Set the circle approximately a t  one of the readings given in the 
rtppropriate 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 tk-e 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, except that the circle is not read. The circle 
reading, if made, would equal the original setting plus twice the 
angle measured. The process of adding the angle to itself is con- 
tinued until several measures, usually six, are accumulated on the 
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 rriade at the co~~~pIet ion of the sixth repetition. Next revolve 
the telescope about its horizontal axis, keeping the upper clamp tight 
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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 olock- 
wise, and point upon the left-hand object. This completes one meas- 
ure of the explement 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.) 
Before 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 as an initial. 
The directions are the angles measured clockwise from the initial 
&ation 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; tho 
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 &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 rcfinernent 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 2 or 3 seconds all readings should bc taken 
to single scconds, 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 nnmber 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 
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On practically all theodolites used in the Coast and Geodetic 
Survey for second-order and third-order 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; ( e )  read both verniers; ( d )  turn the 
instrument 180" in azimuth ana transit the telescope, then repeat 
(a), ( b ) ,  and ( e )  in  the same 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 ( e )  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 method than the one first described. 

If the vertical circle is graduated clockwise from zero to 360", 
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 Bystem of graduation i: 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 a t  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 determination 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 thew 
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 recard book. 

Erawires niust never be made in the original records ; if it is neces- 
sary to change a figure, i t  should be lightly crossed out and the 

OH6(iW"-& --: 
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correct figure placed above i t  or to one side. I f  a figure is changed 
after the complete set of observations have been recorded and no 
chance exidtg'bf checking the feading by a reobservation, the initials 
of the person making the change must be placed near the alteration. 

More uncertainty in the results is caused by hurried and ill- 
considered changes in the recorded figures to correct supposed dis- 
crepancies than from any other one source. The doubt 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 

I n  the past by far  the greater percentage of second and third order 
triangulation has been done with repeating theodolites. This prob- 
ably has been due to the fact that the older direction instrumenb 
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 relatively 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. 

I n  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 malres 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 is graduated and the centers fitted 
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FIG. 36.-REPEATING VERNIER THEODOLITE,  7 - INCH CIRCLE 
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FIG. 37.-A 4 X - I N C H  T H E O D O L I T E  W I T H  VERNIER MICROSCOPES 

(For description seep. 80) 
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FIG. 40.--WILD F’ l? lSM-MICROSCOPE D I R E C T I O N  THCOCIOLITE. 5 X - I N C H  

This theo(lo1ite trf novel design 11:~s gra~111:~tions on gI:iss. ‘rhn horizontal cirrlc can he rcad t,o ,\ 
seronrl. Opposite readings of twt,ti ?irclw ran tie talirn through tho ocular alongside tho main t,ele- 
scope without c h u n ~ i n g  Inmi the ohserviiiK position 
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I 
FIQ. 39.-Sectionnl view of Parkhurst  9-inch direction theodolite 

The distinctive fcwtnrert of this theodolite nre Its nonbirltling crnter, ball- 
hearing clamp ring, illuminntion through central axis. dinrontinuoux conical 
beflrings for horizontiil clrcle, illurninnted glass mlcrometrr drums, nnd im- 
provwl designs for tnngc-nt-screw assembly, clampblock asscurbly, and mlcrom- 
etcr mountings. 

To remove alidade : (1) Remove #crews holding dust ring and dmp it clear 
from alidade cover plate;  ( 2 )  remove bridge for COIltIWt Bprillg; (3)  remove 
vertical nxls nut ; (4 )  lift nlidnde carefully to  avoid scrrlping axis. 

To remove circle : (1) Ittmove threndetl clrcltx spring plnte ; (2)  remove 
guard lugs for circle; (3) lift circle oE cniefully. 
To rcniove clamp : (1) Pull bnck nnd turn wr ing  plunger opposite tangent 

acrm until plunger is in position to remain Bismgayed; (2 )  remove two 
Bcrews holding clrrmp together ; (3) remove balves of ClarnP ; upper ball race 
and bnll ring can bc! lifted up and cleaned if desired. using alcohol or high- 
Rrnde grisoline, then light o i l ;  ( 4 )  ltewr t ry  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 micronieter 
and tangent screws. The proper adaptation of the magnification of 
the peading micrometers tp 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. In general, the highest-powerecl 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 used. 
& work in mountainous regions a lightweight theodolite is desir- 

able, but if a very light instrument is used, it is not sufficiently stable 
in dzimuth. To increase the prewure upon the support a system of 
springs is sometimes used in connection with an  aluminum base which 
is screwed fast to the top of the stand supporting the instrument. 
Such an arrangement is shown in Figure 41. The same result is 
effected by using the device shown in Figure 42, which has mechanical 
meahs for exerting a downward pre]sure 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 adjust- 
ment; but the observer must usually direct his energies to  niaking 
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 second-order triangulation should be 
equipped with a vertical circle. The vertical circles built into mod- 
ern theodolites are sufficiently accurate for the trigonometrical level- 
ing and for the time observations occasionally required on second- 
order trianplation. 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 triangulation 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 mechan- 
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ical devices provided for malting the adjustments vary somewhat 
on different instruments, but an inspection will usually quickly dis- 
close the method of operation. A general knowledge of the struc- 
tural features of a theodolite is assumed in the description of 
adjustments which follows. If a new type of theodolite is to be 
used arid the meclianical means of adjusting i t  are not readily seen, 
proceed carefully, for a strained and weakened 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, 
whicli is dcsignetl to be the vertical axis of rotation, and incidentally 

FIQ. 42.-Dlagram o! pressure clamp for tlmMite 

The slot 8 and the fork f fn the clamp enablrs it to be slipped over the enlarged 
portion 1 of the lcvt,ling 8crc-w of the theodolite. By tightening the screw o the 
levellng screw is pressed firmly ngilinst the plate p ,  which in turn is faateard to tho 
trfpod bend of the towcar. This device increases the steadiiirss of a theodolite and 
does not set up strains in the trihrnch. 

to make the plane of the graduated circle horizontal, since it is 
necessary to assume that the circle is mounted perpendicular to the 
vertical axis. If tllis 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 the 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 js considerably out of level, turn the alidade 90" and bring 
the bubble to center by the third leveling scmw. Then place the 
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Angle of 
elevation 

or de- 
pression 
of the 
line of 

colliina- 
tion 

bubble in its original position and repeat the operation until the 
bubble is in adjustment within less than one division, always check- 
ing the final 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 a t  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 eliminated 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=i tan h, 

where i is the angle of inclination in scconds 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 to an inclined circle is indicated 
by the following table: 

I r rora  4% hmizmtat dfreotions &ue to inohation ol vertical w9 of imstrumerzt 

Correc- 
tion to 
hori- 

zontal 
direction 

Inclina- 
lion of 

the 
vertirsl 
asis 

20 0.00 

2 I:::: I 

Striding-level adjustment.-In describing the adjustments of the 
level the term " bubble :]xis " de3otes that horizontal line, tangent 
to the surface of the centered bubble, which li& 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 the 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 axis of the telescope. Bring the bubble to the 
center with the leveling screwk Test for “wlind” by rockihg the 
level slowly forward and back on its supports. If 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 ‘‘vnind.” Correct the 
defect by the 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 khe leveling screws and tlien reverse the level. If 
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 teles-ope perpendiculnr to the 
vertical axis 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 180” around its vertical axis. The 
amount by which the bubble 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 shows no displacement when the alidade is rotated through 
180”. 

I n  a few instruments no mechanical arrangement is macle for the 
standard adjustment, and the only may it can be made is by mrefulls 
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 llns been knocked out 
of its true position. I f  the pivots of the telescope are appreciably 
linequa1 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 
didnde is completely corrected by the reversing of the instrument in 
the middle of tho observation. 

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 the wyes so that 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 there is no change of the pivots in the wyes during the 
occupation of a station, no error in the angle measures results from 
the pivots being unequal in diameter. 

Irregularity of pivots.-If the pivots are not truly cylindrical, 
a striding level placed in position on the pivots will change its read- 
ing as the telescope is slowly rotated on its horizontal axis, unless the 
pivots are irregular in exactly the same amount and phase. I f  the 
irregularity is large enough to cause an appreciable movement of the 
bubble of the level, it  will cause errors in the measured horizontal 
angles. 

I f  either 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 spason, in order that the pivots may be 
reground. 

Focusing adjustment.-The error due to 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 the sky. Screw the eyepiece of the telescope in or 
out until the wires show the sharpest and blackest. Next focus the 
telescope on a distant object, and then test the adjustment by moving 
the eye slowly across the front of the eyepiece. If 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 until 
the objective is at  the proper distance to cause the image of the object 
sighted upon to fall exactly on the plane of the cross wires; in this 
position no movement of tho wires over the field of view will be ap- 
parent when the eye is moved across the eyepiece. The adjustment for 
parallax must be closely watched, for the error due to lack of proper 
adjustment is not eliminated by the method of observing. It is 
especially noticeable if the eye' of the observer, because of a strained 
position, is not in front of the exact center of the eyepiece. 

The adjustment of the eyepiece must also be tested frequently, for 
as the 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 the image of the light between the sighting wires. 

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

Collimation adjustment.-The purpose of this adjustment is to 
make the line of collimation of the telescope perpendicular to its 
horizontal axis. To make the adjustment, point the telescope upon 
some sharply defined object, and, with the alidade 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. If the object is not bisected after reversal, 
correct half the discrepancy by shifting the reticule by means of the 
screws provided and again bisect the object by using the tangent 
screw. Repeat the test to check the adjustment. 

I f  the instrument can not be reversed in the wyes, set a stake, A,  
several hundred feet distant and bisect it with the wires. Plunge 
the telescope with the alidade clamped and set a second stake, €3, 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 axis 
and then bisect the stake A. Plunge the telescope with the alidado 
clamped, and if the wires do not bisect stake, B, set another stake, 
C,  in the line of sight close to €3. Set a fourth stake, D, one-fourth 
the distance from C toward R and adjust the wires by means of the 
retkule screws to bisect D.  Check the adjustment. 

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 telescope, 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, mrrect 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 c sec h, where c is the angle of error in the horizon and 111 
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 the horizontal axis of the telescope, with the level bubble 
mounted on the vernier frame, the verniers not being adjustable. 
Sin- &he method of observing entails the reversal of the telescope 
during each measure of a vertical angle, thus eliminating the error 
of the level, it is customary tQ leave the level bubble on the vertical 
circle unadjusted. 

If it is desired to adjust the bubble, use the following me,thod: 
Establish a truly horizontal line by means of the “peg6” method. 
This is done by setting up the theodolite and leveling it. Two pegs, 
A and B,  are driven into the ground for rod supports at equal 
distances from the theodolite and about 180” apart in azimuth. A 
level rod is read successively on the two pegs, with the vertical move- 
ment of the telexope clamped, the bubble of the level on the vernier 
frame in the center of the tube, and the vertical circle set at the 
reading correlslponding to the horizontal position of the telescope. 
The difference in the rod readings is the true difference of elevation 
of the two pegs. Next set up the theodolite very near peg A. With 
the bubble centered on the vertical circle level and the vertical circle 
reading the same as before, read the rod on that peg by looking 
through the objective end of the telescope. If this reading is 
greater than the first reading 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 rod a t  peg B at the reading 
so obtained. The telescope is now horizontal. Adjust the vernier 
to read zero or whatever corresponds 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 the vertical circle is 
usually of no consequence if ordinary care is used in leveling the 
instrument. 

sin h=sin h’ cos i 
where h is the true altitude h’ the observed altitude, and i the inclina- 
tion of the horizontal axis. 

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 little toler- 
ance is permitted in the fit of the centers that an adjustment is 
often necessary to regulate the variations of friction caused by wear 
and by changes of temperature. This usually takes the form of @ 

aut  or screw at the lower end of the vertical axis which, by pressing 
upward upon the lower end of the alidade axis, lessens the weight of 

The formula for obtaining the true altitude is, 
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the alidade and telescope upon the conical bearing surfaces. This 
adjustment must 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 axis. Test for play 
in the conical bearings by pointing on an object and noticing if a slight 
pressure on the alidade will move the telescope off its pointing. A 
better 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. If a series of three or four sets of such 
alternating 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 centeis.-Sinre it is almost impossible to secure 
an exact coincidence between the 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 micrometers 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 eccentric center. 

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

Micrometer ad justment.-The micrometer microscope is a most 
satisfactory 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 objective and eyepiece, a t  such 
a distanee from each that the movable wires in the micrometer box 
can be brought into the focal plane of each lens system. The prin- 
ciple of operation will be more readily understood after the 
mechanical details of the micrometer box have been described. 

The mechanical arrangements of the box vary somewhat. on differ- 
ent instruments, but two typical arrangements, illustrated in F i w r e s  
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 the 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 micrometer head j’, 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, k, on which the micrometer head, f ,  and the attached 
spindle works, a washer on the micrometer head bearing against the 
end, 2, of the micrometer case. I n  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 inner 
side are two rods, m, around each of which is tt helical spring, 72. 

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

The diagram on the left showu the apparent arrangement 
in the field of view of the comb, wires, and circle graduatlone; 
on the right, the graduated drum of the micrometer. The 
rending m shown by the movable* wires, comb, and drum if4 
‘74‘ 68’ aO”, the circle being graduated In &minute spacta 

The rods and springs pass through holes in the upright partition, 0, 

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 this 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 
turns nnd fractional turns of the micrometer screw. The magnifying 
power of the objective and the pitch of the micrometer screw are so 



I 
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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 minute 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, 6 ,  anchored to the outer case by the screws,~, hold the slid- 
ing frame, ;,.tight against the block,d, 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, IC, which is threaded into the 
slide. A spherical tip on the end of the micrometer screw fits into ta 
depression of similar shape in the block, 8. The comb is adjusted 
by the capstan-headed screw, g. 

A single-micrometer microscope is in correct adjustment when the 
following conditions are fulfilled : First, when the micrometer lines 
and image of the graduated circle are so closely in the same plane 
that no parallactic movement can be detected by shifting the eye 
laterally; second, when five revolutions of ,the acmw will exactly 
traverse the interval between adjacent graduations on the circle 
(when the graduations on the circle are 5 minutes apart one complete 
turn of the instrument screw will usually equal one minute; when the 
graduations are Lo 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 
the comb. After these three conditions are fulfilled the micrometers 
must be spaced around the circle a t  equal intervals. 

Eyepiece ad justment-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 bs sufficiently visible. 

Adjustment for focus.-Loosen the screws wliich hold the micro- 
scope tube in the brackel clamps and move the tube up or down 
until the graduation marks are as distinct as possible, then tighten 
the screws. 

Radial adjustment of microscope.-There is usually some sort of 
hinged joint provided for adjusting the objective of the microscope 
radially. This adjustnient 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 parallelism.-If the parallel wires of the dia- 
phragm are not parallel to the graduation marks on the 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 i t  by the screw 9. 

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 the micrometer case adjacent to the drum. Check to 
see that the parallel wires have not moved off the zero of the comb. 
If 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. 

is threaded to have one revolution equal to 
two minutes of arc, then the graduated drum will have two gradua- 
tions on i t  marked zero seconds, the numerals of the second minute 
usually having some distinguishing characteristic. Care must bo 
talien always to adjust and read to  the proper zero mark. 

Adjustment for run.-Bg “run  ” of the micronieter 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 
parallcl 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 parallcl 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 mngnified image 
are a t  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 
i t  in the opposite direction. Thercfore, 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 

I f  the micrometer 
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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. 

I f  more than five complete turns of the screw are required to make 
the parallel mires traverse the space between adjacent graduations, 
the adjustment 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 B portion of the circle where the error is near the 
mean. Also, the final adjustment should be tested by taking the 
mean of a t  least 10 readings of the screw 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 slim 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 the entire 
tube instead of changing the objective in the tube, since the change 
in distance affe:ts the run at  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 usecl for readiq .  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 cye can judge and should be adjuqted to be parallel to the grad- 
uations. If the wires are not parallel or are slack, they should be 
rcrnounted, as described on page 63. They should also be heavy, 
bltick, and smooth. 

The formnla 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. 



58 U. S. COAST A N D  GEODETIC SURVEY 

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. 
r=average run of micrometer, plus 

-r 
300 Correction to  a=--T) a. 

a+b The mean, m=-. 2 

T 300”-(a+b). 
2 Correction to m=-- 

300” 

T r 
I-- m-. 300” 

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 a t  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 approximately 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 
next 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. 

( 6 )  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 a t  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 gradus- 
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. 

( c )  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 separzttely, 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 gradua- 
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 a t  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 
comb 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 aIready 
described. I f  the t>heodolite 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 equidjstance should be made a t  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.-On three-micrometer 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 adjusted to read in agreement with micrometer 
microscope A by whatever means are protided for such 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 ADJUSTMENTS 

The adjustrpents given above, with the exception of those referring 
to the micrometers, apply equally well to either direction or repcating 
types of theodolites. The verniers on a repeating theodolite are not 
usually adjustable in the field, and for this reason 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 adjnst- 
ment, except possibly the adjustment for equidistance around the 
circle, which can be made very quickly. 

Some theodolites have optical verniers instead of the usual contact 
verniers. An optical vernier, shown in Figure 37, is a microscope 
with the vernier lines ruled on a glass slide placed in the focal plane 
common to the objective and the eyepiece. The microscope 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, superimposed on tho 
graduated lines on the plate, subtends the proper number of divisions 
of the graduated circle. The optical vernier is superior to the con- 
tact vernier in that there is no attrition between contact edges with 
consequent parallactic errors in the readings after those edges have 
become worn. The optical verniers, however, are more liable t o  
injury and to loss of adjustment than are contact verniers. 

WILD THEODOLITE 

A Wild theodolite (see fig. 40) recently purchased by the Coast 
and Geodetic Survey for first-order triangulation is constructed on 
novel principles and seems well adapted to  triangulation of first, 
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second, or third order. The horizontal and vertical graduated circles 
are of glass. By an ingenious arrangement of prisms the images of 
opposite portions of either the horizontal or vertical circle may be 
brought into the field of view of a reading microscope mounted 
alongside the telescope. Mechanical means 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 moving from the eyepiece of 
the telescope. The single reading so obtained is the mean of two 
readings a t  diametrically opposite points of the circle and is there- 
fore free from errors due to the eccentricity of the graduated circla 
The theodolite in its steel case weighs only 38 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 i t  carefully and 
slowly, noting the exact manner in which i t  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 it entirely by the tribrach or by the lifting 
ring, and never by the standards 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 instrument it should be dis- 
mantled and reassembled, but the observer should seize the first 
opportunity to see any part with which he is not familiar dismantled 
in the instrument shop of the survey, or by a more experienced ob- 
server. He should also study out any detail of construction which 
is not a t  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 its box while wet, it should be thoroughly dried and oiled at 
the first opportunity. A damp packing box or storage space will 
ohuse 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 sea, or 
when putting i t  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 friction 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 mag 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 remains cloudy after the above treatment can not be cleared by 
field methods. 

The component parts of a 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 doscrip- 
tion of the method of installing micrometer wires follows : 

Take the micrometer apart carefully, in order not to break any 
wires which do not need replacing. 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 i s  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 piece 
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. 

If 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 wl'll 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 diaphra,p wires, but the wire must be thoroughly cleaned 
with alcohol, stretched in place under considerable tension, and 
fastened by 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 wax, 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 sufficiently rigid with 
properly shaped pieces of wood wrapped with cord or wire which 
was 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 for, the entire structure of the theodolite 
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 see 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 axis, and the 
junction of the seating of the object glass and the telescope. 

I f  the agreement of the separate measures of a direction is sa t i s  
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 
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 efficiency 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 are 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 loo 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 R micrometer 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 axis of rotation 
of the micrometers, except as this curve is distorted by the accidental 
and short-period errors at the maximum and minimum points, the 
eccentricity curve being u. 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 rzmount; 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 
attt amount. Thi! 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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relation to the other grad- 
uations of the circle, for 
each of the two gradua- 
tions on which the read- 
ings depend may be in 
error an approximately 
equal amount in the same 
direction. When an A -  
B value plots far from 
the mean curve, however, 
it must necessarily mean 
that one or both the grad- 
uations on which t h e  
readings were made are 
in error by an undue 
amount. Additional A- 
B readings should be 
taken on near-by gradua- 
tions to localize the error. 
When a graduation mark 
is known to be percep- 
tibly in error it should 
not be used as an initial 
setting with either a di- 
rection or a repeating 
theodolite. If ,  with a 
repeating theodolite, a set 
of repetitions ends on 
a portion of the circle 
where the graduations are 
known to be in error, 
an additional repetition 
should be made before 
taking the final reading, 
a like number of repeti- 
tions being made of the 
explement of the angle. 

The efficiency of the 
micrometers and verniers 
can best be tested by mak- 
ing a number of readings. 
A vernier should be capa- 
ble of being read quickly 
and accurately to its 
smallest graduation. If 
the graduation and ver- 
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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 6l/-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, par- 
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 
i n  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  i t  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 d i e  spring. 

The relation between the greatest magnification obtainable by the 
telescope and the pitch of the tangent screw shonld 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 
micironieter 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 tho 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 3GO" 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 a t  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 aziniuth. A four-point leveling head, or quadribrach, 
should never be uscd for an instrument for third or higher order of 
horizontal 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 Figiire 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 R station mark directly under II definite 
point on the tower. 

I n  principle the instrument consists of a telescope, fitted with a 
diaphpgm bearing cross wires, a tribracli 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 
recentrically 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 the eyepiece until the wires 
are as sharply defined as possible, then focus the telescope on the 
object beneath so that 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 diaphra,w screws until thc 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 the 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 tclescope is 
rotated to  four different positions approximately 90" apart. The 
intersection of the lines joining the diagonally opposite points will 
be the point sought. 



70 U. 8. COAST AND GEODETIC SURVEY 

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. If 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 small 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 ;I 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. I n  such a case as this it is frequently best 
to find the point on the station mark directly 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 collirnator has been designed to  be 
mounted on the tripod of a Berger '?-inch theodolite and to extend 
the vertical line upward initead 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 45" 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. 

INBTRUMENTEY 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 rusting and the leather 
cases from shrinking. I f  a 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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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 o€ 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 o€ 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 station. 

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 at  
some near-by object, such as a rock or tent, and center the reflected 
light so the shadow of the ring next the mirror 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 t,he centers of the rings. 
I f  such is not the case, the affected part should be removed from the 
box, 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 o n  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 
cover9 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 a 
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. If 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 nails. 

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 into which 
the bulb fits. Sime it frequently 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 8 flat surface, such as a 
tarpaulin about 100 feet or more away, and varying the adjustment 
until the brightest part of the disk is but little larger than the lens of 
the lamp. After this has been done the sighting device should be 
adjusted to point exactly above the center of the brightest part of 
the illuminated surface and as far above it as the sighting tube is 
above 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 lamp 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 two or t h e e  hundred feet away, is evenly illumi- 
nated. A stake can also be set with its top at a point where the light 
is the brighest and the sighting tube adjusted to the proper distance 
above that point. 

A clocltwork 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 aato- 
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 Lightlreepers, Special Publication No. 65. 

PRINCIPAL SOURCES O F  ERROR IN HORIZONTAL-ANGLE 
MEASUREMENTS 

A good observer is one who can consistently secure results com- 
mensurate with the possibilities of the instrument whivb he is using. 
Proficiency can be attained only by careful study of the instriiment, 
by constant exercise of good judgment, and by making 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 hut fail to make allowance for 
the phase of the s i q a l ' a t  the other end of the line of sight and point 
several inches to one side of the true mark, It is also possible to be 
very careful in perfecting all the instrumental adjustments, but omit 
a careful testing of the stability of the support for the theodolite, 
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FIG. 51.-AUTOMATIC SIGNAL LAMP 

The %day dock shown at. the left, end of the hnttery hox on t,he left cnn be set to turn t.he light, on 
for a definite nnmher of holm earl1 niKht. Uf 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 mora 
serious than are those due to the instrument being slightly out of 
adjustment. i< 

The actual pointing of an  instrument on an  object is a simple 
operation. I t  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 the instrument and in studying how he can perform: 
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 prejudicial 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-scheme observations. The intervening 
time cnn be used to advantage in measuring to reference marks or in 
making the obscrv:ttions upon intc~scction stations. 

Aside f roni 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 a t  the top which 
fastens to a threaded knob projecting downward from the center of 
the tribrach. I f  this bolt is set up too tight, great stress is placed 
upon the tribrach and strains are set up in the material which are 
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 fo r  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 
tripod, with legs hinged at tho top and no braces, depends for its 
stability in azimuth 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 o r  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. If 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 m d  
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 makes the pointings upon his 
w i p e d  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 tho 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 
effects of these temperature changes are manifested in various ways, 
A graduated circle will expand on the side next the sun and there will 
be a differential change in the eccentricity of the circle which will 
not be eliminated. One side of the telescope will expand faster than 
the other, with a consequent change in collimation adjustment. 
gtandards 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 more accurate results than slow 
pointings. 

Another element which is often not appreciated is tho 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 reeding microscopes 
should 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 a t  40 miles,” or 
that an inch represents about 31/3 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. Upon reaching a 
signal which has been observed upon it should bc 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 i t  
some little distance from a station in line with the distant station at  
which the observer is worlrin,g. 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 niaintain it in position. A theodolite, 
if available, should be i iscd 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 observer7s station, 
as indicated in the preceding paragrilph. 

The errors in horizontal-angle measures due to phase, or to the 
unequal illumination of a target, are often of considerable magni- 
tude. I n  effect it is an eccentricity which could be corrected for if 
i ts  exact amount were known. The difficiilt,y 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 the best telescope available 
and decide upon what part of the illuiiiinated surface i t  is necessary 
to observe in order to eliniinate 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 i t  is remcmbered ,that most of our telescopes are 
inverting. Under the conditions last stated it 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 Paced toward the observer. A vertical 
pole with a T cross section has also been used to advantage. %he 
stem of tho T is ti 2 by 2 or 2 by 4 inch piece, while the bar of the 
T is a thin board, which is fnced toward the observer. The thin 
edges of the board prevent any errors of phase, arid the square tim- 
ber, hidden from the observer’s view, gives the necessary rigidity 
to  the pole. 

HORIZONTAL REFRACTION 

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 t o  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 a sloping terrain these strata of 



78 U. 8. COAST AND QEODETIC SURVEY 

different densities are not horizontal, and a ray of light passing 
through them 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. 

The most potent cause of this variation of density is the unequal 
temperature of different 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 
make 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 there 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 
when 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 
i t  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 time 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 fa r  from the true one, nor does a small range conclusively 
indicate the absence of some constant error. (See p. 88, regarding 
rejection of observations.) If 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 the object from that which his judgment 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 attitude toward his results and read the angles with- 
out bias, for an angle forced to give a good triangle closure will 
often 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 t o  detect, but it may make a reoccupation neces- 
sary. A light or signa1 partly obstructed from view by intervening 
objects may cause an error of several seconds. Occasionally changes 
in vertical refraction will cause a light or target to  be partly 
obstructed that a t  other times is entirely clear. 

NAMING OF STATIONS 

The name assigned to  a triangulation 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 marl= 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 stations only when 
names of geographical significance can not be found. Especial carer 
should be taken to learn the proper spelling of names used for tri- 
angulation stations, whether these are the names of mountains, rivers, 
and points, or the name of the owner of the land on which the station 
is located. It 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, i t  has 
not been the policy of this bureau to insist upon this right. I n  
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 party 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. 

DETERMINATION OF VALUE O F  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, 
This is readily done by the method described below. The principle 
of this method consists in measuring an intercept whose length is 
known, at a known distance, in terms of divisions of the bubble. 
The angular value of the intercept is then calculated and the valuc 
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 Fcrew for moving the telescope in a vertical 
plane. Suspend vertically an accurately graduated tape a t  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 gratluated 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 mark 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. 

Next 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 a t  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 cbnnect a triangulation scheme to 
a bench mark. If 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 

e . e  sin __- 2(1- 2m) -i- h=2p -- 
(1 - m)O 
1-2m cos 

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

as h).  
m=coefficient of refraction. 
e= 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. The ap- 
proximate formula is 
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in which t9 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-W) =9.92428, the a p  
proximate formula becomes simply 

or 
li (in meters) = 0.000089135 0 
log li= (5.95005- io)  +2 log e 

This form of the formula is sufficiently exact in most cases. How- 
ever, if an accurate value of m has been determined a t  th0 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 RREAKER 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. 
If the station is high and the 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 formula for the distance is as follows: 

[1-22m+2(1-m) tan 3 
2P2 

e hS cot6 8 

5[1- 2m + 2( 1 - m) tan2 els 
8 p8 

+ 
n 4  Cot78f . . . , 3- 

in which 8 is the angle of depression or the zenith distance minus 
go", p the radius of curvature of the earth, and m the coefficient of 

~~ 

aThese formulae were derived by Dr. 0. S. Adama, of the diviaion of geodesy of thte 
bureau. 
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refraction. With some approximation the above formula will take 
the form, 

8 = 7 ~ ~ 0 t e + ~ ~ ~ c ~ t g e + 2 ~ ~ h ~ ~ o t 6 e + 5 ~ ~ h * ~ o t 7 e +  . . . . 
in which, 

(1 - 2m) sec2 0 
2 P  

K =  I 

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

8= h cot O f  Kh2 cot8 B 

SPECIFICATIONS, THIRD-ORDER TRIANGULATION 

Accuracy.-The same instrumeuts and methods will be used on the measure- 
ments of angles for third-order triangulation as were specifipd for second order 
(see p. 33), except for such minor changes in methods a s  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 
h‘econds and a maximum closure of 12 seconds. 

To secure this accuracy with a direction theodolite reading to one second, 
two positions of the circle will usually be sufficient. 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 
lesecond repeating theodolite, from one t o  two sets of 0 I)/R (we p. 33) will 
eufflce. 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.-Measurements of vertical angles will be made under 
the same conditions a s  were noted for second-order triangulation (see p. 36) 
and by the same methods. 

Marking stations.-Each station Iocntd with third, or higher, order of 
accvracy shrill be marked In accordance with the instructions on pages 38-41. 
In  addition, enough intcmection stritions shall be permanently marked as will 
insure the distribution of pwmanent 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 
gecgraphic 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 computation accepts the “List 
of directions ” prepared in the field as correct. The “ Computation 
of triangle sides ” and “ Computation of geographic positions ” ar0 
sufficiently self-checking, if carefully computed, and do not need 8 

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 a neat and 
orderly manner on the forms provided for the purpose. 

On second and third order triangulation the angles and azimnths 
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. Six 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 decimals. 

Certain computations must be kept closely up to date. This in- 
cludes 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 computation and checking progresses. It should 
be remembered that the onus of any uncaught mistake is chiefly upon 
the person 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 1.2, 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, horizontal angles (for repeating instrument), Form 250. 
Record, horizontal directions (for 2-micrometer direction instrument), Form 

Abstract, horizontal directions (for direction instrument), Form 470. 
List of directions, Form %A. 
Reduction to center, Form 382. 
Triangle-side computation, Form 25. 
Position cmmputation, Form 27. 
List of geographic positions, Form 28B. 
Record, double zenith distances (if observed), Form 252. 
Abstract of zenith distances (if observed), Form 29. 
Computation of elevations, reciprocal observations, Form %A. 
Computation of elevations, nonreciprocal observations, Form 29B. 
Description of station (new stations), Form 525. 
Description of station, recovery note (old stations), Form 526. 

25lA. 

RECORD, HOBIZONTAL ANGLEB (REPEATING THEODOLITE) 

An example of a record is given in Figure 52. From this the 
resulting directions should be written in the “List of directions” 
(fig. 56) without 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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FIG. 63.-Sp(~clmen, record horizontal angles, intersection stations 
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seconds, which will check the reading of the minutes for the six 
repetitions. The reading of one repetition on one vernier does not 
give a sufficiently accurate check. Use the reading on three repetitions 
as a check only. 

i 

ij 
.34 

t w 

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

RECORD. 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 DIRECTIONS (DIRECTION THEODOLITE) 

It is important that this form be made out carefully, because the 
mean directions derived from the abstract of horizontal directions 

ABSTRACT OF DIRECTIONS ommmrn "I C*."Wrn" 

m"" 410 
I& I.&. lsll 

,, . - .w .-E Urn 

S& ... W.?%?C 

3di.m . . . ~  Commdtd 6g Dds ...Fab~...~.lg.~~.....- 
Obsrrmr .E-%& Chwkd bg ... $*k& _____......._ Ind. Na 3.q ~ _ _ _ ~ -  - 

STATIONS ORSICRVtO r O . 3 1 1 0 1 1  NO. 

0.00 16.6 29.6 39.a 44.0 21.4 
kZ.E]R 

0.00 17.4 29.5 38.4 43.4 24.0 

0.00 14.9 a.8  38.7 41.9 22.6 

0.00 l5.8 'a7.6 37.6 44.0 22.0 

0.00 19.0 30.3 38.0 u.3 24.S 

0.M) 16.9 29.6 39.4 42.7 P.6 

0.M) 16.8 30.4 40.6 13.7 22.8 

0.00 

0.M) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

=.a m.7 310.6 ~ 2 . 7  u4.6 

l6.6 29.6 58.6 48.6 1.1 

&A 

16.6 29.6 38.4 42.8 a3.i 

m0. 86.-gpecimen, abstract of directions 

constitute the basis for all the later computations. Every position 
observed at a station on main-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 take9 as 5 seconds from 
the mean. Specific ways in which the rejection limit is to be applied 
are indicated below. If 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 i t  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 not 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. I f  the values obtained for one or more directions on the various 
positions of the circle show a considerable range, the safest, plan, 
and the on0 which should be followed if the average closing error of 
the triangles involved is more than 3 seconds, is to observe all the 
positions a second time and us0 the new data to determine the value 
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 rejeoted. After a trial mean is obtained and the rejection 
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limit applied, none of the observations rejected should be again in- 
cluded even though the new mean would bring them within the 
limit of rejection. 

7. The results obtained by applying rigorously the limit of rejec- 
tion, even though the quantities rejected are just outside the limit, 
will probably be but little different from those derived after long 
consideration, and much time can be saved the field party by a 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 not only the mean directions 
t o  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 to 
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, leave the " Eccentric reduction " column blank. 
I f  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 mcbin-scheme stations, 
while the names of tho other points are written in with ordinary 
width of line. The distinction between the main-scheme points and 
others can be further accentuated by the use of asterisks if desired. 
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Whether the directions shown on tha form have been reduced for 
eccentricity or not, any eccentricity of light or instrument a t  a 
station should be recorded on the list of directions in a form that is 

COnn.11 i, 00'0o:O ' 

Qox 24 14 16.6 
B.U.dist. 5.254 m. SOZIU 
Episcopal charoh mpire 122 15 33.4 

stonr ut. 2Z7 ZI 29.6 
Eecentrlo light, d imt .O .OPm 240 37 
Decatur E. Base 290 88.38.4 
Decatur 1. Baas 330 m* 43.8 

CandlU 559 54 23.1 

(Method of recording ecccntrlcity 
thaodolite is  centered over station snd 
light i n  eccentric.) 

Light eccmtrlo as given abovb when 
&lo eccentricity of rhom t o  Stone lit. 

llzht to  other rtationm. I70 eccentricity 

of theodolite. 
A l l  dll'rCtiOBl r e d W d  f6r eCCatriOitS. 

. , .  . ' / . : . I .  . 
' I  

(Yethod of recording ecoaatrtclty 
when theodolite i m  eocentrio end 
scomtrfo light t m  -re tbm 0.1 m. 
from tha true atatton.) 

c 

(&ifion o f  theodolite) 

(ieoord larat  a ta t r  to  drat a t e  
tionm tha l ight  m a  rhom in above 
pooltion. 

Maamring the dimteacc frm the 
trua atation to the ecceptrio 
l lght  rill give a check on tho 
m h e a  f o r  the elements of the 

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 is 
centered. The sketch should always be included. 
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Whbrever it is possible to mount the theodolite 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. 
Directions to 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 amounts 
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-as, 
“Roundtop Eccentric.” I n  this case the angle and distance 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- 
tric station and the marked station are distinctively marked. 

When a t  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 normal 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. The 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 mistakes and ambiguities in triangulation records are trace- 
able to that source. 

* 

REDUCTION TO CENTER 

When observations are made upon m 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” 
a d  the computation necessary to correct the angles to make them 

B B B B 8 9 ” - 4 0 - 7  
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refer to the true object is called the reduction to center. The Same 
process is used in reducing to the true station the observations made 
upon an eccentric object as in reducing to the true station the obser- 
vations made at  an eccentric station. No correction for eccentricity 
is necessary, of course, if the object observed upon is in the vertical 

INSTRUCTIONS 

nylulred reduction ta oen& le, le mondm, e:=,, In fhtch d b th. dLtmca from tho acmu~trLa rtrtion b 
the true dation, and a la the len h In meters of the Une betwwn tho true stations Involved, and, therefore log 8 is taka 
directly from the computation o%hngle sides. a is the drrection of the distnnt station Involved, reckoned’ln b elao!iw+#e 
direction 811 usual but referred to  the direction from tho eccentric to  the true station or center taken 811 wro. Thim 
defidtlon of o la b e  for the CMB in which the object pointed upon 1. eccentric, an bell u lo; the csae in whlch the 
Instrument & eccentric. 

Do not in an case carry the derived reductions 
to more t%an two decimal laces There is no advanta e in carrying ti& to more decLnl placea than the dlrectiolu ta 
whlch they u e  to be a p p f d  & carded on Form 24 k 

Can o to minutes only and sll logarlthma to five decimal pkoea onl 

BEDUCTIONS FOR AN ECCENTRIC INSTRUMENT 

ff the lnotmment Is eccentrla the Brat column of thls form should contain the names of theatatlona ohscrved fmm t h a t  
ecoentrio position of the lmtrumcnt. 

The valued in the Bfth column are derlved by subtracting those in tho fourth column from thoae In tho third. The 
valuea In the fourth column may need to  be derived by succemve approximations from the triangle side computations U t he  
eccentric reductions are large. The valued In the sixth column are ohtnined from thoae in the Nt4  by adding log 4 
derlved 81) indicated in the headlna of the form. if d Is exmeased In metera. If d la ex~ressed In feet. to  the other two 

sln 1 

~ ~ ~~ . -  
d l r e ~ t i o ~  lnvolved In that anglX 

REDUCTIONS FOR AN ECCENTRIC OBJECT OBSERVED 

U the object observed b eccentrlc the heading “Eccentric Statton -I’ should be changed t o  “Eccentric Ohierved 
Object a t  Station -)() the Erst column should contain the names of the stations from which this eccentric object wm 
obeerved, and in eneh case o 18 the direction from the eccentric object,to the distant station involved, reckoned In 6 
clockwise direction cu unual, but refemd to the direction from the ercentnc object to the true Station, or center, taken 8. 
%pro (No distinction need be mnde between the direction from the eccontric ob’ect to  the diatant station and the direction 
f r o i  the true station to the diatant atatlon except when the eccentric reduction 1s more than one minute.) The r smdnde~  
of the computation on thin form is made in the manner indicnted above with refcrence to an eccentric Inatrument. The 
reductions to direction8 are, however, to be applied to  obeerved directions a t  the stations named In the first column, to the 
eccentrio object a t  the stntlon named in the headlng. The directions 40 whlch these redUCtiOM are to be appUed are 
therefore found in various of the lists of directions on Form 24 A, not aU in ow Uat w L the o w  who4 the IsPtruawnt 
Wcsntric. 

Campue the followl~g example with that given on Form 24 A. 

REDUCTION TO CENTEB 

I Jogarithme add ala0 9.48402 to concert to meters: To obtain a directiou B* rhown on Fuim 24 A, subtrnct tho reduction o 
for the station which is the initinl on Form 24 A from the rerluctlon c for the required direction and apply the diRercnco t o  
the obsorved direction. limliariv. the correetion to any awl0 is tbe diiTcrcnco uf the reductionr on this form i o  tho t w o  . 

center __.._________.. i- 

E d g  ________._...____ 
Oentral_________._______ 
LlttleRlver _ _ _ _ _ _ _ _ _ _ _ _ _  
Lyons,arlt works .... _ _ _ _  

0 00 _.-_--*.--.*-_---*----.--.-----.---*..-.-- .--- d -.-. --...-.-----_ 
179 18 awem 449198 a,ma R P M ~ ~ Q  + R ~ B  
224 $7 9.84528 4.40254 6.44274 1.79806 - 62.81 
242 47 9.84804 451928 ti42976 . 1.78607 - 80.96 
249 02 9,97025 4306 i6  h66400 !2.01940 -10467 



r 

NOMOGRAM 
?OR 

REDUCTION To CENTER 

SEE m Inz 
d - ~ ~ ~ e ~ ~ t b f i v ~ .  
8 -  &&-a- &men f ru  J&S I- 

a- drntrn d d h f  swm 
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rb c r n b  Q h &fm. 
c- CorrCCfQ7 U? $ C C d  d W h #  
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P FIG. t8.-Nornogram Cor reduction to  center -247 
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TBUNGLE-SIDE COMPUTATION 

The usual arrangement of this computation is shown in Figure 
81. 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 
and 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 diagonaI. Thus, -3”.O- 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 sufficient for this computation in all cases. 

The spherical excess is computed by the formula e=a b sin CXm, 
where B is the spherical excess, a, 6,  and C are two sides and the 
included angle, respectively, of the corresponding triangle, and m a 
factar 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 mean 
latitude of 55’ 23’. 

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

log distance Bnptiste to  Trouble _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  = 3.680 
log distance Plorea to Trouble ____________________-_ = 3.727 
log sin 66’ 44’ 33”.6 __-_-__ -----_-------- ----_-____ = 9.963-10 
log m (lat., 55” 23’) ................................ = 1.403-10 

log e ________c___-______-----_------__----~- = 8.753-10 
~-,---,,-,,----,-----,,------------,,- = 011 



. -  
_I 

Chief of party .. ~&&!~._.._._.._..____..I... Dale -.&-q*..&Q@> ._.___.___.. Computed bg -.Q.&H. 
Obreroer ... EILII... ~ IrWlrumenl.-Hb27P __.._.____ Checked 6y -.a.P.aL __ 
Enter 
c0ngr.p 
htQ1.t 16 46 36.6 ' 
Crbrrs 27 37 08.4 
coco s 43 69 Be.1 

Lat 65 aB 19.2 
yond 96 14 36.2 

1-0 47 47 38.1 

Baptirte 116 19 09.7 

Juan 135 39 38.4 
R.U. Bo. 1 d1.t. 14.13 S. 140 04 
Trouble 168 17 12.0 
R.U. l o .  a a r t .  6.45 0. 

81- ase 12 45.6 
b19 ars a m a  
OOT. me ca.a 

186 19 

Fro. 60.-Lfst of dlrectlons for two statlona o! quadrilaternl 
(Wr cxplmation see p. 94) 95 
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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+ O ” . l =  O”.O + O”.L 

An approximate value for the spherical excess may be obtained by 
dividing the area of a triangle in square miles by 100 and adding 
one-third of itself to the quotient obtained. 

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

The closing corrections of the triangles with the spherical excess 
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 sniall angle. By subtracting 
one-third of the spherical excess from each spherical angle the cor- 
responding plane angles of the trianFle 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. I n  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 ths colog sine of 40” 32‘ 
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 example 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 ER, and not necessarily 
the one with the smallest triangle closures. 

In  triangle 1, Figure 61, the lengths of the lines Baptiste-Juan 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 a stronger deter- 
mination of the line from which the lengths would br carried ahead 
through the scheme. Similarly, to go from the line Trouble-Juan t o  
the line Flores-Juan and thence to the line Baptiste-Flores is much 

DECAlTYLNT OC C O W W I R E 8  
ULIOL', L*D M1I.l 

F o r m  an COMPUTATION OF TRIANGLES 

state: ... YMh ...... 

NO. ITATION OBBkRVXD ANOLI CORR'N 

2-3 a - T r 0 0 b l 0  

1 Baptirto 40 32 48.8 -1.0 
2 J u m  ll1 ae 25.3 -1.0 

3 Troublr m s e m  -g 
3.0 -3.0 

1-1 B s p t l m t c  

20 20 28.7 

lOa 60 17.2 

49 59 
1-3 RQO~-JW 
1-2 Rorer-Bqti  it. 

4-23 Bsp t i r t chwrb lo  

49 E8 02.3 
2 Boptirtr 63 17 30.4 
3 Trouble I 664433 .6  

6.3 - 

-1.0 
-1.1 

3!3 
- 

-2.0 
-a.i 

2i 

2-3 Jum-Troublr 

1 n o r e r  29 37 33.6 
2- 55 39 08.1 
3 Trouble 
13 Florer-Troub .e 

1-1 Florei-Joan 

94 * 33 
I 

-2.0 
-2.0 

33 

Ir11nn'L f51mi'L PLANE ANOLI  
UIL. IYW AND UISTANCE 

45.8 0.0 46.8 

a4.3 0.0 a4.3 
49.9 49.9 

0.a 

21.7 0.0 n .7  
18.1 0.0 16.1 
1 6 0 2  1s.a i% 

00.3 0.0 00.3 
a.3 0.0 a . 3  

31.4 

31.6 0.0 31.6 
06.1 0.0 06.1 

- 
LOOARITBH 

3 .m74l  
0.l87W7 

9.968757 
9.671332 

3.669M 

3.36a;lao 

3.- 

0.458911 
9.987209 
9.917657 
3.8oBa(o 

3.738688 

3.669645 

O.ll6968 
9 . 9 r n 8  

9.963191 

S.?a6MIl 
3.758694 

FIG. 61.-Sperimen, romputatlon of triangles 

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 Emn macle repratetlly to the 
errors in closure of the triangles. This has been chosen as the crite- 
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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 
the 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 a 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 at each Laplace station, and also between the length of a 
base as computed through the triangulation from the last base and 
its measured length. If the observer bears in mind these additional 
ksts 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 SOLUTION OF THE THREE-POINT PROBLEM 

If 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 regular 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-sida 
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 resolves 
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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Case I Case 2 hte 3 

A 

Caser t and P Cere 8 
P' 
P* 
A 

SUDl 
% Sum 

8 = 1 8 0 0 - ~ l u m -  

21 38 06.8 P' 
84 l a  57.9 P' 
86 29 42.3 

192 20 47.0 A 
SUm 

- 96 10 23.5 
A-eum 

03 49 36.5 S - X  (A-su~).  

Logc - 4.109221 
L0gshP'- 9.566668 -10 

Cologb - 6.355593 -10 
Colog sin P"- 0.0022l7 

Su-log t a  Z- 0.033699 

0 1  " * 19 43 P.1 
8 83 49 36.6 

@ana- )  
&#-angle ABP 
S+r-angle ACP 

BPA 84 ,  87.9 1w) 2l 38 06.8 PCB 29 18 51.3 

PAB 31 40 46.7 CAP E 4  48 65.6 
ABP 64 08 l5.4 PCA 103 3 2  07.6 CBP 44 60 00.0 

Bm 105 61 04.7 

FIG. 62.-Specimen, computation of three-point problem 



100 U. S. COAST AND GEODETIC SURVEY 

Given the sides, a, b, 0, and the angle A.  
Angles observed, APC = P’, ABP= P”. 
To find, ABP=x and ACP= y. 
I n  cases I and 11, let S=18Oo--1/2 (A+P’+P’’)=$$ (o+y). 
I n  case 111, 

Let tan Z= 6-n 

S=1/, (A-P‘-Z”’)=% (o+Y). 
c sin P’ 

then, 
e=% (0-Y) 

tan €=cot (a+45’) tan 8. 
If tan E be positive, x=S+r, ~ = X - E .  
I f  tan E be negative, x=S-r ,  y=S+e. 
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 

I n  Figure 63 is given the computation of the geographic positions 
of stations Baptiste and Blores 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 tables of the factors used in the computation, 
is contained in Special Publication NO. 8, Formula 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 GEOGRAPHIC 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-computa- 
tion sheet, arranged as shown in Figure 65. The equivalent in meters 
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FIG. 63.-Specimen, position computation 

d 
9 

3 



11- ..--I- 

FIG. 63.-Specimen, position computation-Continned 
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1.81000 - 

-U4;1 
y 92.0 , 

1 i 32.0 

-319.63 

2*504l=Il - 

9.912Sl6 
1.4990781 

3.9maq, 
3.289088, 

0.p3887 , 
2s6 10 al.7 
9.887m 
9.378391 

' a.920697 
I &  
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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, any one line of the triangulation is tabu- 
lated only once. For instance, the azimuth and length of the line 
Baptiste-Trouble is found only under Baptiste. 

Only the lengths and azimuths used in the position computation 
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 note to show whether or not the station was marked 
and described. The following abbreviations are employed for this 
purpose : d.=described, m.=marked, ra d.=not described, n. m.=not 
marked, Z.=lost, and r.=recovered. For example, d. m. after the 
name of a station means that it was described and marked, d. n,. MC 

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 completely 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. 

RECORD, DOUBLE ZENITH DISTANCES 

The arrangement of the record book and a specimen computation 
of the zenith distances are shown in Figure 66. The program of 
observing 1s given on page 43. The form of record for observations 
upon a star is shown in Figure 96. 

The D. 2. D. record is arranged for use with a repeating vertical 
circle ; for observations with the instruments ordinarily used the 
columns headed ‘‘ Rep’s of DZD,” ‘‘ Level,” “ C,” and “ D ” may be 
left blank. 

I f  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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I n  connection with each object observed’ upon it should be noted 

mhethsr the ground, tripod head, heliotrope, or lamp was pointed 
upon, in order that the observations may be properly referred to the 
station mark. In  the “Remarks” column on the first page of ob- 
servations a t  a station a record should be made of the heights above 3 
the station mark of the tripod head of the tower or stand, the tele- 
scope 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 seconds re- 
corded refer to a minute on the graduated circle one less than the 

L 89 86 
B nQ M NI1.r a.ao 1.1. 

(tr1pOa h . 4  

I a0 M 
L 89 86 

a.ro I a69 BI 
L 00 m self 

(tripod hod)  

I as9- 49 

B = 49 
L 90 11 11 

tinson a.sa 
(top of O-t.at. 
7 it .  rMn mrk) 

Bra&# 4.m I 249 61 
(top Of h . 4  C 90 05 

B a69 17 
L W  03 

9-1. t.4& 4.11 p, no 00 
(top Of flnlal) L 90 00 

0000 m 
11 89 11 13.6 UlLt Of m w  

1.m 8. 
ao 

a030 
m a 0  ln eu mco.0 

a000 M 
Do 0 0  00 Woaso.8 

1 2 2  * so Q, 900316.0 

s 
a0 w 1OsT.6 

00 PO104bO 

L m  
: s o w  

x m @ J  
a0 ao a0 

0 0 0 0  

Don 
a 0 0 0  

0030 

B’xa. 66.-Specimen, record double zenith distances 

of the zenith distance of Vinson the readings of the minutes and 
seconds of verniers A and €3 with circle right ( L )  are, respectively, 
11‘ 00’’ and 10’ 30”. 

A bar over a vernier or micrometer reading shbuld 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 ? I? ?I 

0 00 00 50 
or 359 59 55 65 
but the final reading of an angls should be recorded 

359 59 50 50 

O r  as 859 59 55 65 

- 
instead of 0 0 50 BO 

instead of 0 0 5 5 0 5  
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ABSTRACT 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 the same weight, regardless of whether 
many or few observations were made on that day. I n  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 

DI.AR*I.T 0. COY*.."C* 
V 8. COAST A I D  GLODl I lC  S U R V I I  

Form PB 

ABSTRACT OF ZENITH DISTANCES 
Sbtion:..QQclP __.__. ~~ _.___.._.....-__.._.__.._ 
Observer: LM, .._......___..._.... ~ __._______._____. 

State: ... ZeX(4.. _____  ~ ___.____--__ 
Instrument:.KflQcbrand,..Q-39a ___. ~ 

I1610 

192'7 P.Y. 0 1  
lll26 3.30 Fuller 4.12 1.47 -2.66 +25.3 89 55 62.5 

(tripod head) 89 56 00. 0 

89 55 56.2 89 56 2l.6 

3.40 Self 9.20 1.47 -7.73 60.1 90 02 52.5 
(tripod head,) 90 02 46.0 

90 02 48.8 90 w 48.9 

3.52 Vinson 2.13 1.47 -0.66 +10.8 90 10 37.6 
(top o f  &tent) $0 10 45.0 

90.10 4l.a 90 10 158.0 

4.06 Brodu 0.97 1.47 $0.60 4 . 5  90 02 52.5 

(tripod hed) 90 02 5 2 9  
90 oa 62.6 90 oa 48.0 

4.16 Ternla tanL 1.47 90 00 15 
(top of finial) 

FIQ. 67.-Sp~cimcn, abstract of zenith distances 

pointed upon is the final mark for elevation, as; for example, 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 = -  ____ 
s sin lN' . 

where r is the reduction in seconds, t - o  the difference in heights 
from the preceding column, and 8 the distance in meters between 
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the stations involved. This reduction need be made only when the 
observations are reciprocal. All other parts of the form should be 
completely made out and checked in the field. 

0pumlA.m oc eoMYIIIQ 
..w.lO.-W*I 

cOMlrrr*now OF -ATION# AND BBP*CTIONS mBl m A T I O N 8 ,  

6.8897 6.6W 
4.3240 4.4476 
1 . M  II 1.1417 

0 0 
0 0 

0 0 

1.aUl n 1.1417 
-16.4 'tl3.9 
aa0.o 830.8 

S . 6 .  __ a2.7 

6 . m  
A & P A L .  

0.33s 
0 
0 

0 

0.- 

SU.0 

A%?.&- 

*a. a 

I - -._- 

.Ib* lnd-.) nk Y c, IN p-$ .t#n NU -lull ta .U .od m -. p1I d la 
:HI Hem - 313.1 --- 

Fro. 68.-Specimen, computation of elevations from reciprocal observntlons 

COMPUTATION OF ELEVATIONS FROM OBSERVATIONS OF BENITH DISTANCES 

For reciprocal observations use Form 2 9 8  (see fig. 68) in com- 
puting differences of elevation. The lower part of the form, in- 
volving the weight p and the coefficient of refraction m+ is not used 

808089"-46-8 
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in field computations. The formula for the difference of elevation 
between stations 1 and 2 is 

?iz-hl=s tan jh (c,-g,) [ A  B C ] .  
I n  this formula h., is the elevation above mean sea level of station 
1, which should be the station whose elevation is the more pre- 
cisely known; h, is the elevation of station 2; 8 is the horizontal 
distance between the stations, reduced to sea level, log s being 
taken from the best available computation of triangle sides; t, is 
the mean corrected zenith distance of station 1, as observed from 
station 2; similarly, f ,  is the zenith distance of station 2 from sta- 
tion 1. The v,alues of t, and t, are to be taken from computing Form 
29. A ,  B,  and C are correction factors whose values 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 

h A = l + - l ,  
P 

in which p is the radius of curvature4 of the arc between stations 1 
and 2. B is the correction factor to the approximate difference 
of elevation, 8 tan y2 (g2-t,). Its expression is 

S R =  1 + - tan % (Ta-Cl) .  

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

2 P  

Sa C=l+---. 12pa 

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 “1/2 in secs.” and “ log ditto ” 
may be omitted and log tan l/rL (g2--g1) may be taken directly from 
Vega’s or Shortrede’s tables and entered in the line marked “T.” 
Having found log [s tan 1/2 ( f 2 - f l ) ] ,  use it to take out log B from 
the table on page 205. Add algebraically the logarithms of A ,  B,  and 
(7 to log [s tan 1h (c2-gl)];  the sum will be log (h,-hl), &--h 
being expressed in the same unit as s, in this case the meter, which is 
the unit throughout the computation. To convert meters to feet 

‘For tables of radii of curvature, BBe p. 202, 



SECOND AND THIRD ORDER TRIANGULATION 109 

which should be used in topographic work, multiply the number of 
meters by 3.28083 (log 3.28083=0.51508), or use the conversion 
tables on pages 208-215. 

For nonreciprocal observations use Form 29B (see fig. 60) in 
computing, differences of elevation. The cornputation of w e i g h  

orrrnrlnvrr 0. C O Y U L l C l  

F O C ~  x3m 
* . _ ~ _ e l . ” ~ C l ~ ~ ) m E . ” n . l  

COMFWPAllON OF ELEVATIONS FROM NONRECIPROCAL OeSWVATKONa 

station 1. (ICE. 

station 2, O k  

I Objcet dghted 

P 

1nument 

bwla 8.1 
lastingo 

Top 

) I  I 
) W  54 
r 3 4  

1.6329 
L.2520 

5.1949 
6 3 1 4 4 (  

t.3938 
ayI 

n 
- 4 6  

6.3483 II 
4.2620 
0.6003 a 

0 
0 
0 

0.6003 a 

-4.0 
329.9 
G.1 
328.0 

3a5.a 

Keel. 

-1. 8.S 

TOP 

H a a t i n @  

95 ob 36 
2 0 3 4  

9.6328 
4.1944 
3.1966 

a . 3 1 4 4 p  

2.3379 

I le“ 
t3 OB 

6.9597 
4.1944 

1.164l 
0 
0 
0 

1.1541 
-- 

+14.3 
3l0.4 
A 

326.8 

iet1ngs 

upola H.S, 
Hasitingo 

TOP 

e8 55 5; 

a 3 4  

9.6325 
3.7825 
3.1966 

L .  9 1 4 4 1  

,84 I 

1.9260 

+ a  n 

7.3906 
3.789 

1.1731 
0 
0 
2 
1.1731 

+14.9 
313.1 
a 

329.4 

h 

Cupola 8.9 
HertlIJge 

Top 

“od 
9 3 4  

9.6326 
4.4143 
3.1949 

b . % l 4 4 $  

2.5561 
360 I 

+ 18 

6.9408 
4.4143 

0.3561 
0 
0 
0 

0.3551 

e . 3  
319.8 
i6.4 

3a.6 

5 $ 1 4 4 9  _- 

Fro. 69.-Sprcimen, computntion of elevations from nonreciprocal observations 

providod for at the bottom of the form may be omitted in a field 
computation. The same rules as to the number ot  figures, etc., will 
apply here as to the computation of reciprocal observations and the 
braces have the same meaning as in Form 29A. The formula for 
differmce of elevation is similar to that for reciprocal elevations, 
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but since only one zenith distance (t,) is observed, the quantity 4/a 
(g2-C,) must be replaced by 90°+b-%,, the value in seconds of 

k being given by the equation k= . I n  this equation mi 
is the coefficient of refraction, which varies with varying atmos- 
pheric conditions. I n  office computations the best available value 
of m will be used, but for field computations put 

(0.5-m) 8 

p sin 1” 

log (0.5 - m) = 9.6324610 

which corresponds to m=0.071. Log p comes from the table on 
page 202, the arguments of which are the mean azimuth and mean 
latitude (a 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 

&-&=a tan (90a+lo-fl) [ A  B C]. 

The quantity gl is the mean observed zenith distance and comes from 
Form 29, as does also the quantity t -u  which is to be applied as a 
correction to h-4 as indicated on page 109. No vertical eccentric 
angular reduction is to be applied to 1;. This is contrary to the 
practice on reciprocal zenith distances. 

In the field cornputations the lines marked Lb 90° + B - t ,  in  secs?’ 
and “log ditto” may be omitted and log tan (90°+k-f;l) taken 
directly from Vega’s or Shortrede’s tables and entered in the 
line marked “ T.” Log [a  tan (90° + b- C,) ] is used as the argument 
for log B. The arguments of log A and log C are hl and log 8, 
respectively, as in the case of reciprocal observations. The loga- 
rithms of A ,  23, and C added algebraically to log [8  tan (90°+b--f;)] 
give 1% (h-h). 

DESCRIPTION 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 the station, while the latter part, 
the detailed description, by its measuped distances and directions 
to refereme 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 years hence?" Measurements should 
bc made and recortkcl to prominent objects, and the location of 
reference marks with reference to these objects should also be noted. 

DEPARTMENT OF COMMCRCC. * cMsT ~wocLoyEr' i  wuru, "YS DESCRIPTION OF TRIANGULATION STATION 

N A M E  OF STATION: sl ide 
C H I E F O F  PARTY: E. E. Campbell 
Surface-stdion mark, Note,' 
Underground-station mark, Note.. 
Reference mark. Bo. 1 Nota,' 

Reference mark, Eo. 2 Note,' 
Witness mark, Nole,. 
Witness mark, Nolo,' 
Height of signal sbova station mark 

STATE f i d  CUUNN. Long Island 
YEAR 192a_-L0.~~m-~gani_Stlrlt_ 

mstaa 
0M)w 

STATE: f i d  CUUNN: Long Island 

meters. I I I Beferenoe mark Ne.21 2.48 $' 09 00 

Height of telescope above statlon mark mstan. I I I I I 
Detailed d e m p l i o n .  About 10 mllea 8outhssst of the rillagt of Eo-. on tha enst si& of  
the southern entrance of Kalgeni Strai t .  on the .outharmmat d t  of the long north 
and south ridge on the southern part of Long IalePb. 
except for the awmit. which l a  alightly higher than tho tope of the aurrouadiq tree#. 
Th. atation mark i s  s e t  in bed rock. 
4 root. to put in the mark. and i t  is probable that in a .hart tiw tho msrk dl1 
be covered. 
end abmt 10 meter8 apart. 
1-s and reference mark No. 1 l a  on tha other. 
I r o n  the southwest. landing in tb. bight jrut to the e u t n r d  of 
-A mt be approached from any plao. to  tho enatward of the conapiouour 1anAslib. 
OD the wuth unb of the ridge on wcooILt of bnua & fallen tr.00. 

me ridge l a  heavily roodd. 

It wm neoesaary to dig throUga foot of mosa 

There are two bare rocky ledge. f o d n g  the northenat faoe of the a d t  
Reference mark lo. 2 i e  on th. most northerly of the.. 

Ihe  atation can beat b. r e a  
Point. I t  

Dstcrlbad by M.o.fr_p Marked b r u d -  a d  P . .  1 L --- - 
1101. -Tb h 1 U  dlrrlim rnmt L* LO" rue* rrbame s h l h  ..O 11-4m 

FIG. 70.-Spccimen, description of station 

The original description should be written in the angle or direction 
record book or in a soparate notebook carried by the recorder for 
that purpose. As soon as possible after leaving the station, wliile 
the topography of the vicinity is frcsh in mind, the written notes 
shoultl be transforred 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 refcrrnce until the end of the season, when the duplicntcs 
can be transmitted to the ofice if no longer nredcd. 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 remenibered that the descriptions will later be pub- 
lished, and they should be so written as t o  require as little editing 
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as possible. If 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 
correspond to that given in the triangulation records and 
computations. 

Descriptions should be furnished of all stations which may be re- 
covered in the future. This includes all marked stations, both main 
scheme and supplementary, all stations of other organizations, such 
as the United States Geological Survey, United States Army 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 For’m 525, “ Description of triangulation 
station.” The method by which it is located, not the kind of a mark, 
differentiates a hydrographic station from a triangulation station. 

On account of inadequate descriptions, there has been considerable 
confusion in identifying such objects as flagpoles, which are 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 approximate heights above the 
ground at which the various stations observed upon become visible. 
such information is of great value in deciding from what points 
new work should start. 

khrface lrcarlca 

Note 1.-A standard disk triangulation station mark set in the top of ( a )  a 
rrquare block or post of concrete, ( b )  a concrete cylinder, (0) an irregular mass 
of concrete. 
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Note  $.-A standard disk triangulation station mark wedged in a drill hole 

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

.No te  %-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 
In a bowlder. 

Note  5.-A standard disk triangulation station mark set in concrete in a de- 
pression in a bowlder. 

Note  6.-A standard disk triangulation station mark set in concrete at the 
center of the top of a tile (6) which is embedded in the ground, ( b )  which is 
surrounded by a ma- 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. 

VndergivuruZ marks 

Note  7.-A block of concrete 3 feet below the ground containing at the center 
of its upper surface (6) a standard disk triangulation station mark, ( b )  a cop 
per bolt projecting slightly above the concrete, (c) an iron nail with the point 
projecting above the concrete, (6) 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 stntion mark wedged 
in a drill hole, ( b )  a Btandard disk triangulation stution 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 n bowlder 3 feet below the ground (a) a standard disk trlangula- 
lation station mark wedged in a drill hole, ( b )  a standard disk triangulation 
station mark set in concrete in a depression, (0) a copper bolt set with cement 
in a drill hole or depression, ( d )  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, 
( 0 )  a brick in a horizontal position with u drill hole in its upper surfam 

Refcrence w l c s  

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

Note  1%-A standard disk reference mark with the arrow pointing toward the 
station (a) wedged in a drill hole in outcropping bedrock, ( b )  set in concrete in 
a depression in outcropping bedrock, ( e )  wedged in a drill hole in a bowlder, 
( d )  set in concrete in a depression in a bowlder. 

Note  13.-A stnndard disk reference mark with the arrow pointing toward the 
station, set in concrete a t  the center of the top of a tile (a) which is embedded in 
the ground, ( b )  which is surrounded by a mass of concrete, ( e )  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. 
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Witness mwka 

Note 1&-A conical mound of earth surrounded 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, (a) a square blaze 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 526, " Recovery note," Figure 71, must be made out and trans- 
mitted to the office. 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 statim, or any information which will make 

R DEPARTYE" Y . -1.1 ."m ..*C.IIO o'cDYYcRCL ._.I RECOVERY NOTE. TRIANGULATION STATION 
mrm 6W 

N n v i  01 8 ~ ~ n o w :  Laguna *Am: California c m :  VIZLtur. 
~ s ~ ~ s ~ i s n r o  ST: W. E. Oreenwell Ys~a:lE57 lo-: Carcarillo or meme 

Delrllad datsmeot M lo the f i l n r  d tbs ori@nSl dascrlptbn: 

8CCOV=ErD a?'' P. w. sough YBN:lgp 
Thr StatlWI 1. On top Of the hi@ PO& ahareat 

the ooean of the f iret  range mouth of !4umeme. a& i n  eaeilp i6ontiflable am tiu 
weatenumat peek. A two nile trail from the ma BrOO[p. Banoh leab# to the atatlon. 
The atation wan found am doacribd and in excellent oonbition. Ill th. old reference 
u s k a  wars recovered. A etandafd trlaugRlntion diak w a s  set in the drill bol. in the 
center of the w e t .  thum remarking the canter of the station. A new etandrrd ref=-. 
mstk. note 12a. waa established. 

S a n t 8  Clam oo 00, o o n  
#ow reference rnark 34.16 Pytera 179 Ea 80 

* m m d ~ d p m u b . ~ d ~  ~ ~ ~ ~ n r r t . a d m r m ~ ~ ~ ~ m a U I ( . d ~ ~ ~ - ~  
.I. I-- W ~ d b I P . u  -1 bl wdla,-ntbn- u-a 

FIG. ?l.-Specimen, recovery note 

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 to parties engaged in hgdrog- 
raphy or topography as well as to those executing triangulation. A 
recovery note 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 
searched for the station should sign the statement about the fitness 
of tRe original description. 

Shore-line reference.-Where a permanent mark is established 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 suffice. At  points 
or headlands several measurements, preferably not. less than threa, 
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. 

BEASON’S REPORT 

All triangulation records and computations should be fomarded 
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. I f  the work is along the coast, the sho&3 
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, fop 
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 reconnaissance only, the lines should be full if they 
are tu be observed at  both ends and broken at 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 
lines 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 the 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 the 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 the 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 21, ‘‘ Statistics 
of field work,” accompanies the report, the statistics given on the 
form need not be repeated in the written report. When the triangu- 
lation is in progress at the close of the fiscal year the above statistics 
covering the work up to June 30 should 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. 

b 

RECORDS OF FOURTH-ORDER CONTROL 

The records and computations of any fourth-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 
Iiydrographic 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 computed 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 3.4ECOND AND THIRD ORDER BASE 
MEASUREMENT 

SPECIFICATIONS, SECOND-ORDER BASES 

On December 10,1928, the following specifications for the measure- 
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. Thn specidcations for reconnaissance for second-order triangulation, a p  

proved also on December 10, 1928,' govern the character of figures and the dis- 
tance between bases, but the engineer must bear in mind the close interrela- 
tion of the speciflcations for reconnaissance, triangulation, and base measure- 
ment. The frequency 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 i s  weakened, one or more of the others 
must be correspondingly strengthened to maintain the required accuracy. 

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 80 as to secure in the base net a s  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 longer may be the chain 
of triangles between base nets: 
3. Where topographic conditions demand it a broken base may be used, pro- 

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 
final projected line of the base, and this maximum 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 30Q,OOO 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 150,000 of the length of the base, and 
the computed probable error shall not be greater than 1 part in 500,000. 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. 

6. Two measurements shall be made of the base with either steel or invar 
tapes which have been properly standardized. If the discrepancy in milli- 
metere between the  two measurementa of a section exceeds 204z (where K ie 
the length of the section in kilometers), additional measurements of that 

pp. 8 and 7. * See p. 7. 
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section 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 S f  
practicable, the tapes should be returned to the offlce 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 
tapes, because of the greater economy of operation, have so completely replaced 
steel tapes for all accurate measurements that in these speci5cations 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 measuremente made with the other twa 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 

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 secure: a field comparison ta 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 the 
mean elevation of the base can be easily determined with much greater accuracy 
than that specifled. 

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

PREPARATION O F  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 at 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 
a t  a less distance than the usual 50 meters the 2-inch tolerance must 
be proportionately reduced. If due care is used and if flags are 
lined in a t  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 instru- 
ment other than a plumb bob. 

If the measurement is being made, over water, the tape must clear 
the water a t  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, 25, 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 ther'e 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 become 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 approxi- 
mate allowance for the change in length due to temperature. Each 
change of IOo 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 the tape may be 
marked by a strip of adhesive tape while staking to make it readily 
recognizable. 

I f  the nature of the 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 26-meter point. 
When the tape is in position for measuring i t  extends over the top 
of the stakes a t  the terminal marks, but alongside the stake at the 
25-meter point, being held a t  ths proper elevation at 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 easily. I f  the top square-cut end of the stake is beveled 
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 a t  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 at  the middle of the tape s u p p o h  
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. 

I f  
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 
carry 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 at an 
angle station is low, a bench should ba built over i t  and a scratch 
made on the copper strip fastened to the bench directly over the, 
station mark to which the measurements may be made, 

A 16-pound sledge is best for driving the 2 by 4 inch stakes. 

PROCEDURE 1N STAKWC 

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, approximate1y.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 on the tape, is waved 
into line by the rear man. While this is being done the middle man 
supports the middle of the tape approximately on the line between 
the ends and at the same time marks with the end of his stake the 
point on the ground under the middle mark of the tape. 

With the forward stake in approximate alignment, the forward 
man lays wide the tape and drives the stake while the helper keeps 
it in position. While this is being done the rear man aligns the center 
stake, which is driven by the middle man, and rtt 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 the 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 alignment 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 stake, a pencil line 
being drawn to mark it. 

The tape is again brought into position with its rear mark in 
contact with the mark on the base station or on the bench above it, 
and the proper tension is applied, with the edge of the tape touching 
the final aligning mark on the forward stake. A copper strip is then 
nailed in position flush alongside the tape on the aligning side, and 
at  the same time a pencil mark ;S made on the top of the stake 
opposite the forward mark on the tape. This mark is used as 8 

rear contact mark in setting the stakes for the nest tape length. 
The tape is then moved forward and the process repeated. Some 
time can be saved by marking with a pencil on the forward stake 
the position of the copper strip and letting the rear tape man nail 
it in position while the next stake is being driven. 

When the ground is stony and a good man i s  available for the 
middIe of the tape during the actual measurement no middle stake 
need be driven, the middle of the tape being held in position by the 
middleman. (See p. 133.) 

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

I f  for any reason the intermediate support between the tape ends 
can not be placed so it will be on grade with t€ie terminal posts, it 
should be numbered with colored chalk and marked with a piece of 
cloth so i t  may be noticed and touched upon by the levelman. All 
stakes are numbered with colored crayon as they are driven, and 
intermediate supports not on grade should be given a fractional 
number. An intermediate support which is not on grade makes 
what is known as a broken grade. “Broken grades” should bo 
avoided whenever possible, because the tension through the tape and 
the shape of the catenary may be different on the two sides of the 
stake at  the broken grade. 

At ravines or streams it is frequently necessary to place a stake 
on the 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 next terminal post being numbered 
35. If the fractional-length post is more than half a tape length 
from the next preceding tape-end post, a 2 by 4 inch stake should 
be driven in a t  the half-tape mark and be given the number 341/, 
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and the post on the edge of the obstruction should be numbered 
“34% 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 
INSTRUMENT8 AND APPLIANCES 

The following instruments and appliances will usually be needed 
on the measurment 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 an! 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 tape, steel, 30-meter (standardized 
or  tested in fleld), for measuring 
set-ups and setbacks. 

1 tape, stee1 or invur, W-meter, un- 
standardized, for marking out 
base. 

3 tapes, invar, GO-meter, standardized. 
1 theoclolite, ?-inch, repeating. 
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 APPARATUS 

Invar tapes.-The proper handling of the tapes is most impor- 
tant on base measurement. When properly standardized and manipu- 
lated invar 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 standapdized 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 i t  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-ordeI‘ 
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 standardized 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  care 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 tempel'ature. 

I n  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, If reeled up  in the rain, 
a tape should be dried and oiled a t  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 t o  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. If a tape becomes badly 
kinked, a spare tape, if available, should be substituted for it. 

As a result of the standardization of a tape a t  the Bureau of 
Standards, the following data are made available (see fig. '13) : 

Weight of tape in grams per meter. 
Coeflicient of expansion per dcLgree centigrade. 
Length at specifled temperature supported at 0, 25, and 50 meter points. 
Length at specifled temperature supported at 0, 12.6, 26, 37.6, and GO meter 

Length nt specified temperature supported throughout. 

The last value is usually computed from the values obtained by the 
standltrdizations when the tape is supported a t  three and a t  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. I n  the field, when the tape is supported throughout, 
a railroad rail is ordinarily used as the support. If the rail is dry 
and due care is taken by the middle man on the tape in lowering it 

wints. 

Ul+O(iRI)" 46 -Q 
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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 rail 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 with 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 means of a spring friction grip. The tape is fastened to the 
balance by the attachment shown in Figure 72. There is a finger 
bar by which the forward contact man carries the end of the tape 
when moving forward. 

Spring balances.-The balance used, shown in Figure 72, is n 
commercial one, altered in the instrument division of the bureau to  
reduce the internal friction as much as possible. The counterweight, 
ehown 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 measurements have frequently been due to spring 
balances which do 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 day's work, also a t  
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 which 
the pointer is adjusted exactly to 15 kilograms. When this is done 
the balance will indicate true tensions when it is used in a horizontal 
position. I n  other words, the weight is of 15 kilograms mass, as 
weighed by the spring of the balance at Washington, minus the 
weight of the drawbar and other movable parts of balance below the 
spring. 

The most common injury to a spring balance used on ba.. re measure- 
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 hundred 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 expensive thermom- 
eters, correct to within 0'/5 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 
graduation 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, at  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 positiofl 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. If I i s  
the inclined length and h the difference of elevation of the two ends, 
the correction is 

Tables for grade corrections for various lengths of tape and dif- 
ferences 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' second term @<0.1 millimeter where h<3.1 meters, on ordinary 
grades the correction will vary directly asthe 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 the 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 exceed 
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 the broken grade 
was at  the half tape length between stakes 34 and 35. The tape 
record will then contain the note in the remarks column, " Broken 
grade at 341/." 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 a t  each broken grade and at  the 
ends of fractional tape lengths, and that the leveling record has the 
tame system of numbering of the tape supports as the tape record. 
B y  doing this confusion or doubt will 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 niiddlo support. 

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 &le and in 
meters on the other. I n  the latter case the levels are rim 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 base. I f  
any material difference is found, the discrepancy must be checked in 
the field. 

Special rods with metric graduations on the back may 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 cnlled the alignment error, fot: 
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 he 
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. I n  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 a t  the middle support, and also that the forward 
stake has not been disturbed in alignment. 

CORRECTIONS D U E  T O  SAG OF TAPE AND TO STRETCHING 

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

'where n=number of sections 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 illustrate 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 X 2 X 25.6a X 25s x -2 = - 0.00379 meter. CB = - 24 15000 

The modulus of elasticity of invar varies greatly with the percent- 
age of nickel in its composition and also with temperature. Five 50- 
meter invar tnpes tested at  the Bureau of Standards showed a mean 
ehange in length of 0.43 millimeter for a 500-gram change from a 
tension of 15 kilograms. 

CORBECTIONS DUE TO ERRONEOUS TENSION 

Variations in tension change the effective length of the tape in two 
pays: 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 
approximately equal to that of the tapes used by the Coast and; 
Geodetic Survey a change of 200 grams from the usual 15-ltilogram 
tdrision applied to a tape will change its effective length about 0.10; 
Ihillimeter, 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' 
tbtal 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 assumctl above, the errors in length attrib- 
utab10 to incorrect tension art3 negligible on second-order base 
Geasuremen t. 

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 made in the 
dial reading when applying tension to the tape and a remark giving 
the dial reading used should be inserted in the record book imme- 
diately following the statement giving the results of the testing of the 
balances. I n  the absence of a 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 sometimes desired 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 

W P  Amount of sag= y =  - 8t 

where w, 1, and t represent the same quantities as in the formula for 
the correction to the length due to sag. 

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

(See p. 127.) 

26.6x252-0.1333 meter. y = 8x15000 - 

CORRECTIONS FOR METHOD OF SUPPORT OF TAPE AND FOR CHANGE IN WEIGHT . 
The change in the effective length of the 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 n 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 w and 2, 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 2 per cent heavier than 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 meter points and an 
increase of 10 per cent changes its length about 1 part in 70,000. 
If 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 shaking 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.) 

fVJ:ECR 
11-1 DEPARTMENT OF COMMERCE 

Certificate 
FOR 

50-METER INVAR TAPE 

E. s. no. 3229 
u.8.c. G. 9.10.926 

SUBMITTED BY 

United Statee Coaet and Geoaetio Survey, 
Washington, D. C. 

THIS CERTIFIES that lh. above-descrlbed tape has been compared with the standards of the Unitad 
States and found to hare the length riven below rhen UnQer a borizontd lendon Of IS kilogr.ps And 
*ban supported at the 0, 25, and 50 meter pOlUt8: 

(0 to SO meters)- 49.99595 meters. at 26.4 *c. 

When supported st the 0. 12.5, 21.0, 37.5, and SO meter wjntsr 

(010 50meters)- 49.99887 meters, at 26.b *c. 

m e n  nappaned on a borlrontal surface, throughout its entire ien8ti1- (value oompatea from 
obeerwtione taken on the t a  e when supported a t  3 and a t  5 pointr)  

(0 to SO maters)- t9.99989 meters, at 26.4 OC. 

.or the &it and aecond of the above conditions thermometers relgblng p a m s  each were 

The above compuisons were made on the section of the Uno8 near the end on the edgm of the laps marked 

The above d u e s  u0 c011eCt wllhin 1 p u t  in ; Ibe probable error does no1 exceed 

anached at lha points 1 meter inside the tsrminrl m u k s  during the test. 

ritb a lmlu *Ix" or "P'* near the mmduatlon. 
300,OOO 

I p u t l n  1,000,000. 

Coefflolent of S q m s i o n  = 0.00000104 per depee Oentlg-ado. 
weight per mter o 26.7 p-. 

T.,I somplmtad. Deoember Id ,  1926 

Tenno. TWI 40928 -- 
George X. Burgess,m 

WUU~C~O~,  D. c. Dco . 22. 19 26 e; 
Vm. 73.--S:irnpln wrtific:ita of t A p  ~t~rn&rciie:ition 

Since the tapes tire stantlardized under a tension of 15 kilo- 
grams when supportcd at  three and at five points and througliout 
the formulas given previously for correcting the length of the tape 
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need be used only 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 so ,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 from the previous tape length. With the tape in equilib- 
rium under tension just above the posts a touch of the finger will 
depress it into position for marking. 

If a nail driven into a piece of lumber is used as a middle support, 
the middle tape man keeps the tape vibrating on the nail by tapping 
it rapidly on its under side with a light stick while the tension is 
being applied. I f  the middle of the tape is supported during the 
measurements by a string attached to it 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 4" or 5 O  C. With a coefficient of expansion 
for the tape of 1 part in 1,000,000 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 wauld 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 MAUKING 

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 marks 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 ERFECT 

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. If 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 grade due to a difference in elevation of 5 centimeters on 8 
12%-meter section, or about 0.4 millimeter for the 50-meter tape 
length, an error of 1 part in 125,000. If each 25-meter section of the 
tape is bent 1 decimetep 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 8 
small set-up as a setback, or vice versa, when measuring in one direc- 
tion, with a like error of approximately the same 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 remaining 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, shouZd be checked 
by field measurements, 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 kiIograms 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. 

If the 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 dia- 
crepancies between the forward and backward measures of the two 
sections involved having opposite signs and approximately the same 
size. 

MEASURING WITH TAPES 

PERSONNEL 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 the special qualifications usual 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. 

If any of the men are inexperienced, it is better to measure 1 or 2 
practice kilometers before the recorded measurements are begun. 
During the preliminary work the chief of party or some other experi- 
enced officer drills each man in turn in the minutise of his duties. 
A rBsum6 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 movino forward, places the tape on the middle support when 
the tension IS to be applied, takes the necessary precautions to see 
that the friction over the middle support has a negligible influence 
on the effective length of the tape, sees that the tape is not in contact 
with weeds, brush, or other obstructions, notifies the recorder of all 
middle supports marked “ 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 notc be continued during the marking of the 
front contact. If no fixed support is used for the middle of the tape, 
he should hold i t  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 forwad 
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 firmly in the ground at 
the proper distance back of the rear stake directly iri 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 beipg 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 stretcher can keep 

P 
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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 “ m a r k ”  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 man maintaining just enough tension on the tape 
to keep it from touching the ground. 

The front stretcher man (see fig. 7 5 )  applies the proper tension 
to the tape as measured by the spring balance attached to  the front 
stretcher. I n  moving forward he carries the front stretcher and 
balance, detached from the tape. By hurrying he usually reaches the 
forward stake in time to check the vertical and horizontal alignment 
of the middle support, by sighting back over the tops of the staked, 
before 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 
Cape 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 more 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 quickly 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 a t  15 kilograms and 
watched closely, for if the dial pointer indicates more than 100 grams 
from 16 kilograms when the front contaet man calls “mark,” the 
front stretcher man should immediately tell the front contact man in 
order that  the marking may be repeated. I f  the tension is satisfsc- 
tory a t  the call of “ mark,” the tension is quickly but smoothly slack4 
ened off while the front contact man is reading the forward thermom- 
eter, the balance is held out for the detachment of the tape by the 
front contact man in  the same manner as for its attachment, and the 
d v a n c e  begun to the next position. 

The rear contact man (see fig. 74) makes the rear contact and 
*ads the rear thermometex. 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.-MAKlNCi R E A R  CONTACT W I T H  T A P E  

~ 

FIG. 75.-MAKINti FORWARD C O N T A C ~ r  W I T H  TAPE 
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FIG. 76.-PORTARLE IRON TRIPOD TOR 
TAPE SUPPORT, SINGLE JOINT 

The wooden marking table, whirh carries n strip 
of copper on whirh the mnrk for the tape end 
is made, ran he plnred on correct slope hy tho 
ball-and-sorket bnw and then clamped in 
poqition 

FIG. ,'7.-PORTABLE IRON TRIPOD FOR 
TAPE SUPPORT, DOUBLE JOINT 

This tripod permits the marking table to be 
adjusted over n point BR well as placed on 
correct slope 
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position and the tension applied, taking caxe 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 onelhand 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. H e  
can then flex the tape with his rearward hand and bring exactly 
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 slightly forward of the mark on the strip. The marks are thus 
held in coincidence until the front’ contact man calls “ ready,” when 
the rear contact man calls “right,” and the front contact man an- 
swers ‘; mark,” denoting the* completion of the marking of the tape 
length. If 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. Immediately 
following the call “mark”  the rear contact man reads the rear 
thermometer and the tape moves forward to the next position, unless 
borne one a t  the Eormard 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 forw,ard 
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 @ape 
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. 



THE POINTS REPRESENTING THOSE CONDITIONS OF DIFFERENCE OF EL- 
EVATION BEWEEN TAPE ENDS AND ERROR IN DETERMINING SAME 
WHICH WiLL PRODUCEAN EdROR OF 1 PART IN 100,000 IN THE RE- 
DUCED LENGTH. EACH CURVE IS FOR THE LENGTH'OF TAPE INDI- 
CATED. FOR EXAMPLE, FOR A 50 METER TAPE LENGTH AND A DIP- 

THE DIFFERENCE OF ELEVATION WOULD CAUSE AN ERROR OF I PART IN 
lO0,OOO IN THE REDUCED LENGTH. 

OFAN ERROR OF I PART 1N 500,000 OF THE REDUCED LENGTH. 

FERENCE OF ELEVATION OF 25 METERS, AN ERROR OF I CM. IN DETERMININQ 

THE D O T E D  11NE IS FOR A 5 0  METER TAPE LENGTH ON THE BASIS 

0 I 2 3 4 5 6 7 8 8 10 
Dlff9tence fn €lem%n o f  rape a d s  in Meters 
FIG 7s.-Xomogram of errors due t o  incorrect reductions for grade 
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I n  making the mark several precautions must be taken. The awl 
must be very sharp j it should at ru) time touch the tape in the region 
of the terminal mark: the eye of the man making the forward contact, 
the terminal mark of the tape, and the axis of the awl should be kept 
in approximately 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. 

I n  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 measurement 
would have a second bar. On the first measurement of each kilometer 
section the end mark of the section is given a 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 next 
section is begun at the section mark. By this method a comparison 
is obtained between the forward and backward measures of a section. 
1% is frequently better on the second measurement to make a set-up of 
a centimeter or so 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 balanco 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 a t  the next position is 
again attached with the hands in the same relative position. 

*If It does. the mark soon becomeg so deftwed that neither measurements nor stand- 
ardlzations can be satlsfaetorily effected. Figurr 70 shows a microphotograph of a tape 
uiark almost obliterated by the careless use o! the marklng awl. The value of a tape 
Inoneases with eacli successive Btnndardlzntion because of the evldence iurnlsbed regardfng 
the stablllty of the tape, and l i  new marke must be made, the past history of the tape 
becomes to u large extent valueless. 
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When the tape is brought into position with its rear mark in con- 
tact with the mark on the rear stake the forward mark on the tape 
will sometimes fall short of or beyond the copper strip on the forward 
stake. If the staking was properly done and the stakes have not 
been moved, a second mark can be made on the strip on the rear 
stake, 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 strip. I f  the front 
contact man calls “ set-up, 3,” meaning that the forward terminal 
mark on the tape lacks 3 centimeters of reaching the copper strip, 
the rear contact man makes a mark 3 centimeters or more ahead of 
the mark on the rear stake, measures its distance from the previous 
mark with a boxwood scale, calls out the distance to the recorder, 
making sure that the 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 with an error not greater than one or two tenths of a 
millimeter. As an additional safeguard the recorder may check 
the measurement of set-ups and setbacks and have the contact 
man in turn check his entry in the record book. 

Some base tapes have marks at  approximately 5-meter intervals 
along the tapes, the lengths of the intermediate intervals having been 
determined with secondary accuracy. Where such tapes are avail- 
able long set-ups are sometimes so staked as to enable the invar tape 
to be used for the greater part  of the set-up-that is, for some multiple 
of 5 meters, the remainder of the set-up being measured with a 
standardized steel tape. For instance, if a 23-meter set-up is neces- 
sary, a stake would be set a t  the 20-meter point and another one a t  
8 meters beyond. The 20-meter interval would in such case be 
measured with the invar tape with the standard 15-kilogram tension. 
The method of supporting the tape and the tape temperature should 
be noted. The 3-meter interval would be measured with the steel 
tape, using the standardization tension, which is usually 5 kilograms, 
and noting the method of support. For each set-up the record 
should also show the part of the tape used in making the measure- 
ment. For instance, a set-up of 20 meters could be made either 
from the 50-meter to the 30-meter mark or from the zero to  the 20- 
meter mark, but the standardized distance between the 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 decimeter should never be used. This 
method will avoid in large measure the possibility of a large error 
in length due to an error in the sign of a partial tape-length distance 
on both measurements. 
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WIP c.oiituct rrld of mark, shown at top of illristrlttion. hlts lmen wwn away by the marking awl. 
The tlilm IS useleus for accurate work 
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The recorder should be an experienced man. I f  he is not, the 

chief of party must frequently inspect the record, especially where 
broken 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. H e  should check 
the chalked numbers on each stake as i t  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 measure- 
ments and Form No. 634 for recording the wye levels. The com- 
putations of the lengths of the various sections of the base should 
be on Form No. 589. Form No. 635 should be used for the abstract 
of wye levels and the computations OT 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. 80) two thermometer 
readings indicate a full 50-meter tape length and one thermometer 
reading a half tape length or a set-up. Each half tape 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 the 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 made in the " Remarks " 
cohmn giving the names and duties of the officer in charge, recorder, 
and the two contact men, also a statement as to the results of the 
comparison of the balances and the dial reading being used on the 
balances. .All marginal notes and entries a t  the top of the page 
should be made 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 other. 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 

BB~BB~"-4B-10 
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and the reading in feet as the backward running. If 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- 

DEPARTMENT OF COMMERCE 
U. 1. COAST AND O C O D I l l C  SURVIY 

Form 690 

From Station h E B B & .  to Station ZL-z& ____ 
- E a a u u x z L .  measurement 

D a t e : g Z J a  Time:l%/1L. Tape N0.92.2- BaL No.:-Z Ther. Nos.:,&&. 
;;-baa 

SECTION. TKXP. 
TAPS 

SETUP. 8!2TBA.CE 8UP- I?.- 
From- To- $2. R e s .  POET. 

* c. * C. XW8. 

AE B. PEBSef-20.0 20.0000 2 0-20 
~ E B .  set-up / "'21.3 21.0 3 

/ 2 a 2  21.0 3 
2 3 20.6 20.0 0.0714 3 
3 4 21.2 21.0 3 
4 5 21.0 20.5 e 

6 6 20.0 19.8 

7 8 20.2 zoo 
6 7 20.0 20.0 0.0214 

8 9 20.4- 20.5 
9 /O 20.6 20.6 

/Oset-up / I  20.7 21.0 
/o /o set+ @470000.0381 

// 12 20.8 21.0 0.0027 3 
12 * /3 
13 /4 
/4 /5 
15 /6  

16 /I 

/ 8  / 9  
19 20 

17 / a  

20.8 21.0 
21.0 210 
2J.O 20.0 
20.8 20.5 
26.5 20.3 
20.7 20.5 
20.0 2A4 
21.9 20.5 

0.0732 -3 
9 

3 
3 
3 
3 
3 

4 supp. 0 -12h-26-50 

FIG. 80.-Spedmen, record of tnpe mensurementa 

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. I n  the columns 



SECOND AND THIRD ORDER BASE MEASUREMENT 141 

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. 

Form No. 635 (Abstract of Wye Levels).-In the first column on 
this form (fig. 82) 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 dist,ance being that between 
tho 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 
“ 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 

DLCIITMENNT or COHMEIICL 
“. ‘ .C4U,WO CCOlYTl‘ I U l Y n  

Form 6W 
ABSTRACT OF WYE LEVELS 

AND 
COMPUTATION OF INCLINATION CORRECTIONS 

POINT 

B €. s. 
a ,z 8.sef-I 
/ 
2 
3 
4 
5 
6 

7 
8 
9 
10 
IO set-up 
// 
I2 

14 
16 
/6 

/ 7  
I 8  
19 
20 

e 

13 

DIBTAbCE 

Jrnnl 

20 
50 
50 
50 
50 
50 
50 
25 
25 
50 
50 
50 

46619 
50 
50 
50 
50 
50 
50 
50 
50 
5 0  
60  

YRAN DIF. 
ELEVATION 
‘ERENCP n? 

uan+)r 

I- 0.316 
+ 0.434 
t 0.067 
+ O  397 
+0.232 
so./ga 
M.077 
-0.001 
-0.340 
-6.328 
-0.176 
-0.297 
-0.027 
-0.040 
-0.315 
t0.525 
t0.800 
-1.197 
+0.266 
-0.690 
-0. /66 
-0536 
t0.054 

l rUNATlON 
OnnECTION 

((I-. 

25 
I. 8 
ao 
1.6 
04 
04 
0. I 
0.0 

2.9 
/.I 
0.3 
a9 
0.1 
t.9 
I. 0 
2.8 

143 
0.7 
3.5 

2.9 

ai 

a3 

0.0 

ELSVATIOH 

YM* 

23x67 

239.39 

23Z47 

236.75 

MEAN 

xaw 

ILEVATION 

237.8 

Fro. 82.-Specimen, 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 125. The 
sum of these corrections for the section of the base is entered on 
Form No. 589, “Computation 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 
7’. is the temperature of the tape 
a t  standardization. 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 
J s o  g ivw with the standardiza- 
tion data. The number of tape 
lengths is given in the mlumn 
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 

.1- Y 

Iri 
li II 4 
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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 compu6ing 
the catenary correction when the tape is supported in an unusual 
manner. The tape correction per tape length is the difference between 
50 meters and the length of the tape as gven 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 at four points, 
and 1 a t  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. Iteferring 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 redorded on Form No. 590, the set- 
ups being plus and the setbacks minus. I n  the sample shown in 
Figure 83 thc two large set-ups m d  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 combin’ed with the same corrections for the 
full tttpe lengths, and then the entire computation of a section would 
have been on one line. I t  simplifies the checking of the computation 
somewhat, however, to enter each large set-up on a separate line, as 
shown on the sample furm. 

The sum of the inclination correctioils is obtained from Form No. 
635. Finally the algebraic sum of the uncorrected len,@h and ail 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 “(v)” and “(219)” 
are used 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 ex- 
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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 'hn of the coefficients of expansion &re either largely included in or 
are masked by the discrepancies in the measured lengths ?f the 
scctions. 

The probable error of each section is computed by the formula 

p. e.=0.6745 - \ I T ,  n(n-l l  

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 sectiuns. 

REDUCTION TO SEA LEVEL 

Since the lines of a scheme of triangulation are reduced to their 
equivalent lengths a t  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 i o  give a value correct to 
within 25 meters. 

' 

The formula used in reducing a base to sea level i s  

h ha h3 

r r r c = - s - + s ~ - s ~ + .  . . . 
in  which 0 is the correction to reduce to sea level a section of length 
8, of a mean elevation h, with T the radius of curvature of the earth's 
surface for that section. Only the first term of the formula need be 
used for any field reduction. 

The computation of the sea level cormotion, shown on sample 
Form 589 (fig.) 83), is given below, the mean latitude of the baqe 
being 40' 30' and its azimuth 75', giving a value for log T (see 
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table, p. 203) of 6.80521. 
Form 635 is 237.8 meters. 

The mean elevation as obtained from 

log 1,024.5= 3.01051 
log 237.8= 2.37621 

colog r= 3.19479 
log C =  8.58151 

C=O. 0382 meter (always negative) 

The error per kilometer of base line for each 1-meter error in 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'l part in 6,325,000 to 1 part in 6,410,000. (See p. 118.) 

THIRD-ORDER BASE MEASUREMENT 

The same methods are used in measurhg a third-order base as 
those prewribed 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 mi lk  
meters between the two measurements of a section exceeds 2 5 r g  
(where K is the length of a section in kilometers), additional 
measurements should be made until two are secured which agree 
within the specified limit. 

If 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 is 
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 
Geodetio Survey until 1916, since which tiwe 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 expensive. I n  many respects the snme 
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 p. 3)  is a 
. position check wi& an error not exceeding 1 part in 10,000 of the 

length of the circuit when closure is made on a point of first OF 
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 show in the error of closure. All 
operations of the traverse method must, therefore, be closely scru- 
tinized for errors and the possibility of blunders 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 nat 
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 expensive. 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 nest, and the troublesome offsets necessary when the 
length measurement.$ are made along railroad tracks, as is usually tho 
case on first-order traverse, can ordinarily be avoided. Occasionally, 
however, it will be economical to measure sections of second-order 

147 
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traverse along a road or railroad. The methods used in projecting the 
measured line onto the line between angle stations are described 
briefly on pages 168-170. A more extended discussion of projection 
methods may be found in Special Publication No. 137. 

SPECIFICATIONS, SECOND-ORDER TRAVERSE 

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

FIG. 84.-'I'mverse statlon at interscctlon of two tangents 

Geodetic Survey on December 10, 1928, and supersede all previous 
instructions for work of this character. 
1. Location of stations.-ItMn-scheme stations 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 satisfied other considerations must be kept in mind, such as the selection 
of points which can be permanently marked, which will afford the best routes 
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 

FIQ. 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 8 
line of traverse, following the Ocean beach, crosses an inlet or river of any 
considerable width, a pnir of stations should be placed in the best location for 
a later extension of triangulation or traverse u p  the inlet or river. 

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

Where the tangent is longer than the  maximum specified distance between 
stations, or where the stations a t  the  two ends of the  tangent can not be made 
easily intervlsWe, one or more intelmetliate stations should be &wed at the 
side of the track. For these intermediate stations the off.& point on the rail 
is called a ‘‘ rail station.” Where the offset point is on a stake 
of  a line of stakes i t  is called an “offset station.” The  intermediate stations 
along a tangent should preferably be alternated from one side of the track 
to the other to reduce the.effect of lateral refnirction. The  rat io  of the offset 
distance to t h e  distance between stations should seldom exceed 1 part in 50. 

(See flg. 92.) 

2’10. RG.-Travrr.?e loop 

3. Traierse loopd.bWhere the traverse follows R rallroarl with many curves 
and  short tangtwts, or a beach where the topography necessitates carrying 
the taping through m m y  short lines, an attempt should be made to  provide 
a n  azimuth line extending over several curves, in  order that  the azimuth may 
be carried forward with greater accuracy. I f  the main traverse line can 
be tied in frequently to trinngulation or to first-order truverse, these loops 
need not be provided. T h e  subsidiary points between main traverse stations 
are designated by the name of the main traverse station n t  the beginning of 
the  loop, followed by the letters A, B, C, etc. These subsidiary stations need 
not be permanently marked. Two mcthods of forming these loops are shown 

FIQ. 87.-Connection hetween triangulation and 
traverse by qundrllateral 

in mgureg 86 and 87.- No considerabbpcstioa-of the measnred part of R loop 
should be inclined a t  an angle of more than 4 5 O  to  the line through which the 
azimuth is curried. T h e  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 
can be brought down to a coast at widely separated points but triangulation 
along the coast is preventpd 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. 

6. Azimuth etationtx-A Becond-order azilrnvth ah0tlld be obwved  at illtentah 
of 15 to  25 main-scheme stations. If the observing conditions are favorable and 
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small angular errors probable, the upper limit of 25 may be approathed, but if 
errow from refraction, phase, or eccentricity are apt to be large the smaller 
limit should be adhered to. The discrepancy betwen the observed astronomic 
azimuth of a traverse line and ita azimuth as computed through the traverse 
Prom the preceding observed azimuth should not exceed 2”.0 times the number 
of intervening main-scheme stntions. 

6. Connections with exiathg control.-In connecting traverse with trfangu- 
latlon the desirable requirements are a connection in azimuth and length 
with a check. This means that the connecting flgure 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. I n  addition, if the triangulation 
connected with is several years: old, observations should be made upon a third 
old station from the two stations of the trianplation involved in the connec- 
tion, in order that  there may be conclusive evidence of the recovery of the 
proper points. If 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. 

B 

€ f 
Fia. 88.--Connection between trlangulntion and traverse by two triangles 

The connection in length is desirable for the sake of strengthening the 
triangulation by coiinecting a triangulation line to a measured 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 traverse may be started from n position given by a 
single station of the triangulation and an  azimuth obtained by measuring 
a single deflection angle from a line of the triangulation. 

The simplest conriection between trilngufation and trfiderse is by means of 
a quadrilateral as  shown in Figure 87. The line OD 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 nnd 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 &tween the two triangles, a s  shown in Figure 88. It is necessary to 
measure all interior angles of the connecting flgures 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 eheck the &covery of the old stations. If there is 
any doubt of the exact recovery of the stations, one line of the old traverae 
should be remeasured. 
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7. Marking etationn-All niafn-scheme stations of second-order traverse shall 
be permanently marked with the kind of marks specifled for second-order 
triangulation stations (see pp. 38-41) exeept where conditions are 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 Htation 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. Reference marks.-Reference marks should always be established where 
a station which should be preserved can nd 1BP’pmnmeRtly 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 i t  to make the stations intervisible. I n  the latter case the type 
of signal usually employed on triangulatioq 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 made regarding party 
organization except to point out that it requires at 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 case 1 officer and 3 or 4 men 
will suffice. 

SUBPABTIES 

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 measurements 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. I n  addition, one man to 
drive the stakes or two men to move thO 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 the support used a t  each tape end or on 
some point at a known distance beneath ihe support. The party 
usually consists of one officer, who acts as both observer and recorder, 
and one rodman. 

Check-taping party.-This party makes a check measurement of 
$he line with a 300-foot tape. It need consist of only two men, one 
to make contact a t  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 the traverse party will be of such size that practically 
all the personnel will be needed when the invar tapes are being used. 
At other times two or three subparties can be employed on operations 
which require only two or three men to a party. I f  the chief of party 
keeps in close touch with the progress of all the subparties, and keeps 
himself informed of the conditions ahead, there need be little, if any, 
lost motion. 

MEASUREMENT WITH INVAR TAPES 

The final computed lesgths 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 three 
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 the check measurement with the 300-foot steel taps 
shows that a blunder wtis 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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FIELD 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 except for comparison purposes. An invar tape 
should not be used on more than 20 to 25 miles 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 millimatw. I n  case a tape hecomes kinked,in u e ,  a note 
should be made in the traverse record of the exact time of kinking and 
a field comparison made of its length before i t  is used on another 
day's 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. I f  the measuring tape is shown by comparison with the 
standard tape to be in error by more than 1 part in 50,000, it should 
be sent to the of% for restandardization, provided another tape is 
available for field measurements. Otherwise* i t  may be used until 
another tape can be procured. The length of the injured tape ob- 
tained by the field comparisons will then be used in the computations 
involved. 

DETAILS OF MEASUREMENT 

For convenience in measuring fractional tnpe lengths the 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 the lengths 
of set-ups. The temperature of a single thermometer, 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, but no temperature should be 
recorded for these, in order that the number of recorded temperatures 
may be the same as the number of full tape lengths. No tempera- 
ture correction is needed for fractional tape lengths. I f  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 man should call out 
th'e number as he marks it, the rear contact man checking it from 
the mark a t  his end of the tape and the recorder checking it 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 end. A chalk 
mark may be used to  designate the point on the pin a t  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 into 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- 
tiens 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, 24f4," 
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 stake is 5 meters north of the traverse 
line a t  a point 6 meters beyond the end of the pinth tape length. 

SUPPORT 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 supporting surface when the 
tape is on the ground always make the measured length too long. 
If the error introduced by these bumps and depressioris 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 error can usually be closely estimated 
by the officer in charge by keeping in mind the corrections for in- 
clination. For instance, the grade correction (see p. 125) variw 
directly as the square of the difference of the elevation of the two 
ends of the tape and inversely as the length of the tape. If a tape 
lying on an even grade has fi difference of elevation of the two ends 
of 0.3 meter, the correction for grade will be only 0.9 millimeter. 
If a tape length only 10 meters long has the same difference af 
elevation of the ends, the grade correction will be five times 89 
great, or 4.5 millimeters. 
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The effect of sag (see p. 126) when the tape hangs unsupported be- 

tween 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 
a 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. In  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 
must be closely noted. It will frequently happen that a small 
amount of time spent in clearing bushes and weeds from the line and 
leveling off occasional mounds 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 between driving stakes for the 
end supports of the tapes or using light movable tripods. In  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 
an 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 made by the forward contact man. The marks can be 
made with a knife and crossed out by the rear man after the contact, 
or pins stuck into the marking table may be used. If 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 humber 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 invar-tape measurements should be made with the tape under 
a tension of 15 kilograms (about 33 pounds). The tension should be 
applied by a spring balance attached between the forward end of the 
tape and the front stretcher. The balances should be tosted occasion- 
ally with a standard weight which is furnished on requisition by the 

696689"-46-11 
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office. For second-ordefi 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 72. For taping along a rail a different type of stretcher 
is used. It consists of a shoe of galvanized iron about 18 inches long 
and just wide enough to fit easily over the top of the rail, with up- 
Tights of the same material projecting about 6 inches above the rail. 
These uprights furnish the fulcrum for a lever, to tha lower end of 
which the tape is attached by means of a hook. (See fig. 89.) This 
device makes it possible to apply the tension to the tape and at  the 
same time holds the tape close to the rail. By attaching a wooden 
block to the under part of the shoe this same stretcher 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 the tape. It 
should be attached by adhesive tape to the rear end of the tape, 
about 1 meter forward of the rear mark, and the temperature should 
be read by the rear contact man for each full tape length. (See 
p. 134.) The thermometer used on the tape should be closely watched 
to detect any separation of the mercury column and should be com- 
pared each day with another kept as a standard. 

I t  is supplied by the office on requisition. 

CARE OF TAPES 

Great care should be exercised in the use of tapes. Kinks are 
usually made by catching the tape under ties or spikes along the 
railroad track or on roots and bushes, by dragging the tape along 
the ground, 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 and oiled often enough to 
prevent corrosion. 

SET-UPS. SETBACKS. AND OFFSET DISTANCES 

To avoid gross errors, due 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 from a full tape length should be 
measured as a set-up, or plus correction to the measured length. 
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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 plumb bob when 
necessary. 

Distances from offset and rail stations to the traverse stations 
should be measured with a steel tape in the same manner as set-ups 
and recorded in the “ Remarks ” column of the record. They should 
be measured horizontally whenever possible in order to eliminate 
corrections for inclination. The record should state clearly whether 
the horizontal or inclined distance was measured. I f  the inclined 
distance is measured, the difference of elevation should be determined. 

All offset 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 should be compared with those in feet 
to disclos’e 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, 
“ Traverse measurements,” in exactly the same manner as indicated 
for base, measurements, Figure 80, 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 measurement is being made. 

The following data should also be recorded in the “Remarl-s” 
column : 

Names of offlcer in charge and recorder. (At beginning of each day’s work.) 
Weather. (At beginning of each day and when change occurs.) 
Note aa to which rail of tangent waa used, if measurement is along a raiI- 

Distances to all rail and offset stations. 
Statement as to whether ofltset distances are horizontal or inclined mea% 

road. (On each page.) 

nremente. 
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Distances from beginning of section to road crossings, stream crossings, etc. 
Record of broken grades. 
Statement of route followed by traverse,, with names of streets or highways 

tf 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 3c@-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 13 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 men 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 Tor 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. I f  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 remeasuring may be done 
before the party 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 
ontered alongside or beneath it for convenient reference. 

The party making the check measurement should have no knowl- 
edge of the length obtained with the invar tape. I f  the length 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 meagmrement agrees closely with 
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the first one made with the 3(@-fOOt tape, then a second measure- 
ment should be made with the 50-meter invar tape. I f  necessary 
to make a second measurement with the invar tape, kilometer sec- 
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 measure- 
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 pavement as a support for ths 
tape. 

For marking tape ends, white adhesive tape 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 the 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 along a traverse is twofold-first, to 
provide data for reducing the measured lengths to sea level, and sec- 
ond, to 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 know the mean elevation of 
the line closer than about 300 meters, since that error in elevation 
would affect its length less than 1 part in 20,000. The npean elevation 
of any line can always be estimated that closely. 

Whether or not level readings are needed at 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 l/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 ends of about 2.2 meters, or by each tape length in the 
kilometer distance having a difference of elevation of 0.5 meter. I f  
any fractional tape length's 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 the traverse line, with readings at  each tape 
end. No restrictions as to the length of sights are specified, and no 
attempt need be made to keep the back sights and fore sights equal. 
To avoid blunders, a special rod should be used, having foot gradua- 
tions on one side and meter graduations on the other. Both sides of 
the rod should be read at  each rod station, a comparison 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 rough comparison of the two sets of readings has 
been made. 

On moderate grades the rod need be held a t  only the approximate 
elevation of the tape end, since an error of a few centimeters would 
have little effect. On steep grades more care must be exercised in 
holding the rod at  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. 

When movable tripods are used to  support the tape the rod may 
usually be held on the ground at  the 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 done 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 must be made on Form 635, " Abstract of wye 
levels," the same leveling forms being used on traverse aa 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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urements. With either type of instrument the error of the measured 
deflection angle should seldom exceed thrw seconds of arc. The 
station to  the rear, considering the direction of progress of the tmv- 
erse line, should always be used as the initial. Observations may be 
made upon either targets 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 theodolite on second-order 
traverse. With a theodolite having a circle from 8 to 10 inches in 
diameter 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 suffice. The same observing program should be 
followed as described for second-order triangulation with similar 
instruments. The limit of rejection for the larger theodolites should 
ordinarily be five seconds from the mean and for the smaller theod- 
olites six seconds from the mean. 

I n  many respects a micrometer direction theodolite is superior to 
a vernier repeating theodolite for second-order traverse. 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 to the nearest 10 seconds. I f  the 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 angles is a desirable feature. 

The initial settings for 2, 4, 6, and 8 positions of the circle for 
2-micrometer theodolites are given on page 34. 

OBSERVATIONS WITH REPEATING THEODOLITE 

When the measurement of a main angle of the traverse is made 
with a 7-inch 10-second repeating theodolite of the type frequently 
used in the Coast and Geodetic Survey, two sets of 6 D/R (see p. 33) 
on both the exterior and interior angles will usually give the required 
accuracy. The initial readings for the two sets should differ by about 
90'. If the two values for 
an angle differ by more than four seconds, a third set of 6 D/R should 
be taken. I f  the horizon fails to close by more than five seconds, ad- 
ditional readings shouId be taken. The same care should be taken 
in instrumental adjustment and manipulation as is specified for 
second-order triangulation. (See p. 75.) 

(See p. 33 for formula for settings.) 
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CONDITIONS AFFECTING THE ACCURACY OF OBSERVATIONS 

On traverse the distances between main-angle stations are com- 
paratively short, so that the accurate centering of theodolites, tar- 
gets, and lights is of much greater importance than on triangulation 
of the same order of accuracy. For the same reason errors due to 
phase must be more carefully guarded against. When it is remem- 
bered that at  a distance of 1 mile one-third of an inch subtends 
one second of &IT the possible magnitude of errors of phase and 
centering is easily comprehended. 

The atmospheric conditions attendant upon traverse angle 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 at  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 promi- 
nent 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 may be made in the 
daytime with a direction theodolite and using one position of the 
circle or with a ?'-inch repeating theodolite 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 marks 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 may depend upon the accuracy of both distance and angle 
measurements. 

ECCENTRIC STATIONS 

I If the instrument or the object sighted upon is eccentric, the 
eccentric distance and direction must be carefully measured and 
Wmrded 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. If 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 at  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 at  the 
'rimin-angle stations required to close 
loops should be measured at  the same 
time the main angles are measured. 
Because of the many short lides in a 
loop, the chief of party must rely upon 
his own jud,ment regarding the allow- 
able angle closure of loops, but the 
closing error should seldom exceed 10 
seconds per angle. 

At rail and offset stations the offset 
distances are so small in comparison 
to the distances between stations and 
the angles at  the rail and offset stations 
are so nearly 90° that only the angles 
a t  the rail and offset stations them- 
selves need be observed. Here the 
direction method may be used with 
either a repeating or direction theod- 
olite and with two positions of the 
circle. If the same rail or offset 

Fro. 90.-Combination of traverse 
and triangulation, Oregon coast 

Bold hadlands and wooded interior 
prevented the exclusive use of 
either triangulation or traveree. 
(See p. 149.) 

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 aa 
far up the tangent or line of stakes as possible. 
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AZIMUTH OBSERVATIONS ON SECOND-ORDER TRAVERSE 

There is a decided tendency for a traverse line to swerve in azid 
muth. Therefore, at intervals of 15 to 25 main-scheme stations 
along the traverse either a connection to first-order control must be 
provided or a semnd-order azimuth observed. (See p. 173.) Where 
one second-order traverse line joins onto another an azimuth should 
be observed a t  the junction station. When the horizontal-angle ob- 
servations at the main-line stations are made a t  night or during 
cloudy weather it will usually be possible to space the azimuth sta- 
tions about 25 main-line stations apart, but when the angle observa- 
tions are made in sunshine the lower limit stated should be used. 
The azimuth correction per station between azimuth stations should 
not exceed three seconds. This extreme limit will seldom be reached 
except under the most unfavorable terrain conditions. Ordinarily 
the azimuth correction per station can be kept down to 1.5” per 
station. 

THIRD-ORDER TRAVERSE 

The same methods are used on third-order traverse as on second 
order, subject to the larger permissible closure in position. Where 
no distinctions between second and third order traverse are noted 
in the following paragraphs the same methods and limits of error 
should be used on third order as have been specified for second- 
order traverse. 

The accuracy to be attained on third-order traverse is a position 
check on an adjusted control point of a higher order than third 
with an error not exceeding 1 part in 5,000 of the length of the 
traverse line, or a circuit closure of similar accuracy when a third- 
order traverse is closed upon itself. The same precautions should 
be observed in judging a circuit closure as were mentioned on page 
147. The error of closure specified will usually mean that after ad- 
justment the length of no line of the traverse will be in error more 
than 1 part in 5,000. 

No single systematic error, such as that due to lack of proper 
alignment, unapplied grade corrections, etc., should be permitted 
which would cause the “reduced length’’ (see fig. 83) of a line 
between angle stations to be in error more than 1 part in 10,000. 

The mark8 for main-scheme third-order stations should be of 
the same character and established under the same conditions aa 
were specified for second-order traverse. 

SPECIFICATIONS. THIRD-ORDER TRAVERSE 

Support of tape.-The tape may be supported on.the ground whenever the 
eiLect of the inequalities of the surface does not introduce an error of more 
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than 1 part in 10,OOO for the greater number of the tape lengths. If doubt 
exists on this point, a test measurement on some characteristic sections of 
the line should be made a s  described on page 164. If  stakes or tripods are 
used as tape supports, levels must be run wherever necessary to insure that 
the error due to unapplied grade corrections does not exceed the specifled 
amount. If grades are not heavy, clinometer readings, if carefully made, 
may be used in place of levels to determine the grade corrections. 

Check measurement of distances.-A check measurement with a 300-foot tape 
should be made in the same manner as described for second-order traverse. 
The permissible differences between the distances obtained with the 6,Oimeter 
and with the 300-foot tape are 1 part in 600 in sections over 800 meters in 
length and 1 part in 300 for sections of lesser length. If the discrepancy 
exceeds that specified, a second and more careful measurement should be 
made with the 30@fOOt tape. I f  the second measurement discloses no ma- 
terial error in the first, the section must be measured again with the SO-meter 
invar tape. 

Angle measurements.-A tripod theodolite, either of the micrometer direction 
or  the vernier repeating type, will ordinarily be used and the observations 
made upon signal poles unless unfuvorable observing conditions make the use 
of lights necessary. The error pf the measured deflection angle should seldom 
exceed six seconds of arc. With a micrometer theodolite four positions mill 
be sufficient, and with a 10-second repeating theodolite one set of 6 direct 
and 6 reverse (6 OD/R )on both the deflection angle and its explement will 
be adequate. With a direction theodolite the limit of rejection for any 
one position may usunlly be tnken as sir seconds from the mean. With a 
repenting theodolite the horizon sliould close within six seconds. 

The angle measurements on third-order traverse lire subject to much greater 
errors from refraction than from observational errors, provided the observa- 
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 tnken 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 t h s  main scheme without reducing the accuracy below the 
allowable limit. 

Azimuth observations on third-order traverse.-At intervals of 20 t o  38 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 flve 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- 
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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 the 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 589 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. 

TRAVERSE SKETCHES ON COMPUTATION SHEETS 

A sketch should be made of each section of the traverse 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 96 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 sketches should be made 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 680, " Com- 

putation of traverse line," corrected for temperature, standardiiation, inclina- 
tion, and sea level, as given in the column headed '' Reduced lengths." 

' 

54L 30 m. 

w 
FIQ. 9 1 . 4 r a v e r s e  sketch, direct measurement between statione 

Caceo 

f fa i /Cac~o-X=  0.160 666.667 
9.2043897 - 0.160 

/oa cos E = 8.8649383 666.507= Caboose-1 /G 2!85m. = 0.3394514 
/og sin E = 9.9988SfO 2.8238047= fog. Caboose-X 

/og 666507 = 2.8238047 
/og fan C = 7.5144777 666.510 m= Caboose-Cucro 

BIG. 92.+pecimen, projection computation, one offeet station 

a 0.3382'824 0.0000023n /ag.sec C 
2.82380 70 = fog. caboose-c8cm 

4. Offset distances expressed in meters with statement whether dlstancea 

5. Angles at loop stations and a t  offset and rail stationa 
6. Summation of loop angles with closure. 

The importance 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 been 
secured. These sketches and the necessary computations preceding 
them should be kept as nearly as possible up to date. 

In  Figures 92 to 05, 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 measured horizontally or inclined. 
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in the field before the computation of geographic positions is made, 
can be done more easily, quickly, and accurately. 

CLOSURE AND PROJECTION OF LOOPS 

As already explained (p. 149), it is often desirable to carry the 
azimuth through long lines extending past several intermediate sta- 

Omaha 

Ra2Spencer /0589 41.3 RaJOmaha 

A = 89 '/7'/9'' 
0= so"/o'45" 

Sabers A = 8,9"46'00~,' 
B = 90"42'// 

Fro. Od.-Specimen, projection computation, stations on opposite ctides of trnck 

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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loop 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 

* Lunch 2 
Zenifh = /"/6:328: 
Zenith A = /87".~77~58.4 II 

Zenifh 6 = /73 "43 5.1j.2~~ 

Lunch 2 = /3"001/8.71' 
' Zenith C =/64"0/'2/.2 

Fro. 06.-Specimen, loop closure and projection computation 

lines in it, where a slight eccentricity would produce a 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 Oo 00' OO".O, and then compute the 
corresponding azimuth of each of the other lines with 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 180' 00' OO!O 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. 85.) A large discrepancy between the sums of the plus and 
minus perpendiculars indicates that a mistake 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 exactly equal 
as well as eliminate the closing error of the angles. This has been 
tried on a number of different loops and bas 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 them should be computed. This 
computation may be made either on F0r.m 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. 8, Formulse and Tables for the Computation of 
Geodetic Positioas, 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 one end of the traverse and computing 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 the observed astronomic azimuth, and if the discrepancy is too 
large (see pp. 149, 164, and 165), the computations should be ex- 
amined in an attempt to locate the error. I f  the error is not found 
in the computations, it will be necessary to reobserve angles at  main- 
scheme stations until the discrepancy is reduced to allowable limits. 
The error may be due to a blunder at a single station, such as that due 
to observing upon a wrong object, or may be the result of the accumu- 
lation of errors at  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 at the 
intervening astronomic azimuth stations. Since there is frequently 
a tendency for the azimuth discrepancy to accumulate in one direc- 
tion along a 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 are needed immediately 
to control topographic and hydrographic surveys, as will frequently 
be the case, the discrepancies may be distributed in the following 
manner : 

Unless the azimuth discrepancies are very large at  one or more 
of the astronomic azimuth stations near the beginning of the traverse 
line, no 'azimuth discrepancy need be distributed. If, in the excep- 
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 among 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 lines are not so very unequal 
in length, if the traverse is fairly short, or if the discrepancy in 

696689"-46--12 
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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 the office. 

The methods of making the least-squares adjustments are de- 
scribed in Special Publication No. 137, Manual of First-Order 
Traverse, and can be consulted there if needed, 



CHAPTER 5.-ASTRONOMIC AZIMUTHS 

CLASSIFICATION OF AZIMUTHS 

The classification of azimuths given below differs somewhat from 
that given in Special Publication No. 120, Manual 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 0‘.‘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 num- 
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 points, called 
Laplace stations, are included in the adjustment. A Laplace station 
is a station of the triangulation or traverse a t  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 a t  Laplace stations are determined with 
a probable error of 0!’30 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 
value is not corrected for the 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. I n  southeast Alaska the prime 
vertical deflections a t  six sea-level stations as determined by longitude 
observations ranged from -7’.‘94 to +12’.‘33, with an average with- 
out regard to sign of 8!’2. This average deflection would affect the 
observed azimuth by more than 12 seconds of arc. 
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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!'0 or less. 

METHOD OF 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 giten 
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in Special Publication No. 14, Determination of Time, Longitude, 
Latitude, and Azimuth, with tables and specimen computations. It 
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 method for determining &n 
azimuth. I n  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 
o n  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 aziniuth mark 
is observed upon next before Polaris, in order t o  reduce the time 
elapsed between the pointings upon Polaris and the mark. For the 
same reason the horizoii is not closed when azirnuth observations are 
$being made. The observing routine for a direction instrument de- 
scribed in the next 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 to 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 
" t ip )' sharply a t  the moment of bisection; then read and make mental 
note of the stride-level readings, but do not call out the readings until 
the recorder, who is marking 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 
supports' 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 cnd to  the west as on the first reading. This is not necessary, 
but will often enable the computer to detect inistakes in the recording. 

Next loosen the upper horizontal clamp, turn the instrument 180°, 
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 Mouth aide of the tripod head nt the proprr dis- 
tance apart to serve 88 a rack for the stride level. If a steel tower or portable folding 
tripod i s  being used as an instrument support, a piece of 8tiE wire may be bent into the 
proper shape and fastened to  the trlpod !or the 88836 purpose. 
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same procedure as described for the 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 the field. (See p. 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 and the azimuth 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 the beginning and 
ending of each half set. I f  the value of one division of the stride 
level is not known, it should be determined in the field. (See p. 80.) 
A sample form of record for a repeating instrument 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 I 

repetitions, for a curvature correction can be derived from the mean 
of the recorded times and the mean angle corrected accordingly. 
(See Special Publication No. 14, fifth edition, p. 144.) 

AZIMUT- MARK 

Ordinarily it will be found most convenient and desirable to use 
as an azimuth mark a light mounted a t  some adjacent triangulation 
station of the main scheme. I f  it is necessary to  use some other 
point as an azimuth mark, it should preferably be at least a mile 
away from the azimuth station, and the angle between it and at  least 
one main-scheme station should be determined by observations of the 
same accuracy as that used in the main scheme. Precautions must 
also be taken to hold the 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 azimuth observations. A focusing flash 
light showing through 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 footnote on p. 33. 
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giving him sufficient time to make record of i t  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 
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beat. It is then easy for him 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 the 
whole second can be made to coincide with the passage of the second 
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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 bot,h the 
light and the theodolite. If 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 the azimuth is measured separately 
from the other directions. 

WHEN TO OBSERVE POLARIS 

November, 14.9 _ _ _ _ _  
November, 24.9 _.___ 

The observations upon Polaris are preferably made near the 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 its position with' reference to the 
Meridian may be roughly determined by the fact that the line from 
f Ursa Majoris (Mizar) to 6 Cassiopeiae passes approximately through 
both Polaris and the pole. Therefore when Polaris is directly above 
f Ursm Majoris and below 6 Cassiopeia, or vice versa, it 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 Nautioal 
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 92O 
17'. In  the Ephemeris table mentioned above will be found the 
following data : 

h. m. a. 
1 86 63 
1 38 48 

1 Upper culmination, meridian of Qreenwich 
I- 

Ap arent deo- civif time Varistion 
finetion 1 1 perday 

Variation 
per hour 

w. E. 
8. 

:;:Ex - 

Mean time 
in tervsl, 

Lati- I elonaation 

W. E. 
I 65.9- 
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From these data the computation is made as follows: 
L l I L S  

Greenwich civil time, upper culmination, November, 14.9_-_----- = 22 01 63 

-23 38 Variation for 6 days (6X-3 50.4) __c_______---_..__--I ----- 
Greenwich civil time, upper culmination, November, 20.9 __--___- = 2.l 38 16 

- - m. R 

- h. 
Correction for longitude (92' 17'=6.15) ____________________- - -1 01 

= Zl 37 14 
= 21 37.2 Local civil time, upper culmination ____________________-_---- . 

Mean time interval to western elongation ________________--__- =+5 65.8 

Local civil time, western elongation (Nov. 21) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3 33.0 

I t  should be noted that the time of western elongation thus obtained 
is local civil time and not standard time. I n  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 9 2 O  17'. This correction is obtained by simply con- 
verting the difference in longitude, 2 O  1'7, into time and amounts in 
this example to 9.1 minutes. The standard time of western elonga- 
tion on the morning of November 21 at the given station is therefore, 

h. m. m. h. m. 
3 33.0+9.1=3 42.1. 

CHRONOMETER CORBECTION 

Different methods may be used to determine the chronometer cor- 
rection. The chronometer should have a fairly uniform rate, and 
its correction should be determined both before and after the obser- 
vations upon Polaris, in order to determine the rate and eliminate 
the possibility of large errors. The most convenient method for de- 
termining 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 comparison is made, the correction should be obtained from 
star observations. 

I f  a standard chronometer aboard ship is accessible for compari- 
son with the hack chronometer or watch both before and after th0 
azimuth observations, no observations for time need be made, pro- 
vided the standard chronometer has a satisfactory rate and has been 
compared with radio time signals within 24 hours of the time of the 
azimuth observations. 

Whether a hack chronometer or a good sidereal watch is used, it 
should be protected as much as possible from changes in tempera- 
ture. If packed in a box with cotton, with only its face 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 swings 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. 9 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 at hand is to observe the slti- 
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 altitude 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 stars observed upon. To make idcnti- 
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 $tar and four upon 
a west star before the azimuth observations, to constitute what is 
called a ,time 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 completed, the difference in the chronometer cor- 
rections so obtained being applied as a rate distributed throughout 
the intervening time interval. I f  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 
abservations. Thermometric and barometric readings should be 
taken 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 screw 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 
“t ip  ” to the recorder as the star makes contact with the horizontal 

. wire, then bring the bubble to the center and read the verniers. Thip 
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 azi- 
muth 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, so 
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. I n  the 
early evening there is always the temptation to use the first stam 
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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. Parallax.-The effect of parallax in the telescope is very apt to 
be evident in the computed times, 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- 
order azimuth as those described 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 a t  any hour angle provided the chronometer (or watch) 
correction is known within four or five seconds. (See p. 179.) 

If the watch correction is determined by observations upon the 
stars, a t  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 may be used for the time 
observations. 



CHAPTER G.-CONSTANTS, FORMULAS, AND TABLES 
CONSTANTS AND FORMULAS 

Dimensions of the earth according to Clarke’s spheroid of reference 
(1866) : 

Equatorial radius, a,= 6378206.4 meters 

Polar semi-axis, b,= 6356583.8 meters 
log. a= 6.80469857 

log. b = 6.80322378 ’ 
I 

Eccentricity, e, = $q 
e2= 0.006768658 
log. e2=7.83050257- 10 

Base of Naperian logarithms, e,= 2.71828183 
log. a=0.43429448 

Modulus of common logarithms, M,= 0.43429448 
log. M=9.63778431- 10 

T= 3.14159265 
log. ?I= 0.49714987 

log. sin 1”=4.68557487- 10 
lo . tan 1”=4.68557487- 10 
1 E ilometer=0.6213’70 statute mile= 0.539593 nautical mile. 
1 meter = 0.000621370 statute mile= 0.000539593 nautical mile. 
1 statute mile= 1609.35 meters= 1.60935 kilometers. 
1 nautical mile= 1853.25 meters= 1.85325 kilometers. 
1 nautical mile= 1.151553 statute miles. 
1 statute mile=0.868393 nautical mile. 
1 meter=39.37 inches (law of July 28, 1866). 
1 meter=3.28083333 feet. 

1 foot=0.30480061 meter. 
log. 3.28083333 = 0.51598417 

log. 0.30480061=9!4840l583 - 10 

Probable error of an observation, T = 0.6745 

T 
Probable error of result, T, = - - 0.6745 &- 
Probable error of an observation of unit weight, p l  = 0 . 6 7 4 5 J z  n- 1 

PI 
Probable error of an observation of weightpl,r,=-- - 0.6745.,/= dE - pdn-1) 
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whereW=sum 

of squares of corrections to directions, and c is the number of 
conditions. 

Probable error of an observed direction,d=0.674 & 
Mean error of an angle, cy= $$ 

where ZA2 is the sum of the squares of the closing errors of the 
triangles, and n, is the number of triangles. 
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.09 

.10 

.l2 

.13 

0.15 
.16 
.17 
.19 

aoo 

a m  

.P 
azz 

.m  

a29 

.23 

.25 

.28 

.31 

.32 1 

.33 

*35 I 
a36 I 
.38 
.39 
.41 
.42 

(141 - 

Differ. 
enm 01 
deva- 
tion 

::$; 
wrrec- 
tion 

Mm. 
30.5 
31.0 
31.5 
32 0 
32 5 

Angl 
of incl 
natio 

-- 
I 

2 3( 
31 
3: 
x 
34 

TABLES 
Bflerences of elevation and i d i n a t i o n  m e e t i o n s  for varying angles of i d i n a t i o n  

[Length=M meters. Argument is inclination angle] 

Mm.  

.o .o .o .o 

.1 

.1 

.1 .a 

ao 

ai 

O ' 
31 
32 
33 
34 

36 
37 
38 
39 

o 30 

o 35 

hfm. 
7.6 
7.9 
8. 1 
a 4  
a 7  

8.9 
9.2 
9. 5 
9.8 
10. 1 

10.4 
10.7 
11.0 
11.3 
11.6 

11.9 
12 2 
12 5 
12.9 
13. 2 

13.5 
13.9 
14. 2 
14.6 
14.9 

O ' 
1 30 

31 
32 
33 
34 

1 35 
36 
37 
38 
39 

1 40 
41 
42 
43 
44 

1 45 
46 
47 
48 
49 

1 50 
51 
52 
53 
54 

M m .  
17.1 
17.5 
17.9 
is. 3 ia 7 

0 1 

2 00 
01 
02 
03 
04 

M. 
0.44 
.45 
.47 
.48 
.49 

.52 

.E5 

.57 

.60 

.61 

.63 

.64 

0.65 
.67 .a 
.70 
.71 

.74 

.76 

.77 

.79 

.81 

.83 

.84 

.86 

0. a7 

a 51 
I .&I 

a58 

0.73 

am 

19.1 
19.5 
19.9 
20.3 
2a7 

21.2 
21.6 
22.0 
224 
2 2 9  

23.3 
23.8 
242 
24.7 
25.1 

26.1 
26.5 
27.0 
27.5 

28.0 
a5 
29.0 
19.5 
30.0 

313.6 

2 5 6  

2 6  1 05 
2.7 06 
2 9  07 
3.1 os 
3.2 09 

3.7 12 
13 

2 05 
06 
07 os 
09 

2 10 
11 
12 
13 
14 

2 I5 
16 
17 
18 
19 

21 
22 
23 
24 

2 25 
26 
27 
2a 
29 

2 30 

2 20 

33.0 
33.6 
?A1 
34.7 
35.2 

35.7 
36.3 
36.9 
37.4 
38.0 

38.6 
39. 1 
39. 7 
40.3 
40.9 

41.5 
42.1 
427 
43.3 
43.9 

- 
Difft 
ence 
elev 
ti01 

2 3f 
3t 
3; 
31 
31 

2 I 
41 
4: 
48 
44 

2 45 
4€ 
47 
48 
49 

2 50 
61 
52 
53 
54 

M. 
0.8: . 8< 
.9( 
.9: 
.E 

(12 
.3 
.3 
.4 
.4 

a 5  
.5 
.6  
.7 
.8 

1.02 
.(w .a .oe .oe 

0 40 
41 
42 
43 
44 

0 45 
46 
47 
4a 
49 

1.09 
.lo 

.13 

.15 

. ia 

0.8 
. 9  
1.0 
1.1 
1.2 

1.16 . 18 
.19 
.21 
.22 

0 Ea 
51 
52 
53 
54 

1.24 
.25 
.27 
.28 
.29 

8 3  
5.5 
5.7 
6.9 
6 2  

6 4  
6 6  
6 9  
7. 1 
7.4 

7.6 1.31 - 

1 20 
21 
22 
23 
24 

1 25 
26 
27 
28 
29 

1 30 

11 

15.3 
15.6 
16.0 
LB. 4 
1% 8 

17.1 

-11- 

1 E5 
56 
57 
Ea 
59 

2 00 

1.3 
1.4 
L 5  
1.7 
1.8 

0 E5 
56 
57 
Ea 
59 

- 
Diffe 
?rice 
elevr 
tion 
- 
M. 
1.31 
.32 
.34 
.35 
.37 

1.38 
.40 
.41 
.42 
.44 

1.45 
.47 
.48 
.m 
.51 

1.53 
.54 
.56 
.57 
.59 

1.80 
.61 
.a 
.64 
.e6 

L67 
.69 
.70 
.72 
.73 

L 74 - 

211 44.5 
.12 15.1 
.14 45.7 
.15 46.3 
.17 47.0 

218 47.6 

2 55 
56 
57 
58 
59 

3 00 

_- 
Differ. 
ence 01 
eleva- 
tion 

H. 
1.74 
.76 .n 
* 79 .m 
1.82 
.E3 
.85 
.86 
.&3 

1.89 
.90 
.92 
.93 
.95 

1.96 
.% 
.99 
2.01 
.02 

204 
.05 

- 

Differ. 
:me 01 
eleva- 
tion 

M. 
2 18 

.21 .a 

.24 

225 
.27 
.28 
.30 
.31 

233 
.34 
.36 
.37 
.38 

240 
.41 
.43 
.44 
.46 

2 47 
.49 
.50 
.52 
.53 

1e4 
.56 
.57 
.59 
.60 

.m 

- 
In+ 

ti01 

MtlC 
COIIl? 

- 
h f m  
47. 
48.1 

49. : a: 
50. E 
51.5 
52 I 
5 2 E  
53.1 

54.1 
54.e 
55.5 
56.2 
56.9 

57.8 
58.3 
59.0 
59.7 
60.4 

61.1 
61.8 
62 6 
63.3 
64.0 

Bp. 8 
35.5 
183 
37.0 
57.8 

4a 1 

L B 2  168.6 



Difference of 
elevation 

Jorrecs 
tion 

Mm. 
-~ 

ao 
. O  .o .o 
.o 
.o .o .o 
. 1  
.1  

. 1  

. 1  

. 1  

.2  .a 

.a .a 

. 3  

. 3  

. 4  

. 4  

. 4  

.6 

.6 

.e 

. 7  

. 7  

.8 

. 8  

.9 
1.0 
1.0 
1.1 

1.2 
1 .3  
1.4 
1.4 
1.6 

1.7 
1.8 
1.8 
1.9 

2 0  
2 1  
2 2  
2 3  
2 4  

2 6  

2 7  
2 8  
2 9  

.e  

1. a 

I. e 

213 

ao a i  a. a a. 4 

a. e 
a 7  a. 8 
4.0 
L1 

3.6 

- 
MaCra 

0.00 . 01 
.02 
.a3 
.04 

.05 

.08 

.07 

.08 

.OB 

.10 

. l l  

.12 
-13 
.14 

.I6 

. I7 

.I8 

.19 

.m 

.21 .a 
-23 
.a4 

-26 
-20 
.n 
-28 
-29 

.80 

.31 

.32 

.33 
-84 

.36 

.36 

.37 

.38 

.39 

.40 

.41 

.42 

.43 

.44 

.46 

.47 

.48 
.4Q 

.Ed 

.61 

.62 .aa 

.M 

.M) 

.67 

.I 

.6Q 

.o 

.61 .a .ea 

.M 

. ie 

.4e 

.m 

Diffei 
elm 

M d ~ 8  .a 
.66 
-67 

- 
Red 
0. ooo 
.033 .om .ow 
.131 

. le4 

.197 .m 

.a2 

.a96 

. am 

.MI 

.394 

.427 

.46Q 

.4Qa 

.626 

.669 
,691 
.ti23 

.Bw 

.089 

.722 

.758 

.?a7 

.820 . 853 

.888 

.919 

.961 

.884 
1.017 
1.060 
1. a83 
1.116 

1. 148 
1.181 
L 214 
1.247 
1.280 

1.312 
1. 346 
1.378 
1.411 
1.444 

1. Mw 
1.642 
1.676 
1.808 

1. e40 

1. 708 
1.730 
l. 77a 

1.804 
1.837 
1.870 
1.603 
1 . m  

1.960 
2 001 
2oa4 
2 087 
2 1w 

1.478 

1. em 

Mm.  
4. a 
4.4 
4.6 
4.6 
4.8 

6.0 
6.2 
6.3 
6.6 

4.9 

CONSTANTS, FORMULAS, AND TABLES 

Inclination corrections jor 60-meter tape lengths 
[Cor.==-O.01A*-0.00000lA~ (h in metera)] 

M d ~ 8  

1.31 
1.32 
1.33 
1 3 4  

1.86 
1.37 
1.38 
1.39 

1.30 

I 
1.36 

.. .a 

.@a 

.70 
-71 
.72 
.7a 
.74 

.76 

.77 

.78 

.79 

.80 

.81 

.82 

.83 

.84 

.a5 

.M 

.87 

.88 

.8Q 

.w 

.91 

.92 

.93 

.84 

.96 

.96 

.97 

.98 

.Mi 

1.00 
1.01 
1.02 
1.03 
1.04 

1.06 
1.06 
1.07 
1.08 
1.08 

1. 10 
1. 11 
1.12 
1.13 
1.14 

1.16 

1. 17 
1. 18 
1.18 

1.21 
1. n 
1. -23 
1.24 

1. !&5 
1. #I 
1. n 
La 

.7e 

1. ie 

1. m 

I. m 

Mm.  
16.9 
17.2 
17.4 
17.7 iao 

Ice of 
ion 

X ~ N S  
1.95 
1.80 
1.97 
1.98 
1.w 

1 8 2  

l a 8  
1 8 6  

19.0 
1 P 3  

Feet 

2 165 
2 198 
2 231 
2289 

2 297 
2 329 
2 383 
2 396 
2- 

2 493 
2 528 
2 659 
2 683 

2 e% 
2 657 
2 ew a 723 
2 756 

2 789 
2 822 
2864 
2. 887 
2 920 

2.953 
2.888 
3.018 
3.061 
3.084 

3. 160 
3.182 
3.218 

a. 133 

2.461 

a. 117 

8248 

3. mi a 314 
3.346 
3.379 
a412 

3.446 a 478 
3.610 
3.643 

3. a00 
3. e42 
3.676 
3.707 a 740 

3.773 
3.808 
a839 
3.871 
3.904 

3.937 
3.970 
4.003 
4.036 
4.m 

1.’101 
4. 194 
4.187 
4. 1w 4.w 

a. 678 

2 0 0  

20a 
201 

2 0 3  
2 0 4  

Jorreo- (1 Difference of 
tion elevation 

6.6 
6.8 
6.9 
6.1 

8.4 

6 7  

7.1 

e.a 

6.8 

0.9 

-Il- 

1.40 
1.41 
1.42 
1.43 

1.46 

1.47 

L4P 

1.44 

1.46 

1. a 

21.0 
21.3 
21.6 
21.Q 
2 2 2  

226 
22.8 
23.1 
23.4 
23.7 

a40 
24.3 
24.8 
25.0 
25.3 

2 io 
2 1 1  
2 12 
2 13 
2 1 4  

2 1 6  
2.16 
2 1 7  
2 1 8  
2 1 9  

2 2 0  
2 2 1  
2 2 2  
2 2 3  
2 2 4  

7.2 
7.4 
7.6 
7.7 
7.9 

8.1 
8.3 
8.6 

8.8 

9.0 
9.2 
9.4 
9.6 
9.8 

aa 

I. e7 

1.60 
1.61 
1. 63 
1. E3 
1.64 

1.66 
1.w 
1.67 

1.69 

1.80 
1.61 
1.62 
1 . G  
1. e4 

1.68 

%.e 
26.9 
25.2 
26.6 
! a 9  

- 
Feet 
4,266 
4.288 
4.331 
4.364 
4.3M 

4.429 
4. 402 
4.495 
4.528 
4.680 

4.683 
4.820 
4. 6 5 g  
4.692 
4.724 

4. 761 
4. 700 
4.823 
4.850 
4.988 

4.921 
4. 9M 
4. w7 
8. 020 
h 06a 

6.085 
6.118 
6.161 
6.184 
6.217 

6.240 
6. 282 
6.316 
6.348 
6.381 

6.413 
6.446 
6.479 
6.612 
6.646 

6.677 
6.610 
6.643 

6.708 

6.741 
6.774 
6.807 
6.840 
6.873 

6. go6 
6.938 
6. 971 

6. 037 

6.070 
e. loa 

6.188 

e. 234 
6286 
6.289 
e. 331 
L W  

6. e78 

e. 001 

a IU 
e. mi 

2 2 5  
2 2 8  
2 2 7  
2 2 8  
2 2 9  

-11- 

27.2 

28.2 

289 
28.2 

29.9 
a 3  

30.6 
31.0 
31.3 
31.7 
a20 

3 2 4  

33.1 
33.6 
33.9 

z7.e 
27.0 

z a e  

29.6 

a 2 8  

%.a 
%.e 
35.0 
35.3 
35.7 

m1 
36.6 
a 9  
37.2 
87.6 

2 3 0  

2 3 3  

2 3 6  
2 3 6  

2.38 
2 3 9  

2 4 0  
2 4 1  
2 4 2  
243 
2 4 4  

246 

2 4 7  
248 
!A49 

2 3 1  
2.32 

2 3 4  

2 3 7  

2 4 8  

2m 
2 6 1  
2 6 2  
2 6 3  
!AM 

2 6 5  
2 6 0  
2 6 7  
2 I  
ab9 

11.0 
11.2 
11.4 
11. 7 
11.9 

12  1 

1 2 6  
12.8 
13.0 

13.2 
13.6 
13. 7 
13.9 
14.2 

14.4 

14.9 
16.1 
16.4 

16.6 
16. Q 

16.4 

12.3 

14. e 

le. 1 

iao 

1.70 
1.71 
1.72 
1. 73 
1.74 

1.75 

1.77 
1.78 
1.79 

. 1.80 
1.81 
1.82 
1.83 
1.84 

1.86 

1.87 
1.88 
1.88 

1.90 
1.91 

1.83 

1.70 

1.88 

1.9a 

L.LW 

ICE of 
ion - 
Feet 
e. 398 
6.430 
e.4w 
e. 4DB 
6629 

6.694 
6. 627 

6.693 

am 
6.769 
6. 791 
e. 824 
6. 857 

6.W 
e. 923 
8855 
e.%% 
7.021 

7.064 
7.087 
7.119 
7. 186 

7.218 
7. 251 
7. 283 

7.349 

7. w 
7.416 
7.447 
7.480 
7.613 

7. 679 

a ma 

6. em 

7.1s 

7,318 

7. Me 

7. e12 
7. a44 
7.677 

7.710 
7. 743 
7.776 
7.808 
7.841 

7.874 
7. w 7  
7.940 
7.972 
8.m 

a. 038 
a 071 
a io( 
a 1% 

a ma 
a m  a m  
a 301 am 
a m  
aaa 
ami 
a 407 

8. 189 

8. BOD 

187’ 

- 
CYOrrOO- 
tion 

Mm. 
- 

38.0 
38.4 
aR8 

39.6 

a0 
40.4 
a8 

4L 6 

4 2  0 
4 2  6 
4 2  9 
43.5 a? 
441 
44.5 
4h 0 
46. 4 
46.8 

48.7 
47.1 
47.6 
48.0 

48.4 
48.9 
4a 3 
48.8 

50.7 
61. 1 
61.6 
62 0 
626 

62 8 
63.4 
63.8 
64.8 

39. a 

41. a 

4~ a 

ma 

b87 
67. a 
67.6 
68.1 
ba6 
69. 1 
59.6 

60.1 
dQ6 

61.6 
620 

el. o 

626 
880 
68.6 
64.0 
64.6 



188 

Mm. 
67.0 
88.2 
88.7 
69.2 
69.7 

70.3 ' 

Differenca of 
elevation 

Meteri 
3. 26 
3.28 
3.27 
3.28 
3.28 

' 3.30 

- 
N&l 

260 
2 61 
2 62 
2 6 3  
2 0 4  

2 65 
2 6 6  
2 67 
2 6 8  
2 69 

2.70 
2 71 
2 72 
2 73 
2 74 

2 76 
2 76 
2.77 
2 78 
279 

280 
2 81 
2.82 
2 8 3  
2 8 4  

286 
2 8 6  
2 87 
2 8 8  
2 89 

2 8 0  
2 91 
2 9 2  
2 0 3  
2 9 4  

2 96 
2 911 
2 97 
2 0 8  
2 9 9  

a. 01 

3.03 

3.05 
3.08 

a08 
am 
a. 10 

3. 13 
3.14 

am 
a 0 2  

aor 

am 

a 11 
a 12 

a 16 
a 16 
a 17 
a 18 

a. 21 

azc am 

a. 19 

3.20 

3.22 

Mm. 
106.7 
108.4 
107.0 
107.7 
1M.4 

109.0 
109.7 
110.3 
111.0 
111.7 

112.4 
113.0 
113.7 
114.4 
116.1 

- 
Fed 
8. 631 
8. 683 
8.6M 

62s 
8. OB1 

8.721 
8. 7fu 
8.793 
8. 8% 

8.858 
8.891 
8.924 
8.957 
8.989 

9. on 
9.056 
9.088 
9.121 
9. 154 

9.186 
9.219 
9. 252 
9. 285 
9.318 

9.360 
9.383 
9.416 
9.449 
9.482 

9.614 
9. E47 
9. 680 
9.613 
9.646 

9.678 
9.711 
9.744 
9. 777 
9.810 

9.642 
9.876 
9.808 
9.941 
9.974 

IO. 007 
IO. 039 
LO. 072 
IO. 106 
lo. 138 
LO. 171 
IO. 203 
LO. 236 
IO. 269 
IO. a02 

IO. 336 
IO. 367 
10.400 
IO. 433 
IO. 466 

10.498 
10.631 
IO. 664 

lo. 630 

a 

io. 697 

Metera 
3.80 
3.91 
3 92 
3.R3 
3.94 

3.95 
3.90 
3.97 
3.w 
3.m 

4.00 
4.01 
4.02 
4.03 
4.04 

U. S. COAST AND GEODETIU SURVEY 

zndination corrections for 60-meter tape iengths-Continued 

Mm. 
1523 
153.1 
163.9 
154.7 
155.5 

157.1 
167.9 
158.7 
169.5 

160.3 
161.1 
161.9 
162.7 
163.5 

156.3 

Correo- 11 Difference of 
tion elevation 

Metcri 
4.a 
4.68 
4 6 7  
4.68 
4.50 

4.61 
4.62 
4.83 
404 

4.85 
4. OB 
4.67 
4.68 
4.69 

4. 60 

-11- 

75. 7 
76. 2 
76.8 
77.3 
77.9 

78. 5 
79.0 
79.6 
80.2 
80.7 

3.40 
3. 41 
3.42 
3.43 
3. 44 

3.46 
3. 46 
3.47 
3.48 
3.49 

3.37 

115.7 
116.4 
117.1 
117.8 
118.5 

119.2 
119.9 
120.6 
121.3 
122.0 

4.06 
4.00 
4.07 
4.08 
4.09 

4.10 
4.11 
4.12 
4.13 
4.14 

164.3 
105.1 
105.9 
1611. 7 
167.6 

4.70 
4.71 
4.72 
4. 73 
4.74 

168.4 
169.2 
170.0 
170.9 
171.7 

172.6 
173.4 
174.2 
175.0 
176.9 

176.7 
177.6 
178.4 
179.2 
180.1 

181.0 
181.8 
1827 
183.6 
184.4 

93.1 
93.7 
94. 3 
95.0 
96.0 

96.2 

97. 4 
98.1 
96.7 

98.3 
100. 0 
100. 6 
101.2 
101.9 

102.6 
103.1 
103.8 
104.4 
100.1 

m. 8 

4.75 
4.76 
4.77 
4.78 
4.79 

4.80 
4.81 
4.82 
4.83 
4.84 

4.85 
4.88 
4.87 
4.B 
4.86 

4.80 
4.91 
4.92 
4.93 
4.94 

3.70 
3.71 
3.72 
3. 73 
3.74 

1227 
123.4 
124.1 
124.8 
12.5.6 

3. 75 
3.76 
3. 77 
3.78 
3. 79 

3.80 
3.81 
3.82 
3.83 
3.84 

3.86 
3.86 
3.87 
a.88 
a 88 

4.15 
4.16 
4.17 
4.18 
4.19 

- 
Feel 

1o.w 
10.69t 
10. 72s 
Ib. 761 
10. 784 

10.8% 
10. 86( 
10.892 
IO. 92! 
10.9M 

10. Wl 
11.024 
11.0% 
11.08E 
11.125 

11. IM 
11. La 
11.m 
11. !m 
11. 28e 

11.318 
11.351 
11. 384 
11.417 
11.45(1 

11.483 
11.618 
11.540 
11.581 
11.614 

11.647 
11.680 
11.713 
11.746 
11.778 

11.811 
11.844 
11.877 
11. 9oQ 
11.942 

11.976 
12. M)8 
12 041 
12 073 
12.108 

12 139 
12 172 
12 206 
12 238 
12 no 
12. 303 
12. 336 
I2 309 
12 402 
12.434 

12.467 
12. '500 
12 533 
12 686 
12 698 

12.631 
12.664 
12.697 
12 730 
12 762 

81.3 
81.9 
82. 4 
83.0 
83.6 

6 4 2  
84.8 
85.3 
86.9 
a0.5 

Correo- (1 Difference of 
tion elevation 

3. 60 
3. 51 
3. 52 
3.63 
3.64 

3.65 
3.66 
3.67 
3.58 
3.59 

-4- 

1282 
128.9 
127.6 
1 x 3  
128.0 

128.8 
130.6 
131.2 
131.9 
1327 

133.4 
134.1 
134.9 
135.6 m a  

4.20 
4.21 
4.22 
4.23 
4.24 

4.26 
4.26 
4 . n  
4.28 
429 

4.30 
4.31 
4.32 
4.33 
4.34 

87. 1 
87.7 
88.3 
88.9 
89.6 

3. 60 
3.61 
3.62 
3.63 
3.64 

il 

80.1 
BQ7 
91.3 
91.9 
9 2 6  

3.66 
3.68 
3.67 
3.68 
3.69 

186.2 

187.0 
187.8 
lB.7  

186. I 

- 
Feet 

12.796 
12. 828 
12.861 
12.894 
12.926 

12.969 
12. IM2 
13.025 
13.058 
13.091 

13.123 
13.156 
13.189 
13.222 
13.255 

13.287 
13.320 
13.3&3 
13.356 
13.419 

13.451 
13.484 
13.517 
13. lw 

13.583 

13.615 
13.648 
13.681 
13.714 
13.747 

13.780 
13.812 
13.846 
13.878 
13.911 

13.944 
13.976 
14. cm9 
14.042 
14.076 

14.108 
14.140 
14.173 
14. 206 
14.239 

14.272 
14.304 
14.337 
14.370 
14.403 

14.436 
14.468 
14. 601 
14.534. 
14.687 

14.800 
14.633 
14.665 
14. 898 
14.731 

14.764 
14.797 
14.828 
14. 862 
14,896 

4.96 

4.97 
4.96 
4.W 

4.m 

-11- 

137.1 
137.8 
138.6 
139.3 
140.1 

140.8 
141.6 
1423 
143.1 
143.8 

144.0 
145.4 
146.1 
146.9 
147.7 

4.36 
4.36 
4.37 
4.38 
4.39 

4.40 
4.41 
4.42 
4.43 
4.44 

4.46 
4.46 
4.47 
4.48 
4 4 9  

189.6 
180.6 
191.3 
1022 
193. 1 

194. 0 
194.9 
195.7 
196. 6 
197.6 

198.4 
199.3 
m . 2  
201. 1 
2020 

202.9 
20'3.8 
204.7 
206. 6 
208.6. 

6.00 
6.01 
6.02 
5.03 
6.04 

6.06 
6.08 
6.07 
5.08 
6.08 

6.10 
6.11 
6.12 
6. 13 
6.14 

b.16 
6.16 
6.17 
6. 18 
& I 9  

- 
Feet 

14.928 
14.881 
14.993 
15. 0% 
15.069 

15.092 
15.125 
15.167 
15. I 8 0  
15. 223 

15.266 
15.289 
15.321 
15.364 
15.387 

15.420 
15.453 
15.486 
15.618 
16.551 

15.584 
15.617 
15.660 
16.682 
15.716 

15.748 
15.781 
15. 814 
16.846 
16.879 

15.912 
15.945 
15.978 
l6.010 
16.043 

16.076 
16. 109 
16.142 
16.175 
16.207 

16.240 
16.273 
16.306 
16.339 
10.371 

16. 404 
16.437 
16.470 
16. Ka3 
16. E36 

16.688 
16.601 
16. 634 
16.667 
16. 699 

10.732 
16.785 
16. 798 
16.831 
16.863 

16.888 
16.928 
16.882 
16.996 
17.028 

- 
:orrec. 
tion 

Nrn. 
- 

207. 8 
208.4 
209.3 

211.1 

212 0 
213.0 
213.9 
214.8 

216.7 
217.6 
218.6 
219.6 
m 4  
221.4 
222.3 
223.3 
224.2 
225.2 

226. 1 
227.1 

230.0 

m. s 
231.0 
232 9 
233. & 

210. a 

216. a 

E: 

m. a 
235. a 
236. a 
237. 7 
238.7 
239. 7 

240.7 
241. 7 
242. 7 
243. 6 

246.0 
246.6 
247.0 
248.6 
249. t3 

260.6 
261.8. 
262 6 
263. 6 
264.7 

256.7 
256.7 
267.7 
268.7 

Zaa8 
281.8 
282 8 
263.9 
2a9 

286. B 
287.0 
#KI. 0 
289.0 

244. a 

mg. 8 

??a4 



CONSTANTS, FORMULAS, AND TABLES 

I d i n a t i o n  corrections for 60-meter tape length-Continued 

Mm. 
337.6 
a3&7 
339.9 
341.0 
342.2 

343.4 
344.6 

189 

Meters 
0.40 
0.41 
0.42 
0.43 
144 

0.45 
0.46 

Difference of 
elevation 

Mm. 
271.1 
2722 
273.2 
274.3 
276.3 

276.4 
277. 4 
278. 6 
279. 6 
280.6 

- 
ACetm.3 
6.20 
6.21 
6.22 
6.23 
6.24 

6. 25 
6.28 
6.27 
6.28 
6.29 

6.30 
6.31 
6.32 
6.33 
6.34 

6.36 
6.36 

' 837 
6.38 
6.39 

6.41 
6.42 
6.43 
6.44 

6.46 
6.46 
6.47 
6.48 
6.49 
6.60 
6.61 
6.62 
6.63 
6.64 
6.66 
6.68 
6.67 
6. b3 
6. 69 
5. Bo 
6.01 
6.62 
6. 83 
6.64 
6.05 
6.88 
6.67 
6.68 
6. 69 
6.70 
6. 71 
h.72 
6.73 
6.74 
6.76 
6. 76 
6. 77 
6. 78 
6.78 

a 40 

- 

Metera 
6.80 
6.81 
6.82 

k8 
6.85 
6.86 
6.87 
6.88 
6.89 

- 
Fed 
17.060 
17. 093 
17.126 
17.169 
17.1652 

17.224 
17.257 
17.280 
17.323 
17.366 

17.388 
17.421 
17.464 
17.487 
17. 620 

17.662 
17.586 
17.618 
17.661 
17. 084 

17.716 
17.749 
17.782 
17.816 
17.848 

17.881 
17.913 
17.946 
17.979 
18.012 
18.046 

18.143 
18.176 

ia 077 la 110 

ia m ia 241 

la 307 
18. 274 

18. a40 
18. 373 
18.m 
18. 438 
18.471 
18.604 
ia 537 
18 670 
18. wn 

ia 701 la 734 

la 832 
ia m 
ia 930 
18. 9 ~ 3  

18.636 
18. 668 

1% 788 
18. 789 

16 898 

18. BBB - 

Mm. 
411.3 
4126 
413.9 
416.2 
416 6 

Jorree 11 Difference of 
tion elevation 

Meters 
7.00 
7.01 
7.02 
7.03 
7.04 

-11- 

417.8 
419. 1 
420.4 
421.7 
423.0 

424.3 
426.6 
428.9 
423.2 

430.9 
4322 
433.6 
434.8 
430.2 

437.6 
438.8 
440.2 
441.6 
4428 

444.2 
446.6 
446.9 
448.2 
449. 0 
4 m 9  
4623 
463.6 
466.0 
a 3  
467.7 
469.1 
m 4  
461.8 
4K3.2 

429.6 

7. ob 
7.00 
7.07 
7.08 
7.09 

7.10 
7.11 
7.12 
7.13 

7.15 
7.16 
7.17 
7. 18 
7.19 

7.20 
7.21 
7.22 
7.23 
7.24 

7.25 
7. 26 
7.27 
7.28 
7. 28 
7.30 
7.31 
7.32 
7.83 
7.a4 
7.36 
7.36 
7.37 
7.38 
7.38 

7.14 

281.7 
2828 
283.8 
284.9 
286.0 

287.0 
2881 
289.2 
290.3 
291.4 

2926 
293.6 
294.6 
296.7 
29a8 

297.9 
299.0 
ao0.l 
301.2 
3023 
3a3.4 
304.6 
306.6 
300.7 
307.9 

6.90 
6.91 
6.92 
6.93 
6.94 

6.96 
6.98 
6.97 
6.98 
6.88 

0.00 
6.01 
6.02 
6.03 
0.04 

0.06 
6.06 
6.07 
0.08 
0.09 
0.10 
6.11 
0.12 
6 1 3  
0.14 

Feet 
19.029 
19.062 
19.094 
19.127 
19.160 

19.193 
19.226 
19,268 
19.281 
19.324 

19. 367 
19.390 
19.423 
19.456 
19.488 

19.621 
19.664 
19. 687 
19.619 
19.662 

19.686 
19.718 
19.751 
19.783 
19.816 

19.849 
19.882 
19.916 
19.947 
19. QSO 
20. o n  
20.046 m. om 
20.112 
20.144 
20. m 
20.210 
20. 243 
20. 276 
20.308 
20.341 
20.374 
20.407 
20.440 
20.472 
20.606 
20.671 
20.004 
20.838 
20.668 
20.702 
20.736 
20.768 
20.m 
20.833 
20.888 
20.8BB 
20.932 
20.866 

20. rn 

- 

349.3 
3M.6 
351.7 
3629 
ab4.l 

366.3 
366.6 
367.7 
368.9 
3KL1 

361.3 
3626 
363.7 
364.9 
366.1 

w7.4 

369.8 
371.0 
3723 
373.6 

377.2 
3784 

3686 

:k3 

Jorrec- / /  Difference of 
tion elevation 

6.60 
0.61 
6.62 
0.63 
0.64 

6.66 
6.66 
6.67 
0.68 
0.69 

6.60 
0.61 
0.62 
0.63 
0.64 

0.66 

0.67 
6.68 
0.69 
0.70 

6. 73 
0.74 

6.66 

2 %  

II- - 

309.0 
310.1 
311.2 

313.6 

316.7 
310.8 
818.0 
319.1 
320.2 
321.4 
3226 
323.7 
324.8 

327.1 
328.3 
329.4 
a30.6 

3123 

814.6 

328.0 

6.16 
0.16 
6.17 

6. IS 

0.21 
f3.Z 
6.23 
0.24 
0.26 
6.a 
6.27 
0.28 
0.a 

0.31 
0.32 
0.33 
0.34 

0.20 

a x  

3m.7 
380.9 
3821 

884.0 

387.1 
3884 
389.6 
a 9  
3922 
393.4 
394.7 
m9 
887.2 

399.7 
401.0 
4023 
403.6 

a 4  

w i g  

8986 

6.76 
0.76 
0.77 

0.79 

6.81 
0.82 
0.83 
0.84 
0.86 
0.88 
0.87 
0.88 
6.88 

0.91 
0.92 
0.93 
6.94 

0.78 

0.80 

0.90 

Feet 
20.887 
21.030 
21.063 
21.096 
21.128 

21.161 
21.194 
21. m 
21. 200 
21.293 

21.326 
21.368 
21.391 
21.424 
21.467 

21.489 
21.622 
21.666 
21.688 
21. 621 

21.664 
21.686 
21.719 
21.7.52 
21.785 

21.818 
21. a50 
21.883 
21.916 
21.949 
21.982 
22.014 
22.047 
22 080 
22 113 
22. 146 
22 178 
22. 211 
22 244 
22 277 
22310 
22342 
22 376 
22 408 
22 441 
22 474 
22 607 
22 639 
22.672 
22m 
22638 
22.671 
22 703 n 736 
22 769 
22802 
22 886 
22 867 
22800 
22933 - 

471.4 
472.8 

477.0 
478.4 
479.8 
481.2 
482 6 
484.0 

474.a 
475.6 

3 o m e  1) Difference of 
tion elevation 

7.46 
7.46 
7.47 
7.48 
7.49 
7.60 

-11- 

484.4 
486.8 
488.2 
489. 6 
491.0 

- 
Feet 
22.966 
22999 
23.031 
23.084 
23.097 

23.130 
23.183 
23.1% 
23. 2% 
23.261 

23.294 
23.327 
23.360 
23.392 
23.426 

23.468 
23.491 
23.624 
23.668 
23.689 

I. 622 
23. (165 
23.688 
23.720 
23.763 

23.788 
23.819 
23. 862 
23.884 

917 
23. OM) 
23.983 
24.016 
24.049 
24.081 
!U 114 
24.147 
24. I80 
24.213 
24.246 
24.m 
24.311 
24.344 
24.377 
24.4430 
24.442 
24.476 
24. MKI 
24.641 
24.673 
24.m 

- 

1 

>orre*< 
tion . 

Hm. 

i 

492 4 
483.8 
496. '1 
496. (I 
403.1 

489.6 wo. 9 
603.8 
606.2 

m. 0 
wlll 
WB. 6 
611.0 
612 4 

613.8 
616.3 
616.7 
618. 2 
619.6 

621.1 
622 6 
624.0 
626.6 
626.9 

628.4 
629.9 
631.3 
632 8 

636. I 
637.2 
638.7 

641.7 
Ma. 1 
644.6 
646.1 
647.6 
649.1 
660.6 
(552 1 
663.8 
686.1 
a668 
6m11 
669. 0 
651.1 
532 6 
€84.1 

m2 a 

ma 

Ma a 

a', 

- 



190 

Difference in 
elevation 
7 

Fod 
0.00 . 01 
.02 
.03 
.04 
.06 
.OB .w 
.08 
.@a 

. 11 

.12 

.13 

.14 

.16 

.16 

.17 

.18 

.19 

.21 

.22 

.!23 

.24 

.26 

.% 

.27 

.28 

.29 
a30 

.31 

.32 

.33 

.34 

.a6 

.a6 

.37 

.38 

.39 
0.40 

.41 
.42 
.43 
.44 
.46 
.46 
.47 
.48 
.49 

.61 

.62 .a 

.w 

.M) 
-67 
.I58 
.69 

.61 

.I32 

.63 .a 

.a 

.a3 

.e7 

.a8 

.do - 

a io 

a m  

a m  

.M 

a m  

- 
Meter 
0. woo 
.m 
. m 1  
. m 1  
.0122 
.0152 . o m  
.02 13 
.0244 
.0274 

0.0305 
.0336 
.03M 
.03% 
.04n 
.0467 
.04a 
.0518 
.0649 
.0679 

0.0610 
.0640 
.0671 
.wo1 
.0732 
. n762 
.0792 
.0823 . on53 .w 

0.0814 
. o w 5  
.0975 . loo6 
.lo38 
.I067 . low 
.1128 

, . 1 1 I  
. l l89  

0.1219 
.12m 
. 1 m  
.1311 
.1341 
.1372 
.1402 
.1433 
. 1 m  
.1494 

a1624 
.16M 
. 1 m  
.1616 
. 1 w  
.1676 
.1707 
.1737 
.1788 
.17@ 

0.1829 
.la59 
. 1 m  
.two 
.1961 
,1881 

.2042 

. m 3  

.21w 

. m i 2  

U. 8. COAST AND OEODETIU SURVEY 

Ino2$natbon cmectione tor Z5mter length8 
[Cor. ==-0.00188 h*-O.00W00089 hc (3 in feet)] - - 

!OR@ 
tion 

Mm. 
0.0 
.o .o . o  .o 
.o .o .o .o .o 
.o .o .o .o 
.o  
.O 
. 1  
. 1  
.1 

. 1  

. 1  

. 1  
- 1  
.1 
.1 
. I  
. 1  .a 

a2 
. 2  
. 2  
. 2  
.2 
.2 
. 2  
. 3  
. 3  
. 3  

0.8 
. 3  .a 
. 3  
. 4  
. 4  
. I  
. 4  
.4 

. . 4  
a6 

.I, 

.6 

.6 

.E 

.6 

.6 

.6 

.6 

.6 

.7 

.7 

.7 

.8 

.8 

.8 

.8 

. 9  

.9 

- 

ao 

a i  

a 7  

- 

Diff ryence in 
elevation - 

Feet 
0. 70 
.71 
.72 
.73 
.74 
.76 
.76 
.77 
.78 
.79 

0.80 
.81 
.82 
.83 
.84 
.a 
.&?a 
.E7 
.88 
.89 

0.90 
.91 
.92 
.93 
.94 
.96 
.88 
.97 
.98 .w 
100 
.01 
.02 
.03 
.04 
.05 
.06 
.M 
.08 
.09 

L 10 
-11 
.12 
.13 
.14 
.16 
.16 
.17 
.I8 
.19 

1.20 
.21 
.22 
.zd 
.24 
.26 .a 
.28 
.29 

1. a0 
.31 
.32 
.33 
.a4 
.36 
e 3 0  
* 37 
,a8 
tau 

.n 

- 

- 
Meter 
0.2134 
.2164 
.2195 
.2225 
.2258 
.2286 
.2316 
.2347 
. a 7 7  
.2408 

0.2438 
.2469 
.a99 
.2530 
. 2 m  
.2591 
. a 2 1  
.2652 
.2682 
.2713 
0.2743 

,2774 
.2804 
.2836 
.2885 
.m 
.2928 
.2957 
.2907 
.XI18 
0.3048 
.3078 
.3109 
.3139 
.3170 
. 3 m  
.3!1 
.3261 
.3292 
.3322 

0.3363 
.a383 
.3414 
.3444 
.3475 
.3W6 
.a636 
.3m 
.3597 
.3627 

0.3868 
.3688 
.3719 
.3749 
.3780 
.a810 
.3840 
. a 7 1  
.3Wl 
.3932 

0.3882 
. 3 w  
.4023 

.4084 

.4116 

.4146 

.4170 

.4200 
1 4237 

. a m  

- 

- - 
:0lTeO 
tion 

Mm.  
0.9 
. 9  

1.0 
1.0 
1.0 
1.0 
1.1 
1. 1 
1. 1 
1. 2 
1.2 
1.2 
1.2 
1.3 
1. 3 
1.3 
1.4 
1.4 
1.4 
1.6 
1.6 
1.6 
1.8 
1.6 
1.6 
1.1 
l . 7  

- 

1. a 
1. a 
1. a 
1 9  
1.9 
1.9 
2. a 
20 
2. a 
2.1 
2. 1 
2.2 
2 2  
2.2 
2.3 
2.3 
2.4 
2 4  
2. 6 
2.6 
2.6 
2.0 
2 6  
2.1 
2 7  
2.8 
2.8 
2.8 
2 8  
2.9 
a. 0 
3.1 
3.1 

3.2 

3.3 

3.4 
3.4 

3.6 

a i  
a 2  

3.3 

a. 6 
a8 - 

Difference in 
elevation 
- 
Feet 

1.40 
.41 
.42 
.43 
.44 
.46 
.46 
.47 
.48 
.49 

1.60 
.51 
.52 
.53 
.b4 
.E6 
.56 
.57 
.E3 
.69 

1.60 
.61 
.62 
.63 
.64 
.65 
.66 
.67 
.68 
.69, 

1.70 
.71 
.72 
.73 
.74 
.76 
.76 .n 
.78 
.79 
1.80 
.81 
.82 
.83 
.84 
.86 
.&?a 
.87 
.88 
.89 

1.80 
.91 
.m 
.93 
.94 
.96 .w 
.97 
.98 
.99 

2.00 . 01 
.02 
.03 
.04 
.05 
.08 
.M 
.a9 
.08 - 

- 
Meter 
0.4267 
.4288 
.43% 
.4359 
.4389 
.4420 
.44m 
.4481 
.4511 
.4642 

0.4572 
.4602 
. 4 w  
. 4 m  
.4694 
.4724 
.47M 
.4785 
. a 1 6  
.4846 
0.4877 

.4938 

.4968 

. 4 m  
,6028 
.w60 
.m 
.5121 
.6161 

0.6182 
.5212 
.6243 
.6273 
.m 
.m34 .w . 6395 
.E426 
.MbS 

0.6488 
.5517 
.6647 
.&!I78 
.&?a 
.6639 . tB69 
.67W 
.6730 
.6761 

0.6791 
.I22 
. m 2  
.6883 
.6913 
. 6 M  
.6874 
.m 
.8036 
.8088 

0.6098 
.6126 
.6167 
.6187 
.e218 
.e248 .em .w 
.bill0 
. a 7 0  

.4m7 

- 

- - 
:0tTeC- 
tion 

Mm.  
3.6 
3.7 
3.7 
3.8 
3.8 
3 .9  
4.0 
4 .0  
4.1 
4.1 
4.2 
4 .3  
4.3 
4.4 
4.4 
4.6 
1 6  
4.6 
4.7 
4.7 
4.8 
4.8 
4.9 
6.0 
6.0 
A 1  
6.2 
6.2 
6.3 
6.3 
6.4 
6.6 
b.6 
6.6 
6.6 
6.7 
6.8 
6.8 
6.9 
6.9 
6.0 
6. 1 
6.1 
6.2 
6 3  
6.4 
6.4 
6.5 
6.6 
6.6 
6.7 
6.8 
6.8 
6.9 
7.0 
7.1 
7.1 
7.2 
7.3 
7.3 
7.4 
7.6 
7.6 
7.6 
7.7 
7.8 
7.8 

- 

ao 
ao 
a i  - 

Difference in 
elevation - 

Feet 
2 10 . 11 
.12 
.13 
.14 
.16 
.16 
.17 
. I 8  
.19 

2. 20 
.21 
.22 
.23 
.24 
.26 
.28 .n 
.28 
.29 

2. 30 
.31 
.32 
.33 
.34 
.36 
.36 
.37 
.38 
.39 

2.40 
.41 
.42 
.43 
.M 
.46 .a 
.47 
.48 
.49 

2. w 
.61 
.62 
.63 
.64 
.66 
.E8 
.67 
.I 
.69 

.61 

.E2 

.63 

.64 

.e 

.BB 

.67 

.BB 

.69 

.71 

.?a .n 
* 74 
.76 
.76 
.77 
.78 
.?o 

a. 60 

a. 70 

- 

- 
Meter 
0.6401 
.6431 
.MI32 
.ME? 
.6623 
.I3653 
.e564 
.8614 
.6845 
.6676 

0.6706 
.6736 
.6767 
.6797 
.a28 
.mi% 
.e888 
.6919 
.e949 
.8980 

0.7010 
.7041 
.7071 
.7102 
.7132 
,7163 
.7193 
.7224 
.7264 
. 7 m  

0.7316 
.7348 
.7376 
.74w 

.7m 

.7498 

.7528 

.7m9 

. 7 m  
0.7620 
.76w 
.7681 
.7711 
.7742 
.7772 
.7803 
.7833 .m 
.7894 

0.7926 
.79M 
.7088 
.8016 
. a 7  
.m . 8loB 
.a138 
.El69 
.81W 

0.82aO 
.a250 
.I3291 
. a 2 1  
.a362 
.8382 
.w.3 
-8473 
.@mi 

.74a7 

.Mia 

- 

- 
JOITW 
tion 

Mm.  

- 
a2 
aa 
a4 
a 4  

a6 

a9 

8.6 

8.7 
8.8 
8.8 

8. 0 
9.1 
9.2 
0.2 
9 .3  
9.4 
8.6 
9.6 
9.6 
9.7 
9 .8  
9. e 

10.0 
10. 1 

10.3 
10.3 
10.4 
10.6 
10.6 
10.7 
10.8 
10.9 
11.0 
11.1 
11.2 
11. a 
11. a 
11.4 
11.6 
11.6 
11.7 
11.8 
11. 8 
12.0 
1 2  1 
12.2 
12.3 
1 2  4 
1 2  6 

12.7 
12  8 
12.9 la 0 
13.1 
13.1 
13.2 
13.8 
13.4 
13. ti 
13.6 
13.7 
13.8 la 0 
14.1 
14.2 
14.8 
14.4 
14.5 

io. a 

ia 6 

1 - 



Dlflerence in 
elevatioa 

B e t  
2. 80 

.81 

.82 
-83 
.84 
.86 
.80 
.87 
.88 
.89 
2.8, . 91 
.6n 
.93 
.84 
.96 
.ge 
.in 
.88 
.99 

8.00 
.01 .m 
.03 
.04 
-06 
.OB 
-07 
-08 
-0Q 

- 11 
.I2 
-13  
-14 
-16  
- 1 6  
.17 
- 1 8  
-18 

8. zc 
21 - 21 

-23 .a 
.25 . 2t 
.27 
.2E 
.2f 

.31 

.32 
,3a 
.I 
.3L .r 
.35 
*3f 
* 3 i  

8.40 
-41 
-42 
.43 
-44 
.4L 
.u 
.11 
.a 
.4 

a. io 

a 3c 

OONSTAN'TS, FORMULAS, AND TABLES 

- 
Metera 
D. 8634 
.a586 
.a596 
.8826 
.8GM 
.8687 
.a717 
.a748 
.a778 
.am0 

0.8839 
.a870 
.a900 
.8'931 
.8961 
.SO82 
.go22 
.9oB .wa; 
.9114 

0.9144 
,9174 
.8aoli . Qw5 
.Ne6 
.Wm 
.9327 
.9357 
.9388 
.M18 

0.8449 
.0479 
.9510 
.QMO 
.9571 
.mol 
.m2 
.9602 
.%93 
.9m 

0.9764 . 9784 
.9815 . 9846 
.W70 
.m 
.%I30 . m 7  . 0Q97 

1.0028 
1. w68 . mu9 
,0119 . OlW 
. o m  
.m11 
.ON1 
.0272 
.0302 .am 

1.0383 
.0394 
.04% 
,0466 
.0486 
.06M 
.OM6 . Ob77 
.OB07 
.O6M 

- 
!orre(: 
tion 

Mm.  
14.6 
14.7 
14.8 
14.9 
16.0 
16.1 
16.2 
15.3 
16.4 
15.6 
16.6 
16.7 
16.8 
16.9 
16.0 
16.2 
10.3 
16.4 
10.6 
16.6 
16.7 
16.8 
16.9 
17.1 

17.3 
17.4 
17.6 
17.1 

17.9 
18.0 
18.1 
18.2 
18.3 
18.6 
18.6 
18.7 

18. Li 
19. c 
19. 1 
19.2 
19.4 
19. E 
19.0 
19.7 
19. E 
20. @ 
20. I 
20.2 
20.3 
20. E 
20. € 

20.6 
21. c 
21. I 
21.2 
21.4 
21. L 
21. f 
21. E 
21. f 
22. c 
22. $ 
22.3 
22.4 
22. t a2 

- 

17. a 

17. a 

18. a 

20. 7 

Differenoe in 
elevation - 

Feet 
3. M) 

.61 
.52 
.53 
.64 
.66 
.66 
.67 
.@ 
.69 

3.60 . e1 
.02 . c3 
.a4 
.66 
.80 
.07 
.68 
.69 

.71 

.72 

.73 

.74 

.75 

.77 

.78 

.7s 

.81 

.8? 

.a2 

.84 

.8t .a€ 

.87 

.8t 

.8E 
3. M: 
.91 .w .a .w . 9€ .w . 95 
.I 
.H 

4. o( 
.01 .a 
-0: .w . ot 
.of . 0; 
.of . O( 

4. I( 
.I1 
.15 . I$ 
.14 
.11 . It 
. I f  
I 11 
t lr 

a. 70 

.7a 

a. 80 

- 
Kctcra 
.m68 
.De99 
.0729 
.07bQ 
.07W 
. o m  
.OS51 
.OB1 
.u912 . o w 2  
. OW3 .1w 
.lo34 
.lo04 
.lo95 
.1126 
.I160 
.1186 
.1217 
.1247 

L. 1278 
.1308 
.1330 
,1309 
,1400 
.1430 
.14G1 
.1401 
.1631 
. lW 

1.1682 
.1613 . '643 . M i 4  
.1704 
.1736 
.1705 
.1796 
.1820 
.1857 

I. 1887 
.lo18 
.1w8 
.lo79 
.m9 . 2040 

.2101 
.2131 
.21Ga 

1.2182 
,2223 
.2253 
,2283 
,2314 
.a344 
.2376 
.2406 
.2430 
* 2488 

1.2481 
.a27 
.2668 
.2MKI 
,2818 
.2648 .m 
.a710 
.2741 

.m70 

, a m  

Mm. 
22.8 
22.9 
23.1 
23.2 
23.3 
23.6 
23.6 
23.7 
23.8 
24.0 
24.1 
24.2 
24.4 
24.5 
24.0 
24.8 
21.0 
25.0 
25.1 
26.3 
26.4 
25.6 
25.7 
25.8 
20. 0 
20.1 
20. 2 
20.4 
20.6 
26.7 
25. E 
27. a 
27.1 
27. 3 
27.4 
27. B 
27.7 
27. E 
28. C 
28.2 
28.3 
28.4 
28. 
28.7 
28. I 
29.0 
29.1 
20.3 
20.4 
29. f 
29. i 
29. f 
30. c ao. I 
3 0 . 3  
80.1 
30. t 
30. f 
30. f 
31.1 
31.2 
31.4 
31. 1 
31. ; 
31. t 
82. ( a; 
32. i 
82.1 
sat 

Ditlerenm in 
elevation 

Feet 
4.20 

.21 

.22 

.23 

.24 

.26 

.26 

.27 

.28 

.29 
4.30 

.31 

.32 

.33 

.34 

.36 

.30 

.37 

.38 

.39 
4.40 
.41 
.42 
.43 
.44 
.46 

.47 

.4Q 
4. M 
.51 
.62 .u 
.w  
.ti! 
.68 
.67 
.@ 
.61 

.4a 

.4a 

j: :I 
.@ .a .a 
.w 
.Bf 
.6i 
.@ . Gf 

4.x 
.71 
.7: 
.z 
.74 
.71 . 7t 
.7: . 7f 
.7( 

4.N 
.81 . 8: 
.& 
.or 
.El 
.a .a: 
.a 
.m 

- 
Kelcra .m2 
.2a72 
.2863 
.2893 
.2924 
.2964 
.2W5 
.3016 
.3045 
.3070 
.3106 
.3137 
.3167 
.3198 
.3228 
.3259 
.3380 
.3320 
.33W 
.3381 
1.3411 
.3442 
.3472 
.3M3 
.3533 
.3664 
.35M 
.3025 
.3G& 
. W G  

L. 37l6 

.3777 

.3807 

.a838 

.8868 

.a99 

.3m9 

.3" 
I. 4021 
.4051 
.4082 
.4112 
.4143 
.4173 
.4204 
. 4 m  
.4286 
.a86  

1.4326 
.43M 
.4387 
.4417 
.4448 
.44m 
.4WQ 
.4638 
.453Q 
. 4 m  
1.m 
.la1 
.4691 
. 4 m  
.4762 
* 4783 
. a l a  
.4844 
.a74 
.mt 

. a747 

.3mo 

Mm. 
32.8 
33.0 
33.1 
33.3 
33.4 
33.6 
33.8 
33.9 
34.1 
34.2 
31.4 
34. e 
34.7 
34.9 
35.0 
35.2 
36.4 
36.6 
36.7 
36.8 
so. 0 
30.2 
36.3 
36.6 
36.1 
36. Q 
37.0 

37. 4 
37.6 

37. a 

37.7 
37. Q 

38.2 
38.4 

88. a 

38.0 
38.7 
38. s 
39. I 
39.2 

.io. P 
39.4 

- 
39.7 
39. $ 
40.1 
40.2 
40.4 
40. € 
40.8 
40. f 
41.1 
41.2 
41.1 
41. f 
41. L 
42. $ 
42 .  
42.4 
4a. 1 
42.: 
&. 
43.1 
43. i 
43.4 
43. t 
43. f 
44. ( 
44. : 
44. I 
44.1 

Differenoe in 
elevation - 

Fed 
4.80 
.91 
.m 
-93 

.Q6 

.ge 

.97 

.98 

.99 
6.00 
.O1 
.02 
.@3 
.04 
.06 
.De 
.07 .oa . 08 

5.10 
.ll 
.12 
.13 
.I4 
.16 
.18 
.17 
.1E 
.1f 

b.X 
.2J 
.2i 
.2% 
.24 
.2i 
.u 
.2i 
.z .a 

b. 3( 
.31 
.3: 
.3: 
.34 
.a 
.3f 
.3; 
.3t 
.3f 
L 4( 
.41 
.4: 
.4: 
.& 
.4l 
.4I 
.4: 
.4( 
.4l 

b&t 
.b1 
.6: 

. .6 
.6r 
.u 
.a 
.b! 
.I 
.a 

.m 

- 
bfc laa  
1.4836 
. 4 m  
.4996 . m 7  . Wbi 
.m 
.6118 
.6149 
.6179 
.6210 

1.6240 
.6271 
. B O 1  . a 3 1  
.b$6a 
.6382 . b423 
.M63 . Ma4 
.E614 

1.6646 
.E676 
.m 
.6G36 . W67 
.&a7 
.6728 
.6758 
.6789 
.&ILL19 

1.6860 . GW 
.5Ql: 
.5041 
.697'1 
.two2 
.€io33 
.mG3 
.eo93 . 8124 

1.6164 
.e186 
.I3216 
.6240 
.8276 
.@I7 
.m7 
.ma 
.e388 . 6428 

1.8468 
.64w . eba . ebb1 
.e681 
.eel2 
.a2 
.m73 
.6703 . em 

1.8784 
.870C 
.a826 
.m 
.w 
.me 
.bw1 
.I3971 .m .m 

19t 

- 
r - 
Km. 

44.7 
44.0 
46. 1 

4 h  4 
45. 8 
46.8 
46.0 
46.1 
46.3 
46.5 
46.7 
46.9 
47. I 
47.3 
17.5 
47.8 

48.0 

48.4 
48.8 
48.8 
49.0 

49.1 
49. b 
49.7 
49. B 
6a1 
60.3 
bo. 6 
60. 7 
bo. 9 
61.1 
61.3 
61.6 
61.7 
61.9 
62. I 
62.3 
62.6 
62.7 
62.9 
63.1 
63.3 
63.6 
63.7 
63.0 
64.1 
64.3 
64.6 
M. 'I 
M. 9 
66. 1 
cd. 3 
bb. 6 
M,7 
66.0 
66.1 
€8. 3 
€8.6 
66.1 
66.0 
b7.1 
67.3 
b7.6 
67.7 
57.0 
68.1 

45. a 

47.8 

4 a  a 

49. a 



192 

Feet 
7.70 
.71 
.72 
.73 
.74 

& 

Difference in 
elevation 

Metera 
2.3470 
.3Mx) 
.3531 
.3W1 
.36Q2 

U. S. COAST AND GEODETIC SURVEY 

I n d h t h  Correctha fw 25-metw 2sngth84ontinued 

.76 

.76 

.77 

.78 

.7Q 
7.80 
.81 
.82 

.64 

.85 

.86 

.87 

.88 

.8Q 
7.00 
.91 
.92 
.93 
.Q4 
.95 
.86 
.Q7 
.98 
.09 

8.M) 
.01 
.02 
.03 
.04 
.05 
.OB 
.07 
.08 
.09 

8.10 
.ll 
.12 
.I3 
.14 
. I6  
.16 
.17 
.18 
.lQ 

8.20 
.21 
.22 
.I 
.24 
.25 
.26 
.27 

.% 
8.30 
.31 
.32 
.33 
.a4 

.a? 

.m 

Fed 
6.60 
.61 
.62 
.e3 
.64 
.e6 
.66 
.67 
.68 
.6Q 

6.70 
.71 
.72 
.73 
.74 
.75 
.76 
.77 
.78 
.79 

6. 80 
.81 
.82 
.fa 
.84 
.a5 
.86 
-87 .a 
.89 

6.90 
-91 
-92 
-93 
.Q4 

.95 .w 
-97 
.98 
.09 

6.00 . 01 
.02 .w 
.04 
.05 
.06 
.07 
.08 
.09 

6.10 
.ll 
.12 
.13 
.14 
.16 
.16 
.17 
.18 
.1Q 

6.20 
.21 
.22 
.2a 
-24 
.2LT 
.!a .n 
.% .as 
- 

.3622 

. 3 W  

.a683 

.3713 

.3744 
2.3774 
.3805 
.3815 

.38" 

.3927 

.3057 

.3988 

.4018 

.404Q 
2.4079 
,4110 
,4140 
.4171 
,4201 
. 4 m  
.42G2 
.4293 
.4323 
,4364 
24384 
.4415 
.4445 
.4475 
.4wB 
,4636 
.4m7 
.4597 
.4628 
.4858 
2.4689 
.471Q 
.47m 
.4780 
.a11 
.4M1 
.4872 
. 4 W  
. 4 W  
. 4 W  

2.4084 
,6024 
.E455 
.E486 
.6116 
.6148 
.6177 
.5207 

.6288 
2.6a98 
.6320 
.E369 
.E390 .wo 

. 3 ~ m  

,6237 

- 
K€Wa 
1.7080 
. 7 m  
.7130 
.7180 
.71Q1 
,7221 
.7262 
,7282 
.7313 
.7343 

I.  7374 
.7404 
.7435 
.7465 : 7498 
.7526 
.7657 
.7M7 
.7617 
.7648 

1.7678 
.77w 
.7739 
,7770 
. 7 m  
.7=1 
.7861 
,7892 
.7922 
.7953 

1.7983 
.8014 
.a044 
.8075 
.8105 
,8136 
.a166 
.a197 
.a227 
.8268 

1.8288 
.E319 
.8349 
.837Q 
.a410 
.a440 
.8471 
.a501 
.ab32 
.E662 
1.85m 
.a623 
.8654 
.ma4 
.E716 
.a746 
.E776 .m 
.8837 
.El767 

1.889a 
.8028 
.8859 
.E988 
.m 
.8ow 
.w1 
.Q111 
.0141 
.0172 

- 

.ab 

.36 

.37 

.a8 

.a9 aIo 

- - 
20lTW. 
tion 

Mm.  
68.3 
58.5 
58.7 
68.8 
59.1 
59.4 
59.6 
59.8 
60.0 
80.2 
60.4 
60.6 
80.8 
61. 1 
61.3 
61.5 
61. 7 
01.0 
62.2 
62.4 
62.6 
62.8 
63.0 
63.3 
63.5 
63.7 
63. Q 
64.1 
84.4 
64.6 
84.8 
65.0 
66.2 
65.5 
66.7 
86.9 
66.1 
88.3 
66.6 
66.8 
67.0 
67.2 
67.4 
67. 7 
67.9 
68.1 
68.3 
68.6 
68.8 
60.0 
6% 2 
68.4 
6Q. 7 
60. 9 
70.1 
70.4 
70.6 
70.8 
71.0 
71.3 
71.6 
71.7 
72.0 
7 2  

12.7 
72.0 
73.2 
7a. 4 
7a. 7 

- 

7 2  6 

- 

. a 6 1  
,6481 
,6612 
.mda 
. a 7 3  

2 . m  

Difference in 
elevation - 

Fed 
6.30 
.31 
-32 
.33 
.34 

. .36 
.36 
.37 
.38 
.39 

6.40 
.41 
.42 
.43 
.44 
.45 
.46 
.47 
.48 
.49 

6. Ml 
.51 
.52 
.53 
.64 
.55 
.E5 
.57 
.58 
.60 
6.80 
.61 
.62 
.63 
.64 
.65 
.66 
.67 
.68 
.69 

6.70 
.71 
.72 
.73 
.74 
.75 
.76 
.TI 
.78 
.79 
6.80 
.81 
.82 
-83 
.84 
.ab 
.88 
.87 
.88 
.80 
6.90 
.Q1 
.Q2 
.93 
.84 
.a5 
.88 
.Q7 .os 
.QQ 

- 
Meters 
1.8202 
.9233 . Q263 
.8204 
.9324 
.Q355 . 93a5 
.9416 
.w 
.Q477 

1.9507 
,9538 . Q568 
.9699 . Q629 
.9(160 
.QGW 
.9721 
.9761 
.9782 
1. Q812 
.9843 
.9873 
.m 
.0934 
. Nu34 
.0w5 

2.0025 . 00M .oo% 
2.0117 
.0147 
.0178 
.0208 
.m9 
.0%9 
.0300 
.0330 
.0361 
.mol 

2.0422 
.0452 
.04% 
.0513 
.ob44 
.ob74 
.Ma5 
. m 5  
.0665 
.08m 

2.0726 
.0757 
.0787 
.0818 
.WE 
.0879 
.ogoB 
.G940 
.0970 
.loo1 

2.loal 
.lo62 
.lo82 
.1123 
.1163 
.1184 
.1214 
.1246 
.1276 . lm 

- - 
Imm 
tion 

him. 
73. Q 
74.1 
74.4 
74.6 
74.8 
76.1 
75.3 
75.6 
75.7 
76.0 
76.2 
76.4 
76.7 
76.9 
77.2 
77.4 
77.6 
77.9 
78.1 
78.4 
78.6 
IS. Q 
19.1 
79.4 
79.6 
79.9 
80.1 
80.4 
80.6 
80.9 
81. 1 
81.4 
81.6 
81.9 
82.1 
82.4 
82. G 
82.0 
83.1 
83.4 
83.6 
83. Q 
84.1 
84.4 
84.6 
M Q  
85.1 
85.4 
85.6 
86. Q 
88.1 
80.4 
86.6 
86.9 
87.1 
87.4 
87.6 
87. Q 
88.1 
88.4 
88.6 
88. Q 
89.1 
88.4 
SQ. 6 
89.9 
90.2 
90.4 
90.7 
90. Q 

- 
Differem in 

elevation - 
Feet 

7.00 . 01 
.02 .a 
.04 
.M 
.06 .w 
.08 
.09 

7.10 
. l l  
.12 
.13 
.14 
.15 
.16 
.17 
.18 
.19 

7.20 
.21 
.22 
.23 
.24 
.26 
.26 
.27 
.28 
.29 

7.30 
.31 
.32 
.33 
.34 
.36 
.36 
.37 
.38 
-30 

7.40 
.41 
.42 
.43 
.44 
.46 
.46 
.47 
.48 
.4Q 

7. M) 
.61 
.52 
.63 
.64 
.E5 
.MI 
.57 
.68 
.69 

7. 60 
.61 
.62 .ea 
.64 
.e5 
.BB 
.67 
.68 
.60 

- 
MetGlR 
2.1336 
.1367 
.13Q7 
.1427 
.1468 
.1488 
.1519 
.1649 
.1580 
.1610 

2.1641 
.1671 
.1702 
.1732 
.1763 
.1793 
,1824 
.la54 
.1885 
.I916 

2.1946 
.1976 
.2W7 
.m37 
.zoo8 
.m98 
.21m 
.2159 
.2189 .mo 

2,2260 
. a d 1  
.2311 
.2342 
.2372 
.2403 
.2433 
.24G4 
.2494 
.2625 

2.2655 
.2588 
.2616 
.2647 
.2677 
.WOE 
.2738 
.2769 
.27w .mo 

2.2860 
.2891 
.m21 
.m51 
.2982 
.3012 
. 3 w  
.307a 
.3104 
.3134 

2. aim 
.ai85 
.3226 
. 3 m  
.3287 
.3317 
.3348 . a378 

. iuao . am 

M m .  
91.2 
81.5 
91.7 
92.0 
92.2 
92.6 
92.8 
93.0 
93.3 
93.6 
93.8 
94. 1 
94.3 
94.6 
84. Q 
85.2 
95.4 
95. 7 
Rn. 0 
98. 2 
Q6.5 
96.8 
97.0 
97.3 
97.6 
87.9 
98. 1 
98.4 
98. 7 
Q8. Q 
88.2 
09.5 
QQ. 8 

loo. 0 
100.3 
100.6 
loo. 0 
101.2 
101.4 
101.7 
102.0 
102.3 
102.6 
102.8 
103.1 
103.4 
103.7 
104.0 
104.2 
104.6 
104.8 
105.1 
105.4 
105.6 
106. Q 
108.2 
106.6 
108.8 
107.0 
107.3 
107.6 
107.8 
108. 2 
108.4 
lOa 7 
108.0 
108.3 
108.6 
109.8 
110.1 

Difference in 
elevation 

- 
:01t- 
tlon 

Mm. 

- 
110.4 
110.7 
111.0 
111.3 
111.6 
111.9 
112.1 
112.4 
112.7 
113.0 
113.3 
113.6 
113.9 
114.2 

114.8 
115.0 
115.3 
115.6 
115.9 
116.2 
116.6 
116.8 
117.1 
117.4 
117.7 
118.0 
118.3 
118.6 
118.0 
119. a 
11% 6 
118.8 
120.1 
120.4 
120.7 
121.0 
121.3 
121.6 
121.9 
122. 2 
122.6 
122.8 
123.1 
123.4 
123.7 
124.0 
124.3 
124.6 
124.0 
125.2 
126.6 
126.8 
126.1 
126.4 
128.8 
127.1 
127.4 
127.7 
128.0 
128.3 
128.6 
128.8 
129.2 6 

128.6 
128.8 

130.6 
130.8 
Idl. 1 

114. n 

130. a 

iai. 4 
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193 CONSTANTS, FORMULAS, AND TABLES 

I n c l h t b n  correcthw for 5, 10, 15, EO, 15, 30, 5.5, 40, and 45 meter lengths . 

Diffemence in 
elevation 

L_ 

Meter8 
0.01 
0.0: 
0.0: 
0.0' 
0.01 

0. Of 
0.0; 
0.05 
0. oi 
0. I( 
0. 11 
0.1: 
0.1: 
0.14 
0. I t  

0. It 
0.1; 
0.lE 
0. 1E 
0.20 

0.21 
0. 22 
0. 23 
0.24 
0.26 

0.28 
0.21 
0.28 
0. a 
0.30 

0.31 
0.32 
0.33 
0.34 
0.36 

0.36 
0.37 
0.38 
0.39 
0.40 

0.41 
0.42 
0.43 
0. 44 
0.46 

0.46 
0.47 
0.48 
0.49 
0.60 

0.61 
0.62 
0.63 
0.64 
0.66 

- Q67 
0.66 
0.69 
0. Bo 

0.81 
0.82 
0. Ba 
0.84 

ase 

a m  

- 
Fret 
0.033 
0. Wt 
0.09F 
0.131 
0.164 

0.197 
0. m 
0. 2(i2 
0.296 
0.328 

0.361 
0.394 
0.427 
0.459 
0.492 

0.626 
0. 668 
0.691 
0.623 
0.668 

0.m9 
0.722 
0. 766 
0.787 
0.820 

0.863 
0.886 
0.919 
0.961 
0.964 

1.017 
1. ow 
1.083 
1.116 
1.148 

1.181 
1.214 
1.247 
1.280 
1.312 

1.346 
1.378 
1.411 
1.444 
1.476 

1. m 
1. 642 
1.676 
1. 608 
1.640 

1. 67.3 
1.708 
1.738 
1.772 
1.m 

1.837 
1.870 
1.903 
1.936 
1.888 

2.001 
2.034 
2.087 
2 loo 
2. 133 

- 
6 

M m  . 
0. c 
0. c 
0.1 
0.2 
0.2 

0.4 
0. E 

1.0 

1.2 
1.4 
1.7 
2.0 
2.3 

2. e 
2.0 

3.6 
4.0 
4 4  
4.8 
6.3 
6.0 
6.3 

8.8 
7.3 
7.8 
8.4 
9.0 

9.6 
10.2 
10.9 
11.6 
12 3 

13.0 
13.7 
14.4 
16.2 
16.0 

16. 8 
17. 7 
18.6 
19. 4 

21.2 
22.1 
23.1 
24.1 
261 

281 
27.1 
28.2 
29.2 

31. 6 
32.6 
33.8 
34.9 

0. e 
0. a 

3. a 

m. 3 

ao. a 

ati 1 

37. a 
88.6 
39.8 
41.1 
42.4 

10 

H m .  
0. c 
0. c 
0. c 
0.1 
0. 1 

0.2 
0. 2 
0.3 
0.4 
0. & 

0.0 
0.7 
0.8 
1.0 
1.1 

1.3 
1.4 
1.6 
1.8 
2.0 

2.2 
2. 4 
2. 6 
2 9  
3.1 

3.4 
3.6 
3.9 
4.2 
4.6 

4.8 
6.1 
6.4 
6.8 
6.1 

6.6 
6.8 
7.2 
7.6 
ao 
a 4  
8.8 
9.3 
9. 7 
10.1 

10.6 
11. 1 
11. 6 
12.0 
1 2 6  

1% 0 
13.6 
14.1 
14 6 
16.1 

16.7 
16.2 
16.8 
17. 4 
18.0 

18.6 
18. a 
19.8 m. 6 
21. 1 

16 

Mm.  
0. c 
0. I 
0. c 
0. c 
0.1 

0.1 
0. I 
0.2 
0.3 
0.3 

0.4 
0. 6 
0.0 
0.7 
0. 8 

0.8 
1.0 
1.1 
1.2 
1.3 

1.6 
1.0 
1.8 
1.9 
2. 1 

2 3  
2.4 
2. 0 
2.8 
3.0 

3.2 
3.4 
3.6 
3.9 
I.1 
4.3 
4.6 
4.8 
6.1 
6.3 

6.6 
6.9 

6.6 

7.1 
7.4 
7.7 

6.2 

a8 

ao 
a3 

8 7  
9.0 
8.4 
9.7 

10.6 
10.8 
11.2 
11.6 
12.0 

12 4 
12.8 
13. 2 
13. 7 
14 1 

ia 1 

Length in meters 

m 

Mm. 
0. c 
0. c 
0. c 
0. ( 
0. I 

0. I 
0. I 
0. I 
0. I 
0.2 

0.3 
0.4 
0.4 
0. 6 
0.6 

0.8 
0.7 
0.8 
0.9 
1.0 

1.1 
1.2 

1.4 
1. e 
1.7 
1.8 
2 0  
2. 1 
2.2 

2 4  
2 6  
2.7 
2.9 
3.1 

3.2 
3.4 
3.6 
3.8 
4 0  

4 2  
4 4  
4.6 
4 8  
61 

6 3  
6.6 
6.8 
6.0 

t i5  
6.8 
7.0 
7. a 
7.6 

7.8 ai 
8.4 
a 7  
8. 0 

0.8 
0.6 
9.9 la 2 

1. a 

aa 

la e 

25 

Mm. 
0. ( 
0. c 
0. c 
0. c 
0. c 
0. I 
0. I 
0.1 
0.5 
0.2 

0. 5 
0.3 
0.3 
0.4 
0.4 

0. E 
0.0 
0.7 
0.8 

0.9 
1.0 
1.0 
1.1 
1.2 

1.3 
1.5 
1.6 
1.7 
1.8 

1.9 
2 0  
2.2 
2.3 
2. 6 

2 6  
2 7  
2 9  
3.1 
3.2 

8 4  
3.6 
3.7 

41 

4 2  
4 4  
4.6 
4 8  
6.0 
6.2 
6.4 
6.0 
6.8 
(LO 
La 
6.6 
6.7 
7.0 
7. a 
7.4 
a0 
8. a 
a4 

- 

0. e 

a 9  

?1.6 

- 
30 

M m .  
0. 
0. c 
0. c 
0. c 
0. c 
0. I 
0. I 

0. 1 
0.2 

0. I 
0.2 
0.3 
0.3 
0.3 

0.4 
0. l 
0.6 
0. e 
0.7 

0.7 
0.8 
0. g 
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 6  
27 

2 8  
2.9 
3.1 
3.2 
3.4 

3.7 
a8 
4 0  
4 2  

4 6  
4.7 
4 9  
6.0 

6. 2 
6.4 
6.6 
h 8  
(LO 

6.4 
6.6 
6.8 
7.0 

- 

0. ; 

a. 5 

4 3  

aa 

- 
36 

Mm. 
0. ( 
0. c 
0. c 
0. c 
0. c 
0. c 
0. I 
0.1 
0.1 
0. I 

0.2 
0.2 
0. 2 
0.3 
0.3 

0.4 
0.4 
0.6 
0. E 
0. e 
0.6 
0.7 
0.8 
0.8 
0.8 

1.0 
1.0 
1.1 
1.2 
1.3 

1.4 
1.6 
1. e 
1.7 
1.8 

1.9 
2 0  
21 
2 2  
2 3  

2 4  
2.6 
2.6 
28 
2 9  

3.0 
3.2 
3.3 
3.4 
3.6 

8.8 
4 0  
4 2  

4 6  
4.6 
4.3 
6.0 
6.1 

6.6 
6.7 
5.0 
6 0  

.a 7 

4 a  

6.a 

40 

Mm. 
0. ( 
0. c 
0. c 
0. ( 
0. c 
0. c 
0. I 
0.1 
0. I 
0. I 

0. I 
0.2 
0.2 
0.2 
0.3 

0.3 
0.4 
0.4 
0. E 
0.6 

0. e 
0. e 
0.7 
0.7 
0.8 

0.8 
0.9 
1.0 
t l  
Ll 
1.2 
1.3 
1.4 
1.4 
1.6 

1.6 
1.7 
1.8 
1.9 
20 

21 
2 2  
2.3 
2 4  
2 6  

2 6  
2 8  
29 
3.0 
3.1 

8 4  
3.6 
a6 
8.8 

a.9 
4.1 
4.2 
4.4 
4.6 
4.7 
4.8 
6.0 
IL1 
6.3 

a. 3 

46 

Mm. 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0. I 
0. I 
0. t 
0.1 

0. f 
0. a 
0. a 
0. a 
0.2  

0.3 
0.3 
0.4 
0.4 
0.4 

0 . 6  
0.5 
0.6 
0.6 
0.7 

0 .8  
0.8 
0.9 
0. B 
1.0 

1.1 
1.1 
1.1 
1.3 
LC 
1.4 
1.5 
1.6 
1.7 
1.8 
1. 9 
2.0 
2 1  

23 

2 4  
2 6  
2 6  
2 7  
28 

2. a 
3.0 
3.1 

a.4 

as 
a6 
a7 
a.0 
4.0 

4.1 

4.6 
4 6  
4.7 

aa 

a i  

ca 



194 U. 8. COAST AND OEODETIU SURVEY 

Incurn th  w e c t b l c ~  for 5, io, 15, a0, %5, $0, 85, 40, and 45 meter t w t h e -  
Continued 

Difference in 
elevation 

Metcra 
0.66 
0.67 
0.88 
0.69 
0.70 
0.71 
0.72 
0.73 a 74 a 75 
0.76 
0. 77 
0.78 
0.79 
0.80 
0.81 
0.82 
0.83 
0.84 
0. &I5 
0.88 
0.87 
0. (Is 
0.89 
0.90 
0.91 
0.92 
0.93 
0.94 
0.96 
096  
0.97 
0.98 

-:. o"0 
1.01 
1.02 
1.03 
1.04 
1.05 
1.06 
1.07 
1.08 
1. OB 
1.10 
1.11 
1.12 
1.13 
1.14 
1.15 
1.16 
1.17 
1.18 
1.19 
1.20 
1.21 
1.22 
1.23 
1.24 
L2d 
3.z 
LZI 
1.2 
1.29 
l.8 
L 81 
1. a: 
1. ai 
L2U 
L8l 

- 
Fed 
2.166 
2. 1% 
2.231 
2. 264 
2. a 7  
2.329 
2.302 
2.395 
2. 428 
2.461 
2 493 
2.5% 
2. 5-59 
2.592 
2625 
2.867 

2.723 
2. 766 
2.789 
2.822 
2. a54 
2.887 
2.924 
2.953 
2.988 
3.018 
3.051 
3.084 
3.117 
3.1% 
3.181 
3. 216 
3.24e 
3.281 
3.314 
3.3M 
3.379 
3.418 
3.446 
3.47E 
3.6U 
3.545 
3.57t 
3. m 
3.64: 
3.67! 
3.70: 
3.74( 
3.771 
3 . m  
3.83% 
3.87; 
3. w 
3.93: 
3.971 
4. ooi 
4.w 
4. w 
4.10 
4.15 
4.16' 
4.1w 
4.M: 
4.26 
4.29 
4.33 
4.36 
4.89 
642 

2.680 

6 

Mm. 
43.8 
45. 1 
40.5 
47.8 
49.2 
50.7 
52. 1 
53.0 
65. 1 
66.6 
68.1 
69.6 
61. 2 
62. 8 
64.4 
66.0 
67.7 
69.4 
71. 1 
72. 8 
74. 6 

79. d 
81. 7 
83.6 
85.4 
87.3 
89. i 
91.1 
93. ( 
95. ( 
97. I 
99. ( 

101. c 
103.1 
105.1 
107.2 
109.4 
111. I 
113. f 
115. I 

120. : 
122. f 
124. I 
127. I 
131.8 
134. ( 
136.1 
138. I 
141. : 
143. : 
140. ' 
148.1 
151. 
163. ' 
1a.q 
158. I 
161. 
164. I 
188. 
169. 
0 2 . '  
174. 
177. 
180. 
182. 
Ls6. 

76. a 
78. a 

iia ( 

129. j 

- 
10 

Mm. 
21.8 
22.6 
23.2 
23.8 
24.5 
26. 2 
25.9 

27.4 
28.1 
28.9 
29.7 
30.6 
31.3 
32. 1 
32. 9 
33.7 
34.6 
35.3 
36.2 

37. 9 
38.8 
39. I 
40.0 
41. f 
42.4 
43.3 

46. I 

46. : 
47. i 

49.1 
50.1 
61.1 
52. 2 
B. : 
64. : 
55. : 
66. : 
57. 
68. 1 

Bo. I 

61. I 
02. I 
64. I 
66. : 
66. i 

88., 
69. ! 
71. 
72. : 
73. 
74. 
75. ' 
77. 
78. 
79. 
81. 
82. 
83. 
84. 
86. 
87. 
88. 
80. 
91. 

%. a 

37. a 

44. ; 

4 8  I 

59. ! 

67. ! 

- 
16 

Mm, 
14.6 
16.0 
15.4 
15.9 
18.3 
16.8 
17.3 
17.8 
18.3 
18.8 
19.3 
19.8 

a. 8 
21.4 
21.9 
22.4 
23.0 
23.6 
24.1 
24.1 
25. i 
25. @ 
28.4 
27. c 

2 8 . 4  

211.8 
29. I 
30. I 
30. I 
31.4 
32. 
32. 1 
33. i 
34. 
34. I 
35.4 
36. I 

m. 3 

A f 

30. I 
37. ! 
38. 
38. I 
39. 
4 0 . 1  
41. 
41. j 
42. I 
43. : 
44. 

45. 
46. 
47. : 
48. 
48. 
49. 
50. 
61. 
f2. 
63. 
63. 
M. 
tib. 
116. 
67. 
68. 
69. 
60. 
Bo. 

44. ! 

Longth in meters 

2o 
- 
Mm. 

10.9 
11. 2 
11.0 
11.9 
12 3 
12. 6 
13.0 
13.3 
13.7 
14.1 
14.4 
14.8 
15.2 
15.6 
16.0 
16.4 
16.8 
17. 2 
17.6 
ia 1 
18.6 
18.9 
19. 4 
19. 8 
20.3 
20.7 
21. 2 
21.6 
22.1 
22.0 
23.1 
23.8 
24.0 
24.6 
25.0 
25.6 
26.0 
Mi. 6 
27.0 
27. 6 
28.1 
2R. 0 
29.1 
29.7 
30.3 
30.8 
31.4 
31. 9 
32.6 
33.1 
33.7 
34.3 
34. E 
35.4 
36. C 
36. t 
37.2 
37. % 
38. I 
39. I 
39. ; 
40.4 
41. ( 
41. ( 
42.1 
42. ! 
43. I 
44. i 
44. I 
4S.I 

25 
- 
Mm. 

8.7 
9.0 
9.2 
9.5 
9.8 

10. 1 
10.4 
10.7 
11.0 
11.3 
11.0 
11.9 
12. 2 
12. 5 
12.8 
13. 1 
13.4 
13. 7 
14.1 
14.6 
14.8 
16. 1 
16.6 
15. 8 

16.6 
10.9 
17.3 
17.7 
18.1 
18.5 
18.8 
19. 2 
19.6 

20.4 
20.8 
21.2 
21.6 
22.1 
22. E 
22. Q 
23.4 
23. E 
24. i 
24. E 
25. C 
26. t 
26. I 
28 .4  
26. E 
27.4 
27. % 
28. i 
28. I 
28. : 
29. I 
30. i 
30. I 
31. : 
31. : 
32. i 
32. I 
a3. i 
38.1 
34.1 
34.1 
36.8 
35. 1 
36.1 

ia. 2 

20. o 

30 - 
Mm. 

7.3 
7. 6 
7.7 
7.9 

8.4 

8.9 
9.1 
9.4 

9.9 
10. 1 
10. 4 
10. 7 
10.9 
11.2 
11. 6 
11.8 
12.0 

12. 6 
12.9 
13. 2 
13.6 
13.8 
14. 1 
14.4 
14.7 
16.0 
15.4 
15.7 

10.3 
16.7 
17. C 
17.3 
17.7 

18. 4 
18. 7 
19. I 
19.4 
19. e 
20. 2 
20. t 
20.6 
21. 3 
21.5 
22. ( 
22.4 
22. I 
23. : 
23. f 
24. ( 
24.' 
24. I 
25. : 
25. I 
26. ( 

26.1 
26. ! 
27. d 

27. ? 
28. : 
28. I 
28.1 
29.1 
29. ao. ' 

aa 

8. a 

9. a 

12. a 

la. o 

18. a 

36 

Mm. 
6.2 
6.4 
6.6 
6 8  
7.0 
7.2 
7.4 
7.6 
7.8 
8.0 

8.6 

8.9 
9.1 
9.4 
9. 6 
9.8 

10.1 
10.3 
10.6 
10.8 
11. 1 
11.3 
11.6 
11.8 
12.1 
12.4 
12.6 
12.9 
13. 2 
13.4 
13. 7 
14. C 
14.3 
14. C 
14.9 
15.1 
16. & 
15.8 
16.1 
16.4 
10. i 
17. ( 
17.2 
17. t 
17. I 
18. : 
Id. t 
18. s 
19. : 
19. t 
19. % 
20. : 
20. I 
20. I 
21.: 
21. 
22. I 
22. i 
22. 
28. I 
2 8 . 3  
23. I 
24. ' 
24. I 
24.1 
26. I 
26.1 
28.1 

a3 

a 7  

- 
40 

Mm. 
5.4 
5 6  

6.0 
6.1 
6.3 
6.6 
6.7 
6.8 
7.0 
7.2 
7.4 
7. 6 
7.8 

6; 8' 

so 
. a 2  
a4 

a8 
8.6 

9.0 
9.2 
9.6 
9.7 
9.9 

10.1 
10.4 
10.6 
10. e 
11.0 
11.3 
11.6 
11. 8 

12.3 
12.6 
12. E 
13. C 
13.3 
13. C 
13.6 
14. ( 
14. Z 
14. ( 
14. I 
16.1 
16.1 
15. 
16. ( 
16. : 
16.1 
16. t 
17.1 
17. * 
17. 
18. I 
18. : 
18. 
18. I 
19. ! 
19.1 
19. I m. : 

2 0 . I  
20. I 
21. 
21. 
21. n. 
22. 
22. 

12. a 

46 

Mm. 
4.8 
6.0 
6.2 
6.3 
5.4 

6.8 
6.9 
6-1 
6.3 
6.4 
8.6 
6.8 
6.9 
7. 1 

7.6 
7.7 
7.8 
8.0 
8. 2 
8.4 

8.8 
9.0 
9. 2 
9.4 
9.6 
9.8 

10.0 
10.2 
10.6 
10.7 
10.8 
11. 1 
11.3 
11.6 
11.0 
12.0 
12.2 
12. 5 
12.7 
13.0 
13. 2 
13.4 
18.7 
13. @ 
14. 2 
14.4 
14.7 
14.9 
16. 2 
16. 6 
16.7 
16. 0 
16. B 
16.5 
16.8 
17.1 
17.4 
17.6 
17.9 
18.2 
18.6 
18.8 
19.1 
19.4 
19.7 
18.9 
20.1 

5. a 

7. a 

a6 
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IncUnutbn corrections lor 5, 10, 15, 80, 85, SO, 35, 40, and 45 meter hQthu- 
Continued 

Mm. 
20. 
26.6 
27. z 
27. 
28. ( 
28.4 
28. E 
29:2 
29. t 
30. I 
30. t 
3 0 . 6  
31. S 
31.7 
32.1 
32.8 
8. a 
33.4 
33.9 
34.3 
a4.8 
36.2 
35.7 
36.1 
36.6 
37.0 
37.6 
38.0 
38.4 
38.9 
39.4 
30.8 
40.3 
40.8 
41.3 
41.8 
4 2  3 
42.8 
43.3 
43.8 
44.3 
44.8 
46.3 
46.8 
48.3 
46.8 
47.3 
47.8 
4 8 4  
48.9 
49.4 
bo. 0 
60.6 
61.0 
61.0 
62 1 

83.2 
Ea.8 
54.3 
M9 m. 4 
MI. 0 
66.6 
by. 2 , 

ha 7 

D~~~C?IPIIL% In 
elevation 

- 
Wetera 

1. 31 
1.5; 
1 . 3  
1.31 
1.41 
1.41 
1.4: 
1.4: 
1. qr 
1.41 
1.4f 
1.4; 
1.41. 
1.4f 
1. M 
1.51 
1.52 
1.62 
1.54 
1. b€ 
1.68 
1.57 
1. a8 
1.59 
1.80 
1. 61 
1.62 
1.63 
1.64 
1.66 
1.88 
1.67 
1.68 
1.69 
1. 70 
1.71 
1.72 
1.73 
1. 74 
1.76 
1.70 
1.77 
1.78 
1.79 
1.80 
1.81 
1.82 
1.83 
1.84 
1.86 
1.88 
1.87 
1.88 
1.89 
1.90 
1.91 
1.92 
1.93 
1.04 
1.86 

1.97 
1.98 

I. m 

kg 1 

Feel 
4.46 
4.49 
4.52 
4.6C 
4.59 
4.62 
4.65 
4.69 
4.72 
4.75 
4 . m  
4.82 
4.851 
4.881 
4.92 
4. 05 
4.98' 
6. OB 
5.09: 
6.08! 
5.111 
5.151 
5. 1% 
6.21i 
6.24s 
6.28: 
5.311 
6.34E 
6.381 
6.413 
6.440 
ti 479 
6.512 
6. M5 
6.677 
6.610 
6.643 
6.676 
6.709 
6.741 
6.774 
6.807 
6.840 
6.873 
6.906 
6.938 
6.971 
6.004 
6. W7 
0.070 
6. 102 
6.136 
0.188 
6.201 
6.234 
6.m 
6.298 
0.832 
6. 366 
6.398 
6.430 
6.48s 

6.629 
0.602 

6. 4913 

- 

- 
6 

Mm. 
188. 
191. 
184. 
197. m. 
202. 
205. 
208. 
211. 
214. 
217. I 
221. I 
224. 
227. : 
230. : 
233.1 
236. I 
239. I 
243. 
246. ! 
249. t 
252. 
m :  
269. I 
282. t 
288. e 
273.1 
276. e 
280. I 
283.8 
287. 1 
280.7 
294.3 
297. 0 
301.6 

308.8 
312.6 
318.2 
320.0 
323.8 
327.6 
331.4 
336.2 
339.1 
343.0 
346.9 am. 9 
3M. 8 
368.8 
382.9 
360.9 
371.0 
376. 1 
378. 2 
383.3 
387.6 
391.7 

(00.2 
404.4 
408.7 
413.1 
417.4 

289.1 

305.2 

aw.9 

- 
10 

Mm. 
92. 
94. 
05. 
97. 
98. 
99. 

101. 
102. 
104. ' 
106. 
107. 
1oH. I 
110. 
111.1 
113. 
114. 
116.: 
117. ' 
110. : 
120. I 
122. ' 
124. I 
125. t 
I n . :  
128. f 
130.4 
132.1 
133.5 
1%. 4 
137. C 
138.7 
140.4 
142.1 

145.6 
147.3 
149.0 
150.8 
152 5 
164.3 
166.1 
167.9 
159.7 
161.5 
183.3 
166.1 
187.0 
188.8 
170.7 
172 0 
174 6 
176.4 
178.3 
180.2 
182 2 
184.1 
188.1 
188.0 

192.0 
194.0 
198.0 
198.0 
200.0 
2020 

143. a 

im. o 

16 

Mm. 
61. 
62. 
63. 
04. 
6.5. 
86. 
67. a. 
69. 
70. 
71. ' 
72. : 
73. 
74. 
75. : 
76. : 
77. : 
78. ! 
70. : 
80. : 
81. i 
82.1 
8 3 . 1  
84.1 
86. t 
88. t 
87. 5 
88. E 
89. € 
91. ( 
9 2  I 
93.1 
04.4 
95. 1 
86 .8  
97. a 
98.9 loo. 1 

101.2 
102 4 
la. 6 
104.8 
1m. 0 
la7.2 
108.4 
108.6 
110.8 
112 0 
113.3 
114.6 
116. 8 
117.0 
118,3 
119.0 
120.8 
122 1 
123.4 
124.7 
126.0 
127.3 
128.0 
129.9 
131.2 
132 0 
138.0 - 

Length in metara 

20 - 
Mm. 

46. 
47. 
47. 
48. 
49. 
49. 
50. 
51. 
51. 
62. 
63. 
64. 
64. 
65. 
66. 
67. 
57. I 
68. I 
59.1 
Bo. : 

61. 
82.1 
63. : 
64. 
64. < 
65. i 
86.1 
67.j 
e 8 . A  
69. ( 
69. E 

71. 1 
72  1 
73.1 
74.1 
75.0 
76.8 
78. 7 
77.0 
78.5 
79.4 
80.3 
81.2 
8 2  1 
83.0 
83.9 
84.8 
88.7 
88.7 
87.0 
88.6 
89.6 
90.6 
91.4 
9 a 4  
93.3 
94.3 
9.5.3 
98.3 
97.3 
88.3 
99.3 

80. ! 

70.7 

100. a - 

26 

Mm. 
37. ( 
37. 
38.1 

3%. ; 
39. i 
39. E 
40.4 
40. f 
41. t 
42. I 
42.7 
43.3 
43. s 
44. .4 
45. 1 
45. 7 
46.3 
46.9 
47.6 
48.1 
48.8 
49. 4 
60.0 
@I. 0 
61.3 

52. 6 
63.3 
63.9 
64.6 
66.2 
66.9 
MI. 6 
67. 2 
67.9 
68.6 
69.3 
69.9 
60.6 
01.3 

62.7 
63.5 
04.2 
64.9 
05.6 
68.3 
07. 1 
67. a 
68.6 
60.2 
70.0 
70.8 
71. 6 
7 2  3 
73.1 
73.9 
74.0 
76.4 
76.2 
76.9 
77.7 
78. 6 
79.3 
@I1 
I 

- 

62. n 

02 n 

30 

Mm. 
30. 
31. 
31. 
32. 
32. 
33. 
33. 
34. 
34 
35. 
35. 
86.1 
36. 
37. 
37. 
38. I 
38 
39. I 
39. 
40.1 
40. I 
41. 
41. I 
42. 
42. ' 
43. : 
43. : 
44. : 
44. t 
46.1 
45. 
46. t 
41. ( 
47. f 
48. f 
48.i 
49.3 
49. s 
60. E 
61. C 
61.0 
6 2  2 

63.4 

64.6 
66. 2 
66.8 
& 4  
67.0 
67. 7 a. 3 
69.0 
69.0 
00.2 
Bo. 8 
61.4 
62.1 
6 2  7 
83.4 
64.0 
64.7 
6.5.3 
fB.0 
a7 

- 

6 2  a 
& a  

- 

- 
36 

- 
40 

dfm. 
23. I 
23.1 
23. 6 
24. I 
24. t 
24.6 
25.2 

25. G 
26. B 
26.6 
27. G 
2 7 . 4  
27. e 
28.1 
28.5 
28. B 

29.0 

30.4 
30.8 
31.2 
31.0 
32.0 

32. 8 
33.2 
33.6 
34.0 
a4.4 
34.9 

35. 7 as. 1 
36.6 
37.0 
37.4 
37.8 
38.3 
38.7 
39. 2 
39.6 
40.1 
40.6 
41.0 
41.4 
41.9 
42.3 
4 2 8  
43. 2 
43.7 

44.7 
46.1 
46.6 
a 1  
40.0 
47.0 
47. 6 
48.0 
48.6 
49.0 
49.6 
m0 

25. e 

29. a 
80. a 

a2 4 

ab. 3 

M a  

- 

a 1  - 
Mm. 

20.6 
20.8 
21.2 
21.6 
21.8 
22.1 
22.4 n. 7 
23.0 
23.4 
23.7 
24.0 
24.3 
24. 7 
26.0 
26.3 
25.7 
26.0 
26. a 
20.7 
27.0 
27.4 
27.7 
28.1 
28.4 
28.8 
29.2 
29.6 
29.9 

30.6 
31.0 
31.4 
31.7 
3 2  1 
3 2 6  
3 2  9 
33.2 
33.6 
34.0 
34.4 
34.8 
36. 2 
36.6 
a 0  
36.4 
38.8 
37.2 
37.4 
88.0 
88.1 
38.9 
89. t 
40.1 
40.6 
4 t  0 
41.4 
41.5 a% 
4 2  7 f i r  
48.0 
44.0 

30.3 

89. a 

rq' - 
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771 
848 
929 

1,014 
1,103 

1,195 
1,291 
1,390 
1.494 
1,601 

U. S. COAST AND GEODETIC SURVEY 

778 780 794 801 
860 864 872 880 
938 846 S64 903 

1,023 1,031 1,040 1,048 
1,112 1,121 1,130 1,139 

1,261 1,214 1,223 1,233 
1,300 1,310 1,320 1,330 
1,400 1,411 1,421 1,431 
1,504 1,515 1,625 1,536 
1,612 1,623 1,634 1,646 

Faotors foror computing catanary correotion 

[Combined side and top srguments=weight of tapr in grams per meter. Tabular ~ a l u e s = 2 ~ (  -f) X lOle 
when 1=15,000 grams. To obtain catenary correction multiply tabular value by cube of length between 
supports and point of7 10 decimal places. The result will he in meters] 

1 W '  

a0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
36 _ _ _ _ _ _ _ _  ~ ______.__. 
40 ________________.__ 
46 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

__ - 
0.1 

2.65 
4.20 
6.27 
8.83 

2 6 7  
4.24 
6.32 
9.00 

i z a 6  

2 6 9  
4.21 
6.38 
9.08 

1248 

~ - 
0.3 

- 
0.9 - 

808 
888 
971 

1,068 
1,148 

1,340 
1 442 

1,666 

I. =a 

1: 5a7 

- 

0.4 I 0.5 I 0.6 I 0.7 I 0.8 I 0.0 

748 
824 
904 
9% 

1,076 

1,167 
1,262 
1,380 
1,462 
1,568 

766 
832 
913 
097 

1,m 
1,176 
1,271 
1,370 
1,473 
1,579 

763 
840 
921 

1,005 
1,084 

1,185 
1,281 
1,380 
1,483 
1,580 

. _ _  _ _  - - 
Catenary corrections for  various lengths amd weights of tape 

--I Weight of tape in grams per meter 
- 
20.6 

- 
20.7 

- 
20. 3 

- 
20.4 

- 
20.6 

(meters) 
20.8 20.8 

Mm. 
0.01 
0.08 
0. 26 
0.61 
1. 19 

2.06 
3.27 
4. 88 
6.95 
9. 54 __ ___ 

21. 3 __ 
0. 01 
0. 08 
0. 2R 
0. 67 
1.31 

2. 27 
3. 
6.3R 
7. ffi 

10. 50 

r2. 3 
__ -_ 
- 

0.01 
0.09 
0. 31 
0. 74 
1.44 

2. 49 
3.95 
6. 89 
8. 39 

11.51 

23.3 
__ - 

Mm.  
0.01 
0.08 
0. 26 
0.62 
1.20 

2. 08 
3.30 
4.93 
7.02 
9. K3 

M m .  
0.01 
0. MI 
0.20 
0. 62 
1. 22 

2. 10 
3.34 
4. 98 
7.09 
9. 73 

M m  . 
0.01 
0.08 
0.27 
0. f?3 
1.23 

2. 12 
3.37 
5.03 
7. I6  
8. n2 

0. n i  

- - 
21. 6 - 
0. 09 
0. 29 
0. 69 
1.35 

2.33 
3. 70 
5. G3 

10.80 

22. 6 

7.87 
__ __ 
__ 

0.01 
0. OR 
0.32 
0. 76 
1.48 

2. 55 
4.06 
6.05 
8.62 

11.82 

23.6 
___ ___ 
- 

0.01 
0. 10 
0.35 
0.83 
1.61 

2.78 
4.42 
6. Bo 
9.40 

128Q 

Mm. 
0.01 
0.08 
0.27 
0. 63 
1.24 

2. 14 
3.40 
5.08 
7. 23 
9. 92 __ __ 

21. 7 - 
0.01 
0.09 
0. 29 
0. 70 
1.36 

2.36 
3. 74 
5. 58 
7.95 

10. 90 

22. 7 
__ __ 
- 

0.01 
0. 10 
0.32 
0. 76 
1.49 

2. 58 
4.09 
6. 11 
8. 70 

11.03 

23. 7 
- __ 

Mm. 
0. 01 
0. 08 
0. 27 
0. (14 
1.25 

2. 10 
3.44 
5. 13 
7. 80 

10.01 

21.8 
__ __ 
- 

0.01 
0.09 
0.30 
0. 70 
1.38 

2. 38 
3. 77 

8.02 
11.~N 

22. 8 

5. r i  

___ ___ 
- - 
0.01 
0. 10 
0.32 
0. 77 
1.60 

2. 80 
4. 13 
6. 16 
8.77 

12.03 

23.8 
__ __ 

M m .  
0.01 
0. OR 
0. 21 
0.05 
1.26 

2. 18 
3.47 
5. 18 
7. 37 

10.11 
= 
21.9 - 

0.01 
0. 09 
0.30 
0. 71 
1.30 

2 40 
3. 81 
6. 68 
R. M) 

11.10 - __ 
22. 9 

Mm. Mm.  

0. 07 0. 08 
0.01 I 0.01 

0.25 I 0.26 

2.02 2.04 
3. 21 3. 24 
4. 79 4.84 
6. 82 6. 89 
9.35 9. 45 

~~ _ _ ~  
21. 4 21. 5 - 

0.01 
0. 09 
0. 29 
0. 68 
1.34 

2. 31 
3.67 
5. 48 
7. Ro 

10.70 

22.5 

0.01 
0.09 
0.32 
0. 76 
1.46 

2. 53 
4.02 
6.00 
R. 54 

11.72 

23.6 

___ __ 
- 

__ __ 

21. 1 21.2 __- 
0.01 0. 01 
0. OH 0.08 
0.2R 0. 28 

1.29 1. YO 

2. 23 2. 25 
3.63 3.67 
5. 7.8 6.33 
7. 51 7. 6X 

10.31 10.10 

22.1 22.2 

0. rfi 0. (;7 

_ _ ~  _ _ ~  
-- 

0.01 0. ni  
0.09 0.09 
0. 31 0. 31 
0. 72 0. 73 
1.41 1.43 

2.44 2. 46 
3.M 3.91 
5. 79 5.84 
8. 24 R. 32 

11.31 11.41 

23.1 23.2 
__- _____ 

0.01 
0. OR 
0. 29 
0. rfi 
1.33 

2.29 
3.64 
6.43 
7. 73 

10. rfi 

22.4 
- __ 
- 

0.01 
0.09 
0.31 
0. 74 
1.45 

2.51 
3. QR 
5.95 
8.47 

11.61 

a. 4 
____ __ 

a 01 
0. 10 
0.33 
0. 78 
1. 52 

2.62 
4. I 6  
6.22 
8.85 

12.14 - - 
23.9 

0.01 
0. 10 
0.34 
0.80 
1.67 

2. 71 
4.31 
6.43 
9. 16 

12 67 

0.01 
0. 10 
0.34 
0.81 
1.68 

2 74 
4.36 

9.24 
12 Bll 

a 48 

0.01 
0.10 
0. 36 

1. Bo 
2. 76 
4.38 
6.65 
9.32 

12 78 

a 82 

0. 01 
0. 10 
0.35 
0. 83 
1.03 

2.81 
4.46 
6.86 
9.48 

18, uo 

0.01 
0. 10 
0.35 
0.84 
1.64 

283 
4. 60 
6. 71 
9. 66 

la, 11 

0.01 

0.36 
0.86 
1.66 

2.86 
4.64 
6. 7? 
8. e4 

a 11 

ia za 
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9.43 
5.45 
8. 14 

11.68 
15.89 

27.2 

0.02 
0. 14 
0.40 
1.10 
2. 14 

Uatenaty coweations for various lengths and weights of tape--Continued 

I Weight of tape in grams per meter 

3.48 
5.40 
8. 20 

11.67 
16.01 

27.3 
____ -___ 
-- 

0.02 
0. 14 
0.47 
1.10 
2.16 

30 ..-.... _ _ _ _ _ _ _ _ _ _ _ _  
3.5 _.._._._____._.____ 
40 _ _ _ _ _ _ _  _ _ _ _  ___. ~.-. 
45 _ _ _ _ _ _ _ _ _ _  ~ .____._. 
60 ... _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

3.64 3.67 
5.79 6.83 
8.64 8.70 

12.30 12.39 
16.88 17.00 

28.0 28.1 
_I_.____ __- 

0.02 
0. 15 
0.50 
1.18 
2.30 
a. 9s 
a 3 :  
9.43 

13.42 
18.41 

0.02 
0.15 
0. 50 
1.19 
2.32 
4.00 
8.30 
9.48 

13.52 
18.54 

6 __.________ _ _ _ _ _ - _ _ -  
io _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
16 _______.____ ~ _ _ _ _ _ _  
20 _ . _ - _ - _ _ _ _ _ _ _ _ _ > _ _ _  

26 _______________._i_ 
80. _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _  
40 .__._______________ 
46 .____________ ~ _ _ _ _ _  
60. ___________.______ 
35 _____._.___________ 

-__ __- 
29.0 29.1 

0.02 0.02 

0.53 0 . S  
1.25 1.25 
2.4.3 2.46 
4.21 4.23 

9.97 10.04 
14.19 14.28 
10.47 I9.Bo 

-- 
0.1s 0.1fi 

8.88 8.72 
4.28 
6.77 

10.11 
14.39 
19.74 

4.29 
6.82 

10.17 
14.4@ 
19.87 

- 
24.6 

- 
24.4 

- 
24.6 

- 
24. 7 

- 
24.8 24.2 I 24.3 24.9 

dfm. 
a oi 
a 11 
0.39 
0.92 
1.79 
3.10 
4.92 
7. 35 

10.46 
14.35 - - 

25.9 - 
0.02 
0. 12 
0.42 
0.99 
1.94 
3.35 
5.33 
7.95 

11.32 
16.53 

ui .9 
- - 

-I- 
M m .  

0.01 
0. 11 
0.37 
0.88 
1.72 
2.98 
4.73 
7. w 

10. Ob 
13.78 

25.4 

0.01 
0. 12 
0.40 
0. 96 
1.87 
3.23 
5.12 
7. 85 

10.89 
14.93 

26.4 

__. __ 
~ 

__ __ 
- 

0.02 
0. 13 
0.44 
1.03 
2. 02 
3.48 
5.53 
8.26 

11.76 
16.13 

27.4 

0.02 
0. 14 
0.47 
1.11 
2.17 
3.75 
5.98 

12.67 
17.38 

28.4 

_- ___ 
- 

am 

- __ 

Mm.  
0.01 
0. 11 
0.38 
0.89 
1.74 
3.00 
4.77 
7. 11 

10.93 
13. 89 

25.5 

0.02 
0.12 
0.41 
0.90 
1.88 
3.25 
5.16 
7. 71 

10.97 
15.05 

26.5 

- - 
- 

__ __ 

llim . 
0.01 
0. 11 
0.38 

1.75 

4. 80 
7. 17 

10.21 
14.01 

264 

0.02 
0. 12 
0.41 
0.97 
1.90 
3.28 
5.20 
7.77 

11.06 
15.17 

20.6 

am 

a. 03 

__ - 
~ 

__ 
~ 

Mm. 
0.01 

. 0.11 
0.38 

1.77 
3.05 
4. a4 
7.23 

10.30 
14.12 

25.7 

0.02 
0. 12 
0.41 
0. 98 
1.91 
3.30 
5.24 
7.83 

11.15 
15.29 

26.7 

0. m 

__ - 
.- 

___ __ 

Mm.  
0.01 a 11 
0.38 
a 91 
1.78 
3.08 
4.88 
7. 29 

10.38 
14.24 

25.8 

0.02 
0.12 
0.42 
0.99 
1.93 
3.33 
5.29 
7.89 

11.23 
15.41 

26.8 

_- -- 
- 

__ __ 

Mm.  Mm.  
0.01 0.01 
0. 11 0. 11 
0.37 0.37 
0.87 0.87 
1.G9 1.71 

.~ 
15 ________________._. 0.38 0.30 
20 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.85 0.86 
26 _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  1 1.1371 1.68 

2.93 2.95 
4.68 4. G9 
6.94 7.00 
9.88 9. YO 

13. 56 la. 67 

25.2 25.3 

0.01 0.01 
0.12 0. 12 
0.40 0.40 
0.94 0.95 
1.84 1.85 

-__ .__- 

-- I-I- 

0.02 
0. 13 
0.44 
1.04 
2.03 
3.61 
5.68 
8.32 

11. 85 
16.26 

27.5 

0.02 
0.14 
0.47 
1. 12 
2. 19 
3. 78 
6. 00 
8. 06 

12.76 
17.51 

28.5 

___ __ 
-- 

- - 

0.02 
0. 13 
0.44 
1.05 
2. 05 

5.62 
8.39 

11.94 
16.38 

27.6 

0.02 
0. 14 
0.48 
1. 13 
2.20 
3.81 
6.06 
9.03 

12. w 
17. 

a. w 

__ __ 
- 

__ __ 
28.8 

0.02 
0. 13 
0.45 
1.00 
2. w 
3.56 
5. ea 
8.45 

12.03 
16.50 

27.7 

0.02 
0. 14 
0.48 
1. 14 
2.22 
3.84 
6. 09 
0. M) 

12.95 
17.76 

28.7 

- 
- 

- 

0.02 
0. 13 
6.45 
1.08 
2.08 
3.59 
5. 70 
8.51 

12.12 
16.03 

27.8 

0.02 
0. 14 
0.48 
1. 14 
2. 24 
3.86 
6. 14 
9. 16 

13.04 
17.89 

28 .E 

__ I_ 

- 

- - 

0.02 
0.13 
0.45 
1.07 
2. OB 
3.62 
5. 75 
8.58 

12.21 
16.75 - - 

27.9 - 
0.02 
0. 14 
0.49 
1. 15 
2 25 
3.89 

9.23 
13.14 
18.02 

e. 18 

__ - 
28.9 

30 ..__.__________.___ a.38 3.41 

50 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  16.65 15.77 

35 .______.___________ 6.37 5.41 
40 .___________ ~ _ _ _ _ _ _  1 B O l /  8.07 
45 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  11.41 11.60 

~- 
6 .____ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.02 0.02 
10 _____._________ _ _ _ _  0.14 0.14 
15 ____._.________..__ 0.40 0.46 
20 ____.___._________ 1 1.081 1.09 
25 _____________. ~ _.__ 2.11 2.13 

7ZI-T 
0.02 
0. 15 
0.60 
1. 19 
2.33 
4.03 
6.40 
9. ,58 

13.61 
18.67 

29.4 

0.02 
0. 16 
0. M 
1.28 
2. M) 

4.32 
6.86 
10.24 
14.69 

- - 
- 

m. 01 - 

0.02 
0. 15 
0.51 
1.20 
2.35 
4.06 

9.83 
13. 71 
18.80 

29.5 

e. 45 

-- - 

0.02 
0. 15 
0.51 
1.21 
2.37 
4.09 

13. 80 
18.93 

e. 41) 
9. e9 

29.8 
- - 

0.02 
0.15 
0.51 
1.22 
2.38 
4. 12 

9.76 
13. IK) 
19.07 

20.7 

e. 54 

- __ 

0.02 
0. 15 
0.52 
1.23 
2.40 
4. 15 

9.83 
14.00 
19.20 

29 .8 

e. 59 

-- - 

0.02 
0. 15 
0.52 
1.24 
2.42 
4.18 

9.80 
14.01) 
19.33 

am 

- - 
29.0 

15 __________.________ 0.49 0.49 
20 _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _  1.16 1.17 
25 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 2 2 7 1  2.28 
30 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3.92 3.95 

40-. ____________._._. I :"/ 9.36 
45.--. _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  13.23 13.32 
M) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  18.15 18.28 

35 _ _ _ _ _  - - - -. _ _  - - ._ ---  e. 27 

0.02 
0. 16 
0.54 
1.29 
2. 62 
4.36 
6.91 

10.31 
14. e9 
20. 14 - 

0.02 
0. 16 
0.55 
1.30 
2 M  
4.38 

10.38 
14.79 
m. 28 

e. 96 

- 

0.02 
0. 16 
0.65 
1.31 
2. 66 
4.41 
7.00 

10.45 
14.64 m. 42 - 

0.02 

0.56 
1.32 
2.67 
4.44 
7.05 

10.52 
14. LIB 
20.66 

0. ie 

- 

0.02 
0. 17 
0.66 
1.32 
2.59 
4.47 
7.10 

10. eo 
15.09 ao. e9 - 



Temperature eorredions for steel tapes 
t ~ * t o * e + U D 3 J l 1 6  Per deoree centbde.  Standard temperature of tape=Xl degre8s centigrade. For temperatures above 20 the corrections are plus, lor temmt- 

below 20 the corrections are minus] 
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dim. 
0.1 
a 3  
0.4 
a 6  
a 7  

0.8 
1.0 
I. I 
1.3 
1.4 

1.5 

1.9 
2 1  

2 2  
2 4  
2.5 
2.6 
2 8  

2.9 
3.1 
8 2  
3.3 
3.5 

3.6 
3.8 
3.9 
4.0 
4.2 

1.7 
1.8 

8 7  
33 

Mm 
0. : 
0.;  a. 
0.t ar 
ar 

-- 

1.1 
1. I 
1.4 
LC 

1.7 

2 1  
2 3  

2 4  
2 6  
2.7 
2.9 
3.0 

3.2 
3.3 
3.5 
3.6 
3.8 

3.9 
4.1 
4.2 
4.4 
4.5 

1.8 
2a 

Temperature of tape in degrees centigrade - 
18 
P 

Wm, 
- 

ao ao 
a 1  

a i  
a i  
a 2  
a2  

a2 

a 3  

a 3  
a 3  

a 4  

a4 
a 5  

a 5  
a 5  
a 5  

a6 

as 

a 7  

0. 1 

0 . 2  

0.3 
0.3 

0.4 
0.4 

0.6 

0.6 
0.6 
0.7 

- 

- 
17 
23 

Mm 
0.0 

0. 1 

- 

a i  
a i  
a 2  

a2 

a 3  
a 3  

a 4  

a 5  
a5 

a6 

a 7  

a 8  
a 8  
as 

a 9  

0. 2 
0.3 

0.4 

0.5 

a6 
0.6 
0.7 

0.7 

0.9 

0.9 
1.0 
1.0 
1.0 - 

- 
16 
a4 

aa 
a i  
a i  a2 

- 
Arm 

0.2 

0.3 
0.3 
0.4 
a 4  
a 5  

0.5 
0. 6 
0.6 
0.6 

0.7 

0.9 

1.0 
1.0 
1. 1 
l.l 
1.2 

1.2 
1.3 
1.3 
1.3 
1.4 

a 7  

as  
as 
a 9  

- 

- 
15 
25 

Km. 
0. 1 

- 

a i  
a 2  
a 2  
a 3  

a3 
0.4 
0. 5 
0. 5 
0.6 

0.6 
0.7 
0.8 
a8 
a 9  

0 .9  
1 . 0  
1 .0  
1. 1 
1.2 

1.2 
1.3 
1.3 
1.4 
1.4 

L 5  
1.6 
1.6 
L 7  
t 7  - 

- 
14 
26 

Mm 
0.1 
a i  
0.2 
0.3 
a 3  

a 4  

a 7  

a 8  

- 

0.5 
0. 6 
0.6 

0.8 

0.9 
1.0 
1.0 

1.1 
1.2 
1.3 
1.3 
1.4 

L 5  
1.5 
1.6 
1.7 
1.7 

1.8 
1.9 
1.9 
2 0  
2 1  - 

- 
13 n 

hfm 

0.2 

- 

a i  
0. a 
a 3  
a4 

a 5  

a 7  as  

a6 
0.6 

0.9  
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  

2 1  
2 2  
2 3  
2 4  
2.4 - 

- 
la 
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Mm 
0.1 
0.1 

0. 5 

- 

a3 a4 

a6 
a6 

as 
0. 7 
0.8 

I. 0 
1.1 
1 .2  
1.3 
1.4 

1.5 
1.6 
1.7 
1.8 
1.9 

1.9 
2 0  
2 1  
2 2  
2 3  

2 4  
2 5  
2 6  
2 7  
2 8  - 

- 
11 
29 

dbm 
0. I 
a: 
0. : 
a4 
0. ! 

at 
0. 5 
0. E 
a9 
1. c 
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  
2 9  
3.0 
3.1 

- 

- 

- 
10 
30 
- 
hfm 
0. 1 
0 .2  

a6 

0. 7 
0.8 
0.9 
1.0 
1.2 

1.3 
1.4 
1.5 
1.6 
1. 7 

1.9 
2 0  
2 1  
2 .2  
2 3  

2q 
2 6  
2 7  
2. 8 
2 9  

3.0 
3. 1 
3.2 
3.4 
3.5 

a 3  
a 5  

- 

- 
9 
31 

Mm 
0.1 

- 

a3 
a4 
as 
0.6 

0.8 
0.9 
1.0 
1.1 
1.3 

1.4 
1.5 
1.7 
1.8 
1.9 

2 0  
2.2 
2.3 
2.4 
2 6  

2.7 
2 8  
2 9  
3.1 
3.2 

3.3 
3.4 
3.6 
3.7 
3.8 

- 
2 
38 

Km 
0.2 
0 .4  
0.6 
0.8 
1.0 

1.3 
1.5 
1.7 
1.9 
2.1 

2 .3  
2 5  
2 7  
2.9 
3. 1 

3.3 
3.5 
3.8 
4.0 
4.2 

4.4 
4.6 
4.8 
5.0 
5.2 

5.4 
5.6 
5.8 
6.1 
6.3 

- 

- 
6 
34 
- 
M m  

0.2 

0. 5 
0. 6 
0.8 

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 
4.1 

4. 2 
4.4 
4.5 
4. 7 
4.9 

a 3  

- 
5 

35 - 
Mm 
0. 2 

0. 7 
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a5 
a9 
I. a 
1.2 
1.4 
1.6 
1.7 

1.9 
2 1  
2.3 
2.4 
2 6  

2 8  
3.0 
3.1 
3.3 
3.6 

3.7 
3.8 
4.0 
4.2 
4.4 

4.5 
4. 7 
4.9 
5.0 
5.2 

- 
4 
36 
- 
d i m  

0. i 
0.4 

0. i 

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 
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5.2 
5.4 
5.6 

ae 
as 

- 

- 
3 
37 
- 
M m  

0. 2 

0.6 
a8 
1.0 

1 .2  
1.4 
1.6 
1.8 
2 0  

2 .2  
2.4 
2.6 
2.8 
3.0 

3.2 
3.4 
3.5 
3. 7 
3.9 

4.1 
4.3 
4.5 
4.7 
4.9 

5.1 
5.3 
5. 5 
5.7 
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a4 

- 
-5 
46 

- 
1 
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0.5 
0.6 
1.2 

1.4 
1.6 
1.9 
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2. 6 
2 8  
3.0 
3.2 
3. 5 
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4.2 
4.4 
4.6 
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5.1 
5.3 
5.6 
5.8 
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6.3 
6.5 
6. 7 
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- 
-1 
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0. : 
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1. i 
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3.2 
3.4 
3.7 
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4.1 
4.4 
4.6 
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5.6 
5.8 
6.1 
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a! 
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- 
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2 3  
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3.6 
3.8 
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4.3 
4.6 
4.8 
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5.6 
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6.4 
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7.7 

- 

- 
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5.9 
6.1 
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6.7 
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7.2 
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44 
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ac 
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Latitude 

0 ,  

0 0 0  
0 3 0  
1 0 0  
1 30 
2 0 0  

a m  
a 3 0  
3 0 0  

4 0 0  
4 3 0  

6 0 0  
6 3 0  
6 0 0  
ti 30 
7 0 0  

7 3 0  
8 M )  
8 3 0  
0 0 0  
930 

10 00 
10 30 
11 00 
11 30 

12 30 
13 00 
13 30 
14 00 
14 30 

12 00 

16 00 
16 30 
16 00 
16 F 
17 M 

17 3( 
18 o( 
18 3( 
19 OC 
19 31 

CONSTANIYJ, FORMULA6, AND TABLES 

Table o j  log m 

[Computed for the Clarke spheroid of 1880 as expprassed in meter81 

694 -10 
694 -10 

694 -10 
693 -10 
693 -10 
692 -10 
691 -10 

690 -10 
689 -10 
688 -10 
687 -10 
688 -10 

EG -10 
883 -10 
682 -10 
880 -10 
679 -10 

677 -10 
876 -10 
673 -10 
671 -10 
869 -10 

867 -10 ea -10 
663 -10 
880 -10 
8M( -10 

666 -10 
863 -10 
660 -10 
647 -10 
644 -10 

643 -10 
639 -10 
6'36 -10 
632 -10 

1.40629 -10 I 

0 ,  

m o o  
2 0 3 0  
21 00 
21 30 
2 2 0 0  

2230 
2 3 0 0  
23 30 
2 4 0 0  
2 4 3 0  

-A500 
25 30 
2800 
26 30 
2 7 0 0  

2730 
2800 
2830 
2800 
2930 

3000 
30 30 
31 00 
Sl 30 
32 00 

32 30 
a300 
3 3 3 0  
3 0 0  
34 30 

36 30 
96 00 
36% 
37 M 
37 24 
38 o( 

39 x 

a6 00 

2:  

1.40626 -10 
623 -10 
619 -10 
616 -10 
612 -10 

608 -10 
BO5 -10 
BO1 -10 
697 -10 
694 -10 

690 -10 
686 -10 
582 -10 
578 -10 
673 -10 

689 -10 
685 -10 wo -10 
650 -10 

849 -10 
544 -10 
639 -10 
634 -10 
E30 -10 

Ma -10 

6% -10 
520 -10 
516 -10 
611 -10 
606 -10 

601 -10 
496 -10 
491 -10 
4ea -10 
ma -io 
477 -10 
47% -10 
467 -10 
462 -10 

1.40467 -10 

0 ,  

4000 
4030 
4100 
4130 
a00 

4300 
4330 
4400 
ct30 

46 00 
46 30 
4 6 0 0  
46 30 
47 00 

47 30 
4 8 0 0  
48 30 
49 00 
49 30 

b o 0 0  
6 0 3 0  
61 00 
61 30 
62 00 

52 30 
1 0 0  
E3 30 
MOO 
5 4 3 0  

6 6 0 0  
M 3 0  
6600 
68 30 
67 00 

67 30 
1 0 0  
68 30 
6 9 0 0  
59 aa 

4a 30 

I. 40452 -10 
446 -10 
441 -10 
436 -10 
431 -10 

438 -10 
421 -10 
416 -10 
411 -10 
406 -10 

375 -10 
369 -10 
364 -10 
359 -10 
364 -10 

349 -10 
344 -10 
339 -10 
334 -10 
320 -10 

324 -10 
319 -10 
314 -10 
308 -10 
304 -10 

280 -10 
295 -10 
280 -10 
286 -10 
280 -10 

276 -10 
271 -10 
288 -10 

1.40267 -10 
aoa -io 

0 1  

8 0 0 0  
8 0 3 0  
61 00 
61 30 
62 00 

62 30 
6 3 0 0  
6 3 3 0  
6 4 0 0  
64 30 

6600 
65 30 
Moo 
8830 
67 00 

67 30 
8800 
8830 
69 00 
69 30 

70 00 
70 30 
71 00 
71 30 
12 M) 

199 

1.40263 -10 
249 -10 
W -1Q 
240 -10 
236 -10. 

291 -10 
227 -10 
223 -10 
219 -10 
216 -10 

210 -10 
207 -10 

199 -10 
196 -10 

203 -io 

192 -10 
1 8  -10 
186 -10 
181 -10 
178 -10 

174 -10 
171 -10 
168 -10 
164 -10 

1.40161 -10 



960 

3.732 
3.743 
3.752 
3.762 
3.769 

3.778 
3.788 
3.706 
3.803 
3.812 

4.177 
4.327 ___--- -. 
4.415 
4.478 _ _ _ _ _  
4.526 _ _ _ _ _ _  -. 
4.586 _______. 
4.599 
4.628 .___ - - - . 
4.664 
4.677 _ _ _ _ _ _  _. 
4.697 _______. 
4.716 _ _ _ _ _ _ _ _  
4.734 _ _ _ _  - __. 
4.750 _ _ _ _ _  __. 
4.765. _ _ _  - - - . 
4.779 __-__-_. 
4.782 ___-  -- -. 
4.804 _____-_. 
4.827--- - - - -. 
4.867 _-_--_-_ 
4.876 _ _ _ _ _ _ _ _  
4.892 __-__--_ 
4.915 __._____ 
4.936 _ _ _ _ _ _ _ _  
4.955 _ _ _ _ _ _ _  
4.972 .______ - 
4.988- _ _ _  - - - - 
6.ooo ----_-__ 
5.017 _ _ _ _ _ _ _ _  
6.035 _ _ _ _ _ _ _ _  
6.051 _ _ _ _ _ _ _ _  
5.062 _ _ _ _ _ _ _ _  
6.078. _ _ _ _ _ _ _  
6.090 _ _ _ _ _ _ _ _  
5.102 _ _ _ _ _ _ _ _  
6.114 _ _ _ _ _ _ _ _  
6.128 _ _ _ _ _ _ _ _  
6.139 _ _ _ _ _ _ _ _  
6.151 _ _ _ _  - _ _  - 
6.lM _ _ _ _ _ _ _ _  
6.172 _ _ _ _ _  _ _  - 
6.183 ___._ _ _ _  
6.193 _ _ _ _ _ _  _ _  
6.206 _ _ _ _ _ _ _ _  
6 . m  _ _ _ _ _ _ _ _  

1 5.525 .-.... . 
5.530 ....--. 
5.534 .....-- 
5.539 -...-.. 
5.543 --...-. 

5.548 _ _ _ _ _ _ _  
5.553 __..___ 
5.557 ....--- 
5.501 __..___ 
5.566 .__-_ _ _  

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

3.820 
3.827 
3.835 
3.M3 
3 . w  

3.858 
3.865 
3.872 
3.878 
3.885 

3.892 
3.899 
3.805 
3.912 
3.918 

3.924 
3.931 

1 
2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
IS 
20 
23 

25 
27 
30 
33 
36 

39 
42 
46 
4x 
52 

66 
59 
83 
67 
71 

75 
80 
84 
89 
94 

88 
103 
108 
114 
119 - 

5.670 ____.I- 
5.575 ____.__ 
5.579 .___. _. 
5.5m ..-..-- 
5.587 --_. _ _ _  
5.591 ... _ _ _ _  
6.595 _._..__ 
5.000 .______ 
5.w4 ...-___ 
6.608 _____._ 

5.612 _ _ _ _ _ _ _  
5.616 _._.___ 
5.620 ... .___ 
5.624 _ _ _ _ _ _ _  
5.628 .._____ 

5.632 ...____ 
5.636 .__.__. 

2.6% 
2. a38 
2.924 
2.987 
3.035 

3. W6 
3. 108 
3.137 
3.163 
3.186 

3.208 
3.225 
3.243 
3.259 
3.274 

3.288 
3.301 
3.313 
3.336 
3.366 

3.385 
3.401 
3.424 
3.445 
3.484 

3.481 
3.497 
3.512 
3.528 
3.644 

3. SBO 
3.571 
3.586 
3.569 
3.611 

3.623 
3.637 
3. e48 
3.680 
3.672 

3.681 
3.692 
3.702 
3.714 
3.723 

3.966 
3 . W  
3.968 
3.971 
3.977 

Arc-sin 

tion in 
units of 
seventh 

Correc- 

5.652 
5.656 
5.680 
5 . M  _ _ _ _ _  _ _ _  
5.667 

decimal 
of logo- I rithms 

3.082 
3.988 

3.99R 
4.004 

4.009 
4.014 
4.019 
4.024 
4. om 

3.993 

5.311 _ _ _ _ _ _ _ _  
5.31R ___...._ 
5.320 -... ._ - 
5.034 -.._ _ _ _  
5.341 _ _ _ _ _ _ _ _  

5.671 _______. 
5.674 _ _ _ _ _ _ _ _  
5.67s 

5.349 _ _ _ _  _ _  - 
5.356 _ _ _ _ _ _ _ _  
5.363 _ _ _ _ _ _ _  - 
5.369 ___. _ _ _  - 
5.376 _ _ _ _ _  _ _  - 
5.383 ___._ -. 
5.390.- - - - - . 
5.396 ----__. 
6.403 _ _ _ _ _ _ _  
5.409 _..____ 

5.415 _.______ 
6.422 __._____ 
6.428 ._______ 
5.434 _ _ _ _ _  _ _  - 
5.440.. _ _ _ _ _ _  
6.446 _ _ _ _ _ _ _ _  
5.451 _ _ _ _ _ _ _ _  
5.457 _ _ _ _ _ _ _ _  
5.462 _ _ _ _ _ _ _ _  
6.468 _ _ _ _ _ _ _ _  
5.473 --.-____ 
5.479 _ _ _ _ _ _ _ _  
5.4% _ _ _ _  - - - 
5.489 _ _ _ _ _ _ _ _  
5.495 ----_ - - - 
5.500 ------_- 
5.505 _ _ _ _ _ _ _ _  
5.510 _ _ _ _ _ _ _ _  
1.515 _ _ _ _ _ _ _ _  
1.520 -___ - - 

124 
130 
130 
142 
147 

153 
180 
166 
172 
179 

186 
192 
I99 
206 
213 

221 
228 
236 
243 
261 

259 
267 

284 
zQ2 

300 
308 

327 

345 
364 
364 
373 
383 

392 
402 
412 
422 
433 

443 
463 
464 
474 
488 

275 

ais 
a% 

-= 
Arc-sin 
correc- 
tion in 
ullits 01 
seventh 
decimal 
of loga- 
rithms 

4% 
5of 
511 
5 3 C  
541 

5.Q 
50& 
577 
5s 
6oc 

613 
6% 
637 
05E 
083 

674 
687 
702 
718 
729 

743 
757 
771 
786 
800 

814 
829 
x45 
861 
877 

893 
m 
925 
941 
957 

973 
989 

1006 

- 
Log &or 
log M 

4.034 
4.039 
4.043 
4.048 
4.052 

4.057 
4.062 
4. (XUI 
4.070 
4.075 

4.079 
4.084 
4. 08R 
4. G92 
4.096 

4. loo 
4.104 
4.108 
4.113 
4.117 

4.121 
4.126 
4.128 
4.133 
4.137 

4.141 
4.145 
4.140 
4.163 
4.167 

4.161 
4.165 
4.169 
4.172 
4.176 

4.180 
4.183 
4.187 

- 



CONSTANTS, FORMULAS, AND TABLES 

N 
onepert 

in- 

m 

A l o g  N A h  N AN , 

3- unitsor Z unitsot 
seventh N seventh 
decimal one decimal onepart 

place in- place in- 

Proportimatdmnge in a number correeponding to a change in Cte logarithm 

[Computed from the formula r -7 '  AN A log where p=mbdulus of common logarithms=O.WJ - 

4,343,000 

1,086,000 
889,000 

724,000 
620.000 
543,000 
483,000 
434,000 

395,000 
362,000 
334.000 
310,000 
290,OOo 

271.000 
255,000 
241,000 
229,000 
217,000 

207,000 
l97,OOo 
188,ooo 
181,000 
174,000 

2,171,000 
1,448,000 

A l o g  N 
units or 
seventh 
decimal 

28 --_---_. 
27 _ _ _ _ _ _ _ _  
28 _______. 
28 --_--.-. 
30 _-_____. 
31 ______.. 
32 _______. 
33 --___--. 
34 --___-_. 
35 -_____.. 
36 _______. 
37 _______. 
38 -_______  
39 -______. 
40 _-___-__ 
41 _______. 
42 _ _ _ _ _ _ _ _  
43 -______. 
44 --_----- 
45 _____-__ 
46 --_____. 
47 _ _ _ _ _ _ _ _  
48 _____-__  
49 ._______ 
60 _ _ _ _ _ _ _ _  



202 

6.80194 
196 
202 
213 

244 
204 
287 
310 
336 

U. S. COAST AND GEODETIC SURVEY 

6.80197 
188 
208 
216 

2 2 7 2 3 0  
247 
207 
289 
313 
337 

Lagcrrithm of radii of curvature of the earth's surface (in ??&9?8) 

[B& upon Clarke's spheroid of 1866 aa expressed in metem]. 
I = 

369 
383 
406 

467 
468 
474 
476 

Latitude 

361 364 
386 387 
407 400 

4 2 8 4 2 7 4 2 0  
4 4 3 4 4 4 4 4 6  

468 460 
469 470 
476 476 
477 478 

- 
64 

6.80178 
180 
187 
198 
212 
230 
251 
274 
298 
324 
360 
374 
398 
418 
437 
461 
462 
469 
471 

- 

- - 

- 
60 

6.80180 
182 
1% 
1W 
214 
232 
262 
276 
300 
326 
361 
376 
398 
419 
437 
462 
463 
409 
472 

- 

__ - 

10 24 3 O  40 - 
6. 80x77 

179 
188 
197 
211 
229 
250 
273 
298 
324 
349 
374 
397 
418 
436 
461 
462 
468 
471 __ 

L_ 

6.80176 
177 
184 
195 
208 
228 
249 
272 
297 
322 
348 
373 
396 
417 
436 
460 
461 
468 
470 - - 

6.80176 
178 
184 
196 
210 

249 
272 
297 
322 
348 
373 
396 
417 
436 
450 
461 
468 
470 

228 

- - 

6.80176 
178 
186 
196 
210 
2a8 
250 
273 
297 
323 

373 
396 
418 
436 
450 
461 
468 
470 

348 

__ - 

6.80181 
184 
190 
201 
216 
233 
264 
277 
301 
320 

6.80183 
186 
192 
m8 
217 
236 
266 
278 
303 
328 

Latitude - 
160 ' 

9. 80ms 
217 
227 
240 
257 
275 
288 
321 
344 
388 
391 
413 
4a-a 
448 
463 
473 
478 
481 

- 
a m  

- 
- 
240 - 

i. 80248 
2M) 
256 
284 
277 
293 
308 
329 am 
371 
392 
418 

bw 
486 
478 
407 
494 
101 

a a  

- 

110 12O I 1 3 O  14' 16O 

6.80191 
103 
200 
210 
224 
242 
262 
284 
308 
333 
2-58 
382 
404 
424 
442 
466 
407 
473 
476 - - 

6.80201 
203 
m 
219 
233 
250 
270 
292 
316 
339 

3.80204 
ZM 
213 
223 
238 
254 
273 
285 
318 
342 
360 
389 
411 
4a0 
447 
461 
471 
418 
480 - - 

237 239 
267 200 
280 282 
304 306 
329 331 
3 6 4 3 5 8  
401 403 
4 2 2 4 2 3  
440 441 

379 am 

474 t( 474 E 
I 

Latitude 

--- 
180222 6.80228 6.80232 

224 228 234 m 234 239 
!u9 244 249 
262 257 202 
2B9 273 2-77 
287 292 xw 
a08 312 318 
330 a34 a38 
353 367 aea 
am 379 ma 
a60 401 UU 
419 423 424 
430 440 443 
464 468 4bQ 

4 4 6 1 4 8  
461 I /  463 



CONSTANTS, FORMULAS, AND TABLES 203 

Logarithms of radii of curvature of the earth's surface (in meters)-Continued 

6.80360 
351 
355 
362 
371 

6.80387 
369 
38% 
369 
378 

0 .................... 
6 . . . . . . . . . . . . . . . . . . . .  
10 ______________.____ 
15 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
20 _____________- - - -__  
25 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
30 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
36 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
40 __________- - - - - - -__  
46 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

6.80288 6.80308 
300 307 
305 312 
313 320 
324 330 
337 343 
352 358 
360 374 
386 392 
406 410 

4 M  
469 
484 
496 
607 
616 
623 
527 
628 

459 
474 
487 m 
610 
51U 
6% 
6% 
631 

6.80388 
389 
383 
398 
408 
415 
426 
438 
451 
404 
478 

Eo2 
614 

480 

6.80366 8.80104 
397 404 
400 408 
406 413 
413 420 
422 429 
433 439 
444 460 
457 462 
470 475 
482 487 
495 4w 
606 610 

w m m  
617 620 

Latitude 
- 

31' 
- 
I. 80292 

294 
298 
308 
317 
331 
346 
363 
382 
400 
419 
437 
455 
470 
484 
494 
602 
607 
MJ8 
- - 

32' - 
I. 80288 

300 
305 
313 
324 
337 
352 
389 
386 
405 
423 
441 
458 
473 
486 
497 
505 
51Q 
611 
- __ 

6.80251 
254 
261 
270 
282 
297 
314 
333 
354 
376 
366 
416 
435 
453 
468 
480 
450 
404 
486 
- 
~ 

8.80280 
262 
267 
276 
288 
302 
310 
338 
358 
370 
399 
420 
438 
455 
470 
482 
401 
496 
498 - - 
- 
340 

308 
324 
343 
382 
383 
403 
423 
442 
458 
473 
484 
493 
408 
500 

313 
330 
348 
307 
387 
407 
426 
445 
461 
476 
487 
405 
601 
602 

319 325 
335 310 
353 358 
372 377 
391 386 
411 415 
430 434 
448 451 
484 467 
478 481 
48U 492 
408 Mx) 
Mx( 505 
M)4 607 

302 
413 
432 
450 
405 
478 
487 
402 
494 

--- 
Latitude I Ahdmuth (degrees) - 

350 

3. 80320 
322 
326 
333 
343 
355 
370 
385 
402 
419 
436 
453 
469 
483 
496 
EO6 
612 
617 
618 

- 

- - 

- 
360 

3.80327 
320 
333 
340 
350 
362 
376 
391 
407 

' 4 2 4  
441 
457 
472 
486 
498 
608 
616 
519 
621 

- 

- - 

370 
- 
3.80335 

330 
340 
348 
357 
368 
382 
397 
412 
428 
445 
461 
476 
489 
EO1 
610 
617 
622 
623 
= 

380 39' I 40' 

3. 80342 
344 
348 
355 
364 
375 
388 
402 
418 
434 
450 
485 
480 
493 
604 
613 
620 
6% 
6% - - 

I I 
3.80313 

314 
319 
326 
337 
340 
364 
380 
307 
414 
432 
440 
466 
480 
492 
602 
610 
614 
616 

__. - 

423 428 
4 3 9 4 4 4  !! 

Latitude 
Admuth (degrees) __ I 40' 

- 
41' 

- 
48' 

- 
470 

- 
430 

6.80380 
382 
385 
391 
388 
408 
420 
432 
446 
459 
473 
488 
490 
610 
62l 
E 2 8  
634 
637 
538 

- 

- 

44' I 46' I 46" 42' - -1-1- I- 
1.80411 

412 
415 
420 
427 
436 
446 
458 
468 
480 
492 
€03 
614 
624 
632 
639 
644 
M 8  
MU - 

~.80419 
420 
423 
428 
434 

462 
482 
474 
486 
488 
h08 
518 
6% 
636 
Ma 
m 
w1 

Ma 

t147 

- 

6.m 
308 
370 
376 
385 
396 
407 
420 
434 
449 
464 
478 
491 
€03 
514 

628 
632 
633 

nm 

- 

6.80373 
374 
378 
384 
392 

468 
482 



204 U. S. COAST A N D  GEODETIC SURVEY 

Logarithm oj  radii oj curvature of the earth's surface (in meters)-Continued 

6.80426 
428 
430 
436 
441 

6.80434 
435 
438 
442 
448 

6.80471 
472 
474 
478 
483 
489 
490 

612 
€20 

6.80479 
478 
481 
48.5 
488 
495 
602 

m M 8  
617 
626 

449 
468 
468 
479 

601 
612 
622 
631 
639 

490 

456 
465 
474 
485 

508 
616 
626 
634 
642 

495 

628 
637 
644 
661 
667 
662 
608 
668 
669 

633 
641 
648 
666 
660 
666 
668 
570 
671 

672 
676 
678 
680 
680 

674 677 
678 680 
680 683 
682 684 
683 68.5 

6.80570 
670 
671 
672 

676 
678 
681 
683 

674 

6.80676 
676 
670 
677 
67s 

682 
684 
Is7 

Latitude - 
620 

- 
61' 630 640 -- 660 I 660- 

6.80442 
443 
445 
454 
455 
463 
471 
480 
490 
Mx) 

610 
620 
630 
638 
645 
651 
655 
6% 
659 

__ ___ 

3.80449 
4M 
453 
457 
462 
469 
477 
488 
490 
505 
615 
624 
633 
641 
648 
654 
668 
680 
681 

__ __ 

8.80457 
458 
460 
464 
469 
476 
484 
492 
601 
610 
620 
628 
637 
645 
661 
657 
681 
663 
664 

~ - 

6.80464 
466 
467 
471 
476 
482 
490 
498 
600 
616 
624 
633 
641 
648 
664 
669 
663 
664 
€64 

__ - 
Latitude 

Azimuth (degrees) 

-- Ma I 670 

- 
640 - 

5.80632 
6332 
634 
636 
E38 
543 
646 
661 
666 
660 
605 
670 
676 
679 
683 
686 
687 ba 
689 
= 

6 9 O  630 
- 
3.80626 

626 
628 
630 
633 
637 
641 
648 
661 
666 
682 
667 
672 
676 
680 
6 s  
6JFJ 
686 
687 - - 

6.80493 
493 
495 
498 
602 
608 
614 
620 
627 

' 634 
642 
648 
666 
681 
€64 
670 
673 
676 
676 

~ - 

6.80KM 
500 
602 
606 
609 
614 
619 
626 
632 
639 
646 
662 
568 
Mi4 
689 
673 
676 
678 
678 
- - 

I I 
6.80486 

486 
488 
492 
496 
601 
m 
615 
622 
630 
637 
645 
652 
668 
663 

627 

Latitude - 
650 - 

6.80638 
638 
640 
642 
644 
E48 
661 
666 
600 
584 
609 
674 
678 
682 
686 
687 
689 
680 
681 

69' 70' 

~ 

-- 710 I 720 
6.80644 

644 
646 
647 
660 

6.80650 
650 
661 
663 
66.5 
668 
681 
584 
608 
672 
678 
680 
684 
687 
580 
692 
583 
Ea4 
6Q6 

6.80656 
655 
656 
668 
W 
682 
666 
689 
672 
676 
679 
683 
688 
688 
582 
694 
696 
696 
687 - 

6.80680 
E81 
682 
683 
MIS 
607 
670 
673 
676 
679 
&a3 
680 
MI9 
6Q!2 
694 
688 
697 
688 
588 - 

6.80605 
686 
688 
608 
670 
672 
674 
677 
680 
683 
588 
5.99 
691 
694 
69tJ 
698 
688 
800 
800 - 

663 
BE8 
680 
584 
668 6801 as9 

680 
691 
b92 
683 
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Metrrs 
* 3m 

3156 
3303 
3449 
3596 

FaotorS used h the mmputatlon of elevations frc??n re&pmc& an& mred- 
0 bsmvations 

[The unit of length throughout these tables ts the meter] 
LOQ A 

20.5 
21.6 
22.6 
23.6 
24.6 

Elevation 
of occupied 
station, hl 

6211 
5357 
6504 
5051 
6798 
5946 

Meters 
0 

73 
220 
367 
614 

nni 
807 
954 

1101 
1248 

1399 
1641 
1888 
1836 
1882 

2128 
2276 
2422 
2669 
2715 
2882 

35.6 
36.6 
37.6 
38.6 
39.6 
40.6 

,og A.  units 
)f fifth place 

Log 8 
unitsol 

5 t h  place 

0.0 
0.6 
1. 5 
2.5 
3.6 

4.6 
6.5 

7.6 
8.6 

9.6 
10.6 
11. 5 
12.5 
13.6 

14. 6 
15.5 
16.5 
17.6 
18.6 
19.5 

n. 5 

Logs 

3743 
3890 
4036 
4183 
4330 

4477 
4824 
4770 
4917 
5064 

25.5 
26.6 
27.6 
28.6 
29.5 

30.5 
31.6 
32.6 
33.6 
34.6 

LOG l3 AND LOQ C 
B bas the same sign as the approximate differenrenoe of elevat ion; log Cis always pwicw 

Log lip- 
proximate 
difference 
f elevation 
-log 8 tfUl ('F) 

2.187 
2.644 
2.808 
3.011 

3.121 
3.208 
3. 281 
3.343 
3.397 

3.445 
3.489 
3.628 
3. M16 
3.688 

3.6443 
3.885 
3.711 
3.736 

3.758 
3.779 
3.800 

3.839 
3.867 
a. 874 

3. nm 

3.8241 

0.0 
0.5 
1. 6 
2.6 
3. 6 

4.6 
6.6 
6.6 
7.6 
8.6 

9. 6 
10.6 
11.5 
12. 6 
13. 5 

14. 5 
16. 5 

17.6 
18.6 

19.6 
20.6 
21.6 
22.6 
23.6 
24.6 
25.5 

in. 6 

4.876 
5.113 
6. 224 
6.297 

5.362 
6.396 
6.432 
5.403 

Log c 

0.0 
0.6 
1.5 
Z 6  
3.5 

4.5 
5.6 
6.6 
7.6 
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0-1 _ _ _ _ _ _ _ _ _ _ _ _  
1-2. _ _ _ _ _ _ _ _ _ - _  
2-3 _ _ _ _ _ _  ~ ____. 
3-4 ___________. 
4-6 _ _ _ _ _ _ _ _ _ _ _ _  
6-6 ___________. 
5 7  _ _ _ _ _ _ _ _ _ _ _ _  
7-8 _ _ _ _ _ _ _ _ _ _ _ _  
8-9 ________._.. 
9-10 _______.__. 

10-11 _ _ _ _ _ _ _ _ _ _  
11-12 _ _ _ _ _ _ _ _ _ _  
12-13 _ _ _ _ _ _ _ _ _ _  
13-14 _________. 
14-16 ________._ 

16-18 _ _ _ _ _ _ _ _ _ _  
18-17 ______.___ 
17-18 _ _ _ _ _ _ _ _ _ _  
1.319 _ _ _ _ _ _ _ _ _ _  
18-20 ____._..._ 

20-21 ._._____._ 
21-22 ________._ 
22-23 _ _ _ _ _ _ _ _ _ _  
23-24 __.____... 
24-26 _ _ _ _ _  _ _ _ _  - 
26-26. _-_--__-. 
%27 .._______. 
27-28 _ _ _ _ _ _ _ _ _ _  
28-29 _ _ _ _ _ _ _ _ _ _  
2Q-30 _.-_- ~ - - -_  
30-31 _ _ _ _ _ _ _ _ _ _  
31-32. ___._. _ _ _  
32-33 ______.___ 
33-34 - _ _ - _ -  _ _ - _  
34-36 _________. 

36-36..... _-_._ 
36-37 _ _ _ _ _ _ _ _ _ _  
37-38 _________. 
88-39 _ _ _ _ _ _ _ _ _ _  
3Q-40 ---_-----. 

40-41 _ _ _ _ _ _ _ _ _ _  
41-42 _ _ _ _ _ _ _ _  _ _  
4243-  _ _ _ _ _ _ _ _ _  
43-44 _ _ _ _ _ _ _ _ _ _  
44-46 _ _ _ _ _ _ _ _  _ _  

U. 8. COAST AND GEODETIC SURVEY 

m h  qf 1 degree of the meridian at d i & d  Latitudes 

110, 687.3 
110, m.0 
110,680.4 
110,571.4 
110,674.1 

110,677.6 
110,681.6 
110. Mu1.4 
110,601.8 
110,697.8 

110.604.5 
110.611.9 
110,610.8 
110,628.4 
110,637.6 

110,647.6 
110,667.8 
110,BBB. 8 
110,680.4 
110,692 4 

110,706.1 
110,718.2 
110,731.8 
110,746.0 
110,760.6 

110,791.1 
110,807.0 
110,823.3 
110,&10.0 

110,857.0 
110.874.4 
110,882.1 
110,910.1 
110,828.3 

110, 046. 9 
110,966.6 
110,9s4.6 
111,003.7 
111,023.0 

111,042.4 
111,061.9 
111.081.6 
111.101.3 
111,121.0 

110,776. 6 

Latltude 
(degreas) 1 

68.661 
69.662 
tiQ.662 
5 9 . m  
69.666 

68.867 
68.689 
69.672 
59.676 
69.678 

68.681 
60.685 
sg.69o 
68.894 
69.689 

69.706 
69.710 
69.716 
68.722 
68.720 

69.738 
69.743 
69.750 
66.758 
69.766 

69.774 
59.782 
69.791 
69.800 
69.808 

69.818 
69.027 
69.837 
69.846 
69.868 

4 M 6  _ _ _ _ _ _ _ _ _  
46-47. _ _ _ _ _ _ _ _  
47-48 
48-49 _ _ _ _ _ _ _ _ _  
49-60 

W-61____.___.. 
61-52 
62-53 
53-54 
64-55 

65-56 .___._._._ 
W 5 7  ________._ 
67-68 
m-50 _______... 
6940 _ _ _ _ _ _ _ _ _ _  
60-61 
61-62L. _____._ 
62-63 
63-64 
64-65 ___._____. 

65-68 _.___..._. 
66-67 ______._._ 
6 7 4  ._________ 
08-69 _________. 
69-70 _ _ _ _ _ _ _ _ _ _  
7&71_____ ~ .-.. 
71-72 ____.___._ 
72-73 ________._ 
73-74 .._.._.._. 
74-75 __-_-_-_.. 

76-76 _ _ _ _ _ _ _ _ _ _  
76-77 ._________ 
77-78 ____.___._ 
78-79 _ _ _ _ _ _ _ _ _ _  
79-80 _ _ _ _ _ _ _ _ _ _  

statute 
milm 

8 .918  
69.828 
69.938 
69.049 
68.880 

68.703 
68.7M 
68.706 
68.706 
68.707 

68.710 
68.712 
68.715 
68.718 
68.722 

68.728 
68.731 
68.738 
68.741 
68.747 

68.763 
68.760 
68.768 
68.773 
68. 781 

68.789 
68.797 
68.805 
68.814 
68.023 

68.833 
68.842 
68.862 
68.062 
68.873 

68.883 
68.894 
68. Bo6 
68.816 

88.839 
68.961 
68.962 
68.974 
68.986 

68.998 
69. 011 
69.023 
68. 035 
68. 047 

ea. 828 

86-86 __._._____ 
86-87 _ _ _ _ _ _ _ _ _ _  
87-88 _________. 
8&89 ________._ 
89-Kl--__-_____ 

Meters 

ii1.1.~.  a 
111,160. d 
111,160.2 
111 189 B 
i i i ; z i i  a 
111,239AO 
111,268.3 
111,277. 6 
111,296.8 
111,316.4 

111,334.0 
111,352.4 
111,370.6 
111,3884 
111,406.9 

111,423.1 
111,439.9 
111,468.4 
111,472.4 
111,488.1 

111,603.3 
111,618.0 
111,632.3 
111,646.2 
111,669.6 

111,672.2 
111,684.6 
111,596.2 
111,607.3 
111,617.0 

111, en. 8 
111,637. 1 
111.646.8 
111,663.9 
111,(w1.4 

111 ,w.  2 
111,674.4 
111,878. 8 
111,684.7 
111,688.9 

111.692.3 
111, 696.1 
111.697.2 
111.8BS. 6 
111, m. 8 

Btatute 
miles 

69.W 
69.072 
69.084 
69. OM 
69.108 

69.121 
69.133 
69.146 
68. 168 
69.168 

69.180 
69.181 
69.202 
69.213 
69.224 

69.236 
69.246 
69.268 
69.268 
69.276 

69.286 
69.294 
68.303 
68.311 

69.328 
69. a36 
88.343 
69.349 
68. a56 

68. 362 
68.368 
69.373 
68.378 
69.383 

69. 387 
68.391 
68.396 
69.398 
69. 400 

69.402 
88. 404 
69.406 
69.108 
69.407 

e ~ .  320 

Naut Id  
milas 

68. 971 
69.881 
68. !392 
60.003 
60.013 

Bo. 024 
Bo. 034 
Bo. 046 
Bo. OM 
Bo. 066 

Bo. 076 
80.086 
80.096 
Bo. 104 
60.114 

60. 123 
Bo. 132 
Bo. 141 
Bo. 160 
80.168 

Bo. 166 
80.174 
Bo. 182 
Bo. lw) 
Bo. 197 

Bo. 204 
80.210 
60.217 
Bo. 223 0.m 
Bo. 2a4 
Bo. 239 
Bo. 243 
Bo. 248 
Bo. 261 
Bo. m 
Bo. 269 
Bo. 282 
60.264 
00.288 

Bo. 288 
80.270 
Bo. 271 
Bo. 272 
60.272 
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Length of 1 degree of the parallel at digerent latitudes 

77,m 1 
76.058 
74,623 
73,174 
71,698 

70,200 

65.578 
83,996 

62.395 
00.774 
69,135 
57,478 
55,804 

54,110 
62,400 
50,675 
48,934 
47,177 

45,407 

41,823 
40,012 
38,188 

36,353 
34,606 
32,048 
30.781 
28,903 

27,017 
25,123 
23,220 
21.311 
19,394 

17,472 
15,645 
13.012 
11.075 
9,736 

7,702 
5,846 
3,898 
1,949 

0 

$E 

43,022 

111,321 
111,304 
111,253 
111.169 
111,051 

110,800 
110,715 
110,497 
110,245 
109,959 

109,641 
IW, 289 
108,804 
108,480 
108, 036 

107,553 
107,030 
105.487 
105,906 
105,294 

104,649 
103,972 
103,204 
102,524 
101,754 

loo, 952 
loo, 119 
99,257 
98,384 
97,441 

96,488 
95, M)8 
94,496 
93,456 
92,387 

91,m 
90, iae 
89.014 
87,W 
80.6Z 

85,39l 
84,13i 
82,861 
81.541 
80, 20( 

78.84< 

8o.m 
60.059 
60.031 
59.986 
69.922 

69.840 
59.741 
59.022 
59.487 
59.333 

59.101 
53.971 
58.704 
58.538 
68.295 

68.034 
67.75R 

Btatute 
miles 

69.172 
89.162 
69.130 
69.078 
69.005 

08.911 
88.795 
08.6Bo 
88. 604 
88.328 

08.129 
07.910 
67.670 
67.410 
67.131 

66.830 
60.510 
BB.lG9 
05.808 
65.427 

65.026 
64.808 
84.160 
&X 700 
83.228 

62.720 
62.212 
61.670 
61.122 
Bo. 648 

50.956 
59.345 
68.716 
68.071 
67.407 

56.725 
56.027 
55.311 
54.579 
63. E'& 

53.063 
52.281 
51.483 
50.86s 
49.84C 

48. QQt 

46 ___- - - - - -  - - - -  
47 _ _ _ _ _ _ _ _ _  _ _ _ _  
48 __------..-.- 
49 ________.__._ 
50 _ _ _ _ _ _  ~ ____._ 

51 ___._.___.___ 
52 .._________.. 
63 _________._._ 
54 .._-..-----.- 
55 __-.-.------- 

56 ___.____ ~ .--. 
57 _..______.___ 
58 _._._________ 
59 _ _ _ _ _ _  _ _ _ _ _ _ _  
00 ... ._._._____ 

81 .__._________ 
62 _._._.___._.. 

54.473 
64.024 
53.568 
53.070 
52.578 

52064 
51.534 
50.989 
50.428 
49.851 

49.259 
48.653 

71 ___________._ 
72 .._._.____._. 
73 _ _ _ _ _ _ _ _ - - - - -  
14 _______._____ 
76 __.._._______ 

76 ____- - - - - - - - -  
77 ____.._ ~ _ _ _ _ _  
78 ______..___._ 
79 _____._______ 
80 ________.__._ 

81 ________.-___ 
82 _ _ _ _ _ _ _ _ _ _ _ _ _  

statute 
miles 

48.136 
47.281 
46.372 
45.409 
44.652 

43.621 
42.676 
41.719 
40.749 
39.766 

38.771 
37.764 
36.745 
35.716 
34.074 

33.023 
32.560 
31.488 
30.408 
29.315 

28.216 
27.106 
25.988 
24.8n2 
23.729 

22.589 
21.441 
20.287 
19.127 
17. BBO 

16.788 
15.611 
14.4B 
13.241 
12.051 

10.851 
9.65E 
8.464 
7. a6l 
6.04t 

4.84: 
3.83: 
2.42: 
1.211 

( 

- 

207 

iautioal 
milas 

41.801 
41.041 
40.288 
39.484 
38.888 \, 
37. 880 
37.060 
36. ne 
35.386 
34.532 

33.688 
32.794 
31.609 
31.015 
30.110 

29.197 
28.276 
27.344 
20. 404 
25.456 

24.501 
' 23.638 

22.667 
21.590 
2O.806. 

19.016 
18.619 
17.617 
18. BOQ 
15.696 

14.578 
13.556 
12.529 
11.499 
10.465 

9.428 
8.388 
7.346 
6.300 
I. 263 

3.154 
2. 103 
1.061 

0 

4.206 



Feet 

U 
9.144M 
9.44882 
9.75362 

10.05842 
10.30322 

10.0Gw2 
10.972132 
11.27762 
11.5R242 
11.85'122 

12.19202 
12.494382 
12. Ro163 
13.10643 
13.41123 
13.71803 
14.02083 
14.32563 
14.63043 
14.B;IPp 

( 
1 
i 
2 
4 
I 

! 
P 
9 

1 0  
I 
2 : 
3 
6 
9 

Q 
1 20 

1 
2 
3 
4 

5 
6 
7 
8 
9 

80 
1 
2 
3 
4 

5 
6 
P 
8 
9 

110 
I 
2 
8 
4 

5 

a 

%.W0805 
26.2128,5 
26.517fi5 
26.42245 
27.12725 

8.43205 
21.73G8Ii 
28.04160 
28.34646 
28.65126 

28.95006 
23.26086 a. 56506 

0.0 
0.30480 
0.00960 
0.91440 
1.21920 

1.62400 
1. mxnn 
2.133ffi 
2.43840 
2.74321 

3.04801 
3.35281 
8.65701 
3.90241 
4.26751 

4.57201 

5.lRlti1 
5.4X641 
5.79121 

8.09801 
8.40081 
6.70561 
7.01041 
7.31521 

7.62002 
7.921x2 

8.60442 
8.83922 

4. x 7 m  

a.zao2 

I 

, 

50 
1 
2 
3 
4 

5 
6 
7 

9 
60 
1 
2 
3 
4 

5 
6 
'I 
8 
9 

70 
1 
2 
3 
I 
5 
6 
P 

9 

80 
1 
2 
3 
4 

5 
6 
7 

9 

90 
1 
2 
3 
4 

5 
6 
7 

a 

a 

a 

; 

16.24003 
15.64483 
15.84983 
16.16443 
18.46923 

18.78403 
17.W883 
17.37363 

17.98324 

18.2R804 
18.692S4 
18.X97(i4 

19.60724 

%11(>!34 
20.421 64 

21.03124 

17.67~44 

19.20?44 

IS. 81204 

20. 72644 

22.66625 

22.86005 
23.16485 
23.46965 
20.77445 
24.07925 

100 
1 
2 
3 
4 

5 
6 
D 

. 8  
8 

110 
1 
2 
3 
4 

5 
6 
7 

9 

120 
1 
2 
3 
4 

5 
6 
7 
8 
9 

130 
1 
2 
3 
4 

5 
6 
7 
8 
9 

140 
1 
2 
3 
4 

5 
6 
7 

a 

; 

30.4RoOt) 
30.7X4Rfi 

31.39446 
31.69926 

32.00406 
32.30886 
32.61367 
32.91R47 
83.22327 

33.52807 
30. &?2!{7 
31.13767 
34.44247 
34.74727 

35.05207 
35.35687 
35.66167 
35.90G47 

36.57ffi7 

37.18567 

37.79528 

31.0xgtx1 

a6.27127 

36. w x 7  

37.40047 

3R.IWOR ax. 40488 
28. 7WJ69 

39.31928 

39.6240R 

40.Z36R 
40.53X48 
40.84328 

39.01448 

3 9 . 9 2 s ~ ~  

41.14808 
41.45288 
41.75768 

42.36728 

42.67rn 
42.97ox9 
43.25169 
43.5RCA9 
43.89129 

44.18609 
44.50080 
44.80569 

42.06248 

1% 
1 
2 
? 
4 

e 

; 
E 
f 

16c 
1 
2 
3 
4 

5 
f 
1 
e 
9 

170 
1 
2 
3 
4 

5 
6 
7 
E 
9 

180 
1 
2 
3 
4 

5 
6 
7 
8 
9 

190 
1 
2 
3 
4 

5 
6 
7 

8 

45.72009 
46.02489 
46.32969 
46.63449 
46.93928 

47. Fd89O 

48.15850 
48.46330 

47.24409 

47.8~70 

48.7fi810 
49.07290 
49.37770 
43. 6S250 
49,9ii730 , 

EO. 20210 
60.5!)090 
tn.00170 
6i.zim1 
61.51130 

51.81610 
FJ. 12(rJO 
62.42570 

53.03531 
62.73nn 

63.34n11 
63.64491 
5.3.04971 
54.25451 
61.55931 

61.RR111 
5,;. ll%91 
65.47371 
65.7iH51 
66.08331 

68. 692!)1 
66.c53771 

67.6073% 

57.91212 
68.21692 
5Y.52172 

69.13132 
69.43612 
69.74002 
80.04572 

5 ~ . 3 n m  

67.30251 

64. at52 

200 
1 
2 
3 
4 

5 
6 
P 
8 
9 

210 
1 
2 
3 
4 

S 
6 
7 
8 
9 

220 
1 
2 
3 
4 

5 
6 
7 
8 
9 

230 
1 
2 
3 
4 

5 
6 
7 
8 
9 

240 
1 
2 
3 
4 
5 
6 
1 

65.63213 
65.&?693 
66.14173 
66.44653 
66.75133 

67.05613 
67.36093 
67. firfi74 
67.97054 
68.27634 

65.58014 
68.8R494 
69.18874 
69.48454 
69.79930 

70.10414 
10.40804 
70.71374 
71.01854 
71.32334 

11.62814 
71.93294 
72.23714 
72.5,1255 
72.844736 

73.1G2lB 
73.45695 
73.76175 
94.00655 

V4.67616 
94.98006 
75. %E76 

94.a7m 

Ern 
208 



- 
met 

350 
1 
2 

4 

5 
6 

9 

260 
1 
2 

- 

a 

B 

a a 
5 
6 

9 
270 
1 
2 

1 

0 
5 
6 
!I 
0 
9 

260 
1 
2 

3 
5 
6 
'I 
8 
9 

29C 
1 

4 

: 

f 

I 
i 

-- 
Meters 11 Feet ~ 

CONSTANTS, FORMULAS, AND TABLES 

FO fed to mha cfnnn 1 la 1000 unW-Cantinud 

i i~ .8zm 430 
118.12903 1 
118.43383 2 
110.73867 3 
117.04343 4 

117.34823 5 
117.63301 6 
117.9578% 7 
llS.2(3281 8 
118.66744 9 

118.87221 440 
119.17704 1 
ll9.481X4 2 
ll9.7X6rJ4 3 
120.09144 4 

120.70104 f 
izn.39624 5 

108.68021 
108.9e.501 
107.28981 
107.59463 
107.89942 

10R.20422 
108.50902 
108.81382 
109.118G2 
109.42342 

109.72822 
110.a7302 
110.33782 
110.64282 
110.94742 

111.25222 
111.55702 
111.86182 
112.16602 
112.47142 

112.77623 
113.08103 
113.88583 
113.6!WCi3 
113.08543 

400 
1 
2 
3 
4 

5 
6 
7 
8 
9 

410 
1 
2 
3 
4 

5 
6 
7 
8 
9 

420 
1 
2 
3 
4 

121.82024 
122.22504 
122.52985 
122.83465 
123.13945 

123.444% 
123.74005 
124.05385 
124.35865 
124.66345 

124.96825 
125.27305 
125.57785 
125.85265 
126.18745 

126.49225 
120.79705 
127.101&5 
127.40685 
127.71146 

1%.01628 
128.32108 
128.lx2586 
12R.93088 
128.23548 

129.54026 
im.n4500 
130.14936 
130.45466 
130.75946 

131.06426 
lX.BG!lOB 
131.67386 
131.97866 
132.28346 

132.5W27 
132.89307 
133.19787 
133.50207 
133.80747 

134.11227 
134.41707 
134.72187 
135.0!2667 
135.33147 

-- Meters I1 Feet 
450 

1 
2 
3 
4 

5 
6 
7 
8 
9 

460 
1 
2 
3 
4 

5 
6 
7 
8 
9 

470 
1 
2 
3 
4 

5 

5 

48( 
I 
2 
: 
1 

: 
, 
I 
! 

4991 , 
: 
: 
1 

76.20016 
76.60495 
76.80975 
77.11455 
07.4l935 

77.72416 
78.02896 
78.33376 
78.63856 
78.94338 

19.24816 
79.55296 
79.85776 
80.16250 
80.48736 

80.77216 
81.0769G 
81.38176 
81.68658 
81.99138 

82.29616 
82.60097 
82.90577 
83.21057 
83.61537 

300 
1 
2 
3 
4 

5 
6 
7 
8 
9 

310 
1 
2 
3 
4 

5 
6 
7 
8 
9 

320 
1 
2 
3 
4 

91.44018 
91.74498 
92.04978 
92.35458 
92.65939 

92.96419 
93.26899 
93.57379 
93.87859 
04.18339 

94.48819 
94.79m 
95.09779 
95.40259 
95.70739 

I/ 105.15621 
105.46101 
105.76581 ps;ols;~~ 

350 
1 
2 
3 
4 

5 
6 
7 
8 
9 

360 
1 
2 
3 
4 

08.01219 
98.316Q!l 
96.62179 

97.23139 

97.63620 
97.84100 
08.14580 
98.45060 

06 .92~9 

98.75540 

5 
6 
7 

D 
37C 

1 
2 

a 

4 
83.82017 
84.12497 
84.4SJ77 
84.73457 
85.03937 

85.34417 
85.6.1897 
85.95377 
86.25857 
86.66337 

5 
6 
'I 
8 
D 

330 
1 

$ 
4 

09.wmo 
99.36500 
99.66980 
99.97450 

100.27940 

100.RKNN 
101.193xo 
lOl.~:9RoO 
101.80340 

102.10820 
102.41300 
102.717Xl 
103.022Dl 
103.32741 

103.63221 
1M.93701 
104.21181 
104.5461)l 
104.85141 

IOO.SM~O 

209 

5 

f 
t 
C 

m 
; 
1 

! 

I 
! 

391 

. 

- 
Metan - 
137.16021 
137.46507 
137.76988 
138.07468 
138.37948 

138.69428 
138.98908 
139.293% 
139.59'3% 
139.90245 

140.20828 
140.51308 
140.81758 
141.12268 
141.42748 

141.73229 
142.03708 
142.34188 
142.64669 
142.95149 

143.25829 
143.50109 
143.86569 
144.17069 
144.47519 

144.78028 
145.05509 
145.38989 
145.69460 
146.90948 

146.30429 
146. 6 W  
146.91380 
147.21809 
147.52350 

147. Szp70 
148.13310 
148.43790 
148.74270 
149.04760 

149.39230 
149.65710 
149.96190 
150.2C670 
150.57150 

Ira. 87630 
151.lBllO 
151.48590 
151.70070 
l62.M)550 

114.30023 
114.60503 
114.90983 
llB.211G3 
115.61943 

5 
6 
'I 
8 
9 

86.88817 
87.17207 
87.47777 
87.7825X 
88.08738 

5 
6 
P 
P 
D 
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152.40030 
152.70511 
153.ooySl 
153.31471 
153.61951 

- - 
Feet 

~~ 

SM 
1 
: 
t 
< 

MM 
1 
2 
3 
4 

6 
6 
7 

9 

610 
1 
2 
3 
4 

6 
6 
7 
8 
9 

520 
1 
2 
3 
4 

6 
6 
7 
8 
9 

630 
1 
2 
3 
4 

6 
6 
7 
8 
9 

640 
1 
2 
3 
4 

6 
6 
7 
8 
3 

a 

198.12040 
198.42520 
198.73000 
199.003480 
199.339Go 

199.64440 
190.94920 
200.25400 
200.85880 
200.88300 

201.16840 
zn1.473zn 
zni.77m 
202.082~0 

202. !is721 
203.30m 

202.38700 

202.60241 

203.6M81 
203.YllGl 

204.21fAl 
204.52121 
204.8~01 
zo5.13n~1 
205.43561 

205.74041 
2M~.O4521 
2 0 0 . 3 ~ 1  
206.6Ed81 
2W.95961 

207.26141 
207.50022 
207.87402 
208. 17862 
2oH.48362 

2 0 ~ 7 ~ 2  
209.09322 
2oy.39802 
208.70282 
210.00702 

210.31242 
210.61722 
210.92202 
211.22682 
211.53162 

211,83842 
212.14122 
212.44002 
212.75083 
213.05663 

Lengthg-Feet  to meters &om 1 to 1000 units)-Continued 

700 
1 
2 
3 
4 

6 
6 
7 
8 
9 

710 
1 
2 
3 

G 
7 

4 

6 

8 
9 

720 
1 
2 
3 
4 

6 
6 
7 
8 
9 

730 
1 
2 
3 
4 

5 
6 
7 
8 
9 

740 
1 
2 
3 
4 

6 
6 
7 
8 
9 

Meters I( Feet 

182.&3037 
183.18517 
183.48987 
183.79477 
184.08957 

184.40437 
184.70917 
185.01397 
185.31877 
185.62357 

185.92837 
186.'23317 
1m.53797 
1%.&1277 
187.14767 

187.45237 
187.75718 
188.06198 
3238.36678 
188.67158 

1~8.97638 

1~9.nw7x 

lbY.28118 
189.58598 

lW.19658 

66( 
I 
: 
: 
4 

f 
t 
1 
6 
I 

66C 
I 
: 
2 
4 

6 
G 
7 
8 
9 

m a  

3 

1 
2 

4 

153.92431 
154.22811 
154.53391 
154.83871 
185.14351 

155.44831 
155. 75311 

156.36271 
166.66751 

156.97231 
157.27711 
157. .%I92 
157.88672 
158.19152 

150.05701 

~ ~ R . ~ W X B  
15x.80112 
159.10592 
129.41072 
169.71552 

160.32512 
160.02902 
100.93472 
1G1.23952 

161.54432 
lC1.84912 
162.15392 
162.45872 
102.70353 

163.00833 
163.37313 
163.67793 
163.98273 
164.28753 

104.69233 
164.89713 
165.20193 
165. 50673 
165.81153 

188.11633 
108.42~13 
IGG.72593 

167.33563 

KO. oznxz 

1 6 7 . 0 3 ~ 3  

Meters Feet -&.A< 
t 
1 
t 
I 

561 
I 

3 
4 

6 
G 
7 
8 
9 

! 

i 

570 
1 
2 
3 
4 

5 
6 
7 
8 
9 

680 
1 
2 
3 
4 

6 
6 
7 
8 
9 

630 
1 
2 
3 
4 

6 
6 
7 

9 
8 

169.16434 
169.48914 
169.77394 
170.07874 
170.38354 

6 
G 
7 
8 
9 

170.68834 

171.28704 

171.90754 

172.21214 
172.51715 
172.82195 

173.43155 

173.73U5 , 
174.04115 
174.34595 
174.6.5875 
174.95555 

170.99314 

i71.an274 

173. 12675 

610 

2 

4 

5 
6 
7 

9 

620 
1 
2 
3 
4 

1 

3 

8 

IW.50033 

191.10998 
191.41478 
191.71958 

i'w.no518 
6 

7 
8 
9 

6 

Meters 11 Feat -- 

m. 26035 
175.56515 
175.86995 
176.17475 
176.47985 

5 
6 
7 
8 
9 

176.78435 
177.08915 
177.39395 
177.69876 
178.00356 

630 
1 
2 
3 
4 i 1m. 93879 

193,24359 

193.54838 
193.85318 
194.15790 
194.46279 
lQ4.76759 

195.07239 
195.37719 
195.68190 
195.98670 
196.29159 

186.59839 
186.90119 
197.20509 
197.610XO 
197.81560 

Metam 

3 
4 

6 
6 
7 
8 
9 

690 
1 
2 
3 
4 

6 
6 
7 
8 
9 

213.3(1043 
213.66523 
213.97003 
214.27483 
214 57863 

214.88443 
215.18923 
215.49403 
215.79883 
216. 10363 

216.40843 
216.71323 
217.01803 
217.32283 
217. 62704 

217.03244 
218.23724 
218.54204 
218.84684 
219.15164 

219.45644 
219.76124 

220.37084 
220.67664 

no. 08044 
221.28524 
nl.59004' 
221.89484 
222 19964 

222.50445 
222.80925 
223.11405 
223.41885 
223.72306 

'X24.02846 
224.33325 
224.63806 
224.94285 
225.24786 

225.55246 
225.857725 
nS.1€206 
228.4888(1 
228.771f3G 

221.07646 
221.38126 
227. swwyr 
221. oeo8e na 29688 

220. o a w  

178.30838 
17X.61318 
178.91796 

6 
6 
7 

179.22276 
179.52756 I 8 

9 

179.83236 
180.13716 
180.44196 
180.74678 
181.05156 

640 
I 
2 
3 
4 



Feat 

9s 
1 
2 

- 

s 
5 
6 
9 
8 
9 

1 
3 
2 

1 

f 8 

.9  
770 
1 
2 

B 

9 

1 
2 
3 
4 
6 
6 
,'I 
8 
9 

1 
2 
3 
4 

5 
6 
9 
8 
9 

228.8Ow8 
228.90620 

228.51480 
219.81888 
W.l2440 
230.42028 
230.73408 
231.03868 
231.3431388 

231.04848 
231.05326 
232.25500 
232.to287 

23.17247 
233.47727 
233.78207 
234.08087 
pP.30107 

234.88047 
235.00127 
235.30007 
235.01087 
p5.9lw7 

238.22047 
230.52521 
236.83007 
237.13487 
237.43967 

m.21000 

~ 2 . ~ 7 0 7  

CONSTANTS, FORMULAS, AND TABLES 

&engYh-Feet lo netera urn 1 to 1000 unh)-#ntinued 

- .  

800 
1 

B 
4 

5 
6 
0 
8 
D 

810 
1 
2 
8 

5 
6 
P 
8 
P 

820 
1 
2 
B 
4 
5 
6 
0 
8 
P 

a 

4 

268.08052 
250.38532 
250.00012 
259.90492 
m.28873 
m.m2 
200.00032 
261.21412 
281.51802 
11.82372 

282.12852 
2C2.4332 
202.73813 
203.0433 

263.65253 
203.05733 
204.26213 
204.50003 
204.87173 

205.17653 
205.48133 
265.78613 
200.09333 
200.30573 

m . 7 m  
207.00533 
267.31013 
267.01404 
207.01074 

288.22454 
208.5203* 
208.83411 
209.13804 
20Q.44374 

200.74854 
2 7 0 . W 4  
270.35814 
270.6Gm 

~03.34773 

27o.oon4 

m.nm 
271.57734 
271.8s214 
272.18694 
272.40174 

n2.78856 
273.10135 
m.4W15 
273.71085 
274.01575 

900 
1 
2 
3 
4 

5 
6 
7 
8 
9 

910 
1 
2 
3 

5 
6 
7 
8 
9 

920 
1 
2 
3 
4 

5 
6 
7 
8 
9 

930 
1 
2 
3 
4 

5 
G 
D 
8 

4 

9 

BO 
1 
2 
3 
4 
5 
6 
D 
8 
9 

237.74448' 
aao4oza 
238.35408 
238.05888 
238.06365 

238.20818 
230.573% 
230.87sOS 
240.18268 
240.48788 

243.84048 
244.14520 
244.45000 
244.76488 
245.05088 
246.30440 
245.60929 
245.97403 
246.27830 
246.68388 

246.88840 
247.193323 
247.40m 
247.80260 
248.10770 

248.41250 
248.71730 
210.02210 
240.32000 
249.63170 

240.93850 
250.24130 
250.64010 
250. JXm9 
251.16570 

251.4W.50 
251.70530 
252.07010 
252.37400 
252.67871 

252.0846l 
233.28031 
253.50411 
2s. 80891 
251.20311 
254.60851 
254.81331 
2%. 11811 
2%. m1 
233.72771 

256.03251 
250.33731 
250.04211 
m.wo01 
251.23171 

257.65652 
%7.86132 m. 10612 
258.47002 
2%. 77572 - 

830 

2 
B 
4 
5 
6 
9 
8 
0 

i 

- - 
rmt - 

850 
1 

8 
4 

5 
6 
7 
8 
D 

860 
1 
2 
3 
4 
5 
6 
7 
8 
P 

1 
2 
8 
4 

5 
6 
9 
8 
P 

880 
1 
2 

a 

mo 

0 
5 
6 
0 
8 
9 

890 
1 
2 
8 
4 

5 
6 
P 
8 
B 

1y 

240.79248 
241.00728 
241.40208 
241.70088 
242.01168 

Xoters )I Fmt 

840 
1 
2 
3 
4 

Motam 

n4.32055 
274.6'25% 
214.03015 
275.B405 
276.63075 

m.34455 

270.45415 
278.75835 
277.00376 

217.30855 
277.07330 
277.07810 
218.'Brn 

270. 140% 

nn.uno 
na. 8 9 ~ 1  
210.19736 
270. m210 
2'10. m w  
280.11176 

280.41858 
2Lu). 72130 
261.02610 
281.3mO 
281.83576 

m.wa56 
2s2.2w0 
262.65017 
262.S415407 
2.53.150'11 

283.48457 
283.76937 
254.07417 
284.37897 
2JXw77 
284.OES57 
295.23337 
285.59817 
2%. m 7  

2RB. 51257 
288.81737 
287.12217 
287.42087 
287.73178 

288.038b8 
!&8.34138 
238.84018 
W8.Rrn8 

280. mm 

at). m 7 n  - 

= 
Feet 

950 
1 
2 
3 
4 

5 
6 
7 a 
9 

- 

!Y a 
3 
4 

5 
6 
7 
8 
9 

970 
1 
2 
3 
4 

S 
6 
7 
8 
9 

980 
1 
2 
3 
4 

5 
6 
7 
8 
9 

BO 
1 
2 
3 
4 

5 
6 
1 
8 
9 

21 1 

- 
Medetsn, 

2%). m 
280. 86538 
280.17016 
280.17408 
pO.77078 

201.08458 
201.SSW 
201.09418 
201.1M908 
202.30378 

202.60850 
292.01339 
293.21SlO 
2 0 3 . 5 m  
283.82778 

2M.13259 
204.43739 
204.74219 
295.04088 
235.35178 

295.65659 
209.130139 m. 28010 
290.57080 
206.87579 

!297.180.i@ 
297.48530 
297.10020 
r)8.095% 
p8.38080 

203.:0160 
m.O(rJ40 
21K). 31420 
200.01m 
200.02380 

8Oo.!mal 
3OC.53340 
300. 

801.44780 

301.75m 
802.05740 
802.30ZY3 
302.06701 
W2.0718L 

3@3.27f%I 
303.68141 am. 88021 
aw. iuioi  
801.abSl 

aoi. i43w 

- 



212 

164.04167 
167.32250 
170. PO333 
173.88417 
177.16500 

= 
Ye- 
ters 
I 

1 i 

j 
i 

A 

3( 
1 

4 
5 

i 

5 9 

20 
1 
2 
3 
4 

5 
6 
7 a 
9 

1 
4" 
2 

5 
6 
7 

9 

40 
1 
2 
8 
4 

5 
6 
I 
a 
9 

a 

io! 

: 
; 

- 
Feet 

246.013250 
249.31:333 
2'2.02117 

259.18S-3 
255.w0500 

8.2806 
8.6616; 
9.842% 

13.1233: 

30.4041; 
19. 6850C 
22.965% 
26.24065 
2%5275C 

22.80833 
36.0liY17 

42. GW,Q 
45.93167 

49.21250 
52.49333 
65.77417 
59.05500 
02.3383 

05.61667 
6X.89754 
72.17833 
75.45917 
78. 74000 

82.020X3 
85.30167 
88.58250 
91.86333 
95.14417 

9s. 4m 
101.70~83 
104.98607 
108.26750 
111.54833 

114.82917 
118.11ooo 
121.39083 
124.fi71G7 
127.95m 

131.23333 
134.51417 
137.795fx) 
141.07583 
144.36G67 

147.63750 

1M. lm17 
157.4HuKx) 
uX).?w83 

89. 3mno 

150.91~33 

5 
6 
7 

9 
8 

U. S. COAST A N D  GEODETIC SURVEY 

Lq$h-MeterS to feel cfm I to 1000 unc'lr) 
meduction factor: 1 meter-3.28M(33333 foot] 

262.4FF67 
265.71750 
269.02833 
272.3W17 
2 7 5 . m  
278.870R3 
242.15167 
285.43250 
288.71333 
291.99417 

Me 
tars 

130 
1 
2 

1 
5 
6 
0 
8 
9 

5( 
1 

f 

i 
I 
I 
E 

6( 
I 
i 
i 

: z 
E 
E 

DC 
I 
2 
B 
4 

5 
6 
9 
8 
D 

80 
1 
2 a 
5 
6 
D 
8 
0 

? 
: 2 

5 
6 
7 
a e 

%5.'%%0 
298.56533 
301.83647 
305.11750 
308.39833 

311.67917 
314.96ow 
318.24083 
3a.62107 
w4.m 

140 
1 
2 : 
5 
6 
7 
8 
g 

Feet 

328.08% 
331.3641; 
334.6433 
337.9258: 
341.2066: 

344.4875( 
347.768:: 
351.0401; 
354.33m 
357.0108: 

3cO. 8016; 
3.X. 172,5( 
3(;7.4:!3: 
370.7341; 
374.0150( 

a77.2358 
310. ~ 7 ~ 6 ;  
3R3. Ui5C 
397.13r*1? 
3'90.4191i 

803.7ooOc 
306.9UOX3 
400.26167 
403.54%0 

410.10417 
413.3,W)O 

419.91667 
423.22750 

426.50833 
4'29.78017 
433.07000 
436.35083 
439.63167 

442.91250 
446.19333 
449.47417 
452.755(30 
456.03583 

459.31667 
482.59750 
465.87833 
469.15917 
472.44000 

476.72083 
479. Colt37 
482.28250 
485. w333 
4 w . w  

4nf i .am 

416. cr.583 

__ - 
we. 
ters - 

15: 

I 

! 
i 
! 

16( 
I 
! 

i 

1 

I 

z s 
17( 

I 
i e 
4 
C z 
1 
E 
9 

180 
1 
2 

1 
5 
6 
9 
8 
9 

l? 
2 
3 
4 
5 
6 
7 
8 
P 

F& 

492.1250 
495.40583 
498.68GC 
601.06751 
605.2483: 

508.5291: 

515.0939: 
519.3ilB; 
521. G825l 

524.9333: 
t28.%14I I 

531.4050( 
531.7758: 
&38.0&6; 

MI. 3375( 
544.0183: 
6-17.XOOli 
&51.1XOo( 
&54.460& 

657.741Gi 
5G1.02W 
504.3033? 
567.5X417 
670.8650( 

674.14553 
677.42G67 

5R3.9R833 
687.26917 

690.55ooC 
693. a083 
697.111G7 
600.39m 
603.67333 

606.95417 
610.2351M 
613.51583 
616.78607 
620.07750 

623.35&,13 
626.63017 
629.92MH) 
633.2ooH3 
636.48167 

639.78260 
643.04333 
046.39417 
649. M%OO 
66%- 

511. xino( 

580.70780 

= 
Me 
tars 

2oc 
1 
2 
3 
4 

9 
6 

9 

210 
1 
2 
3 
4 

5 
6 
7 
8 
9 

220 
1 
2 
3 
4 

5 
6 
7 
8 
9 

230 
1 
2 
3 
4 

5 
6 
7 
8 e 

240 
1 
2 

- 

a 

r" 
1 
8 
9 

- 
Feet 

856.16687 
659.44750 
602.7283 
666. MI17 
669. XKlOo 

672.5708 
675.85167 
670.13250 
682.41333 
685.69417 

688. 97500 
692.25583 
695.53667 
COS. 81750 
702. WX33 
705.37917 
708. W O  
711.94083 
715.22167 

721.78333 
725.06411 
728.34500 
731 6 z m  
734. w 7  

738.18750 
741.46833 
744.74917 
748.03wo 
761.31083 

754.59167 
757.87250 
761.15333 
764.43417 
767.71Mo 

770.90583 
774.276G7 
777.65750 
780.HW3 
784.11917 

787.40000 
790.08083 
793.96167 
797.24250 
800.6W 
m.83417 
807. ox5cnl 
810.365x3 

713.50~)  



- 
?de- 
ters 

250 
1 
2 
8 
4 

5 
6 
7 

9 

26; 
2 
3 
4 

5 
6 
7 

9 

270 
1 
2 
3 
4 

- 

a 

a 

t 
7 
8 
9 

280 
1 
2 
3 
4 

5 
6 
l 

9 
BO 

1 
2 
9 
4 

f 
7 
1 
5 

a 

Feet 
-- 

984.25000 
987.53083 
990.811G7 
694.09250 
697.37333 

loo065417 
1~003:93500 
1 007.215F3 
<010.49F07 
L:013.77750 

1,017.05W? 
I 020.33917 

1,026.93UX3 
1,030.18167 

I 033.40250 
1 ; O X .  74333 

1 n43.30:flo 

1 049.86667 
1:053.14760 
1 086.12833 
l1059.70!J17 
1:062.WJ000 

1,066.27053 
1 01’19. 65167 
1’072.832% 
1:076.11333 
1,079.39417 

1 082 67500 
1’0&5:995m 
1’089.23667 
l;C??2.517% 
1,085.19933 

1 099 07917 
1’ 102: 3 F h  
i : io5 .una  
1,108.92167 
1,112.2Qm 

L 115.48333 
1’ 11% 71x17 

1,125.32583 
1,128.W7 

1: (123.02m0 

1,040.0~417 

1:046.5%1583 

1: L”. ”‘I  fM500 

CONSTANTS, FORMULAS,, AND TABLES 

LmgtAa-2fetrrs to feet (from i to 1000 units)-Continued 

Mo- 
ters 

350 
1 
2 
3 
4 

5 
6 
7 
8 
9 

360 
1 
2 
3 
4 

5 
6 
8 
9 

370 
1 
2 
3 
4 

5 
6 
7 
8 
9 

380 
1 
2 
3 
4 

5 
6 
6 
9 

39: 
2 

v 

‘I 

- 
Feet 

1 14R.29167 

1:154.85333 
1 158.13417 
1~161.41WO 

1 164.69583 
l’lG7.9iGB7 

1’184.63533 
1: 177.8l917 

11x1 loo00 
1’1R4:3:1083 
1:1X7.66167 
1 lW9425CI 
lili4.2Z3k 

1 197.50417 
1’2bO.hW 

L)151.6i250 

1’1~.2Si50 

i:zo4.0~5~3 
1 2117.34~67 
1:21o.e27w 

1213 KIB3 
1’2i7: 1x917 
1’220.47boO 
1:223.750%3 
1,227.03167 

1 2:J3.5!)3:;3 
1:230.Si417 

1,~0.31250 

1,240. i5 .m 
1,243.43583 

1 246.71667 
1:249.@J750 
1 252.27S3 
1: 256. viO17 
1,259.84m 

1 2c.3.12083 
1:266.40167 
1,269.68250 
i , 2 7 ~ . 9 r w  
1,278.24417 

1’ n9 282: 52500 ms3 
I ’ZRB.FSI~(~~ 
1:289.36750 
1,29364833 

129582917 
1’20’21000 
i ’ w ’ 4 9 0 a  
1:911~:77187 
1 , i W p ~ ~  

~ ~~~ 

820. aOB3 
823.48917 
826.77090 
830.05083 
833.33167 

838.61250 
839.89333 
843.17417 
846.45500 
849.73583 

853.01607 
850.2I1760 
859.57333 
R(i2.115917 
8GG.14000 

869.42083 
872.70107 

879.2IX13 
882.54417 

885.82500 
889.10583 
892.3Rli07 
895. 66750 
808.94933 

go2.22817 
905.51030 
908. 7900x3 
912.07167 
915.35260 
018.03333 
021.91417 
925.19500 
928.47583 
931.75667 

935.03750 
038.31K73 
941.6‘B17 
944. x s m  
948.16083 

051.44167 
CI64.722-W 
958.00333 
961.2y417 
Q64.605oC 

967.84582 
971.12067 
974.407N 
977.8SU 
~.Btitlllll 

875. 9 m n  

400 
1 
2 
3 
4 

5 
6 
7 
8 
9 

410 
1 
2 
3 
4 

5 
6 

9 

420 
1 
2 
3 
4 

5 
6 
7 
a 
9 

430 
1 
2 
3 
4 

5 
6 
7 

9 

7 a 

a 

141” 
2 
3 
4 

5 
6 

8 
P 
7 

- __ 
Mo- 
ters - 

SDO 
1 
2 
8 
4 

5 
6 
9 
8 
D 

310 
1 
2 
9 
4 

6 
6 
9 
8 
e 

820 
1 
2 
3 
4 

5 
6 
9 
8 e 

830 
1 
2 
0 
4 
5 
6 
9 
8 
e 

Y 
: 2 

5 
6 
7 
8 
0 

1312 33333 
l’i15:61417 
1’318.89500 
l’V2.17583 

1 ‘328.73750 
l:kL?.OIS33 
1 335.29917 
1’338.5R000 
1:341.86083 

1,94514167 
1345 42250 

1’354.94417 

1;3w.45661 

1’asi:ioa:ia 

1:358.2&501) 

1 381.54583 
1’364.X2(;67 
1’3B8.10750 

1,374.66917 1:371.3SS33 

1 377.95000 
1’311 ”’10x3 
1’3‘34‘~11(i7 
1:3k7:7!1250 
1,391.07333 

1194.35417 
l:?I!i7.(XMl 

1 404.19667 
1i407.47750 

I 410 75833 
1’414:0:(917 
1’417.32000 
1’4M.BIX)W 
li423.88167 

1’430: 4- l :N  
1’4’33 72417 
1’4:37:o(l51>0 

i,40o.!iim 

1 427 1 4 2 , ~  

1:440.2w 

144366687 
1:44K: 847.50 
1 450.12833 
1’4,5%40917 
l ; m . 6 m  

1 459.97083 
1:4(33.25167 
1,466.WZ50 
1,4(i9.81333 
1,47&W7 

450 
1 
2 
3 
4 

5 
6 
7 
8 
9 

4M) 
1 

3 
4 

5 
6 
7 

9 8 

470 
1 
2 
3 
4 

5 
6 

8 
E 

480 
1 
2 
3 
4 

6 
9 
8 
e 

2 

7 

5 

49: 
2 
3 
4 

6 
6 
7 
8 
9 

-_ 
Feet 

213 

- 
Feet 

1476.37500 
1’479.05.h 
1’482.9M7 
1’ 486. i17& 
1: 489.49833 

1 492 77917 
1’ 498:(XjOO0 
1: 49’3.34083 
1502.02167 

1 609 13;333 
1’612.4li417 

1 619.1Y2nP3 

1 625.9Srn 

1,532.14917 
1 535.4:IIKN) 
1:53!3.710%3 

1,541. M 6 7  
1 5 4 5 . r m  

1,551.6Ml7 
1,555.11W 

1 661 67W)7 
1’584: 05750 
1’508.23K33 
1;671.51917 

1 574.8oooo 

1,681.3(il67 
1 684.842543 
li587.92333 

1,6!J1.26L17 
1594.4WXI 
1:597.7li&S3 
1 (iOl.W867 
1:W.32750 
1 607.60833 
1’610. Rx917 
1’814.17000 
1:917.4&OS3 
1, b20.73167 

1 624 01250 

1’ 630’ 67417 
11W:855W 

1;505.9U2Sa 

1:515.71:m 

1;m. 3W67 

1:szu. txim 

1:548.55333 

1,658.39583 

1: 578. OSw3 

l’bZ7.20333 

l;e3?.lW 



214 

650 
1 
2 
3 
4 

5 
6 
7 

9 

660 

2 
3 
4 

5 
6 
7 
8 
9 

670 
1 

3 
4 

5 
6 
7 
8 
9 

680 
1 
2 
3 
4 
5 
6 
7 
8 
9 

690 

3 
4 

a 

1 

2 

1 
2 

500 
1 
2 
B 
4 

5 
6 
7 
8 
9 

610 
1 
2 

! 

78 
5 
6 

9 

520 
1 
2 
3 
4 

56 
7 
9 

630 
. 1  
2 
8 
4 

a 

56 

T 

7 
9 
a 

2 
3 
4 

5 
‘ 6  
. 7  B 

2 132 64167 
2’135’82250 
2’ 133: lC‘3 
2’142.3R417 
2:146.66-5lM 

2 148.94583 
2’ 152.22GG7 
2’ 155.507GO 

2,1C2.oB917 

2,165.35OW 

d171.91167 
2’175.19250 
2:178.47333 

2 181.75117 
2’1x5.03500 

2 191.69687 
2:194.87750 

2 198.15833 
2:201.43917 

2’208.00083 

2 214.56250 
2’217.&1333 
2’221.12417 
2:3!4.40500 

2:1~,5.78~73 

2 IGB.WOB 

2:1Xs.31683 

2 204.72000 

2::11.28167 

2 , 2 2 7 . m  

2,2317 96667 
2,w4.24750 
2,237.62333 
2,240.81)!117 
2,244.cMaoo 

2 247.37083 
2”25O.G5167 
2:253.931250 
2,257.21‘133 
2,X0.4%417 

2 2&?.?7500 
2: 2w. arhw 
2 270.30cfi7 
Zj273.GI750 
2,270.8%33 

U. S. COAST AND GEODETIC SURVEY 

LengtXk-Hetezs to feet (from 1 to 1000 unite)--Continned 

1 640.41867 
I ’ G ~ ~ . C Y ~ S I  
1’646.97R33 

1:653.64ooo 
i ’ c m . m i 7  

550 
1 
2 

4 
3 

1 RIM 45873 

1’811.02000 
1’807:73917 

l’R14.300P.3 
1:817.6SlG7 

1, f37.26667 610 
1,810.54i50 1 
1 R43 82833 2 
l’M7.10917 3 
1~850.3’3000 4 

1 %53.G70&? 5 
l’KjB.951G7 6 

1:8(38.79417 9 

i:xm.zxx 7 
1 ~ ~ 3 . 5 1 3 ~ ~  8 

600 
1 
2 
3 
4 

1 888.47Q17 
1:%W.7w)03 2 
1, H81.04083 
1 RLHi.32167 
1;889.wm 9 

7 
8 

1 910 297,3750 5 
1:OL2:5b3::3 I 6 
1,9?5.81(117 7 
1 029.13110O 8 
1;932.41083 9 

1 93.69167 f140 
1’038 97250 1 
1:942.25333 2 
1,945.53417 3 

1952.MB 
1’955 37867 5 
lJb58’&57M 7 

1,’348.81500 4 

1: 961: (nK% 
2 2~6.741” 
2:29?.@2167 

Feet 

1 MKiR moo 
1‘971’7YOS3 
1’075:06167 
1:978.34250 
1,981.CZ33 

- - 
MC- 

t M S  - 
700 
1 
2 
3 
4 

5 
6 
7 

9 

1 
2 
3 
4 

5 
6 
7 
8 
9 

720 
1 

4 

5 
6 

9 

730 
1 
2 
3 
4 

5 
6 
7 
8 
9 

740 
1 
2 

a 

no 

f 

!I 

0 

t 
5 
6 
7 

22066$333 
2’2%3:86417 
2’ 303. 14500 
2’308.42583 

2 312.98750 

!2’i19.54917 

2,326.ll083 

2 729.P9167 
2:&32.;7250 
2 335.95333 
2:339.!23417 
2,342.blX~Q 

2 3 4 5 . m  

2:3OQ.70&37 

2’ 716.2G8X3 

2:3 09 +... 83ooo 

2:343.07867 
2 352.35750 
2’3;s. &X?3 
2;358.01917 

2 362.20000 
2’365.480B 
2’368.76167 
2:372.04EO 
2,375.32333 

2 ’i78.6M17 
2’ ;h l .Sm 
2:385.165B 2 388.44667 
1;391.72760 

2 385.W333 
2 ’ 3 0 ~  won 
2’ 401: 67ooO 
2’404.85083 
2: 408. a i 6 7  

2 411.41250 
2: 414.69333 
2 417.07417 
2’421.2.5rKD 
2 : 4 2 4 . m  

2’434:3:&?3 

2 427.81667 
2’431 09733 

2: 4J7. 6.5017 
2,440.04ooO 



CONSTANTS, FORMULAS, AND TABLES 

Lengths-Xeter~ t o  feet @om I to I000 zmits)-cOntinued 

-- 
3 400.tiwx) 800 

2467.18667 2 
2: 470.40750 3 

1:4~~7.905~3 1 

1,473.74833 4 
2 477.02917 5 
2’4w).31000 G 

2’4k0.87167 8 
2:490.15%0 9 

1493.43333 810 
$496.71417 1 
$503.27583 3 
2:606.65667 4 
2 Mi9.83750 5 
2:613.llF33 6 
2 616.39917 7 
2’619.88000 8 

2 ’ 4 ~ 3 . 5 9 ~ 3  7 

2)49O.g9500 2 

2;622.98083 9 

2 526.24167 820 
2’529.52250 1 
2:533.80333 2 
2,536.08417 3 
2,639.3@00 4 
2 rr(2.64583 5 
2:545.02667 
2 fA0.20760 
2:662.4R833 8 
2,555.76917 9 

2,659.05000 830 
2,561.33083 1 
2 505.61167 2 
2’568.Y9250 3 
$672.17333 4 
2 675.45417 5 
2’578.73500 6 
2’682.01583 7 
2:SR5.2!W67 8 
2,688.67750 9 

2 596.13017 1 
2:598.42OW 2 
2 801.70083 3 
2:604.98167 4 
260826250 5 
2’611’54333 6 
2’614:R2417 1 

2,691.85833 840 

2’018 inm a 
2:821:a?m 9 

-I/- 
2 824.W07 850 
2:827.04750 1 
2,ri31.22s33 2 
2 m1.5noi7 3 

2 Cd1.07083 5 
2)644.35167 6 
2:F47.G3%0 7 
2 R50.01333 8 
2;&4.lQ4l? 9 

2; ch37.7ocoo 4 

2 667.47500 11 861 

2:6Cd.03607 2 
2,607.31760 3 
2,670.59833 

2’rfjo. 75583 1 

2 679 87917 5 

; 
2 6Dn.2E333 870 
2’093.56417 1 
2 ’ 6 ~ . H ~  2 
2’ 700.1!GS3 3 
2:703.40607 4 
2 706.68750 5 
2’7W.Ofib33 6 
2:713.24917 7 
2 716.53000 8 
2;710.810W 9 

2723.08167 880 
2:726.37%0 1 
2,72L).o:i333 2 
2,732.03417 3 
2,736.21500 4 
2 779 49583 5 
2’&2:770R7 6 
2: 74b. 05750 7 

2,752.81917 9 

2 756.90000 890 
2’759.1801U 1 
2’782.4ti167 2 
2’7G.74250 3 
2i7G9.02333 4 
2 772.30417 5 
2’775.W0 6 
2: 778.865S3 7 
2,782.141iE7 8 
2,7Ub.427GO 9 

2,740.338:~ a 

2 788.70R33 900 
2’7ql.9X917 1 
2: 7 ~ 1 ~ 2 i o 0 ~ 0  2 
2 798 550K3 3 
2~801.81167 4 
2 nm.11250 5 
2’808.33133 6 
2’8ll.Fi’417 7 
2‘814.95500 8 
2:818.23583 9 

‘2 821.51667 910 
2’824.79750 1 
2’ 829.07%3 2 
9’ nl. 3;917 3 
i;b34.F4000 4 

2fs1.04117 9 

2,R17.92053 5 
2 ‘141.20167 6 
2:R44 4‘250 7 
2 847.70113 8 

2 R54.32500 920 
2’500.8XSF7 2 
‘1 404.16750 
;:867.44833 
1870 72917 5 
2:874:01000 6 
3,877. BO93 
2 RX0.67107 

dX57.60583 1 

a;sm.sm 9 

?,887.1%333 930 
I,XIW).41417 1 
2,893.605W 2 
2 m6.075S3 3 
2:900.25667 4 
29fi3.63750 5 
2’(906,81%?3 6 
2:91O.W17 7 

2:910.(jsow 9 

’ 

2 ni3.~xnoo a 

2 919.94167 Ha 
2’023.22250 1 
2:020.50333 2 

2 , 8 3 3 . w  4 

2,04s.1~~73 a 

2,929.78117 3 

2 936.34583 5 
2’939.82667 6 
2:942.W750 1 

2,049.40917 9 

2 9R2.75000 950 

2’959.3llG7 2 
2’ 956. om43 1 

2;9ri2.59xLl 3 
2,965.8i333 4 
2 969.15417 5 
2’972.43500 6 
2’975.715113 1 
2’97R.99607 8 
2~962.27750 9 

2 9rn.55833 960 
2’988.F3917 1 

2 995.4401183 3 
2:998.68167 4 
3 001.96250 5 
3’005.24333 6 
3’M)S 52417 7 

3,015.0W 9 

3,018.38667 970 
3 021.64750 1 
b:1,24.92%3 2 
3,028.2WJl7 3 
3,031.4oooO 4 
3 034.77083 5 
~:038.08167 6 
3,M1.33230 7 

3:047.8@417 9 

2: 002.1”00 2 

3:oii:805~) 8 

3 044.61333 a 

3 051.17500 980 
3’054.45583 1 
3’057.73867 2 
3’0G1.01750 3 
3;064.29833 4 

~~oso.~om e 

3,067.57017 5 
3 070.8(i000 0 
$074.141%3 1 
’3 077.42167 6 

30R3.98333 990 
3’087 26417 1 

3,097.10AB7 4 
3 Icx) 38750 5 
3’103:66833 f 
3’106 94917 5 
3’110:23000 3:113.61083 E 

9 

3’w0:545m 2 
3:&.H2583 e 

215 

-1 

Fcet 

3 116 79187 
3’ 120: 07w) 
3’123.3ch133 
3’ 126. &417 
3: 129.915Kl 
3 133.19533 
3: 138.47667 
3 139.75750 
3’143.03833 
3:146.31917 

3.l49.BooM) 
3 162 Iuiod 
3’ 156: 10167 d, 159.44250 
3,162.72333 
3 166.@7417 

3’ 172.5f6.83 
3:175.84667 
3,179.12750 

3 182.40813 
3: 1%. W917 
2 IRR.970M) 

3: 105.53167 
3 198.81250 
3’ 202.09333 
3: 205.37411 
3 m 8 . m  
3~211.9?&3 
3 z15.21Ro7 
3:218.49750 
3 221 77K3 
7’ 225: 05917 
$228.341)(30 
3 81.62083 
3’2;M. 90187 

7 241.4C#33 

3 248.O25oo 
3’%1.305U 

3’ 109. m 

3’ 192. xm.3 

3:m. 182W 

i:244.74411 

3’254. m667 
3:257.86750 a,zui. 1 4 % ~  
3 m.42017 
3’267.71W 
3’27O.WUE3 
3’214.27167 
3;277.6bm 



PUBLICATIONS OF THE COAST AND GEODETIC SURVEY RELA'MNOI- 
TO FIELD METHODS 

Rp0oiaZ Publication No. &-Tables for a Polyconic Projection of Maps, 2cE 
cents. This publication 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 for all 
latitudes. 

Kpecial PubUcation No. 8.-Formule ana Tables for the Computation of 
Geodetic Positions, 25 cents. Contains the formulas, instructions, and data 
for computing the geographical coordinates of triangulation and traverse sta- 
tions when the distances and angles are known. 

#pedal PubZhtioOn. NO. 14.-Detrrmination of Time, Longitude, Latitude, 
and Azimuth, 35 cents. A manual describing the instruments and methods 
used by the Coast and Gmdetic Survey on its astronomic field and offlce work. 

Rpecial PublAa.tion. No.  28.-Application of the Theory of Least Squares to 
the Adjustment of Triangulation, 25 cents. Explains the principles of least- 
squares adjustments of triangulation, with illustrative examples. 

Bp6c1hZ PuM&xtiolt No. 65.-Instructions t o  Light Keepers on First-Order Tri- 
angulation, 10 cents. A small pamphlet issued to light keepers, containing the 
signaling code used and instructions for adjusting and sighting the lights. 

8p&l PublicatZon. No. 71.-Relation between Plane Rectangular Coordinates 
and Geographic Positions, 10 cents. Contains formulas and tables for chang- 
ing from plane to spherical coordinates, and vice versa. 

&?rial No. 166.-Directions for Magnetic Measurements, 15 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. 

Sp'peoht Publication No. 93.-Reconnaissance and Signal Building, 30 cents. 
A manual covering reconnaissance for triangulation and traverse, the mark- 
ing of stations, and the construction of triangulation and traverse targets and 
towers. 

Bpedal Publication No.  109.-Wirelew Longitude, 15 cents. A description oi 
the apparatus and methods employed in the accurate measurement of differ- 
ences in longitude when radio time signals are used in place of signals sent 
over telegraph lines. 

RpeciaZ P u b l h t w n  No. 120.-Manual of First-Order Triangulation, 40 cents. 
Includes detailed instructions for first-order triangulation and base 
heasurement. 0 

#pedal Publication. No. 137.-Manual of First-Order Traverse, 30 cents. Con- 
tains the speciflcations used by this bureau for executing flrst-order traverse 
and explains how the computations, both fleld and offlce, are made. 

Rpecial Publkation No. 138.-Manual of Triangulation Computation and 
Adjustment, 50 cents. Contains detailed instructions for  computtng and 
adjusting triangqlation. 
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UON8TANTS, FORMULAS, AND TABLES 217 
Sgeolal pubtro&tion No. 139.-Instructions for Tide Observations, 20 cents. 

Summnrizes 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 fleld work and offlce computation 
of first-order leveling. 

Bpedal Publication NO. l&-Hydrogr'aphic Manual, 45 cents. Uontains the 
general requirements of this bureau for the execution of hydrographic surveys 
and describes the equipment and methods used for hydroyrahic work. 

Spcciab PubZicath No. 144.-Topographic Manual, 30 cents. Qntalns sped- 
fications for topographic surveys and complete descriptions of instrumrnts and 
methods. Several Useful tables are included, and samples of symbols and 
maps are shown. 

Any of the publications listed above can be purcha3ed by those 
outside the bureau from the Superintendent of Documents, Wash- 
ington, D. C., at the price stated. 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 interwted in securing those 
data for any particular locality should address his inquiry to the 
Director, Coast and Geodetic 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 
applicatiron to the Department of Commerce. 

lgpecial Pubtication No. 140.-Manual of First-Order Leveling. 
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