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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. F.
Reynolds, senior mathematician, and W. D. Sutcliffe, associate
mathematician, who prepared the rough draft of the sections on
the field computations 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. Honason, Hydrographic and Geodetic Engineer, United States Coast and
Geodetic Survey

GENERAL STATEMENT

Instructions and specifications for second-order triangulation and
traverse have heretofore been available in abbreviated form only.
Since most of the coastal control surveys in the future will be of
second-order accuracy, this manual will supersede the instructions for
third-order triangulation contained in Special Publication No. 26,
General Instructions for Field Work. Condensed specifications for
third-order control surveys will be found in this publication at 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 more 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. 8. COAST AND GEODETIO SURVEY

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

This terminology did not find wide favor or acceptance, and in
May, 1925, the Federal Board of Surveys and Maps, after referring
the matter to various Federal map-making bureaus represented on
the board, recommended that the four grades of vertical and hori-
zontal control ordinarily used be designated as first order, second
order, third order, and fourth order, respectively, the first named
being the most accurate. These terms have been authorized by the
Director of the Coast and Geodetic Survey and made applicable to
the various grades of control executed by this bureau. These terms
have also been adopted by the committee on triangulation of the
Section of Geodesy of the International Geodetic and Geophysical
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 between 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 maintain 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 burean is readily obtained from the following table,
which shows the limits for the principal items of the specifications
for these grades:

Requirements for horizontal control

TRIANGULATION
First order |Second ort‘let'I Third order
Strength of figures:
Desirable limit, R between Dases_ - co--eecemccnemmacans | 80 100 125
Maximum limit, = between bases. 110 130 175
Desirable limit, .Ri, single figure. . 15 . 25 25
Maximum limit, R, single flgure. 25 40 50
Diserepancy between computed length and measured length of
base or adjusted length of check line, not to exceed 1in 25,000 { 1 in 10,000 1in 5,000
Triangle closure:
Average, not to exceed.__.. 1 see. 3 sec. 8 sec.
Maximum, not to exceed. . 3 sec. 8 sec. 12 sec.

‘Usual number of ohservations:

Positions with 1-second direction theodolite.. | 16 4
Positions with 2-second direction theodolite.. 20 to 24 4to8 2to 4
Sets with 10-second repeating theodolite 5to6 2to3 1to2

Base measurement:
Actual error of hase not t0 exceed. --cneeamemamcaaooo... 1 in 300,000 ,000 [ 1 in 75,000
Probable error of base not to exceed ..o ooamoomanaao.. 1 {n 1,000,000 | 1 in 500,000 ( 1 in 250,000

1
1
Discrepancy between 2 measures of a section, not to exceed.| 10 mm. vk | 20 mm. vk | 25 mm.+k
Astronomic azimuth probable error of result . ... ceeeeeeennno. 0.5 sec. 2.0 sec. 5.0 sec.

Closing error in ?ositlon, not to exceed.
Probable error of main scheme angl
Number of stations between astronomical azimuths.._.
Ast.ron%mlc azimuth, discrepancy per main angle station, not to 1
B VS
Astronomic azimuth, probable error of result ... 0

:ln 10,000 1in 5.000
1. , 6.0 sec,
10t0 15 15 to 25 20t0 35

sec. 2.0 sec. 5.0 sec.
sec. 2.0 sec. 5.0 sec.

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 at a distance from shore with any degree of accuracy.



4 U. 8. COAST AND GEODETIC SURVEY

In 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. In 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
preceding base, must agree with the measured or adjusted length
within 1 part in 10,000 after the side and angle equations have been
satisfied by the method of least squares. Ordinarily, the field com-
putation of the length discrepancy through the triangles is a suffi-
ciently accurate guide, since an adjustment of the lengths of the sides
and angles by the least-squares method usually reduces the discrep-
ancy between the computed and measured lengths of the forward
base line.

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

It will be noticed that the standards of accuracy prescribed on
page 3 apply only to the field observations. Other standards are
used for the adjusted work. The process of adjusting observations
by the method of least squares makes the results consistent through-
out but does not remove all 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 distribute the errors ap-
proximately where they belong. Blunders, large accidental errors,
and systematic errors of varying signs are not distributed correctly
by the adjustment process.

Under certain conditions the specified allowable error in the
length of a line may be found to be exceeded even when the triangula-
tion meets the other specifications for,that particular grade of con-
trol. Where two points are close together, 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
the computed length of any line can be estimated by computing
the IR, 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. It 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 a 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 gauge of the work is not available until after the adjust-
ment has been made, the triangle closure and the agreement in
length, as given by the preliminary computations, are the best avail-
able field criteria. To insure that the requisite accuracy is main-
tained throughout the triangulation, it is essential to give careful
considerations to the instrumental equipment and the methods of
observing in order that the systematic and accidental errors may be
kept within the prescribed limits and that no part of the triangulation
will 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.)

1 8ea p. 173.



CHAPTER 1.—RECONNAISSANCE

The general term “ triangulation ” properly includes, 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 new
base will be necessary if the required accuracy is to be maintained.
The stronger the geometrical figures through which the lengths are
carried by the triangulation process, and the more accurately the
angles are measured, the 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. In 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 figures of from four to seven points each, in which certain stations may
be left unoccupied as indicated under paragraph 2, “ Strength of figures.” It
may be reduced in exceptional cases to a single chain of triangles with all
angles observed where otherwise the cost and time would be excessive. On
the other hand, there should be no overlapping of figures, except that in a four-
sided, central-point figure one of the diagonals of the figure may be observed,
and with the above exception there should be no excess of observed lines beyond
those necessary to secure a double determination of every length. It is per-
missible, however, to observe between stations which are not in the same figure
in order to avoid a back computation in locating supplementary or intersection
stations. Observations over lines which will make the main scheme any more
complicated than that defined above will practically be wasted. If it is neces-
sary to occupy other stations than those in the main scheme in order to locate
by intersection certain stations which must be fixed to control hydrographic
or topographic operations, connect these additional occupied stations (which
will be called supplementary stations) with the main scheme by the simplest
figures possible in which there is a check. Single triangles with all the angles
measured will, in general, be sufficient for the purpose. Supplementary sta-
tions are distinguished from intersection stations by being occupied and by
being determined with at least third-order accuracy. An intersection station

6



RECONNAISSANCE 7

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

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

Cz[aﬂ+6553+539]* for any one figure should not, in the

selected best chain of triangles (eall it R.), exceed 40, nor in the second best
(call it R:) exceed 120 in units of the sixth place of logarithms. These are
outside limits never to be exceeded except when it is extremely difficult under
existing 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-
tively, whenever the estimated total cost does not exceed that for the chain
barely within the extreme limits by more than 25 per cent. One station in
each quadrilateral or central-point figure may be left unoccupied or certain
lines in a figure may be observed over in one direction only if the values of
R, and R; do not exceed the specified limits and if a considerable saving of
time can be effected thereby. When a supplementary station iz connected to
the main scheme by a single triangle. the angle at the supplementary station
should not be less than 80° if possible to avoid it

3. Frequency of bases.—If the character of the country is such that a base
gite can be found near any desired location, SR, between base lines, whether
these are actnally measured base lineg or lines of first-order triangulation used
as bases, should be made about 100. This value will be found to correspond
to a chain of from 10 to 30 triangles, according to the strength of the figures
involved. With strong figures, but few measured base lines will be needed,
and a corresponding saving will be made on this part of the work. If topo-
graphic conditions make it difficult to secure a base site at the desired location,
IR: 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 1 part in 10,000, after the side and
angle equations have been satisfied, an intermediate base must be measured
or the angle observations made more accurate.

. D~
quantity R= D

STRENGTH OF FIGURE
The square of the probable error of the logarithm of a side of
a figure is 3 (¢ﬂ2) 2[8A2+8A83+832], in which & is the prob-

able error of an observed direction, D is the number of directions
observed in the figure, € is the number of conditions to be satisfied
in the figure (see b. 16), and 8., 8z 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 X, is to be taken for the
triangles used in computing the value of the side in question from
the side supposed to be absolutely known.

* See p 9.
2 The computation of Ry and Rg 4s described on pp. 9 to 17.
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D€ and Z[a,5+ 8430+ 857]
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.

In the following table the values tabulated are [8,2-+35,3p+857].
The two arguments of the table are the distance angles in degrees,
the smaller distance angle heing given at the top of the table. The
distance angles are the angles in each triangle opposite the known
side and the side required.

In the preceding formula the two terms

Factors for determining strength of figure

10° | 12° | 14° | 16° | 18° ] 20°| 22° | 24°| 26° | 28° | 30° [ 35° | 40° | 45° 50°lb5°60°66 70°|75 ,80"85" 90°
o
10 359
359 | 205 | 253
14 | 315 | 253 | 214 187
18 225 | 187 |162 [143
18 ¥ 262 | 204 | 1868 143 {126 J113
20 | 245 | 189 | 153 |130 |113 200 | €1
221282177 | 142 |119 (103 01 { 81 | 74
241221 | 167 | 134 [111 [ 95183 | 74 67 | 61
26 ] 213 | 160 | 126 1104 | 80 | 77 61 51
280206153 | 120 |99 (837263 (57|51 |47 )43
301199148 | 115194 |79] 68| 50| 53|48 |43] 40|33
85| 183 | 137 | 106 71160 | 52 4 137133 |27 | B
401179 | 120 70 {65164 )47 (41363212023 [19|16
450172 )124) 93 |74 )60 50|43 )37 |32)28)25;20)16) 1311
50167 (119| 80|70 | 57|47 (80 (3420726523 [18{14|11| 9]8
551162 | 115) 86|67 | 544437 32|27 | 2421|118 :12110| 8)7}5D
601150 (132 83 |64 |51042(85)|30|25)|22019 (14111 9| 706144
65]165(100 | 80|62 |49 40{33 28 24(21]18)13 |10 615|432
7011521106 | 78|60 4838|8227 (28101712} 9| 7| 54|3)2|2]|1
750150 (104) 76 (58| 4637 (30|25(21|18316(11| 8] 6] 493|2./2]1]|1}31
803147 1102 7415748 20124127177115110) 7} 5] 4§31271{1]1}10}0
85§145(100| 73 (55| 4334 |28 |23|19/16] 14|20 | 7| 5| 8f§2|2|1[1]0]0O]|0O
43 ) 98] 7L 541427 (27|22 |19 |16]13) 0, 6) 4] 3j2}L{riijojoO}0o
951140 96| 70|58 | 4132|286 |22| 1815013} 9| 6| 4| 3jJ2|1]1]0]0}]j0O|0O
10011381 o051 68151 4031 12512117} 143121 8% 6| 4) 3§2(11110i0}0
1050136 98| 67 (603930125 |20|17|14412| 8| 5] 4 2]2|1(1[0]|0O
110 134) 91| 6549|3830 | 24|19 |16[13]J1L| 7} 5] 8] 2§2|1|1(1
1150132 89} 64|48 1370120 1231911513311 7! 6| 8, 2012711
1201129 88| 6246|3628 | 22| 18|15 123101 7| 5] 38| 2121
1258127 86| eL{45| 85 2v 22 (18f14(12810} 7| &| 4| 8}2
1309125 ) 84) 50 (44| 34926 (21 )17) 14| 12010 7] 5] 4| 38
1350122 82| s8l43|33l26i{21{t7f14l12010| 71 5] 4
1401119 | 80| 58 |42 |32]26,20|17|14)12]10]| 8] 6
145 | 118 55|41 (32925(21 |17 |15| 1B Q11f 9
150112 75( 544032026 (21|18{16| 15013
12 1111 75| 53140 32026 (22(19)17 |16
141 110{ 74( 53 (4113327128211 19
156 | 108 | 74| 5442|3428 (25 22
1580107 | 74| 54|43 |35]30| 22
1603107} 74 ) 56 {45]|338333
1621107 | 76| 50|48 | 42
1648100 ( 79 ( 63| 54
166 13| 86| 71
168 | 122 | 98
170 | 143
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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 as
follows:

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

(b) For each triangle in each chain enter the table with the d1s-
tance angles as the two arguments and take out the tabular value.

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

—_— ,’ R
(d) Multiply each sum by the factor DD ¢ for that figure, where

D is the number of directions observed and € is the number of con-
ditions to be satisfied in the figure. (See p. 16.) The quantities so

obtained, namely, [0, 48,0+ 0857, will for convenience be

called B, and R, for the best and second best chains, respectively.

(¢) 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. In
deciding hetween 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
greatly. b_c

SOME VALUES OF THE QUANTITY -—;—~

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

For a single triangle, i;—1=0 5.

For a completed qua.drllateral 10 —4 —=—=0.60.
For a quadrilateral with one station on the fixed line unoccupied,

8—2
8 =0.75.

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

pied, '—r—;—2=0.71.
10—4

For a three-sided, central-point figure, o ——=—=0.60.
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For a three-sided, central point figure with one station on the
fixed line unoccup1ed 8 -—O 75.
For a three.-s1ded, central-point figure with one station not on the

fixed line unoccupied, ?—;—2—=O.71.

For a four-sided, central-point figure, —1—414—5——0 64.

For a four-sided, centml-point ficure with one corner station on
the fixed line unoccupied, 2 —O 75.

For a four-sided, central- pomt figure with one corner station not
on the fixed line unoccupied, 111—I3=O.73.

For a four-sided, central-point figure with the central station not
on the fixed line unoccupied, 1010 =0.80.

For a four-sided, central-point figure with one diagonal also
observed, 1—61;z=0.56.

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

—4

the fixed line unoccupied and one diagonal observed 12 —=—=0.67.

For a five-sided, central-point figure, —— 18— 18 —O 67.

For a five-sided, central-point figure with a station on a fixed out-
side line unoccup1ed — —0 75. )

For a five-sided, central pomt ﬁgure with an outside station not
on the fixed line unoccup1ed —0 73.

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

on the fixed line unoccup1ed 18-2 _oss.

13
For a six-sided, central-point figure, 2%, D) 7 =0.68.

For a six-sided, central-pomt figure with one outside statmn on
the fixed line unoccupled 20 —O 75.

For a six-sided, central-point ﬁgure w1th one outside station not
on the fixed line unoccupied, —5— 9 —0 4.

For a six-sided, central-pomt figure with the central station not
on the fixed line unoccup1ed 16 2—0 88.
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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
obtained by computing through the three best-shaped triangles
around the central point. The next best R, called R,, will be ob-
tained by computing through the two triangles formed by the
diagonal. The R, is easily computed as follows: From the known
side to the diagonal the distance angles are 89 and 27°. 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 86.3. If the central point of the figure

is an occupied station, D;0=O.56 (see p. 10) and R,=36.3 X 0.56=20.

2o
(see p. 10) and R,=36.83X0.67=24, as given opposite the figure.

The R, may be computed in a similar manner by using the dis-
tance angles in the three best-shaped triangles around the central
point.

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

EXAMPLES OF VARIOUS TRIANGULATION FIGURES

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

45
F1e. 1.—All stations occupled. R;=—5
R=—=5
Same, any one statlon R=—6
not occupied. Rs=—6
45,
45 3

F16. 2,—~All stations occupied. Ry=1
R—1

Same, any one station not occupied. R=2
R.=—=2

F1a. 8.—All stations occupied. R,—22
Re=22

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

K16, 4.—All stations occupied R;=1
Ry—2

Fic, 5.—All stations occupled R=10
Rs—12

s

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 2, are equal, or nearly so.

Compare Figures 1, 2, and 8. Figure 1 is a square quadrilateral ;
Figure 2 is a rectangular quadrilateral which is one-half as long in
the direction of progress as it is wide; Figure 8 is a rectangular
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quadrilateral twice as long in the direction of progress as it is wide.
The comparison of the values of R, in Figures 1 and 2 shows that
shortening a rectangular quadrilateral in the direction of progress -
increases its strength. A comparison of Figures 1 and 3 shows
that extending a rectangular quadrilateral in the direction of progress
weakens it.

Figure 4, like Figure 2, is short in the direction of progress. Such
short quadrilaterals are in general very strong, even though badly
distorted from the rectangular shape, but they are not economical,
as progress with them is slow.

F1a. 6~All stations occupied R,=—164 (approx.)
R.—176 (approx.)

0]3
FiG. 7.—All stations oc- Ry=— 2
cupied Ry=12
One outside sta- Ry— 3
tion, on fixed line, R~15
not occupied
120120
120

30
30

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 § R and R § 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. In 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 it is not allowable in any class of
triangulation.

Figure 7 is the regular three-sided, central-point figure. It is
extremely strong.
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Figure 8 is the regular 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, 0r 4

Fia, 8.—All stations occu- R;==13
pied R—138

Same, one corner R,—16
station not occupied Rs==16

Same, central sta- R;=17
tion not occupied Re=17

Fia. 9.—AIl stations oc- Ry;—10
cupied Re=15

D Same, any one R=11
outside station R.~16
not oceupied

Same, centiral R;—13
station not occu- Ry~=19
pied

F16. 10.—~All stations R,—$5
occupied Re—5
D—0_28—16
D 28 =0.43

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

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

A
L 4
=7
’I/O/ 7
Fi16. 11,—Unoccupied station R,— 36
not on fixed Iine R+—102
A
///
/4
77

{ ‘0, FiG. 12,—Unoccupied station Ry— 4
o/ at intersection of fixed Ry—20
line and Iine to be de-
. termined

F1a. 13.—AN stations occupled Ry==9
(A strong and gquick Ry—=9
expansion figure.)

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 scheme of triangulation, but for convenience

F16. 14,—Central station not R,—18
occupied Ro=—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
D—Bg, the number of conditions to be satisfied in any figure may be
computed from the following formula:

7=(n'—¢"+1)+ (n—2s+38)
in which
n=rtotal number of lines,
n’ =number of lines observed in both directions,
s=total number of stations,
&’ =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)

Fi¢c. 15.—Quadrilateral to
illustrate C

0= (2—8+1)+ (6—8+3)=1

(In using these formulas allowance must be made for lines or tri-
angles previously fixed.)

The number of conditions to be satisfied in any given figure may
also be determined in another way. Starting with the fixed line



RECONNAISSANCE 17

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. At each station the
number of angle conditions is one less than the total number of
full lines to the station from previously considered stations. The
number of side conditions at each station is two less than the total
number of lines, full and broken, to the station from previously
considered stations.

Y, F  Fig. 16—Overlapping of

figures

A

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

OVERLAPPING OF FIGURES

To illustrate what is meant by “overlapping of figures” and an
“excess of observed lines” (see p. 6), reference is made to Figure 16,
where the figures overlap in space but where there is no excess of
observed lines, Assume the direction of progress to be from 4B to
EG. After AB the next line to go ahead on, or the known line of

M. 17.—Hxcess of observed lines

the second figure, is CD. In the figure CDEF the diagonal OF is
determined as the known line of the succeeding figure FCEG. The
last two figures are thus seen to overlap in space but to be simple
quadrilaterals.

In 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
and the theodolite to avoid the errors due to eccentricity. Very short
lines are apt to be accompanied, though not necessarily so, by poor
geometric conditions as expressed by large values of 2. 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 visiblee 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 with steel or invar tapes.
Smooth, level ground is a convenience but not a necessity for base
measurement of this grade of accuracy. There should be no hesi-
tancy in placing the base on rough ground if by so doing the geo-
metric conditions in the base net are improved; that is, values of B
made smaller, The length of a base is to be determined primarily by
the desirability of securing small values of & in the base net. Ordi-
varily the longer the base the easier it will be found to secure small
values of R, and the smaller the values of & 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 as
to strength as the main scheme previously described. If 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
cbserved lines which tie together the separate figures,
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Broken bases are permissible when found advantageous. They
will frequently be found necessary along rugged coasts. No large
section ofa broken base should make an angle of more than 30° with
the projected base line. The two terminal stations of a broken base
must be intervisible ; the directions at each intermediate angle station
on the broken base must also be observed in order to form a closed
loop. It is permissible to include, in the main scheme observations of
the base net, one of the intermediate angle stations on a broken base,
in order to provide an additional check on the projected length of the
measured sections.

SUPPLEMENTARY STATIONS

The distribution of supplementary stations can not be definitely
specified, for the number and location of extra second-order, third-
order, and intersection stations will be governed entirely by the
topography of the region, the accuracy required for the detailed
hydrographic or topographic surveys, and the scale of the working
sheets. Each hydrographic or topographic sheet should have at
least two and preferably three triangulation stations within its limits,
and such greater number as special conditions may require. A little
extra time spent in locating additional triangulation stations will
frequently save much time and trouble in making the detailed surveys
check within the specified limits 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 as economically as
possible consistent with the maintenance of a specified accuracy. In
some respects they meet the requirements for long belts of triangula-
tion better than those for the development of an area. It is very
easy, however, to modify the specifications to meet other conditions.
For instance, on short arcs 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 figures can be
located which will form a checkerboard system over the area to be
controlled, and the location of the bases required can be determined
by computing the &, 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 additional surveys, but other organizations
will almost certainly use the stations established. An effort should
therefore be made to leave lines of the triangulation of proper
strength to face up rivers or river valleys which lie outside the limits
of the work assigned. It costs little to establish supplementary sta-
tions of second and third order accuracy while work on the main
scheme is in progress. Similarly, a station placed on the shoulder
of a hill or mountain may answer every requirement for the work in
hand, but if it is placed on the summit the chances are that it will
be of much greater future value. The summit should, therefore, be
selected if it does not involve too much additional expense.

The mistake most frequently made in extending control from
existing triangulation for a topographic or hydrographic survey of
limited extent is to locate intersection 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

In starting from or connecting with existing triangulation it is
essential that the connection be made to a line of proper strength, and
also that observations be made from the two ends of that line upon a
third point of the existing triangulation. If 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-
tions in length just described.
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INTERVISIBILITY OF STATIONS

Reconnaissance for triangulation can be executed by either of two
general methods, or by a combination of them. In the first method,
which can be used in hilly or mountainous country, the intervisi-
bility of the stations is tested by visiting each station. In the second
method reliance is placed upon obtaining the elevations of the sta-
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. In actual practice a combination of the two methods is
generally used.

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

h (in feet) = K2 (in miles) times 0.574,
or

K (in miles) = +/A (in feet) times 1.32.

Below is a table, condensed from the one given in Appendix 9,
Report for 1882, which gives the distance K (in statute miles) at
which a line from the height % (in feet) will touch the horizon,
taking into account terrestrial refraction with a mean assumed
coefficient of refraction of 0.070.

Correction for earth’s curvalure and refraction

Dis- | Correc- Dis- | Correc- | Dis- | Correc- || Dis- | Corree-
tance tion tance tion tance tion tance tion
Miles Feet Miles Feet Miles Feet Miles Feet

1 0.6 16 146.9 31 551.4 46 1,214.2

2 2.3 17 165.8 32 587.6 47 1,267.7

3 5.2 18 185.9 33 624.9 48 1,322.1

4 9.2 19 207.2 34 663.3 49 1,377.7

) 14.4 20 220.5 35 703.0 50 1,434.6

6 20.6 21 253.1 36 743.7 51 1,492.5

7 28.1 23 2717.7 37 785.6 52 1,551.6

8 36.7 23 303.6 38 828.6 53 1,611.9

9 46.4 24 330.5 39 872.8 54 1,673.3

10 57.4 25 358.6 40 918.1 85 1,735.8

11 9.4 26 388.0 41 964. 7 % 1,799.6

12 82.7 a 418.3 42 1,012.2 57 1,864.4

13 97.0 28 449.9 43 1,061.0 58 1,930.4

14 112.5 29 482.6 44 1,111.0 59 1,997.5

15 129.1 30 516.4 45 1,162.0 60 065. 8
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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 :

d,
where

% =height of line at obstruction, in feet.

h,=height of lower station, in feet.

h,=height of higher station, in feet.

d,=distance from lower station to intervening obstruction, in
miles,

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

This formula is also based on a mean assumed coefficient of refrac-
tion of 0.070,

COMPUTATION FOR THE DETERMINATION OF THE INTERVISIBILITY OF STATIONS

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

Example.—Two stations are at the water’s level on opposite shores«of a bay 18
miles wide. In this problem the line of sight is not supposed to approach the
water nearer than 10 feet.

(a) How high above the water must the instrument be at station A with the
instrument at station B 10 feet above the surface?

() How high must the towers be, supposing them to be of equal height at
the two stations?

Bi<e 18 miles A

Fia. 18.—Intervisibility of statlons across water, case (a)

Solution of (a).—From the table for curvature and refraction, page 21, the
instrument, must be at an elevation of 1859 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 than 10 feet at station B, the instrument at
A must be 195.9 feet above the water surface. (See fig. 18.)

.

56.4ft% === N"’ ft.
c” ——

10F+, ke 18 miles >

F16. 19.—Intervigibility of stations across water, case (b)

Rolution of (b).—Since the towers are to be of equal height, the line of sight
will approach the water the nearest at a point midway between the two stations.
From the table the instrument must be elevated 46.4 feet to see the water sur-
face 9 miles distant, Since the line of sight must clear the surface by 10 feet,
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the instrument must be elevated 56.4 feet at each station. (See fig. 19.) Or, by
the formula

h (in feet)=K* (in miles) X0.574,

h=81X0.574—46.49 feet,

46.49-1-10=56.49 feet.

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

(@) With towers 70 feet high, without superstructure—that 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
line when the theodolite is at a height of 70 feet and the lamp at a height
of 90 feet above the ground? ’

70+ S— ——70ft.
¢ o te————13.2miles —————a]

F16. 20.—Intervisibility of stations across wooded plain, case (@)

Solution of (a#).—Since the line of sight must not approach nearer than 456
feet to the surface of the plain or 10 feet above the tree tops, and the towers
are 70 feet high, the problem is the same as if the towers were 7045 feet high
and the line of sight could be tangent to the surface of a level plain, From the
table it is seen that the line of sight from a tower 25 feet high would be tan-
gent to the surface of the sphere at a distance between 6 and 7 miles,

Applying the formula

h (in feet)=K*® (in miles) X0.574

K= 25
0.574

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

e——— 8.9 miles ——»l<—6.6miles—>{

F1¢. 21.—Intervisibility of stations across wooded plain, case (b)

Sotution of (b) ~—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 a
distance of 6.6 miles. The distance at which the line of sight from the 90-
foot tower will be tangent to the 45-foot surface is found from the formula in
a similar manner, as follows:

(90—45) =h=K*X 0574

=45
0574

or K=8.9 miles,

K*

Therefore, the maximum distance between stations would be 6.6-8.9=15.5
miles. (See fig. 21.)
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When contoured maps of a hilly or mountainous country are avail-
able they are of great 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 at either station and
thus make the stations intervisible. Such a problem may be solved,
either by the formula on page 22 or by the table for curvature and
refraction. A solution of such a problem by each method is given
below.

Example—Two stations, 4 and B, are 5% miles apart and at an elevation
above sea level of 1,060 and 4,500 feet, respectively., At X on the line between
A and B and at a distance of 18 miles from A is a ridge 1,840 feet high. (See
fig. 22))

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

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

450-0'

Fie. 22—Intervisibility of statlons in mountain country

Solution of (a) —At 18 miles, the distance from A to X (fig. 22), the correc-
tion for curvature and refraction is 185.9 feet and at 54 miles, the distance from
A to B, it is 1,673.3 feet. Subtracting these amounts from: the elevations of X
and B, respectively, will have the effect of reducing the sea-level bases of 4, X,
and B to a plane surface.

Therefore, in Figure 23,

be=4,500 feet—1,050 feet—1,873.3 feet,
=1,776.7 feet.

and

ed:bec::18:54
Therefore ed=592.2 feet.

Correcting elevation of X for curvature and refraction and reducing it to the
plane of peax A
X=1,840—1,050—185.9
=604.1 feet.

Since the line of sight from A4 to B, at a point 18 miles from A, is only
592.2 feet above A, therefore the line of sight fails to clear peak X by 604.1—
592.2=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=Pha+ (ha—H1) d’._i_Ld.—o.574 i da.

In which for the example given above
ha=1,050, h.=4,500, d,—18, d:=386.
Substituting these values

h=1,050 (-+,500—1,050) ]s_]f:;‘é' —0.574X18X36=1,828,

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

14

]

e - 1776712

18mi, Y T Y L —

{7050 £ 1]

L.

Fi¢. 23.—Intervisibility of stations in mountain country,
golution (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 as
regards the numerical operations.

A »
X 2%t
A-F Vi ' B

/ !E: 7Xj \
{8 mi. ; 36mi. f

Fia. 24.—Intervisibility of stations in mountain country, solution (b)

Solution of (b).—Accepting 1,828 feet as 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
at A is to be elevated, the necessary height can be computed by means of a
triangle, as shown in Figure 24¢. The line from A to B has already been
corrected for curvature and refraction.

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

AA’: XX':: AB: XB,
or AA’:12::54:36.
Therefore, AA'=18 feet,



26 TU. 8. COAST AND GEODETIC SURVEY

If the station at B is to be elevated, a similar method may be used as shown
in Figure 25.
BB’:12::54:18.
Therefore, BB’=36 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

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

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

B

¢ A—— i8mi. 36mi. y;

Fre. 25.—Intervisibility of stations in mountain country, solution (c)

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 uged, and whether the points selected are on the
highest peaks or on lower ones. The use of the highest points
usually results in large figures in the scheme of triangulation, though
not necessarily so. It is usually easier to secure strong figures when
the highest peaks are used as main-scheme points.

Where all stations are convenient of 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
so 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 observations are to be made in daylight upon targets the
signals must be constructed not only to meet the demands of visi-

Fr1e. 25a.—Determining the approximate height of a tree on reconnaissance

A distance AB approximately equal to the height of the tree should be
paced or measured out from the base of the tree and the point A marked.
Also a point o should be located toward the tree from A such that Ac equals
the beight of the observer's eye from the ground when standing upright.
At ¢ a straight pole about 2 feet higher than the observer should be set
perpendicularly in the ground. A point e should then be marked on the pole
at such a height that ce=cd-J-de, where ¢d equals the distance from the
obgerver’s eye to the back of his head and de equals the height of his eye
from the ground when standing upright. Then if the observer lies on the
ground with his feet against the pole and his eye above the point A the
line of sight from his eye past the point e on the pole will strike the per-
pendicular from B at the point O, and bC=ab=AB. Approximate allowance
can easily be made for slope of ground along the line AB, and an estimate

can be made of the distance the point ¢ falls above or below the top of
the tree.

bility but must also be of a type which will reduce the effects of phase

and eccentricity to a minimum. (See p. 76.) The lengths of the

lines of sight and the materials available for constructing the signal

will also impose 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
18571°—29——3
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fig. 26.) Where tall signals are required the trunks of standing trees
are frequently of great assistance. (See fig. 279 In 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 necessary 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.

by s
G== l \_1 MATERIALS
/ ) L’l J=2:24 161"
—3%0 £-/4 v 6-0"
. I- 14« 286"
3 2-2:4 206"
Q Lfeet 36 'agm/ cloth

13%0°

90 feet, [Ogauge wire

bod e

F1a. 28.—Diagram of pole signal, with target

POLE SIGNAL

Figure 28 shows a pole signal held in a vertical position by wire
guys with the foot of the pole resting on a low bench. The bench
may be made of two stakes driven in the ground on either side of the
station mark, with a piece of scantling placed across on top and
nailed to them. The foot of the pole should have a spike driven at
its center projecting about an inch, and when the pole is erected this
spike should be placed in a hole bored in the crosspiece of the bench
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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FlE. 25—SIGNAL 225 FEET HIGH BUILTY OF POLES

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

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

An aluminum cup-shaped plate is made for this type of lamp,
which may be attached to the top of the lamp and which
automatically centers the base of the target over the center of

the reflector of the lamp. The target is held in place by guy
wires
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upon the height of the pole. The pole is easily lowered, when the
station is occupied, by loosening the guy or guys on only one side.
The guys on the other three sides are not loosened from their anchors.
To replace the pole it is only necessary to stand it up on the bench
and fasten the loosened guy or guys on the one side. The centering
of 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 makes a satisfactory object to
point on provided the diameter of the center pole is regulated for
the length of line and consideration is given to the effect of phase. A
serious objection to this type of signal is the fact that it can very
easily get out of plumb. TUnequal 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 signal lights are used to observe upon it will be found
more convenient to use the type of stand shown in Figure 29 as a
support for the light and theodolite. The horizontal board on
the top of the stand has a gimlet hole, centered over the mark, by
means of which the lamp or heliotrope is centered and fastened
and the theodolite centered. The combined use of target and lamp
is shown in Figure 80.

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, a tripod signal is used of the type shown in Figure 31. With
this type of signal the theodolite may be set up over the mark with-
out disturbing the signal. One objection to this type of signal is
‘that it is difficult to center over a mark already in place. Tripod
signals 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
observed upon must be carefully centered over the station mark.
Each leg should be secured to the ground by a stake or other means.
Wire guys to hold the center pole are necessary if the pole has con-
siderable length. '

The largest tripod signals usually have a height of about 20 feet
to the apex of the tripod and from 30 to 85 feet to the top of the

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

B
]
Cenfterpole
Cross bracing
A 1»
D)

F16. 82.—Diagram showing construction of tripod-and-
pole signal

A convenient method of constructing a large tripod signal is
indicated 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 4 and C are in the approximate positions they will
occupy when the signal is completed. The tripod is then erected by
using leg B as a lifting pole and prop. When the tripod is erected
and secured in the proper location the lower end D of the center
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FIG. 31.—TRIPOD-AND-POLE SIGNAL

Signals of this type should be used with caution because of the danger
of errors due to phase and eccentricity. The portion of the pole just
above the tripod should be the part observed upon when it is visible



Special Publication No. 145

FIG. 33—STEEL TRIANGULATION TOWER, 77 FEET HIGH TO TOP OF INNER
TRIPOD

A tower of this type can be erected in half a day by five men. Similar towers 25 feet higher have been
used successfully
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pole, which pivots on the bolt, is brought within reach by means of a
line attached at D, and the pole is then adjusted to & vertical position
and secured 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 as much surface as
possible with a limited amount of material.

OTHER TYPES OF SIGNALS

Occasionally the type of steel tower used on first-order triangula-
tion can be employed to advantage. (See fig. 83.) These towers
weigh from 2 to 3 tons each and have a maximum height of 103 feet.
They can be erected without the heavy tackle needed for tall wooden
towers and in much less time,

Where lumber is not readily available a portable wooden signal
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
together 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
ground 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 Hydrographic
Manual (Spec. Pub. No. 143) or the Topographic Manual (Spec. Pub.
No. 144) should be used, so long as they permit the observer to obtain
the specified accuracy on the triangulation.

RECONNAISSANCE FOR THIRD-ORDER TRIANGULATION

The same principles and methods are applied in reconnaissance for
third-order triangunlation 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 R, (see p. 9) for any
one figure must not exceed 50, and that of R: for the figure must not exceed 150,
except when conditions are such that it is very difficult to keep within these
limits. The quantities R. and R: for a single figure should be kept down to
85 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 25 per cent.
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Frequency of bases.—When a base site can be found near any desired loca-
tion, =R: between base lines, whether these are actual measured bases or lines
of first or second order triangulation used as bases, should be made about 125.
Where topographic conditions make it difficult to measure a base near the
desired location, XR: 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
5,000, after the side and angle equations have been satisfied, either an inter-
mediate base must be measured or the angle observations made more accurate.

Marking of stations.—Stations of third-order triangulation must be marked
and referenced by marks of the same size and character as stations of second-
order triangulation. (See p. 38.)



CHAPTER 2—~SECOND 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 &3.

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 theodolife with micrometers.
The immediate requirements which the angle measurements must meet are
that the average closure of the triangles in the main scheme shall not exceed
38 seconds, that an effort be made to keep the average closure down to 2.5
seconds, and that the maximum 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 repeating 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

o
2micrometer or a 2-vernier theodolite is given by the formula I=T,’—(:z, where I

is the interval in degrees, m the number of verniers or micrometers, and n
the number of positions or sets. In addition an increment represented 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 degrees 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
observed on an angle, the settings would be 0° 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 close the horizon. In the comparatively rare cases in which
the failure of adjacent signals to show at the same time prevents carrying
out this program make as near an approach to it as possible and then take

1The abbreviation “ 8 D/R ” is ordinarily used to indicate a set of six observations with
the telescope direct and six with it reversed. Similarly, 3 D/R” means a set of three
obgervations direct and reversed. 33
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the remaining signals in another series together with some one, and only
one, of the signals obgerved in the first series and measure in the new serfes
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 is the sum of two or more observed angles should
be avoided. With this scheme of observing no local adjustment is necessary,
except to distribute each horizon closure uniformly among the angles measured
in that series.

5. Observations with direction instrument.—One complete measure of the
horizontal direction to each 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 gingle seconds four to six
positions are usually sufficient to secure second-order aceuracy, and with a
theodolite reading to 2 seconds, six to eight positions will ordinarily be adequate.

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

Initial settings for 2-micrometer theodolite
TWO POSITIONS OF CIRCLE

Posi- | 1division of | 1 division of | 1 division of
circle=

tion cle=4 circle=5 circle=10
No. minutes minutes minutes

o ’ ” o ’ ” (-] r "
1 Q0 0L 00 0 0L 6 ¢ 02 30
2 90 03 00 90 03 40 90 07

FOUR POSITIONS OF CIRCLE

1 0 00 30 0 00 40 0 00 2
2 45 01 30 45 01 50 45 03 50
8 90 02 30 90 03 10 00 08 20
4 135 03 30 135 0+ 20 136 08 50

SIX POSITIONS OF CIRCLE

1 0 00 40 0 00 50 0 01 40
2 3 02 00 30 02 30 30 05 00
3 60 03 20 60 04 10 60 08
4 90 00 40 90 00 50 90 0L 40
] 120 02 00 120 02 30 120 05 00
6 150 03 20 150 04 10 150 08 20
EIGHT POSITIONS OF CIRCLE
1 0 00 30 9 00 40 0 0L 20
2 22 0L 30 22 01 &0 2 0 5
3 45 02 30 4 03 10 45 06 20
4 67 03 30 67 04 20 67 08 50
b 90 00 30 90 00 40 90 01 20
[ 112 01 30 112 01 50 112 03 50
7 135 02 30 135 @3 10 135 06 20
LS 157 03 30 157 04 20 157 08 50

A 8-micrometer theodolite will ordinarily not be used on second-order triangu-
lation. Settings for either a 3-micrometer or a 2-micrometer instrument for 8,
12, and 16 positions of the circle may be found in Special _Publication No, 137,
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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 tables are those actually to be made with the
A-micrometer of a 2-micrometer theodolite. Since the telescope is reversed
between the settings for any two consecutive positions, the given settings re-
quire the changing of the circle almost 180° in orientation for each new posi-
tion. This tends to maintain the circle at 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 as any. It is not necessary to set the circle nearer than
about one-balf 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 first 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 at any one station. With this system of
cbserving, no local adjustment i3 necessary aside from that arising from
observing back upon the initial at the middle of each position and using the
mean of all readings upon the initial. (See fig. 54, p. 86.)

8. Observations on intersection stations.—An intersection station is one
which is not occupied, the position of which is determined by observations upon
it from stations of the main scheme or from supplementary stations. It may
be a signal over a marked point or it may be a well-defined natural or artificial
object, such as a tank, church spire, or sharp mountain peak. In these speci-
flecations the term “ intersection station” is used in a restricted sense to mean
a station located by intersections with fewer observations than are specified
for second-order triangulation. A line to such a station must not be used as 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 iy a repeater. Hach series of obser-
vations on intersection stations should contain some one line, and only one, of
the main scheme. 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 adequate with a direction 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 provide a check on the readings
of degrees and minutes on the first positich. 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 least two of the stations should,
if practicable, form a good angle of intersection at the object to be located.
A possible intersection station should: not be disregarded if only two directions
to it can be secured. Even one direction may sometimes be of value when
used with another direction to the same object taken during a different geason’s
work,
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9. Value of intersection stations.—In selecting intersection stations it should
be kept in mind that the geographic value of triangulation depends upon the
number of points determined, the size of the area over which they are dis-
tributed, and the permanence with which they are marked. The geographic
value of a triangulation is lost for a given area when stations can not be
recovered within that area. The chance of permanency is made greater by
increasing the number of stations as well as by thorough marking. For the
reasons stated there should be determined as intersection stations many arti-
ficial objects of a permanent character, such as lighthouses, church spires,
cupolas, towers, chimneys, and standpipes, Make the description definite when-
ever practicable. Instead of describing the object as * church spire” with the
name of the town, make its identity certain by giving street location and
denomination of church. Descriptions of intersection stations should be sub-
mitted on Form 525, even though the name itself may be a description. (See
p. 112)

10. Distance between points.—On all triangulaton near the coast, recoverable
pointy suitable for the control of topography shall be located not more than &
miles apart, measured along the general trend of the coast line. This distance
should be reduced to 2 miles when the nature of the country makes it prac-
ticable without considerable additional expense. If objects suitable for the
purpose do not exist, then marked stations must be established. A station to
be suitable for the control of topography must he located on the shore or be
easily accessible from the ghore. In additlon, on work of this character all
prominent objects visible from the sea and suitable for charting as landmarks
or as hydrographic signals should be-located. In a mountaincus country,
such as Alaska, the location and elevation of prominent mountain 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 location of valleys,

11. Report on “landmarks for charts.”—All objects located by a triangu-
lation party which should be shown on the charts shall be listed on Form 567
and shall be forwarded under separate cover from other records at the end of
the season,

12. Trigonometric leveling.—No measurements of vertical angles for the
determination of the elevation of stations need be made on second or third order
triangulation unless specifically provided for in the instruections 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
plane-table sheets. When practicable, connections should be made at frequent
intervals to bench marks established by spirit levels or to the water level of the
sea or to that of lakes and tidal rivers. In connecting to water level it is suf-
ficient to record an observed vertical angle to the water’s edge and an approxi-
mate measured or scaled distance to the point sighted upon, with a note as to
the time of the observation or to the height of the tide when the water's edge
is sighted upon. (See p. 81.) Record and computation forms are shown on
pages 104110, )

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 ean be permanently marked or referenced, shall be marked
in accordance with the specifications which follow. When an old
triangulation station, established by this bureau, is recovered and
found to be inadequately marked it shall be re-marked and refer-
enced. Care shall be taken that the descriptions of stations estab-
lished or recovered shall fit existing conditions.

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

TRIANGULATION AND TRAVERSE MARKS OF OTHER
ORGANIZATIONS

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

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

‘Where a station of third-order or higher accuracy, originally established by
another organization, is definitely recovered, but is found to be inadequately
marked, it should be re-marked in a permanent manner, and the character of
the new mark described in the recovery note. If the station was originally
marked by a tablet, the tablet should be reset in the new mark. If the station
was not marked by a tablet, then a tablet such as is now used by the organiza-
tion which established the station should be secured by the field party from
its own headquarters and used as the new station mark. If there is not time
to secure the tablet, a copper bolt may be stamped with the initials of the
organization which first established 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 new station may be
established near by and marked, and the old station should be connected with
the new one and used as a reference mark for it. In general, no survey monu-
ment established by one organization of the Government should be.changed or
replaced by another 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 its original location can be defi-
nitely and accurately determined. The recovery note should describe the present
condition of the surface, subsurface, and reference marks in sufficient detail to
make the record clear as to the certainty of recovery of the station.

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

SPECIFICATIONS FOR MARKING TRIANGULATION STATIONS

1. Metal tablets.—Each station which has been located with first, second, or
third order accuracy (see p. 8) should be marked by a standard tablet of
copper alloy, so fastened in the rock or concrete as to effectively resist extrac-
tion, change of elevation, or rotation. (See figs. 34 and 35.) The name of
the station and the year established should be stamped 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 location 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) In rock outcrop—Care should be taken that the rock in which a mark is
get 1s hard and is part of the main ledge, not a detached fragment. The tablet
should be countersunk and well cemented in.

(2) In bowlders—When a tablet is set in a bowlder the latter should be of
durable material and of cross section, area, and depth below the surface not
less than the standard concrete mark as described below.

(8) In rock ledges below surface—When the ledge is only slightly below the
surface a tablet set in the usual manner in the ledge will be sufficient, provided
two reference marks 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 least 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

2The authority for the warning concerning punishment for disturbing the mark is con-
talned in an act of Congress, approved March 4, 1909, entitled “An act to codify, revise,
and amend the penal laws of the United States,” and reads as follows : ¢ Whoever * ¢ *
shall willfully deface, change, or remove any monument or bench mark of any Government
survey shall be fined not more than $250, or imprisoned not more than six months, or
both.” (35 Stat. 1088, sec. 57.) Many States have also enacted additional laws on the
same subject, among them being California, Connecticut, Georgia, Illinois, Indiana, Mainé,
Maryland, Massachusetts, Minnesota, Michigan, Missouri, Mississippi, New Hampshire,
New Jersey, Ohio, Oregon, South Carolina, Tennessee, Vermont, Virginia, Washington, and
‘West Virginia,
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FIG. 34—STANDARD MARKS OF THE U. S. COAST AND GEODETIC SURVEY

1. Triangulation station mark 4. Bench mark
2. Traverse station mark 5. Magnetic station mark
3. Reference mark 6. Hydrographic station mark
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FIG. 35.—TRIANGULATION STATION MARK
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smooth, it should be furrowed with a chisel to afford better anchorage for the
concrete.

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

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

(e) Underground mark.—A standard station-mark tablet, set in a mass of
concrete at least 10 inches in diameter and accurately centered under the
station mark, should always be established for an underground mark where
goil conditions permit. The tablet should be stamped with the same desig-
nation as the tablet in the surface mark.

The procedure in making the standard concrete mark is as follows: A hole is
dug to a depth of 814 feet or more. It should be 16 inches in diameter for the
top 2% feet and 10 inches in diameter at the lower end. Concrete made of
good cement, sand, and gravel or broken rock is placed in the lower part of the
hole to a depth of 6 inches. A standard tablet station mark (fig. 35) is then set
in the concrete, with the top of the tablet slightly depressed. This completes the
underground mark. A layer of from 4 to 6 inches of sand or dirt is then put into
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, and then the hole is filled with concrete to within 9 inches of the
surface of the ground. Next a mold or frame 12 inches on a side at the top, 13
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 dirt tamped firmly. The frame is
then filled with concrete level with its top and a standard tablet station mark
is set in the center of the concrete, with the top of the tablet slightly depressed.
The tablet must be centered exactly over the underground mark., The top of the
concrete should be smoothed with a trowel and the frame should be left in place
to protect the concrete until it becomes firmly set.

Care must be taken not to disturb the position of the tablet in the underground
mark when placing the layer of sand or dirt and when pouring the concrete for
the surface mark., A plece of thin board should be placed over the lower mark’
or other suitable means used to insure against any horizontal movement of the
tablet due to the impact or pressure of the material above.

8. 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, sewer tiles 8 inches in diameter and 30 inches long
may be used, set with the bell end down, filled with concrete, and with the base
end set in concrete. A sheet-iron mold of the same dimensions filled with con-
crete may also be used. A metal tablet should be set in the center of the top.

(2) Marsh.—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 far as it
will go, its 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 ba
water-soaked before being used, as otherwise it will swell and break the con-
crete which incases it. Where the marsh is very soft but dries out at certain
seasons of the yeaM successive tiles can be forced down around the post, the
post then can be withdrawn and the mud worked out from within the tiles, and
the tiles then filled with a hydraulic cement mixture.

(8) Land subject to cultivation.—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 8 feet below the surface. The upper mark should
be a tablet set in a block of concrete 15 inches in least horizontal eross-section
dimension and 20 inches high, with its top at least 12 inches below the surface
of the ground. About 3 inches of dirt 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 ig little
likelihood of their being disturbed. The directions to the reference marks
should be such as to give a good angle of intersection at the station. The ref-
erence marks may be as much as a half mile from the station, if necessary, pro-
vided they can be seen from the station. 'The distance to each reference mark
should be carefully measured. Other distances, such as those to the center of
a highway, the corner of a building, or the center of a well, should be measured
if feasible. Two or more such measurements will intersect so near the station
that the concrete block will be easily found with a small prodding rod. When
measurements are made to buildings or other objects the directions must be
given also. If 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 net to the
fence line. All distances must be carefully measured and not estimated, but
those to distant objects need not be reduced to the horizontal if the fact that the
measuremen{ is inclined is noted in the description. Care should be taken in
placing reference marks along highways, for nearly all States are widening the
highways.

4. Reference marks.—Each reference mark should consist of a metal tablet
gimilar in material and shape to the station mark but bearing an arrow which
points to the station. A reference mark should be stamped with the same desig-
nation as its station mark, and where there is more than one reference mark
they should be numbered serially in a clockwise direction, the number to be
stamped upon each one. Each should be set under the same conditions as speci-
fied for the station mark, except that the concrete post in which it is set may be
2 inches smaller in diameter and 6 inches shorter than for the station mark.
No subsurface marks need be used with reference marks.

Each station mark must have at least one reference mark and should pref-
erably have two. If 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
permanent witness marks, such as road crossings, ete., 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. Thesge should be so located as to avoid the probability
of both being disturbed by the same cause. They should also preferably be so
located as to give a good angle of intersection at the station, or else be placed
in range with the station. The distance and direction to each reference mark
must be carefully measured.

5. Azimuth mark.—At each station where a tall signal tower is needed to
enable the obgerver to see the adjacent stations of the scheme an azimuth mark
should be established. This mark should be placed several hundred feet away,
at some point visible from an instrument mounted on an ordinary tripod set on
the ground over the mark. An engineer recovering the station will then not
only have a geographie position but will be able to obtain an 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 are to
have clean materials, mix them well before adding water, have the mixture not
too wet, and tamp well into the form. Each streak of dirt in concrete means a
line of cleavage. Where rough aggregate is available the proportions should be
about 1-2-3, with the top 12 inches of the mark of slightly richer mixture.
Where only cement and sand are available the lower part of the mark should
be proportioned 1 part of cement to 8 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. Yo 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 af least 48 hours.

HORIZONTAL ANGLE MEASUREMENT

INSTRUMENTAL PROCiEDURE, REPETITION METHOD

The procedure used in making a set of observations is as follows:
Set the circle approximately at one of the readings given in the
appropriate table of circle settings on page 34 and record the exact
reading. Point on the left-hand object by means of the lower clamp
and tangent screw, which does not change the reading. Then un-
clamp the upper motion and point upon the right-hand object,
perfecting the pointing with the upper clamp and tangent screw.
Record the approximate reading of the circle. This completes one
measure of the angle. The lower clamp is then released and the
operation repeated, 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 made at the completion 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 clock-
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 seiting. 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
station to each of the other stations. The angle at a station between
any two observed stations is the difference of their directions.

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

A theodolite having a graduated circle 9 inches or more in diameter
is usually read by micrometers to single seconds. Eight-inch direc-
tion theodolites are usually read to the nearest even second. The least
division on the micrometer drum of a 6-inch direction theodolite is
usually equal to 10 seconds and the readings should be estimated to
the nearest even second. The range of the readings secured with any
theodolite will determine the refinement with which it should be read.
For instance, if a number of readings of a single setting with the circle
clamped shows a range of 2 or 8 seconds all readings should be taken
to single seconds, but if the range is 4 or 5 seconds readings to the
nearest even second are all that are warranted. When a compara-
tively small number of readings are taken, as with the Wild the-
odolite (see p. 60 and fig. 40, p. 45), readings may be made to a

- fraction of a second.
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PROGRAM FOR OBSERVING VERTICAL ANGLES

On practically all theodolites used in the Coast and Geodetic
Survey for second-order and 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 (@) bisect the object with the horizontal wire,
using the telescope-clamp slow-motion screw; (5) bring the bubble to
the center of the level vial; (¢) read both verniers; () turn the
instrument 180° in azimuth and transit the telescope, then repeat
(@), (b), and (¢) 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 (¢) 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°,
as is usually the case, the reading with circle right minus the read-
ing with the circle left is equal to twice the zenith distance. When
the graduation is counterclockwise the subtraction is made in the
inverse order. If the system of graduation is different from that
described above, a statement and diagram showing the kind of
graduation should be made in the record book when the first observa-
tions with the instrument are recorded.

When observing upon an object at a considerable elevation, using
a straight eyepiece, care should be taken to eliminate the parallax as
completely as possible, for otherwise a constant error may enter into
the observations. When observing upon stars near the prime vertical
for the 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 there
is no chance of misunderstanding them. If for any reason a tem-
porary record must be made and the observations transferred later
to the record book, the temporary record should be sent to the office
with the record book.

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

18571°—20——4



44 U. 8. CQAST AND GEODETIC SURVEY

correct figure placed above it or to one side. If a figure is changed
after the complete set of observations have been recorded and no
chance exists of checking the reading by a reobservation, the initials
of the person making 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

In 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 instruments
were large and heavy, could not be used on light tripods, and were
thus unsuited to the class of work where the stay at a station is short
and the number of stations occupied 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.

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

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

It should be remembered that of more importance than the size
of an instrument is its workmanship, as shown particularly in the
accuracy with which the circle 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 414-INCH THEODOLITE WITH VERNIER MICROSCOPES
(For description see p. 60)
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FIG. 38.—MICROMETER THEODOLITE, 6}4-INCH

This instrument may be used with either the direction or repetition method. The braced tripod
greatly increases its stability
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FIG. 40.—WILD PRISM-MICROSCOPE DIRECTION THEODOLITE, 5%%-INCH

This theodolite of novel design has graduations on glass. The horizontal circle can be read to %
second. Opposite readings of both circles can be taken through the ocular alongside the main tele-
scope without changing from the observing position
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Fra. 89.—Sectional view of Parkhurst 9-inch direction theodolite

The distinctive features of this theodolite are its nonbinding center, ball-
bearing clamp ring, illumination through central axis, discontinuous conical
bearings for horizontal circle, 1lluminated glass micrometer drums, and im-
proved designs for tangent-screw assembly, clamp-block assembly, and microm-
eter mountings, .

To remove alidade: (1) Remove screws holding dust ring and drop it clear
from alidade cover plate; (2) remove bridge for contact spring; (8) remove
vertical axis nut; (4) lift alidade carefully to avoid seraping axis.

To remove circle: (1) Remove threaded circle spring plate; (2) remove
guard lugs for circle; (3) lift circle off carefully.

To remove clamp: (1) Pull back and turn spring plunger opposite tangent
screw until plunger is in a position to remain disengaged; (2) remove two
screws holding clamp together; (8) remove halves of clamp; upper ball race
and ball ring can be lifted up and cleaned if degired, using alcohol or high-
grade gasollne, then light oil; (4) never try to remove clamp screw, for the
clamp-screw collar prevents its extraction.

45
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together and in the care used in the construction of all micrometer
and tangent screws. The proper adaptation of the magnification of
the reading micrometers to the pitch of the micrometer screw is also
an important factor.

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

On work in mountainous regions a lightweight theodolite is desir-
able, but if a very light instrument is used, it is not sufficiently stable
in azimuth. To increase the pressure 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
means for exerting a downward pressure 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 making
the best use of the instrument furnished him instead of deciding upon
the theoretically best instrument for his particular purpose. This
should not deter him, however, from informing himself as fully as
possible regarding the principles underlying the design and con-
struction of theodolites, for such knowledge will enable him to better
estimate the capabilities and weaknesses of any instrument supplied
to him.

A theodolite for use on 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 triangulation. The extra cost of transporting and mounting a
separate vertical circle for making zenith-distance observations is not
warranted on this class of work.

THEODOLITE ADJUSTMENTS

When measuring angles with the accuracy required on any geo-
detic 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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FIG. 41.—DEVICE FOR HOLDING THEODOLITE FIRMLY TO STAND

The springs, when under tension, will hold a light theodolite firmly on its support
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ical devices provided for making 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 and the mechanical means of adjusting it 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,
which is designed to be the vertical axis of rotation, and incidentally

F16. 42—Diagram of pressure clamp for theodolite

The slot s and the fork 7 in the clamp enables it to be slipped over the enlarged
portion ! of the leveling merew of the theodolite. By tightening the screw ¢ the
leveling screw is pressed firmly against the plate p, which in turn is fastened to the
tripod head of the tower. This device increases the steadiness of a theodolite and
does not set up strains in the tribrach.

to make the plane of the graduated circle horizontal, since it is
necessary to assume that the circle is mounted perpendicular to the
vertical axis. If this assumption is true, then leveling the theodolite
with a properly adjusted plate bubble will achieve both results.
With the upper motion loose, bring a plate level parallel to the
line joining two of the leveling screws and bring the bubble to
center with the leveling screws. Turn 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. If the
theodolite is considerably out of level, turn the alidade 90° and bring
the bubble to center by the third leveling screw. Then place the
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bubble in its original position and repeat the operation until the
bubble is in adjustment within less than one division, always check-
ing the 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 at once be brought to the center by the
adjusting screws.

Lack of verticality of the vertical axis introduces an error in the
measured angle which can not be 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=¢ tan A,

where 4 is the angle of inclination in seconds as given by the bubble
at right angles to the line of sight and % 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:

Errore in horizontal directions due to inclination of vertical awxis of instrument

Angle of
Inclina- |elevation| Correc-
tion of or de- tion to
the pression ori-
vertical | of the zontal
axis line of | direction
collima-
tion
@ () (itan )
”n ’ ”
10 20 0.06
20 20 0.12
30 20 0.17
10 40 0.12
20 40 0.23
30 40 0.35
10 60 0.17
20 60 0.35
30 60 0.52

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

The purpose of the striding-level adjustment is to make the bubble
axis parallel to 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 screws. Test for “wind” by rocking 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 “wind.” 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 the leveling screws and then 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 telescope perpendicular 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°.

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

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

If 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 season, 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 objec¢t 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 the 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 of 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 tele-
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.

If the instrument can not be reversed in the wyes, set a stake, 4,
several hundred feet distant and bisect it with the wires. Plunge
the telescope with the alidade clamped and set a second stake, B, in
the opposite direction at almost the same distance to avoid having
to change the focus. Both points should be as nearly as possible in
the plane of the horizon of the instrument to prevent errors due
to imperfect leveling. Rotate the alidade about its vertical axis
and then bisect the stake A. Plunge the telescope with the alidade
clamped, and if the wires do not bisect stake, B, set another stake,
C, in the line of sight close to B. Set a fourth stake, D, one-fourth
the distance from ¢ toward B and adjust the wires by means of the
reticule 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. If the object is not bisected, correct half the
discrepancy by the reticule screws and half by the tangent screw.
Repeat the test as a check.

If 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 ¢ sec &, where ¢ is the angle of error in the horizon and A
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 cirele—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.
Since the 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 to leave the level bubble on the vertical
circle unadjusted.

If it is desired to adjust the bubble, use the following method:
Establish a truly horizontal line by means of the “peg” method.
This is done by setting up the theodolite and leveling it. Two pegs,
A and B, are driven into the ground for rod suppo1ts at equal
distances from the theodolite and about 180° apart in azimuth. A
Ievel rod is read successively on the two pegs, with the vertical move-
ment of the telescope clamped, the bubble of the level on the vernier
frame in the center of the tube, and the vertical circle set at the
reading corresponding 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 at 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. The formula for obtaining the true altitude is,

sin A=sin A’ cos ¢
where £ is the true altitude A’ the observed altitude, and < 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 cenfers.—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 a
nut 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
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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 centers.—Since 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 apt to be swayed by fol-
lowing that method.

Micrometer adjustment.—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, at such
a distance 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 Figures
43, 44, and 45, will be described. The micrometer shown in Figure
43 will be described first. An outer case ¢, into which are screwed
from opposite sides the objective tube and the eyepiece, contains a
slide &, carrying the comb e, the center notch of which, taken in
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conjunction with the zero of the micrometer head f, furnishes a
fiducial point for all readings. The slide for the comb is adjustable
transversely by the screw ¢, acting against the spring A, 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, &, on which the micrometer head, f, and the attached
spindle works, a washer on the micrometer head bearing against the
end, 7, of the micrometer case. In reality there are usually two pairs
of these parallel wires, but for simplicity the function and adjustment
of one pair will be first explained and the use of the second pair will
be explained later. Rigidly attached to the case end, /, on its inner
side are two rods, m, around each of which is a helical spring, =,
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Fiq. 44.—Apparent arrangement of comb, wires, and gradua-
- tion marks

The diagram on the left shows the apparent arrangement
in the field of view of the comb, wires, and circle graduations ;
on the right, the graduated drum of the micrometer. The
reading as shown by tbe movable wires, comb, and drum is
74° 58’ 30’’, the circle being graduated in 5-minute spaces,

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

With 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 and fractional turns of the micrometer screw. The magnifying
power of the objective and the pitch of the micrometer screw are so
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FIG. 43.—MICROMETER BOX, COMPRESSION SPRING TYPE

View of lower side of box with plate removed

FIG. 45—MICROMETER BOX, TENSION SPRING TYPE

The block d carries the comb and the slide i the wires. The screw k is threaded into ¢ and bears
against d
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related that the adjustment can make one full turn of the micrometer
screw equal to a minute of arc, or to some multiple thereof. The
micrometer drum is graduated to single seconds, or to some integral
multiple of one second. The whole turns or minutes are read off
from the comb, each notch of which corresponds usually to one
minute of arc, while the fractional part of a 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, b, anchored to the outer case by the screws, a, hold the slid-
ing frame, , tight against the block,d, which carriesthe comb, ¢. The
slide, , carries the micrometer wires which are moved over the comb
by the action of the micrometer screw, %, which is threaded into the
slide. A spherical tip on the end of the micrometer screw fits into a
depression of similar shape in the block, d. 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 screw will exactly
traverse the interval between adjacent graduations on the circle
(when the graduations on the circle are 5 minutes apart one complete
turn of the instrument screw will usually equal one minute; when the
graduations are 10 minutes apart one turn of the screw will usually
equal two minutes) ; and third, when the micrometer reads zero sec-
onds with the pair of parallel wires coinciding with the zero point on
the comb. After these three conditions are fulfilled the micrometers
must be spaced around the circle at equal intervals.

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

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

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

Adjustment for 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, usnally
marked by a deeper cut than the other notches or by a hole beneath
it, is not in the center of the field of view, adjust it by the screw g.

Adjustment of graduated drum.—Center the pair of parallel
wires on the zero notch of the comb, then hold the spindle of the
micrometer firmly and turn the graduated drum on its friction
mounting until the zero of the drum coincides with the index line, p,
mounted on 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.

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

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

Assuming that adjacent graduations of the circle are five minutes
apart and that one revolution of the micrometer screw will cause the
parallel wires to traverse approximately one-fifth of the interval
between adjacent graduations, the purpose of the adjustment for run
is to bring about, as closely as may be, the condition that exactly five
revolutions of the screw will move the parallel wires from one gradu-
ation to the next. The theory of the adjustment may be seen from the
fact that the portion of the graduated circle and its magnified image
are at conjugate foci of the objective, and that the magnification of
the image is represented by 7'/f, where f and #” are the distances of
the circle and its image, respectively, from the center of the objective.
The magnification of the image may be increased by decreasing the
distance of the objective from the circle, and decreased by moving
it in the opposite direction. Therefore, if fewer than five complete
turns of the micrometer screw are necessary to move the parallel
wires from one graduation to the next, the image needs to have its
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magniﬁcat.ion increased, and the objective should be moved nearer
the circle by protruding it from the tube by its screw adjustment.

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

If more than five complete turns of the screw are required to make
the parallel wires traverse the space between adjacent graduations,
the adjustment should be made in the direction opposite to that de-
scribed above.

In actual practice the preliminary tests for run should be made on
five or six equidistant parts of the circle, since the error of run will
vary somewhat due to eccentricity of the circle, and the adjustment
should be made on a portion of the circle where the error is near the
mean. Also, the final adjustment should be tested by taking the
mean of at least 10 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 sum of the runs
of all micrometers should not exceed twoseconds. Ifthe 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 affects 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 used for reading. They should
be at such distance apart that a narrow strip of the bright surface of
the arc is visible on either side of the graduation when the wires are
accurately centered astride it. They should be parallel as closely as
the eye can judge and should be adjusted to be parallel to the grad-
uations. If the wires are not parallel or are slack, they should be
remounted, as described on page 63. They should also be heavy,
black, and smooth.

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

Let
a=Dbackward reading of micrometer.

b=forward reading of micrometer.
r=average run of micrometer, plus when a>b.

Correction to a=§;—01% a.

Correction to b= 0,, (300" —1).

The mean, m—ﬂz—-—b

r 300" —(a+Db)

Correction to m= 30077 5

r r
T (1)

For convenience and speed in making the readings it is the usual
practice in the Coast and Geodetic Survey to have two pairs of
wires mounted at such an interval apart that, when the left-hand
pair of wires is centered on a graduation mark, one revolution of the
micrometer screw will 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 ths.mark
next following the zero of the comb (in the direction of iner......g
graduations), called the backward reading, with the right-hand pair.

A consideration of formula (1) above shows the following:

() 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.

(b) 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 approzlmately uniformly
throughout the space between adjacent divisions. It is preferable
with a single pair of wires to take both forward and backward read-
ings at each pointing, but if the two conditions mentioned above are
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fulfilled and if the readings are always taken to the nearest gradua-
tion mark, half the corrections for run would be plus and half minus
and the algebraic sum of the corrections for run on any direction
would be very small if an even number of positions were observed.

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

(€) When conditions (1) and (2) in (b) 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 at 120 or 180° distance around
the circle, depending on whether it is a three-micrometer or a two-
mioray, oter theodolite, proceed as follows: Note if the zero of the
cutuisdu B, when near the center of the field of view, is very distant
from the proper degree mark. If 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 4 is not usually adjustable circumferentially.)
Then move the comb by the screw, ¢, until the zero mark coincides
with the proper degree mark and adjust the graduated drum to read
zero when the parallel wires read zero on the comb, as already
described. If the theodolite has a third micrometer microscope, it
should be adjusted to microscope 4 in the same way.

Because of eccentricity of the circle the micrometers will not
maintain a constant difference when read on different portions of
the circle. A sufficient number of readings should be taken around
the circle to determine the approximate amount of this eccentricity
and the adjustment for equidistance should be made at a point where

18571°—20——5
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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 4.

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 provided for such adjustment.

INumination 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 adjustments given above, with the exception of those referring
to the micrometers, apply equally well to either direction or repeating
types of theodolites. The verniers on a repeating theodolite are not
usually adjustable in the field, and for this 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 adjust-
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 87, 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 the
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 to
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 at diametrically opposite points of the circle and is there-
fore free from errors due to the eccentricity of the graduated circle.
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 it carefully and
slowly, noting the exact manner in which it is fitted into its packing
case, and when replacing it in its case always avoid forcing any part
into place. Avoid knocks and jars as far as possible, for many of
the parts of the instrument are delicate and easily damaged. When
handling a theodolite lift 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 at once evident, in order to recognize more quickly the cause
of any trouble which might develop with the instrument.

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

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

A good observer almost invariably keeps a clean instrument. The
atmospheric conditions met with in field work are very severe on
metal surfaces, which will rust if not oiled but will collect dust and
grit if an excess of oil is used. The best thing to do is to go over all
exposed surfaces each day the instrument is used. When the instru-
ment is first set up brush off the dust from the enameled or painted
surfaces first, then go over the working surfaces, such as wyes, pivots,
and exposed screws, with a soft rag very lightly oiled with a light oil.
Next rub a soft, dry rag over the surfaces which have been oiled to
remove all oil except the film adbering to the metal. If 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 it in the storeroom aboard ship at the end of a field
seasoh, 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. If further
cleaning is necessary soft paper free from silicious particles, which
are found in most paper, may be moistened and rubbed very lightly
over the surface. A greasy film may be removed with paper or rag
moistened in alcohol, but if an excess of alcohol is used it may pene-
trate between the component parts of the lens and affect the balsam
which is sometimes used to cement the lenses together. A lens which
still 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. In anticipation of
such a contingency each chief of party should obtain from the office
a spider’s cocoon, a solution of pure shellac in alcohol, and a small
piece of beeswax. A watchmaker’s magnifying glass is a convenience,
though an ordinary magnifying glass may be used, or a binocular
objective, or the reading glass for the verniers of a theodolite may be
mounted in a position to answer the purpose very well. A descrip-
tion of the method of installing micrometer wires follows:

Take the micrometer apart carefully, in order not to 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 is neces-
sary it is of little consequence, for a pair of wires can be installed
almost as easily as one.

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

Instead of cocoon threads, fine tungsten or platinum wire may be
used for diaphragm wires, but the wire must be thoroughly cleaned
with alcohol, stretched in place under considerable tension, and
fastened 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 85 to 50 diameters the sighting
wires should be about 30 to 85 seconds apart. In 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.

If 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 junec-
tion of the barrel of the telescope and its horizontal axis, and the
junction of the seating of the object glass and the telescope. °

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

TESTS TO DETERMINE THE QUALITY OF A THEODOLITE

In deciding what observing program will give most economically
the accuracy desired for any class of work it is necessary to know the
quality of the instrument employed, which, however, is not measured
by the size of the circle or by the minuteness of the least reading of
the verniers or micrometers. The best measure of the excellence of a
theodolite is its performance in actual field work, but it is necessary
to apply other tests to a new theodolite.
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A preliminary examination will show a great deal about the work-
manship and precision of a new instrument. The four structural
features which must be scrutinized to form an estimate of the quality
of a theodolite are the graduation of the circle; the design and work-
manship of the micrometers, or the 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. If the accuracy of gradua-
tion is suspected, a curve of A-vernier minus B-vernier readings may
be constructed in the manner described for a micrometer instrument
in the following paragraphs, but the comparison of vernier readings
will not locate errors of smaller magnitude than the least reading of
the vernier, usually 10 seconds.

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

Such a curve will show three things: First, the algebraic mean of
the differences (A4-micrometer reading minus B-micrometer reading)
represents the failure of the B 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 amount; that is, with
an instrument read habitually to the nearest two seconds, the plotted
curve should seldom differ from the mean sine curve by more than
that amount. The same general rule holds for a vernier instrument.

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

With a 614-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 at 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 as&embly should be tested for friction by noting
in the telescope if any lag is apparent in the motion of the telescope
when the tangent screw is moved sho'htly 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. If it is found, how-
ever, that with the screw properly cleaned and oiled there is a lag
when the screw is moved away from the spring, then either the spring
must be strengthened or the final movement of the screw must always
be against the spring.

The relation between the greatest magnification obtainable by the
telescope and the pitch of the tangent screw should be such that a
barely perceptible movement of the tangent screw should cause a
barely perceptible movement of an object across the telescope wires.
A similar relation should exist between the magnification of the
micrometer 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. If the friction
seems to vary, the cones either ave 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 alidadé 360° with the upper motion loose and
pointing and reading again, repeating the operation several times
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and reversing the direction of motion of the alidade after each read-
ing. Any effect of drag is shown by a tendency for any reading to
differ somewhat less than 360° from the preceding reading. Undue
play is indicated by the readings not being closely grouped.

The stability of an instrument can be judged by the design of
the standards, telescope, and tribrach. The tribrach should have a
spread at least equal to the size of the circle, and the foot screws
should have enough bearing surface in the tribrach arm to insure
stability in azimuth. A four-point leveling head, or quadribrach,
should never be used 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 Figure 47, is used to center the theod-
olite, lamp, or heliotrope on an observing tower over the center of
a station mark or to set a station mark directly under a definite
point on the tower.

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

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 diaphragm screws until the inter-
section of the wires remains on a point in the field of view when
the telescope is rotated. When so adjusted the point covered by
the intersection of the cross hairs in the field of view is in the vertical
line passing through the center of the telescope.

If the collimator is slightly out of adjustment, a vertical line can
be established by marking the four points in the field of view covered
successively by the intersection of the wires when the telescope is
rotated to four different positions approximately 90° apart. The
intersection of the lines joining the diagonally opposite points will
be the point sought.
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After the instrument has been adjusted and it is desired to mark
a point on the tower directly over the station mark, the axis of
collimation of the telescope is brought directly over the center of
the mark. 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 a tower has been built for a few days or weeks the center of
its cap block is likely to have been disturbed by the drying out and
warping of the lumber. In such a case as this 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 collimator has been designed to be
mounted on the tripod of a Berger 7-inch theodolite and to extend
the vertical line upward instead of downward. It is shown in Fig-
ure 48. It consists of a vertical telescope held in a vertical support-
ing collar, the telescope being supplied with a 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.

INSTRUMENTS 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. If 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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FIG. 47—VERTICAL COLLIMATOR, OLD TYPE
(For description see p. 69)
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FIG. 48—VERTICAL COLLIMATOR, NEW TYPE
(For description see p. 70)
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Compass.—The compass furnished each light keeper should either
be compared with other compasses or else tested on a line whose
azimuth is known. The effect of magnetic objects should be ex-
plained to him, and he should be cautioned against carrying the
compass with the needle resting upon the pivot point. The prin-
ciples underlying the orientation of maps and sketches and the appli-

"cation of the magnetic declination should he 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 the centers of the rings.
If 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 on the
stand and align the heads of the nails with the station of the observ-
ing party. Next fit a narrow strip of paper to the front side of the
forward nail, the strip projecting slightly above the nailhead. With
a common mirror a few inches in diameter throw the reflected rays of
the sun along the line of the nailheads. This will be accomplished
when the shadow of the head of the rear nail falls on and exactly
covers the head of the forward nail. The paper strip mentioned
above enables one to make this exact contact. An emergency helio-
trope like the above has been satisfactorily observed upon from 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. Since 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 a 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. If 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 three 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 clockwork device is available for requisition which can be set to
turn the signal lamp on at any desired hour each day and turn it 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 lJamp to be properly pointed, and there
is nothing to disturb the pointing after the lamp is set. The auto-
matic lamp and battery box are shown in Figure 51, and full instruc-
tions for wiring and for setting the dial are contained in Instructions
to Lightkeepers, Special Publication No. 65.

PRINCIPAL SOURCES OF ERROR IN HORIZONTAL-ANGLE
MEASUREMENTS

A good observer is one who ean consistently secure results com-
mensurate with the possibilities of the instrument which he is using.
Proficiency can be attained only by careful study of the instrument,
by constant exercise of good judgment, and by 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 but fail to make allowance for
the phase of the.signal at the other end of the line of sight and point
" several inches to ona 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,



Special Publication No. 145

FIG. 49.—HELIOTROPE, BOX TYPE

L B A
FIG. 50—~EMERGENCY HELIOTROPE

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

The 8-day clock shown at the left end of the battery box on the left can be set to turn the light on
for a definite number of hours each night. Of the two lamps at the right, the upper shows the
rear view, the lower the front view
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though the errors from the latter source are potentially much more
serious than are those due to the instrument being slightly out of
adjustment. -

The actual pointing of an instrument on an object is a simple
operation. It is a mistake to try to perfect a pointing after the per-
ceptions are once satisfied that the object has been centered on the
wires. The most satisfactory observations are usually those which
are made rapidly and methodically but not carelessly. Speed can be
attained by the observer by training himself in deftness of movement
in manipulating 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
1o give the theodolite time to assume the temperature of the air
before beginning the main-scheme observations. The intervening
time can be used to advantage in measuring to reference marks or in
making the observations upon intersection stations.

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

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

Many theodolites, especially those of American manufacture, are
held to the tripod head by a bolt with a female screw at the top which
fastens to a threaded knob projecting downward from the center of
the tribrach. If this bolt is set up too tight, great stress is placed
upon the tribrach and strains are set up in the material which 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 for that
reason a theodolite with four leveling screws should never be used on
second or third order work if it can be avoided. The tribrach should
have sufficient spread to bring the foot screws almost beneath the
limb of the graduated circle.

Set screws for tightening the foot screws in the tribrach arms are
always provided, and they must be set up after the leveling of the in-
strument is perfected. Leveling screws should have large bearing
surfaces in the tribrach arm to insure that the clamping serews 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 the 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 or stand is
frequently hard to secure. It must be sufficiently firm to maintain
the theodolite in level and azimuth and must not transmit to the
instrument any effects of the observer’s movements around the instru-
ment. Before observations are begun and after the instrument has
been adjusted and leveled the telescope should be pointed upon some
well-defined object and the pointing watched closely while some
other person steps around the instrument as near the feet of the
tripod legs as the observer would usually stand. 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. If 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.
If the instrument must be mounted upon the same structure which
supports the observer, such as a tank or building, two observers and
a repeating instrument may be used to lessen the effects of unstable
support. Each observer stations himself so as to face one of the
stations to be observed upon and each makes the pointings upon his
assigned station with as little shifting of his weight as possible.
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INSTRUMENTAL ERRORS

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

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

The changes in an instrument due to changes of temperature are
such that even a small theodolite should be protected at all times
from direct sunlight and wind if good results are to be obtained. The
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.
Standards will change in their relative elevation, the collar of the
diaphragm will change its adjustment, and since all of these are
changing in amount from moment to moment no system of observ-
ing will eradicate them. This is one of the principal reasons why
rapid pointings upon the object give more accurate results than slow
pointings.

Another element which is often not appreciated is the manner of
manipulation of the instrument. In an endeavor to make rapid
pointings instrumental errors are sometimes introduced which are’
larger than those the observer is seeking to avoid. The hand should
not rest heavily upon the instrument at any time. Slow-motion
screws and the graduated heads on the screws of reading 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

18571°—29——6
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the tension of the spring. If there is any sensible dragging and the
cause can not be found and corrected, then the final motion of the
screw must always be made against the spring. Tests for drag and
for looseness of the centers have already been described.

PHASE AND ECCENTRICITY

A target or instrument is said to be eccentric when its center is not
in the vertical line passing through the point to which the observa-
tions are referred. The proper correction can always be made for
eccentricity if the distance and direction to the true station are
recorded. Often, however, the observer desires to make an estimate
of the error which would be introduced by an approximate amount
of eccentricity due to phase or to some other causes. This can easily
be made by remembering that “a second is a foot at 40 miles,” or
that an inch represents about 314 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 at
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 be tested for ec-
centricity before its position is changed and the amount of its
eccentricity recorded in such a manner that the computer can make
no mistake when correcting the observations for it. (See p. 90.)

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. QOccasionally a heliotrope or signal lamp must be posted at
some little distance from a station in line with the distant station at
which the observer is working. Errors due to eccentricity of the
light are very apt to occur when this is done unless extreme care is
taken to line in the light and maintain it in position. A theodolite,
if available, should be used to line in the light; otherwise a plumb
line should be used. The accuracy with which the light must be
placed on line depends upon the distance from the observer’s station,
‘as indicated in the preceding paragraph. .

The errors in horizontal-angle measures due to phase, or to the
unequal illumination of a target, are often of considerable magni-
tude. In effect it is an eccentricity which could be corrected for if
its exact amount were knéwn. The difficulty lies in the inability of
the observer to estimate its amount accurately, for it depends upon
factors which change rapidly. The angle of the sun with the line
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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 illuminated surface it is necessary
to observe in order to eliminate errors due to phase. If the outlines
of the target can not be seen, a can or other object placed at some
distance away in the direction of the signal will show what part of
it is illuminated and will give a rough idea as to how to point upon -
the object, if it is remembered that most of our telescopes are
inverting. Under the conditions last stated 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 faced toward the observer. A vertical
pole with a T cross section has also been used to advantage. The
stem of the T is a 2 by 2 or 2 by 4 inch piece, while the bar of the
T is a thin board, which is faced toward the observer. The thin
edges of the board prevent any errors of phase, and the square tim-
ber, hidden from the observer’s view, gives the necessary rigidity

to the pole.
HORIZONTAL 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 to cause such errors, and
these will be briefly pointed out.

Air strata are generally of greater density near the ground and
lie roughly parallel to it. Over a sloping terrain these strata of
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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. If 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. If 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. Tt 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
it closely for a minute or two. Sometimes the amplitude of this
creeping movement may reach 10 or more seconds within a period
of two or three minutes of time. Under such conditions it is mot
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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 far from the true one, nor does a small range conclusively
indicate the absence of some constant ervor. (See p. 85, regarding
1e]ect1on 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 at 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 to detect, but it may make a reoccupation neces-
sary. A light or signal partly obstructed from view by intervening
objects may cause an error of several seconds. Occasionally changes
in vertical refraction will cause a light or target to be partly
obstructed that at 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 marks the station. If 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 care
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 0W1\_IERS AND OTHERS

The reconnaissance and signal-building party is the advance agent
for the other parties. Stations must ordinarily be established on
property owned by individuals or private corporations. Although
many States have laws which give the right of entry upon private
property to Government surveyors engaged on official work, it has
not been the policy of this bureau to insist upon this right. In
practically all cases the owner of the property is willing to have
stations established on his land if the object of the survey is explained
to him, and the chief of party should always arrange to secure
permission to enter upon the premises and to establish the necessary
marks. If if is necessary to damage crops, shrubs, or trees, the
regulations must be closely followed in securing beforehand a written
agreement which shall state the amgunt 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 OF ONE DIVISION OF A LEVEL
BUBBLE

It is frequently necessary to determine in the field, where a level
trier is not available, the value of one division of a level bubble.
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 value
of one division thus obtained.

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

Point upon some division of the tape or rod, so selected that the
bubble will be near the end of the vial toward the eye end of the
telescope. Read and record both ends of the bubble and repeat the
pointing and readings until about 10 readings are obtained, bringing
the cross wire of the telescope upon the mark half the time from
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above the mark and half the time from below, to nentralize 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 at that distance, and divide by the number of
divisions of the bubble between the two mean positions. The value
of one division of the bubble obtained by this method will be as
accurate as that obtained on the average level trier.

DETERMINATION OF HEIGHT OF STATION BY OBSERVING SEA
HORIZON

At times it may be difficult to connect a triangulation scheme to
a bench mark. 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 coeflicient
of refraction, m, which may ,vary for daytime observations on the
sea horizon from 0.07S to 0.130. The formula for computing the
height of station from the observed angle of depression is

. ]
h=2p sm 2(1 —2m)
(1—m)d

1—2m

sm

CcoS

where A=eclevation of station above sea level.
p=radius of curvature of the earth (in the same unit of length
as h).
sn=coeflicient of refraction.
6=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

2
1—-2m

_l T2 n”
h—zpsm 1
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in which 6 is expressed in seconds of arc. If we use a mean value of
log p=6.80421 and a mean value of log (1—2mi)=9.92428, the ap-
proximate formula becomes simply

& (in meters) =0.000089135 6 *
or log A= (5.95005—10) +2 log ¢

This form of the formula is sufficiently exact in most cases. How-
ever, if an accurate value of m has been determined at the station
by means of reciprocal observations on other triangulation stations,
then it can be used to determine a better value of the constant in the
approximate formula.

DETERMINATION OF DIRTANCE TO BREAKER BY OBSERVING
ANGLE OF DEPRESSION

In making surveys along the seacoast it quite often happens that
the distance to an offshore rock or reef is desired, the position of
which is indicated by breakers. If 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 bhe 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—2m+2(1—m) tan® 6

s=h cot 6+ 2 k% cot® 0
— — 2 412
+ [1 2m+2(;p2 m) tan? 6] 13 cotd 8
-_— —_ 2 A8
+5[1 2m+2§3 m) tan? 0] Bt cot? 0 . . . .

in which 6 is the angle of depression or the zenith distance minus
90°, p the radius of curvature of the earth, and 7 the coefficient of

2 These formulas were derived by Dr. O. 8. Adams, of the division of geodesy of this
bureau.
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refraction. With some approximation the above formula will take
the form,

s=h cot 6+ Eh? cot® 0+ 2 K?h? cot® 6+5K%h* cot? 6+ .. ..
in which, :
- (1—2m) sec? 0
.B. = T ’
or, since the value of s is so uncertain, we may use simply,

g=h cot 0+ KA2 cot? 6

SPECIFICATIONS, THIRD-ORDER TRIANGULATION

Accuracy.—The same instruments and methods will be used on the measure-
ments of angles for third-order triangulation as were specified for second order
(see p. 33), except for such minor changes in methods as result from the lower
limits of accuracy imposed. The immediate requirements which the angle
measurements must meet are an average triangle closure of not to exceed 6
seconds and a maximum eclosure 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
10-second repeating theodolite, from one to two sets of 6 D/R (see p. 33) will
suffice, 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 as were noted for second-order triangulation (see p. 36)
and by the same methods.

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

FIELD COMPUTATIONS, SECOND AND THIRD ORDER
TRIANGULATION

On both second and third order triangulation complete computa-
tions should be made in the field unless instructions to the chief of
party prescribe otherwise. This includes the computation of the
geographic positions of all points located by triangulation, the prep-
aration of the “List of geographic positions,” and the “ Computation
of elevations.” All records and computations up to and including
the “List of directions ” and “ Reduction to center” should be care-
fully checked in the field, for the office computation accepts the * List
of directions” prepared in the field as correct. The * Computation
of triangle sides” and “Computation of geographic positions” are
sufficiently self-checking, if carefully computed, and do not need a
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 azimuths
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 mistalke is chiefly upon
the person checking., In 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 12, 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
251A.

Abstract, horizontal directions (for direction instrument), Form 470.

List of directions, Form 24A.

Reduction to center, Form 382,

Triangle-side computation, Form 25.

Position computation, Form 27

List of geographic positions, Form "SB

Record, double zenith distances (if observed), Form 252,

Abstract. of zenith distances (if observed), Form 29.

Computation of elevations, reciprocal observations, Form 20A.

Computation of elevations, nonreciprocal observations, Form 29B,

Description of station (new stations)., Form 525.

Description of station, recovery note (old stations), Form 526.

RECORD, HORIZONTAL ANGLES (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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I mrruEnT o Comumennt
'AST AND GLODETIC SURVEY

Form 280
HORIZONTAL ANGLES
IsLaxp oR
Sratron: Dab STaTE: Pol. Cotatr:  Luson Date: Teb. 7, 1906.
OBSERVER: R, H.Po Insrieuent: B.& B. 7=inch theodolite No. 124,
n-r wimrtr
OMECTS OBSERVED :\'_' WD g M . : ‘:.En::“ sgnf’n';vﬂ.'u# REBMARES
8ol
Pet-Dog 8.00 0 0 0 0 00 0
: 1 %8 89 80 \
3 266 SB 20 20
D .6 13 5 40 40 40 98 59 46,7 A
(Dog-Pet) R 6 0 00 10 20 15 44,2  45.5-0.7m44.8
Dog-Rat 0 0 0 £ 15 28 2
1 42 20 g 16
3 127 30 t 35 48
'R 6 255 0L 115 25 20 4230100
D 6 0 00 i 25 25 25 09.2  09.8-0.7=08.9
2
Bat-Kow o o0 00 10 10 10
1 7 % 10
3 82 48 10 20
D 6 185 26 20 30 26 27 34 22.8
R 6 000 B o 56 25,0 23.7-0.8=22.9
Eow-Bal 0 0 00 00 10 05
1 37 40 40
3 13 02 10 20
R 6 226 04 20 30 25 3740 43.3
D 6 000 10 20 18 47 42.5-0.8=41,7
Bol-Pet 0 o0 0 20 30 25
1 163 15 10
3 129 15 30 20
D 6 25 30 40 40 40 16315 02.5
R & 0 0 220 230 25 02.5 03.5-0.8=01.7
360 00 0.8  00.0
Fia. 52.—Specimen, record horizontal angles
Dersnratnr or CaMucace
1 8 COAET AND GEDLETIC SURVEY
Form 230
HORIZONTAL ANGLES
Taraxp 0B
Stamion- Dab SratE: Pol. County: Luzon Darz: Feb. 7, 1506,
QusERvER: EoHaP. InsTRUMENT: 7=inch theodolite No. 134
nern -
BIECTR MILFLVED RO gy A :‘, : v:":'::.. l:ni“i:ui‘n"l KEMakRS
Pet ' 000 00 50
R - 180 00 00 0 00000
Bell tower, Olon D" 218 20 20
R 201 18 4030 30 218 n-
[
01l D 176 13 § £ 1030
R g 1 20 17513 30 -
2
i E
K £
Frog D, & ¢ i 50 40
] 268 3 6080 50 209 59 50
H 4
L. tang.Padang 1d. ] 2218
R 5318 2218
Pesk 17 ] a1 00 W
2 61 10 5040 & 2110 g
B
Pet ? 359 59 50 40
10.32 RS 179 % 6080 B ooo‘gg
)

Fia. 53.—Specimen, 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.

5
d
£ ¥
L
%-n
a
8
2]
: 0 5 & S
¥ ) AL .
S 3B -*z-elr: « @ @ nels £
g 3 | =98 8 g g 848 %
g° , @ ®w a4 v @w 4 w @ @ q g
g ¢ 4 4 4 & 9 4 4 ¢ § 4 2 =
- E a
R §F§~ 3% 8% 28 8% ¥2 828 83 88 8R] 83 g
i s
“3° 28 %3 88 8% ¥3 o8 8% 8% IR 83 I
MIBRIS 03} UF PR 4R JOU OF Ll
-]
g
g
M}S20ul 01y} U} 310 you O n.
@
-~ 3 3 3 8 g & 8 8 & 3 g
3 @
T - %8 3 8 8 R 83 o8B o8o§g ¢
é. f 4m <4m 4m 4 40 <4m 4R 4R <@ 4@ z
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o'EEn # A ® A ©4 A ® A o &
8 .igB B
EEJE.E& ¥
:
o H]
Hay o :
iz 2 . & g 3
iy 3§ , 3 ] g
%§;! 8 3 a 3 8
3 )

"B R

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

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

e o e GumeEy ABSTRACT OF DIRECTIONS

Form 470
Ed. Jun., V3

—

3
roﬂy.ou STATIONS OBSERVED

Connell Cox Stone Ut. Decatur Decatur Candler
E. Base W. Bage

(INITIALY ° ° ’ ° ’ ° ’ ° ’ ° . ° ’

0° 00" 24 14 227 2? 290 58 330 0 359 o4
” " ”» "

’” ” ” ”

1 0.00 18.3 29,7 387 41,7 23,7
2 0.00 15.6 29.6 39.2 44,0 A4
[52.8]»
3 0.00 17.4 29.5 38.4 43,4 24,0
4 0.00 14.9 2.8 38.7 41,9 22.8
5 0.00 15.6 27.6 37.6 24,0 22,0
6 o.00 19.2 20,3 38.0 41,3 24.3
- H 0.00 16.9 29.8 39.4 42,7 28.5
I
€ s 0.00 15.3 30,4 40,6 43,7 22.8
=
[}
S 9 0.00
£
z 10 0.00
w
E
[3
3 11 0.00
Ié 12 0.0
o
a
13 0.000
14 0.00
15 0.00
16 0.00
Bum, 133,2  '285.7 310.6 342.7 184.8
Mean, 16,6 29.5 38.8 42,8 251
(7% 19 0.4
Dircstion, 16.6 29.5 3B.4 42,8 2.1

F1G. B5.—Specimen, 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 Z.
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 mot satisfactorily
applicable to a short series of observations. It is customary, there-
fore, to apply an arbitrary limit of rejection, determined empiri-
cally from previous experience with the instrument used or with
one of similar qualities. For observations with the type of direc-
tion theodolite usually used on second or third order triangulation
the rejection limit for the angular value of a direction on any one
position of the circle may ordinarily be taken as 5 seconds from
the mean. Specific'ways in which the rejection limit is to be applied
are indicated helow. 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 he made to
determine the cause of the large range.

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

1. No reading should be rejected if it falls within the limit of re-
tention unless rejected at the time of taking the observation. The
observer’s reason for rejection should then appear in the original
record. This rule will 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. If two or more readings have been taken for a single position,
the mean should be used if all readings come within the limit of
retention.

8. If 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. If 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. If a reading
is not obtained within the required limit, reject the position entirely,
using the remaining positions to compute the mean direction.

5. If the values obtained for one or more directions on the various
positions of the circle show a considerable range, the safest plan,
and the one which should be followed if the average closing error of
the triangles involved is more than 3 seconds, is to observe all the
positions a second time and use 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 rejected. 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
to the principal stations but also the directions to intersection points
and reference marks.

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

On the back of the form for the list of directions are instructions
for its preparation. Only two points covered by those instructions
need be mentioned here, viz, the number of decimal places to be shown
in the mean angle and the treatment of eccentric directions. As
regards the former, on second and third order triangulation the
directions to main-scheme stations should be carried to tenths of
seconds, and directions to other points to seconds. Directions 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. If a direction has not been
reduced to center, leave the “ Eccentric reduction” column blank.
If no eccentric reduction is necessary, put dashes in the column.
The rule should be invariably followed, for otherwise an unreduced
direction may be used for a reduced one.

On the list of directions the main-scheme stations should be easily
distinguishable from the other points listed. This can be achieved
by printing in heavy letters the names of the main-scheme stations,
while the names of the 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 the form have been reduced for
eccentricity or not, any eccentricity of light or instrument at a
station should be recorded on the list of directions in a form that is

U. 8. COAST AND GEODETIC SURVEY

DEPARTMENT OF COMMERCE
U. 5. COATT ARD GEGDETIC SURVEY
Fome 244

LIST OF DIRECTIONS

Station Heater ... Slale _GOOTEAM. . .
Chief of party . BsOaBoeern. Dol 80239, 2920 . Computed by _Be.... .
0b ReQel I { N0, 302 Cheched by .. RoQeHe. ...
OBSERVED STATION Oberved diwction | Boreotrla ! 2"? m.! Ginection | Adiusied
stcentricity + ol
com.ll 6 m. m:o I . ') . | . H ’ . .
Oox 24 14 16.6 i |
R.M.d1et. 5.254 m.e 50 27 22 | |
Eplscopal clmrch spire 122 15 25.4 ]
Stone Mt. 227 27 29.5 '
Eccentric 1ight, dist.0,0Zlm 240 37 1
Decatur E. Base 250 53 .38.4 } 1
Decatur ¥. Bese 330 20 42.8 i |
Candler 369 54 33,1 ! !
2 ]

(Method of recording eccentricity when
theodolite is centered over station and
11ght 1s eccentric.)

(Method of recording eccentricity
whea theodolite is eccentrisc and
ecoentric light is more tham 0.1 m.

froa the true station.)

13° 10"
Eccentric lght

0
Hester

. Fecentrie station
{Position of theodolite)

{Record msat state to what sta~
tions the light was shown in above
position.

Keasuring the distance from the
trus station to the eccentric
light will give a check on the
values for the elements of the
small triangle.)

Light eccentric as given above when
shown to Stone Mt. No eccentricity of
1ight to other stations. No eccentricity
of theodolite.

All directions reduced for eccentricity.

*The last threo colamas to the right ate for 0o use and sbould be Jaft blazk tn the feld.

Fi16. 56.—Specimen, list of directions

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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Wherever it is possible to mount the theodolite directly over the
mark this should be cone, 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.” In 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 at any station the theodolite is eccentric and the light at
that station has occupied a different eccentric position the measure-
ments to the eccentric light may be made and recorded in either of
two ways. When the light is not farther from the marked station
than a decimeter, one edge of a straightedge of some kind can be
placed in the vertical line through the marked point and sighted
successively at all stations to which the eccentric light was shown,
the 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 an object which is not in the
vertical line through the point to which the observations are to be
referred, the object sighted upon is termed an “eccentric object ”
and the computation necessary to correct the angles to make them

18571°—20——17
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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

P saielred .dmumugh,hmg-'d 1,,,|"mndumdhmmnmmu.mb

thetruemﬁon,mdnhthelen in meters of the line the true involved, and, ¢ , log & is taken
directly the c tation of triangle sides. ais the direction of the distant station hvolved' reekoud ina clnckwln
direction as usual, bu referred to the direction from the eccentric to the true station, or osnur ‘This
deﬁnit.lont ha is tra:nfor the case in which the object pointed upon is eccentric, as well as for f.heuninwhlohﬂm
.lutruman

ato minutel only and all lo thnu to five declmnlpheuonl . Donot inany case ci the derived reductions
to morefinn nl’ M l.dvanhﬁ in carrying them tomoredoc{md pheumthnnthe directions ta.
which they are to be a nre eu.rriod on Fi

REDUCTIONS FOR AN ECCENTRIC INSTRUMENT

!ﬂ.hplnlhumnﬂl centrio the first column of this form should ‘contain the names of the statfons observad from that
éccontric position of the lnntrum t.

The valuea.in the fifth derd ’bx thon!nthnlomheolumnﬁomthoulnthethhd
wvalues in the fourth column may need to be derk he triangle side computations if uw
ecoentrio reductions are large. The values in the dxeh column are obtained ﬂmn thou in the-fifth by adding log —dT"
derfvsduindlmted in the heading of the form, if d is ex um-medlnmtm If d s expressed in feet, to the other two

Jogarithms add also 9.48402 to convert to meters. ‘To ob! & direction as shown on Form 24 A, subtract the reduction ¢
for the stnuon which is the initial on Form 24 A from the reduction ¢ for the required direction and apply the diffe to
the observed direction. Slmilarly, the correction to apy angle Is the differetice of the reductions on lormtothahm
direotions involved 1n that angle,

REDUCTIONS FOR AN ECCENTRIC OBJECT OBSERVED
i tho objeef. observod is eccentric the heading *‘Eccentric Station ——"" should be changed to *Ecceniric Observed

Object tion ——,”” the first column should contain the names of the stations from which this eccentric object was
oburved, -nd in each’ cue ¢ Is the dxreeﬂnn from the eccentrio object to the dllhnt station involved, reckoned in »
clockwise direction as usual, but lir from the bj t to the true station, or eentcr, taken as

l@m (No distinction need be made b fro: iaet to the distant station and the dlreouon
rom the true station to the distant station mepﬁ when the ecuntrlp reduotlon s more than one minute.) The remaindep
of the eompuhhon on this form is made in the manner indicated above with reference to an eccentrle instrument. The
reductions to directions are, however, to be npplled to observed directions, l.t tha m ns named in the ﬂnt column, to tha
eccentrio object at the station named in the heading. The directions h these reductions are to be

thmorefound in various of the lists of directions on Form 24 A, nﬂuﬂmoullﬂllhﬁloemwuumm umntb

aar Oompue the following exawmple with that given on Form 24 A,
REDUCTION TO CENTER

Bocentiic Station: Chase. Logdw 1.
cohuini" o= 5. 31443

@ = 10, 937 melers. Sum  6.35631
: Loo s Loo N8 LogAmiTaMS OF
BTATIONS .l , Loosota | ¢ in'meters) . gwm: lnl':'egnw

0 00
170 18 8. 08696 4. 49198 3. 58408 9. 05029, + 08
224 N 9. 84528 4. 40254 5. 44274 1.79805 | - 62.81
Little River. 242 47 9, 94004 4 51928 5 42076 1, 78507 -— 60,96
Lyons, salt works.......- | 249 02 9. 97028 4. 30618 5. 66408 201940 |. —104.87

F16. 57.~—Specimen, reduction to center

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

The computation for the reduction to center is easily made on
Form 382. The instructions given on that form, which include a
numerical example of a reduction to center, are reproduced in Figure
67 and give ample information for making the computation. The
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reduction to center can also be made by the use of the nomogram
shown in Figure 58.

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

FOR '
‘&% - W REDUCTION 0 CENTER ’
L CSni'= dsna gy
\ﬁ"d SIE rom 302 “ony
& e distrce from eccentric shabion fo trve Shein, ~ad
w Y 8 = distarce between frue Stafins imvohed. “a
o G e o s et =
éss C- c’:-rec/m:_mw ﬁ‘rududnn 0s 4:2?
o CASE 2. cAsE 1. al
$% ) )
i
oz
8 o
w ecceptric 03 foson.
o Shation %o
. b
P )
o 5. Z2
‘,535 h 4 .'(o
FEwe
S
ﬁ . L 2 o629
% o o, ub‘ ~d6gg N
£ - SF
V4 o] ,§ ot
SR, iy e s
pyhy i g . ecpens dost fcter o o gme a
d.s»b)c/w )gnm gm’c ¢"5 1?0? ﬁﬁiﬁc a’gi-r m
b / B cuse *C* when found
B, © Ae Zie
Casel., JU" ki than 180" 0
e 2k A
) » » ‘,
A Bt 2 Mo Scale, &% o USCAGS.
e s S A
g8

J1G. 58.~—Nomogram for reduction to center

Copies of this nomogram on heavy paper can be obtained on requifition

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

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

Every triangle should be included in this computfation. 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 diagonal. Thus, —3"".0—¢"".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.

Flores

Trouble
r Fi¢. 59.—~Diagram, quadrilateral

Juan Baptiste

The spherical excess is computed by the formula e=a b sin € Xm,
where ¢ is the spherical excess, @, b, and € are two sides and the
included angle, respectively, of the corresponding triangle, and m a
factor depending upon the latitude of the triangle and the dimensions
of the spheroid. Values of log v for the different latitudes, repro-
duced from page 16 of Special Publication No. 8, Formule 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 8 is given
below:

log distance Baptiste to Trouble = 3.660
log distance Flores to Trouble = 8.727
log sin 66° 44’ 33’’.6 = = 9,963-10
log m (lat., 55° 23’) = 1.403-10
log e 8. 753-10

i

= (2 — - S 0r1




DEPARTIENT OF COMMERCE
U. 5. COAST AND GEDDETIC SURVEY
FoRM 248

LIST OF DIRECTIONS

Station .. BEpEARY®. . .oooe....... Stole Mlasks . ——
Chief of party ..BeBeQs...o... ... Dale M0 23,2928 . . Computed bh!.-.a.-.ﬂ;...._...
(1] = BBl Insh ?. M. 287, Checked by .. QsPoSe_._...
OBBERVED STATION | Obaerved diection ! Fepeotrie '::znmh’ (Souleml, % Aioste
eccentricity kil
Tlores | G000 :° | | - ’ ’
Zater | 19 06066 |
Eey (Pole on rock) I 2217 06 |
Set (Whitewashed rock) 30 20 18
Triplet | 3029 18.6
Congrego | 32 34 56.7
Gun (Flag on bush) { 361450 !
Ran (Whitewashed rock) :' 35 24 42 :
Tar (Mbitewsshed rock) | 36 15 40
Nut (Whitewashed rock) 26 67 43
Xat (Whitewashed rock) 37 35 08
Dik (Whitewashed rock) 38 55 38
Dol (Whitewashed rock) 40 23 30
R.¥. Fo. 1 dist. 47.20 m, 41 33
Cel (Whitewashed rock) 42 13 58
Cabras 47 39 00.7
Peok (Cape Bartoleme) B0 52 30
Paek (Up) 53 18 42
Peak (Higher twin) 64 02 42
Peak (Nesrer) 70 11 38
Cocoe 73 06 14.2
Ignace 76 12 27.8
Juan I 256 00 42.8
B.Y. No. 2 dist. 11.82m, ' 288 O3
Troutle | 206 42 20.6 !
L el -

— Compuld b]l 1% 05 N

]

0b 0. YHe Instrument ... Xo. 279, Cheched by ... QoBoSe. .
Enter 000 00,0 ! !
Congrego 13 12 42.3 :
Triplet 16 45 36.6
Cabras 27 37 05.4
Cocos 43 59 58.1
Ignace a7 47 38,1 !
Lat 65 28 19,2 !
Mond 95 14 36.2 '
Baptiste 115 19 09.7
Juan 136 39 38.4
R, No. 1 dict. 14.15 me 140 Of l
Trouble 165 17 12,0
B.M. Yo. 2 dist, 5.45m. 18519 i ;
Sleep 268 12 45.5 !
Xelp 216 35 57.3 ] !
Cove 338 58 5.3 i bt

F1a. 60.—List of directions for two stations of guadrilateral

(For explanation 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+0”.1=0"".0+0".1.

An approximate value for the spherical excess may be obtained by
dividing the area of a triangle in square miles by 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, —8.0—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. If the corrections to be applied to each angle are not
exactly equal, they may be applied indiscriminately regardless of the
size of the angle, for the chances are equal as to whether the larger
correction belongs on the large or small angle. By subtracting
one-third of the spherical excess from each spherical angle the cor-
responding plane angles of the triangle are obtained. These plane
angles are used only for the computation of the sides of the triangle.

The computation of the sides of the triangle is by the well-known
law of sines. In triangle 1 of the sample 8.508741 is the log of the
distance in meters from Juan to Trouble. This distance is known
from previous computations; 0.187047 is the colog sine of 40° 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 IR, 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 be carried ahead
through the scheme. Similarly, to go from the line Trouble-Juan to
the line Flores-Juan and thence to the line Baptiste-Flores is much

e S s COMPUTATION OF TRIANGLES
State: ..Akasks.
No. ANGLE  |comm [fraxst| Semza | FLANE AMOLE LOGARITEM
2-3  Jusn~Troubls) 3.508741
1 Baptiste 40 32 46.8 [-1.0 |45.9]0.0 45.8| 0.187047
1 2 Jasn 11 28 5.3  [-1.0 |24.3 0.0 2.3 9.958757
3 Trounle 27 % 50.9  |-1.0 [49.9]0,0 0,9 9.671032
3.0 [-3.0 0.0
13 Blpt@.-t::tbh 3.659645 —
1-2 Baptist 3.362120
. [
23 Bapti.lt.-J\uL 3.262120
1 rlores: 20 20 8.7 [-2.0 .7 0.0 22.7] 0.453811
2 2 Baptiste 103 60 17,2 |~1.1 1s.; 0,0 16.1| 9.987208
3 Jusn 85 49 17 1,0 |[16,2(0,0 16.2| 9.917657
A=~ o0
13 Fleres-Jusn 3.808240
H 1-2 TFlores-Baptipte 3,733688
¥
L)
:
3 23 Baptiste-Tropble 3.659645 wiewne
g 1 lores 49 58 02,3 |-2.0 |00,30.0 0.3 0,215980
HE 2 Baptiste 63 17 30.4 . [-3.1 |28.30.0 2.3| 9.950998
3 Prouble 66 44 3.6 |22 |m.slg 2.4] 9.983101
Thal - -~ B[~ iy
1-3, Flores-Trouble 3,726601 - um
1-2 -Flores-Baptipte 3.733694
2-3 Juan-Trouble 3.50374
1 Flores 29 37 23.6 2.0 |31.6/0.0 31.8| 0.205%5
4 2 Juan 5539 08,1 [-2.0 |06.1{0.0 06.1]| 9.916782
3 proutle 94 43 m.g 2.1 |22.4]|0 22.3| 9.996623
1-3 Ylores~Troub T. 4 e ﬁ 3.726508
1-2 Xlores-Jasn ' 3.808249

Fi1g. 61.—Specimen, computation 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 heen made repeatedly to the
errors in closure of the triangles. This has been chosen as the crite-



08 TU. S. COAST AND GEODETIC SURVEY

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 Miust 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
tests which his work must meet, he will not unduly force an angle in
a certain direction in order to make a better triangle closure.

MATHEMATICAL 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 he carefully meas-
ured, and in the computations the logarithms should be earried to
the same number of places of decimals as in the regular triangle-side
computation.

Three cases of its application are given, depending upon the loca-
tion of the point P with reference to the sides of the triangle. If 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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COMPUTATION OF THREE-POINT PROBLEM

x4
8

Y
AN
®
————)
(N
(<]

Case 2

Case 3

\ 1 s
\ 1
N
e ¢ \‘{'!t"’”. [ 4
¥
1 4
Cases 1and 3 Case 8
P 21 38 06.8 P’
pr 84 12 57.8 P
A 86 20 42.3
Sum
Sum 192 20 47.0 A
14 Sum g6 10 23.5
A —sum
Sm180%~14 sum= 83 49 36.5 S§=14 (A—sum)=
Loge =  4,109221
Logsin P’ =~  9.566668 =10
Cologh =  6.35559) -10
Colog sin P’=  0.002217
Sum=log tan Z=  0.033697
z- % 13 1l
Z+45°= 93 13 14.0
Log cot (Z+45%) = §.588556, 10
Log tan S= 0.965928.
Sum=logtane=  -9.554484,-10 (sign =)
o n
€ 19 43 2.1
8 83 49 36.5
(Tan e+) 64 06 15.4 (Ten e-)
8+e=angle ABP 1083 32 57.6 8—e=ariglo ABP
S—e=angle ACP S-+e=angle ACP
BPA 84 .12 57.9 APC 21 28 06.8 PCB 29 18 51.3
ABP 64 05 15.4 PCA 103 32 57.6 CBP 44 50 04.0
PAB 31 40 46.7 CAP 54 48 55.6 BPC 105 51 04.7

Fic. 62.—Specimen, computation of three-point problem
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Given the sides, @, b, ¢, and the angle 4.

Angles observed, APC=P’, ABP=P"",

To find, ABP=2 and ACP=y.

In cases I and II, let §=180°—1% (A+P'+P"")=1% (wty).

In case ITT, 8=Yo (A—P'—P'")=3 (#+y).
P’ -
Let tan Z= be 21111 pr
then, )
e=1% (2~y)

tan e=cot (2+45°) tan S.

If tan e be positive, 2=S8+¢, y=8—«

If tan e be negative, 2=8—¢, y—S+e

Since all the angles and a side in each trmngle 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
ihe first computation.

POSITION COMPUTATION

In Figure 638 is given the computation of the geographic positions
of stations Baptiste and Flores on Form 27. In 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, Formule and Tables for
the Computation of Geodetic Positions.

Inverse position computation.—This consists of the computation
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



0.8 CT S SEopEE SoRve POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
a |2 Juan 03 rouble | 326 ). 111027 |« |3 Trouble o2 Juan M6 f42 |ob.6
24| gromhle &  Paptiste 11 .1 28 | Bi¢| Paptiete & Juam - 27 |58 (kog
« |2 Juan tol _ Baptiste 78 1 09 ] 27.0 | « |3 Troyble tol_ Paptigte 3.7
—: -] ba - 07.3
180 | 00 | 00.0 150 | oo | 00.0
o 11 Paptiste o2  Juap | 258 07 | W1.6 § « 11 Paptiste to8 Trouble 298 | % |27.%
. . FirsT ANGLB of TRIANGLE llg ;2 1&5,.8 o , " o , "
s | 55 27.018|2 Jueam » 1331 15 ¢ | 5523 |01.018|8 Trouble » 1133 ujmn;
a6 - ax _+2 108,030 ¢ +] A +3 17.533
R 1 » 133 | 17 118,906 & 24 n.925h tiste ¥ 133 11
Logarithms Values in d °_r - Logarlthms Values in d. et 1
s |3,362120 Heten | 55 2k 19.6 s_|3.650945 t6+e0 | 5523 3 5
Ooealg 31200 Logarithms | Vaoonds' [Coner 9.681807, | Logarithms | Yoaes ln
B | P 3.362120 | B |8, ~ 3 3,650545 |
—h_11,184025 lstterm 2165 | sine |9.990656 | h_|1,851035, | ummL'to.qu.s_ Sine | 9,942963 |
s | 6724 A’ = | 7,319 A %
Sina) 9 ,08) ] Bec ¢’ | —|8in'a 9.886 Seo ¢’ IS
_C 1584 a (2307312 [(+128.030) c |1.564 a | 2,357044  #227.5328
__|s.260 2d terml + 0.0186 Binie+419,915500 2d term ind(e++7)| Q,Q)5u3E |
® | 2,36 —2a_[2.022812 1+105.33 | m |3.70 —az_ | 2,272u82 »137.28
_D 12,36 D |2
4,72 3d term | 40,0000 o 3d term
~as 115.295] —2¢_|-70.9046 T

Fi1e. 68.—Specimen, position computation

NOILVINDNVIYYL YHIAY0 YIHI ANV dNODHS
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Form 27

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

e |2 Beptiste to 3. Prouble _298 |40 |27.% | o |3 frouble to2 Boptiste 118 | 43 | 34,7
8¢/| Trouble & Flores + 63 |17 128,3 f8s Flores & Paptiste - 66 1uy | 31,5
_a |2 Paptiate tol Flores 1 |57 (55,7 [ = [3 Trouble tol Flores 5l | 59 | 03.2
e = Aa -3 | 160
180 | 00 | 00.0 ) 180 | 00 | 00.0
« 11 Fares to2 Baptiste 181 157 1469 | o {1 Flores to3 Trouble 231 | 55 | W7.2
o , " FIraT ANGLE oF TRIANGLE l'? 5’8 00:[3 o , ” o , "
o |55 |24 |13.923/2 paptiste » 1333 |27 [18.906] o |55 |23 |01.018|5 Prouble r 233 113 [31.373
a4 =2 a +_110,6865] as ‘:1 46,156 a 23 (58,198
155 lga [qu 1 » 133 117 j29.5721 ¢+ 155 |22 .86211 Flores v {133 | 17 l29.571
Logarithma Valued d °e r n Logarithms Values in seconds °o o
s |3.738694 | ieten | 55 20 U3 N s | 3.726501 1ete) | 55 22 07.9
Cose| 9,99974% Logarithms Valuea i Jlgog 3_189155_ Logarithms V;',‘,’:;di,“
_B |8.50068) . +  |3.73865L | B | 8,509 . s _|3.726501
_b |2.248119 | isterm Sma_| 8535259 b |2.025679 [ 1ettera}#206.0911] sine | 9896430
2 | 7.477 A’ |8.508730 | s | 7.453 A £.708730
Sinta} 7.071 Seey’ | 0,24 . Sinta) 94793 Sec o’ -
_C |1,564 s 11,027951  [+10.6648| ¢ [1.56% a 2.316935_&35_.1913
6.112 :.'dterml + 0.0001 Bind@-+¢) 8.810 2dterm| +0.0646 Biniw+47] 9,915209
w (4,5 F;A-__Q.amiu__t&zs_ w | 4.05 =82 | 2.202247 #196.00
D236 b2
6.86 3dterm | + 0,0007| | 16,1) 3d term | +0 0003
—5¢ H177. —as_|4#106.1
11—9363 T 4 SATERINMUENT FRATING SIVICH! 23

F16. 63.—Specimen, position computation—Continued
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OIS e
g Form 663

103

INVERSE POSITION COMPUTATION

fan ¢+%'

AN €08 dm
An a
noos (e45)="20"" g

—Bara) sln ¢ se0 P HF (AN

in which Tog A\==log (N —X) —correction for arc to sin¥; log Ag;= log (¢ —¢) —correction for erc to sin®; and log a=log at

correction for arc to ajn®,

L e s 09 m:ej Tuller I > | 1200 06 0620
2 ¢ 35 10 06. Bregks  ° » 9 55 44,57
86 (=e'—8) + 1 046l a (@r-y - § 19,63
g + 32,30 g

o=t 3B 09, 3417 i
A4 (secs.) +64.61 AR (geca) ~319.63

Iog 48 1.810300 Tog 2 2,504648;

eor. arc—aln - eor. aro—sin =

log Agy log &N

1og o0 Log cos 4n 9.912516

eolog B | l.4p8788 colog An | 1.490761

log {8, cos a+‘,-“)}‘l 3,299088y,  (opposite In sign to a4} l"l{h sin (-+A—;') 3,907925,

log ls. cos (ﬂ%') |_3.209088,

log &M 2.504648, |3loga log tan (¢+A-; o.§oaas'r ) .
Tog oin ¢ 9.760313 |l F aty 256 10 2.7
Tog seo 5 Lgb togsin (=+5) |9.967228

Joga 2.264961, logeos (aty) [S.378301

a log 51 3.920697

b cor. arg—~sin +

-Ae (secs) -18¢.1 logs

4 ., =920

- 1 22,0

aty 258 10 2.7 * Ugo the table on the back of thia form for camestlon of
allton) 256 ® 9.7 aro to eln.

-2 + 3 04,1

180
@D 7% 1 3.8

Nore.~For log s up to 4.52 and for A¢ or AX (or both) up to 10/, omit all t¢rms below the heavy line excopt those printed
in heavy type or those underscored, if using logarithms to 6 decimal places.

F1g. 64, —Specimen, inverse position computation

(The are-sin correction table on the bhack of the form is given on p. 200)

Tiald Computatien
GEOGRAPHIC POSITIONS

Datxm B.3. Slaga

sramox TS hme som
. e . . e
Troeble % D oot NG
1907 *MBdm. IV B NIB B4
o 55 & oW engy 36 W 67
87 aUSes. 1B 15 06 NS
piine B ung2  JEE A o7 b
P dm U3 7 WS N8 B8 W Ak
Nores 5 2 M6 §B6 1M 57 W69
w3 e VS W HA 20 B 5 M2

BAGK assuUTE o mIR
. s e
W 2 A6 eroile

8¢9 O Juan
WP AT Tools

15 BT Wptiste

5 H o032 frouble

decestion Ko. of CompULIHIN! cammmsmtacn

Szate alagra
——
DRTANCD

loaacta formy Mo T
3.3 313.8 G5
3.362120 [ o]
3.659%5 662 ugn
373860 gise e
3126500 ¥ e

Fie, 65.—Specimen, list of geographic positions
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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, #.=marked, n. d.=not described, n. m.=not
marked, Z.=lost, and 7=recovered. For example, d. m. after the
name of a station means that it was described and marked, d. n. 7
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), ete.

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 is given on page 43. The form of record for observations
upon a star is shown in Figure 96.

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

If the bubble is not brought to the center with each reading, the
value of one division of the level should be entered at the beginning
of each voluma of observations. If the value is not known, it can
be determined by the method described on page 80,
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In connection with each object observed upon it should be noted
whether the ground, tripod head, heliotrope, or lamp was pointed
upon, in order that the observations may be properly referred to the
station mark. In the “ Remarks” column on the first page of ob-
servations at a station a record should be made of the heights above
the station mark of the tripod head of the tower or stand, the tele-
scope of the vertical-angle instrument, the heliotrope, and the lamp.

In 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
minute recorded for the A-vernier. For example, in the first measure

DEPARTHENT OF COMMERCE

m“m - DOUBLE ZENYTH DISTANCES. 47
Station: Goon State: Texas Instrument:g1deorand, 0-302  Dafeigov, 26, 1927,
Obacrver: R M. County: Collingworth - .
Oasmir Osazaves, Trxe. h“:- E% . s , ra v‘;“‘..z_ T nﬁ}::,,” Rexanes.
Tetrigod heat) U0 FH P B ® 20 1 eosssas Eelght of stend
» e m ® % % wmoo
s‘(‘:ﬂpod. head) 240 : a:: g i i :g 3 g 90 02 52.6
H a:: p g ; » %0 i 90 02 48.0
;;Eo::h::.:::sa HIF- A % % -3 0 9010375
1% 21 122 B swwe
Moot besd) T C P % % ® 00525
'i a:g gg 3 gg ?5 90 02 52.5
op ot fimay H w % ® E 90 00 15

F16. 66.—Specimen, record double zenith distances

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

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

4 B

o ’ 144 _IL

0 00 00 50

or 359 59 55 65

but the final reading of an arigle should be recorded
359 59 50 50

instead of 0 0 50 50

or as 359 59 55 65

instead of 0 0 55 05
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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. If 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. In the record
book and on Form 29 carry all angles to seconds only. The value
in the column headed “ Object above station” is zero if the object

DEPARTMENT OF COMMERCE
. S. COAST AND GEODETIC SURVEY

ABSTRACT OF ZENITH DISTANCES

Station:..Coon State:.. Tezas
Observer: ¥aMa Instrument: Hildebrand, (=802 ..

11=-815

Onmt TEMSCE Duror  Tpkae

iy Al T

Date Hour OBJECT OBSERVED Sn_'n;oal ST-LT{ON Pk ,};;’;:a o; Dls-}nzc!:m“ Coml!)l}g;ge%lml
Mer¥ns MerEns  Mpreny  STATIOSS

1927 Pp.M. 0 1 ¥
11/26 3,30 Fuller - 4,12 1.47 -2.65 425.3 89 55 52.5
(tripod hesd) 89 56 00.0_
89 55 56,2 89 56 A.5
3.40 Self 9.20 .47 -7.73 +60,1 90 02 52.5
(tripod head) 90 02 45,0
90 02 48,8 90 03 48,9
3.52 TVinson 2,13 l.47 -0.66 +10.8 90 10 37.5
{top of O-tent) 90 10 45.0-
90.10 1.2 9010 52,0
4,05 Bresks 0,97 1.47 40,50 -4.5 90 02 52.5
(tripod head) : 80 02 52,5
90 02 62.56 90 02 48,0
4.15 Texola tank 1.47 90 00 15
{top of finlel) : .

Fie, 67.—Specimen, 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—o
=" sem1”
where 7 is the reduction in seconds, #—o the difference in heights
from the preceding column, and s 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.

DEPANTMENT OF COMMERCE
U S COATT ARD GEDDETXC SURVEY
Form 39 A

COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIPROCAL OBSERVATIONS.

Station 1, oce. Monument Cube Keele
Btation 2, oba, Haatings | Hastings | Hastings
[ 90 07 59 90 05 18 {90 02 19
5 190 02 40 | 90 08 41 [°0 O 38
fh=h - 519 |+ 323 |+ 116
(-0 - 240 |4+ 143 |+ 0839
P
Jog-ditte/
= 6P | e.oe0r | 6.6043 | 6,265
| oge 4.3240 4.4476 | 4,0684
log [s tan § (ta~)] 1.2137 o | 1.1417 0,3338
log 4 0 [+] 0
g B 0 4] Q
|dog . 0 0 0
log (ia—~hy) 1.2137 n | 1.1427 0,3338
L } «18.4 +13.9 +2.2
by 329.9 299.8 311.0
A ! 313.5 312.7 313.2
Sloge
Jog p=9—21log 8
pof (h—Fhy)
@ and mesn ¢ o
* | akh-1800
bk t,—180° in s
log ditto
logp
colog s
log £ =To38454
log (0.5—m)
{0.5=m}
pof (0.5—-m)e

#5100 (0.5-1m) varkes 43 s, the welght P, whers ¥ 15 eanstant for 8 26t and a preferably 8 pomer of 10,
SVERREIT FIOTON HTC km = 313.1 11—-5M0

Fig. 68.—S8pecimen, computation of elevatlons from reciprocal. observations
COMPUTATION OF ELEVATIONS FROM OBSERVATIONS OF ZENITH DISTANCES

For reciprocal observations use Form 29A (see fig. 68) in com-
puting differences of elevation. The lower part of the form, in-
volving the weight » and the coefficient of refraction i, is not used

18571°—29——8
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in field computations. The formula for the difference of elevation
between stations 1 and 2 is

h,—hy=s tan Y% (,,—¢) [4 B C].

In this formula %, is the elevation above mean sea level of station
1, which should be the station whose elevation -is the more pre-
cisely known; A, is the elevation of station 2; s is the horizontal
distance between the stations, reduced to sea level, log s being
taken from the best available computation of triangle sides; ¢, is
the mean corrected zenith distance of station 1, as observed from
station 2; similarly, ¢, is the zenith distance of station 2 from sta-
tion 1. The values of {. and ¢, 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

A=1+ 7-'2 ’
p
in which p is the radius of curvature * of the arc between stations 1
and 2. B is the correction factor to the approximate difference
of elevation, s tan 14 (¢.—¢,). Its expression is

B=1+ Es’—) tan % (Ea— o).

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

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. In 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 “14 ({,—¢,) in secs.” and “log ditto *
may be omitted and log tan ¥ ({,—¢,) may be taken directly from
Vega’s or Shortrede’s tables and entered in the line marked “T.”
Having found log [s tan 14 ({,—¢& )], use it to take out log B from
the table on page 205. Add algebraically the logarithms of 4, B, and
C to log [s tan 14 (£,—¢,)]; the sum will be log (A,—A,), A,— Ay
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

4 For tables of radii of curvature, pec p. 202,
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which should be used in topographic work, multiply the number of
meters by 3.28083 (log 3.28083=0.51598), or use the conversion
tables on pages 208-215.

For nonreciprocal observations use Form 29B (see fig. 69) in
computing differences of elevation. The computation of weights

DEPARTMENT OF COMMERCE
D, 8. COAST AND GEODETIC SURVEY
Form 298

COMPUTATION OF ELEVATIONS FROM NONRECIPROCAL OBSERVATIONS.

Station 1, occ. Lomment Keele Bastings Leo
Station 2, obe. Cupola H.S|Cupola H.S{Cupola H.S] Cupola H.SL
Hagtings Hastings | Bastings Hastings

Object sighted Top Top Top Top

| o L} ]
5 Eoo«_u_ 90 00 30 | of 5% 57 |08 o a2
asnd mean ¢ 7 H |20 34 1 79 34
log (0.5~m) 9.6325 9,6328 9.6325 9,6326
loge 4,2520 41,1944 3.7825 4,4143
colog p 3.1949 3.1966 3.1966 3.1949

| cologsin1” o |5 314af|8.31a94p |6.314af | 5.3144F 5 31993]5 31443
log (k in seca.) 2.3938 2.3379 1.9260 2,5561
¥ in vecs. 248 as 84 360

- A . ] [] [ L] .
(00°—3,+) inreccs, - 46 [+3 08 |+8 27 + 18
log tan '

* tto 6.3483 n 6,9597 7.3906 5.9408

| loge 4,9520 4,194 3.7825 4.4143
logletan (0°=5+b]] | 0,6003 n | 21541 | 1.1731 | 0,3561
lgd . [ 4] 0 0
log B , 0 [} o 0
g Q ] 0 [+]
log (ha-hy) 10,6003 n 1,1541 1,173 0,3561
By=by ~4,0 +14,3 +14,9 +2.3
hy 329.9 310.4 313,12 319.8
t=n 42,1 21 | 4.4 46.4
Corrected elovation 328.0 326.8 329.4 38.5
log p=9-2log 8 ’
14

taRaighiad mian cealion ofta, s, 328.3

""'."=-=:J‘

F1a. 69.—Specimen, computation of elevatidns from ﬁonreciprocal observaﬂon'

provided for at the bottom of the form may be omitted in a field
computation. The same rules as to the number of figures, etc., will
apply here as to the computation of reciprocal observations and the
braces have the same meaning as in Form 29A. The formula for
difference of elevation is similar to that for reciprocal elevations,
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but since only one zenith distance (&) is observed, the quantity 14
(¢.—¢,) must be replaced by 90°+4i—¢,, the value in seconds of
(0.5—m) s

psinl”” ~
is the coefficient of refraction, which varies with varying atmos-
pheric conditions. In office computations the best available value
of m will be used, but for field computations put

log (0.5—m)=9.63246-10

% being given by the equation A= In this equation o

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 (« and ¢) of the line. These quantities need not be known
closer than the nearest degree. Having found % (to the nearest
second only for field computations) the formula for the difference
of elevation is given by

h,—h,=s tan (90°+A—¢,) [4d B C].

The quantity ¢, is the mean observed zenith distance and comes from
Form 29, as does also the quantity £—o which is to be applied as a
correction to A,— A, as indicated on page 109. No vertical eccentric
angular reduction is to be applied to ¢. This is contrary to the
practice on reciprocal zenith distances.

In the field computations the lines marked “90°+%—¢, in secs.”
and “log ditto” may be omitted and log tan (90°+%—¢,) taken
directly from Vega’s or Shortrede’s tables and entered in the
line marked “T.” Log [¢tan (90°+#%—¢,)] is used as the argument
for log B. The arguments of log A and log C are 4, and log s,
respectively, as in the case of reciprocal observations. The loga-
rithms of 4, B, and € added algebraically to log [s tan (90°+%&—¢,)]
give log (A, —4,). '

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 measured distances and directions
to referenice 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
be made and recorded to prominent objects, and the location of
reference marks with reference to these objects should also be noted.

DEPARTMENT OF COMMERCE

U- S, COAST AND GEODETIC SURVEY DESCRIPTION OF TRIANGULATION STATION

NaME oF StaTion: S1ide state: Alaska County: Long Islend
CHIEF'oF FarTy: H. B. Campbell year: 1925  Locaury: Ksdgoni Stralt

Surface-station mark, Nete,* 3 DISTANCES AND DIRECTIONS TQ REFERENCE MARKS AND OBIECTS
Underground-station mark, Note.* QBIRCT d DIRECTION AZIMUTH
Referencé mark, Bo. 1 Note,* 12 b meters et - et .
Reference mark, Noo 2 Note* 12 b South Rocks 0 00 00 .

Witness mark, Note,* Reference mark Xo.l| 11.48 |56 39 00

Witaess mark, Noto,* Refereuce mark Ne.2| 2.48 09 00

Height of signal above station mark - meters,

Height of telescope above station mark meters. ral ’

Detailed description: About 10 miles southeast of the village of Howkan, on the east side of

the southern entrance of Kalgani Strait, on the southermmost summit of the long morth
snd south ridge on the southern part of long Islani. The ridge is heavily wooded,
except for the summit, which is slightly higher than the tops of the surrounding trees.
The gtatlon mark is set in bed rock. It was necessary to dig through a foot of moss
and roots to put in the mark, and it is probable that in a short time the mark will

be covered. There are two bare rocky ledges forming the northeast face of the summlt
and about 10 meters aspert. Reference mark No. 2 1s on the most northerly of these
ledges and reference mark No. 1 1s on the other. The station can bast be reached

from the southwest, landing in the bight Jjust to the eestward of Kaigani Polnt. It
should not be approached from any place to the eastward of the comspicugus landslide

on the south end of the ridge on account of trush and fallen trees,
Described by _MoOoWo Marked by M.0.W. avd C.T.A.

NotE~T he lnitial aurectica iust Le to a muin scheme slation. 0ro 1t-T8l

Fia. 70.—Specimen, description of station

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

It should be remembered that the descriptions will later be pub-
lished, and they should be so written as to require as little editing
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as possible. 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 Form 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 1a, 7a, 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.

If a tower was required at the station described, the description
should state the height of the tower. Since it 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.

Surface marks
Note 1.—A standard disk triangulation station mark set in the top of (@) a

square block or post of concrete, (b) a concrete cylinder, (¢) an irregular mass
of concrete,
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Note 2.—A standard disk triangulation station mark wedged in a drill hole
in outeropping bedrock (@) and surrounded by a triangle chiseled in the rock,
(b) and surrounded by a circle chiselegl in the rock, (¢) at the intersection of
two lines chiseled in the rock.

Note 3—A standard disk triangulation station mark set in concrete in a de-
pression in outeropping bedrock.

Note j—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 (¢) which is embedded in the ground, (») which is
surrounded by a mass of concrete, (¢) which is fastened by means of concrete
to the upper end of a long wooden pile driven into the marsh, (@) which is set
in a block of concrete and projects from 12 to 20 inches above the block.

Underground. marks

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

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

Note 9—In a bowlder 3 feet below the ground (¢) a standard disk triangula-
lation station mark wedged in a drill hole, (b) a standard disk triangulation
station mark set in concrete in a depression, (¢) a copper bolt set with cement
in a drill hole or depression, (4) an iron spike set with cement in a drill hole or
depression.

Note 10.—Embedded in earth 8 feet below the surface of the ground (a) a
bottle in an upright position, (b) an earthenware jug in an upright position,
(o) a brick in a horizontal position with a drill hole in ifs upper surface.

Reference marks

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

Note 12.—A standard disk reference mark with the arrow pointing toward the .
station (@) wedged in a drill hole in outeropping bedrock, (b) set in concrete in
a depression in outcropping bedrock, (¢) wedged in a drill hole in a bowlder,
(d) set in concrete in a depression in a bowlder.

Note 13.—A standard disk reference mark with the arrow pointing toward the
station, set in concrete at the center of the top of a tile (@) which is embedded in
the ground, (b) which is surrounded by a mass of concrete, (¢) 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 marks

Note 14—A conical mound of earth surrounded by a circular trench.

Note 15—A tree marked with («) a triangular blaze with a nail at the center
and each apex of the triangle, (b) a square blaze with a nail at the center and
each corner of the square, (¢) 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 station, or any information which will make

DEPARTMENT OF COMMERCE RECOVERY NOTE, TRIANGULATION STATION R

AT S40 GEOCETIC LURVE!
Form

30
Naue or Stamion: Laguna srare: California Countr: Ventura
Estapuisuen or: W. E. Greenwell Yeax:1857 Locaurr: Camarillo or Huereme '
Recovereo sri* Fo W. Hough YEAR: 1923

Detafled etatement as to the fitness of the orlginal description: The station 13 on fop of the high peek nearest
the ocean of the first range south of Hueneme, and 1s easlly identifiable as the
westernmost peak. A two mile trail from the Upper Broome Ranch leads to the station.
The station was found a3 described end in excellent condiiion. All the old reference
marks were recovered. A standard trlanzulation disk was set in the drill hole in the
center of the post, thus remarking the center of the station. A new standard reference
mariz, note 122, was established.

Santa Clare 0° 00r OOn
New reference mark 34,16 meters 179 5 30
©Natne of chief of party sbhould be lozerted Mero. ‘The officer who ectually slsited sl hote
8 MR R NOTE~—Cné of thess foris Mt b used for wvery statlon recovered. ) LT

Fi16. 7T1.—8pecimen, recovery note

the station more readily recovered in the future should be recorded
on the recovery note. If 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.” If 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 triangulaticn a search should be made for as many of the old
stations as practicable. This applies to parties engaged in hydrog-
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 ofticer who recovered or
searched for the station should sign the statement about the fitness
of the 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 three
should be made in directions as widely separated as practicable.
The resulting data should be included in the description of station
or recovery note in the same manner as reference marks and in
addition thereto.

SEASON’S REPORT

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

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

Principal triangulation schemes should be in heavy lines, and base
lines should be of double width. A line observed at both ends should
be full throughout. A line observed at one end should be full at the
observed end and broken at the other. Reconnaissance lines should
be dotted if shown on the sketch with triangulation. When the
sketch contains reconnaissance only, the lines should be full if they
are to 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-
Iation 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.

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
hydrographic or topographic sheet on which the positions are plotted.
Fourth-order horizontal control includes sextant triangulation, or a
combination of sextant and theodolite triangulation, or a theodolite
and tape traverse of a lower order of accuracy than third, for which
the geographic positions have been 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.—SECOND 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. The specifications for reconnaissance for second-order triangulation, ap-
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 specifications 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 geographie positions. If one factor is 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 so as to secure in the base net as low a value for B 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 hase 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 300,000 of
the length of the base.

4. A second-order base shall be measured with such accuracy that the total
actual error shall not exceed 1 part in 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 be-
yond the limits stated.

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

1See pp. 6 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 if
practicable, the tapes should be returned to the office for restandardization.

6. If steel tapes are used, the measurement should be made either at night
or when the sky is heavily overcast. In the Coast and Geodetic Survey, invar
tapes, because of the greater economy of operation, have so completely replaced
steel tapes for all accurate measurements that in these specifications the use
of invar tapes is assumed unless steel tapes are specifically mentioned.

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

8. If the mean elevation of the base is more than 25 meters above sea level,
a connection should be made between the baseline levels and some point of
known elevation which will give the elevation of the base with an error not
exceeding 25 meters. An error of 25 meters in elevation causes an error of
about 1 part in 250,000 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 specified.

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

PREPARATION OF BASE

ALIGNMENT

If 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
at 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 at intervals of about a kilometer along the base line, the
tolerance of alignment specified above can be secured by lining in
the stakes and marking strips by eye without the aid of any instru-
ment other than a plumb bob.

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

STAKING

Ordinarily the 50-meter tape is supported at the 0, 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 there is a possibility of injuring the tape.
In either case the staking tape should be compared with a standard
tape before the staking is hegun, for frequently the staking tape is
enough in error to cause considerable delay in the final measurements
when numerous set-ups or sethacks become necessary due to the inter-
val between stakes being different from the length of the measuring
tape. If 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 10° C. from the temperature obtaining when the steel
staking tape was compared with the standard invar tape will cause
a change between the relative effective lengths of the two tapes of
about half a centimeter. The 25-meter point of the tape may be
marked by a strip of adhesive tape while staking to make it readily
recognizable.

If 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 25-meter point.
When the tape is in position for measuring it extends over the top
of the stakes at the terminal marks, but alongside the stake at the
25-meter point, being held at the 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. If 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 at intervals
slightly less than that required in order that there may be no need
of going forward for a stake and. carrying it back. Extra pieces
of lumber are also distributed where needed for bracing the stakes.
One man carries the rear end of the tape and holds the rear mark
at the stake already set while the position of the forward stake is
being located. The second man at the middle of the tape supports
the tape as it is being carried forward, holds the tape at the proper
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elevation while the trial measuring is being done, and later drives
the middle stake. The third man carries the forward end of the
tape, applies the tension for the trial measurement, and helps drive -
the forward stake. The fourth man picks up the forward stake,
lines it in with the assistance of the rear man, and does most of
the sledge work. If the party is short-handed, one man can do
all the work at the front end of the tape.

A 16-pound sledge is best for driving the 2 by 4 inch stakes. If
the ground is hard or rocky, a pointed iron bar may be used to make
a hole for the stake before starting to drive it. The forward men
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. If 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 at
kilometer ends should be braced. If the permanent mark at an
angle station is low, a bench should be built over it and a scratch
made on the copper strip fastened to the bench directly over the
station mark to which the measurements may be made.

PROCEDURE IN STAKING

With the tape laid out along the base, the rear man holds the rear
mark of the tape in contact with the mark over the base station, the
forward man, approximately on line, applies to the tape with the
spring balance attached to his tape stretcher the same tension which
will later be used on the actual measurement, and the helper, holding
the 2 by 4 inch stake opposite the forward mark 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 aside 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 at 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 is made on the top of the stake
opposite the forward mark on the tape. This mark is used as a
rear contact mark in setting the stakes for the mext 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 is available for the
middle 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. )

If for any reason the intermediate support between the tape ends -
¢an not be placed so it will be on grade with the terminal posts, it
should be numbered with colored chalk and marked with a piece of
cloth so it 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 he given a fractional
number. An intermediate support which is not on grade makes

_what is known as a broken grade. “ Broken grades” should be
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
85. 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 at the half-tape mark and be given the number 3414,
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and the post on the edge of the obstruction sheuld be numbered
%8414 set-up.” By following this system, which has been used in
most cases for many years, there will be no uncertainty in the inter-
pretation of records.

MEASUREMENT OF BASE
INSTRUMENTS AND APPLIANCES

The following instruments and appliances will usually be needed
on the measurment of a second-order base:

2 awls, marking.

2 dividers, pairs.

1 level, wye, with rod.

2 plummets,

2 scales, one -tenth - meter,
reading to millimeters.

1 stretcher apparatus for tape, com-

boxwood,

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

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

1 tape, steel or invar, 50-meter, un-
standardized, for

marking out
base.

3 tapes, invar, 50-meter, standardized.

1 theodolite, 7-inch, repeating.

3 thermometers, backed, for tapes.

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

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 standardized or under only such different condi-
tions as can be corrected for. Among the ways in which the first
condition may fail to be met may he mentioned: Kinking the tape; -
altering its mass by abrasion against the ground when measuring;
or changing its length by stretching it beyond its yielding point.
The second condition involves the determination of the corrections
for tension, sag, grade, alignment, and temperature within the allow-
able limit of error. This will be discussed in detail later.

One thing to be borne in mind is that invar is a very unstable alloy.
The four invar tapes used on the measurement of all our first-order
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 temperature.

In addition to the special precautions described above, which are
designed to preserve the tape from changes in length, the usual care
should be taken to keep the tape free from adhering substances and
from corrosion. After the tape is used it should be cleaned and then
oiled with a light oil before being reeled up. If reeled up in the rain,
a tape should be dried and oiled at the first opportunity.

Persons not accustomed to handling tapes will frequently kink
them when unreeling or reeling them, as the tape channel on a reel
is narrow and deep. Instructions on the proper way to handle the
tapes should be given the members of the party when the tapes are
first unreeled. Kinking a tape may render it useless as a precise
measuring instrument, for, whether the tape is allowed to remain
kinked or is straightened, its effective length will be different from
its previous standardized length. When a tape is kinked a note
should be made in the record showing the exact time the kinking
took place, in order that a different standardized length may be
used for later measurements if necessary. 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 at the Bureau of
Standards, the following data are made available (see fig. 73):

‘Weight of tape in grams per meter.

Coeflicient of expansion per degree centigrade.

Length at specified temperature supported at 0, 25, and 50 meter points.

Length at specified temperature supported at 0, 12.5, 25, 87.5, and 50 meter

oints.
P Length at specified temperature supported throughout.

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

18571°—290——9 '
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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 2, is a
commercial one, altered in the instrument division of the bureau to
reduce the internal friction as much as possible. The counterweight,
shown in the figure, may be so adjusted as to prevent any drag of the
frame of the balance on the drawbar when tension is applied.

Errors in base 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 at
midday if practicable, and oftener if it is suspected that the position
of the dial pointer has changed. The form of tester usually sent is
a weight which is applied to the balance held vertically, after 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. In 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 base 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. If 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 095 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 position by
narrow bands of adhesive tape.

CORRECTIONS TO MEASURED LENGTHS AND PRECAUTIONS
AGAINST ERRORS

GRADE CORRECTION

The data for the correction for the slope of the tape are usually
obtained by spirit leveling, by which the differences of elevation of
the stakes supporting the two ends of the tape are obtained. IfZ is
the inclined length and 4 the difference of elevation of the two ends,
the correction is

2 4 8
Ca= ~ (1~ VF=T)=—H—gp— 15—+ -+ -

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

4
second term 8hT’< 0.1 millimeter where A< 3.1 meters, on ordinary

grades the correction will vary directly as the square of the difference
of elevation. For this reason the leveling must be more accurately
done on steep grades, and an inspection of the rate of change of the
values for the correction in the tables should be 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.

In second-order base measurement the error in g 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 3414, the number signifying that the broken grade
was at the half tape length between stakes 84 and 85. The tape
record will then contain the note in the remarks column, “ Broken
grade at 3414.” Before the grade corrections for any section are
summed up a special check should be made to learn whether the level-
man has touched upon the support at each broken grade and at the
ends of fractional tape lengths, and that the leveling record has the
same system of numbering of the tape supports as the tape record.
By doing this confusion or doubt will be avoided when the final
computation is made. In general, broken grades should be avoided
whenever possible and long set-ups used instead, to avoid the errors
due to the friction of the tape on the middle support.

Either the leveling should be run twice, once in each direction, or
else a rod should be used which is graduated in feet on one side and in
meters on the other. In the latter:case the levels are run in only one
direction, but both sides of the rod are read at each rod station and the
differences carefully compared before the party leaves the base. If
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 called the alignment error, for
although the same correction formula and tables apply to differences
in alignment of the tape as to differences of grade, the alignment
can usually be made sufficiently exact to require no correction. It
should be borne in mind, however, that alignment errors are always
of the same algebraic sign, tending to make the measured length
greater than the actual length, and for that reason they should be
kept much smaller in magnitude than the inaccuracies in the grade
corrections. The section describing the staking of the base gives de-
tails of the precautions to he taken in aligning the stakes. In addi-
tion, some member of the taping party, usually the rear contact
man or the front stretcher man, should check each tape length as the
measurement progresses to see that the tape does not change its hori-
zontal direction at the middle support, and also that the forward
stake has not been disturbed in alignment.

CORRECTIONS DUE TO SAG OF TAPE AND TO STRETCHING

The effective length of the tape when suspended between. supports
under tension is affected by the shortening due to the sag and to the
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stretching due to the tension. The correction due to the sag is given
by the formula
—— (WY
Cs= 24( 4 ) e,

where n=number of sections into which the tape is divided by the
equidistant supports.
I=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
=25
w=25.6
and

Cg= ——1—><2x25.62x253><

1
51 150002~ — 0.00379 meter.

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 tapes tested at the Bureau of Standards showed a mean
change in length of 0.43 millimeter for a 500-gram change from a
tension of 15 kilograms.

CORRECTIONS DUE TO ERRONEOUS TENSION

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

In 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. In 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

wl?
Amount of sag=y= B

where w, 7, and # represent the same quantities as in the formula for
the correction to the length due to sag. (See p. 127.)

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

_ 25.6X25°

Yy ——8><1—5006 = 0.1333 meter.

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 7, 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.)

RS DEPARTMENT OF COMMERCE
Bureau of Standardg
Cerxtificate
50-METER INVAR TAPE

B. 8. No. 3229

Ue8.0e & Go S.llo.926
SUBMITTED BY

United States Comst and Geodetis Survey,
washington, D. C.

THIS CERTIFIES that the above-described tape has been d with the ds of the United
States and found to have the length given below when under & horizonta? tension of 15 kilograms and

‘when supported at the 0, 25, and 50 meter points:
(0 to S0 meters)= 49 ¢ 99595 meters, at 26,4 °C.
When supported at the 0, 12.5, 25.0, 37.5, and 50 meter points:

O to 50 meteriym UG ,OOBET meters, ar 26,8 cc.

When d on a horizontal surface, throughont its entire length: (V8lue computed from
observetions taken on the taﬁe when supported at 3 and at 5 points)

(010 50 meters)m 149 4 999HQ meters, at 26,4 °C.

For the first and second of the above conditions thermometers weighing 1[5 grams each were
attached at the points 1 meter inside the terminal marks during the test.

The above comparisons were made on the section of the lines near the end on the edge of the tape marked
with a small “x* or *‘¥" pear the graduation.

The above values are correct within 1 pastin, 300,000  ; tho probable error does got excoed
1 pastin 1]000.000.

Coefficient of Expanaion = 0.00000104 per degree Centig~ade.
Welght per meter = 25.7 grams.
“Tost completed. December 18, 1926

Test Xo. Twl Ud928 MM

George XK. Burgess A
Wastington, D, C. Dec. 22, 1926 8 & .W

Fra. 78.—8ample certificate of tape standardization
Since the tapes are standardized under a tension of 15 kilo-

grams when supported at three and at five points and throughout
the formulas given previously for correcting the length of the tape
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need be used only in the cases where an unusual number of sup-
ports are used, when it is desired t6 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.

If 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. If 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 between 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

If 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° C. With a coeflicient 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 would be about



SECOND AND THIRD ORDER BASE MEASUREMENT 131

eleven times as great, and therefore measurements with steel tapes
must be made during heavily overcast days or at night.

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

PARALLAX IN MARKING

Throughout the entire measurement of the base one man should
make the mark for the forward contact, for the reason that this error
in marking tends to be constant in size and direction for any one
person. If then the person marking remains always on the same
side of the tape and stalkes, 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. If there is
any, it is exceedingly small and need not be taken into account.

WIND EFFECT

The error caused by the bowing of the tape horizontally by the
wind is always of the same sign and tends to make the measured
length too long. 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 a
1214-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 decimeter out of line, the error would be four times as
great. Measurements should not be made when the wind is strong
enough to bend the tape more than 3 or 4 centimeters out of line.

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

allowable limit.
BLUNDERS

The numbering of the stakes and the inclusion of those numbers
in the record of both the tape measures and the levels practically pre-
cludes the possibility of a dropped tape length. There is a chance
for error, or at least for confusion, if the record of set-ups and half
tape lengths is not clear and consistent throughout all the record
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books. There is a chance for a compensating error in recording a
small set-up as a setback, or vice versa, when measuring in one direc-
tion, with a like error of approximately the 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, should 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 kilograms at 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. In such a case
the previous tape-length measurement should be repeated before the
forward progress is resumed. Any movement of the stake holding
the mark designating the end of a section is usually shown by the dis-
crepancies between the forward and backward measures of the two
sections involved having opposite signs and approximately the same
size, .

MEASURING WITH TAPES

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 minuti® of his duties.
A résumé of the precautions to be observed at each position follows,
beginning with the least difficult.

The middle man carries the middle of the tape high off the ground
when moving forward, places the tape on the middle support 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. If 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 noti be continued during the marking of the
front contact. If no fixed support is used for the middle of the tape,
he should hold it suspended by a string, after the mnid-point of the
tape has been lined in, using a stake or other device to steady the
tape in place.

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

The front stretcher man (see fig. 75) applies the proper tension
to the tape as measured by the spring balance attached to the front
stretcher. In moving forward he carries the front stretcher and
balance, detached 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 stakes,
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
tape is brought forward into position the front stretcher man with
one hand holds the balance out horizontally with the hook in such
position that the tape can be quickly attached. As the tape is
attached he places the staff in line with the stakes at the proper dis-
tance from the front stake and applies the tension smoothly, rapidly
at 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 at 15 kilograms and
watched closely, for if the dial pointer indicates more than 100 grams
from 15 kilograms when the front contact man calls “ mark,” the
front stretcher man should immediately tell the front contact man in
order that the marking may be repeated. If the tension is satisfac-
tory at the call of “ mark,” the tension is quickly but smoothly slack-
ened off while the front contact man is reading the forward 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
advance begun to the next position.

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

FIG. 75.—MAKING FORWARD CONTACT WITH TAPE
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FIG. 76.—PORTABLE IRON TRIPOD FOR
TAPE SUPPORT, SINGLE JOINT

The wooden marking table, which carries a strip
of copper on which the mark for the tape end
is made, can be placed on correct slope by the
ball-and-socket base and then clamped in
position ’

FIG. 77.—PORTABLE IRON TRIPOD FOR
TAPE SUPPORT, DOUBLE JOINT
This tripod permits the marking table to be

adjusted over a point as well as placed on
correct slope
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position and the tension applied, taking care that the tape does not
drag over the rear stake. As the tension is applied he advises the
rear stretcher man whether to ease off or take up on the tape.
Standing directly opposite the mark on the copper strip nailed
to the top of the stake, with one hand he firmly grasps the tape
between the staff and the mark and with the other hand he lightly
touches the tape on the opposite side of the stake to steady it. He
can then flex the tape with his rearward hand and bring 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
some one at the forward end of the tape calls “ hold ” or “ tension.”

The front contact man (see fig. 75) has the hardest and the most
important job of anyone handling the tape, for he must decide when
all the conditions which affect the tape as a measuring unit are com-
plied with, satisfying himself that the tape is in proper equilibrium
under proper tension and support before he makes the forward mark.
He also carries the forward end of the tape when moving forward
and thus to a large extent sets the pace for the entire operation.
The sequence of his movements during the measurement of a single
tape length is as follows: As the forward stake is reached he lowers
the front end of the tape from its position above his shoulder and
attaches the link to the hook of the balance, grasping and guiding
the hook to make sure that the attachment is made with a single
movement. He then steps quickly back to a position alongside the
forward stake, where he steadies the tape into its proper position
just clear of the top of the stake, alongside the copper strip and
between him and the strip. As the tension is perfected and the tape
approaches equilibrium he places the point of the sharp, symmetri-
cally pointed awl on the edge of the copper strip next to the tape
and keeps it opposite the terminal mark on the tape until he is
satisfied that conditions are right. After glancing at the balance to
check the tension and down the tape to check the alignment he
calls “ready,” as above described. When he hears the response
of “right” from the rear contact man he marks the copper strip
with the awl, calling “ mark ” as the marking is completed.
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In making the mark several precautions must be taken. The awl
must be very sharp; it should a¢ no 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.

In order to avoid confusion, the marks placed on the copper strips
during the second measurement are usually distinguished from the
first markings by a bar across the scratch, while a third 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.
It 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 balance as he starts to pull the
tape forward to the next position. If the tape is always carried
in the hand which is toward the rear when making the contact, there
is no danger of causing a half twist in the tape, for when detaching
the tape from the balance the finger clip is caught in the rear hand,
fingers pointing down, then the end of the tape is elevated above the
shoulder without changing the grip, and at the next position is
again attached with the hands in the same relative position.

BIf it does, the mark soon becomes so defaced that neither measurements nor stand-
ardizations can be satisfactorily effected. Figure 79 shows a microphotograph of a tape
mark almost obliterated by the careless use of the marking awl. The value of a tape
increases with each successive standardization because of the evidence furnished regarding
the stability of the tape, and If new marks must be made, the past history of the tape
becomes to a large extent valueless.
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When 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, at such distance as to per-
mit of a contact mark being made on the forward strip. If 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 at the 20-meter point and another one at
3 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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FIG. 79.—MICROPHOTOGRAPH OF DEFACED MARK ON TAPE

The contact end of mark, shown at top of illustration, has been worn away by the marking awl.
The tape is useless for accurate work
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The recorder should be an experienced man. If he is not, the
chief of party must frequently inspect the record, especially where
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. He should check
the chalked numbers on each stake as it is reached and make all notes
necessary to a definite and correct interpretation of the record. With
an experienced front contact man it is often advisable for the chief
of party to assume the recorder’s duties, as he can then not only
record but can watch in turn the work of each man on the tape and
correct such practices as need it.

FORMS FOR RECORDS AND COMPUTATIONS

Form No. 590 should be used for recording the tape 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 Ne 589. Form No. 635 should be used for the abstract
of wye levels and the computations of the grade corrections. Samples
of all these forms are shown in Figures 80 to 83.

Explanation of Form No. 590 (Tape Measurements).—In record-
ing the tape measures on Form No. 590 (fig. 80) two thermometer
readings indicate a full 50-meter tape length and one thermometer
reading a half tape length or a set-up. KEach 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 expla,m. any
unusual conditions. At the beginning of the day’s work, and as
often as changes occur, an entry should be made in the “ Rema,rks »
column 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 at 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 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

18571°—29——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-
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F16. 80.—Specimen, record of tape measurements

respond to the numbering on Form No. 590. Extreme care should
be taken to get readings on all broken grades and partial tape lengths,
and these should be plainly indicated in the record. In the columns
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headed “ Meters or feet ” the name of the unit not used should be
crossed out. This is especially important where the rod used is

graduated on only one side, because the mathematician making the
office computation has no other way of knowing whether the rod used

SECOND AND THIED ORDER BASE MEASUREMENT
was graduated in meters or feet.
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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 distance being that between

the stake recorded on the same line as the distance and the stake
on the line preceding. The third column gives the mean differences
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of elevation between the two stakes noted. This column is headed
“ 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

DEPARTMENT OF COMMERCE
V. §. COAST AND GEOBETIC SURVEY
Fosm e ABSTRACT OF WYE LEVELS
COMPUTATION OF NCLINATION CORRECTIONS
PONT vmaxcs | YERENCEEe | RHAATION | eusvamon | p MilHon REKARES
Meery Alcters ongost nm. Metere Meiers
AE. B 23767
AL Bselup 20| +0.3/6 25
/ 50 | + 0.434 /8
2 50| +0.067 0.0
3 50 | +0.397 /.6
4 50 | #0.232 05
S5 50 | +0.198 04
6 50| +0.077 01| 23939
6% 25| ~0.001 0.0
7 25 | ~0.340 23
8 50 | —0.328 7
9 S0 | -0.17¢6 0.3
Jo 50! -0.297 09
10 set-up 46619 —0.027 0.
/1 50 | =0.440 19
12 50| —~0.315 10| 23747
13 S0 +0.525 28
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17 S0 | -0590 35
/8 S50 | —~0./é66 03
9 50| —0536 29
20 50 10.054 00! 23672 237.8
471

F1G. 82.—S8pecimen, 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. 588 (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 7" is the mean
temperature for the section and
T, is the temperature of the tape
at 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 7', 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 centigrade
change in temperature and is
also given with the standardiza-
tion data. The number of tape
lengths is given in the column
headed “Tape lengths” and is
the number of full tape lengths
recorded on Form No. 590. For
tapes with a positive coefficient
of expansion the temperature
correction is, of course, + or —,
according to whether the mean
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temperature is greater or less than the standard temperature. There
are a few tapes which have negative coefficients of expansion, and for
these the corrections would have the opposite signs.

The correction in the column headed “Tape and catenary” is
obtained from the standardization data for the tape or by computing
the catenary correction when the tape is supported in an unusual
manner. The tape correction per tape length is the difference between
50 meters and the length of the tape as given for the proper method
of support. For instance, in the sample of Form No. 590 (fig. 80)
there are 18 tape lengths supported at three points, 1 at four points,
and 1 at two points. The correction for a tape supported at three
points is obtained directly from the standardization values, and this
is multiplied by 18 for the 18 tape lengths, Referring 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.

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

The sum of the inclination corrections is obtained from Form No.
635. Finally the algebraic sum of the uncorrected length and all cor-
rections gives the reduced length for the section, and the mean of
the reduced lengths from the forward and backward measurements
gives the adopted length. The columns headed “(v)” and “(vv)”
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-

tion of the coefficients of expansion are either largely included in or

are masked by the discrepancies in the measured lengths of the

scctions.
The probable error of each section is computed by the formula

Z
p. .= 06745Jn—(n—_-_T)' 4

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

REDUCTION TO SEA LEVEL

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

The formula used in reducing a base to sea level js

S N L L
C=—-87+85-85+ . ...

in which € is the correction to reduce to sea level a section of length
S, of a mean elevation A, with » 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 correction, shown on sample
Form 589 (fig.) 83), is given below, the mean latitude of the base
being 40° 80’ and its azimuth 75°, giving a value for log r (see
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table, p. 203) of 6.80521. The mean elevation as obtained from
Form 635 is 237.8 meters.

log 1,024, 5=3.01051
log 237.8=2.37621
colog »=38.19479

log €=8.58151
0=0.0382 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 1 part in 6,329,000 to 1 part in 6,410,000. (See p. 118.)

THIRD-ORDER BASE MEASUREMENT

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

On a third-order base the total actual error from all sources shall
not exceed 1 part in 75,000 of the length of the base and the computed
probable error shall not be greater than 1 part in 250,000. Two
measurements shall be made of the base with two different stand-
ardized tapes, the base being divided into kilometer sections and the
two measurements of each section being made in opposite directions
as on second-order base measurement. If the discrepancy in milli-
meters between the two measurements of a section exceeds 25K
(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 in
error by more than 150 grams. The error in the grade corrections
and the error in projecting a broken base upon the line between the
terminal stations should not exceed that specified for a second-
order base.

The same forms are used for tabulating the measurements and the
same computations made in determining the corrected length of the
base as for a second-order base.
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First-order traverse was not used extensively by the Coast and
Geodetic Survey until 1916, since which time over 3,500 miles have
been run with invar tapes. A. description of first-order traverse
methods is contained in Special Publication No. 137, Manual of
First-Order Traverse. Traverse of second and third order accuracy
measured with wire or tape has been used occasionally in the past
by the Coast and Geodetic Survey where topographic conditions
rendered control of topographic and hydrographic surveys by the
triangulation method very expensive. In many respects the same
methods are used for second and third order traverse as for first
order, but many of the refinements necessary for first-order control
are, of course, neglected or modified.

The accuracy specified for second-order traverse (see p. 8) is a
position check with an error not exceeding 1 part in 10,000 of the
length of the circuit when closure is made on a point of first or
second order triangulation or traverse. A circuit closure is never
conclusive evidence of the accuracy indicated by the error of closure,
for there is always the possibility of compensating errors, or of
systematic errors which will not 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 not
to exceed 1 part in 10,000, which will probably give an average error
of all the lines of about 1 part in 30,000.

In the Coast and Geodetic Survey traverse is usually employed for
the main scheme second-order control on beaches where the abhsence 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 next, and the troublesome offsets necessary when the
length measurements are made along railroad tracks, as is usually the
case on first-order traverse, can ordinarily be avoided. Occasionally,
however, it will be economical to measure sections of second-order
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traverse along a road or railroad. The methods used in projecting the
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

Fie, 84 —Traverse station at Intersection of two tangents

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

1, Location of stations.—Main-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 intervigibility 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

Tt rr s e

Fi16. 85.—Traverse station on extenslon 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 &
line of traverse, following the ocean beach, crosses an inlet or river of any
considerable width, a pair of stations should be placed in the best location for
a later extension of triangulation or traverse up the inlet or river.

2. Traverse along railroads.—When in measuring along a railroad a station
can be located at the intersection of two tangents, no projection of measured
lines is necessary, and the work in both field and office is simplified. (See fig.
84.) If the presence of obstructions or the degree of curvature of the track
prohibits this location, the station may be placed on the prolongation of one
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tangent and at a small offset distance from the other. (See fig. 85.) In 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 at the two ends of the tangent can not be made
easily intervisible, one or more intermediate stations should be placed at the
side of the track. For these intermediate stations the offset point on the rail
is called a “rail station.” (See fig. 92.) Where the offset point is on a stake
of a line of stakes it is called an “ offset station.,” The intermediate stations
along a tangent should preferably be alternated from one side of the track
to the other to reduce the effect of lateral refraction. The ratio of the offset
distance to the distance between stations should seldom exceed 1 part in 50.

F16. 86.—Traverse loop

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

8

Fig. 87.—Connection bhetween triangulation angd
traverse by guadrilateral

in Figures 86 and 87. No considerable portion of the measured part of a loop
should be inclined at an angle of more than 45° to the line through which the
azimuth is carried. 'The larger the angle of inclination the more accurately
ghould the loop angles be measured.

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

5. Azimuth stations.—A second-order azimuth should be observed at intervals
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 approached, but if
errors from refraction, phase, or eccentricity are apt to be large the smaller
limit should be adhered to. The discrepancy hetween the observed astronomie
azimuth of a traverse line and its azimuth as computed through the traverse
from the preceding observed azimuth should not exceed 2'’.0 times the number
of intervening nrain-scheme stations.

6. Connections with existing' control.—In connecting traverse with triangu-
lation the desirable requirements are a connection in azimuth and length
with a check. This means that the connecting figure must be such that there
are two routes by which the length of a line of the triangulation may be
carried through to a line of the traverse. In addition, if the triangulation
connected with is several years old, observations should be made upon a third
old station from the two stations of the triangulation involved in the connee-
tion, in order that there may be conclusive evidence of the recovery of the
proper points. 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 recbserved to locate the trouble.

A B

/)

£ F

Fi16, 88.—Connection between triangulation and traverse by two triangles

The connection in length is desirable for the sake of strengthening the
triangulation by connecting a triangulation line to a measured section of the
traverse. If the triahgulation has been carried on by the same party that
js executing the traverse, and there is therefore no doubt as to the exact
recovery of stations, the traverse may be started from a 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 connection between triangulation and traverse is by means of
a quadrilateral as shown in Figure 87. The line €D 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 ¢ and D must be main-angle stations. The connection may
also be made by two triangles, each formed by two adjacent traverse stations
and a triangulation station, with perhaps several traverse stations interven-
ing between the two triangles, as shown in Figure 88. It is necessary to
measure all interior angles of the connecting figures shown in both Figures 87
and 88.

Where a traverse joins an existing traverse line there should be & connection
in position and azimuth and, in addition, one of the angles of the old traverse
should be reobserved to check the recovery of the old stations. If there is
any doubt of the exact recovery of the stations, one line of the old traverse
should be remeasured.
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7. Marking stations.—All main-scheme stations of second-order traverse shall
be permanently marked with the kind of marks specified for second-order
triangulation stations (see pp. 88-41) except 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 station is permanently marked, at least
one of the adjacent main-scheme stations should also be permanently marked
in order to make available a distance and an azimuth for future control.

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

SIGNAL BUILDING

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

ORGANIZATION OF PARTY

The conditions under which second-order traverse will be run vary
s6 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.
SUBPARTIES

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

Leveling party.—When grade corrections need to be applied to
reduce inclined measured lengths to the horizontal (see p. 125) wye-
level readings are taken on the support used at each tape end or on
some point at a known distance beneath the support. The party
usually consists of one officer, who acts as both observer and recorder,
and one rodman.

Check-taping party.—This party makes a check measurement of
the line with a 300-foot tape. It need consist of only two men, one
to make contact at each end of the tape. The recording is done by
one of these men. _

Angle party.—This party consists of one officer as observer and a
recorder. If 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. If 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 lengths of the traverse will depend upon meas-
urements with 50-meter invar tapes. Each tape will be standardized
at the Bureau of Standards before being sent to the field and should
be returned to the office for restandardization every two or three
years, or oftener if the field comparisons show the need for it. Most
of these tapes have 5-meter graduations to permit the measurgment
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 tape
shows that a blunder was made in the measurement; with the invar
tape, when a second measurement of the section with the invar tape
must be made,
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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 millimeter. In case a tape becomes kinked in use, a note
should be made in the traverse record of the exact time of kinking and
a field comparison made of its length before it 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. If 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 office for restandardization, provided another tape is
available for field measurements. Otherwise it may be used until
another tape can be procured. The length of the injured tape ob-
tained by the field comparisons will then be used in the computations

involved.
DETAILS OF MEASUREMENT

For convenience in measuring fractional tape 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. If the measures
are made over stakes or on a pavement or railroad rail, the number
of each tape length should be marked with chalk or keel on the
stake, pavement, or rail. The forward contact man should call out
the number as he marks it, the rear contact man checking it from
the mark at his end of the tape and the recorder checking it from
his record. If 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 at which contact
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was made if the pin is inclined considerably. If 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 holts may be sharpened if necessary.

As the measurement with the invar tape progresses, any points
suitable for hydrographic or topographic signals should be connected
with the traverse line and marked temporarily by stakes. The posi-
tions of these points can either be computed later or they can be
plotted by distance and direction from the main-scheme points. The
distances should be recorded as follows: “ Stake on point, 24+4,”
meaning that the stake is 4 meters beyond the end of the twenty-
fourth tape length from the preceding station; or “stake, 9+6, north
5 meters,” meaning that the stake is 5 meters north of the traverse
line at a point 6 meters beyond the end of the ninth 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 cam 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 depressions exceeds 1
part in 20,000 ( 1 centimeter in four tape lengths) for the greater
number of the tape lengths, the tape should be supported on stakes or
light movable tripods. The 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) varies
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 a 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 of
elevation of the ends, the grade correction will be five times as
great, or 4.5 millimeters.
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The effect of sag (see p. 126) when the tape hangs unsupported be-
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 it 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 number of signal poles with banners should be placed
on the line to enable the taping party to align the stakes or tripods
as the measurement proceeds, thus avoiding the need for a theodolite.
The errors due to lack of alignment are the same as those due to an
equal uncorrected inclination of the tape, and ordinary care will keep
the alignment errors negligible in size.

TENSION

All 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 tested occasion-

ally with a standard weight which is furnished on requisition by the
18571°—29——11
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office. For second-order traverse the tension applied to the tape may
be in error by 200 or 300 grams without appreciable error in the
measured lengths,

The tape stretchers used in taping over stakes are of the same type
as those used on base measurements, described on page 124 and shown
in Figure 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-
rights of the same material projecting about 6 inches above the rail.
These uprights furnish the fulcrum for a lever, to the 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 is supplied by the office on requisition. 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.

CARE OF TAPES

Great care should be exercised in the use of tapes. XKinks 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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FIG. 89.—TYPE OF TAPE STRETCHER USED ON TRAVERSE ALONG
RAILROAD
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To measure a fraction of a 50-meter tape length, the best pro-
cedure, unless the distance is so short as to be more easily measured
with a decimeter scale or a steel tape, is to make use of the 5-meter
graduations on the invar tape and measure as large a part of the
distance as possible in this way. The remainder should then be
measured with a pocket steel tape. The horizontal distance should
be measured whenever practicable by using & 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 ths * 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. If 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 disclose any discrepancy. If 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
Tor 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 “Remarks”
column:

Names of officer in charge and recorder. (At beginning of each day’s work.)

Weather. (At beginning of each day and when change occurs.)

Note as to which rail of tangent was used, if measurement is along a rail-
road. (On each page.)

Distances to all rail and offset stations.

Statement as to whether offset distances are horizontal or inclined meas-
urements.
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Distances from beginning of section to road crossings, stream crossings, ete.

Record of broken grades.

Statement of route followed by traverse, with names of streets or highways
if not shown adequately by sketches.

CHECK MEASUREMENT OF DISTANCES

A single check measurement will be made of each section of the
traverse with a 800-foot tape to detect blunders. Small errors will
not be detected by this check. The measurement may be made under
any condition of the weather and should be made from traverse
station to traverse station along the route used by the invar tape,
with no reference to kilometer sections. Each section from a trav-
erse station to an A station, from an A station to a B station, etc.,
should be considered as a separate section of the traverse in this
measurement and should have a separate page in the record.

A moderate tension only should be used with the 300-foot tape. It
is believed that about 5 kilograms is sufficient, and with this light
tension two 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 for grade.
The tape should be stretched along the ground without special sup-
ports. To mark the position of the forward end of the tape when
measuring on the ground long iron or heavy wire pins pointed at
the end should be used. If the measurement is being made over
a paved highway or a railroad, the successive tape lengths may be
numbered, instead of using pins.

A comparison between the check measurements of the sections
and those made with the invar tape should be made immediately
after the completion of a day’s work, so that, if any appreciable
discrepancy is disclosed, the necessary 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
entered 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. If 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 800-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. If this second measurement agrees closely with
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the first one made with the 300-foot tape, then a second measure-
ment should be made with the 50-meter invar tape. If 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.
If the surface of the pavement is smooth and has a uniform grade,
it is ordinarily advisable to use the pavement as a support for the
tape.

For marking tape ends, white adhesive tape 1.inch wide may be
used. A piece of this tape about 8 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. KEach 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. If 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 800 meters, since that error in elevation
would affect its length less than 1 part in 20,000. The mean elevation
of any line can always be estimated that closely.

Whether or not level readings are needed 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 1/20,000 of a
kilometer. This amount of error could be introduced by neglecting
to correct for grade a single tape length having a difference of eleva-
tion of its two ends of about 2.2 meters, or by each tape length in the
kilometer distance having a difference of elevation of 0.5 meter. If
any fractional tape lengths occur, the grade corrections on them may
have to be computed. (See p. 125.)

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 at 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 as on base
measurement. (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 three seconds of arc. The
station to the rear, considering the direction of progress of the trav-
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.

In 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
a8 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. If 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 THEQDOLITE

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°. (See p. 33 for formula for settings.) If the two values for
an angle differ by more than four seconds, a third set of 6 D/R should
be taken. If the horizon fails to close by more than five seconds, ad-
ditional readings should be taken. The same care should be taken
in instrumental adjustment and manipulation as js specified for
second-order triangulation. (See p. 75.)
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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 arc 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. Fach 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 at 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 7-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

If the instrument or the object sighted upon is eccentric, the
eccentric distance and direction must be carefully measured and
recorded in the manner described on pages 76 and 90.
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SUBSIDIARY STATIONS

Where the loops are small, not more than a mile in length (see
p. 149), the stations designated A, B, C, etc., may be occupied with
a theodolite mounted on a tripod. If 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
main-angle stations required to close
loops should be measured at the same
time the main angles are measured.
Because of the many short lines in a
loop, the chief of party must rely upon
his own judgment regarding the allow-
able angle closure of loops, but the
closing error should seldom exceed 10
seconds per angle. 7

At rail and offset stations the offset cietoonowr & %

—7 Z 'y
distances are so small in comparison /////
7

to the distances between ‘stations and
the angles at the rail and offset stations
are so nearly 90° that only the angles
at the rail and offset stations them- :
selves need be observed. Here the e N smation Orepon oonct
direction method may be used With p 14 nesqiands ana wooded interior
either a repeating or direction theod-  prevented the exciusive use of
olite and with two positions of the geep Taos o0 OF FEveme
circle. If the same rail or offset

station is used both in coming up to and leaving a traverse sta-
tion, the angle on each side of the line to the main traverse station
should be measured. Angles must always be measured in a clock-
wise direction. At rail or offset stations the pointing may be made
upon the rail of the tangent or upon the line of stakes along which
the measurement has been made, but the sights should be taken as
Tar up the tangent or line of stakes as possible.

7

® See footnote on p, 33,
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AZIMUTH OBSERVATIONS ON SECOND-ORDER TRAVERSE

There is a decided tendency for a traverse line to swerve in azi-
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 second-order azimuth observed. (See p. 173.) Where
one second-order traverse line joins onto another an azimuth should
be observed at the junction station. When the horizontal-angle ob-
servations at the main-line stations are made at 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 doww 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 marks for main-scheme third-order stations should be of
the same character and established under the same conditions as
were specified for second-order traverse.

SPECIFICATIONS, THIRD-ORDER TRAVERSE

Support of tape.—The tape may be supported on the ground whenever the
effect of the inequalities of the surface does not introduce an error of more
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than 1 part in 10,000 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 as 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 specified
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 50-meter
and with the 800-foot tape are 1 part in 500 in sections over 500 meters in
length and 1 part in 800 for sections of lesser length. If the discrepancy
exceeds that specified, a second and more careful measurement should be
made with the 800-foot tape. If the second measurement discloses no ma-
terial error in the first, the section must be measured again with the 50-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 unfavorable observing conditions make the use
of lights necessary. The error of the measured deflection angle should seldom
exceed six seconds of arc. With a micrometer theodolite four positions will
be sufficient, and with a 10-second repeating theodolite one set of 6 direct
and 6 reverse (6 D/R )on both the deflection angle and its explement will
be adequate. With a direction theodolite the limit of rejection for any
one position may usually be taken as six seconds from the mean., With a
repeating theodolite the horizon should close within six seconds.

The angle measurements on third-order traverse are 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 taken in
centering the theodolite and targets and a type of target is uwsed which is
adapted to the length of line and not conducive to phase error, short lines
may be used in the main scheme without reducing the accuracy below the
allowable limit.

Azimuth observations on third-order traverse.—At intervals of 20 to 35 main-
angle stations along the traverse either a connection to first or second order
control must be provided or else a third-order azimuth must be observed.
(See p. 183.) Also, where one line of third-order traverse crosses another
an azimuth should be observed at the Junction station. The azimuth correc-
tion per station should never exceed five seconds and should seldom exceed
three seconds. Whenever the lower limit is exceeded the observer should make
an investigation to see if at some station a wrong object has not been observed
upon, and he should check suspected observations.

FIELD RECORDS AND COMPUTATIONS, SECOND AND THIRD ORDER
TRAVERSE

The same records and computations are made for both classes of
traverse, and to a large extent they are the same as are used for base
measurement, the only differences arising from the necessity of pro-
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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. In Figures 93 to 95 the data above the long horizontal line are
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those derived from the tape and angle measurements, the projection
computations being below the line.

The 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 589, “ Com-
putation of traverse line,” corrected for temperature, standardization, inclina-
tion, and sea level, as given in the column headed “ Reduced lengths.”

Caboose Cable
-
Fre. 91.—Traverse sketch, direct measurement between stations
Cacao
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log 666.507 = 2.8238047 2.8238070 = log.Caboose-Cacac
log fan C =7.5144777 666.5/0 m= Caboose-Cacao

Fie. 92.—Specimen, projection computation, one offset station

4, Offset distances expressed in meters with statement whether distances
were measured horizontally or inclined.

B. Angles at loop stations and at offset and rail stations.

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 95, below the horizontal line, is shown the compu-
tation necessary to make each type of projection. If the computation
is made neatly and methodically, the checking, which should be done
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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-
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F1e. 98.—Specimen, projection computation, stations on same side of track
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Fic. 94.—Specimen, projection computation, stations on opposite sides of track

tions and forming loops with the intermediate stations. The lengths
of these long lines must be determined by projecting the measured
intermediate lines upon them.

The first step in the computation is to make a diagram of the loop,
as shown in Figure 95. The error of closure of the angles in the
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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
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F1a. 95.—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. In that figure the azimuth method of distributing the
error is used. To use this method, start at one end of the loop, assume
the azimuth of the long line to be 0° 00’ 00”.0, 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” 0020 will be the closing error of the
angles of the loop. When this error is distributed among the angles
the corrected azimuths can be obtained by merely correcting the
seconds of the preliminary azimuths, the degrees and usually the
minutes remaining unchanged.

The length of each measured line in the loop is next multiplied
by the sine and cosine of the azimuth of that line as determined in
the previous computation. The product of the length and the cosine
gives the projected length of the line on the long line, and the sum
of these projected lengths for all the measured lines gives the length
of the long line. The product of the length and the sine gives the
departure of the line or the differences between the perpendicular
distances from the long line of the two ends of the measured line,
the sign depending upon the azimuth. The sum of the plus per-
pendiculars for all the measured lines should equal the sum of the
minus perpendiculars, and this gives a valuable check on the ac-
curacy of the field measurements and the office computations. (See
fig. 95.) A large discrepancy between the sums of the plus and
minus perpendiculars indicates that a 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 has been found to give a
length for the long line which differs so slightly from the length
determined as described above as not to justify the additional work,
except where one of the lines is used to make a connection with
triangulation.

COMPUTATION OF GEOGRAPHIC POSITIONS

After the lengths of the lines connecting the main traverse stations
have been determined the geographic positions of the stations and
the azimuths of the lines between them should be computed. This
computation may be made either on Form 27, Figure 63, or on Form
596, which is a one-sheet form similar to Form 27 and adapted
especially for traverse. The computation is described fully in Spe-
cial Publication No. 8, Formule and Tables for the Computation of
Geodetic Positions, and also in Special Publication No. 138, Manual
of Triangulation Computation and Adjustment.

The geographic positions are computed by starting with the fixed
position and azimuth at 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. If 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 geodetlc 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 at
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.
If 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 dlscrepanmes 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. If the lines are not so very unequal
in length, if the traverse is fairly short, or if the discrepancy in

18571°—20——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. 1387, 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 at which both the astro-
nomic azimuth and the astronomic longitude have been determined.
A Laplace azimuth is an astronomic azimuth corrected for the deflec-
tion of the vertical in the manner described in Special Publication
No. 138, Manual of Triangulation Computation and Adjustment,
pages 204 to 207. Azimuths at Laplace stations are determined with
a probable error of 0°/80 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 27’0 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. In regions with no
high mountains and no great differences in the density of the near-by
subsurface geological structures the error in the observed azimuth due
to the uncorrected effects of the deflections of the vertical will not
usually exceed one or two seconds of arc, but in other regions it may
amount to several times that amount. In southeast Alaska the prime
vertical deflections at six sea-level stations as determined by longitude
observations ranged from —7794 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 570 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 given
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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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In the Northern Hemisphere observations upon Polaris with a
theodolite provide the most convenient method for determining an
azimuth, In the higher latitudes a special right-angled eyepiece
must be provided for the theodolite to enable the observer to point
on the north star. Either a direction or a repeating instrument
may be used. A sufficient number of observations should be made
to give the specified probable error.

AZIMUTH OBSERVATIONS WITH DIRECTION THEODOLITE

If a direction instrument is used, twice the number of observations.
on Polaris should be made as would ordinarily be taken on second-
order triangulation with that class of instrument. The form of
record is shown in Figure 97. The station used as the azimuth mark
is observed upon next before Polaris, in order to reduce the time
elapsed between the pointings upon Palaris and the mark. For the
‘same reason the horizon js not closed when azimuth 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, at the same
time calling “ stand by ” to the recorder; perfect the pointing, calling
“tip ” sharply at 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 end to the west as on the first reading. This is not necessary,
but will often enable the computer to detect mistakes in the recording.

Next loosen the upper horizontal clamp, turn the instrument 180°,
reverse the telescope and point again upon Polaris, going through the

1If a wooden stand or tower has been built on which to mount the theodolite, two nails
should be driven into the structure on the south side of the tripod head at the proper dis-
tance apart to serve as & rack for the stride level. If a steel tower or portable folding
tripod i3 being used as an instrument support, a piece of stiff wire may be bent into the
proper shape and fastened to the tripod for the same 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.

If 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

If 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. If 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
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.)

AZIMUTH MARK

Ordinarily it will be found most convenient and desirable to use
as an azimuth mark a light mounted at some adjacent triangulation
station of the main scheme. If 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 it before he is confused
by other readings. The recorder should be trained to carry mentally
a staccato count of the seconds of the chronometer, as, “twenty’
half, twenty-one’ half, twenty-two’ half”—the accented word or
syllable and the word “half” synchronizing with the half-second
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beat. It is then easy for him to note within a half second the time
of the observer’s “tip.”

If 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 “tip ” noted with reference to the
count. This is more accurate than noting the time by the eye alone.

The record book in which are recorded the observations upon
Polaris should always contain a record of the eccentricity of both the
light and the theodolite. 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

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 80° 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
¢ Urse Majoris (Mizar) to 8 Cassiopeis passes approximately through
both Polaris and the pole. Therefore when Polaris is directly above
¢ Ursw Majoris and below 8 Cassiopeis, or vice versa, it is near the
meridian, or about six hours from elongation.

The times of upper culmination and of elongation can be rea.dlly
obtained from Table VII in the American Ephemeris and Nautical
Almanac headed “ Apparent place, time of upper culmination, and
time interval between upper culmination and elongation east or west,
of Polaris.” As an example, suppose it is desired to find the local
time of eastern or western elongation (depending on which one
occurs during the hours of darkness) on the evening of November
20 or the early morning of November 21, 1928, at a station whose
approximate latitude and longitude are respectively 36° 42’ and 92°
17. In the Ephemeris table mentioned above will be found the
following data:

‘Upper culmination, meridian of Greenwich Mean time

in ,

Lati- | elongation

Oivil time

Ap{’é‘ﬁ:“t Apparent dec- | (yoi time | VETiation | Variation tude mplzruselﬁP-

ascension ination per day | per hour mination
Ww. E. w. E.

h. m o] ° Lo h.m 8 I3 8. °|h m
November, 14.9...._| 1 86 53 | +88 55 28.0| 22 01 53| —3 56.83| —9.854 36| 4+5 b55.9~
November, 24.9.-...| 1 36 48 | 488 55 81.5| 21 22 20| —3 56.6| ~9.85+ 88| +b B5.7~
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From these data the computation is made as follows:

Greenwich eivil time, upper culmination, November, 14.9 e = 215 ;; 5?3.
Variation for 6 days (6X—3 50.4) = —23 88
Greenwich c¢ivil time, upper culmination, November, 209 - =21 88 15
Correction for Iugitnde (92° 17=6.15) = -1 0
Local elvil time, upper culmination {: Z: :33?( 214
Mean time interval to western elongation =45 55.8

Local civil time, western elongation (Nov. 21)camem oo 8 33.0

It should be noted that the time of western elongation thus obtained
is local civil time and not standard time. In order to obtain the cor-
responding standard time a correction must be applied to take account
of the difference in time between the standard meridian of 90° and
the meridian of 92° 17’. This correction is obtained by simply con-
verting the difference in longitude, 2° 17/, into time and amounts in
this example to 9.1 minutes. The standard time of western elonga-
tion on the morning of November 21 at the given station is therefore,

h. m. m h m,
3 383.0+9.1=3 421.
CHRONOMETER CORRECTION

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. If 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,

If a standard chronometer aboard ship is accessible for compari-
son with the hack chronometer or watch both before and after the
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. A 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 alti-
tudes of east and west stars near the prime vertical. No star cata-
- logue or observing list is needed, and any star near the prime vertical
of greater altitude than 25° 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 identi-
fication certain, the horizontal angle should be measured from
Polaris or from some adjacent triangulation station to each time
star observed upon. For determining the chronometer correction
four observations should be made upon an east star and four upon
a west star before the azimuth observations, to constitute what is
called a 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. If the probable error of a time set
obtained by this method is greater than two seconds, Polaris should
be observed near elongation. Any instrument having a vertical circle
which reads to 80 seconds or less may be used to make the time
observations. 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 “tip ” to the
recorder, who notes the time. Bring the bubble to the center of
the tube with the vernier screw and read the verniers. Then loosen
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the vernier clamp, reverse the telescope, and with the circle left bring
the star into approximate position with the vernier screw. Call
“tip ” to the recorder as the star makes contact with the horizontal
wire, then bring the bubble to the center and read the verniers. Thigs
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
jllumination 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. In the
early evening there is always the temptation to use the first stars
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visible in order to begin the night’s work. A delay of a quarter of an
hour is usually not serious and will often result in securing time
stars which will give a much more accurate chronometer correction.

6. 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 at 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, at least two, and preferably three, observations should be made
upon an east star and the same number upon a west star before the
observations upon Polaris are starfed 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 6.—CONSTANTS, FORMULAS, AND TABLES
CONSTANTS AND FORMULAS

Dimensions of the earth according to Clarke’s spheroid of reference
(1868) :
Equatorial radius, ¢,=6378206.4 meters
log. a=6.80469857
Polar semi-axis, b,=6356583.8 meters
log. 5=6.80322378
—h2
Eccentricity, ¢,= a,b
€2=0,006768658
log. €2="1.83050257 10
Base of Naperian logarithms, ¢,=2.71828183
log. e=0.43429448
Modulus of common logarithms, M,=0.43429448
log. M=9.63778431—10
=3.14159265
log. x=0.49714987
log. sin 1’/=4.68557487—10

loﬁi tan 17/=4.68557487—10
ilometer =0.621370 statute mile=0.589598 nautical mile.

1 meter=0.000621870 statute mile=0.000539593 nautical mile.
1 statute mile=1609.35 meters=1.60935 kilometers.
1 nautical mile=1853.25 meters=1.85825 kilometers.
1. nautical mile=1.151553 statute miles.
1 statute mile=0.868393 nautical mile.
1 meter=239.37 inches (law of July 28, 1886).
1 meter=23.28083333 feet.
log. 8.28083333=0.51598417
1 foot=0.30480061 meter.
log. 0.30480061=9!48401583 —10

Probable error of an observation, »=0.6745

Ef)’
n—1

Probable error of result To= T= 0. 6745\/ (':fv2 1)

Probable error of an observation of unit weight, u; =0. 6745J

: : . 5y /M;
Probable error of an observation of weight p,,7= 7 9.674 Pln—T)
184
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Probable error of an observed direction,d=0.6745‘/§?”—’ whereZv*=sum
of squares of corrections to directions, and ¢ is the number of
conditions.

TA?

Mean error of an angle, a=-‘/%-’

where 2A? is the sum of the squares of the closing errors of the
triangles, and » is the number of triangles.



TABLES
Differences of elevation and tnclination corrections for varying angles of inclination
[Length="50 meters. Argument is inclination angle]

Differ-| Incli- Differ- | Incli- Differ- | Ineli- Differ- | Incli- Difter- | Incli- Differ-
otAﬁlg‘}ﬁ_ ee!i\ee of | nation o‘}gﬂﬁ_ gszlme of | nation o}t\l]::gclﬁ- e?ce of | nation o‘}&%‘:_ ellme of | nation o‘}i’:fclﬂ_ e.}l:ee of | nation o?i]i:gclﬁ- eexllce of
eva- | correo- eva- | correc- eleva- { correc- eleva- | correc- i eva~ | correc- i eva-

nation | “on” [ “tion || Pation | “iion” | “ton || D2HOD | “iion | tion || DBHOD | “gion | tion || D8ton | “ion” | tion || BAHOR | “tion

° 7 M, | Mm. o ¢ M. Mm. e 7 M, Mm. e 7 M. Mm o 7 . Mm., e !

0 00 0.00 0.0 0 30 0.44 1.9 1 00 0.87 7.6 1 30 1.31 17.1 2 00 1.74 30.5 2 30 2,18
01 .01 .0 31 .45 2.0 01 .80 7.9 31 .32 17.5 1)1 .76 3L.0 31 .20
02 .03 .0 32 .47 2.2 02 .90 8.1 32 34 17.9 02 77 3L56 32 .21
03 .04 .0 33 .48 2.3 03 .92 8.4 .35 18.3 3 .79 320 33 .22
04 .06 .0 34 .49 2.4 04 .93 8.7 M 37 18.7 04 .80 32.5 34 .24

0 05 0.07 0.1 0 35 0.51 2.6 1 056 0.95 8.9 1 3 1.38 19.1 2 05 1.82 33.0 2 3 2.25
08 .09 .1 . 2.7 08 .96 9.2 36 .40 19.5 08 .83 3.6 36 27
o7 .10 .1 37 .54 29 07 97 9.5 37 .41 19.9 07 .85 4.1 87 .28
08 .13 .1 .55 3.1 153 .99 9.8 38 .42 20.3 03 .86 4.7 38 .30
00 .13 .2 39 .87 3.2 09 1,00 10.1 39 .44 20.7 09 .88 35.2 39 .31

0 10 0.15 0.2 0 40 0.58 3.4 110 1.02 10.4 1 1.45 21.2 2 10 1.89 35,7 2 40 2.33
1 .16 .3 41 .60 3.6 11 .03 10.7 41 .47 21.6 11 .90 36.3 41 A
12 17 .3 42 .61 3.7 12 .05 iL0 42 .48 22.0 12 .92 36.9 42 .36
13 .19 .4 43 .63 3.9 13 .06 1.3 43 .50 2.4 13 .93 37.4 43 .37
14 .20 .4 44 .64 4.1 14 .08 iLé 44 .51 22.9 14 .95 33.0 44 .38

015 0.22 0.5 0 45 0.65 4.3 115 1.09 11.9 1 45 1.53 2.3 2 15 1.96 38.6 2 2,40
18 .23 .5 46 .67 4.5 16 .10 12.2 .54 2.8 16 .98 39.1 .41
17 . 26. .6 47 4.7 17 12 12.5 47 .56 242 17 .99 30.7 47 .43
18 .28 .7 48 70 4.9 18 .13 12.9 .57 4.7 18 2.01 40.3 48 .44
19 .28 .8 49 71 5.1 19 .15 13.2 49 .59 25.1 19 .02 40.9 49 .46

02 0.29 0.8 0 50 0.73 5.3 12 1.16 13.5 1 50 1.60 25.6 22 2,04 41.5 2 80 2.47
21 .31 .9 51 .74 5.5 21 .18 13.9 51 .61 26.1 21 .05 42,1 51 .49
2 .32 1.0 52 .78 5.7 22 .19 14.2 52 .63 26.5 2 .08 4.7 52 .50
23 .38 1.1 53 T 5.9 2 .21 14.6 53 .64 27.0 23 .08 43.3 53 .52
24 .36 1.2 54 .79 6.2 24 22 14.9 54 .66 2.5 24 .09 43.9 54 .53

0 25 0.38 1.3 0 &6 0.80 6.4 125 1L24 15.3 1 86 Le7 2.0 22 2.11 445 2 56 2.54
26 .33 1.4 56 .81 6.6 26 .26 15.6 56 .69 28.5 26 .12 45.1 56 .56
27 .39 L5 567 .83 6.9 2 .27 16.0 57 .70 20.0 27 .14 45.7 57 .67
2 .41 L7 58 .84 7.1 28 .28 16.4 58 .72 20.5 28 .15 46.3 58 .59
29 .42 L8 59 .86 7.4 29 .29 16.8 59 .3 30.0 29 A7 47.0 59 .60

03 0.44 1.9 1 00 0.87 7.6 1 30 131 17.1 2 00 174 80.5 2 30 2.18 47.6 3 00 262
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Inclination corrections for 50-meter tape lengths

[Cor.=-—0.01A2—0.000001A¢ (h in meters)]
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188 U. 8. COAST AND GEODETIC SURVEY

Inclination corrections for 50-meter lape lengths—Continued

Difference of | Correc- || Difference of | Correc- (| Difference of | Correc- || Difference of | Correc-
elevation tion elevation tion elevation tion elevation tion
Meters| Feet Mm. || Meters| Feet Mm. || Meters | Feet Mm. || Meters| Feet | Mm,
2.60 | 8530 67.8 3.25 | 10.663 105.7 3.90 | 12.795 152.3 4,55 14.928 207.5
2.61 | 8563 68.2 3.26 | 10. 696 106. 4 3.01 ] 12.828 153. 1 456 | 14.961 208. 4
2,62 859 68.7 3.27 | 10.728 107.0 3.92 | 12.861 153.9 4.57 | 14.993
263 | 8629 69.2 3.28 | 10. 761 107.7 3.93 | 12.804 1547 4,58 | 15026 210.2
264 | 8661 69.7 3.20 | 10. 794 108.4 3.94 | 12.926 155.5 4.59 | 15.059 2111
2.65{ 8.604 70.3 3.30 | 10.827 109.0 3.05 | 12. 959 156.3 4,60 | 15092 212.0
2.66 | 8727 70.8 3.31 | 10.860 109.7 3.96 | 12.902 157.1 4.61 | 15.125 213.0
2671 8760 71.3 3.32 | 10.892 110.3 3,97 | 13.025 157.9 4.62 | 15. 157 213.9
2.63( 8703 7.9 3.33 | 10.925 111.0 3.08 | 13.058 158.7 4.63 | 15.190 214.8
2,69 | 8825 72.4 3.34 | 10.958 L7 3.99 { 13.091 159.5 464 | 15.223 215.8
270 | 8858 73.0 3.35 | 10,991 112.4 4.00 | 13,123 160.3 4.65 | 15. 256 216.7
271 8891 73.5 3.36 | 11.024 113.0 4.01 | 13,158 J6L. 1 4.66 | 15289 217.8
2.72| 8.924 74.0 3.37 | 11.056 113.7 4.02 | 13. 189 161.9 4.67 | 15.321 218.6
273 | 8957 74.6 3.38 | 11.089 114.4 4.03 | 13.222 1627 4.68 | 15.35¢ 219.5
274 | 8989 75.1 3.39 | 11.122 115.1 4,04 | 13.255 163.5 4.09 | 15,387 220.4
275 | 9.022 5.7 3.40 | 11.155 116.7 4.05 | 13.287 164.3 4.70 1 15.420 221.4
2.76 | 9.055 76.2 3.41 | 11.188 116.4 4.06 | 13.320 165. 1 4.71 | 15.453 222.3
2.77 | 9.088 76.8 3.42 | 11.220 117.1 4.07 | 13.353 165.9 4.72 | 15.488 223,
27| 9121 77.3 3.43 | 11.253 117.8 4.08 | 13.388 166.7 4.73 | 15. 518 224,
279 9154 77.9 3.44 | 11.286 118.5 4.09 | 13,419 167.6 4.74 | 15. 551 225.
2.80 | 9.186 8.5 3.45 | 11.319 119.2 4,10 | 13. 451 168. 4 4.75 1 15, 226.
281 9219 79.0 3.468 | 11.852 119.9 4.11 | 13 169. 2 4.76 | 15.617 22z,
2,82 9.252 79.6 3.47 384 120.6 4,12 | 13. 517 170.0 4.77 1 15. 850 228,
28| 9.28 80.2 3.48 | 11.417 121.3 4.13 | 13,550 170.9 4,78 | 15682 220,
284 | 9.318 80.7 3.49 | 11.450 122.0 4.14 583 171.7 4.79 [ 15715 230.
2.85 | 9.350 81.3 3.50 | 11.483 227 4.15 | 13,615 1725 4,80 | 15748 230.
2.86 | 9.383 8L.9 3.51 | 11, 516 123.4 4.16 | 18. 173.4 4,81 | 15,781 21,
2,87 | 9.416 82.4 3.52 | 11. 549 124.1 4,17 | 13,681 174.2 4.82 { 15.814 232.
288 | 9.449 83.0 3.53 | 11. 58t 124.8 4,18 | 13.714 175.0 4.83 | 15.846 233.
2.80 ] 9.482 83.6 3.54 ) 11.614 125.5 4,19 | 13 747 175.9 4.84 ] 15 879 234,
2.90( 9.514 84.2 3. 55 | 11.647 126, 2 4.20 | 13. 176.7 4.85 | 15.912 235.
2.01 | 9.547 84.8 3.56 | 11.680 126.9 4.2] | 13.812 177.6 4.86 | 15.945 238.
2.92 | 9.580 85.3 3.57 | 1L 713 127.8 4,22 | 13.845 178. 4 4.87 | 15.978 237.
293 | 9.613 85.9 3,588 | 11.7456 128.3 4.23 | 13.878 179.2 4,83 | 16.010 238.
2.94 | 9.646 86.5 3.59 129.0 4,241 13.911 180.1 4.89( 16. 043 239.
2.95| 9.678 87.1 3.60 | 1L 811 120.8 4.25 | 13.944 181.0 4,90 | 16.078 240,
2.96| 9.711 87.7 3.61 | 11.844 130. 6 4,26 | 13.978 181.8 4,91 | 16.109 241,
2.97| 9.744 88.3 3.62 | 11.877 13L2 4.27 { 14. 009 1827 4,92 | 16, 142 242,
2,08 9.777 88.9 3.63 | 11.909 131.9 428 1 14 183. 5 4.93 | 16.175 243.
299 | 9.810 89.5 3.64 | 11,942 1327 4.29 | 14075 184.4 4.94 { 16. 207 244,
3.00| 9.842 90. 1 3.65 | 11,975 133. 4 4.30 | 14.108 185.2 4.95 | 16.240 245.
3.01| 9.878 90.7 3.66 | 12.008 134.1 4,31 | 14,140 186.1 4,96 | 16.273 246.
3.02| 9.908 9.3 3.67 | 12 041 134.9 432114173 187.0 4.97 | 16. 306 247,
303 | 9.941 91.9 3.68 | 12,073 4,33 | 14.208 187.8 4.98 | 16. 339 248,
3.04 | 9.974 2.5 3.69 | 12 106 136.3 4,34 | 14.239 188.7 4.99 | 16.371 249.
3. 05 | 10. 007 93.1 3.70 | 12,139 137.1 4.351 14.272 189.6 5.00 | 16.404 250.
8.06 | 10. 039 93.7 3.711 12172 137.8 4.36 | 14.304 1 5.01 | 16.437 251.
3.07 | 10.072 94.3 372112205 1386 4.37 | 14.337 191.3 8.02 | 16.470 252,
8.08 | 10.105 95.0 3.73 {12238 139.3 4,38 | 14.370 192.2 5.03 | 16. 503 253.
3.09 | 10.138 95.6 3.74 | 12270 140.1 4,39 | 14,403 103.1 5.04 | 16, 535 254,
3.10 | 10.171 96.2 75| 12,303 140.8 4,40 | 14.436 184.0 5.05 | 16. 568 255,
3.11 | 10.203 96.8 3.76 | 12 336 141,68 4,41 | 14,468 194 5.08 | 16. 601 258.
3.12 | 10.236 97.4 3.77 | 12,369 142.3 4.42 | 14. 501 105, 7 5.07 | 16. 634 257,
3.13 | 10. 269 98.1 3.78 | 12.402 143.1 4.43 | 14. 534 196.6 5.08 | 18, 667 258,
3.14 | 10. 302 8.7 3.70 | 12 434 143.8 4.44 | 14, 567 197.5 5.09 | 16. 699 259,
3,15 | 10.335 99,3 3.80 | 12 467 144.6 4.45 | 14. 600 108.4 5.10 | 16,732 260,
3.18 | 10.367 100.0 3.81 { 12. 500 145. 4 4.46 | 14. 638 199, 3 5,11 { 16. 765 261
8.17 | 10. 400 100.6 3.82 | 12. 533 6.1 4,47 | 14.665 200.2 5,12 | 18708 262,
3.18 | 10.433 101. 2 3.83 | 12. 568 146.9 4.43 | 14,698 201.1 5.13 | 16.831 263.
3.19 | 10. 466 101.9 3.84 | 12508 147.7 4.49 | 14, 731 2020 5.14 | 16. 863 264.
3.20 | 10.499 102. 5 3.85 | 12.831 148.4 4.50 | 14.764 202.9 5.15 | 18.808 265.
3.21 | 10.531 103.1 3.86 | 12.664 149, 2 4.51 | 14.797 203.8 6.16 | 16.929 267.
3.22 1 10. 564 103.8 3.87 | 12.697 150.0 4.52 | 14.829 204.7 5.17 | 16.962 268.
3.23 | 10. 507 104. 4 3.88 | 12,730 150.8 4,53 | 14.862 205. 6 5.18 | 16,995 269,
3.24 | 10,630 106, 1 38 762) 15L6 45414805 ] 2006 519|172, 270,
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CONSTANTS, FORMULAS, AND TABLES

Inclination corrections for 50-meter tape lengths—Continued
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U. 8. COAST AND GEODETIC SURVEY

Inclination corrections for 25-meter lengths
{Cor. ==0.00186 A3—0.000000060 &4 (h in feet)]

Differencein |Correc-] Differencein |Correc-] Differencein |Correc-| Differencein |Corres

elevation tion elevation tion elevation tion elevation tion

Foot | Meter | Mm, Fect | Meter | Mm. Feet | Meler | Mm, Feet | Meter | Mm.
0.00 | 0. 0000 0.0 0.70 | 0.2134 0.9 1.40 | 0.4267 3.6 2.10 | 0. 6401 8.2
.01 .0030 .0 ST L2164 .9 41 | .4208 3.7 LI11 .6431 8.3
.02 .0061 .0 72| L2195 1.0 42 | .4328 3.7 L1211 L6462 8.4
.03 | .0091 .0 78] 2225 1.0 43 | .4859 3.8 13| 6492 8.4
.04 ] 0122 .0 .74 | .2256 1.0 44 | 4389 3.8 14| .6623 8.6
.05 .0162 .0 76 ] 2280 1.0 451 .4420 3.9 .16 .6553 8.6
.06 | .0183 .0 .76 | .2316 L1 46 | .4450 4.0 .16 | -6 8.7
.07 | .0213 .0 T 2847 L1 47| .4481 4.0 71 L6614 88
.08 0244 .0 78 L2877 1.1 . 4611 4.1 . 6645 8.8
.00 .0274 .0 W79 2408 1.2 497 .45642 4.1 .19 .6675 8.9
0.10 | 0.0305 0.0 0.80 | 0.2438 1.2 1.50 | 0.4572 4.2 2.20 { 0.6706 8.0
L1} 0335 .0 W81 | 2469 1.2 .51 | .4602 4.3 21| .6736 9.1
12 0366 .0 W82 | .2199 1.2 .62 | .4633 4.3 .22 | .6767 9.2
J13 | .0396 .0 .83 | .2530 13 .63 | .4663 4.4 23] .6797 0.2
L4 1 L0427 .0 .84 | .2560 1.3 .54 | .4604 4.4 .41 .6828 9.3
.15 .0457 .0 .85 | .2591 1.3 55| 4724 4.5 .25 ] .8858 9.4
.16 | .0488 .0 .86} .2621 1.4 .56 | .4766 4.6 .26 ; .6888 9.5
.17 ] .0518 .1 87| .2662 1.4 .57 .4785 4.6 .27 ] .A010 9.6
.18 | .0549 .1 .88 | .2682 1.4 .68 .4816 4.7 .28 | 6049 0.6
.19 | .0579 .1 .80 | .2713 Lb .69 | .4848 4.7 .20 | .8980 9.7
0.20 | 0.0610 el 0.90 | 0.2743 L5 1.60 | 0.4877 4.8 2.30 { 0.7010 9.8
.21 | .0040 .1 WOl | 2774 L5 .61 .4907 4.8 W3t | L7041 0.9
.22 | .0671 .1 .92 | .2804 1.6 .62 .4938 4.9 .32 L7071 10.0
.23 | .0701 .1 .93 | .2835 1.6 .63 1 .4968 5.0 .33 | L7102 10.1
24 0732 .1 .94 | .2886 1.6 .64 .4980 5.0 .34 7182 10.2
.25 .N762 .1 .95 .2896 1.7 .66 | .5020 5.1 .38 | .7183 10.3
.26 .0792 .1 .98 2926 1.7 .86 | . 5080 5.2 .36 .7103 10.3
.27 | .0823 .1 . 2057 L8 .67 | . 5000 5.2 .37 | 7224 10.4
.28 | .0853 .1 . . 2087 1.8 .68 | .5121 5.3 .38 | .7204 10.5
.20 | .0834 .2 .99 | .3018 L8 .69 | .5151 5.3 .30 | .7285 10.6
0.30 | 0.0914 0.2 1.00 | 0. 3048 L9 1.70 | 0.5182 5.4 2.40 | 0. 7315 10.7
B3l1} L0945 -2 .01} .3078 1.9 L7 L6212 8.5 .41 .7346 10.8
821 .0975 .2 .02 .3108 1.9 .72 5243 5.5 .42 | .7378 10.9
.33 .1006 . .03 | .8139 2.0 .73 5278 5.6 . . 7407 11.0
.34} .1036 . .04} .3170 2.0 .74 | 5304 5.6 .44 | (7437 1.1
.35 | .1067 -2 .06 | .3200 2.0 751 5334 8.7 .45} .7468 11.2
.36 | .1097 .2 .08 | .81 2.1 .76 | .5364 5.8 46 | .7498 11.2
.87} .1128 .3 .07 | 3261 2.1 .77 | . 5396 5.8 47| .75629 1.3
.38 1158 .3 .08] .3 2.2 78] -5426 5.9 . . ‘7550 11.4
.39 1189 .3 .09 | .3322 2.2 79| -5456 5.9 49 | .7690 1.6
0.40 | 0.1219 0.3 1.10 | 0.3363 2.2 180 | 0.5486 8.0 2,60 | 0.7620 1.6
.41} 1250 .3 11} .3383 2.3 81| .5517 6.1 .51 | .7650 1.7
421 ,1280 .3 12| .38414 2.3 .82 56547 6.1 .62 | .7681 11.8
.43 .1311 .3 . L3444 2.4 .83 { .5578 6.2 .58 | .7 1.9
441 L1341 <4 Jd4 0 W4T 2.4 .84 1 .5608 6.3 .04 | .7T742 12.0
.45 | .1872 .4 .15 | .3506 2.5 85{ .5639 6.4 55| 772 12.1
46| .1402 .4 16 | . 3536 2.5 . 5669 6.4 .56 | 7308 12.2
.47 | .1433 .4 .17 | .3568 2.5 87| .5700 6.5 57 783 12,3
.48 | .1463 .4 . . 3597 2.6 .8 6.6 .58 1 .7864 12,4
49| 1494 . 19 | .3627 2.6 89 | .5761 6.6 .59 | .7804 12.5
0.50 | 0.1624 0.5 1.20 | 0.3658 27 1.90 | 0.5791 8.7 2.60 | 0.7925 12.6
.61 | .1554 .21 | .3688 2.7 01| .5822 6.8 .61 | .7856 12.7
.52} .1585 .6 2| .3719 2.8 92 t .5852 6.8 .62 .7886 12.8
.63t .1615 .5 .23 | .3749 2.8 93| .5883 6.9 .63 1 .8016 12,9
.54 1646 .5 .3 2.9 . .5913 7.0 .64 8047 13.0
.55 | .1676 .8 .26 | .3810 2.9 .98 | 5044 7.1 .65 | .8077 13.1.
.58 | .1707 . .26 | .3840 2.9 .08 | 5074 71 .66 | .8108 13.1
67| .1737 .6 27 (3871 3.0 . 6005 7.2 .67 | .8138 13.2
.58 | .17688 6 28 ( .3001 3.1 .98 | .6035 7.3 .68 | .8169 13.3
.69 1798 6 .20 | .3082 3.1 99| .6066 7.3 .60 | .8199 13.2
0.60 | 0.1829 0.7 1.30 | 0.3062 81 2.00 | 0.6008 7.4 2.70 | 0.8230 13.5
.61 | .1859 .7 .31 | .3093 3.2 .01} .6128 7.5 .71 | .8260 13.6
.62 1 1890 .17 4023 3.2 02 6157 .6 721 (8201 3.7
.63 | .1920 .7 .83 | .4054 3.3 .03 .6187 7.6 .73 | .8321 13.8
.64 | .1951 .8 .34 4034 3.3 .04} .6218 7.7 .74 | 8852 13.9
.65 .1981 .8 ,85| .4115 3.4 .05 | .68 7.8 .75 | .8382 4.1
.66 .2012 .8 , .4145 3.4 .08 | .6279 7.9 .76 | .8412 14.2
.67 | .2042 .8 .37 | .4178 3.5 .07 | .6308 8.0 W77 | .8443 14.3
.68 .2078 .9 88 . 3.5 .08 | .6340 8.0 L78 | .8473 4.4
.69 | .2103 [ 89 | 47 36 .09 | .6370 %] .79 | .860¢ 4.5




CONSTANTS, FORMULAS, AND TABLES

In_climation corrections for 35-meter lengths—Continued

Difference in | Correc] Differencein |Correc-] Differencein |Correc-] Differencein |Correc-
elevation tion elevation tion elevation tlon elevation tion
Feet | Meters| Mm. Feet | Meters| Mm. | Feet | Meters| Mm. Feet | Meters| AMm.
2.80 | 0.8534 14.6 3.50 | 1.0668 22.8 4.20 | 1.2802 32.8 4.90 | 1.4935 4.7
.81 | .85685 4.7 51| .0699 22.9 .21 ] .2332 33.0 91| .4966 4.9
.82 | .8595 14.8 .0729 2.1 .22 | .2863 33.1 .92} .4906 45.1
.83 | .8628 14.9 .53 | .0759 | - 23.2 .23 .2803 33.3 .93 | .5027 45.2
.84 | .8056 | 15.0 079 | 8.3 241 L2024 | 834 .94 | 5067 458.4
.85 | .8687 15.1 55| .0820 23.5 26| .2054 33.8 .95 | .5088 45.6
.8} .817 15.2 . 0851 23.6 .26 | .2985 33.8 .96 5118 45.8
.87 .8M8 15.3 57 | .0881 23.7 27| .3016 33.9 .97 5149 46.0
.88 .8778 15.4 . LU012 23.8 28 | .3045 A1 .98 | .5179 46.1
.89 | .8809 15.5 .59 | L0842 4.0 20| .3076 3.2 .99 | .5210 46.3
2.90 | 0.8839 | 15.6 3.60 | 1.0973 | 24.1 4.30 ] 1.3106 | 34.4 5.00 | 1.5240 46.5
.91 .8870 16.7 61 | .1003 24.2 311 .3137 34.6 .01 | 5271 46.7
.92 | .8900 15.8 62 | 1034 24,4 32| .3187 4.7 .02 .5301 46.9
.93 .8031 15.9 63 | .1064 245 .3108 34.9 .03 | .5331 47.1
.| .8061 16.0 .64 .1005 24.6 .34 | .3228 35.0 04 | L5362 47.3
05| .8002| 16.2 65| .1125| 24.8 35| .3250| 352 05| .5392| 475
96| 9022 163 156 [ 249 36| .3289| 354 06| 523 | 4z
97| .905¢ 16.4 67| .1186 25.0 37( .3320 35.5 .07 5453 47.8
.98 | .908! 16.5 . 1217 25.1 .38 | .3350 35.7 08| 5484 48.0
.99 (9114 16.6 .69 1247 25.3 .39 | .3381| 358 .00 .5514 48.2
3.00(09144| 16.7 8.70|1.1278 | 25.4 4.40 [ 1.3411 | 36.0 5.10 | 1.5545 48.4
.01 .0174 16.8 71| WX 25.6 41| .34 36.2 11| .5575 48,68
.02 .9206 16.9 72 L1339 25.7 A2 3472 36.3 12 | . 5606 438.8
031 .9235 17.1 73| 1369 25.8 .43 | .3 36.6 13 | 5636 49.0
.04 ,9268 17.2 .74 | L1400 28.0 44| .3533 36.7 Jd4 | L5667 49,2
.06 .92096 | 17.3 75| 1430 26.1 451 .3564 | 36,9 15| L5607 49.4
.06 | .9327 17.4 76| 1461 26.2 48| 3504 37.0 .16 | 5728 49.5
.07 | .9857 17.5 . 1491 26.4 471 .3625 37.2 A7 L5758 49,7
.08 | .9388 17.7 L7181 .1521 26.5 .48 | .3655 37.4 18| 5789 49,9
00| 9418 17.8 . .1552 26.7 49| .3688 3%.5 19| .8819 50,1
3.10 [ 0.0449 | 17.9 3.80 | 1.1682 | 26.8 4,50 | 1.8716 | 37.7 5.20 | 1.5850 50.3
L1 9479 18.0 .81 | .1613 27.0 51| .3747 37.9 .21} 56880 §0.5
J12| L9510 18.1 .82 | .1643 7.1 52 .3777 38.0 «22 | .591% 50.7
.13 | .9540 18.2 .83 .1674 27.3 53 ) .3807 38.2 .23 | (5941 50,9
J14 | L9671 18.3 .8t .1704 27.4 .54 | .3838 38.4 24 | L5972 5.1
.15 .9601 18.5 85| ..735 27.6 .55 | .3868 38.6 .26 | .6002 51.3
161 .9632 18.6 .86 | .1765 2.7 56 | .3899 38.7 .26 | .6033 51.5
.1 . 9662 18.7 .87 | .1796 27.9 67 | .3929 38.9 .27 | .6063 51,7
.18 | .9693 18.8 .88 | .1828 28.0 58| .3060 39.1 .28 | .6093 51.9
19| .9723 18.9 .89 | .1857 28.2 .69 | .3990 39.2 20 .6124 52.1
3.20(0.9754| 19.0 8.00 | 1.1887| 28.3 4.60 | 1.4021 | 39.4 5.30 | 1.6154 52.3
211 9784 19.1 .01 .1018 | 28.4 .61 | .4051 39.6 .31 | .6185 52.5
.22 L9815 19.2 L1948 28.6 .62 | .4 39.7 .32 | .6215 52.7
.23 [ .9845 19.4 a3 | .1979 28.7 .63 | .4112 39.9 .33 | .6246 52.8
.24 | .90876 19.5 .94 | .2000 28.9 .64 ) .4143 40.1 34| .6276 53.1
.25 .0006 | 19.6 .95 .2040| 29.0 .66 | .4173 | 40.3 .35 .6807 53.3
.26 | .9938 19.7 .96 1 .2070 29.1 .66 | .4204 40.4 .56 | .633% 5.5
271 (9967 19.8 971 L2101 29.3 W67 (4234 40.6 .87 ( .6368 8.7
.28 | .98497 20.0 o8| .2131 20.4 . .4265 40.8 .38 | .6398 §3.9
.29 | 1.0028 20.1 .99 .2162 29.6 .69 | 4295 40.9 .39 | .6429 54.1
8.30 { 1.0058 20.2 4.00 | 1.2192 20.7 4,70 | 1.4326 411 5.40 | 1.6459 5.3
.31 | .0089 20.3 .01 .2223 29.9 71| .4356 41.3 .41 | 6480 5.5
.32 .0119 20.5 02 (22583 30.0 .72 | .4387 41.5 .42 | .6520 5.7
.33 | .0180 20.6 .03 | .2283 30.2 731 4417 41.6 .43 | .6551 5.9
.34 .0180 | =207 04| .2314 | 30.3 | . 41.8 .44 | .6581 55.1
.36 | 0211 20,9 05 2344 30.5 75 .4478 42.0 45| .6612 55.3
.36 | .0241 21.0 06| .2375 30.6 .76 | .4509 42,2 .46 | .6642 55. 5
87| 0272 21.1 07| .2405 30.8 T4 4639 42.4 47| .6873 66.7
.38 .0302 21.2 08| .2436 30.9 .78 1 .4569 42.5 .48 | .8703 55.9
.39 .0333 2L.4 09 | .2466 3.1 «79 | .4600 2.7 491 .6734 56.1
3.4011.0363 | 215 4,10 | 1.2497 | 31.2 4.80 (1.4630 [ 42.9 5.50 | 1.6764 56.3
.41 [ .0304 21.6 L1 L2827 31.4 .81 .4661 43.1 .81 | .6795 56. 5
.42 | 0424 21.8 .12 .2558 3L5 .82 | .4691 43.3 .52 | .6825 50.7
43 | .0455 21.9 .13 | .2588 3.7 .83 4722 43.4 .53 | .6885 56.9
44| 0485 22,0 L4 | .2619 3L.8 84| .4752 43.6 .54 | 6886 57.1
.45| .0516 | 22.2 15| L2649 | 32,0 .85 .47831 43.8 .55 | .6916 57.3
.46 | .0546 22.3 .16 | .2680 32.2 .86 | .4813 44.0 .56 1 .6947 57.5
.47 | 0577 22.4 A7 | 2710 32.3 .87 | .4844 4.2 .67 | .6977 57.7
.48 | .0607 22.5 18| L2741 32.5 .88 1 4874 4.3 .58 | .7008 57.9
49 ,0638 ] 22.7 A9 .2171| 826 80| ,4006§ 445 . 7038 88.1




192 U. §. COAST AND GEODETIC SURVEY

Inclination corrections for 25-meter lengths—Continued

Difference in |Carrec-| Differencein |Correc-§ Differencein |Correc-| Difference in
elevation tion elevation tion elevation tion elevation
Feet | Meters | Mm. Feet | Meters | Mm. Feet | Meters| Mm, Feet | Meters
5.60 | 1.7069 58.3 6.30 | 1.9202 73.9 7.00 | 2.1336 91.3 7.70 | 2,3470
1 7099 58.5 .3l 9233 74.1 .01 | .1367 9.5 .71 | 3500
62 7130 58.7 .32 €263 74.4 02| .1397 9L.7 .72 | .35631
63 7160 58.9 .33 9204 74.6 08 . 92.0 737 3561
.64 7191 59.1 .34 0324 74.8 .04 1458 22,2 .74 | .38592
.65 7221 69.4 .35 0355 75.1 .05} .1488 2.5 .75 | 8022
66 72562 59.6 .36 75.3 .06 1 .1519 2.8 .76 | .3653
67 7282 59.8 .87 0418 75.5 .07 | .1549 3.0 .77 | .3683
7313 60.0 .38 9446 75.7 .08 | .1580 03.3 .78 | .3713
691 . 60.2 .89 o477 76.0 .09 | .1610 9.5 79| 3744
5.70 | 1.7374 60.4 6.40 | 1.9507 76.2]. 7.10]21641 3.8 7.80 | 2.3774
7| T4 60.6 .41 [ 9538 76.4 L1119 .1671 9.1 .81 | .3805
T2 (7435 60.8 42 | 9568 76.7 .12 1702 04.3 .82 | .3835
. 7 61.1 .43 9509 76.9 13 1732 04.6 .83 | .3866
.74 7496 61.3 .44 7.2 14 1763 94.9 .84 | .3896
.75 | .7528 6.5 .45 9660 7.4 15 1793 95.2 .85 | .3927
.76 (7557 61.7 .46 9800 77.6 1 1824 95, 4 .86 | .3957
S| L7687 61.9 47 9721 7.9 17 1854 95,7 .87 | .3088
78| (7617 62.2 .48 9751 78.1 .18 1885 96.0 .88 | .4018
W78 LT 62.4 49 9782 78.4 19 1915 96.2 .80 | .4049
580 | 17678 | e2.6] 650 (10m2"| 7aef] 7.20]2.1946)| 965] 7.90 2.4070
81| .7709 62.8 LBl .9843 78.9 .21 | (1976 96.8 .91 | 4110
82| 7739 63.0 .52 .9873 79.1 .23 L2007 97.0 .02 | .4140
8| .7770 63.3 .53 | .9903 79.4 23| L2087 97.3 .83 | .47
84| .7800 63.5 04| .OHB4 79.8 24| .2068 97.6 .94 4201
.85 (7831 63.7 .55 [ . 0064 79.9 .25 | .2008 97.9 .95 | .4232
86 | .7861 63.9 .56 | 9005 80.1 .26 | L2129 98,1 .96 | .4262
.87 | .7802 64.1 .57 | 2,0025 80.4 .27 2159 98.4 97| 4203
. L7922 84.4 58 [ 0056 80.6 .28 2189 08.7 .98 | .4323
B i 64.6 .69 [ .0086 [ 80.9 .29 98,9 .99 | .4854
5.90 | 1,7983 64.8 6.60 | 2,0117 811 7.30 { 22250 99.2 8.00 | 24384
.91 | 5014 65.0 .61 | 0147 814 31| 228 99.5 01| L4415
02| L8044 656.2 .621 0178 81.6 .32 .2811 9.8 02| 4445
931 .807 66.5 .63 [ 0208 81.9 .33 .2342 | 100.0 .03 | 4475
94| .8105 66.7 W64 [ L0239 82.1 34| 2372 | 100.3 .04 | .4508
.95 .8136 65.9 .65 [ 0269 82.4 .35 | .2403 | 100.6 .05 | .4536
.96 | .8166 66. 1 .66 | .0360 82.6 .36 | .2433 | 100.9 .06 | .45667
7| L8197 66.3 .67 .0330 82.0 37| .2464 ) 101.2 W07 | 45697
981 L8027 66.6 .68 | 0861 83.1 38| .2494 ) 101.4 .08 | .4628
.09 L8258 66.8 .69 | .0361 83.4 .80 1 .28254 1007 .09 | .4658
6.00 | 1,8238 67.0 6.70 | 2.0422 83.6 7.40 | 2.2555 | 102.0 8.10 | 2.4689
.01 | (8319 67.2 W71 L0452 83.9 .41 102,3 1 .4719
.02 | L8349 67.4 72 L0483 8.1 .42 2616 | 102.6 12 4760
.03 | .8379 67.7 .73 | .0613 844 43| .2647 ) 102.8 13 4780
.04 | .8410 67.9 W74 | L0544 8.6 44| .2077 1 103.1 14 4811
.05 .8440 63.1 .75 0574 849 .45 .2708 | 103.4 15 | .4841
.06 | - 8471 68.3 .76 [ 0605 85.1 .46 2738 | 103.7 16 4872
.07 | .8501 68.5 7 .0635) 85.4 471 2769 | 1040 17
.08 | .8532 68.8 .78 [, 0665 85.6 .48 2799 | 1042 .18 4933
.09 | .8562 69.0 .79 | .0696 | 85.9 491 2830 | 1045 .19 | .4963
6.10 | 1.8503 69.2 6.80 | 2.0726 | 86.1 7.50 | 2.2860 | 1048 8,20 | 2.4904
11 .8623 69.4 .81 1 .0757 86.4 .61 2891 | 105.1 .21 | 5024
.12 8654 69.7 .82 .0787 86.6 .52 2921 | 105.4 .23 | .5066
.1 . 8684 69.9 .83 | .0818 86.9 .53 2051 | 105.6 .23 | .5085
. 8716 70.1 .84 | 0848 87.1 54 105.9 .24 5116
5] .874b 70.4 .81 .0879 87.4 651 .3012 ] 108.2 .25 | .5146
W16 | (8776 70.8 .86 1 .0009 87.6 66| (3043 | 108.5 .26 | .5177
17| 8808 70.8 .87 .0040 87.9 .57 | .8073 | 106.8 .27 | 5207
18| 8837 71.0 .88 | .0970 88.1 .58 | .3104 ¢ 107.0 .28 | .5237
.19 | .8867 71.3 .89 ,1001 88,4 L69 | .3134| 107.3 .20 | .5268
6.20 | 1,8898 7.5 6.90 | 2,1081 88.6 7.60 ] 2.3165 | 107.6 8.30 | 2.5298
.21 | .8928 .7 W91 1082 83.9 .61 .3195 | 107.8 .81 | .5320
.22 | 8959 72.0 .92 [ ,1002 89.1 .62 .3226 108.2 .82 | .5359
23| .s980 72.2 .98 1123 80. 4 .63 | .3266 | 108.4 .33 | .5390
.24 | 9020 72.5 L84 1153 | 80.6 .641 .3287| 108.7 .34 .5420
.26 { ,9050 2.7 .95 1 1184 80.9 .65 3317 | 109.0 .86 | .5461
.26 | .9081 72.9 .96 | (1214 90.2 .66 109.3 .36 | .5481
27| .9111 7.2 97 L1245 00.4 .67 3378 | 109.6 .37 | .b512
.28 ) .914 73.4 .98 | 1275 90.7 .68 109. 8 .38 | .5642
.29 9172 8.7 99| .1806 | 90.9 .69] .3439 | 110.1 .80 | .5578
8.40 | 2.5608
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Length in meters

CONSTANTS, FORMULAS, AND TABLES

Inclination corrections for 5, 10, 15, 20, 25, 30, 35, 40, and 45 meter lengths

Difference in
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, 10, 15, 20, 25, 30, 35, 40, and 45 meler lengths—
Continued

Inclination corrections for 5
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15, 20, 25, 30, 35, 40, and 45 meter lengths—

CONSTANTS, FORMULAS, AND TABLES
Continued

Inclination corrections for 5, 10,

Length in meters
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y correction multiply tabular value by cube of length hetween
The result will be in meters]
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COAST AND GEODETIC SURVEY

0.2

Factors for computing cat®nary correction

To obtain catenar;

U. 8.

748

824

004

088
1,076

0.1

741
817
806
980
1,067

0.0

15,000 grams.

[Combined side and top arguments=weight of tape in grams per meter. Tabular values

supports and point off 10 decimal places.
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‘Weight of.t,ape in grams per metor

CONSTANTS, FORMULAS, AND TABLES
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Temperature corrections for steel tapes

{Coefficient of expansion=0.0000116 per degree centigrade. Standard tem%erature of tape=20 degrees centigrade. For temperatures above 20 the corrections are plus, for temperatures

elow 20 the corrections are minus]

Temperature of tape in degrees centigrade

TU. 8. COAST AND GEODETIC SURVEY
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CONSTANTS, FORMULAS, AND TABLES

Table of log m
[Computed for the Clarke spheroid of 1866 as expressed in meters]
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Latitude Logm Latitude Logm - Latitude Logm Latitude Logm

o , -] ’ c ’ -] ’

0 00 | 1.40605 —10 20 00 | 1,40626 —10 40 00 | 1.40452 —10 60 00 | 1.40253 —10
0 30 695 —10 20 30 623 —10 40 30 446 —10 60 30 249 —-10
10 695 —10 21 00 619 —10 4 00 441 —10 6l 00 244 —10
1 30 694 —10 21 30 616 —10 41 30 436 —10 61 30 240 —10
2 00 694 —10 22 00 612 —10 42 00 431 —10 62 00 235 —10
23 694 —10 22 30 608 —10 42 30 426 -10 62 30 21 —-10
3 00 693 —10 23 00 605 —10 43 00 421 —10 63 00 227 —10
3 30 603 —10 23 30 601 —10 43 30 416 —10 63 30 223 —10
4 00 692 —10 24 00 597 —10 4 00 411 —10 64 00 219 —10
4 30 691 —10 24 30 594 —10 4 30 406 —10 64 30 215 —10
5 00 690 —10 25 00 590 —10 45 00 400 —10 65 00 210 —10
5 30 ‘689 —10 25 30 586 —10 45 30 395 —10 65 30 207 —10
6 00 688 —10 26 00 582 —10 46 00 390 —10 [ ] 203 —10
6 30 687 —10 26 30 578 —10 46 30 385 —10 68 30 190 —10
7 00 686 —10 27 00 573 -10 47 00 380 —10 67 00 195 —10
73 685 —10 27 30 569 —10 47 30 375 —10 67 30 192 —-10
8 00 683 —10 28 00 585 —10 48 00 369 —10 68 00 188 ~10
8 30 682 —10 28 30 560 —10 48 30 364 —10 68 30 185 —10
9 00 680 —10 29 00 556 —10 49 00 359 —10 69 00 181 —10
9 30 679 —10 29 30 552 —10 49 30 364 —10 6 30 178 —10
10 00 677 —10 30 00 548 —10 50 00 349 -10 70 00 174 —-10
10 30 676 —10 30 30 544 —10 5 30 344 —10 70 30 171 —10
11 00 673 --10 31 00 539 —10 51 00 339 —10 71 00 168 —10
11 30 671 —10 31 30 534 —10 51 30 334 —10 71 30 164 —10
12 00 669 —10 32 00 530 —10 52 00 329 —10 72 00 | 1.40161 —10
12 30 667 —10 32 30 525 —10 52 30 324 —10

13 00 665 —10 33 00 520 —10 5 00 319 —10

13 30 663 —10 33 30 518 —~10 53 30 314 —10

14 00 660 —10 of 00 511 —10 54 00 309 —10

14 30 658 —10 30 506 —10 54 30 304 —-10

15 00 855 —10 35 00 501 —10 55 00 299 —10

15 30 653 —10 35 30 496 —10 55 30 295 —10

16 00 660 —10 28 00 491 —10 56 00 290 —10

16 30 647 —10 30 486 =10 56 30 285 —10

17 00 644 —10 37 00 482 —10 57 00 280 —10

17 30 6842 —10 37 30 477 -10 57 30 276 —10

18 00 839 —10 38 00 473 -10 58 00 271 —10

18 30 636 —10 38 30 467 —10 58 30 266 —10

19 00 632 —10 29 00 462 —10 59 00 262 -=-10

19 30 | 1.40629 —10 39 30 | 1.40457 —10 59 30 | 1.40257 —10
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Are-sin correctione for inverse posttion computations

Log Apor
log AN

g2y
i

Are-sin
correc-

tion in
units of
seventh
decimal
of loga~
rithms

973
989
1005

N7 W———

log AN

w1610
29222 223883
cdededod ol o o o

units of | Log A¢ or

Are-sin
correc-
tion in

of loga-
rithms

decimal

seventh

33353

Log 81

415 ..
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[~ - 2]
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mg dedeioded
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Proportional change in a number corresponding to a change in its logarithm

[Computed from the formula =108 %

where s=modulus of common logarithms=0.4343]

Alog N Alog N Alog N Alog N
units of AN units of AN units of AN units of AN
seventh N soventh N seventh N seventh N
decimal one part decimal | one part decimal one part decimal one part
place in— place in— place in— place in—
85, 000 57, 100
84,000 56, 400
82, 000 55, 700
80, 000 55, 000
79, 000 54, 300
78, 000 53, 600
76, 000 53, 000
543, 75, 000 52 300
74, 000 51, 700
434, 000 72,000 51,100
395, 000 71, 000 B0, 500
352 600 5,000 4,400
310, 000 68, 000 48,800
290, 000 67, 000 48,300
271, 000 66, 000 47,700
255, 000 85, 000 47, 200
241, 000 64,000 46, 700
229, 000 63, 000 46, 200
217, 000 62, 000 45, 700
............ 207, 000 61, 000 45, 200
197, 000 60, 000 44,800
189, 000 59, 000 44,300
181, 000 58, 700 43, 900
174, 000 § T 900 43, 4“?
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U. 8. COAST AND GEODETIC SURVEY

Logarithms of radii of curvature of the earth’s surface (in metets)

[Based upon Clarke’s spheroid of 1866 as expressed in meters].

Latitude
Azimuth (degrees) -

0° 1° 2° 3° 4° 5° 6° 7° 8°
6.80175 | 6.80175 | 6.80176 ] 6.80177 | 6.80178 | 6.80180 | 6.80181 | 6.30183
177 178 178 179 180 182 184 186
184 184 185 186 187 188 180 192
1956 195 196 197 198 199 201 203
200 210 210 211 212 214 215 27
28 228 208 229 230 232 233 25
29 249 250 250 251 252 254 256
272 272 273 73 274 278 2 278
207 297 297 208 200 800 301 803
822 322 323 324 324 325 326 328
348 48 348 349 350 351 352 353
378 873 373 374 374 375 376 377
398 308 308 397 398 398 399 400
417 417 418 418 418 419 420 421
435 436 436 436 437 437 438 439
450 450 450 451 451 452 452 453
461 461 461 462 462 463 463 464
468 468 468 468 469 460 470 470
470 470 470 471 471 472 472 473

Latitude
Azimuth (degrees)

8° 9° 10° 11° 12° 13° 14° 15° 16°
6.50183 | 6.80186 | 6.80188 | 6.80191 | 6.80194 | 6.80197 | 6.80201 | 6.80204 | 6.80208
186 188 190 193 196 199 203 206 210
102 194 197 200 202 206 209 213 217
203 205 207 210 213 216 219 223 27
217 218 224 227 230 233 226 240
26 37 239 242 244 247 250 254 257
256 7 260 262 264 267 270 23 216
278 230 282 284 287 289 202 205 208
303 304 806 308 310 313 315 318 321
328 32 831 333 335 337 830 342 344
353 354 356 358 359 361 364 368 368
3 379 380 382 383 385 387 389 301
400 401 403 404 406 407 409 411 413
421 422 423 424 428 427 429 430 432
439 440 441 442 443 444 46 47 49
453 454 455 456 457 458 460 461 463
464 465 466 467 468 489 470 471 473
470 471 472 473 474 475 476 4/8 479
473 474 474 475 476 477 478 480 481

Latitude

18° 19° 20° 21° 22° 2° %°
6.80217 | 6.80222 | 6. 80226 | 6.80232 | 6.80237 | 6.80242 | 6. 80248
219 224 228 24 29 14 250
25 230 24 239 244 250 258
235 29 244 249 254 259 264
48 252 257 262 266 71 77
265 269 273 27 232 287 202
284 287 202 206 300 805 309
805 808 812 316 820 8% 320
8 334 338 1 345 350
850 353 357 360 364 867 371
373 876 379 382 386 389 392
396 398 401 404 407 410 413
417 419 422 424 427 430 432
436 438 440 443 45 448 450
453 454 456 459 451 463 465
466 468 470 472 473 478 478
476 478 479 481 483 485 487
482 483 485 487 480 400 492
484 485 487 489 490 402 104
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Logarithms of radii of curvature of the earth’s surface (in meters)—Continued

Latitude
Azimuth (degrees)
vt 20 | o0 | 260 | o0 | = | 200 | 300 | 3 | a2
pre. o

6.80272 | 6.80279 | 6.80285 | 6. 80202 6.80‘5’33

36

387 301 306 400 405

411 415 419 123
43

426 430 434 7 441
445 48 451 455 458
461 464 467 470 473
475 478 481 484 436
487 480 492 494 497
495 498 500 502

Latitude

32° 33° ° 35° 36° 37 38° 39° 40°

6.80200 | 6.80306 | 6.80313 | 6,80320 | 6.80327 | G.80335 | 6.80342 | 6.80350 | 6. 80357
300 307 814 322 329 336 34 351 359
306 312 319 320 833 340 348 355 363
313 320 326 333 340 348 355 362 369
34 330 337 343 350 857 364 871 878

37 313 349 355 362 368 3756 382 338
352 358 364 870 376 352 388 354 401
369 3;1;3 380 335 zg% 397 402 408 414
405 410 414 419 424 429 434 439 444
43 428 432 436 441 445 450 454 459

441 445 49 453 457 461 465 469 474
458 462 405 460 472 478 480 484 487
473 476 43 489 493 496 500

450 486
486 489 492 495 498 Bo1 504 507 510
497 500 502 505 508 510 513 516 519
505 525

507 510 512 515 517 520 523
510 512 514 517 519 522 524 527 520
511 514 516 518 521 528 526 528 531
Latltude

w0 a0 | e | 40 4 45° % 4 | a8

6.80357 | 6.80365 | 6.80373 | 6.80380 | 6.80388 | 6.80396 | 6.80404 | 6.80411 ] 6. 80419
50 366 307 404 412 420

370 3718 385 400 408 416 423
369 376 334 30L 398 4008 413 420 428
378 385 392 399 406 413 420 427 434
388 396 402 408 415 422 429 436 442
401 407 413 426 433 439 446 452
414 420 426 432 444 456
429 434 440 446 451 457 462 468 474
444 449 454 450 464 470 476 480
459 463 473 478 482 487 492 496
474 478 482 495 499 603
487 491 405 499 510 514 518
600 503 510 514 517 524 528
510 514 517 520 528 520 632 536
519 522 525 528 531 534 536 539 542
528 531 534 530 542 54 547
529 532 634 537 540 542 545 548 550
531 533 536 538 1 644 546 549 661

18571°—20——14
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U. 8. COAST AND GEODETIC SURVEY

Logarithms of radii of curvature of the earth’s surface (in meters)—Continued

Latitude
Azimuth ( )
48° 49° 50° 51° 52° 53° 54° 55° 56°
6.80410 | 6.80426 | 6.80434 | 6.80442 | 6,80449 | 6.80457 | 6.80464 | 6.20471 | 6.80479
420 428 435 443 450 458 465 472 479
423 430 438 45 453 460 467 474 481
428 435 442 450 457 464 471 478 - 485
434 441 448 455 462 469 476 483 489
442 - 449, 456 463 469 476 482 480 495
452 458 465 471 477 484 490 496 502
462 468 474 480 486 492 498 503 509
479 485 490 496 501 506 512 517
490 495 500 505 510 515 520 525
501 506 510 515 520 524 528 533
512 616 520 B524 528 533 837 B4l
522 526 530 {- 533 537 541 544 548
531 534 538 fut 541 545 548 651 555
530 542 545 548 551 554 557 560
545 548 551 554 5587 569 562 565
550 553 555 | 558 561 563 566 568
553 555 558 560 563 566 568 570
554 856 559 561 566 560 57L
mﬂ 640

6.80526 | 6.80532
500 507 526 532
502 500 528 534
498 505 511 518 524 530 536
496 502 509 515 521 627 533 539
501 508 514 520 526 531 837 542
508 514 519 528 530 536 641 546
515 520 525 531 536 541 546 . 551
522 527 532 537 542 546 851 556
530 534 539 543 58 552 556 560
837 542 546 560 554 558 562 585
515 548 852 556 560 563 567 570
552 556 558 562 565 568 6§72 575
558 561 564 567 570 573 576 579
563 566 569 572 574 817 530 582
568 570 573 576 578 580 583 585
571 573 576 578 580 583 585 587
873 576 578 §80 582 584 586 588

574 576 578 580 583 585 587

Latitude
Azimuth (degrees)
64° 65° 86° e7° 68° 69° 70° 71° 72°

[ 6.80532 | 6.80538 | 6.80544 | 6.80550 | 6.80555 | 6.80560 | 6.80565 | 6.80570 | 6.80575
532 538 544 550 556 561 566 570 575
534 540 5456 551 556 562 566 571 576
538 542 547 553 558 563 568 ' 672 577
530 544 560 555 560 565 570 574 818
542 548 553 568 562 567 572 576 580
546 551 556 561 565 570 574 578 583
551 556 560 564 560 573 577 581 584
556 560 b64 568 572 576 580 583 587
560 564 568 572 576 579 583 586 589
565 569 573 576 579 583 586 589 502
870 574 577 580 583 586. 589 591 504
678 678 581 584 688 689 591 504 506
579 582 584 587 589 592 504 596 568
582 585 887 590 592 504 506 508 600
585 587 590 592 504 598 508 600 601
587 589 591 593 595 597 500 601 602
588 590 502 504 596 508 600 601 603
580 591 593 595 697 598 600 602 603
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Factors used in the compuiation of elevations from reciprocal and nonreciprocal

observations
[The unit of length throughout these tables is the meter]
LoG A
Elevation ) . Elevation .
A, units A, units
of occupied Log 4. of occupied *
station, fi of fifth place station, 1 %fog.mh place
Meters Meters

0 0.0 3009 20.5
73 0.5 3156 2L5
22 15 3303 2.5
367 2.5 3449 2.5
514 3.5 3506 4.5
661 4.5 3743 25.5
807 5.5 3390 26.5
954 8.5 21.5
1101 7.5 4183 28.5
1248 8.5 20.5
1304 9.5 4477 30.5
1541 10.5 4624 3L5
1688 1L 5 4770 32.5
1835 12.5 4917 33.5
1982 13.5 34.5
2128 4.5 5211 35.5
2275 15.5 5357 368.5
2422 16.5 5504 3.5
2569 17.5 5651 38.5
2715 18.5 5798 39.5
2362 19.5 5945 40.5

LOG B AND LOG C
[Log B has the same sign as the approximate difference of elevation; log C is always positive]

Tog ap-
proxglmat.e
difference | T0g B,
of elevation | ynits of Togs Log C
=logstan | sth place
( h—i‘x)
2
0.0 0.0
2.167 0.5 4.875 0.5
2. 644 L6 5. 113 L&
2. 866 2.6 5. 224 2.5
3.011 3.5 5.297 3.5
3.121 4.5 5. 352 4.5
3.208 5.5 5.305 5.5
3.281 6.5 5,432 6.5
3.343 7.5 5. 463 7.5
3.397 8.5
3.445 9.5
3. 489 10.5
3.528 11.5
3. 565 12.5
3. 508 13.5
3.620 145
3.658 15.5
3. 685 16.5
3.71 17.5
3.735 18.5
3.758 19.5
3.779 20.5
3. 800 215
3. 22.5
3.839 2.5
3. 857 2.5
3.874 25.5

*QOr log & cot [5’1—(0.5—1») p—s%?;] for nonreciprocal observations.
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Length of 1 degree of the meridian at different latitudes

- Geographic Geographic
Latitude Meters Statute miles Latitude Meters Statute miles

(degrees) miles (17 of the (degrees) miles (1 of the
- equator) equator)

110.568.5 68. 703 59. 594 111,132.1 69. 054 59, 808

110, 568.8 68, 704 59,594 111, 151. 9 69. 067 59. 908

110, 569. 8 68. 705 59. 505 111,171.6 69, 079 59.919

110, 571. 5 68. 706 59. 506 111,181.3 { - 69.091 59, 929

110, 573.9 68. 707 §9. 597 111, 210.9 69.103 59. 940

| R 110, 577.0 68. 709 59, 598 111, 230. 5 69. 115 59, 951

68,711 59, 600 111,249.9 69.127 59. 961

68, 714 59. 603 111, 269.2 69. 59, 972

68. 717 59. 608 111, 288,3 69, 151 59, 982

68,721 59. 609 111,307.3 69. 163 59. 992

110, 602.3 68. 725 59.612 | 55_ ... 111, 326.0 69,175 60. 002

, 609.3 68, 720 59, 616 . 5 69.138 60,012

110,617.0 68. 734 59620 4 89,198 60. 022

110, 625.3 68,739 59. 625 . 7 69. 209 60. 032

110, 634.2 68, 745 59, 629 4 69.220 60. 041

110, 643.7 68. 751 50. 634 7 89, 230 60. 051

110, 653.8 68, 757 §9. 640 7 69. 241 60. 060

110, 664. 5 68, 763 59. 646 . 4 69, 251 60. 069

110, 675.7 68, 770 59, 652 7 69. 261 60.077

110, 687.5 68. 778 §9. €58 5 69,271 60. 086

110, 600.9 68. 786 59. 665 111,497.0 69. 281 60, 094

110, 712.8 68. 794 59.672 111, 512.0 89. 290 60. 102

110, 726. 2 68. 802 59. 670 111, 526.5 69. 299 60,110

110, 740. 1 68, 810 §9. 656 111, 540. 5 69.308 60,118

110, 754. 4 68. 819 59, 694 111, 554.1 69. 316 60. 125

110, 769. 2 63. 829 59,702 111, 567.1 69, 324 60. 132

110,784 5 ©8. 838 59, 7110 111, 579.7 69. 332 60.139

110, 800. 2 68. 848 59. 719 111, 591.6 69,340 60. 145

110, 816.3 68, 858 59. 727 111, 603.0 69. 347 60. 151

110, 832.8 68. 868 59. 736 111, 613.9 69. 354 60. 157

68. 879 59. 745 69. 360 60. 163

. 68.839 59. 755 69, 366 60. 163

68. 900 59. 764 69.372 60.173

68, 911 59,774 69.377 60.177

110, 920. 4 68, 923 59. 784 69.382 60. 182

110, 938.8 68, 934 50,704 60. 386 60. 186

110, 957. 4 63. 948 59, 8504 69. 390 60. 189

110, 976.3 68. 957 59. 814 69, 304 60. 192

110, 995.3 68. 969 §59. 824 69. 397 60. 195

111, 014.5 68, 981 59, 834 69. 400 60.197

111, 033.9 68. 993 59. 845 69, 402 60.199

111, 053. 4 €9. 005 59, 855 69. 404 60. 201

111, 073.0 69. 017 59. 866 69. 405 60, 202

111, 092, 69. 029 59. 876 69. 407 60. 203

111, 112. 4 69. 042 59. 887 69. 407 60, 204

[ T —— 111, 132.1 69, 054 59,898 || 90unuenanewans| 111,700.8 69. 407 60. 204
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Length of 1 degree of the parallel at different latitudes

Geographic Geographic

Latitude Meters Statute miles Latitude Meters Statute miles

(degrees) miles (17 of the (degrees) miles 1’ of the
Equator) quator)

111,321.9 69.171 78, 850.0 48. 995 42,498
111, 305.2 69. 162 77,466.5 48,135 41.753
111, 254. 6 69. 130 76, 069.2 47. 261 40,994
111, 170. 4 69.078 74,628.5 48,372 40,223
111,052.8 69. 005 73,174.9 . 469 39, 440
110, 601. 2 68.911 71,698.9 44, 562 38. 644
110, 716.2 68. 796 70, 200, 8 43. 621 37.837
110, 497.7 €8. 660 68,6811 42, 676 37.018
110, 245. 8 68, 503 67,140.3 41.719 36. 187
109, 960. 5 68.328 65, 578, 8 40. 749 35. 346
68.128 63,997.1 30. 766 34,493
7. 909 62,3057 38.771 33. 630
67. 670 60,775.1 37. 764 32,757
67.411 59, 135. 7 36. 745 31.873
67.131 57,478.1 35.715 30.979
55, 802. 8 34.674 30.076
66. 510 54,110.2 33. 622 29, 164

66. 169 52, 400.9 32, 560 28,
. 808 50, 875, 4 31.488 27.313
65. 427 48,9343 30, 406 26,374
66. 029 47,178.0 29.315 25. 428
64. 606 45,407.1 28,215 24,473
64166 43,622.2 27.106 23. 511
63. 708 41,823.8 25, 988 22,542
63. 227 40,012, 4 24,862 21. 566

3 62.729 38,188.6 23.729

. 62.212 36, 353.0 22, 580 19. 593
. 61. 676 34, 506. 2 21,441 18. 508
364.8 61. 121 32,648.6 20,287 17. 597
41.9 548 30, 780.9 19.126 16. 590
| R — 96,489.3 50. 956 28, 903. 6 17. 960 15, 578
95, 507.3 59. 345 27,017. 4 16. 788 14. 562
94, 406, 2. 58, 717 25,122. 8 15. 611 13. 541
93, 456. 3 58. 071 23,220. 4 14.428 12,515
92,387.9 57. 407 21,310.8 . 242 11, 486
. T — 91,2013 56.726 19,304.6 12.051 10.453
90, 166. 8 56, 027 17,472.4 10. 857 9. 417
89,014.8 56.311 15,544. 7 9. 659 8378
87, 835. 6 54, 578 13,812.2 8.458 7.337
86, 629.6 53. 829 11,675.5 7.255 6,293
85,307.0 53. 063 9,735.1 6.049 5,247
84,138.4 52. 281 7,717 4,841 . 200
82, 854.0 51.483 5,945.9 3. 632 3.151
81,544.2 50. 689 3,808.3 2.422 2.101
80, 209. 4 49. 840 1,949.4 1211 1. 051
T S — 78, 850.0 48. 995 0.0 0.000 0.000




CONVERSION TABLES

Zengths—Feet 1o melers (from 1 o 1000 undtsy

[Reduction factar: 1 foot=0.3048006008 meter]

Feot' | Meters Feet Meters Feet Meters Foet Meters Feet | Moters

0 0.0 50 15.24003 100 80.48008 150 45.72000 200 ,96019
1 0.80480 1 15. 54483 1 80.78488 1 46.02489 1 61.26402
2 0.60060 2 15.84963 2 81.08068 2 46.32960 2 -56972
3 0.91440 3 16.15443 3 81.39446 3 46.63449 3 61.87452
4 1.21920 4 16.45023 4 31.69926 4 46.93929 4 62.17933
1.52400 H 16.76403 S 82.00408 5 47.24400 5 62.48413
. 82880 6 17.06883 6 82.30886 6 47.54890 6 . 78803
2.13360 7 . 37863 7 82.61367 7 47.85370 7 63.00373
2.43840 8 17.67844 8 82.01847 8 48.15850 8 63.30353
2.74321 9 98324 9 33.22327 9 48.46330 9 63.70333
10 3.04801 60 18.28804 110 3 160 48.76810 210 64.00813
3. 35%1 1 18.50284 1 383.83287 1 49.07200 1 64.31203
8.65761 2 80764 2 34.13767 2 49.37770 2 64.61773
3.96241 8 19.20244 3 84, 44247 3 49.68250 3 64.92263
4.26721, 4 . 50724 4 4 49.98730 4 65.22733
4.57201 5 19.81204 5 5 50.20210 3 65.53213
4.87681 6 20.11684 6 35.35687 6 50. 59690 6 . 83603
5.18161 v 42164 7 35.66167 7 50.90170 7 66.14173
B.43641 8 . 72644 8 85. 96647 8 51.20650 8 . 44653
5.0121 9 21.03124 | 9 9 51.51130 9 75133
20 8.02601 70 21.83604 120 170 51.81610 220 67.05613
1 8.40081 1 .04084 86.88087 1) - 1 52.12000 1 7.36003
2 6.70561 2 94564 87.18567 2 52.42570 2 67.66574
3 2.01041 ] 22.25044 37.49047 3 52.73051 3 67.97054
4 7.81521 4 22.55525 4 37.79528 4 53.03531 4 68.27534
H 7.62002 S 22.86005 88.10008 ) 53.34011 5 68.58014
6 7-92482 6 23.16485 38.40488 6 53.64491 6 68.88494
7 8.22062 7 . 46965 38.70068 7 53.94971 7 69.18974
8 8.53442 8 23. 77445 8 89.01448 8 54.25451 8 69, 40454
9 8.83922 9 24.07928 1] 89.31928 9 b4.55931 9 60.70934
80 914402 80 24.38405 130 39.62408 180 54.86411 230 70.10414
1 9.44882 1 24.63885 ] 89.02888 1 . 16891 1] . 40804
2 D.%ggg 2 24.99365 40.23368 2 55.47371 2 70.71374
3 10. 3 29845 40. 53848 3 55.77851 3 71.01854
4 , 86322 4 25.60825 4 , 84328 4 56.08331 4 32334
10.66802 25.90803 H] 41,14808 5 56.38811 5 71.62814
0.97282 28.21285 6 41.45238 6 58.60201 03204
11.27762 28.51765 7 41.75768 7 . 99771 72.23T74
11.58242 26. 82245 8 42.06218 8 57.80251 . 54255
11.88722 27.12725 9 42,36728 9 57.60732 72.84735
L) 12.19202 90 27.43206 0 42.67200 190 57.91212 40 73.18215
49082 73688 1 42.97639 1 £8.21692 73.45605
12.80163 23.041668 2 43.23169 2 58.52172 93.76178
10643 34646 3 43.58649 3 . 82652 §4.08635
L 13.41123 L 65126 4 4 59,13182 §4.37136
13.71603 g 28.95606 $ 44.19609 5 50.43612 94.67615
4.02083 29. 26086 6 44.50089 6 59. 74002 94.98005
14.32563 29.56568 7 44, 80569 7 60.04572 %5, 28575

14.63043 29, 87046 8 45.11049 8 . 35062

93028 47620 8! éhali2 9) 6000032
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Lengithe~Feet 1o melers (from 1 %o 1000 units)—Continued

pram—— -Aaung voaan m'nsng voann .hom-g Boann houng emvan awnmd g

Feet | Meters Feet | Meters || Peet | Moters. || Feot | Metars
76.2005 [f 00| oL4018{ ss0| 106.68021 | 00| 121920241 450| 187.16027
76.50495 91, 74408 1| 108.98501 1| 12222504 137. 46507
92.04078 2| 107.28081 2| 122.52085 137. 76988
77.11455 92.35458 3| 107.50462 8| 122.83465 E 07463
4| 92.650% 4| 107.80082 4| 123.13945 4| 138.37048
7. 72416 02.06419 108.20422 5] 123.44495 188.63423
78.02306 93.26890 108.50902 6| 123.74905 08908
78.33376 83.57379 108.8 7| 124.06385 139. 20383
63856 . 109.11862 8] 124.35865 139, 59868
78.94336 94.18330 100, ol 124.66345 13990348
o816 || s10| 9448819 s60| 100.72822 11 410| 124968251 460 20828
79. 55206 94, 70200 110. 1. 40. 51308
79.85776 95.09779 110.33782 125. 57785 40. 81788
95.40259 110. 125, 4112263
46738 95.70739 110.94742 s| 126.18145 4 141, 42748
80.77216 06.01219 5| 111.25222 5| 196.40225 [ 41. 73228
31690 111.56702 12 42. 03708
81.38176 08.62179 111. 86182 127.10185 42, 34183
3 92650 11216662 127. 40865 42, 64669
81.99138 97.23139 112.47142 121.71146 142.95149
£2.20816 || 320 s10| 1277631 420f 128.01626 (1 470 | 143.26628
82, 07.84100 113.08103 128.32106 43, 56100
0.1 113.33583 . 62588 43.86580)
83.91057 3 128.93066 44, 17060
7 98, 75540 4 4 . 23546 4 44,4754
83.82017 0.08020 114.30023 129. 54026 144.78020
84.12497 ©0.36500 4. 145. 08500
84.42077 66980 4. 130.14986 345.32089
73457 09, 97460 3| 115.21463 145.60460
85.08037 3| 100.27940 115.51943 13075048 145.
85.34417 || 330| .100.5820|| sso| 115.82423] 30| 331084281 480| 14680429
64807 100. 83900 1612903 131.56906 348,
85. 95377 10119330 116.43383 131. 67386 326.913%9
8625857 101. 49860 116. 73863 131.97866 147, 21860
56337 4 4] 117.08343 4] I3 4 . 52350
86817 10320 117.84823 132.58827 47
87.17297 117.65304 132. 14813310
87. 47177 102. 71781 11795734 133.19787 148, 43790
. 78258 8 X 8. 26284 133. 348, 74270
883.08738 p| 103.32741 118.56744 133.80747 349.04760
s2.30m8 || 340 890 s7oos |l 440] 1AIWTR do0| 140
eooos il 1] 103.93701 119, 17704 134.41707 349, 65710
78 2 . 48184 134, 349.96190
30658 s| 1 319. 78664 135. 150.
8061138 4| 310485141 120.00144 4| 385.33147 4] 160
£9.91618 5| 105.15621 5 89624 5| 135 8
90, 22008 6] 10546101 6| 120.70104 6] 135.04107 151.158110
90, 52578 7 105. 76581 7 21. 00884 7 130. 24587 151. 48580
90.83058 || . 8 106.07061 8| 321.31084 8| 136.55067 151, 79070
@1.13588 p} 106874 9 9} 136 152,
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Lengthe—Feet to melers (from 1 to 1000 units)—Continued

hem———
Feot | Moters | Feet | Motors || Feet | Meters || Foet { Motars || Feot | Moters
500 | 152.40030) s50] 167.e4034(| 600 22087l e50f 108.12040(| 700| %13.36043
1| 15270511 1| 167.94514 1| 183.18517 1] 198.43520 1| 213.68523
2| 153.00001 2 , 24004 2 . 48897 2| 198.73000 2 07003
8| 153.31471 3| 368.55¢74 3| 183.70477 8 190.03480 3| 21421433
4| 153.61951 4 85054 4 09957 4| 19933960 4] 214.5763
5 92431 5| 100.16434 5 40437 5] 199.64440 5| 214.8343
6| 15422011 6| 16046914 6( 18470917 6 109.04920 6 215.102
g . 53391 7 . 77304 7 01397 7| 200.25400 7 5. 49403
8| 154.83871 8| 170.07874 8| 185.31877 8 . 55880 8l 215.70883
] 1 9 38354 9| 185.6257 9| 200.85360 9 10363
B10 T, 560| 170.68834 | 610 185.92837[f 660 L1640 |1 10|  218.40843
1| 155.75311 170.99314 1| 186.23317 1| 2014732 1 6.
21 15605791 2| 17120794 2| 186.53797 2 N 2| 217.01303
8 . 171. 60274 3| 1se. 3 3] 97.32283
4] 156.66751 17190754 4| 187.14%57 4| 202.38760 4| 217.62784
[
B X ] 21934 5| 187.45237 51 202.60241 s| o17.9%4
8| Irewv 172.51715 6| 18775718 6 99791 6{ 215.2374
7| 157.58192 82195 7 . 06193 7{ 203.30201 7| 218.51204
8l 157.887 173.1%675 8| 188.38678 8| 20360881 8| 218 81684
9| 15810152 43155 9 67158 9| 203.91161 * 9| 219.15164
B20| 15s.40832)] s70] 173.73635( 620| 1s8.9%38|l 70| 2042l 720 9.
1] 158.80112 174.04115 1| 189.28118 1] 204.52191 1] 219.76124
2| 15910502 174.34585 2 . 58503 2 . 2260 2z .
8 159. 41072 . 65075 3 3 3 205. 13081 38 230. 37084
€] 1%.71552 174.95355 4] 190.19558 4 4| 220.67564
8 02032 5 26035 5| 190.50088 5| 205.74041 5| 200.98044
.g 360.82512 51 175.56515 6| 190.80518 6 04521 6| 221.23524
62092 5. S6995 7| 191.10008 7 35001 7| 221.50004
B| 180.93473 176.17475 8| 191.41478 8| 206.65481 8| 221.80484
,®| 16n2%052 ¢ 9 71958 9 . 95031 9 19964
"B80 | 161.5443 5801 176.78435(1 630 02438 || e6s0| 207.20411|f 70| 20250445
1 161. 84012 . 08015 1 192.32918 1 207, 56922 1 . 80925
2| 16215302 .39395 2 63299 2| 20787402 2] 22311408
8 16245872 177.69876 3| 192.033% 3| 208.17382 8| 9223.41883
4 76353 178.00356 4 ., 24350 4| 208.48362 4 , 72365
5| 163.06333 ] 30836 5| 193.54830 5 78842 5 02848
5| 163.37213 6| Ims.a1316 6| 193.85319 6| 200.0:322 6] 201.33325
g 1e3.¢7793 q 91786 91 1041519 7] 209.39802 7 . 63805
B| 163 8 22376 8l 1944 81 200.70282 8| 221.9198%
9| 164.28753 9| 179.52706 9| 10476750 9| 210.00762 9| 295.2768
80| 264 se0! 170.83236| 640 69| ao.s122(l 740 .
1| 16489713 1| 1380.13716 1| 19537719 1| 210.61722 1| 225.85725
2| 16520193 2| 180.44195 21 195.6819%0 2| 2u0io2202 2| 22.16205
8| 16550873 3| 180.74878 3| 19598679 3| 2112282 3 . 46685
4| 165.81153 4 05156 4] 196.20159 4 21153162 4| 26.77163
B| 1068.11633 5] 181.85636 5| 196.50839 5| o188 5] 2005
6! 166.42113 6| 18166116 6| 196.00119 6| 214122 6| 238125
BE: e BE e e
8 167, 83563 91 1825257 9l 197.81580 g ] 29666
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Lengthe—Feet 10 meiera (from 1 To 1000 units)—Continued
Poct | Meters | Feet | Meters | Foet | Metors || Feet | Moters || Feet | Moters
wso| 2m.60048 1 800| 943.84040)] 850] 950.08063(| 900 274.32055) 950 289.50058
1 90528 1 14520 1| 250.38582 4,62535 1 86538
2| 2221006 2 - 45009 2| 200 60012 274.93015 2| 29017018
8| 205138 8| a2.751%0 8] 2990402 5. 23495 3 .47
[ 81966 4| 245.00000 4] 280.2072 275.53075 3 X
5| 01208 s| o380 5| 9280.60452 . 84455 5 .
E| 230.420%8 6 66029 6 00032 276.14935 6 .
g| 2307408 7| 290 71 221412 278.45415 72| 291le0u8
8| 231-03888 946.27880 8| 261 51892 276.75895 8] 201790808
9| 23134366 9| 246.550 9 -82373 277.06375 9| 292.30378
760 236438 810 .eene0 || 860 | ge2.12ss3|l 910 96955 || 960] 202.60850
1| 931 95328 1| 2471039 1 43332 977.67330 1| 29201330
2| 2225%6 2| 2470500 2| 20273813 27797810 2| 232819
3| @ 8| a4 3 104208 278.98206 3 .52
232.86767 ] 4| 263341 4| 2m.5em8 4 .
5] a7 5| os.4190 . . 90256 :
6| 283 47727 6| 2687170 963.05733 279.19730 204. 43730
g | 23378207 7| 24.02210 126213 - 50216 7
8| 23408887 8| 24032600 . . 50606 205.01603
B| 234.30167 o] 2Me30 264.37173 2%0.11176 9| 296.35179
go| oeeoea7|| m20| oe0.0ses0( 8 1 920 | 280.41658 )1 o .
1| 25000127 1 -24130 265. 48133 1| 2s0.72136 20506130
2| 2580007 2| 9250.51810 265.78613 2 ~02616 206.26618
8| 561087 3 . 85000 266.09003 3 33006 57008
4] 235.91567 4] 251.1550 4| 266.397 4 .63576 4| :6.2m18
5| o8.22007 5| 251.46050 £ 04056 207.13050
B oo 6] 95176530 267.00533 982.24536 207.43539
. 7| 2507010 267.31013 252.55017 29779020
8| 2713437 8| 25237490 267.61494 289. 85407 00500
8| 2a7.43087 8| 2:2.6mm 3| 267.01074 15077 208.39980
780| osrruas|l ms0| oyl eso .o0454 || 930 . 980 [ 298.70400
1| Zs.04028 25323031 52084 X 1 00940
2 85408 253. 50411 268.83414 984.07417 2| 9200.31420
8| 23865388 25380801 260.13804 -37807 3| 200.61900
4| 238.96368 254.2087L 4| 2e0.40374 $| uemm 4 02380
5| 230.26848 50851 200.74854 284.98857 5| 800.22880
6| 205728 -81331 05334 985.90837 800.53340
7| 208708 955. 11311 270. 35814 285. 60817 83820
3| 240.18088 - 42201 . 66204 00207 -14300
9| 20.45763 255.7217, a70.00774 286.20777 801.44720
wo! oim7sll seo| ose.cm2stll es0 54 || o0l ose.prosy| 990 .
11 .00 256.33781 27157734 936.81737 802.05740
2| 24140208 256.64211 271.88214 112217
8| 2417088 04601 18004 287. 426807 302. 66701
4| 242.01168 [ 257.25171 272.40174 4 287.73178 4 802.9718L
5| 24231888 . . 5| 288.03658 803.27661
6| 212en2 9257.86133 273.10135 988.34138 803. 58141
y| 243.92600 258.16612 273. 40615 238, 64618 - 58621
8| 243.23089 || 4 273.71005 28895008 30419101
9| 243.53569 253.77572 274.01576 239.25578 .




212 U. 8. COAST AND GEODETIC SURVEY

Lengths— Meters 1o feet (from 1 to 1000 units)

[Reduction factor: 1 meter=s3.280888333 feet]

o —
Me- Me- Me- Me- Mo~
Yoo west | Mo | peer | Mo | weer M| meet | Me| pes
1] 50 164.04167 100 828. 150 402,12500 200 @56.1
1 8.28083 1 167. 1 831.806417 1 495. 40583 659. 44750
2 8.56167 2 170.60333 2 834.64500 2 . 63667 662.
8 §.84250 8 173.88417 8 837.02583 8 801.96750 666.00017
4 13.12333 4 177.16500 4 841.20667 4 5 669.
5 16.40417 180. 44583 5 844.48750 ] . 7 672.
[ ] . 68500 72667 6 847.76833 6 511.81000 @75.85167
4 . 96583 187. 00750 7 851.04017 2 b18. 670.13250
8 28.24667 190. 28833 8 854.33000 8 b518.87167 8 682.41833
1] 20.62750 163. 50!911 9 857.61083 9 821 [ 685.69417
ao| zsmmll ol wesoof 10| sesmerf e e 20| ess.om0
b 36.08917 200. 13083 1 364.17250 1 528.21417 602. 25583
2 . 37000 b 203. 41167 2 867.45333 2 B31. 605.
8 . 66083 208. 3 870.73417 3 534. 77583 E 698.81750
4 45.93167 209.97333 4 874.01500 4 538. 702
5 49.21250 218.28417 877.29588 £41.33750 705.37917
[] 49333 2186. 53500 880.57667 544.6 5
Y 55. 71417 219.81583 883. 85760 547.89017 1
[ . 05500 8 223.09667 887. 851 715.22187
] 62.336583 [} 226.37750 800.41917 . 30250
w0 65.610667 70 65333 120 808.70000 170 B857.74167 220 721.78333
1 232.93017 3 561. 1 725.008417
2 400. 26167 b64. 2 728.34500
8 %6.45017 . 567.58417 3 781.
4 7 242.78167 406.82333 4 510. 4 734.90887
3 410.10417 574.14583 18750
6 85.80167 9. e B77.42667 5 741.
% 252. 62417 416. 66583 880.70750 744.74017
419.94667 583.98833 748.
9 ©5.14417 250.18583 e 887.26017 761.31083
80 80 46667 130 428. 180 590.55000 230 B4
1 101. 70583 265. 74750 420.78017 503. 767.87250
2 104.98667 . 02533 433. 597.11167 .
8 108.26750 272.30017 436.35083 600. 764. 43417
'} 54838 275.59000 4 439.63167 603.67338 767. 71500
Bl 114.82017 278. . 95417 770.09583
6 118.11000 9282. 15167 448.19333 610. 23500 774.27667
.39083 285. 449.47417 613. 51685 777.55750
124.67167 288.71333 452. 75500 616.79667 780.
R 201.90417 458.08583 620.07750 784.11017
40 .23333 90 298. 27500 140 450.81687 190 @23.35833 40 787.40000
1 134.51417 298. 1 4682. 59760 626.63917 790. 68083
2 137.79500 £ 301 2 465.87833 629.92000 $93.906167
s 141.07583 & 805. 11750 3 460.15017 633.20083 § £97.24250
144.35667 4 472.44000 636. 48167 : $00.62333
5| w.em anomrfl 5| e €89.76260 80880017
6 91833 314. 96000 6 470.00167 643.04333 807.08500
g 15;. 19017 321 % g \ 2%%- 28250 ﬁg. 82417 810. 36583
I §f REG §) =Rl §) SREEE
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Lengthe—Metera to feet (from 1 to 1000 units)—Continued
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=
Mo- Mo- Mo- - Me- Mo-
fers Feet ters Teet ters Feet ters- Fect oS Foot
250 . 20833 300 3 850 | 1,148.20167 400 | 1,812.83333 450 | 1,478.37500
1| 823.48017 937. 53083 1,151.57250 1| 1,815.61417 1|1,47.
2| 826.77000 990. 81167 ,154. 21 1,318.89500 2 1 1,482.93067
8 . 05083 994.00250 31 1,158.13417 3| 1,322.17583 9| 1,486.217:0
4| 833.33167 4 007.37323 4 | 1,161.41500 4 | 1,825.45067 4 | 1,480.49833
S| 836.61250 1,000. 85417 1,184. 5| 1,328.73750 5 11,402.7012
€ , 89333 1, 003. 93500 1,167.97087 61 1,332.01833 6 | 1,456.06000
9| s43.1747 1,007.21583 1,1;.257 7] 1,335.20017 91 1,499.34083
8 45500 8 | 1,010.40667 1,174.53833 81 1,338.580C0 8 1,502.62167
9| 849.73583 91 1,013.77760 1,177.81017 9| 1,841.86083 9 | 1,505.90250
260 | 853.01067 || 810}1,017.05833 | 360 ]1,181-0000 | 410 1,345.14167 || 460 | 1,500.18333
1 . 29750 1,020.33017 1, 184.88083 1] 1)348.42250 1| 1,512.48417
2 59. 57833 ; 1,187.66167 2| 1,351.70333 2 { 1,515.74500
8| 862.85017 1,026.80083 1,190.94250 8| 1,354.98417 8] 1,519.02583
4 14000 4 | 1,030.18167 4 | 1,194.22533 4| 1,358.26500 4 | 1,522.30067
8 . 42083 1,033. 46250 1,197. 50417 5] 1,361.54588 ,525.58760
6] 872.70167 1,036, 74333 1,200. 78500 6| 1,364.82067 ,523. 86833
v . 96250 1,040.02417 5204. 06583 - 71 1,368.10750 ,532.14917
8| £79.26333 8| 1;043.30500 1,207.34867 8| 1,871.38833 8 | 1,535.43000
P| 882.6M17 9 } 1,048.58583 1,210. 62750 9| 1,874.66017 9 | 1,538.71083
210 . 82500 820 | 1,049.866867 370 3 420 | 1,877.95000 470 | 1,541.99167
% 889.10583 1,053.14750 1,217.18017 11 1,381.23083 »545.27250
. 3868, ,056. 42833 1,220. 47000 2| 1,384.51167 ,548. 55333
g ‘895. 66760 1,059. 70917 8| 1,223.75083 3| 1,387.79250 ,561.83417
4]1,062.99000 | . 4] 1,227.08167 4| 1,300 4 | 1,556.11500
] . 22017 1,066. &1 1,230.31250 1,394.35417 ,558.39583
6| 905.51000 1,060. 55167 6 | 1,233.50333 > 397.63500 , 561, 67667
g1 908.79033 072. 83250 7 | 1,236.87417 ,400. 91583 ,564.95750
8| 912.0m67 8| 1,076.11333 8 | 1,240.15500 ,404.10667 ,568. 23833
9| 015.35260 0 | 1,070.30417 9 ] 1,243.43583 ,407.47750 ,5671.51917
280} 018.63333 1,082.67500 380 | 1,246.71667 430 | 1,410.73838 480 { 1,574.80000
1 921.91417 1] 1,085.95583 »249. 90750 ,414.03017 ,878-08083
2| 925.19500 2 | 1,080:23667 ,253. 27833 ,417. 32000 , 581.36167
8| 928.4758 8 | 1,002.51750 , 258. 56017 »420. 60033 ,584.64250
4| ©81.75667 4 | 1,005.70833 4 | 1,259.84000 4 | 1,423.88167 4 | 1,5687.92833
8] 1935.03760 1,000.07617 1,263.12083 ,427.16250 1,591.20412
6 . 31833 1,102.36000 »268,40167 ,430. 44333 ,504. 48500
z 941.50017 1,105. 64083 , 269. 68250 ,433. 72417 1,597.76583
. 83000 8] 1,108.92167 , 272.96333 ,437. 00500 1,601.04667
9| 948.16083 9| 1,112.20250 ,278. 24417 440, 28583 1,604.32760
2901 961.44167 840 | 1,115.48333 890 [ 1,279.52500 440 | 1,443.56667 490 | 1,607.60833
1! 954.72250 1,118.76417 1,232. 80583 1| 1,446.84750 1,610.88017
2| 968.00333 1,122.04500 1,286.08867 2 | 1,450.12833 1,614. 17000
8] 961.28417 1,125.32583 1,289.36750 8] 1,458. 40017 ,617.45083
4| 964.56500 4 | 1,128.60667 4] 1,202.64833 4 | 1,456.69000 4 | 1,620.73167
S| 9067.84583 1,131.88760 1,205.02017 51 1,450.97083 1,82,
6| 971.12667 1,135.16833 5 | 1,299.21000 61 1,463.25167 1,627.29333
; 974. 40750 1,138.44917 1,302.49083 7 | 1,4686.53250 1,680.57417
. 68833 714173000 1,305.77167 8| 1,460, 81333 3 | 1,633.
9| 880.06017 Q1083 1,609,05250 8 1 3,478,00412 3,682.18688
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Leengths—Meters 1o feet (from 1 to 1000 units)—Continued

‘Me- Mo Me- Mo~ Mo~
tors | Tt fgers | et [lferg | Feet fl g | Feet oD | Teet
500 | 1,640.41667 || 550 ] 1,804.45833 || 600 | 1,068.50000 {| 650 | 2,132,54167 || 700 | 2,206.53338
1 | 1)643.60750 1 | 1,807. 73017 1,971.78083 1| 213582250 1 | 2,200.88417
2 | 1,646.97833 2 | 1)811.02000 1,975.06167 2| 2139.1m33 2 | 2)308.14500
8 | 1,850.25017 3 | 1)814.30083 1,978.34950 3 | 274238417 3] 2)308. 42583
4 | 1,658.54000 4 | 1,817.58167 4| 1,081.62333 4 | 2)145.68500 4 | 2)300.70067
5 | 1,658.82088 5 | 1,820.86250 1,084.90417 9,148.94583 5 | 2,312.98750
§ | 1,660.10167 6 | 1)824.14333 1,988. 18500 2)152. 22667 6 | 2,316, 26833
¥ | 1,683.35230 g | 1,827.42417 1,901. 46583 2)155. 50750 7 | 2,319.54017
8 | 1,666.66333 @ [ 1,830.70500 1,994, 74667 2,158. 78833 8 | 2)322.83000
9 | 1,660.94417 S | 1,833.08553 1,998.02750 2,162.06017 9 | 2,326.11083
&0 [ 1,673.22500 || 560 {1,897.26667 || 610 | 2,001.50838 | 660 | 2,165. 710 | 2,320.30167
1 | 1,676.50583 1 | 1,810.54750 2,004, 55017 2,163.63083 1| 2)332.67250
2 | 1,679.73667 2| 1,843.52833 2)007.87000 2,171.91167 2 | 2)335.95333
8 | 1,683.08730 3| 1)847.10017 2011.15083 2,175.1 3 | 2,339, 23417
-8 | 1,686.34838 4 | 3,850-39000 4 | 2)014.43167 4| 2\178.47333 4 | 2;312.51500
15 | 1,880.69017 ,853. 67083 2,017.71250 2,181.75417 9,245, 79583
6 | 1,602.01000 5 | 1,856-95167 2)020.60333 2)185. 03500 2,349, 07667
¥ | 1,606.16083 1,860.23250 2024, 27417 2)188.3 2)352.3575)
B | 1,600.47167 8 | 1,863.51333 2,027, 55500 2,191.50667 355, 63833
8| 1702.7 91, 2,030.83583 2,104.87750 2,358.91017
20 | 1,708 570 | 1,870.07500 || 620 | 2,034.11667 || 670 | 2,108. 15833 {) 720 | 2,362.20000
1 | 1,700.31417 1,873.85583 1 g’,oam 1| 2)201. 43017 2,365, 45083
2| Un3.50 1,876.63667 2 | 2)040.67833 2 | 2204.72000 2,368.76167
8| 1,715.87588 1,879.91750 3| 204395017 3 | 2208.00083 372
4 | 1,719.1568 3| 1,883.19833 1]2047. 4| 2,271.28167 4| 2,3%.
& | 1,722.43750 5 | 1,886. 47017 51 9,050. 9,914.56250 9,378.60417
9 1,725.71833 1,380, 76000 6 | 2)053.80167 2,217.84333 5 | 2,381.88500
1,728.99917 1, 893. 04083 7 | 2)057.08250 2,291.19417 2,385, 16583
8 | 1,732.25000 1,806.321607 8 | 2,000.36333 2,204, 40500 9,388, 44667
® | 1,735.56083 1,800, 60250 9 | 2,083-64417 2,227, 68583 2,391, 72750
80| 1,78.84167 | 580 | 1,902.88333 || 630 | 2,088.02500 | 680 | 2,230.06667 || 730 | 2,305.00833
1 | 1,742.12250 1,906.16417 1 | 2, 070- 20583 2)234.24750 2,398.28017
2| 1,745.40333 1,000, 44500 2 | 9)073. 43667 9,237.52833 2, 401.57000
8 | 174868417 1,912. 72583 8 | 2,078.76750 2,240, 80017 404.85083
_ & 1,751.96500 1,916.00667 4 | 2;080.04833 2)244.00000 ,408.13167
B | 1,755.94588 1,919.98750 5 | 2,088.32017 9,247.37083 9,411. 41950
g 1,758.52667 1,022: 56833 6 | 2,086.61000 9,250, 65167 2414,
1,761.80750 1,025, 84017 7 | 2,080.89083 2,953, 93950 241797417
# | 1,765.08833 1,920.13000 8| 2,003.17167 2,357.21333 2 do1.
9 | 1,768.36917 1,082, 41083 9 2,260. 43417 2,424.53583
1,771.65000 [ 500 | 1,085.60167 || 640 2,000.73338 || 690 | 2,268.77500 || 740 | 2,427.51687
"{’ 1,774.93083 1 | 1,938.97250 1| 2,108°01417 2,267.05583 1| 2)431.00750
2 | 1,778.21167 2 | 1,942. 25333 2| 2108. 2,270.33667 2 | 2)434.3:333
3 | 1,781 49250 1,945.53017 31 2)109.57583 2,973. 61750 8 | 9,437.65017
411,784,773 1,948.81500 4 | 2,112.85q67 4 | 2276.80833 4 | 2,440.94000
5 |1,788.05417 s]1,08 116.13750 9,280.17917 5 | 9,444.22083
6 | 1,791.33500 6 | 1,955.3766 i g’,no.ma:s 9)253. 46000 6 g:m.aow:
Pliaam| lieem| ftmen| w2 suees
. . 3 L. d e 3
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Lengths— Meteis Yo feet (from 1 to 1000 units)—Continued.
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Mo | peot [ M| et || M| met || Mo ) Fet [ MT| Fet
50 | 2,460.62500 || 800 | 2,624.6606 850 | 2,788.70s33 | 900 | 2,952.75000 || 9c0 | 3,116.701
1 | 2,463.90583 1 31627.94750 1 | 2,791.08017 1] 2966, s:m.m%
2 | 2,467. 13667 2 | 2)631. 2283 2 | 2,795.27000 2 | 2)959.31167 3,123.35333
8| 2,470 46750 3 | 2)634-50017 3 | 2,798.55083 3] 2982 8,126.63417
4| 2)473.74838 4| 2687, 4] 2,801.83167 4 | 2;065.87338 4 | 3,120.91500
5 2,417.0217 519,641, 5 | 2,805.11250 5 | 2,060.15407 513,133.10583
& | 2)480.31000 6 | 2,644.35167 6 | 2,808.39333 6 | 2,972.43500 8:%.17667
7 | 2)4s3. 7| 2647 7 | 2)811. 67417 7| 2,975. 7153 8139, 75750
8 | 2,486.87167 8 | 2,650.91333 8 | 2)814.95500 8 | 2)978.90667 ) 143.03833
9 | 2,490. o | 266419417 9 | 2818.23583 9 | 2;082.27750 8,146.31917
60 | 2,493. 810 | 2,657.4 860 | 2,821.51067 || 910 | 2,985. 960 | 8,149.60000
1| 9;496.71417 1 | 2/660.7 1 | 2)824.79750 1| 2)988.83017 3,152. 8803
« 2| 2400 2 | 2,664.03667 2 | 2)528.07833 2 | 2)902.12000 37156.16167
8 | 2)503. 27683 3 | 2,667.31750 3 | 2/s31.35917 3| 2995.40083 8,150, 44950
4 | 2,508.55667 4 | 2,670.59833 4| 2,834.64000 4| 2;008.68167 4 | 3,162.72333
s | 2,500.83750 5 1 2,673.87017 5 | 2,837.92088 5 1 3,001.96250 5 | 3,166.00417
© | 2)513.11533 6 | 2,677.16000 2)841.20167 6 | 3,005.24333 6 | 3,169.28500
¥ | 2,516.89017 7 | 2,680. 44083 9,844.48950 7 | 3)008-52417 7 | 3)172. 56583
8 | 2,510.68000 8 | 2)683. 72167 2,847.76333 8|3011. 8 | 3,175.84867
9| 2)52. 8 | 2,687.00250 2)851.04417 9{ 3,015, 9 | 8,179.12750
o70 | 2,626.24167 || 820 | 2,600.28832 || €70 | 2,854.32600 | 920 | 8,018.36667 || 970 | 3,182.40833
1| 2,529.52250 1 | 2)693. 56417 2)857.60533 1| 3]021.64750 1| 318568017
2 | 2,532.80333 2 | 269684500 2,860.83667 2| 3l024.02833 2 | 2)188.97000
8 | 253608417 3 | 2)700.12553 2,364.16750 3 | 8702820017 3 | 8,192, 25083
4 | 2,530.86500 4 | 2)703. 40667 2)867. 44833 4 | 3,0a1.48000 4 | 3,195.53167
s | 2,542.64383 s | 2,706.68750 2,870.72017 5 .T7083 5| 3,108.81250
6 | 2,545.92067 6 | 2,700.96833 2)874.01000 6 | 3,033.05167 6 | 3,202.00333
g | 2,549. 20750 7 | 2,713. 24917 2)877.20083 7 | 3,041.33250 7 | 3,205.37417
8| 2,552.48838 8 | 2)716.53000 2,830.57167 8 | 3)044.61333 8 | 8208.65500
9 | 2,555. 76017 9 | 2,719.81083 2,883, 85250 9 | 3,047.80417 9 | 3,211.93583
? ¢
o0 | 9,55.05000 || 830 | 2,728.00167 || 860 [ 2,887.13333 || 930 | 3,051.17500 || 980 | 8,215.21667
1 | 2, 562-33088 1 | 2)726.237250 1| 2)s00.41417 1| 30544 1| 321849750
2 | 2)565.61167 2 | 2)729. 65333 2 | 2)893.69500 2 | 3,057.73 2| 3,291, 77833
8 . 3 | 2,732.03417 3| 2,806.97583 3 | 3,061.01750 3| 3,225.05017
4| 2)572.17383 4 21500 4 | 2,900.25667 4 | 3,084.20833 4 | 3,223.34000
s | 2,575, 45417 5 . 51 2,903.53750 5 | 8,007.57917 5 | 3,231.62088
6 | 2,578.73500 6 | 2,742, 77667 6 | 2,908,81883 6 | 3,070.86000 234, 90167
g | 2)582. 01583 7 | 2,746.05750 2,910 09917 7| 807414083 238, 18950
8 | 2,585.20667 8 | 2,749, 3383 2,913.38000 8 | 8,077.42167 ) 941, 46333
9 | 2,588.57760 o | 2,752.61017 2,016.66083 9 | 3,080.70250 2214, 74417
go0 | 2,501.85833 || 840 | 2,755.00000 | 90| 2,919.04167 || 940 8,088.0%33 [ 990 02500
1 "2595.13917 1 | 2,759.18083 2,923.22250 1| 8;087.26417 ) 251. 30583
2 | 2)508.42000 2 | 2,762. 46167 9:976. 50333 2 | 3;000.54500 254, 53607
8 | 2)601.70083 3 | 2,765.74250 2,929, 78417 31300382583 ) 257. 86750
4 | 2,604.98167 42,769, 4 | 2,933.08500 4 | 3,007.10667 5261, 1
5 | 2,608.26250 5 | 2,772.80417 51 2,936.84583 5 | 3,100.38750 , 964, 42017
6| 2)611.54333 6 | 2)775.58500 2,039. 62667 6 | 3)103.66838 , 267. 71000
¥ | 2,614.82417 7 { 2,778.86583 2)942.90750 7 { 3,106.94917 ) 270.99083
8| 2]618.10600 8 | 2,792 14667 2,046.18833 8 | 3)110.23000 , 274.27167
9| 2621 9 | 2,785.42750 2,049. 46817 9 | 3113.51083 3277, 55260




PUBLICATIONS OF THE COAST AND GEODETIC SURVEY RELATING
TO FIELD METHODS

Npecial Publication No. 5—Tables for a Polyconic Projection of Maps, 20
cents. This publieation 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.

Special Publication No. 8§—Formule and 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.

Special Publication No. 1}—Determination of Time, Longitude, Latitude,
and Azimuth, 35 cents. A manual describing the instruments and methods
used by the Coast and Geodetic Survey on its astvonomic field and office work.

Special Publication 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.

Special Publication No. 65.—Instructions to 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.

Special Publication 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.

Nerial 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.

Special 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.

Special Publication No. 109.—Wireless Longitude, 15 cents. A description of
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. )

Special Publication No. 120.—Manual of First-Order Triangulation, 40 cents.
Includes detailed instructions for first-order {riangulatiom and base
measurement.

Special Publication No. 137.—Manual of First-Order Traverse, 30 cents. Con-
tains the specifications used by this bureau for executing first-order traverse
and explains how the computations, both field and office, are made.

Special Publication No. 138 —Manual of Triangulation Computation and
Adjustment, 50 cents. Contains detailed instructions for computing and
adjusting triangulation.
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Special publication No. 139.—Instructions for Tide Observations, 20 cents.
Summarizes 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.

8pecial Publication-No. 1}0—Manual of First-Order Leveling. (In press.)
Containg detailed instructions for both the field work and office computation
of first-order leveling.

Special Publication No. 143—Hydrographic Manual, 45 cents. Contains the
general requirements of this bureau for the execution of hydrographic surveys
and describes the equipment and methods used for hydrograhic work.

Special Publication No. 144—Topographic Manual, 30 cents. Contains speci-
fications for topographic surveys and complete descriptions of instruments and
methods. Several useful tables are included, and samples of symbols and
maps are shown.

Any of the publications listed above can be purchased 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 bhench marks. An engineer interested 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
application to the Department of Commerce.
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Abbreviations on list of geographic positions.
Abstract, horizontal directions (direction
theodolite)
wye levels_
genith distances (vertical angles)_ __.._____..
Accuracy, angle measurements.___.__
base measurement, specifications. .
conditions affecting, angle measurements,
traverse.

Adjustment, centers, theodolite.
collimation, theodolite ... cceeeo_--
focus, theodolite.
of micrometers. -

comb.

drum
equidistance,
eyepiece
focus. -
for run

optical verniers.
parallax, theodolite
plate-level, theodolite__. ... ..o __...

standards, theodolite
striding level, theodolite..__._..
vertical circle level, theodolite._....
verticality, sighting wires, theodolite. ...
Adjustments, theodolite .. ... _.cceoooo-o
Alignment, base.
correction, base measurement.___.__._______
A-micrometer minus B-micrometer ren.dmgs,
graph
Angle measurements, 8CCUracy.. ... - oo
circle settings, direction theodolite..
repeating theodolite_ ... _....__
direction theodolite
errors due to, “‘creeping” lights_.._..___...
horizontal refraction._.._...

errors in horizontal .. __

instrumental errors.....

main staticns, traverse. - .. cooocaoeoooo.oo

obsgerving program, direction method._....
repeating theodolite . .o vomemccann
repetition method

repeating theodolite. - ceuoooe oo

third-order traverse.

traverse, conditions affecting accuracy.
micrometer theodolite. .. ..o
rail and off-set stations.
repeating theodolite. . ...c..eeoaeamnnnma.

18571°—29——15

INDEX

Page

Angle of depression, distance to bresker,
fi 82

Arc-sin corrections for inverse position com-
putations, table. . cemocomocmcaeaa 200
A-stations, traverse. 149, 163.
Astronomic azimuths__.oocce_ocveeninnen 13
Azimuth, compass 4]
cur correcti mn
geodetic.. . 17
Laplace. _ 18
bi1T:1 4 S 41,175,177

method, distribution of error, loop closure,
traverse. . 169
observations, chronometer correction...... 180
direction theodolite. - e-cmneeecammmacanna 175
observing routine, 175
Polaris. _ 178
record of eccentricif ¥ - e caeenvoncmoccanana 179
recorder’s duties. 177
repeating theodolite. . -ccoccveamamcacaana 177
second-order traverse. . 164
third-order traverse..... - 165
when to observe Polaris_ . __...cooaoeooo 19
second-order. 13
discrepancy - 171
method of observing.—c e <ccocncaaccanace 174
third-order. . 183
Azimuths, astronomic. . - ceeeucmncacaceean 173
classification - 173
Bal spring. 12
Bar (vinculum), meaning. . ___._coeemraecan 105
Basg, alignment... 118
apparatus, handling and testing.......... 122
computation of length......__.. 18
Base-line, computation........_.. 143
reconnaissance, specifications.. . 117
Base, marking broken grades....coaceue aeees 121
Base measurement _ 122
accuracy, specifications......coeaceccaaen - 117
126
128
181
correction for tape support__ .. -acucecaeee- 128
corrections for tension. ... 127
corrections to measured lengths... ... ..... 125
duties of front contact man. ....cccececeeaa 185
front stretcher man ht2 9
middle man. 133
rear contact man 184
rear stretcher man 183
recorder. - 139
grade correction, broken grades...o...ava- 128
formula. 125
limit of error. 125
instruments and appliances___..c.oooeu.e-- 122

219



220 INDEX
Page Page
Base measurement—Continued. Cireuit closure, second-order traverse .____.. 147
levels 128 { Classification, azi hs.__ 173
on railroad rail - 124 horizontal control surveys.___...____.___.. 2,3
personnel and duties....ococoeeeeocmmmmanan 132 | Closure in position, second-order traverse.... 147
precautions against errors.__.... 125 { Cl of circuit, second-order traverse..._... 147
Probable erTor_ -« oo oo oo e e 144 | Coefficient of expansion, tape........ mmon- 129
records and computations. .. _____________ 139 of refraction. . .o oo 110
reduction to sea level 145 | Collimation, adjustment___._.___________..__ 51
sag correction, formula. ... ____.________.__ 127 { Collimator, vertical. ... ooooeaaaos 69
second-order.._ o .oioiiiiiiiaan 117 new model. .. ... 70
set-ups and setbacks_....________ 132, 137, 138, 144 oldmodel ... ... 69
stretchingof tape. ... ... 127 | Combination, triangulation and traverse..._ 149
L 28 o P 122 Oregon €oast . . -« oo oo 163
third-order. . .. 146 | Compass, azimuth. ... ..o oo 7
computations. ..o 146 | Computation, hase line. 143
method 146 check, sum of perpendiculars..__.__._...__ 170
specifications ... e ._ 146 elevations, nonreciprocal observations 100
Base cments, agr t,specifications 117 reciprocal observations. .......__.__ . 107
Base nets, reCoONNAISSANCe .- ceeooooaamannn 18 geographic positions, traverse. - 170
Base, numbering of broken grade stakes..... 121 length of base. .. _oooooeeeo_. .. 118
numbering of stakes._ ... _ooo_._. 121 projection, traverse........___...____ -- 168
preparation_ .~ 118 refraction, reciprocal observations. - 107
procedurein staking. ... o oooo_ 120 sheets, traverse sketches. ..o .. 168
set-ups, setbacks. .o mmcmeenae 121 traverse line. .o emmee 166
sites, recon 18 | Computations, abstract of horizontal direc-
staking.. 119 tions (direction theodolite) . . conoueeaae 87
Base tapes, field comparison._ ... _._.._ 118 and records, base measurement.. 139
standardization, 118 second-order traverse. ... 165
data. 123 third-order traverse..__.__..__.... 165
Bases, broken, reconnaissance. . ... 19 field, list of forms__.........________
frequency, reconnaissance. .- ....--..- - 7 second and third order triangulation. ... 83
third-order triangulation - 3 geographie positions. ... ... 100-102
second-order, specifications._. .17 inverse solution, geographic positions.... 100, 103
Blunders, base measurement. . e eeeeeee-- 131 list of direetions______ . __oo_. 89
Breaker, distance by angle of depression, geographie positions_.._ ... .__..___ 100
formula...__... 82 method of recording eccentricity_- 90
Broken base, specifications. .o o.oooceoooooo 117 of elevations, factors used, table........_.. 205
Broken grade stakes, numbering, base._..._ 121 record, horizontal angles (repeating theodo-
Broken grades, marking, base. - .._ccooo-. 121 lite) . 84
horizontal directions (direction theodo-
Carp of tapes....- 156 - lite) - 86
Ctitenary and grade errors, traverse.....-... 154 observations on intersection stations..._. 88
Catenary correction. . ... —ccceccccoarann 126, 144 reduction tocenter. ... .eeeccmaao 01
factors for computing, table..cccocoaaaaa-- 196 nomogram 93
Catenary corrections for various lengths and rejection of observations, rules....._...... - 88
weights of tape, table_. ___.ocooomoow aeo 196 spherieal excess_.___ oo cocoaae 04
Centers, adjustment, theodolite 52 third-order base measurement 146
eccentricity, theodolite . ..o omecaaaaan 53 three-point problem. ... cccocmuoooaanaas 98
Check computation, sum of perpendiculars, triangle sides. ... o4
traverse.-- 170 | Conditions, number in figure. ... ... 16
traverse. - 166 | C tions to existing triangulation, recon-
Check measurement, base. ..o ceumcamanene 132 naissance..... 20
divergence, traverse._ ... ccococmmanaaae 158 | Connections with existing control, traverse__ 150
of distances, third-order traverse__ . 165 | Constants, formulas, and tables_ ._.......... 184
BEBVOLSe. - o cee oo oo —ccemmmmm— e 158 | Control surveys, horizontal, classification.... 2,3
300-foot tape.._- 132,158 horizontal, tabulation, specifications....... 3
Chronometer correction, azimuth observa- value..__.._.. 20
105 1 U 180 | Conversion tables.. 208
radio time signals. ... _ 180 | Correction, curvature and refraction, table,
ship’s chronometer._ - 180 reconnaissance 21
star observations. . __ oo 181 records___... 43
Chronometer, ship’s, chronometer correction. 180 | Courtesy to property owners.......ceeee---- 80
Clrcle, llumination, theodolite. . ..-—oc----- 60 | Curvature and refraction correction table,
Circle settings, direction theodolite, angle TeCONNAISSANCe. oo m oo c s ——— 21
measurements. 84 | Curvature and refraction formula, recon-
repeating theodolite, angle measurements. 33 naissance. 21




Curvature correction, azimuth_______________
Curvature, radius

Deflection of vertical «ocnuccoooomciaaaeaas
Description of station
height of signal
hydrographic mark.
natural objects.-

use of standard notes.
Determination of height ofstation by observ-
ing sea horizon, formula. ... . _..._._.
Differences of elevation and inclination cor-
rections for varying angles of inclination,
table__
Direction, probable error. ceacu.eoeaeamooaee
Direction theodolite, angle measurements.....
circle settings, angle measurements.
Directions, number in figure. oo
Discrepancies, azimuth, distribution, trav-
erse.
distribution, geographic position...........
Diserepancy in records, field check. . __._.__.
Discrepancy, second-order azimuth_._.___._.
Distance to breaker by angle of depression,
formula.
Distribution, azimuth discrepancies, {raverse.
diserepancies, geographic position....._.._..
Distribution of error, loop closure, traverse..
loop closure, traverse, azimuth method. ...
Double zenith distances (vertical angles),
record

Eccentric stations, traverse..................
Eccentricity, and phase errors, angle meas-
urements.

method of recording
of centers, theodolite v
record, azimuth observations....____.__...

Elasticity, modul
Elevation of base, red

to sea level

Elevation of stations, difference, formula °

Elevations, computation, nonreciprocal ob-
servations. -
reciprocal observations._ - ..o oae ...
Elongation and culmination, time, Polaris__
Emergency repairs, instraments..._..___.._._

Equipment and personnel, staking base.
Erasures in records. . ooeeoeemcoeiaaeeeeees
Error, inclined horizontal axis, vertical circle,
theodolite, formula. - oo oo
Errors due to, ““creeping ’lights, angle meas-
urements
horizontal refraction, angle measurements_
inclined vertical axis, theodolite, formula. .
instability of support, angle measurements.
phase and eccentricity, angle measure-
ments -
Errors, in horizontal-angle measurements. ...
instrumental, angle measurements_.___._..
systematic, tape
time observations.
Examples, intervisibility of stations, recon-
naissance
Expansion coefficient, tape_ ..o e oo

INDEX 221
Page Page
177 | Feet to meters, conversion table. - ....._...._ 208
108 | Field comparison, base tapes._..-ccccococoeeoo 118
tapes, traverse__._..__._...-.- "168
173 | Field computations, Yist of forms.___.________ 84
110 second and third order triangulation_ 83
112 | Figure, strength, reconnaissance..._..__ 97
112 triangulation, number of conditions .16
112 triangulation, number of directions 16
115 | Figures, character, reconnaissance. .. (]
112 overlapping. ... . 17

strength, reconnaissance, third-order ftri-

81 angulation. ... .

triangulation. . ..o oo
Focus, adjustment, theodolite. . _

186 | Forms, list, field computations_. . ........._

5 | Formula, amount of sag, base measurement_. 128
34 curvature and refraction, reconnaissance_.. 21
34 determination of height of station by ob-

16 serving sea horfzon..... .. ... ____ 81
difference of elevation of stations_.__.__..__ 108
171 distance to breaker by angle of depression.. 83
171 error due to inclined horizontal axis, verti-
132 cal circle, theodolite__.._.____._________._ 52
171 error due to inclined vertical axis, theodo-
Hte .ot 48
82 grade correction, base measurement._....... 125
in intervisibility of stations, reconnaissance... 22
171 Probableerror. ..o oo 145
169 reduction of verticals tolinejoiningstations. 106
169 reduction to sea level, bases . ...........___ 145
run of micrometer_....___ ... - 88
104 sag correction, base measurement._. -1
Formulas, constants and tables.._...__...... 184
162 probable error. 184
Fourth-order control, records. - ———.-_..___. 116
76 | Friction over Supports, tape. - covoococmeeee 130
90 | Front contact man, duties, basemeasurement. 135
83 | Front stretcher man, duties, base measure-
17 | ment. 134
127
18
108 | Qeodeticazimuth. oo o ooeovovoeomececcmnne 1
Geodetic constants._ ... 3
109 | Geographic position, distribution, discrep-
107 ancies. ..._. 171
17 | Geographic positions, computation, traverse. 170
63 computation: . 100-102
63 | st . 100
119 | Grade and catenary errors, traverse....—.... 154
43 | Grade correction, base measnrement, broken
grades 126
52 formula. 125
limit of error. - 126
;: Grade cor traverse 159
48
73 | Handling and testing of base apparatus._._... 122
Height, of instrument above station mark._. 105
7% of signal, description of station....__.___.__ 112
72 of station, determination by observing sea
75 horizon, formula, 81
131 of trees, determination, reconnaissance_.._. 27
182 | Heliotrope. - n
Highways, traverse measurements. .......... 159
22 | Horizontal angles, record (repeating theo-
129 [ 101 ) N 84




222 INDEX
Page Page
Horizontal directions, abstract (direction Mark, azimuth 175,171
theodolite) - Marking broken grades, base..__..ccee-ameee 121
record (direction theodolite). ..o 86 | Marking stations, 37
Horizontal refraction errors, angle measure- traverse. . 151
ments... 77 | Marking tape, parallax. .. _______ m————m———— 131
Hydrographic points, supplemental, traverse. 164 | Marks, azimuth. 41
material.ceoeeaennn 41
Illumination, cirele. 60 other organizations__ .. ... ..cc-occmeaaao 37
Inclination corrections, 5, 10, 15, 20, 25, 30, 35, reference. ..o ouo oo ccmecmmameeemea 40
40, and 45 meter lengths, table.__..---... 193 station. 37,38
50-meter t8pe lengths, table___ . 187 terminal, tape. 130
26-meter tape lengths, table.... .. ..-caeee 190 underground . 89
varying angles of inclination and differences Measurement of base - - oo oo ccnacioeaaas 122
of elevation, table. .. .. .- 186 on railroad rail _ . 124
Instability, invar tapes. oo ooocmmaaen 122 | Measuring with tapes. .- oo mommomeeeee 132
Instruments. 44 | Meridian, length of 1 degree, table. 208
and appliances, base measurement...------ 122 | Meters to feet, conversion table____ - ceeeeeo 212
for light keepers. . ___._._._._.. . 70 | Micrometer A minus micrometer B readings,
Intersection stations, observations - 85 graph.
observations, record __..__._____ - 88 | Micrometer readings, range. .- ...-ceeecamnee
shown on progresssketch. .. ... o ccomenaa 116 | Micrometers, adjustment,
traverse ....-- 162 for equidistance _ ..o
Intervisibility of statlons, formula, recon- forrun. ...
i EVRELD T 22 parallelism of wires
reconnaissance, examples. ... .. ___-o--oo—= 2 comb adjustment
Intervisibility, reconnaissarce stations.....-. 21 drum adjustment._ ... oo ceemecaeea
Invar tapes, handling 122 eyepiece adjustment.__
instability. - - oot 122 focus adjustment___ .. ..
traverse measurement .. _.oooooioocon oo 152 radial adjustment__ ...
Inverse position computations, arc-sin cor- Middle man, duties, base measurement._.__. 133
rections, table___ 200 | Modulus of elasticity, tape. . ... cocceaeo 127
Inverse soluticn, geographic posmous ...... 100, 103
Naming stations. 7
Lamp, signal 71 | Nomogram, reduction to conter___..-._______ 93
BUOMAt e - e o ool 72 | Notes, standard, reference marks__. —__...... 118
Landmarks for charts 36 surface marks, 112
Laplace azimuth _ 178 underground marks. . ______.___..___.. 113
Least squares adjustments, traverse . -..---.- 172 use, description of station__ . _--cooooo.. 112
Length of lines, reconnaissance ... -.cn--- 18 witness marks._. 114
Length of 1 degree of meridian, table.. .. ... 206
of parallel, table_ ____._ o eemmeaa 207 | Observations on intersection stations..____.. 35
Lenses, theodolite, care____. ... ccecaaaos 63 | Observing program, angle measurerents,
Level bubble, determining value of one repeating theodolite_ ... ... 33
AIVISION - oo oo een 80 direction method, angle measurement 43
value of one division. 104 repetition method, angle measurement.__... 41
Leovel record, traverse .. . _—cemeen- 166 vertical angles. ... 43
Level, vertical circle, adjustment, theodolite. 52 | Offset and rail stations, angle measurement,
Leveling, trigonometrie. .. ... 36 traverse.. ... 163
139 | Offset distances, tape measurements. .. ...... 168
128 traverse. ... 157
traverf N 159 | Offset station, traverse_._._._.______occoaooo 149
wye, abstract. 141 | Optical verniers, adjustment. . __ . .ccceaeeeo 60
Light keepers’ instruments. 70 | Oregon coast, combination of tnangulatlon
List of directions_ ... 89 and trav: 149
List of geographic positions, temporary sta-
L7 11 T, 104 | Packing theodolita for shipment_. -coeeo-.. 62
abbreviatiors 104 | Parallax, adjustment, theodolite. .. oaenaa 50
Log A, table ..o 205 in marking tape. . - e amcmm——aa 131
Log B and Jog C, table. ___.___..____ 205 of telescope, time observations._ 183
Log C and log B, table 205 vertical-angle observations___._ 43
Logm,table_ ..o .. .- ----— 199 | Parallcl, length of 1 degree, table__..._____. 207
Loop closure, traverse, distribution of error, Perdendiculars, sum, computation check.__. 170
azimuthmethod. ... . ... 169 | Phase and eccentricity errors, angle measure-
Loop closures, traverse. ... ..o.ccaenios 168 ments. ...
distribution of error. oo oeaaoo 169 | Pivot inequality, theodolite. - -....
Loops, traverse. 149,168 | Pivot irregularity, theodolite.
“Lost" station, recovery note..._....-ceao-. 114 | Plane of reference




INDEX 223
Page Page
Plate-level adjustment, theodolite.._ ... 47 | Records and computations, base measure-
Polaris, azimuth observations 176 ment 139
hour angle from Mizar—d Casslopelaa. amee 179 second-order traverse . .. -ccococecoaoo. 165
time of elongation and culmination......_. 179 third-order traverse. 165
when to observe, azimuth observations.... 178 | Records, correction 43
Preparation of base____: 118 discrepancy, fleld check ... ... 132
Pressure clamp, theodolite. .o ecemaeeaaaaee 48 erasures.__ 43
Probable error, base measurement. ... ... 144 fourth-order control ... _____._____._ 116
directi & | Recovery note, “lost” station. - 114
formulas 145, 184 triangulation station.......... - 114
Progress sketch. 1156 | Reduction to center 91
intersection stations shown._._ . _._.____ . 116 | Reduction to sea level, base measurement .. 145
Ri1 shown 116 bases, formmula. 145
Projection computation, traverse._.____._.__. 168 elevation of base 118
Property owners, courtesy..-..- 80 traverse__.... 159
Proportional change in 8 number eorrespond- Reference marks. 40
ing to a change in its logarithm, table 201 standard notes. 118
Publications relating to field methods. . 216 traverse... - 151
Refraction and curvature correction, table,
R 3,6,7,9 TeCONNAISSANCO. oo oo oo e e e an
shown on progress sketeh._ . .l __.. 115 formula, reconnaissance. 21
Radil of curvature of earth’s surface, loga- Refraction, coefficient . ... ____________ 110
rithms, table. . 202 computation, reciprocal observations.____. 107
Radiusof curvature. .. e 108 errors, time observations. 182
Rail and offset stations, angle measurement, horizontal, errors, angle measurements.._.. 77
traverse.. 163 | Rejection of observations,rules. ... oc.._. 88
Rail station, traverse 149 | “Remarks’ column, data, traverse_._.._.... 157
Range, micrometer readIngs . - <o ccoeemeaa- 68 | Repairs, emergency, instruments____________ 63
Rear contact man, duties, base measurement. 134 sighting wires. - - ccocuuceaceccccccccee—ae 63
Rear stretcher man, duties, base measure- Report, 5eason’s____ .. eceeeee- 115
ment. oo 133 | Run of micrometer, effects of ... _______.. 58
Reconnaissance, base line, specifications_.._. 117 formula... 58
base nets. 18 tests, I 57
base sites. 18|, .
broken bases... 19 | Sag, amount, base measurement, formula_... 128
character of flgures. . . oo oo aiieaanas 6 correction, base measurement, formula_._. 127
connections to existing triangulation. ...... 20 | Sea horizon, determination of height of station
correction for curvature and refraction, by observing, formula_ ... ..o 81
table_ 21 | Bea-level reduction, base measurement......_ 145
determining heights of trees____ 27 bases, formula. 145
formula, curvature and refraction. 21 elevation of base. 118
intervisibility of stations...... 22 traverse__ 159
frequency of bases .. .. —ocouan 7 | Beason’s report._ 115
intervisibility of stations, examples._._.._. 22 | Second-order azimuth, discrepancy-_.__..... hv4 )
length oflines. . 18 thod of observing 174
second-order triangulation, specifications. . 6 | Second-order bases, measurement........... 117
signals, triangulation . .o oo cacemacmm e 27-31 specifications 117
sites for stations_ 26 | Second-order traverse. 147
specifications, modifications .. cecaaeaee-. 19 aceuracy. 147
stations, intervisibility . - .—ccoeme e ___ 21 azimuth observations. 164.
strength of figure. 7 records and computations. . ... 165 °
third-order triangulation, frequency of Sethacks, base. - - moeo oo 121
bases 32 set-ups, base measurement......_ 132, 137, 138, 144
specification 31 traverse measurement . _______________ 153, 156
strength of figures 81 | Settings, circle, repeatingr theodolite, angle
Record, double genith distances (vertlml measurements. - 83
ABRIES) - o oo meecam e m e 104 | Set-ups, base.. .. 121
horizontal angles (repeating theodolite).__. &4 setbacks, base measurement.._. 132, 137, 138, 144
horizontal directions (direction theodolite). 86 traverse measurement. . oo 153, 158
observations on intersection stations._..._. 86 | Sextant triangulation. . oo - 118
tape measurements, bases__ _.__—_—..__.._ 139 | Shore-line reference, description of statlon. .- 115
" traverse.. 166 | Sighting wires, distance apart.- : 64
traverse measurements. - .- -ecceccmocen- 157 | Signal building, traverse...--.c-co-ccaumenc 151
wye leveling, 139 | Signal lamp...... - 71
Recorder, duties, azimuth observations...... 177 automatic. .. ..o ... 72
base measurement. 130 | Signals, triangulation, reconnaissance........ 27-81



computation sheets
Specifications, agreement of base measure-

base-line reconnaissance. - -
base measurement, acCUraCY - oooooe---
broken base. - .- - ocecaeccaccamaeee-
for marking stations
horizontal control surveys, tabulation.._._
reconnaissance, for third-order triangula-

modifications. .
second-order triangulation-. .. ...
second-order bases.
second-order traverse..
second-order triangulation_..._........___.
third-order base measurement._
third-order traverse....___.
third-order triangulation. -
Spherical excess, computations.

underground marks_.._______________.____
use, description of station..
witnessmarks_____________ . _.____...
Standardization, base b7 S
Standardization data, base tapes.
Standards, adjustment, theodolite.......___
Star observations, chronometer correction. . .
Station, description.

height of instrument above___.____
triangulation, recovery note.. .
Stations, distance between____.._
eccentric, traverse________._.__
intersection, observations.._...
shown on progress sketch_._.

intervisibility, formula, reconnaissance

reconnaissance, examples. . ___.....
location, second-order traverse.--
marking

specifications for marking. . _....
subsidiary, traverse ...-.ceeeacecccmmaacea-
supplementary . ... oo-ocococmiamemeceeaaa
temporary, on list of geographic positions. _
Statistics of field work, fiscal year._..........

Strength of figures, reconnaissance, &hird-
order friangulation_ . _____. .. ...
Stretcher, tape, for rail measurements, trav-

Page

37,38

INDEX
Page
115 | Striding level, adjustment, theodolite. . --..- 48
166 “wind,” theodolite 49
157 | Subsidiary stations, traverse_.........._ ... 149, 163
166 | Supplemental hydrographic polnts, traverse. 154
Supplementary stations_........_...__._____ 19
117 | Support, tape, correction, base measurement. 128
117 third-order traverse___._._______._.._____ 164
117 | Surface marks, standard notes... 112
117 | Surveys, horizontal control, classification.... 2,3
38 tabulation, specifications i}
3 | Systematicerrors, tape..... .. .ococeoaooo_ 131
31 | Table, arc-sin corrections for inverse position
19 computations. ... oo 200
6 catenary corrections for various lengths and
117 weights of tape._ ... ___. 196
148 conversion, feet to meters. 208
33 meterstofeet ... __ m——— 212
146 correction for curvature and refraction,
TeCoNNAlSSANee. oo emmocaeeeen 21
differences of elevation and inclination cor-
rections for varying angles of Inclination. 186
factors for computing catenary correction.. 196
factors used in computations of elevations. 205
inclination corrections, &0-meter tape
lengths 187
5, 10, 15, 20, 25, 30, 35, 40, and 45 meter
193
190
206
ofparalled. ... eeam 207
log A._._. 205
log B and log C 205
107 ¢+ N 199
logarithms of radii of curvature of earth’s
49 ST fACe oo 202
181 proportional change in a number corre-
110 sponding to a change in its loganthm__.- 201
strength of figure. .. oo 8
105 temperature corrections for steel tapes... 108
114 | Tables. oo iimmcmeae 186
36 | Tabulation, speclﬁcatlons, horizontal control
162 10 TS, 3.
85 | Tape, change in weight due to moisture. 128
116 coefficient of expansion 129
162 correction for change in weight .. cccceeeoo- 128
22 for method of support- - oo ocoeeaeae 128
22 friction over supports. 130
148 measurements, offset distances...___....... 166
37 139
79 166
21 166
26 modulus of elasticity - .oooeeoee.C 127
38 parallax inmarking____._____________ 131
163 standardization data. 129
19 stretcher for rail measurements, traverse... 1568
104 stretching apparatus. ..o oo 124
116 stretching, base measurement_____.__.__._. 127
116 support, third-order traverse_.... . o-...... 164
7 traverse. . eeccememcammean 154
8 tripods, traverse - 155
. systematic errors_ . . ... oo mmmaeooo 131
31 temperature correction. _.._..o_ccaeeoeaen- 130
[ (1) G 130
156 temperature, traverse__ 156
127 tension, traverse. . . o o cicimercmmaomnns 156




INDEX 225
Tape—Continued. Page | Traverse—Continued. Page
terminal marks. ..o 130 angle party 152
168 building party_ ... ... 151
131 catenary and grade errors__----...ccceeoo-- 154
122 check comp 166
156 check measurement, distances.........__.. 158
153 divergence.--. 158
12 check-taping party. ..o ocomeeauoooaee 152
130 computation of geographic positions..__... 170
€rTor. a——- 130 connections with existing control 150
Temperature corrections for steel tapes, table 198 data in ““ Remarks’’ column. ...... 1657
Temperature of tape, traverse . .._..---...- 156 jo stati - 162
‘Temporary stations on list of geographie posi- field comparison, tapes. . o cccccccnameamanan 153
tions_ 104 grade corrections. . _ . ____... ... 159
Tenslon apparatus, tape_____ceecouoee - - 124 intersection stations...... - 162
Tension corrections, base measurement. . 127 least squares adjustments.
‘Tension, tape, traverse. ... . -cceeua- - 156 level record
Testing quality of theodolite...-. . 65 leveling party.
Testing weight, spring balance - - 124 levels..._.
Theodolite, adjustments. ... .o -cccmcmmueeenn 46 line, computation.
care. 61 loopclosures. - .- -ucooooceaae
direction, azimuth observations............ 175 loops...
lenses, care. 63 marking stations
micrometer, angle measurements, traverse. 161 measurement, detafls._____..__._......... 153
packing for shipment. ___ .. . __.... 62 set-ups, setbacks. . .. coooeceeaean 153
pressure clamp. . 46 with invar tapes. - ..._....- - 152
repeating, angle measurements. __._...__... 33 measurements, along highways__.____._... 159
{raverse.._... 161 record . 157
azimuth observations. ... ._.._. Leman 17 offset distances. . --- 157
circle settings, angle measurements. ... _._ 33 offset station. .. _....._..c.--. 149
testing quality ... __.._.... 65 organization of party_..__.. 151
vertical circle graduation___ ... ........ 43 projection computation .. ... 168
'wild. 60 rail and offset stations, angle t./ 163
Theodolites a—— 4“4 rail station__.. 149
Thermometer, tape, {trAVerse. - cccccueenu- 156 record, check measurements. _.__.._._.... 158
Thermometers, attaching to tape.___._...... 1256 tape measurements._ ..o 166
for tapes - 124 reduction to sea level 159
Third-order, azimuth_______________________. 183 second-order. 147
base measurement. 146 BCCUTACY - - e e cecmmmccc e cmemm e 147
along railroads..___ 148
azimuth observations. 164
closure in position_.._ 147
closure of cireuit...._ 147
location of stations_..__.__. 148
azimuth observations 165 records and computations. ......._._.... 165
check measurement of distances._..___._ 165 specifications.. .. __....._.. 148
records and computations.. .. ___.._____.. 185 where used . . aa oo emmaemaan 147
specifications._ 164 set-ups and setbacks____. ... ________. 156
support of tape. 164 signal building. .. 151
triangulation, specifications.. 83 sketch .- 167
Three-point problem. . .. oo oo 98 sketches, computation sheets. /... __._ 166
Time determinations, meridianobservations.. 181 subsidiary stations
stars near prime vertical 181 supplemental hydrographic points__.___... 154
Time observations, errors.__ 182 tape stretcher for rail measurements__._._. 156
by recorder._......_._.... 182 tape support. ... 154
* Incorrect circle readings. 182 tripods.. 1556
parallax of tel - 183
poor selection of stars_.___.__.______._..__. 183
refraction errors_ _ - 182
wrongstar.__________ .. _._.. 182
Time signals, radio, chronometer correction.. 180
Traverse, A-stations_ ... ... _. 149,163
and triangulation, combination.__.___...._ 149 check measurement of distances.._. - 165
angle measurements, main stations..___... 160 records and computations... ... __... 165




226 INDEX
Page Page
Traverse—Continued. Vertical circle, level, theodolite, adjustment. 52
third-order, specifications. 164 theodolite, error inclined horizontsl axis,
support of ftape._.-coooooeocnceeoanos 164 52
Triangulation and traverse, combination_... 149 43
Oregon Coast. _ ..o ococevamcrmmccacanarana 163 69
Triangulation, connections to existing, recon- 70
NAISSANCO. o eee e mamae o comammmnm—————— 20 69
AUreS. . oo cacc e mmmmmm e mmm e o 11-16 105
second and third order, field computations. 83
second-order, specifications. .. ......-..--. 33 | Weight, tape, change due to moisture...__._. 128
sextant .- 118 correction for change. .- - 128
sides, computati - - 94| WiId theodolite —amnmemerommmcm e e mmaanee 60
station, recoverynote. ... ceeeniiaoaaao- 114 | Wing effect, t8De-cccccaacmoanne-- _ 13
_ third-order, specifications....... .- --—----- 83 | «Wind” of striding level, theodolite....____. 9
Tribrach, design 69 | Wires, parallelism, adjustment of microm-
Trigonometrio leveling. ....cooocooccmacoceae- 36 P 55
Tripods, tape support, traverse._.._.._---- 155
Underground marks, 39 652
standard notes 113 63
Vertioal ANGIES. .- eecnmoommemeemncemnnaee 36 114
abstract of zenith diStances. ..----c.o---- 106 139
double zenith dist , record.. .. 104 141
observations, parallax_ .. _o__--_ 43
observing program 43 | Zenith distances (vertical angles), abstract... 10

O



