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NOTICE

After this publication had been carried through the final proof-
reading, it was decided to change the constant added to the x values
in the transverse Mercator grids from 2,000,000 to 500,000. The
latter value is to be used for all States having systems on this pro-
jection. A constant of 600,000 was used in the sample computations
for Rhode Island given in this publication. This should be changed -
to 500,000. The change also affects all @ values in Georgia and
Indiana that appear in this publication. To make the # values here
given consistent with the State lists of coordinates, 1,500,000 should
be subtracted from all @ values for these two States given in this
publication. :

This change in no way affects the sample computations explaining
the use of the grid coordinates, because in all cases differences of
coordinates are involved and the additive constant is canceled in the
process of obtaining these differences.
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MANUAL OF PLANE-COORDINATE COMPUTATION

INTRODUCTION

In response to the demand from the engineers of the country,
systems of plane coordinates for each of the various States were com-
puted by this Bureau. After these were completed there was need
of a manual of computations that would show clearly how the resulting
grids could be used in actual calculation. Although two different
systems were used in adapting the grids to the different States, yet
the method of using the results after the coordinates have been
computed is essentially the same in both of the systems. It is hoped
that the sample computations given in the text will illustrate the close
similarity in the methods of application. We believe that enough
material has been included to serve as a model for practically any
case that may arise in actual engineering operations.

No doubt most of the work that will be computed on the grids will
consist of traverse lines that start from a fixed point and end on an-
other fixed point. With this thought in mind more attention has been
given to this kind of computation. It is also shown how to pass from
one grid system to another even on a different system of projection
without causing any difficulty in the adjustment. The same method
could be used in crossing the boundary of two systems in the same
State. Our hope is that this publication may serve to encourage
engineers and surveyors to base their work on geodetic control so as
to coordinate it with the national control system. In this way their
work will have increased importance, and it in turn can serve as
control for future surveys.

NATURE OF SURVEYING

Surveying is divided into different classes, such as geodetic survey-
ing, cadastral surveying, public-works surveying, and many other
kinds. But whatever class of work is being done, the observations
are made on the surface of the earth. The actual surface, however,
is very irregular, consisting of hills and valleys and mountain ranges.
The most extensive surveying is geodetic surveying which has for its
field of operations a whole country and often a whole continent. In
this case it is necessary to adopt some regular size and shape of the
earth upon which to make the computations. For this class of work,
therefore, the earth is assumed to be an ellipsoid of revolution with the
polar axis the shorter. This figure approximates the sea-level surface
of the earth but is not exactly equivalent to it; even the sea-level
surface has slight irregularities and this surface forms the geoid. The
mathematical ellipsoidal surface is entirely regular and forms an ac-

ceptable basis for surveying computations. .
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GEODETIC SURVEYING

Since geodetic surveying has such a broad field of operation it is
necessary to take into consideration all refinements in the computation
of the work. The observations for such work generally consist of the
measurement of the angles of a chain of triangles commonly grouped
in quadrilaterals for extra checks on the observations. At frequent
intervals a line of the chain is measured directly for control of the
length. After this is adjusted to reconcile the discrepancies in the
measurements, the geographic positions of the stations forming the
chain are computed. The final result of the work is a table of geo-
graphic positions, together with the lengths of the lines forming the
triangles and finally the azimuths of the lines which define these
directions on the ellipsoid. In the final result we have the whole
related to the system of parallels and meridians that have been
uniquely defined upon the ellipsoidal surface. Since a given latitude
andqlongitude applies to only one place on the surface of the earth, it
results that all of the stations are definitely located on the spheroid.
Various refinements in the observation and in the computation of
geodetic work are introduced to give the greatest possible accuracy,
but it is not necessary in this discussion to enter into these.

MORE RESTRICTED CLASSES OF SURVEYING

In cadastral surveying and in surveying for public works in general
a more restricted region forms the basis of operations. Because of
this it is not necessary to enter into so much refinement in the com-
putation of the work. In most work of this kind a local system of
plane coordinates is established and the computations are made by
the principles of ordinary plane analytic geometry. If the earth’s
surface were only a real plane surface this method would be perfectly
satisfactory and it could be used for all work however extensive.
Unfortunately, this is not the case, and any plane system of this kind
will introduce discrepancies in the computations. These discrepancies
become increasingly greater the farther the work is extended from the
origin. These inconsistencies become especially troublesome when
surveys are extended sufficiently to produce an overlap of two neigh-
boring systems of local plane coordinates. This is almost sure to
occur whenever a careful survey is made of a region for extensive
public works.

NEED OF PLANE SYSTEMS COVERING GREATER AREAS

The progressive engineers of the country have become convinced
that there is need for plane-coordinate systems that can be extended
over wider territory without the introduction of discrepancies that
vitiate the value of the work. Of course if all engineers would use
geodetic computations there would not be need for such aids, but
they do not favor this method of handling the situation. Work is
started as a limited project for which a local coordinate system is
amply sufficient and it is only when the undertaking is broadened to
wider fields that the difficulties arise. When it becomes necessary
to make use of the national control surveys to serve as basis for local
work, the need for the more extensive coordinate systems is most
painfully evident. Itis quite a task to base local engineering work on
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basic control that has been computed geodetically; that is, the results
of which are expressed in latitudes, longitudes, azimuths, and lengths.
It can be done, of course, but not as satisfactorily as it could be done
if the control work were computed directly on a plane-coordinate
system. These are the reasons that have led to the insistent demand
for the establishment of systems for whole States or for as large
sections of each State as could be constructed without the introduc-
tion of too many complications in the method of using the system
when it is once established.

ADVANTAGES TO LOCAL SURVEYORS

The Coast and Geodetic Survey has already some 40,000 miles of
control surveys fairly evenly distributed throughout the country at
large. This network is being rapidly extended, and soon any place
in the country will be near enough to this control system to make it a
. valuable asset as a basis for any engineering work. If the extended
plane-coordinate systems are established and this control work is
computed on the resulting grids, then the local surveyor can start his
work from neighboring control points and make all of his computa-
tions on the general plane system just as he would do on any local
sgstem that he might establish. He would have the added advantage
that his work would be coordinated with the general control system
of the country and, therefore, if his work should be preserved, it
could form the control for future engineering operations in that
vicinity.

CHOICE OF PLANE SYSTEMS

In adopting a plane system to serve as computation basis for engi-
neering and surveying operations of various kinds, it is necessary to
look at the problem in a different way from what one would in consid-
ering what projections would be suitable for mapping purposes. Both
problems are problems of map projections, but the ultimate aim may
be different, although in certain cases they may coincide. In the first
Place, greater accuracy and greater definiteness are needed for 2 com-
putation projection than is needed for mapping purposes. For a given
scale map, we are limited to the number of figures in a number that
can be shown in the plotting. For computation we wish to be exact
to the last figure retained in the final result. The preservation of an-
gles in the projection is also an important factor entering into the
consideration. Since variations in scale are inevitable, it is of great
advantage to adopt a scheme that will give definite scale values in
certain directions, so that a table can be made for use in the applica-
tions. These various considerations lead inevitably to the adoption
of one of the conformal projections. After due consideration, it was
decided to employ the Lambert conformal projection with two stand-
ard parallels for States with greatest extent in an east and west direc-
tion and the transverse Mercator projection for States with greatest
extent in a north and south direction. Both of these projections are
conformal and each is especially suitable for the States in which it is
employed.

In the Lambert projection the scale varies with the distance from
the central parallel; hence this projection is suitable for States with
limited north-south extent or for those that could most conveniently
be divided into separate systems in that manner. On the other hand,
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in the transverse Mercator projection the scale varies with the distance
from the central meridian and hence it is fitted for use in those States
with limited east-west extent or for those that could most conveniently
be divided into separate sections in that manner.

Tables for the various States have been prepared by this Bureau
and lithographed copies can be secured by application to the Director
of the United States Coast and Geodetic Survey, Washington, D. C.
Only such State tables as are necessary for the proper understanding
of the examples given in the text are included in this publication.
Similar tables for all of the other States are available together with
small maps of each State showing such data as may be needed for
those desiring to make use of the projections.

Genter

Scale  exact

exact

FicurE 1.—Sphere with intersecting cone for Lambert projection.

FORMULAS FOR THE LAMBERT PROJECTION

The general theory of the Lambert projection is given in Special
Publication No. 53 of the United States Coast and Geodetic Survey.
In this publication we shall confine ourselves to the formulas neces-
sary for the computation of the grid tables. Those who wish to look
into the reasons for the various steps and for their derivation can
consult the above-mentioned publication.

The first step in the computation is to calculate the constant ! by
means of the formula:

l=log cos ¢;—log cos ¢,—log Ai+log 4,

2 _ 2z
log tan 5- log tan 5
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The latitudes of the standard parallels are denoted by ¢, and ¢,
with ¢, as the one farther south; A, and A, are the A-position factors
for the respective parallels: z; and 2z, are the isometric or conformal
colatitudes of the same parallels. The A’s are given in Special Publi-
cation No. 8 to seven places but they are required to more places in
these computations. They can be computed directly by means of
the formula given in the above-mentioned publication if such com-
putation needs to be made.

The z-values are computed in the following way. Let x be the
isometric latitude,

Long. 72°45'

Scale too large

Central Meridlan
x v 600000

~Standarg
Scale too small

Xs0

\

Scale too large

w—Slandarg

yeo Lok 400 80
°

—

FIGURE 2.—Diagram of the Lambert projection shown on the plane.

then ¢—x=-+7002042715 sin 2¢— 07989995 sin 4¢
402001747 sin 66— 07000003 sin 8¢

ki

After ¢, is reduced by this formula, then 2=5—xy with a

similar formula for z;,. After ! is known, we can compute the con-
stant K by the two formulas:

K= coS ¢ — COS ¢
Alsinl”lta,n‘% Azsinr'ltan‘%

The double computation will serve as a check on the work.
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We now compute the projection radii of the two standard parallels,

R1 =K tan' %}

and
2
2

If a cone tanfent at the parallel determined by the relation sin ¢o={
were assumed, it would have the same form as the one holding the
two standard parallels. The latitude ¢, is always a few seconds
greater than the mean of ¢; and ¢.. After ¢, is computed, we
calculate R, by the formula

R2= K t&nl

)
Ry=K tan*
2
Genter
\ \¢
2.
»
x I
. 18 \ .
ol NS
gk N\
o
g3 \
A
. @ /(
-] .
402 Station Box Hill
Lat. 41% 47 59.306"
o Rsin© . Long. 72° 27’ 21.491"
S
g R y \
& 2
g (o“‘w
o 41'
g
y' from lables

a @ (for min. of A) from tables
b  Cor. forsec. of A
¢ Cor. forsec.of §
F1GURE 3.—Diagram illustrating how coordinates are computed on Lambert projection.

We next compute the scale reduction at ¢, by the formula:

_IRyAssin 1”

ko cos ¢y

or in logarithms
log ky=log I+log Ry+log Ay+log sin 17 —log cos ¢

This will give a negative result expressed in units of the final places
of the logs used in the computation. It can either be retained as a
logarithmic correction orit can be reduced to a scale ratio of correction.
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If we should start with a tangent cone and compute the table it would
only be necessary to reduce all of the elements by the above amount
to have the table holding the two standard parallels. The parallel
of ¢, thus plays an important part in the computation.

The R’s are large numbers, and in their computation it is necessary
to carry a great many decimal places to insure the accuracy of the
final places of the results. To obviate this difficulty, it is better to
develop a AR in series 10 be applied to Ey; then any R will be deter-
mined by the relation

R=R,+AR

This is what we should use for a tangent cone, but if R, is determined
as above for the two standard parallels, then AR must be reduced for
the scale reduction at ¢,. Let this be denoted by m,
then for the table

.R'—=R0+mAR.

If s denotes the meridional distance of a given parallel from the

parallel of ¢,, we have
3

st tan ¢
24p,°

In this formula p, is 8 mean proportional between the radius of
curvature in the meridian and that perpendicular to the meridian at
the latitude of ¢,. In terms of the position factors,

L poBysint 172200
p—AoBo st 1 557

The numerical factor is included because the grid tables are to be
expressed in feet. In the formula, sis counted plus to the southward
and when the given parallel is north of ¢, the three terms add together
and the whole is subtracted numerically from E,. The fourth-power
term is always small within the limits of the grid tables as they are
computed; for this reason it is sufficiently accurate to use this term
as given although the rigid development gives an additional factor
very slightly different from unity.

With this series development, we make a check computation of
R, and R,. If this gives a satisfactory check, we then consider that
our computed constants are correct and we proceed to compute the
other B’s. By computing every 10 minutes of latitude, the remaining
R’s can be interpolated by using the successive differences.

The scale factor can be computed in the following way. By differ-
entiation of the formula for AR, we get

d(AR)_1+s_2_sa tan ¢q
ds T2p2 6pp°

If the second and third terms are computed and added algebraically
to 1, it will express the scale as a ratio on a projection in which the

arallel of ¢, is held exact in scale. By reducing this scale ratio to a
E)garithm and afterward adding algebraically the log reduction at
¢, the scale in units of seven places of logarithms for the given grid
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is obtained. Of course, we could compute the scale just as we did in
the case of that at ¢, but this involves more computation than is
required by this method.

In most cases the tabulated y’ values are merely the differences
between the first-tabulated R and the R for the given parallel. This
is so if the first tabulated ¥’ value is zero. In one or two cases some
constant value is added to each of the tabulated values and this will
be shown on the first tabulated value. The tabular difference for 1’/
is merely the difference between successive R’s or y”’s divided by 60.
This outline explains the elements in table I of the Lambert projection.

Since the parallels on the Lambert projection are represented by a
system of concentric circles, the mapping angle at the center is propor-
tional to the longitude out from the central meridian. If N denotes the
longitude reckoned out from the central meridian, the mapping angle
Wﬂflbe I\ taken positive to the eastward. Table 11 lists this mapping
angle for the minutes of longitude, so it is only necessary to compute
the additional value for the seconds of longitude to get the full value
of the mapping angle. This is denoted by the symbol 6.

FORMULAS FOR THE TRANSVERSE MERCATOR PROJECTION

The transverse Mercator projection is merely the ordinary Mercator
projection turned through an angle of 90° so that it is related to a
meridian in the same way that the ordinary Mercator projection is
related to the Equator. If we should construct an ordinary Mercator
projection for a few degrees north and south of the Equator and then
in place of calling the central parallel the Equator if we called it a
certain meridian, we should have the basic framework for a transverse
Mercator projection. The straight lines that were parallels in the
original construction now become small circles related to the meridian
in the same way as the parallels are related to the Equator. Now,
in addition, if we reduce the scale of the original projection in such a
way as to hold the scale true along two parallels, let us say 30 miles
north and south of the Equator, then this projection turned about
would give us the exact counterpart of what we actually compute
for the States in which this projection is used.

In the ordinary Mercator projection of the sphere the distance of
a given parallel from the Equator is determined by the integral

3 d¢
y=a J; cos ¢’
in which a is the radius of the sphere and ¢ is the latitude.
If sec ¢ is developed in a series to two terms, we have

sec ¢=1+—;—¢2+ e e

To this approximation we get
_ AR

8
a¢p=s, or ¢=E

But
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in which s is the length of the meridian from the Equator to the
given parallel. By substituting the value of ¢ we get

83
y=s+65§+ ......

When the projection is transversed, the central meridian corres-
ponds to the Equator and great circles perpendicular to the central
meridian correspond to the meridians in the original projection. If
we still consider a sphere it would merely be necessary to compute
the length of the meridian from some chosen latitude assumed to be

G Station

A Foot of perpendicular

dropped upon central meridian
o Origin
sm Geodetic distance

a  Length of meridian from O to A

FIGURE 4.—Sphere illustrating the elements of the transverse Mercator projection.

sg
sg + 2

x'

Fi1GURE 5.—Transverse Mercator coordinates in the plane.

zero for the y-value of the projection and the length of the perpen-
dicular distance of the given station from the central meridian would
be the s-value for the computation of the z-value.

At this point we encounter a difficulty, for the earth is an ellipsoid
of revolution and not a sphere. It is generally customary to assume
a sphere with radius equal to the square root of the product of the
radius of curvature in the meridian and that perpendicular to the
meridian for the mean latitude. If this is done the scale will vary
along the central meridian. To avoid this, it was decided to make the
y value proportional to the true length of the meridian and to com-
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pute the true length of the perpendicular to the meridian passing
through the given station. The 7 value thus becomes the length of
the meridian from the chosen imtial or y, to the intersection of the
above-mentioned perpendicular with the central meridian. The
length of the perpendicular is the s value and for the @ of the formula
we use the mean proportional between the above-mentioned radii of
curvature, This causes a slight departure from conformality but for
the small distance that is included in an east and west direction it will
not cause any trouble in the applications.

The first thing to do is to compute the length of the perpendicular
upon the central meridian and the latitude of the foot of this per-
pendicular. In Special Publication No. 8, we have the formula for
the computation of A\ in the form

log AN=log s+ C10g x—C10¢ s +1log sin a+log A’+log sec ¢’.

If we consider that we are computing from the foot of the per-
pendicular on the central meridian, & will be 90° or 270° and hence
log sin a=0. The latitude of the given station is the ¢’ of this
formula and A’ is to be taken for this value of ¢/, Also AXis known
since it i1s the longitude out from the central meridian. We can
therefore drop the prime and our formula becomes ‘

log s=log AA—C\og antlog cos ¢+colog A+Cheq s

The value of s can be computed by this formula. Since the table
for colog A is computed for meters this value of s will be in meters
and a factor for reduction to feet must be included. With this value
of s we then compute =’ by the formula:

a:’—s—%—s—3
=stg

in which py? is the product of the two radii of curvature for the mean
latitude as explained above. With the A and B factors from the
table in Special Publication No. 8, taken out for the mean latitude ¢,,

1 i 1,200)2
poz-—ABsm 1 (3——-—,937

This gives the value of piz expressed in feet.
0

The amount to be added to ¢ to get the latitude of the foot of the
perpendicular must next be determined. In the position computa-
tion formula for A¢, we see that all terms except the second become
either zero or so small that they are negligible for such lengths of s
as we need. Again sin a=1, so

—A¢p=s"C.

In this, the s-value in meters must be used because the value of C
is computed for meters. Now C should be taken from the table for

the latitude of the foot of the perpendicular. We can, however, take
out & preliminary value for the latitude of the station and thus get
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an approximate value of this latitude denoted by ¢’. With this
approximate value the C can again be taken from the table and in
this way the correct value of A¢ is determined. The minus sign would
apply in going from ¢’ to ¢ but since we are going in the opposite
direction we must always add the value of this term to pass from ¢
to ¢’. In other words, the latitude of the foot of the perpendicular
is always greater than that of the station in question by the value
computed by the above formula.

The description thus far given is for a projection which holds true
scale on the central meridian. In order to balance the scale through-
out the projection, an arbitrary reduction is made on all the elements.
This brings about true scale at a certain distance east and west of
the central meridian. On the sphere these would be small circles
related to the central meridian in the same way as the parallels are
related to the Equator. If in the ordinary Mercator projection we
should arrange to hold the scale true along the parallels of 1° north
and south, we should have a condition analogous to what we provide
for in these transverse projections. Because of the fact that the earth
is a spheroid and not a true sphere, these lines of true scale would
not be exactly small circles parallel to the central meridian, but they
can be so considered for all practical purposes.

If we differentiate the formula for z, we shall get

dx §?
I 1 +§p_02

This gives the scale in case of a projection of true scale along the
central meridian. After this is computed for the greatest distance
out from the central meridian, one-ha};f of it expressed as a logarithm
is placed as a reduction on all elements so as to give the proper
balance. Let us suppose the increase of scale from the original.
computation is given as 1 part in 5,000. In that case

dx
%—1.0002.

The logarithm of this number is 868 in the seventh place of decimals.
We should then put —434 as the reduction on all quantities, and the
scale on the central meridian would be 1 part in 10,000 too small
and at the outer limit of the projection 1 part in 10,000 too large.
The table of scales would be computed by the scale formula with the
—434 added in with each value. This would give a zero value for
the distance at which

2
log (1 +2—;—N2)——0.0000434

or where 1/_.
& 1 _ V2 p
Zp 10,000 °F*= 100

Table I in the transverse Mercator projections is merely the length
of the meridian reckoned from the latitude for which ¥ is taken zero
reduced for the scale reduction at the center. This scale reduction
is the R-value on the computation forms and it is a constant for
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any given system. For 1 partin 10,000 it is —434.3, for 1 part in
40,000 it is —108.6, and so on.

Since the s values are somewhat greater than those usually found
in the ordinary position computations, a table of colog A and log C,
given to one place farther than those given in Special Publication No.
8, are included in each table for the extent of latitude of the given
State. The values are tabulated for every minute of latitude, and
straight-line interpolation can be made for the seconds of a given
station.

LIST OF STATES WITH THEIR RESPECTIVE GRIDS

) LAMBERT SYSTEM TRANSVERSE MERCATOR BYSTEM
1. Arkansas 1. Alabama
2. California 2. Arizona
3. Colorado 3. Delaware
4. Connecticut 4. Georgia
5. Towa 5. Idaho
6. Kansas 6. Illinois
7. Kentucky 7. Indiana
8. Louisiana 8. Maine
9. Maryland 9. Michigan
10. Massachusetts 10. Mississippi
11. Minnesota 11. Missouri
12. Montansa 12. Nevada
13. Nebraska 13. New Hampshire
14. North Carolina 14. New Jersey
15. North Dakota 15. New Mexico
16. Ohio 16. New York
17. Oklahoma 17. Rhode Island
18. Oregon 18. Vermont
19. Pennsylvania 19. Wyoming
20. South Carolina
21. South Dakota BOTH SYSTEMS
22. Tennessee .
93 Texas 1. Florida
24. Utah
25. Virginia
26. Washington
27. West Virginia
28. Wisconsin
29. Long Island
30. Nantucket and Marthas Vineyard

EXPLANATION OF PLANE OR GRID AZIMUTH

The plane or grid azimuth of either system of projection is referred
to the central meridian which forms the Y-axis of the original com-
putation. The geodetic azimuth is referred to the meridian through
the given station and hence differs from the grid azimuth due to the
convergence of the meridians. There is also an added difficulty due
to the fact that the straight line on the plane joining two points does
not represent exactly the geodetic line joining them. The geodetic
line is represented by a curved line that makes a small angle with
the straight line. In the systems using the Lambert fprojection, in
case both stations lie on the same side of the parallel of ¢, the curve
representing the geodetic line will lie on the side of the straight line
farther away from this parallel. In other words, if the stations are
north of the parallel of ¢,, the geodetic line will lie north of the
straight line. In the same way in the transverse Mercator projec-
tion, the geodetic line lies on the side of the straight line away from
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the central meridian when both points are on the same side of the
central meridian.

This fact causes a small correction term to be present that has to
be taken into account in passing from the geodetic azimuth to the
grid azimuth or vice versa. This correction has been developed into a
series, but for practical purposes the first term is sufficient for the
limits of the projections as needed for the States. For the Lambert
projection the re{ation between geodetic azimuth and grid azimuth is
given by the formula:

Geodetic azimuth—grid azimuth= —I—G—ﬁﬁ,(yl—yo—l—gz—g-gﬂ .
In this formula 6 is the mapping angle for the station at which the
azimuth arises, z; and 4, are the grid coordinates of this station, and
2, and y, are the grid coordinates of the point observed; y, is the
y-value for the intersection of the parallel of ¢, with the central
meridian and p, is the quantity already described. The logarithm

Of PN Y
2py% sin 1
the list of constants. This is true also of . The correction term

can then be computed from the coordinates and the given constants.
In the transverse Mercator projection, the azimuth relation becomes

the following: L,
Geodetic azimuth—grid azimuth =A«+- (yz(ggé)s(.ifl lj_)xz ).

0 g
The sub-one coordinates are the coordinates of the origin of the line
and the sub-two coordinates are those of the end of the line. The
value of Aa is merely the convergence of the meridians and it is

computed with the coordinates. Log (zgmz—slm) is given among
g

the constants of the projection. Further terms of the correction series
could be given but within the limits of the State systems they are of
no practical importance. The higher terms for the Lambert projection.
are very complicated and they would require too much computation to
warrant their use. Those for the transverse Mercator are more regular
but they too are not needed for practical use of the grid as limited for
the States.

In the computation of the tables in each of the systems, the object
has been to give just as much as is needed for the computation of the
coordinates of the stations when their latitudes and longitudes are
known. The interval of minutes was chosen so as to make it possible
to make the required interpolations with first differences alone. This
makes the necessary computation both shorter and simpler. It was
desired to have everything so direct that anyone could compute the
coordinates who knew how to use logarithms and trigonometric tables.
A knowledge of how the tabular values are computed is not essential
but some insight into the nature of the projection is helpful to any
who may use the tables in actual computations.

In the use of plane coordinates it is much more convenient to have
all of the values with plus sign. No danger of a mistake in sign is then
apt to occur and no signs are necessary in listing the coordinates.
In computing the coordinates the z-values are counted positive to

03324°—35—2

is a constant for any given system and is given among
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the eastward. To prevent the appearance of negative values, it is
necessary to add some arbitrary constant to the values that are
directly computed. On the general form a constant of 2,000,000 is
used so as to give a value large enough for any State. For any given
system a value could be adopted smaller than this if the greatest
distance west of the central meridian is correspondingly less than this
quantity. A value large enough to offset such negative values as are
liable to occur must be assumed. Also it is most convenient to assume
a round number, for such a value is more easily added algebraically.
When a value is once assumed it should be considered as a constant
for the given system and so used in all of the coordinate computations.

In all of the systems the y-values are started far enough to the
south to give assurance that no negative values will occur. This
means that all of the coordinates are placed in the first quadrant and
all attention to sign is removed. The origin of the coordinates is
arbitrarily moved to the westward and placed far enough south to
accomplish the end in view. In the use of the coordinates no atten-
tion needs to be paid to this origin. All applications have to do with
differences of coordinates, and these would be the same wherever the
origin lies. The positions of the X and Y axes are perfectly arbitrary,
except that the Y-axis is parallel to the central meridian and the X-
axis perpendicular to the same. No attempt should be made to locate
the arbitrary origin, for it makes no difference where it is.

In setting forth the principles of the two systems we have aimed to
avoid too much theory and to give merely the results that are founded
on the general theory. Those who wish to consider the matter more
fully may consult the more extensive works on projections, or, better
still, consult the original papers of the masters on the subject. This
publication is intended as a working manual and does not aim to be
rigorously scientific or to overburden the reader with elaborate
mathematical developments.

COMPUTING PLANE COORDINATES ON LAMBERT PROJECTION

As an example, the coordinates of ‘‘Ivy’ are computed on page 20.
Starting with the position of “Ivy”; latitude 41°52/187045, longi-
tude 73°13/277979, the following operations are performed.

From the projection tables of Connecticut (see fig. 6) ! on page 16,
opposite latitude 41°52’ the values of R (for minutes of ¢), ¥y’ (for
minutes of ¢) and the tabular difference of R for 1 sec. of ¢ are taken.
These are: 23,537,876.76; 376,512.26; and 101.22217 respectively.
The 101.22217 is multiplied by the seconds of ¢, 18.045, giving
1,826.55 to be subtracted from R and added to y’.

From the same tables on page 18, opposite longitude 73°13’ the
value of 8 (for minutes of \) 1s —0°18’3379398. From this is sub-
tracted algebraically the product of the seconds of A, 27.979, and the
value of @ for 1 sec. of longitude, 0.6630594147, found on page 18.
This gives the correction to 8 for seconds of A\, 1825517 which sub-
tracted from 6 (for minutes of \), gives —0°18'5274915, or reduced
to seconds, —1132.4915.

At this time g is taken to hundredths of a second, here —0°09’

26725, and written on the right half of the form. The logarithm
1 For State map of Connecticut showing elements of grid, see fig. 59, p. 261.
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LAMBERT PROJECTION FOR CONNECTICUT

1

9]

Table I.
Lat. R y! Tabular Soale in | 8Scale
feet ¥ value on | difference| units of expressed
central for 1 sec.| 7th place} as &
meridian of lat. of logs | ratio
feet feet
koo 501 | 23,914, 389,02 0 101.209 +2k48., 1.00005
1 2%’30 ,%19 bg 6,072.56 101.209%3 +233. .00005§3
52 | 23,902,243.90| 12,185,12 | 101.2091 +218, 1.0000504
5 23,896 171.35] 18,217.67 | 101.2093 +20k, 1.0000471
5 90,098, z 2&,290.2 101.2091 +190. 1.0000438
55 23,38#,026 30,362.78 | 101.20917 | +176.8 | 1.0000407
Yoo 561 | 23,8 .6 6,4 101.2091 +163. 1.0000
27 2%, 21’222 1 za 35 2 101.2091; +153.§ 1. oooogl7
58 | 2%,865,808 gz ua 580 43 101.20917 +138.,0 1.0000318
59 | 23,859, Zzs 4 652.98 | 101.20917 +125.8 | 1.0000290
Y10 60 | 23,853,063.49 0,725 53 | 101.20933 +113.9 1.0000262
4o Q1% | 23,847, 590 931 66,798.09 | 101.20917 +102.4 | 1.0000236.
o2 | 23.,8x,514.38] 72,870. 101.20933 | + 91.3 1.0000210
81 23,835,045, 78,943.20 | 101.20933 + 80.5 | 1.0000185
23%,829,373.26| 85,015.76 | 101.20950 | + Zg.l 1.0000161
05 | 23,823,3%00.69| 91, oa .331101.20950 | + 60.1 | 1.0000138
430 06v | 23,817,228.12] 97,160, go 101. 20920 + 39.5 1.0000116
o7 | 23,811, 155 55 103,233 101,209 7 + 1.1 | 1.000009
08 | 23,805,082 109,30 101.20967 | + 32.2 1.000007
09 | 23,799,010. 39 115,374.63 | 101.20983 +23.6 | 1.0000054
10 | 23,792,937.80 121,851.22 | 101.21000 | + 15.% | 1.0000035
430 11| 23,786,865.20 127 623.82 | 101.,21000 | + 7.5 | 1.0000017
12 23,780,792 éo | 133,596. 101.21017 0.0 | 1.0000000
1 23,723 9.99 1 ,669.03 101.21033 { = 7.1 | 0.99999
1 Z Jl 101 .21050 - 13.8 0.9999968
15 | 2 762,57 151, a1u es 101.21050 | - 20.2 0.9999953
§le 16v] 2 6 157,886.91 ] 101.22083 | - 26.3 | 0.99999
17 2%175 163:959 56 [101.21100 | - 32.0 | 0.9999986
18 170, 032 az 101.21117 | = 37.3 | 0.999991%
19 23,735,2su 13 176 101.21117 - h2,2 0.9999903
20 | 23,732,211.46] 182, 177.56 101.21167 - 46.8 0.9999892
hio 21t| 23,726,138.76 | 188,250.26 | 101.21167 - 51.0
3 2% 2% ;20 0 76 194, 322.96 101.2118 = 5.8 o 99998 z
23 | 23.713,993.35 200,395.67 | 101.2121 - 58.3 | 0.99998
2h | 23,707,920.62 ] 206,468.40 [101,21233 | - 61.4 .9999659
25 | 23,701,847.88| 212 5&1.1& 101.21267 | - 64.2 | 0.9999852

FI1GURE 6.—Lambert projection tables for Connecticut.
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LAMBERT PROJECTION FOR CONNECTICUT
Table 1 (Conttd).

Lat, R y! Tabular Sc¢ale in | Scale
feet y value on | difference { units of expressed
central for 1 sec. | 7th place} as &
meridian of lat. of logs ratio
feet feet
hye 26t | 23,695,775.12 | 218,613.90 | 101.2128 - 66.6 | 0.99998k47
27 2%:633,;32.35 2241652.6Z 101.2131? - 68.6 | 0.9999842
28 | 23,683,629.56 230,759.46 | 101.21333 | - 70.2 0.9999838
29 23,677,326.76 2&6,832.26 101,21%67 - 71. 0.9999835
30 | e3%,671,483.94 | 242,905.08 | 101.21800 - 72.5 | 0.9999833
hye 31 | 23,665,411.20 | 248,977.92 | 101.21417 - 73.0 0.9999832
2 | 2%,659,338.25 255,050.21 101.21450 | - 73.2 | 0.9999831
i 23,653,265.38 | 261,123, 101.21433 - 73.0 | 0.9999832
3 23,607,192, 267,19 .gz 101.21517 - 72.5 ] 0.9999833
35 {23,641,119.58 | 273,269, 101.21533 - 71.6 0.9999835
Y10 360 | 23,635,046.66 ] 279,342,136 | 101.21583 - 70. 0.9999838
§7 2%16222973.71 285.015.31 | 101.21817 | - &:2 0.99998
38 | 23,622,900.74 1 291,488,28 | 101.21650 - 66,6 0.9999847
zg 23,616,821.73 297,261.27 101.21683 - 64,2 0.9999852
23%,610,75%.74 | 303,634.28 | 101.21717 - 61.5 0.9999858
kie N30 | 23,604,681.71( 309,707.31 | 101.21750 - 58,4 0.9999866
42 2%:598:606.g6 215:780.33 101.21800 | - 54.9 | 0.9999a7k4
tz 23,592,335.22 321,853, 101.21833 - 21.0 0,9999883
23,586,462, 327,92 .zu 101.21883 | ~ 6.8 | 0.9999892
45 | 23,580,389.35| 333,999.67 | 101.21917 | - 42.2 | 0.9399903
byo 46t | 2 4,316.20| 340,072.82 | 101.21950 - 37. 0.9999914
47 . a%ZEEs: .03 54611 5.99 | 101.22000 | - ga.g 0.9399926
Lg | 23,562,169.83] 352,219.19 { 101.22050 - 26.3 0.999993
49 | 23,556,096.60| 358,292.42 | 101.22083 - 20.3 0.9999953
50 | 23,550,023.35 364,365.67 | 101.22133 | - 13.9 | 0.9999968
e 517 | 23,543,950.07 | 370,438.95 | 101.22183 | ~ 7.1 | 0.9999984
g2 231333,2?6.16 576:5;2.26 101.22217 0.0 | 1.0000000
5 23,531,803.43| 382,585.59 | 101.22283 + 7.3 1.0000017
5 23,525,730.06| 388,658.96 | 101.22317 + 15. 1.0000035
55 | 23,519,656.67] 394,732.35 | 101.22367 + 23.7 1.0000055
4ie 56¢ | 23,513,583.25| 400,805.77 | 101.22433 + 32.3 1.0000074%
27 23:2031503.73 406,879.23 | 101.22467 | + 31;3‘ 1.0000095
58 | 23,501,436.31| M12,952.71 | 101.22533 + 50,1 1.0000117
59 | 23,495,362.79| 419,026.23 | 101.22567 | + 60. 1.0000122
42o 00 | 23,489,289.25| 425,099.77 | 101.22633 + 70.5 | 1.00002

FIGURE 6.—Lambert projection tahles for Connecticut—Continued.
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LAMBERT PROJECTION FOR CONNECTIGUT

Table 1 (Contfd).

17

Lat yt Tabular 8cale in | Scale
* feet y value on [difference| unitg of | expressed
central for 1 sec.| 7th place | as a
meridian Jof lat. of logs ratlio
feet feet
hao 01t} 23,U83,215,.67] 431,173.35/102.22700 | + £1.0 | 1.0000187
02 2%1&7%11&2.0% u%,i%.%? 101.22733 { + 91.8 [1.0000211
0 23,11»21,068.1&1 443 320,61(101.22800 +1OE'° 1.000023
0 2%,h6l, 994,73 w+9,394.29 101.22850 +11%.6 | 1.000026
05 | 23,458,321.02| us5h,0468.00[101.22917 | +126.5 | 1.0000291
Y2e g6t | 23,452,847.27] 461,541.75]101.22983 +138.8 1.0000320
07 | 23, 6,%73.48 467,615.5%1101.23033 +151.2 1.0000349
08 | 2%,440,699.66) 473,689.36(101.27083 +16L, 1.0000379
09 | 23,434,625.81) 479,76%.21{101.23167 +178.0 1.0000410
10 | 25,428,551.91| 485,837.11{101.23217 +191.8 1.0000442
heo 11t | 23,u422,477.98] 491,911.04[101.23263 +206.0 1.0000474%
12 | 2%,416,404.01 '+9£,985.01 101.2333; +aao.g 1.0000508
13 [ 23,410,330.01] 504,059.01]101.23041 +235, 1.0000542
1 2%,404,255,96} 510,133.06}101.23483 +250.7 1.0000577
15 | 23,398,181.87} 516,207.15 }101.23533 +266.3 1.0000613
kao 16t | 23,392,107, 22,281.27 |101.2361 +282, 1.0000650
17 2%,%26,03%.%?. 225,325.1& 101.2366; +298.i 1.0000623
15 | 53:305882:33| 2lgi0seofion aaky | ¥ | 3:00007E8
, 5 03, . . .
20 2%,;6/;:813.53 2%,’57%.15 ? +350.0 | 1.0000806
£, = 0.6630594147
log_Z = 9.8215524459 = 10
log ¥ = 7.6025745968
Xy =X Yo = Vq
Geod. AzZ. = Grid, Az, = = - ———
2(A;°- sin 1'(y1 Vo t=g0) v 8
Yo = 255,155.48
log —t —— a0,3723907 - 10

20o sta 1t

FIGURE 6.—Lambert projection tables for Connecticut—Continued.
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LAMBERT PROJECTION FOR CONRECTICUT
Table II.
1' of long. = 046630594147 of ©

Long. (3] Long. e Long. )
71° 30%|+0° 4g¢ 1&3!7674 720 06t} 400 251 5185590 [[72° 4it[+0° 02' 3991343
31 |+0 L9 019}8 07 {40 25 11.7755 2 1+0 01 59 3507
2 |+0 48 2B.2002 08 [+0 2B 31.9919 ﬂ +0 01 19.5671
a +0 47 uu lu.67 09 |40 52,2083 4 00 39.7536
+0 l& 3;1 10 {+0 2% 12.4eug 4 | o 00 00.0000
35 [+0 24,8435
o 36140 066011720 11|40 22 32.6412}|720 U6t|-0 0O .7836
n 37 +0 E gg.zsau 4 12|+ 22 ga.sss 7 47. =0 01 %3.%51
& |+0 25,4988 13 {40 21 13.0781 g |-0 01 59.3507
2|8 i ks 1k 140 20 33,2905 w0 02 H.1343
+0 43 05,931 15 {+0 19 53.5069 50 |-0 03 9178
10 4iv{40 42 26.1h82|172° 16140 19 13.7234)}72° S51'|-0 © JJ014
7 42 0 W11 gsus 7 17 |40 13 gi.;ﬂs 7 ga -0 0 58.1550
IR gl BIE Y el 2128 Bin
45 {+0 39 k7.0139 20 {40 16 34, 5 [-0 © 3725356
o 46t ls0 07.2303 11720 21t]+0 1 uaos 20 66t|-0 07 17.6192
71!&7+o39 2;. 1Y 224015 :515.02207 27-00'7/ ;lloga
48 |40 37 47.6632 23 [+ 1 g5.23&l+ 58 |-0 08 32
49 |+0 E 07.8796 2k 40" 13 55.L54g 59 |-0 09 969
50 {40 36 2d4.0961 25 [+0 13 15.6713|{73° 00 -0 09 56.7535
° 51t 4o ug. 3125 720 260f+0 12 35.2¢ 10 01¢}-0 10 36.5370
n%a«;%% 08.%28%7 27#011%.107 3 oa-ong57
gz +0 28,745 28 140 11 16.3206 83 -0 11
! +0 ;3 48,961 29 |40 10 és .5370 1-0 12 35.8877
55 |+0 33 09.1782 30 {0 09 56.7535 05 |=0 13 15.6713
710 56t [+0 32 29.39471]72° 31140 16.96 ° 06tl-0 1 .
?7 +0 31 ha.zgn 3% +0 gg 7.?593 & 07 {=0 1 32'523
58 [+0 3 09'521.13 33 {+0 07 b57.4028 08 |0 15 15.0220
59 140 30 30.0 34 j+0 07 17.6192 09 |-0 15 52.5056
72° 00 |+0 29 ©50.2604 35 |40 06 37.8356 10 |-0 16 34,5891
720 01t |40 29 10.4769|]72° 36t{40 05 73° 11% -0 17 14,
02 |+0 28 30.6933 ;7%3&182252; 31.2-01*7/ 5#.;;227
ga 40 27 50.9097 38 {40 13 |=0 18 33,9398
0 27 .12 zg 4 03 53.701!; ) 1t }-0 19 13.7
05 {+0 26 31,3426 +0 03 18,9178 15]-0 19 53.50

FIGURE 6.—Lambert projection tables for Connecticut—Continued.
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LAMBERT PROJECTION FOR CONNECTICUT

Table II (Comtt4).,

1" of long. = O%6630594147 of e

Long. o Long. [*]
E3l =00 201 331290 ° 514 —Q° 43¢ 4sd7]
TEHRE IR AT Al
1 .
19 |-0 22 62 _ 5& -0 ﬁz u%.oseo
20 -0 23 12 uahs 851 =0 2k ,8l95
° 21%)=0 23 52,208 ° 564 =0 47 OU.6331
7 22 |0 2 §1.9913 ” 27 -0 u; .u§27
2138 gl 21D
25 |-0 256 31.3% 7ho 00| -0 43 43.767h4
73° 26'|=0 27 11.1262
27 |-0 27 50-9097
28 (=0 28 30.6 23
29 |[-0 29 1o. l&zoz
30 =0 29 50.2
o 31{~0 30 .04%0
” ge -0 31 33.3275
33 |0 31 ,6111
38 |-0 32 29.3947
35 =0 33 09.1782
o 36t a0 48,9618
& 7 |-0 33 28, %usu
TEEE
38 -0 §6 28.0961
e §3t|-0 07.8796
73 gl g; 7. Z9
gﬁ -0 38 27
-0 39 07 2303
b5 |-0 39 U47.0139
o L]0 Lo 26,
” 7 =0 06.g§75
ke -0 41 U6.3646
b9 -0 42 26.14g2
50 {=0 43 05.9%17|

FI1GURE 6.—Lambert projection tables for Connecticut—Continued.
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Plane coordinates on Lambert projection

State_Connectiocut __Station vy

’ ” o ’ ”
o=_U4T 52 1@.045 \= 73 13 27.979
Tabular difference of R for 1" of ¢ = 101,22217

.R (for min. of 9 ) 23,537 ,876.76 y* ( for min. of ¢ ) 376,512.26
_Cor. for sec. of ¢ ~ 1,826,855 Cor. for sec. of ¢ + 1,826.55
R 23.536,050.21 v 378,338.8)
¥ (=2R sin? §) + 354.75
6 ( for min. of A) - 016 33 9398 y 378.693.66
_Cor. for sec. of N\ - 18.5817 —
5 For machine =0 18 52, 1‘915 g For machine 0 09 26 . 25
Q" computation | = 1132." 49185 computation
log 6" 3.05403&25 n
_log &' 3.05403495 n  Hcolog 2 9.69897000 -10
_S for 6. L.68557269 -10 |Is for § h.68557432 ~10
_log sin @ sin @ 7-73960764 -10n log sin ?’i__sin f 7.43857927 =10 n
.log R 7-37173359 R sin £
_log x" 5.11134123 n tog sin? §1 R sin? § 4, 87715854 -10
x. Rsingl =~ 129,223.42 R 7.37173359
600,000.00 | og 2 0.30103000
X lL_7() 776.58 log v 2.54992213

x = 2,000,000.00+ R sin 8

y=y +2Rsin §

y'= the value of y on the central meridian for the latitude of the station
S = log of ratio for reducing arc expressed in seconds to sine

{see log tables)

R, ¥, and @ are given in special tables

FI1GURE 7.—Computation of coordinates for Connecticut.
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Plane coordinates on Lambert projection

State Connecticut

g=_ 141 47 59,305 2=

Station

Box Hill

21

72 27 2i.401

Tabular difference of R for 1" of ¢ = 101.22000

_R ( for min. of ¢ ) 23,568,243.03 y' ( for min. of ¢ ) '&hé'lluj 99
_Cor. for sec. of ¢ - 6,002.85 | Cor. for sec. of ¢ +__6,002.85
R 23,562,240.18 |y 352,144, 8l
y7(=2R sin? §) + 136.40
6 ( for min. of \) +0°11'56.1042 | y 352,285, 2l
_Cor. for sec. of N - 14,2498 .,
a + 011 4154 % 0 05 50.93
Py compution |+ 701, &5ul ompaation
log 6" 2,8h624702
.log 6. 2.8u624702 colog 2 9.69897000 -10
_S for 8. Y4, 68557403 ~101S for £ 4.68557466 10
_log sin @ sin @ 7.53182105 =10 lljog sin £_Lsin £ | 7.23079168 =10
_log R 7.37221658 R sin §
_log % %.90403763 log sin?> 41 Rsin? £_| 14 U6154236 -10
X R $in @ + 80,174.75 [10gR 7.37221658
600,000.00 | log2 0,30103000
x 680,174.75__ |l log vy 2.13482994

y-=y’+2Rsin2-§

(see log tables)

x = 2,000,000.00 + R sin 6

L R, ¥, and @ are given in special tables

y’'= the value of y on the central meridian for the latitude of the station
S = log of ratio for reducing arc expressed in seconds to sine

Fi1eure 7.—Computation of coordinates for Connecticut—Continued.
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of 6’/ (9 in seconds) is written in the proper place on both the left
and right sides of the form. The S-values for 6§ and % are taken from
the table of S and T values., Addition then gives log sin 6 on the
left and log sin g on the right. The latter is multiplied by 2 to give

log sin® g The logarithm of the final R is added to log sin 6 giving

log 2’. The number corresponding to this logarithm is —129,223.42,
the sign being determined by the sign of 8. This is added algebrai-
cally to the constant for the State, in this case 600,000*, giving z,
in this case 470,776.58 feet.

The logarithm of the final R is also added to log sin® g and log 2

giving log y’’ <=2R sin*%)- The number corresponding to ‘ this

logarithm, 354.75, is always added to y’, giving the final value of ¥,
in this case 378,693.56.

The grid azimuth Ivy to Box Hill is computed on page 23. The
coordinates of Ivy are denoted by z;, ¥, and those of Box Hill by z,, ,.
Then the tangent of the grid azimuth is equal to z,—z, divided by
y; —1,. 'The signs of these two terms are changed to determine in
which quadrant the azimuth lies.

If one has a copy of Shortrede’s Table of Sines and Tangents, this
method of the mere change of signs of 2,—z; and y.—y; will suffice
for locating the quadrant of the grid azimuth. We have chosen to
reckon grid azimuths from the south to be in accord with the use of
geodetic azimuths. The Shortrede Table gives the values with their
proper signs for all of the quadrants. This is an admirable feature,
but many tables do not have such a tabulation. If one is using a
table with argument in the first quadrant alone, then the following
outline will serve the purpose of locating the quadrant of the grid
azimuth. Let us suppose that the angle in the first quadrant deter-
mined from the tangent without regard to sign is denoted by «;
then four cases may arise. Let us denote z,—x, by Az and y,—y;
by Ay, 21, and 7, being the coordinates of the station from which the
line radiates.

(1) If both Az and Ay are negative, then the azimuth=q.

@) I Axois negative and Ay positive, then the azimuth=
180° —«.

(3) If both Az and Ay are positive, then the azimuth=180° +a.

(4) Finally if Az is positive and Ay negative, then the azimuth=
360°—a.

These simple directions will serve to locate the azimuth in any
given case directly from consideration of the signs of the coordinate
differences.

The grid distance is obtained by dividing z;—2, by sin « or by divid-
ing 17,—%; by cos @. These results are in feet which may be converted
to meters if desired by multiplying by the factor ;———’ggg The grid

b
distance may be converted to the geodetic distance by applying the
scale-reduction factor derived from the table on page 16. This factor

* For most States the constant is 2,000,000. Since Connecticut is smaller than many States 600,000 is
large enough to keep all coordinates positive.
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is computed as follows: The latitudes of the two stations are the
argument. The values taken from the table are:

Comoputation of mean scale

Latitude | Scale | Weight | Vcighted
° ’
41 480 | ~23 | 05| -1
41 49 —-20.3 1 ~20.3
41 50 -13.9 1 —13.9
41 51 -7.1 1 -7.1
41 52.3 0.0 0.8 0.0
43 | -6
~54.45
3 -7

The tabulated value opposite 41°48’, in this table —26.3, applies
to all latitudes between 41°47.5” and 41°48.5’. As one of the sta-
tions is 41°48.0°, only 0.5 of the value —26.3 is used in taking the
mean. At the other end, the 0.0 opposite 41°52’ has a weight of
0.8 since 52.3 is 0.8 larger than 51.5, the value at which the factor
0.0 first comes in. The total of the scale factors divided by the total
weight gives the scale correction which is subtracted from the loga-
rithm of the grid length to give the logarithm of the geodetic length.

The geodetic azimuth may be computed from the grid azimuth by
means of the equation on page 13. ¢ is taken directly from the

computation of the coordinates. The values of y, and IOngsfll—V
o

are found on page 17. These two are constant for a given system.
After the correction is computed as in the example, it 1s subtracted
from ¢ and the result added to the grid azimuth. This gives the
geodetic azimuth between the two points whose coordinates are given
at the beginning,

Computation of Grid Azimuth and Check

Ivy-Box H1l1l
X2 = 680,174.75 log(xy -x;) = 5.32097288
x1 = 470,776.58 Co-log sin o¢ = 0.00342657
X2 =X = 209,398.17 log _1.?2 = 9.48101583 ~10
¥2 = 352,285.2l Scale correction = 4127
y1 - 378,693.56 gggmdﬁ::noe = :t.soszusss

: : = 4. 2084168

Y2 =ny = <26,008.32
log (xp -x;) = 5.32097288 1 = 378,693.56
log (yp -yy) = W.42174077 n Yo = 255,155.48
log tan @ = 0.89923211 n i = 123,538.08

' . 272 = - 8,802.77
grm @ = a7g° %% 13_34 3 !
Correotion . 55:62 114,735.31
Geod. azimuth = 276 52 18.39  log = 5.05969
From 1list s 276 ga 18.g3 Yog (x, -xl) . 5;32097%

1
108 FavsTm = 0-3723907 -lo
log (correction) = 0.7530607
correction = 45,66
FiGURE 8.—Computation of grid azimuth and check.
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COMPUTING PLANE COORDINATES ON THE TRANSVERSE MERCATOR
PROJECTION

The coordinates of station Sakonnet are computed on page 28, as
an example of computation on this projection. The preliminary
data are the latitude, 41°27/377129, and longitude, 71°11'22"621.

The coordinates are computed in the following manner. From the
projection table for Rhode Island (see fig. 9) 2 the X\ for the central
meridian is 71°30’007000. This is constant for a given projection
system. From this is subtracted the N (longitude) of the station,
giving AM, in this case +-18’377379 which reduced to seconds is
+1117%379. The logarithm of this number is 3.04820050. The
correction, arc to sine, may be found on page 17 of United States
Coast and Geodetic Survey Special Publication No. 8, Formulas
and Tables for the Computation of Geodetic Positions. With A\ as
the argument, the correction 212 is taken out in the eighth decimal
place. This correction is subtracted from log AN giving log A\, to
which is added log cos ¢, from the eight-place trigonometric table, and
colog A, taken from the projection table on page 26. The argument
for taking out colog A is ¢, interpolating for the seconds. The sum
of these three logarithms is log s;.

The correction, sine to are, is taken from the table in Special Pub-
lication No. 8, as just explained above, for the correction arc to sine.
However log s, is the argument instead of log AN as before. This cor-
rection, 119, is added to log s, giving log s,,. To thisis added the log-
arithm of the reduction factor for converting meters to feet. From
this sum is subtracted log B which is a reduction factor, constant for
a given system, and found on page 27. These two operations are
performed simultaneously on the form giving log s, as a result. This
is multiplied by 3 to give log s,°. From the table on page 27 the

constant log (%2 is 4.580836—20. This is added to log s,® giving,
o/g
in this case, 9.370302—10. The numbers corresponding to log s, and
3
log (68;0 21‘>aare added together to givez’, in this case +85,079.13. The

sign is the same as the sign of AN. 2’ is finally added algebraically
to the constant for the State, here 600,000, giving z, in this case
685,079.13.

Now log s,, is multiplied by 2 giving log s,% This is carried to
six decimal places and added to log €. Log Cis taken from the table
on page 26 with ¢ as the argument. This is 1.350566—10 which
added to log s,? gives log A¢ equal to 0.178247. The number corres-
ponding to this logarithm is added to ¢ giving an approximate
value of ¢, equal to 41°27/3876365. With ¢’ as the argument, log
C is again taken from the table. After this change is made the final
A¢ is determined and consequently ¢’. In this case the change in
log O is not great enough to cause a change in A¢. From the table
on page 25 opposite latitude 41°27’, the tabular difference of y for 17
of ¢’ 1s 101.21400, and the y (for minutes of ¢’) is 133,598.10. This
tabular difference is multiplied by the seconds of ¢’, 38.6365, giving
3,910.55. The product added to the y (for minutes of ¢’) gives the
final y value, in this case 137,508.65.

2 For State map of Rhode Island showing elements of grid see fig. 60, p. 262.
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TABLE I
Lat. y Tabular lat. ¥ Tabular
(feet) difference (feet) difference
for 1 sec. for 1 sec.
of lat. of lat.
410 ogt 0.00 101.20750 Yre 4a'| 218,619.56 101.21833
06 6,01&.&5 101.20783 4o | 224,692.66 101.21850
07 12,144,92 101.20817 iﬁ 230,765.77 101.21883
08 18,217.41 101. 20850 236,838,90 101.21917
09 24,289.92 101.20883 45 | 2h2,912.05 101.21950
10 30,362, 101.20900
4ye Le | 248,985,.22 101.21967
Y1e 11’ 26,&3&.99 101.20933 47 | 255,058.40 101.22017
12 2,507.;5 101.20967 ug { 261,131.61 101.22033
1 4g 580,13 101.20983 49 | 267,204.83 101.22067
1 s54,652.72 101.21033 50 | 273,278.07 101.22083
15 60,725.34 101.21050 i
4o s1! 279,351.32 101.22133
Yio 16' | 66,797-97 101.21083 52 | 285,0424.60 101.22150
17 72,870.62 101.21117 5 291,497.89 101,22183
18 . | 78,943.29 101.21133 5 297,571.20 101.22217
19 85,015.97 101.21167 85 | 303,6L44.53 101.22250
20 91,088.67 101.21200
e 56" | 309,717.88 101.22267
Be 21' | 97,161.39 101.21233 87 | 315,791.24 101.22300
22 ]103,234.13 | 101.21267 58 | 321,864.62 101.22333
2 109,3%06.89 101.21283 59 | 327,938.02 101'22387
2 115,379.66 101.21333 lgo 90 | 334,011.44 101.22400
25 |121,452.46 101.21350
Yoo 01' | 340,084 .88 101.22417
R1e 26" j127,525.27 101.21383 02 | 346,158.33 101.22450
27 |133,598.10 101.210400 0 352,231,80 101,22483
28 139,6 0.94 101.21433 o 358,305.29 101.22517
29 |iis5,743.80 101.21483 05 | 364,378.80 101.22533
30 {151,816.69 101.21500
4oo 06' | 370,452.32 101.22583
Yye 31! |157,889.59 101.21517 07 | 376,525.8 101.22600
32 163,962.33 101.21567 08 | 382,599.43 101,22633
3 170,035, 101.21583 09 | 388,673.01 101.22650
3 176,108.39 101.21617 10 | 394,746.60 101.22700
35 (182,181.36 101.21650
4zo 11' | B0O,820.22 101.22717
410 36' |188,254.35 101.21683 12 | 406,893.85 101.22750
37 {194,327.36 101.21700 1 412,967.50 101.22783
38 1200,L400.38 101.21733 1 419,041.17 101,22817
gg aos,ulg. 2 101.21767 15 | ¥425,114.86
212,546.43 101.21800

FIGURE 9.—Transverse Mercator projection tables for Rhode Island.
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TRANSVERSE MERCATOR PROJECTION FOR RHODE ISLAND!

TABLE II
Lat. Colog A Log C | Lat. Colog A Log ©
410 05' |1.49090910 [1.344840 J] 41° K1 |1.49092uk2 | 1.353949
el | | Bl 2| E
08 ]1.49Q91038 gsoI uﬁ 269 4706
09 080 5855 b5 612 4959
10 123 6108
Yo L6t 655 5212
Y10 211¢ |1.49091165 [1.346361 ﬁg 697 5ol
12 208 6614 7 5717
1 250 6367 49 782 5969
1 293 7120 50 825 6222
15 335 374
410 510 | 1.49092868 | 1.356474
Y10 16¢ 278 7627 52 910 6727
17 20 7880 5 953 6979
18 463 8133 5 1.490929986 7232
19 506 8386 55 |1.49093038 48y
20 Hu8 8639 |
10 56! 081 1136
%10 21' 11.49091590 |1.348892 57 124 1989
22 633 91k 53 167 g241
e 675 5398 59 209 aloly
2 718 - 9651 Lzo 50! 252 8746
25 761 | 1.349904
Y20 01t} 1.49093295] 1.358998
Llo 26% 803 [ 1.350156 02 337 9251
27 P okd9 03 - &0 950
28 8ag 0662 ok 22| 1.35975
29 931 0915 05 465| 1.3%60008
30 | 1.49091973 1168
430 31 49092016 I e ge 503 82go
1° 31+ | 1.49092016 | 1.351421 07 55 512
%2 058 351674 08 593 o764
3 101 1926 09 635 1017
3 143 2179 10 678 1269
35 186 2432
420 119 1.49093721] 1.361521
41° 36¢ 229 2685 12 764 1774
37 271 2938 1 806 2026
38 314 3150 1 849 2278
ag 356 3udi3 15 | 1,49093892| 1.362530
1.490923%9 | 1.353696

F1GURE 9.—Transverse Mercator projection tables for Rhode Island—Continued.
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TRANSVERSE MERCATOR PROJECTION FOR RHODE ISLAND

TABLE III
xt Scale in Scale ex-~ x Scale in| Scale ex-
(feet) lunits of |pressed (feet) |{units) of | pressed
7th place |28 a 7th plaed as a
of logs ratio of logs ratio
0 - 27.1 0.9999938 ||175,000 [+i24.9 1.0000288
5,000 - 27.0 0.9999938 ||180,000 +133.5 1.0000308
10,000 - 26.6 0.9999939 {|185,000 |+142.8 1.0000329
15,000 - 26,0 0.99999 190,000 |<+152.1 1.0000350
20,000 - 25.1 0.9999942 11195,000 {+161.7 1.0000372
25,000 - 24,0 ]0.9999945 11200,000 |+171.5 1.0000395
30,000 - 22,6 0.9999948 ||205,000 |+181.5 1.00003?8
5,000 - 21,0 0.9999952 {[210,000 |+191. 1.00004k42
0,000 - 19.2 0.9999956 |{215,000 |+202, 1.0000466
45,000 = 17.0s  ]10.999996) }|220,000 |+213.2 1.0000491
50,000 - 14,7 0.9999966
55,000 - 12,1 0.9999972 )
60,000 - 9,2 0.9999979 |ix (Centrall Meridian)=71° 30' 00" 000
65,000 |- 6.1 ]0.9999986
70,000 - 2.8 0.9999994 R = F27.1
75,000 + 0.8 1.0000062 Jliog (.1 ! )} = }.5808361 -20
80,000 + L7 1.0000011 ~ g
85,000 + 8.8 1.0000020
90,000 +13.1 1.00000%0 {|10g (_1 =]9.8952612 -20
95,000 + 7.7 1.0000041 e¥tin 1¥ g
100,000 + 22,5 1.0000052
105,000 + 27.6 1.0000064% |lcor. to apimuth =
110,000 + 33,0 1.0000076
115,000 + Eﬁ's 1.0000089 ,
120,000 + Gy 1.0000102 e -y, Kex) + x))
(%‘sln B
125,000 + 50,5 1.0000116
130,000 + 56.8 1.0000131
135,000 + 63.4 1,00001
115,000 + 70.2 1,0000162
145,000 + 77.3 1.0000178
150,000 + 84,6 1.000019%5
155,000 + 92,2 1,0000212
160,000 +100.0 1.0000220
165,000 +108.1 1,0000249
170,000 +116.4 1,0000268

F1aURE 9.—Transverse Mercator projection tables for Rhode Island—Continued.
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State Rhode Island Station Bakonnet . .

o . » {Central meridian) et 36 C;0.000
¢ 8 27 37129 N 71 11 22.621
&\ (Central meridian-2) + 18 37.379
AA(in sec.) + 1117.;79
|__tog ax 3.,04820050 108 Se? 8. 80768]
| _Cor. arc to sine - 212 log C* 1,350‘3%2 =10
|_tog an, 3.04819438 log A 0.178247
|_log cos ¢. 9,87472210 =10 53
| _colog A1 1. 40001872 s W ° 27" 37.29
-tog S, L. 41383920 _ab + 1.5075
| Cor. sine to arc + 119 ¢ M 27 38.6365
log S 4.%1384039
| _tog 3937/1200—__| 0.51598417 __Tabular difference) | 101.21400
| g R _ 27'1 of y for 1" of ¢' B
| _log Sg L.92982185 y (for min. of ¢') . 133,594.10
|_tog Sgt 14.789466 y (for seconds of ¢")_| +.3,910.55
| _tog 1/60,2R? 4.580836 =20 v 137,508, 65
| log (37/66:2)g 9.370302 =10
__log sin 25£ 9.8209261_-10
_Sg + 85,078.896 oz & % QlEpa0R
L(s“y 66)e = 235 — _log aq, 2.8691266
% + 85,079.13 ;
600,000.00 _iog (axy? _9.,u5
x 685,079,13 log ¥ 1.863 =20
log b - 7.008 =10
l_am |+ 730,801 "
b .OOlA
aa + 739.82 "
aAa + 0 12" 19.82

@ Take out C first for ¢ and correct for approximate ¢'
F1GURE 10.—Computation of coordinates for Rhode Island.
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION

State Rhode Island Station Blook Island
o

R . N A (Central meridian) 71 36 o?),ooo
. 10 3.525 b 71 _35_30.763
AA{Central meridian-n)y - 5 30.763
AA(in sec.) - 33:).763
| _tog Ax 2,51951692 n||__log S.2 7. 77’409;
| Cor. anc tosine_____ |~ 19 Jog C* 1-3462‘85 -10
| _log AN} 2.51951673 0. || log ag. 9.120338 -10
[_log cos 0. 9.87662040 =10
_colog A- 2.19091145 ¢ 4 ° 10’ 317525
_tog S, 3. 88704458 n _Ad + 21319
__Cor, 5ine to & . 14+ i 1) ¢ 41 10 31.6569
108 Sy 3.88704869 n
|_og 3937/1200.—__ . _0,51598M117  ||_Tabutar difference) 101.20900
. _ °71 ofyfori”ofg¢’ J
SUL
_log Sg 4,%0303015 n___||_y (for min. of ¢ 30,362.45
log Sg® 13.209090 n y (for seconds of¢")_ |+ 3+203.96
_tog 1/66.2R? b 520836 -20 ¥ 33,566. 41
log (55766:%); 7.789926 =10 n
__log sin 24£ 9.8184680 ~10
—e =226 | 2.5195169 n
*(s“y 66 = 006 _log ag 2.3379849 n
X ~ 25,204, 71 ;
600,000.00 1_tog (any 7.559 n
x 574,705.26 log F 7.863 ~20
log b 5.422 10 n
_aq, - 217.763
b .000
_aa - 217.76
aa -_0° 03 37.76

*# Take out C first for ¢ and correct for approximate ¢,
F1GURE 10—Computation of coordinates for Rhode Island—Continued,

93324°—35—3
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The rest of the computation is for reducing a geodetic azimuth to a

214" s added to log A\,
which has already appeared on the form, giving log Aq;, in this case
2.8691266. The log A\ is multiplied by 3 and added to log F, taken
from Special Publication No. 8 with the mean ¢ as the argument.
The result is log b, here 7.008—10. - The numbers corresponding to
log Acy, and log b are added to give Aa, in this case --739.82 seconds,
or +0°1219”82. This value Aa subtracted algebraically from a
geodetic azimuth at station Sakonnet gives the corresponding grid
azimuth,

As an example for computing the grid azimuth and distance between
two stations, Sakonnet, with coordinates x;, ¥, and Block Island with
coordinates », 9., are chosen. As shown z,—z, divided by y.—y, gives
the tangent of the grid azimuth. The signs of z;—x; and 9,—y; are
changed to determine in which quadrant the azimuth e lies. The
grid distance is obtained by dividing #;—z;, by sin « or by dividing
42—y by cos @. 'This result is in feet. If desired this can easily be
1,200
3,037
To derive the geodetic length from the grid length the reduction
factor from page 27 is used. The z’s of the two ends of the line are
the arguments. The mean is taken by adding all of the values
between the two #'’s,’in this case —25,000 and +-85,000 feet. For
example, the values are:

grid azimuth or vice versa. The log sin

converted to meters by multiplying by the reduction factor

Computation of mean scale

Weighted
k4 Scale Weight scale
—25,000 |..—24.0 0.5 -12.0
—20, 000 —25.1 1 —25.1
—15, 0600 —26.0 1 —26.0
—10, 000 —26.6 1 ~26.6
—5, 000 —27.0 1 —27.0
0 —27.1 1 -27.1
-+5, 000 —-27.0 1 —-27.0
-+10, 000 —26.6 1 —26.6
415,000 —26.0 1 —26.0
420, 000 -~25.1 | 1 —25.1
—+25, 000 =240 1 —24.0
-+30, 000 -22.6 1 —22.6
435, 000 —21.0 1 —-21.0
-+40, 0060 —19.2 1 —19.2
45,000 -17.0 1 —-17.0
-+50, 000 —14.7 1 —14.7
-+55, 000 —12.1 1 —12.1
-+60, 000 —9. 1 -9.2
465, 000 —6.1 1 —6.1
70, 000 —2.8 1 —2.8
75, 000 +0.8 1 +0.8
80, +4.7 1 +4.7
+85, 000 +8.8 0.5 +4.4
22 —387.3
=383 e

Interpolation is made at the two ends. The value opposite 25,000
may be considered as extending from 22,500 to 27,500 so that if the
length starts with 25,000 the final sum should receive but 0.5 of this
value. Likewise, the value at 85,000 is given but 0.5 weight. Since
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the two stations are on opposite sides of the central meridian, with
z'’s of opposite sign, the mean scale factor cannot be taken directly
between 25,000 and 85,000 but must be computed from one up to the
central meridian where #’ is 0, and then back down to the other,
thus crossing the central meridian. This scale reduction is subtracted
from the logarithm of the grid distance to give the geodetic distance.
An spproximate geodetic azimuth may be computed from the grid
azimuth by adding to it the Aa appearing on the sheet with the
computation of the coordinates of the station. For a more exact
geodetic azimuth the correction to azimuth term must be computed
by the equation given on page 13. This correction is worked out in
the example and added with A« to the grid azimuth giving the
geodetic azimuth. For short lines a grid azimuth may be obtained
by subtracting A« alone from the geodetic azimuth.,

Computation of Grid Azimuth and Check

Sakonnet~Blook Island

Xs = 574,705.26 T2 s 33,566.11
b | = 685,079.13 7 = 137,508.65
Xov%y = =110,373.87 Yo-¥y =.103,942.24
log {2,-x,) = 5.04286627 log (xy-x;) = 5.04286627
log (y2-y;) = 5.01679207 colog 81n & = 0.13786903
log tan = 0.02607420 log :;gc})t_; = 9.48401583 ~10
0rtd aztsuth = 46° 11;3' gg.;sg' 66475113
Correction c - 1.18 Beale reduction = €176
Geodetle azimuth = U6 55: 25,79: log distance = 1&._661}7529
From 118t = 46° 55' 26.47 From 1ist = .6647527

2xy’ = 170,158.26

x2' = -25,29%.74

2x,'+ xp' s 144,863.52

108 (2Xl' + Xa' ) = 5.1609591
log (y2 -¥1) = 5.0167921 n
logl 9.8952612 -20

_1 ) .
6 Q%81 1" 8
log (correotion)
Correction

0.0730124 n
-1.18

Computation of Grid Azimuth from Geodetlo
Azimuth for Short Lines

S8akonnet-reference mark no. 1.

179° 06' 19.9%

Geodetic azimuth

A = -0 12 19.8
Grid azimuth = 178 sS4 00.1

F1GURE 11.—Computation of grid azimuth and check, and computation of grid azimuth from geodetic
azimuth for short lines.
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APPLICATIONS OF THE GRIDS TO COMPUTATION

Although we have adopted two different systems in the adaptations
to the various States, yet we wish to emphasize the fact the use of the
coordinates in plane computations is essentially the same in both
cases. The initial reductions from geodetic positions to plane co-
ordinates is different in the two systems but after the control stations
are reduced to grid coordinates then computations based upon them
are identical in the two systems. We shall now give some sample
computations on each of the systems and these will illustrate the fact
that we have nothing but the application of the principles of plane
geometry in either case. The two classes of observational data that
will be computed by the grids consist of triangulation and traverse.
Since traverse is the simplest form of observational work that will be
computed by means of coordinates, we shall make use of a sample
computation of such a system of measurements as the first to be given.
A particular State must be used as a basis for the computations but
the method is similar in any State, whether the grid is based on the
Lambert projection or on the transverse Mercator projection. This
will be illustrated by computations on each kind of grid and these
computations will demonstrate that the nature of the plane computa-
tion is independent of the kind of grid.

COMPUTATION OF A FIRST-ORDER TRAVERSE IN NORTH CAROLINA

_ A first-order traverse from station Sanford to station Cary in North
Carolina was selected as a typical example. (Tables for North
Caroling are given in Fig. 12.)® At the starting end, stations Allenby
and Sanford were fixed by triangulation, and at the other end, stations
Cary and Raleigh were also fixed by triangulation. The plane
coordinates for these four stations had to be computed first to fix the
control data on the plane grid. The coordinates of the first two sta-
tions were computed by logarithms and those of the last two stations
by calculating machine. With these coordinates, the grid azimuths
of Allenby to Sanford and of Cary to Raleigh were computed in the
usual way. As an approximate check on the calculation an attempt
was made to reproduce the known geodetic length by application of
the scale factor. In most cases this will differ slightly from the geode-
tic length given in the list of geographic positions if the end points
are not sufficiently exact to hold seven decimal places in the logarithm
of the length. To make an accurate comparison an inverse-position
computation should be made to determine just what logarithm of the
length would correspond to the two listed positions. This same state-
ment applies to the attempt to check the geodetic azimuth by the
computation of the correction term. In the case of a short line the
azimuth and back azimuth resulting from the inverse position may
differ a few seconds from the value given in thelist of geodetic positions.
This means that the fourth or fifth decimal place in the positions has
an effect on the azimuth of the line.

3 For State map of North Carolina showing elements of grid see fig. 61, p. 262.
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TABLE I.
vy Tabuler d1f~- Scale in  Seale ex-
¥ value on ference for units of pressed as a
central meri~ one sec. of 7th place ‘ratio
Lat. A sie gy of logs.

33045' 30,183,611,25 0 101,10250 +923 1.,000212
46 30,177,545.,10 6,066,15 101.10200 +891 1,000205
47 30,171,478.98 12,132,287 101.10150 +858 1,000198
48  30,165,412.89 18,198,36 101.10100 +826 1.000190
49 30,159,346.,83 24,264.42 101.10067 +795 1.000183
50 30,153,280,79 30,330,46 101.10017 +763 1,000178

33051' 30,147,214,78 36,396.47 101.09967 +734 1,000169
52  ©50,141,148,80 42,462.,45 101,09933 +704 1.000162
53 30,135,082.84  48,528.41 101,09883 +674 1.000155
54 = 30,129,016,91 54,594,334 101.09833 +644 .1,000148
55 30,122,951,01L 60,660,24 101,09800 +615 1.000142

33956' $0,116,885,13 66,726,12 10X,09767 +587 1,00013%5
57 30,110,819.287 72,791,98 101.09733 +557 1,000128
58 30,104,753.43 78,857.82 101,09700 +529 1,000122

°59 30,098,687.6)  84,923.64 101.09650 +501 1.000115

34700 30,092,621,.,82 90,989,43 101.09600 472 1.000109

34001 30,086,556,06 97,055,119 101.09583 +446 1,000108
02 30,080,490.31 103,120,94 101.09567 +420 1,000097
03 30,074,424.57 109,186,.68 101.09533 +394 1,00009L
04 30,068,358.85 115,252,400 101.09483 +368 1,000085
05 30,062,293,16 121,318,09 101,.09450 +342 1.000079

34%06" 30,056,227.49 127,383.76 101,09433 +316 1,000073
o7 30,050,161.85 133,449.42 101,09400 +292 1.000067
08 30,044,096,19 139,515,06 101.09367 +267 1.000062
09 30,038,030,57 145,580,68 101,09333 +243 1.000056
10 30,031,964.97 151,646.28 101.09333 +219 1.000050

34°11* 30,025,899.37 157,711.88 10109317 +196 1.,000045
12 30,019,833,78 163,777.47 101.09283 +172 1,000040
i3  30,013,768.21 169,843,04 101,09250 +150. 1,000034
14 30,007,702,66 175,908,59 101.09217 +127 1,000029
15 30,001,637.13 181,974.12 101,09183 +105 1.,000024

34%16° 29,995,571.62 188,039,63 101,09150 +83 1.000019
17 29,989,506,13 194,105.12 101,09117 +62 1,000014
18 29,983,440,66 200,170,59 101,09100 +41 1.000009
19 29,977,375,20 206,236,05 101,09083 +21 1.000005
20 29,971,309.75 212,301,50 101,00067 [+] 1.000000

FIGURE 12.—Lambert projection tables for North Carolina.
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TAELE I (Cont'd)

ylv Tabular dife Scale in  Scale ex~
y value on ference for units of pressed as
central meri- one sec. of 7th place a ratio

Lat. QE ,Eégn %gg! of logs.

34%21' 290,965,244.31 218,366,94 101,09067 -20 0,999995
22 29,959,178.87 224,452.38 101,09050 ~40 0.999991
23 29,953,113.44 230,497,.8L 101.09033 -59 0,999987
2¢ 29, 947 048,02 236,563.23 101.,09000 =77 0,999982
25 29, 940 982 62 242,628,63 101.09000 -96 0,999978

84°28' 29,934,917,22 248,694,03 101,08983 =114 0,999974
27 29, 928 851 83 254,759.42 © 101,08983 =131 0,999970
28 29,922 786,44 260,824,81 101.08950 =149 0,999966
29 £9,916,721,07 266,890,18 101.08950 =166 0.999962
30 29, 910 655,70 272,955.55 101,08950 =182 0.999958

84°31* 29,904,590,33 279,020.92 101,08933 «199 0,999954

- 32 29, 898 524 87 285,086,28 101.08917 -215 0,999950
33 29, 892 459,62 291,151,633 101,08917 =230 0.999947
34 29, 886 394.27 297,216,98 101.08900 ~245 0,999944
35 29 BBO 328,93 303,282,332 101.08900 =260 0,999940

34936t 29,874,263.59 309,347.66 101,08900 «275 0,999937
37 29,868 198.25 315,413.00 101,08883 -2688 0,999934
38 29,862,132,92 821,478,33 101,08900 =302 0,999930
39 29,856 067.58 827,5453,.,67 101,08900 -316 0,999927
40 29,850,002.24 333,609,0L 101.08883 -329 0,999924

84%41¢ 29,843,036.9) 039,674.34 101.,08883 =341 0,999921
42 29,837,871.58 345,739.67 101,08883 w353 0.999919
43 29,831,806.25 351,805.00 101,08883 ~365 0.999916
44 29, 825 740 92 357,870,333 101.08683 - -377 0,999913
45 29, 819 675459 963,935,66 101,08883 -387 0,999911

B34946* 29,813,610,26 370,000,99 101,08900 ~399 0,999908
47 29,807,544.,92 376,066.33 101,08883 -410 0,999908
48 29,801,479,59 382,131,66 101.08900 «419 0.999903
49 29,795,414.285 3588,197,00 101.,08%00 =428 0,999901
60 29,789,348.91 394,262.,3¢ 101,08917 -438 0.,999899

84051 29,783,2683,66 400,327.69 101.,08917 -447 0,999897
52 29,777,2818.,2) 406,393.,04 101.08933 =455 0,999895
53 &9, 771 152 85 412,458,40 101,08933 =464 0.999893
64 29, 765 087.49 418,523,776 101.08850 -472 0.,999891
55 29 759, 022.12 424,589.13 101.08967 -479 0,999890

84958' 29,762,956,74 430,654,5) 101.,08967 =486 0.,999888
57 29, 746 891 36 436,719.89 101,08000 =493 0.999887%7
58 29, 740 825.96 442, 785 29 101,09000 «499 0,999885
59 29, 754 760,56 448 850.69 101,09017 =508 0,999883

358900 29,728 695,15 454, 3916:10 101,09033 -511 0.999882
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TAMBERT PROJECTION FOR NCRTH CAROLINA
TABLE I (Cont'd)
yl Tebular d1f« Scele in  Scale ex-

¥ value on ference for units of pressed as
central meri- one sec. of 7th place =a ratio

Lat. & dian Aate of logs. v
35901 29,722,629.73 460,981.52 101.09050 =516 0.999881
02 29,716,5064.50 467,046.95 101.09050 -522 0.999880

03 29,710,498,.87 473,112.38 101.09083 -526 0.999879

04 29,704 ,435.42 479,177.83 101.09100 -530 0,999878

05 29,698,367.96 485,243.29 101.09117 -534 0.999877
35906° 29,692,302.40 491,308,765 101.09133 -538 0.999876
07 29,686,237.01 497,374 .24 101.,09167 -542 0.999875

08 29,680,171.51 503,439,74 101.09183 -545 0,999875

09 29,674,106.00 509,505,25 101.09200 ~547 0,999874

10 29,668,040.48 515,570.,77 101,09233 ~549 0,999874
B5°11¢ 29,661,974.94 521,636,531 101.09250 ~551 0.999875
12 29,655,909.39 527,701,86 101.09283 =552 0.999873"

13 29,649,843.82 6533,767.43 101.08300 ~552 0.999873
Ja  290643.778.24  539,833.01 101.09333 ~553 0.999873
15 29,697,712.64 545,898.61 101.09350 ~554 0.999873
55016" 29,631,647.03 551,964,22 101.09400 =553 0.999873
17 29,625,581.39 658,029.86 101,090433 =552 0.999873

18 29,619,515.73 564,095,522 101,09450 -552 0.999873

19 29,613,450.06 570,161,19 101,09483 «55], 0,999873
20 29,607,384.37 576,226,.88 101,09517 -549 0.999874
85%21 29,601,318.66 582,292,59 101,09550 ~547 0.999874
22 29,595,252.93 588,358,32 101,09583 -545 0.999875

23 29,589,187.18 594,424,07 101,09600 ~5423 0.999875

24 29,583,121,42. 600,489,83 101.09650 -539 0.999876

25 29,577,055.63 606,555,62 101,09700 -535 0.999877
35%26" 29,570,989.81 612,621,44 101,09733 -531 0.999878
27 29,564,923.97 618,687,.28 101,09767 -527 0,999879

28 29,558,858.11 624,753,114 101.09783 -522 0,999880

29 29,652,792.24 630,819,011 101.09833 =517 0.99988L

30 29,546,726,34 636,884,911 101,09867 ~512 0,999882
35%31° 29,540,660.42 642,950.83 101.09917 ~507 0.999883
32 29,534,594.47 649,016,78 101,09967 -500 0.999885

33 29,528,528.49 655,082,76 101,10033 ~495 0.999886

34 29,522,462,47 661,148,78 101,10067 «-488 0,999888

35 29,516,396.43 667,214,823 101.10100 -481 0.999889
35936 29,510,330,37 673,280.88 101,10150 ~474 0.999891
37 29,504,264.28 679,346,97 101,10200 -466 0.999893

38 29,498,198.16 685,413,09 101,10233 «458 0.999895
39 29,492,132,.02 691,479.23 101.,10300 -449 0.999897
60  29,486,065.84 697,645,421  101.10350  ~439 0.999899

FIGURE 12.—Lambert projection tables for North Carolina—Continued.
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LAMBERT PROJECTION FOR NORTH CAROLINA
TABLE I (Cont'd)
v Tabular dif- Scale in Scale ex~

¥y value on ference for units of pressed as
central meri- one sec. of 7th place a ratio

Lat. E‘ d}geg}_ }getf of logs.
25%1"  29,479,909.63 703,611.62 101.10383 -430 0.999901
42 29,473,933.40 709,677.85 101.10450 -420 0.999903
43 29,467,867,13 715,744.12 101.10500 -410 0.999905
44 29,461,800.83 721,810.42 101.10550 ~400 0.999908
45 29,455,734.50 727,876.,75 101.10600 -389 0,999910
35%46* 29,449,668.14 733,943.11 101,10667 -378 0,999913
47 29,443,601.74 740,009,51 101,10717 =366 0,999916
48 29,437 ,535.3) 746,075,94 101.10767 =354 0.999918
49 29,431 ,468.85 752,142,40 101.10833 =342 0.999921
50 29,425,402.35 758, 208,90 101.10883 -330 0,999924
35051' 29,419,335.82 764,275,.,43 101.10950 =317 0.999927
52 29,413,269,25 770,342.00 101.11017 =304 0.999930
53 29,407,202,64 776,408,61 101.11067 ~-290 0.999933
54 29,401,136.00 782,475,25 101.11117 -276 0.999937
65 29,395,069.33 788,541,92 101,11200 =262 0,999940
B35956' 29,389,002.61 794,608.64 101.11250 -246 0.999943
s 29,382,935.86 800,675,39 101.11317 -232 0.999947
68 29,376,869,07 806,742.18 101.11383 -216 0,999950
59 29,370,802.24 812,809,.01 101.11450 -200 0,999954
26900 29,364,735.37 818,875.88 101.11517 -183 0.999958
36°01' 29,358,668.46 824,9423,79 101,11583 -166 0.999962
02 29,352,601.51 831,009.74 101.11650 -149 0.999966
03 29,346,534,.52 837,076,735 101,11733 -132 0,999970
04 29,340,467.48 843,143.77 101.11783 <115 0.999973
05 29,334,400,41 849,210,.84 101.11867 - 97 0.999978
36006 29,328,333.29 855,277.96 101.11933 ~78 0.999982
o7 29,322,266.13 861,345.12 101.,12017 ~59 0.999986
08 29,316,198,92 867,412,.33 101..12083 -40 0.999991
Q9 29,310,131,67 873,479.58 101.12150 -20 0,999995
10 29,304,064.,38 879,546.87 101.12233 0 1.000000
36°11* 29,297,997.04 885,614.21 101.12317 +21 1.000005
12 29,291,929.65 891,881.60 101.12383 +41 1.000009
13 29,285,862.22 897,749,03 101.,12467 +62 1,000014
14 29,279,794,74 903,816.51 101.1.2533 -+84 1.000019
5 29,273,727.22 909,884,035 101.12617 +106 1.000024

FIGURE 12.—Lambert projection tables for North Carolina—Continued.
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v Tabular dif- Scale in Scals ex-
¥ value on ference for units of pressed as
central meri- one sec, of 7th place a ratio
Lat, ’& éian, }g& of logs.

36916' 29,267,659.65 915,951.60 101.12717 +127 1.000029
17" 29,261,592.02 922,019,23 101.12800 +150 1.000034
18 29,255,524.34 928,086,91 101.12867 *173 1.000040
19  29,249,456.62 934,154.63 101.12950 +196 1.000045
20" 29,243,388.85 940,222,40 101.13033 +220 3.000051

86°21' 29,237,321.03  946,290.22 101.13117 +245 1.000056
22 20,231,253.16 952,358.09 101.13217 +270 1.000062
23  29,225,185.23 958,426.02 101,13283 +294 1.000068
24 29,219,117.26 964,493.99 102.13383 +320 1.000074
25 29,213,049.23 ©70,562.02 101.13467 *345 1.000079

36926' 29,206,981.15 976,630.10 101.13567 4370 1.000085
27 29,200,913,01 982,698.24 101.13633 +397 1.000091
28 29,194,844.83 088,766.42 -101.13733 +424 1.000098
29 29,188,776.59 994,834,66 101.13833 €451 1.000104
%0 29,182,708,29 1,000,902.96 101.13933 +478 1.000110

26931 29,176,639.93 1,006,971.32 101,14017 +508 1.000117
32  29,170,571.52 1,013,039,73 101.14100 +535 1.000123
83 29,164,503,06 1,019,108,19 101.14217 +563 1.,000130
84, 29,158,434,53 1,025,176.72 101,14300 +593 1.000137
85 29,152,365,95 1,031,245.30 101.14417 +622 1,000143

36936 - 29,146,297,30 1,037,313.95 3.01.14500 +852 1.000150
37 29,140,228.60 1,043,382.65 101.14600 +680 1.000157
38 29,134,159,84 1,049,451,.41 101.14717 +710 1,000163
39 29,128,091.01 1,055,520.24 101.14800 +742 1.000171
40 29,122,022.13 1,061,589.12 *973 1.000178

L: 057717077

37.8 = 976130433 =10

'&3 K = 763584335
Y- + 546,552

Lz /’; -, @ 0.3730/86 -/°

2P Riw

o .
Bt agionsih, - i ogimath = +6 - z,-%, (m-%wzv)
ZF . l. 3
o

FIGURE 12.—Lambert projection tables for North Carolina—Continued.
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LAMBERT PROJECTION FOR NORTH CAROLINA
TAELE II,
1" of Long. = 0857717077 of ©

tong.  © Long, 8 . Long, )
020! 06! 5auEsk2 | 76°0LY 4143t 1888141 6ol1r  +1020' 13,6042
7 52 I§°85 24,0239 7 02 +1 k2 Lk 1838 7 b2 4119 zg.
22 +205 42.393 % 4 ka2 09,5536 lﬁ +1 19 04,3437
23 +205 14,763 ‘ +1 41 34,9233 +1 18 29,7135
2 +g gu 30.1332 05 +141 00,2931 k5 41 17 55.0832
Lo+ 5:5029 | Jeon6r 41 k0 - 25.6628 |760u60 4117  20.4530
75026% +2 03 30, sla 07 4139 51,0326 B2 +11 45,8227
27 +202 56,2h2 08 +1 ;9 6,4023 48 41 16 11 1925
28 +2 02 21,6122 09 1 38 1.7721 49 +1 15 36.5623
29 +201 46,9819 41 38 07.1819 50 4115 01.3320
30 +201 12,3517
76011' gz 32.5116‘ 76051 +1 14 27.3018
75031' +2 00 37,7215 57.8 52 4113 52,6715
32 4200 03,0912 ?‘ +1 36 23, 2511 53 4113 1s.0413
33 +1 59 28,4610 1 ;5 48,6209 5% +1 12 43,1110
3 +1 58 53,4307 13.9906 55 +1 12 08,7808
35 +1 858 19,2005 | - .
76016' + 3% 39,3604 76956 41 11 34,150
75036 41 57 44,5 02 17  +1 3% ok, 7301 57 4110 59.520
g'/ +1 52 09, 18 +1 33 30,0999 58 4110 24,8900
8 415 35. 3097 19° 41 32 55,4696 59 41 09 50.2598
zg +% gg olsg 20 41 32 20,8394 [77°00 +1 09 15.6295
+.
76021 41 31 L6,.2091 77001- +1 08 40,9993
75041 +1 5h 51,4190 22 41 31 11,5789 +1 08 06.3691
4o 41 B4 16,7887 az +1 30 . z +1 07 31.7388
itﬁ +1 k2,1585 2k 41 30 02,31 o +1 0 57.1086
+1 53 07,5283 25 +129 g7.688 +1 06 22,4783
U5 1652 32,8980 -
76026' +1 28 53.0579 77°06' 41 05 U7.848
7546 41 58, 2678 27 +1 28 18, 7£ : 07 410 13.2178
g Bl 5 o8y Sl &S au &S
+ 0 . +
49 +% 0 1§.3 7g 30 4«1 26 33. 5369 10 4103 29.32711
P B 397 760;1' +1 25 59,9067 |[77°11* 41 02 sk, 2
75051  +1 49 05.116 2 41 gz 25.2 12 41 02 ,0666
52 41 U8 33 +1 0.6l62 13 +1 01 U5,4363
53 U7 55 8 3 +«1 24 16,0159 1 4101 10.8061
+§ t% ﬁ% ggg&; 35 « 23 1.3857 15 41 00 36.1759
“+
2 76036 +1 23 06,7555 |77°16' +1 00 01, 5u56
759560 <1 46 11,9653 7 4122 32,1252 17 +0 59 26
57 +1 45 37,3351 8 e+ 21 57,49 18 40 58 52, 23
58 41 U5 02,7048 33 +1 21 22,8647 19 40 58 17 6 uz
58 1 4 2s.ozu6 120 bs.a3s 20 +0 57
760000 41 43 53,4443

Fi1GURE 12.—Lambert projection tables for North Carolina—Continued.
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FIGURE 12.—Lambert projection tables for North Carolina—Continued.

Long. [:] Long. 2] Long. ()
77021 +0°57¢ 08m39uk | 7d001' 40034t O3p1EL goly
22 +056 33,7641 02 40 33 23.5513 4 42 Igoig' 57'9M
25 40 55 53 1339 oz +0 32 53,9240 l& +0 09 ue 71u2
2k w0 53 ok 40 32 H 2938 +0 09 14,0839
25 40 5 !s9.s73u 05 +0 31 .6635 45 40 08 39,4537
Tro26' +0 54 15,2431 | 78006' +0 31  10.0 78046 40 08
57 +053 Ld.6129 07 03 3% 7 10 67 %;f;;‘g
5 wa mish | 0 BB ORI W 0% RN
. 26, 0 0
30 0B Be2z | 18 vos8 si1s3 | 50 005 heijoL
°31! +0 51 22.0919 | 78011 +0 28 16.8821 | 78°51' +0 O
n 32 0 5% L7.be1 12 40 27 lhg,2518 ga +0 0 % glae
;g 40 EO 12.831 13 +0 27 07.6216 53 +0 04 oe.uu-/
+0 89 38,2012 14 +0 26 32.9913 5% +003 27.7815
35 40 43 03,5709 15 4025 58,3611 55 +0 02 53,1512
77036 40 U3 28,940 78016' 40 23,7308 | 78056* +0 0
37 +0 47 5k, A 17 40 2 ué.zgos 27 10 0 %?:25%?
38 40 ﬁg 19. 802 18 +0 24 10,4703 8 +0 01 . 260
zg +0 L5,0499 19 +0 23 39,8401 63 +0 00 .630
+0 46  10.4197 20 4023 05,2098 | 79900 0 00 00.0000
770410 0 U5 35,7894 | 78021¢ +0 22 0.5796 o0L! o
b2 4045 01.1592 22 021 253131; 7 0. _8 8(1). 31;, 328?
!& +0 26,5290 23 022 21.3191 0 -0 01 u; 8907
+0 43 51,8987 a2k 0 20 46,6889 ok .002 12& 5210
ks 043 17.2685 25 +0 20 12.0586 05 <002 53.i512
77046 +0 42 L2.6382 | 78026' +0 19  37.4a8h °06' 0
L7 4042 08,0080 2] #0119 35.7951 ” 07 -0 g 27: ﬁ;
i8R S| B ORP Bip| ¥ 3% rom
. -0 0
50 +0 40 241172 30 4017 .9g7u 10 -0 og i%:%%%
770510 40 39 78°31' +0 16 1 o11'
52 40 39 Z +0 16 617 7 12 -8 82 ”:22%
gz +0 38 5 +0 15 35-0166' 1 -0 07 0,1932
+0 38 05. =962 ; +0 12 00.3864 1b -0 08 8234
55 4037 30.3660 5 40 1 25-7562 15 -0 08 39,4537
J7056% 40 36 56,3358 | 78036' 0 13 51.12 79°16* -0 0
7  +0 36 21.7055 37 <013 gs.wgﬁ 17 -0 og 1{; ?f 2
Sg :g %5 ;Z 33 :g %g 3_1,.56 18 <010 23, wm
. 2352 1
7830 40 33 37.313% B 9 11 &5 ag £ }g ‘?72.2333
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LAMBERT PROJEOTION FOR NORTH CAROLINA
TABLE II (Cont'd)
1* of Long. = 0F57717077 of ©

Long. [:] Long. ] Long, ]
021t 0012' 0792 80001' -0°35' 1284450 | soolint 0058t 1796549
” 22 -012 u;.sggﬁ 02 =035 U7,0753 Y2 .0 55§ 52, 22{;1
23 -013 16,4557 03 -0 36 21,7055 ﬁ -0 59 .91
2k 013 51.1289 o -0 36 5625328 2100 oOL.5486
25 ~01LF 25,7562 05 037 30.9660 45  .100 36.1759
o086t .0 15 00,386l | 80°06' -0 38 05,5962 | 80o46* -1 01 10,8061
” g7 -0 15 35.(3)166 07 -0 38 hg.gass 47 101 Ls5.4363
28 .01 02.6469 08 -0 39 1h4.8%67 hg .1 02 20,0666
29 016 -ub, 2771 09 -0 39 uz.usm 49 -1 02 54,6968
30 -017 18,9074 10 -0 2h.1172 50 -103 29.3271

790311 -0 17 53.;276 #0011' -0 b0 58,7475 | 051! -1 OF 03,9573
2 2

32 018 28,1679 12 -0 33.3777 52 -1 04 38,5876
3 -0 19 02.7981 13 -0 42  08.0080 53 -105 13,2178
32 -019 37.hash 14 -0 42 426382 -1 05 Uu7,84g1
35 -0 20 12,0586 15 -0 43 17.2685 55 -1 0 22,4783

036" -0 20 46,6889 | 80016* -0 U3 51 @987 | #0056t -1 06 57,1086
7 ;3"7 7 26,5290 51

021 237191 17 -0 -1 07 1,7388
3 021 55. Zugu 18 0 45 01,1592 58 1 08 363291

39 -0 22 30.5796 19 -0 45 35,7894 59 -1 08 40,9993

0 <023 05,2098 20 04 10,4197 | 81000 -1 09 15,6295

L1y -0 L8401 | 80021t -0 U6 L5, 0N 81001t -1 09 . 2598
~79°u% -o-g ;Z.l\qoz 22 -0 47 15.6582 02 -110 gﬁ sggo
ﬁ -0 24 - k49,1006 gﬁ -0 4y . 3104 33 -110 59,5203

-0 25 23.720& -0 48 28,5407 -111 .50

45 .0 25 58,3611 25 -0 U9 03,5709 05 -112 08,7808
oligt .0 26 2.991 80026' -0 49 38,2012 | 81006' -1 12 43.1110
-79°u7 -0 27 37.2212 27 -050 12,834 07 -113 12.0413
-0 27 L42.2518 28 -0 50 h7.u617 08 -11 52,6715

49 -0 28 16.8821 29 -051 22.0919 09 -1 1 27.3018

50 -0 28 51,5123 30 -051 56,7222 10 -115 01.9320
799510 -0 29 26,1426 §0°31' -0 52  31.3524 | #1011 11 36,5623
“" B2 2030 00,7728 - 32 -0 53 05.9827 12 -11 11,1925
5 -0 30 35,4030 3 -0 ga 45,6129 1 -1 16 45.5223

-0 31 10.0333 3» -0 15,2431 1 117 20.453

55 -0 31 4k, 6635 35 -0 5% 49 873k 15 =117 55,0832
79056 <0 32 19.2938 g0036' 0 55 24,5036 | 81016 -1 18 29.7135
- 57 =032 53.9240 37 <055 59.1339 1; <11 %;ﬂ;

-0 33 28,5543 38 <0 56 33,764 18 =11 .

59 -0 34 03.1845 39 <057 05.59&» 19 -1 20 13.6042

80000 -0 34 37,8148 4o -0 57 4306 20 -120 LA

 F1URe 12.—Lambert projection tables for North Carolina—Continued.
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LAMBERT PROJECTION FOR NORTH CAROLINA
TABLE II (Cont'd)

1? of Long. = 057717077 of 8

41

Long, ] Long. e Long, [:]

Blopl! -1021) 2298647 [82001' -lokis 28U07HG "] d20411 _RoO7Y voshy
22 -1 21 57.49%0 02 -1 45 02,7048 42 o2 o?s 3‘3( 147
ea -122 321252 Oi -1 45 37,3350 ﬁz -2 08 Lp Bliug
2h -1 23 06.7595 ob -1ud 11,9653 =209 17.i751
25 -1 23 41,3857 05 -1U46 U6,5955 U5 .2 09 . 805k

Blopb -1 2 16.0129 82006 -1 47 21,2258 | 820h6' .2 10 26,4356
27 -1 24 50.6u62 07 -1 U7 55,8 b7  -211 01,0679
28 -1 25 25,2764 08 -1 48 30,4863 g 211 35,6981
29 -12 53. 9067 09 -1 49 05,1165 b9 .2 12 . 3264
30 -1 26 34,5369 10 -149 33,7468 0 -2 12 .9566

&1031' -1 27 09.1672 | &2e11' -1 50 14,3770 | 82051t .2 13 19.586
32 127 3.197# 12 -15 49,0073 52 .2 13 53.21872
3& ~1 28 8,4277 1 -1 51 23,6375 ga -2 ) 28,8474
3. -128 53.09/9 ik 181 .2678 -215 03.4776
35 129 27.6882 15 -1 52 32,8980 55 215 38,1079

#1036 -1 30 02,318+ | 82016' -1 53 07.5283 | @206 _2 16 12,73&
%7 -1 30 36,3487 17 -1 53 42,i585 57 =216 u;.;gs%
38 -1 31 11,5789 18 -1 5% 16,7887 58 217 .

33 -131 .2091 19 -1 54 51,4190 59 217 6288
-1 32 20,8394 20 -155 26,0492 | 83600 -218 31,2591

gilol1y -1 32 55,4696 | 82021t 1 56 00,6795 ] &3001¢ .2 19 05,88
bz 1 %a 30,0999 22 -1 56 35,3097 02 -2 13 6.5132
ua -1 Ol, 7301 23 -157 03,9400, 'ga -2 20 15.1498
i -1 3% 39,3604 2k -1 57 L5702 -2 20 49,7801
45 -1 35 13,9906 25 -1 56 19,2005 05 221 .Zm}

glo46y .1 3 4g,6209 | B2c26' -1 58 53,8307 | 83006 .2 A .

47 13 23,2511 27 -159 28,4610 ? 07 222 ??2'7‘82
hg .13 57.881% 28 -200 03,0912 08 -223 08,3011
kg 137 32,5116 29 -200 37.7215 09 .-223 42,9313
&) -1 38 07.1419 30 -201 12,3517 10 .22 5616

1051 -1 38 41,7721 | 82031 201 46,9819 83011t -2 2k 52,1918
52 2139 16,4023 32 <202 21,6122 12 .22 26,8220
53 -1 Rg 51.0326 33 202 56,2424 13 -220 01,4523
sk - 25,6628 34 -203 30,8727 1 226 36,0825
85 -1 41 00,2931 35 =204% 05,5029 15 <2 27 10,7128

81056t -1 W1 34,9233 | 82036' -2 o4 40,1332 | 8316' -2 27 b5, 3430
57 -1lb2 09.553 37 =205 14,7634 17 -z 28 13.37%3
58 -1 k2 Wk i#38 38 ~205 19,3937 18 .2 28 54,6035
59 -1 43 18,8141 39 -2 0 24,0239 19 -229 29,2338

g2000 -1 43 53,4443 0 -2 06 58654 20 -23 03 84

FIGURE 12.—Lambert projection tables for North Carolina—Continued.
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LAMBERT PROJECTION FOR NORTH CAROLINA
TABLE II (Cont'd)
1" of Long. = O¥57717077 of ©

Long, o Long. 2] Long, [:]
830211 .2030' 38P4GU3 | €3056' -2°500 456529
22 231 13.1245 57 -2 51 25,1831
23 .23 W7.7°48 8 2 51 52.51311
2k .2 32 22,38%0 59 -2 5
25 .23 L0152 | 84030 -2 53  09.0739
g3026% -2 3 31,6455 | 84001t -2 43,7041
8 2 deerdy or 5 2h- 185
B 2R 0Bl % 2z zhs
- . : < 27,
30 <235 50,1665 05 -2 52 ok 251

g30310 .2 36 24,7967 | 84006t -2 56  36.8553
32 11

-2 36 59.%4270 07 -2 57 1856

3z -2 37 34,0572 08 -2 57 46,1158

3L _238 08,6875 09 -258 20,7401

35 <238 U43.3177 10 -258 55,3763
0369 2 17.9480 | 84011 -2 59 30,0066
o %7 -2 33 5?9_. 5782 12 -3 00 Oh4,6368
38 .2 40 27.2084 13 -3 00 39,2671
Eg -2 41 01.8387 1 -3 01 13.8973
-2 41 36,4689 15 301 k48,5276

@3oh1r .2 b2 11.0992 | a4e16r -3 02 23.1578
3&2 -2 42 45,72 17 -3 02 ‘35; 880

o2 BEn | I3 30 e
45 T2 2004202 | 20 304 Milered

830481 2 b ol, 2504 | ghko21? -3 05 16.3090
31&7 -gfé 38,8807 22

49 -2 46 hEln2 2 307 00.i9%8
50 247 22,771k 25 307 348300

#3051 .2 47 57.4016 | she26r -3 08 gz.uso)

-2 48 2,0319 27 -3 08 .0
2"’ 229 36,6821 % 305 1708
53 -2 43  41,292% 29 =303 53,3510
5 =250 15.9226 30 =310 27,9812

FIGURE 12.—Lambert projection tables for North Carolina—Continued.
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Plane coordinates on- Lambert projection

stateNorth Carolina station _Allenby
s=_35 31 16.065 - 79° 09 39.910
Tabular difference of R for 1" of ¢ = 101,09917

_R ( for min. of ¢) 29,540,660.42 y' ( for min, of ¢ ) 642,950.83
_Cor. for sec. of ¢ = 1,624.16 | cor. for sec. ofg____ |+ 1,624.16
R 29,539,036.26 | 644,574%.99
: YL (=2R sin® §) + 38.89
6 ( for min. of A) - 0°0511,6722, : 6M44,613.88
. Cor. for sec. of N = 23.0349
P - _0_05 347071 ¢ ° 03 4f.35
For machine For machine B
Q" computation | - 3347 7071 col i
log 6" 2.52466493 n
.log 6" 2,52466493 n colog 2 9.69897000-10
S for @ 4.68557468-10 |5 for £ . 4 GRESTURD-10
.log sin @ sin & 7.21023961=-10 nlilog sin £ 1Lsin g -10 n
_log R 7.47039632 Rsin £
_log x" 4,68063593 n log sin? g— | R sin? .g. 3,81841950-10
X’ Rsinal - 47,933.15 log R 7.47Q39632
2,000,000.00__Mliog 2 0.30103000
X 1,952,066.85 log ¥y 1.58984582

x = 2,000,000.00+ R sin @
y=y +2Rsin? §
y'= the value of y on the central meridian for the latitude of the station
S = log of ratio for reducing arc expressed in seconds to sine
(see log tables)
R, y',-and @ are given in special tables

FIGURE 13.—Computation of coordinates for North Carolina,
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Plane coordinates on Lambert projection

stateNorth Carolina station

S8anford

$=_35° 27 05.797 %o 79° 10 25,74k

Tabular difference of R for 1" of ¢ = 101.09767
-R { for min, of ¢ ) 29,56%,923.97 Iy ( for min. of ¢ ) _618,687.28
_Cor. for sec. of ¢ - 586.06 |l Cor. for sec. of ¢ + 586.06
R 29,56%4,337.91 liy . 619,273.34
v (=2R sin? §) + 45.32
6 (for min. of )| = 0° 05 46,3025, 619,318.66

. Cor. for sec. of N\

- 14,8587

a - 0 0601.1612] ¢ 0 °03 0058
@ Computation | = 36171612 computation v
log 6" 2.55770108 n

Jlog 6" 2.55770108 n |l colog 2 _9.69897000 -10 __
S for @ U,68552465-10 IS for £ 4.68557481 10
. log sin & sin & 7.24327573-10 n log sin .g.__sin g 6.,9422u4549 10 B
log R 7.47076815 Rsin §
-log x. 4.71404388 n W iog sin® £LR sin? §.|  3.88U40178 ~10
X Rsingl=-_ 51,765.91 fog R ; 7.47076815

2,000,000.00 |l o5 2 0.30103000 -
x 1,948,235.00 || jog y» 1.65628993

y=1y +2Rsin? §

(see log tables)

x = 2,000,000.00+R sin 6

R, ¥, and @ are given In special tables

y'= the value of y on the central meridian for the latitude of the station
S = log of ratio for reducing arc expressed in seconds to sine

FIGURE 13.~Computation of coordinates for North Carolina—Continued.
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Plane coordinates on Lambert projection

stateNorth Carolina station

Cary

45

6= 35" 46 87.345 3y 7€ 46 s3.um

y=y +2Rsin? §

{see log tables)

R, ¥, and @ are given in special tables

y'= the value of y on the central meridian for the latitude of the station
S = log of ratio for reducing arc expressed in seconds to sine

Tabular difference of R for 1" of ¢ = 101,10667

_R (for min. of ¢ ) 29,449,668.14 [ v ( for min. of ¢ ) 733,943.11
_Cor. for sec. of g | — 5,797.96 Il cor. for sec. of ¢, +__ 5,797.96
R 29,443 870.18 | v 739,711.07

¥y~ (=2R sin® §) + 71.32
6 (for min. of X ) +_ 0 °o08 ol.g234| 739,812. 39
| Cor. for sec. of A - 30.8446
P + 0 07 33.9789) ¢ 0 ° 03 45,9894

For machine o For machine

Q" computation computation

log 0'”
_log o' colog 2. .9.69897000 ~10 __
_S for 6. for £
.tog sin 6 _sin o] 0.002200950 _ liog sin L sin £ 0.00110048
.log R R sin § 32402.4
_log x log sin® £L R sin? £ 35.66
X' R sin + 64,804.49 log R

___2,000,000.00 | log 2_ 0.30103000 ~ _

X 2,064,804.49 |l jog yr
x = 2,000,000.00+ R sin 6

Ficure 13.—Computation of coordinates for North Carolina—Continued.

93324°—35—4
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Plane ceordinates

stateNorth Carolina station

on Lambert projection

Raleigh

6= 35" 46 36.998 3. 78° 38 2¥.582

Tabular difference of R for 1" of ¢ = 101.10667

| R

R ( for min. of ¢ ) 29,449,668.1% |\ ( for min. of ¢ ) 733,943.11
_Cor. for sec. of ¢ - _3,740.74 |l cor. for sec. of ¢ +  3,740.7%
29,445,927.4%0 |y 137.683.85

y" (=2R sin? ) + 194.35

6 { for min, of %) +_o’12'uataeshll 137,878.20

_Cor. for sec. of N

12.14565

0 ° 06 1, 7044

8 + 012 29.4089] ¢
a Compaation " Compuation
log 6"

_log 6 colog 2 9.69&»97000 -10
-S for 6. for £
tog sin 6} sin @ 0.0036352289 log sin £_{ sin & 0.00181662
 log R R sin §|
_log x" log sin® 41 R sin? £ 97.175
Rsin @} __+ 106,983.79 log R

_2,000,000.00 fiiog2 0.30103000
v 2,106,983.79 log v

y=y + 2R sin? §

(see log tables)

x = 2,000,000.00+ R sin 6

R, y', and @ are given in special tables

y'= the value of y on the central meridian for the latitude of the station
S = log of ratio for reducing arc expressed in seconds to sine

FIGORE 13.—Computation of coordinates for North Carolina—Continued.
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Computation of Grid Azimuthe

Sanford 1,948, 234.09 6197318.66
Allenby 1,055, 08685 6h4,613.88
-3,832.76 -25,295.22

log A x 8351163 1o, = 03846
logay i 303035 1843 eriaaz. o 392901;
log tan gria az. = 9.18087317-10  30g grid length in £%. = 150796750 1&0796 50
0.51598417

Grid az.Allenby to Sanford = &° 36' 57.54" log in meters

= 3.89198333
Soale correction = +515
log approx.geodetic
Iength in meters = 3.8920348
Raleigh 2, 106 983.79 737y678 20
e ,878.20°
Cary 2, O6IL soa K 739,812.39
T k2,179.30 - 1,93%.19
log 4y a E 28649913 log 4% . = 11».62509911-
log Ax = 4.62509937 log coseo.grid az. = 01-1-5
log ootan, grid az. = §.66139976 10 log grid length in ft. = 4 6255522
0. 51598
' . = 272° 37’ * log grid le in m. = 5.1095713"
Grid az. Cary to Raleigh 272° 37'3L94 soglgrcomeg%iﬂ;n = 2;63

log approx. geodetio
length 1i meters = h,1096082

FIGURE 14.—Computation of grid azimuths.

Starting now with the grid azimuth, Allenby-Sanford, the grid
azimuths of the various lines of the traverse were computed by
adding the angle at each station and by turning 180° for each back
azimuth. On arriving at the fixed value, Cary—Raleigh, a discrepancy
of —3% was found by subtracting the fixed value from the com-
puted value. The computed value must then be increased by this
amount by proportional corrections to the various angles. This
gives the grid azimuths adjusted for azimuth closure. These values
should then be used to compute the coordinates through the traverse.
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Computation of grid azimuths

Grid Grid
Grid agimuths rection| math arid s |roction| muths
rid azimuths jrection| muths : azimuths [rection| mut!
unadjusted for (adjusted Traverse lines unadjusted for jadjusted
closure] for closure] for
closure closure

Traverse lines

Allenby-Sanford. .. 57.5 || Dot-Dos_ccaoo . 21.9
53.6 || Dos-DoOtcceueee..o 21.9
Allenby-Osgood.... 5L 1 49.9
Osgood-Allenby.____ 51,1 || Dos-Dor.__.—..._ 11.8
43.2 || Dor-DOS_cceceeeeae 11.8
Osgood-Davis...___ 34.3 29.3
Davis-Osgood._.... 34.3 || Dor-Dop...._______ 41,1
- 44.7 | Dop-Dor...._. 41.1
Davis-Gibbons..___ 19.0 08.6
Gibbons-Davis...... 19.0 {| Dop-Don.__ 49.7
53.9 || Don-Dop- 49,7
Qibbons-Esprey... 12.9 28,1
Esprey-Gibbons. ... 12.9 || Don-Baldwin. - 17.8
10.3 || Baldwin-Don._...._ 17.8
Esprey-Farley__ 23.2 04.1
Farley-Esprey.. 23.2 || Baldwin-Apex____. 21.9
53.3 || Apex-Baldwin____. 21.9
Farley-Dro... - 16.5 40.8
Dro-Farley...__.._ 16.5 || Apex-Dom.________ 02.7
45.9 || Dom-Apex_.._..._. 02.7
Dro-Moncure. ... 02.4 30.3
Moncure-Dro.__... 02.4 || Dom-Dol._._.._.__ 33.0
50.0 || Dol-Dom.__________ 33.0
Moncure-Dri._____ 52.4 49.5
Dri-Moncure...__. 52.4 || Dol-Dok________.__ 22.5
08.0 || Dok-Dol___________ 22.5
Dri-Dre. oo 60. 4 24.8
Dre-Dri_..._____ 60.4 || Dok~Doi_.__._____._ 47.3
13.2 || Doi-Dok.__._._____ 47.3
Dre-Dra.___....... 13.6 27.8.
Dra-Dre. . .cceno- 13.6 || Doi-Doh.. ... 15.1
58.0 || Doh-Doi_._..._. 15.1
Dra-DoZcecvaeeeae 11.8 13. 5:
Doz-Dra cceeeee - 11.6 || Doh-Dog- - eeeeneo 28.6
43.8 || Dog-Doh. 28.6
Doz-Doy_ ... 55.4 13.5
Doy-Doz.__ 55.4 || Dog-Dof_ 42,1
20.1 || Dof-Dog. 42,1
Doy-Dox. 15.5 52.4
Dox-Doy- 15,5 || Dof-Cary - 3.5
05.6 || Cary-Dof._________ 34.5
Dox-Dow.__ 21.1 57.4
Dow-Dox___...____ 21.1 || Cary-Raleigh______ 31.9
02.1 || Fixed value_._.____| 272 37 31.9 | ______j...__.
Dow-Dov____.._._. 23.2
Dov-Dow____...... 23.2 Discrepaney.|oocoooooo~3.6 |oo_jo___.
29.3
Dov-Dot e 52.5
Dot-Dov___aeoooo 52.5
29. 4

COMPUTATION OF COORDINATES

The sign of the functions to be used in the computation of the grid
coordinates is determined by reckoning the grid azimuths from the
north, that is 180° should be subtracted from those given in the above
table. To tell whether to add or to subtract the grid increments, one
needs only toremember in what quadrant one is working. Thus the
third quadrant has both sine and cosine positive when one is reckon-
ing from the south. Thus by counting from the north the signs
follow the regular signs of the functions. It is possible to use the
azimuths just as they are given if the sign is reversed in looking up
the functions. Probably a less number of mistakes will be made if
the signs are determined by the direction of progress. Eastward
progress makes the sine positive and northward progress makes the
cosine positive and vice versa. This procedure will make it easy for
anyone to be sure about the sign of the functions.
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It is best to make a list of the sines and cosines indicating their
respective signs. If the calculation is to be made by machine, the nat-
ural function values should be listed each with its appropriate sign.
If logarithms are to be used, it is best to indicate a negative value by
a small ““n’’ written after the logaritbm. This means that the corre-
sponding numerical value is negative and that the resulting Az or Ay
is to have the minus sign. Those values not so labeled are all to have
the plus sign. Great care should be taken with this step, for an error
mad% here will throw the whole computation off, and much correction
will have to be made. With the list of sines and cosines can be in-
cluded a list of the geodetic lengths, together with their reductions
for the scale of the grid. Second-order traverses could probably be
computed without this refinement but first-order work should take
account of this element. An approximate correction for each length
can be made as soon as the coordinates of the first station are reached
and a better result after the coordinates of both ends of the line are
known. Itis sufficiently accurate to take a mean of the y values and
interpolate in the table of ¥’ values. A more accurate scale factor
could be obtained if we knew the latitude of the two stations, but of
course these are not known in this preliminary computation.

Natural sines and cosines of the adjusted grid azimuths when reckoned from north

: Geodetic Grid ; : Geodetic Grid
Sines Cosines length length Sines Cosines length length

Feet Feet Feet Feet
+0. 73112585 | 0. 68224262 | 16,676.7 | 16,674.78 0. 90837138 | +4-0.41816436 | 7,941.7 [ 7,940.93
—0. 01360505 | --0. 99990880 | 3,840.0 | 3,839.56 0. 76330107 | +4-0. 64604204 [ 1,426.8 | 1,426.66
+0.46311987 | ~+0. 88629565 | 4,279.5{ 4,279.02 -+4-0. 63836412 | 10.76973453 | 4,487.4 | 4,486.97
+0. 52947886 | -+0.84832314 | 5,219.0 | 5, 218. 42 -10. 49335623 { -1-0.86982735 | 3,440.6 | 3,440.27
0. 27126873 || 0. 96250365 | 2,427.8 | 2,427.53 -+0. 99684452 { -+0.07937882 | 3,018.6 | 3,018.32
0. 52207068 || ~+0. 85290224 | 10,798. 4 | 10, 797.23 +40.92413499 | 40.38206613 | 1,608.9 | 1,608.75
+0. 95997168 | +0.28009710 | 4,460.9 | 4,460.42 0. 44342712 | 40.89631043 | 4,236.8 | 4,236.41
-+0.94089325 | —0.33870325 | 1,121.9{ 1,121.78 +0. 44099553 | +0.89750930 | 8,478.3 | 8,477.53
-+0.73845403 | —0.67430382 | 1,887.8| 1,887.70 +0. 73640220 | +0.67654401 | 2,693:2 | 2,692.96
-+0. 93145575 | —0.36385462 | 5,094.2 | 5,093.65 -+0. 93691391 | +40.34956019 | 5,832.9 | 5,832.39
0. 75206864 | +0.65908479 | 5,893.7 | 5,893.07 40, 80243373 | 4-0.59674124 { 1,156.3 | 1,156.20
~-0. 38937136 | +0.92:08086 | 3,575.3 | 3,574.92 +0. 39347442 | 1-0.91933557 | 6,506.0 | 6, 505. 44
0. 71064771 | -+0.70304803 | 1,474.4 | 1,474.24 +0. 78522267 | +0.61921349 { 2,071.4 | 2,071.23
~-0. 83346038 | 0. 55257923 | 11,057, 3 | 11,056. 13 +0. 99478329 | -+0.10201079 | 1,988.7 | 1,988 53
~+0. 83882590 | -+0. 54746911 | 27,221, 4 | 27, 218. 65 +0. 70492828 | ~0.70927859 | 2,420.9| 2,420.70

1

The lengths in feet as given by the previous adjustment were taken
as the exactlength. The values are found in Special Publication No.
101—Precise Triangulation, Traverse, and Leveling in North Caro-
lina. The angles resulting from the azimuths in this publication were
also used in computing the table of grid azimuths. In the region of
the projection in which this traverse lies, the scale of the projection
is too small. Accordingly, to work as accurately ‘as possible, the
scale correction was applied to the lengths before the x and y differ-
ences were computed. In the table giving the radii, scales, etc., the
proper value to use for this correction can be found by taking the
mean of the y’s for the two ends of the line. For the line Allenby to
Osgood the approximate mean for the 9’s is 650,302. From the table
it 18 seen that the ratio factor for this y is 0.999885. The geodetic
length multiplied by this factor gives the grid length. That is, a
length of 16,674.78 feet on the grid represents a length on the earth of
16,676.7 feet. These grid lengths have been taken to hundredths so
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as to hold the geodetic values to tenths as adopted from the previous
adjustment. It may be objected that at first we have the y value for
only one end of a line but a preliminary ratio value can be used at
first and & more accurate value can be determined after the ¥ coordi-
nate for the other end has been computed.

In making this computation the whole traverse was computed with
approximate values using some estimate for what the mean of the
9's was going to be. Then after it was all carried through, the
lengths were reduced more accurately and a change of only a few
hundredths was found. This, of course, is the method for the most
accurate work but the scheme is so simple that it can be easily applied
in all work. In this way any discrepancies will be due to the work
gince the error of scale of the projection is practically eliminated.
This grid length should then be used to multiply the sines and cosines
of the azimuths to get the Ax’s and Ay’s.

If logarithms are being used in the computation, the procedure is
also very simple.

log 16,676.7=4.2221101

The scale error in the seventh place of logarithms for this line is given
in the table as —500. Therefore the log of the grid length is found by
adding this quantity algebraically to the last places of the log above,

4.2221101
— 500

4.2220601

This value is found to be the log of 16,674.78 which is the same
value that has already been found by use of the ratio. If the problem
were the reverse; that is if a length were determined from the difference
of the coordinates of two points on the grid the procedure would be
reversed. We should have to subtract algebraically the log correc-
tion, or divide by the scale expressed as a ratio. We should then want
to start with the grid length 16,674.78 and obtain the geodetic length
of 16,676.7. The process is reversed as it is evident that it should be.
Since this is a precise traverse, the work needs to be computed as
accurately as possible. For that reason these refinements have been
applied. However the scheme is so simple of application that it
might just as well be applied in all cases so as to get the best possible
result out of the work.

Now starting with the plane coordinates of Allenby the Az and the
Ay of Allenby to Osgood are found by multiplying this grid length of
16,674.78 by the sine and the cosine of the azimuth given in the table.

Az=16,674.78X0.73112585=12,191.36
Ay=16,674.78X0.68224262=11,376.25

This result is to be added or subtracted according to the sign of the
given function. In this case both quantities are to be added. These
added respectively to the z and y of Allenby give the preliminary
z and y of Osgood. These results are now tabulated to show the
further procedure.
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Computation and adjustment of the coordinates

51

z coordinate

¢ coordinate

Station Correc- |Corrected| rpoor. | Correc- [Corrected
Uncorrected | tion for na. rected tion for final
closure | figures) closure | figures)
Feet Feet Feet Feet Feet Feet
Allenby (fixed by triangulation) ... 1,952, 066. 85 644, 613. 88
-+12,191. 36 +11,376.25
OSBOOA e oo e e ceem e 1, 964, 258. 21 —0.42 7.79 | 655,990.13 40.20 0.33
—51.85 +3, 839.21
Davis____. 1, 964, 206. 36 —.52 5.84 | 659, 829. 34 +.24 .58
-+1,981. 70 -+3,792.48
[£312) 0743 1T T 1, 966, 188. 06 —.63 7.43 | 663, 621.82 +4.29 2,11
+2, 763. 04 -+4, 426.91
Esprey. R 1,968, 951. 10 —.76 .34 | 668,048.73 +.36 9.09
-+658. 51 .1 42,336.51
Farley. .. o 1, 969, 609. 61 —.82 8.79 | 670,385.24 +.39 .63
—+-5, 636. 92 +9,208. 98
Dro- e 1,975, 246. 53 —1.09 5.44 | 679, 594. 22 +.51 .78
-+4,28 —+1, 249.35
Moncure 1,979, 528. 41 -1.21 7.20 | 680, 843. 57 +. 57 414
-1, 055. 48 —379.95
B ) S 1, 980, 583. 89 —1.24 2.65 } 680,463. 62 +.58 4.20
+1, 393. 98 —1,272.88
Dre_ e 1,981, 977.87 —-1.28 6.59 | 679, 190. 74 +. 60 1.34
44,744. 51 —1,853.35 .
)0 ] < Y 1,986, 722. 38 —1.41 .97} 677,337.39 +.66 8.05
-4, 431. 99 -3, 884.03
DOz o eemmeeee 1,991, 154.37 —1.56 2.81 | 681,221.42 +.73 2.1
—+1,391.97 -+3,292. 79
Doy e .| 1,992, 546. 34 —1.65 4.69 | 684, 514.21 +.78 .99
+1, 047. 67 -1, 037. 20
DOXo e eeeeeeeee 1,993, 594. 01 —1.69 2.32 | 685, 551. 41 +.79 2.20
-9, 214.85 -6, 109. 39
DowW. e 2, 002, 808. 86 ~1,97 6.89 { 691, 660.80 +.93 1.73
+22,777.27 -+14, 901. 37
DOV e 2, 025, 586. 13 ~2.66 3.47 | 708, 562. 17 +1.25 3.42
—4-7,213.31 -+3, 320. 61
Dot o mceeae 2,032, 799. 44 —2.86 6.58 | 709, 882. 78 +1.34 4.12
~+1,088. 97 +921. 68
DOS. e 2, 033, 888. 41 —~2.90 5.51 | 710, 804. 46 +1.36 5. 82
-+2, 864. 32 +3,453.78
Dor. e 2, 036, 752. 73 -3.01 49.72 | 714, 258. 24 +1.41 9. 65
-41,697.28 +2,992.44
Dop-.__. 2, 038, 450. 01 -3.10 46.91 | 717, 250.68 +1.45 2.13
-3, 008. 80 -+239. 59
Don_.___ - -.-| 2,041, 458.81 -3.17 5.64 | 717,490. 27 +1.49 1.76
-+1, 486. 70 +614. 65
Baldwin_____.______________________ 2, 042, 945. 51 —3.21 2.30 | 718,104.92 +151 6.43
+1,878. 4 +3,797. 14
APeX et 2,044, 824. 05 -3.32 0.73 | 721,902.06 +1.56 3.62
+3,738.55 +7, 608. 66
Dom.. o eccccniaeeeee 2, 048, 562. 60 —3.54 59.08 | 729, 510.72 +1.66 2.38
+1,983. 10 +1,821.91
B 071 S 2,050, 545. 70 —3.60 2.10 | 731, 332.63 +1.69 4,32
+5,464.45 +2,038.77




52

U. 8. COAST AND GEODETIC SURVEY

Computation and adjustment of the coordinates—Continued

z coordinate y coordinate
Station Correc- |Corrected| oo |correcteq| COrrected
Uncorrected tilon for ﬁ(ﬁnal) rected  |for closure| ﬂ(ﬁnal)
closure gures; gures
Feet Feet Feet Feet Feet Feet
Dok — _| 2,056,010. 15 =3.75 06.40 | 733,371 40 +1.76
+627.77 +689. 95
Dol e ee- 2,056, 937.92 —3.78 4,14 | 734,061. 35 +1.78 3.13
-+2, 589. 72 -+5, 980. 68
B 0 75} 4 PP 2,059, 497. 64 —3.95 3.69 | 740,042.03 +1.85 3.88
—+1, 626. 38 +1,282.53
DO e oo e e 2,061, 124. 02 —4.00 0.02 | 741, 324. 56 +1.88 6. 4
-+1,678.16 +202. 85
DoOf et 2,063, 102. 18 —4.05 098.13 | 741, 527. 41 +1.90 9.31
—+1, 706. 42 —1,716.95
2, 064, 808. 60 —4.11 4.49 | 739,810. 46 +1.93 2.39
2, 064, 804. 49 739, 812. 39
+4.11 —1.93

The z-coordinate for Cary came out 4.11 feet too large as computed
through the traverse and the y-coordinate was too small by 1.93 feet.
These are the amounts that have to be distributed throughout the
traverse. To accomplish this, the lengths were added through the
traverse and at each station an amount of the whole discrepancy was
applied that was in proportion of the accumulated length to the whole
length. The figures are the following:

Accumulated lengths

Accumu- Accumu- Aécumu-
Station lated Station lated Station lated
length length length
Feet Feet Feet
Osgood_ ... 16,676.7 || Doz oo oo 61,700.0 ]| Baldwin_______________ 126, 952. 4
3,840.0 3,575.3 4,236.8
Davis. oo o] 20,516.7 || DOy~ oo 65,275.3 || Apex ... 131, 189. 2
4,279.5 1,474.4 3
Gibbons. ._...___.__. 24,796.2 || Dox. . 66,749.7 || Dom el 139, 667. 5
5,219.0 11,057:3 2,693.2
ESpPrey-reeeemeceauaa 30,015.2 | DowW_ oo oo 77,807.0 | Dol ..ol 142, 360. 7
2,427.8 27,221.4 5,832.9
Farley-ooomomoooo_ 82,443.0 || DOV ool 105,028.4 || DOK_meoeoo oo 148,193. 6
10, 798. 4 7,941.7 1,156.3
B0 J o M 43,2414 [ Doboe oo 112,970.1 j| Doi. oo oo 149, 349. 9
4,460.9 1,426.8 6, 506.0
Moncure.__.._._______ 47,702.3 (| Dosoo ool 114,396.9 {| DOR oo oeooeomoC 155, 855.9
1,121.9 4,487. 4 2,071. 4
Dricccccccciaeeees 48,824.2 | Doro oo 118,884.3 || DOZemammameceemaaes 157,927.3
1,887.9 3,440.6 1,988.7
[0) J- TN 50,712.1 {f DOp_ oo +{122,324.9 [} Dof_ . __________ 159, 916.0
. 094. 2 3,018.6 2,420.9
27 ¢ T 55,806.3 || Don_ ... 125,343.5 {| Cary. oo .. 162, 336. 9
5,893.7 1,608.9
DOZe e 61,700.0 || Baldwin________.______ 126, 952. 4
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The discrepancy in each case was then divided by 162,336.9 and
this number set on the multiplying machine and multiplied succes-
sively by the number of feet distance from Allenby as shown by the
above table. These values have then been applied to the coordinates
with the resultant final figures shown.

Final grid coordinates

Station | Cordizates,|| gy | Coondimates, | gpgygy | Coordinates
Feet Feet Feel

Bnford. .--—ooo {815, 38, G || DOS---nemreeeen {710, 808: 82 || DOZ-wmemmemeeen G 2 15
AlenbY...oooo—. {825 01888 || DOr-weememeereens (P 08,350, 6 || DO--nssrnaenene g
Osgood.._.—-..... REECE Rl — TR R E— {93058
Davis. oo R R (oA Te || Dol {7 %80 ot 32
Gibbons. ——...... o ROl — (> 715, 208, 28 || DOK--onaremeeene (T o710
ESpIoy. - oeeeno- R PR S— BT T | R S (Tt ts
Forley. -—oooooeeeo- QR — R R E— (> Si0, 0. 88
R R R — (" 0a0, 845 32 || Dog- oo (P b
DOF- oo et | R E— {060,861, 30 || DOf-wmmsenmeee (o 5t
DOV oo 7 9Ty R —— AT KL S (Tl s
Dot AT ol | R S— A R S— (T om0

COMPUTATION OF ADJUSTED GRID AZIMUTH

The preceding table gives the adjusted grid coordinates for the
stations between Allenby and Cary, including Sanford and Raleigh,
which were fixed by connection with triangulation. If the grid
azimuth of any of the lines is needed, it must be computed from
these adjusted coordinates since it will differ slightly from the value
g]')iven in the table. We will take as an example the line Dow to

ov.

Azimuth computation

 (Feet) y (Feet)
DoV e 2, 025, 583. 47 706, 563. 42
DoW . e 2, 002, 806. 89 691, 661. 73
+22, 776. 58 + 14, 901. 69
log Az = 4 35748851
log Ay = 4. 17323553

log tan grid azimuth = 0. 18425298
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Grid azimuth reckoned from north___ . _____________________ = 56° 48’ 18”30
Grid azimuth reckoned from south_________________________ =236° 48’ 18730
log Az = 4. 35748851

log cosec grid azimuth= 0. 07737164
log grid length 4. 43486015

log Ay = 4. 17323553
log sec grid azimuth = 0. 26162462

Il

log grid length = 4. 43486015
COMPUTATION OF GEOGRAPHIC POSITIONS FROM COORDINATES

As an example we will now compute the geodetic positions of each
of these stations from their grid coordinates.

Y =Ry —R
Yy = R33o45' - R + 2RSin2 'g
=R33o45r—R+R(1 —CO08 0)

=R33045I—R cos @
Hence
R cos 0——_—R33n45'—y

R sin 6=xz—2,000,000
:x—Z,OO0,000
33045 — Y

R33°45'=30,183,611.25

tan 6

For station Dov

2,025,583.47—2,000,000
30,183,611.25—706,563.42
_ 25,583.47
29,477,047 .83

log 25,583.47=4.40795945
log 29,477,047 .83=7.46948398

tan 0=

log tan §=6.93847547—10
T=4.68557498—10

log §=2.25290049 (¢ in seconds)
colog [=0.23869567

log AN=2.49159616 (A in seconds)
AN=31071674

Hence the longitude is 571071674 east of the seventy-ninth
meridian.
79°0070070000
—510.1674

Longitude of station Dov =78°54"4978326
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To determine the latitude we must compute the intersection of the
parallel with the central meridian; that is, we must compute an
approximate E and from that 2Rsin“’—g- and subtract this value from 7.
If we used enough places in the computation of R, this value in itself
would be sufficient; but, if R is to be correct to the hundredths deci-
mal, at least 10 places would be required in the computation. A much

smaller number of figures is needed for the computation of 2Rsinzg-

log 6 =2. 25290049 (6 in seconds)
colog 2 —9. 69897000— 10
log o =1. 95187049
S ~4. 68557485—10
logsing  =6.63744534—10
log sin? —3. 27489068 —10
0 ~2’ 597 02
log 20,477,047.83 =7. 46948308
log sec 6 =0. 00000016
log B =7.46948414
log 2 =0. 30103000
log sin? & —3. 27489068—10
log (2R sin? %) ~1. 04540482
oR sin® & ~  1L.10
y =706, 563. 42
2R sin® o =  1L10
y' =706, 552. 32
y' for 35°41’ =703, 611. 62

3, 940. 70

2,040.70

Seconds of ¢ =2920859

" 101.10383

¢ of Dov=35°41'2920859
A of Dov="78 54 49. 8326
Now we will make a similar computation for station Dow.
tan - 2, 002, 806. 89— 2, 000, 000
30, 183, 611. 25— 691, 661. 73

__ 2,806.89
=29, 401, 949. 52
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log 2,806.89 =3. 44822539
log 20,491,949.52 =7. 46970349
log tan 6 =5. 97852190—10
T =4, 68557487—10
log 6 =1, 29294703 (# in seconds)
colog ! =0, 23869567
log AX =1. 53164270 (A in seconds)
0 = 19763
AN = 3470128

79°00” 00706000

—34. 0128

A of Dow =78 59 25. 9872
log 8 =1. 29294703 (0 in seconds)
colog 2 =9. 69897000—10
log% =0, 99191703 (¢ in seconds)
S =4. 68557487—10
log sing =5.67749190— 10
log sin? -g- =1. 35498380—10
log 29,401,949.52="7. 46070349
log sec 6 =0. 00000000
log B -==7. 46970349
log 2 =0. 30103000
log sinz-g =1. 35498380—10

log(2R sin2§) =9. 12571729—10

R sin? g

y (]
2R sin? 3

’

)
1y’ for 35°39’

Seconds of ¢

¢ of Dow
A of Dow

= 0.13

=691, 661. 73
= 0.13

=691, 661. 60
=691, 479. 23

182. 37

o 182.37
=101, 10300 0178038

=35°3970178038
=78 59 25.9872
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To get the geodetic length and azimuth of the line Dow to Dov,
we will take their geodetic ﬁ)ositions and make an inverse-position

computation. Then we sha

show that practically the same values
could have been obtained from the grid azimuth and distance.

order to make the computations of the same degree of accuracy, the

D OF COMMERCE

8ev, Aprl), 1831
Ao AN €08 ¢y
& gn (,,+_2. L0 Ty

o (49)-

—A¢, cos -A—a-)‘

—2amahein ¢a seo SELF(ONS

EPARTMENT
T anid INVERSE POSITION COMPUTATION

n which-log A\==log (V') =eorrection for arc to sin®; log Agyelog (¢’ &) «COMestion for arc to ein®; and log s=log a;4

ewn cOTTEOH OB fOT 870 t0 £in®.

NAME OF

STATION

. e 35°  39' 01.8038  Dow 7€ 59’ 25%872
o ¢ 35 41 29.0859  Dov 78 S4%  L9,4326
, . - % 36,1546
29 (=’ =9) + 2 27.2821 A (='-N)
£ 1 13.6% ki 2 18.08
(=) 35 40 15.445
26 (o0ca) + 1472821 AN (socn) - 276."1546
log &0 2.1681500 log &M 2. M11523
eor. aro—sin ___"_._Q car. aro=dn - 0
log Aty 2,1681500 108 &% 2.4411523
tog o0 9.9999999 Yog 003 0n 9.9097568
colog B, 11 Lgasz2lg colog Ao 1 .4907738
toglsicos (a+ 5| 3.6569746 (ppotetn] togle atn (a+F)} 3.8416849
logneos (%)) 3 6560718
log & 2.15U2152313105 a0 tog tan (=+7) 0.1847103 |
log sin 9.7€57650j105 » 3 236 b9’ 57.7%
tog s00 5 . Ologt wsein(=+57) | 9.9227653
loga 2.2069173 logeos (++3) | 9.7380552
a - 161.03 tog e 3.9189196
> 0 ocor, aroegin _+__°_
P ~ 161,03 g 3.9189196
N - 80, %2
= -° 1" 2082
oty 236 W9 S7.74 * Uso the tablo on the back of thils farma fér corsootian o
atod 236 48 37.22 amiosn
ba + 2 53,03
180
£ 2o ) 56 51 18.25

Nore.~For log 8 up to 4.52 and for A4 or A\ (or both) up
printed (In whols or in part) in heavy type or those

to 10/, omit
if using k

FIGURE 15.—Inverse position computation, North Carolina.

all terms below the heavy lino except thoso
t0 6 decimal places.

geodetic positions have been computed to four places of decimals.
The third place in position corresponds roughly to tenths of feet and
the fourth place to hundredths. Hence to obtain a complete check
it is necessary to make use of the fourth decimal in the position

In
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although the Coast -and Geodetic Survey in listing positions carries

only three places of decimals.
The log of the grid length in feet has been found to be 4.4348602.

Log grid length in feet=4. 4348602
Log reduction =0. 5159842

Log grid length in meters=3. 9188760
Correction for scale = +437

Log geodetic length=3. 9189197

This differs but one unit in the seventh place from the value found
by the inverse-position computation. Since the inverse computation
was made with seven-place logarithms, this is as close a check as
could be expected.

o ’ 4

Grid azimuth Dow-Dov =236 48 18.30
9 at Dow = -+ 19.64
Approximate geodetic azimuth =236 48 37.94

To this we must add algebralcally a correction computed by the

formula:
Cor.=— 2'_p -sm 1// (:l/1 yo'l'y2 :1/1)

T—a=22,776.58=Azx
log Ar=4.357489

Yo =546,552 (a constant)
%N =691,662
Y —1Yo=145,110
Lo 4967
150,077

log 150,077 =5.176314
1
log (2 po’ sin 1”) =0.3730186—10 (a constant)

4. 357489
5.176314
0.373019—10
log correction=9. 906812n—10
Correction = —0.81
Approximate geodetic azimuth =236° 48’ 37794
Correction = — 0.81

Geodetic azimuth resulting from grid computation=236 48 37.13

This value differs only 0709 from that obtained from the inverse
computstion. The formula for this correction is an approximate one
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so the check is probably as close as could be expected. Itis certainly
sufficient for any practical application.

Thus we have given samples of the various computationsfor traverse
that may arise in using the grid in the calculation of surveys. None of
the computations are long or difficult. After a little experience they
could be carried through easily and accurately by one who is familiar
with the use of tables.

SCALE FACTORS

In all of the tables, the scale factors are given as they must be ap-
plied to reduce geodetic lengths to grid lengths. In case of reduction
from grid length to geodetic length the scale in the seventh place of
logs must be subtracted from the log of the grid length, or, if the
scale expressed as a ratio is used, the grid length must be divided b
it to give the geodetic length. With the log correction the same result
is obtained by simply changing the sign when the reduction is to be
made from the grid to the geodetic value.

In computing the scale for any given line it is best to take the meamn
of the various tabular values for the length of the line. Each tabular
value can be interpreted as extending from the half interval below to
the half interval above the particular value for which it is given. Itis
probably sufficiently accurate to take the nearest tenth of an interval.
That is, for the Lambert system, take the nearest tenth of a minute for
the latitude of the station. On the transverse Mercator the nearest
500 feet will be exact enough.

As an example let us suppose we have a line in South Carolina—South
with the end points in latitude 33°31/1 and 33°45/2, respectively.
The tabular value for 33°31” is —117.1. This value can be considered
as extending to 33°31/5 or 0.4 of an interval.

Computation of mean scale factor, Lambert grid

Scale factor (7th decimal

Interval place of logs)

(31/1 to 31/5) —46.8 (—117.1X0.4)
(31/5 to 32/5) —lgg,g

—81.4
—68.7

0.4

10

10

L0

L0

L0 —55.7
L0 —42.3
Lo —28.6
L0 —~14.5
L0 0.0
1.0

L0

1.0

Lo

0.7

+14.9
+30. 1
+45.7
+61. 6
(44/5 to 45.2) +54.5 (+77.9X0.7)

—330.5

14,

—

—330.5
Mean value= 141 = —23.4

In working with a traverse for which the positions are not known,
either the approximate latitude can be determined from a topographic
map, or, if near the central meridian, the y values can be used as if
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they were 9’ values and these used in the table for interpolation.
In most cases the beginning and end of a traverse will be known in
latitude, and this can be used as a guide. The most exact value for
the scale factor does not have to be determined since an approximate
one is better to be used than none at all. These directions should be
sufficient for the use of the Lambert projection.

With the transverse Mercator projection it should be borne in
mind that the scale changes equally in both directions from the
central meridian. In case a line crosses the central meridian the
values should be taken upward in the table to the zero value which
corresponds to the central meridian and then downward in the table
for the remainder of the line.

Let us suppose that we have a line in Georgia beginning at z’=
"446,500 to the nearest 500 feet approximation, and ending at
2’ =—21,000 to the same approximation. The value given for 45,000
is —424.2 and this can be considered as extending from 42,500 to
47,500. But from 42,500 to 46,500 is 4,000 or 0.8 interval.

Computatton of mean scale factor, transverse Mercator grid

Scale factor

Interval (7th decimal place of logs)

(46,500 to 42,500) —339. 4 (—424.2X0.8)
.3

0.8

L0 -
10

L0

L0

10

Lo —433.2
L0

L0

1.0

L0

10

1.0

0.7

—433.2
(—17,500 to —21,000) —302.6 (—432.3%X0.7)

13.5 —5,825.9

-5,825.9
13.5

Mean value= =—431.5

The two illustrative examples should indicate clearly a reasonable
method for the determination of the scale factor in either of the sys-
tems of projection. Reference was made to particular tables but
similar computations could be made for any one of the State tables
by a simple change of the figures to correspond to the tables desired.
The examples should, therefore, be sufficient to indicate a method
that will be applicable in all cases.

ADJUSTMENT OF SECOND-ORDER TRIANGULATION BY VARIATION
OF PLANE COORDINATES

Computations of surveys by means of plane coordinates will in
most cases be applied to traverse rather than to triangulation, because
most work of second and third order will consist of traverse lines
between stations fixed by triangulation. However it was thought best
to include a small adjustment of triangulation to serve as a sample for
those who may wish to make such computations.
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DERIVATION OF EQUATIONS
‘With plane coordinates the azimuth of a line is given by the relation,

Zo—I

Y2—U

a=tan=Y = zl)
’!lz—yl

Lo—Xy
da= y2_y1)2
To—T1
1+ ?/2""!/1)
W2 —) (daz—d2) — (2 —21) (dy.—dy1)
do (Y2—y0)*

Iz'—xl
1+ 'yx)
_ (p—y) (dz,— d:cl)—(xz~z1)(d —d%)
Wo—11)*+ (@—11)?

If s denotes the length of the line, we have

=(xzj‘$1)2+(y2—yx)2
Ty—2T;=8 sSlit @ '
yg—y1=s COS o

tan a=
or

Hence

Substituting these values, we get

COsS a

da=

(dxy—d2y) — §1_‘L£‘ (dy—dy,)

Since we wish da to be expressed in seconds, we must divide the second
member by the arc of 1 second, or to a sufficient approximation by
the sine of 1 second. Also it is better in these computations to denote
the variation of the coordinates by the symbol A rather than by the
letter d. Thus our equation becomes

co8 Sln
s sin ‘;Il (Ax2 Azl) —S sin ‘;” (Aye—A?/x)

Aa(in seconds)=

An angle is equal to the difference of two azimuths, so we must form
our equations in accordance with this fact.
Let us take a triangle denotmg the vertices by letters as shown in
figure 16.
A

c N

FIGURE 16.—Triangle illustrating formation of equation.

93324°—35—5
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Let B be the angle under consideration; then the direction BA with
the azimuth « will have the correction Ac.

COS «

. . sin «
son 17 A%a—Azp) — o7 (MY 1 —Ays).

Aa=

Similarly the direction BC with the azimuth o’ will have the correc-
tion Aa’
cos o’ sin o’
Aol = i 7 o= 02) = T (8o — A9,

Now the angle B is equal to a—a’

Azimuth of
coS a sin
BA:a'I’m(AxA_MB)—S_SEaTﬁ(AyA_AyB)
Azimuth of
.cos o ‘sin o’

BC= af-?l-m(%_— Azp) — o7 (AYo— AYs)

cos sin
£B=a—a/+ 5y (bra—ba) = Ta(Aa—Aya)

cos o sin o’
— 7 an 17 Ac—A2s) + 777 (Ayo— Ayx)
By subtracting from this the observed value of Z B and equating the
result to the given v, we get the observation equation required.

A set of assumed coordinates have to be computed for all of the
stations. The fixed stations also have the final or fixed coordinates.
All of the observed independent angles are then numbered as is shown
in figure 20. Before the computed azimuths are used they must be
corrected for the correction term by subtracting it from the grid

A
Saunders (0~ _

|
L>> 8
[ Mavaton

Bull Pond
F1GuRre 17,—Triangle illustrating formation of equation.

azimuth, Another method of handling the problem is to add the
same value to the observed direction before the angle is taken out
from the list. All of these corrections that apply to a given triangle
have to add up to the spherical excess of the triangle. After they are
computed they must be tested for this-and the final values adopted
so that they will sum up to the spherical excess.

In geodetic work azimuths are reckoned clockwise from the south
but when the plane coordinates-are-used they have to be considered
as reckoned from the north to be consistent with the adopted system.
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In taking out the sine and cosine it is only necessary to give the oppo-
site sign to each of the functions to what they would be when taken
directly from the table. This is an easier way to handle the matter
than to add or subtract 180° from each of the azimuths as given. The
computation of the azimuths from the assumed coordinates of the
stations as also the computation and subtraction of the correction
term are given on pages 73 to 84 inclusive.

We shall now give some samples of the formation of the observation
equations for the angles. Take the triangle Saunders-Mavaton—
Bull Pond with the angle no. 1 at Mavaton. Bull Pond and Mavaton
are fixed and cannot vary. So Saunders is the only point that can
vary. This station has the coordinates z;, %, with the variations
Az, and Ay,. Now label the triangle ABC in a clockwise direction
with B at the angle in question so as to agree with the form of the
equation as already given (p. 62). We thus see that the variable
station is the A station. The coefficients are computed on page 87.
The azimuth of the line B to A is 105°+4. The cosine of this angle
would be minus and the sine plus. By changing the signs as explained
above the coefficient for the z part becomes plus and that for the y
part minus.

Corrected a’s:
(<] 7 144

Mavaton to Saunders___ __._____ .. ________.__ 105 10 01.6
Mavaton to Bull Pond.____ ... __.________.____ 8 25 35.3
£ Bull Pond-Saunders_._______________________ 18 44 26.3
Observed £ ______ o ____ 18 44 26.1

+ 0.2

The coefficients computed for the line BA are +1.54 and —5.69 as
given on page 87. From the figure we see that this applies to the 4
vertex. For this angle the B and C variations are zero since the
coordinates at these stations are fixed. From the general equation
it is seen that the coefficient of Az, is plus the computed value while
that of Ay, is minus the computed value. Accordingly, the equa-
tion becomes
v, =-1+0.241.54A2,+5.69Ay;.

As a further illustration we will take the case of an angle that has
two variable stations,
A Cannon (2)

[
Neowsome ¢ 3}

B8
Mavaton

F1GURE 18.—Triangle illustrating formation of equation.

In the triangle Cannon-Mavaton-Newsome, the station Mavaton is
fixed. Letter the vertices as before with B as the angle under
constderation.



64 TU. 8. COAST AND GEODETIC SURVEY

Corrected a’s:

o ’ n
Mavaton to Cannon______________ o _eee____ 164 55 33.3
Mavaton to Newsome. - ... o oo 120 31 311
Z Newsome—~Cannon ___ ... _ oo 35 24 02.2
Observed Z - .. e m—eea 35 24 08.6
—6.4

The coefficients computed for BA are +5.53 and —1.49 and for BC
are +2.71 and —3.28 as given on page 87. Now we have the A
angle and the C angle subject to variation with the B values equal to
zero. The signs to apply to the coefficients are plus and minus for
the A angle and minus and plus for the C angle. Accordingly we have

v3=—6.4+5.53A2,-1.49Ay,—2.71 Az, —3.28Ay,.

Finally we will take the case of an angle that has all three stations
variable. In the triangle Mason—Cannon-Newsome we have all

A  Mason 4

~
/ <
/ w\
c B

Newsome 13) Cannon &
F1cURE 19.—Triangle illustrating formation of equation.

vertices variable. We letter the angle ABC with B at the vertex
of the angle in question.
Corrected o’s:

© ’ 14

Cannon to Mason_ . _ - . . __.._ 121 52 389
Cannon to Newsome _ _ _ . _ . _____________._____ 82 056 26.7
£ Newsome~Mason . - - oo oo owo oo~ 39 47 12.2
Observed £ o e 39 47 12.3

—~0.1

The computed coefficients for BA are +3.52 and —5.67 and for BC
they are —1.00 and —7.21 as given on page 88. It is convenient in
practice to arrange the general equation in the following form:

+Az, —Ay. —Axe -+ Aze
—Azp +Ays +Azp —Ays

The signs before the A’s indicate the ones to be applied to the com-
puted coefficients. This scheme makes it possible to write out the
observation equation with little mental effort. This tabulation
copied on a slip of paper and placed immediately beneath the list of
coefficients makes it possible to write down the equation for any angle.
Arranged that way in this instance we should have

+3.52 —5.67 —1.00 —7.21
+Azx, —Ay, —Aze +Aye
—Azxp +Ays +Azg —Ayg

Hence we get, since B=2, (=3, and A=4,
tp=—0.1—4.52A2,-}+1.54Ay,-+ 1.00A2;,— 7.21 Ay;+3.52A2, 1 5.67 Ay,
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This should be sufficient description of the method of formation of
the equations for the ¢’s. The formation and solution of the normal
equations and the computation of the final »’s are carried out as in any
other solution of problems by the theory of least squares.

When the coefficients for one end of a line have been computed
those of the other end of the line are found by a simple change of the
sign of each of them. It is thus not necessary to recompute them.

A full computation of the triangles and positions together with the
computations of the positions from the adjusted coordinates is given
to show that the agreement of the results is fairly satisfactory. In
general, for purposes of the grid, the computation could be finished
as soon as the final coordinates were obtained. If geodetic positions
are desired they can be computed from the final coordinates and the
geodetic azimuth and the length of any line by an inverse position
computation.

It should be noted that, if all of the equations for the #’s in a given
closed triangle are added, the constant terms should add up to the
closure of the triangle and the total sum of the coefficients should be
zero. This furnishes a good check on the formation of the equations
and should be applied in all cases before making up the normal equa-
tions. As an example we will take the triangle Cannon—-Mavaton-
Newsome which has the angles 3, 6, 7, 8, and 14.
va== —6.4+5.53A2,41.49Ay,—2.71 Av,— 3.28Ay;
o= —1.3—4.22Az,+4.024y,+0.15A2,—1.51 Ay
vg= -0.4-+4.22Ax,—4.02Ay,—3.22A2,—3.19Ay,— 1.00Ax;47.21Ap,
= +0.1—1.00A2,+7.21Ay,+3.71Az,—3.93Ay;
—6.4+4.1—1.340.440.1= —3.1, the value needed to close the
triangle which is the correct result.

PARKER

WINTON

Newsome
3

Saunders
(1}}

(14
| 28
[]
4
BULL POND

F16URE 20.—Second-order arc of triangulation.

MAVATON
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Adding the plus coefficients, we get
+5.5341.49-+4.02+0.154+4.224-7.214+7.214-3.71= +33.54,
and for the negative coeflicients, we get
—2.71—3.28—1.46—4.00—4.22—1.51—4.02—3.22
—3.19—1.00—1.00—3.93= —33.54
The sum of the plus coefficients thus is equal to the sum of the minus
coefficients and hence the total sum is zero as it should be.

Plane coordinates on Lambert projection

State North Carolinasiation Mavaton
6= 3610°25.198 - 76 38 37.560
Tabular difference of R for 1" of ¢ = 101,12233

-R ( for min. of ¢ ) 29,304,06%.38 | v ( for min. of ¢) 879,546.87
_Cor. forsec. of ¢ — 2,548.08 | cor. for sec. of ¢ +_ 2,548.08
R 29,301,516.30 |y : | _#a2,09%.95
¥ (=2R sin? §) + 8,253.53

6 ( for min. of X ) + 1° 21 57.4950] y 890,348 . 4g
_Cor. for sec. of A - 21.678 .
a M. g1 35.8165) § — * 45 47,91
o computation | T 4895 'H165 computation L

. log 6" 3,68982513
_log 6" 3.68982513 colog 2__ 9.69897000 -10
S for @, : 4.68553408 ~10 {is for £ L. 68556467 -10
log sin & sin @ 8.37535921 =10 liog sin §_} sin £ 8,07435980 -10
_Idg R 7.46689009 R sin .g.
_log x-" 5.8‘}221}930 log sin? %_R sin? g. 6.1”’871960 -10
X Rsinal + 695,423.% log R 7.46689009

2,000,000.00 i tog 2 : 0.30103000 _

X 2,695,423.%0 | jog y» 3,91663969

x = 2,000,000.00 + R sin 6
y=y +2Rsin? §
y' = the value of y on the central meridian for the latitude of the station
S = log of ratio for reducing arc expressed in seconds to sine
(see log tables)
R, y', and 8 are given in special tables

FIGURE 21.— Compatation of ¢coordinates, North Carolina.
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Plane coordinates on Lambert projection

StateNorth GCarolina Station

36 10 15.766 %=

Bull Pond

67

“78 45 08.551

Geod & 87 47 11.08

ymputation of coordinates, North Carolina—Continued.

+1 21 38.4

¢ =
Tabular difference of R for 1” of ¢ = 101.12233
R (for min. of ¢ ) 29,304,06%.38 |i v’ ( for min. of ¢.) 879,546.87
_Car. for sec. of ¢ - 1,290.93 | Cor. for sec. of ¢ + 1,290.93
R 29,302,773.45 |y 880,837.80
¥y (=2R sin? %) + 7,510.54
6 (for min. of \)__| + 1717°55.0832]y 888,348.34
1.Cor. for sec. of N = 4.9354
- + 77 50.14781 $ ° 38 55.07
i comimecioe | + . 467071478 computation |
. log 6" ' 3.66933063
_log 0" _3:66933063 colog 2 9.69897000 ~10 __
S for 6. "4.68553776 ~10[s for £ 4.68556559 -10
“log sin € sin @ 8.35486839 =101 10g sin £_|sin £ 8.05386622 -10 .
.log R 7.46690873 - R sin £ i
_log x. 5.82177712 "I'ng sin? %_R sin? .g. 6.10773244 -10
Ry sin @l _* 663,402.52 log R ' 7.46690873
2,000,000.00 Il log 2 0..30103000 T
% 2,663,402:652 | |og y .3.87567117
x = 2,000,000.00+ R sin 8
y=y +2Rsin? §
y'= the value of y on the central meridia_n for the latitude of 'the station
S = log of ratio for reducing arc expressed in seconds to sine
(see log tables)
R, ¥', and 0 are given tn special tables
Mavaton-Bull Pond
LsT BML 2R
" 232,020.88 T22,000.14 343,796
45054 4.5054 et
3. 302080k ‘3030200 o ao2atas 343,129
1.2043729 l+.5062789 .535
-505
0.3730-10
04135 n
eriaa 86° 25 32. "67 +° &' 35?82
+ 122 33.41 + - 2.59
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Plane coordinates on Lambert projection

state North Carolinastation

o=_36"24"137573 2=
Tabular difference of R for 1” of ¢ =_101.13383

Gatesville

76° 45 36.879

-R (for min, of ¢ ) 29,219,117.26 {i y ( for min. of ¢ ) 964,493.99
.Cor. for sec. of ¢ - 1,372.69 |l cor. for sec. of ¢, + 1,372.69
TR 29,217 . 744.57 i v 965,866.68
y7 (=2R sin? §) + _7,447.48
0 (for min. of \) +_1°17 55.0832), - : 973,31%.16
| Cor. for sec. of N = 17.8225 i
a_ For machine + B 77 37. 2607 g For machine - jil‘é. 63
Wi computation | + __WE57 2607 computation
log 6" 3.66813055
.log 6" ___3.66813055 colog 2 ©'9.69897000 =10 __
S for 6 4.68553796 -10is for ¢ 1, 68556564 -10
L logsina_|__sing _ 8.35366851 -10ll|4g sin £ rs.in 4 8.05266619 =10
jog R 7. 465614668 R sin £
log . 5.81931519 tog sin® $L.R sin? | 6.10533238 ~10
X Rsinel_+ 659,652.46 | log R 7.46564668
2,000,000.00 _iilog 2 0.30103000 -
X _ 2,659,662 46 log y- 3.87200906
X = 2,000,000.00 + R sin 6
y=y +2Rsin? §
y’'= the value of y on the central meridian for the latitude of the station
S = log of ratio for reducing arc expressed in seconds to sine
(see log tables)
R, ¥, and @ are given in special tables
Gatesville~Parker
565,805, 48 R 912'3“
- 3%,h87.35 ¥ 13,426.80 426 75
L P e
wRdern TEmE , 120,
m 0.3730186 =10
-"3545 0. 2&2391&2& a
%.05228618 = 2.0
4.,0522870

ariad 1m° 16' 20%01 +1°17" 37726
+ 1 17 Y4¥0.77 + 33.*31

Geodd 112 34 00.78 +1 17 bo.77
00.58 ‘

F1GURE 21.—Computation of coordinates, North Carolina—Continued.
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Plane coordinates on Lambert projection

69

State North Carolina Station Winton
o=_3623'B17367 \ = 76°55 49 Wio

Tabular difference of R for 1" of g = 101.13283

i

R (for min. of ¢) 29,225,185.23 || v ( for min. of ¢ ) 958, 426.02
|-Cor. for sec. of ¢ . 5,194.89 | cor. for sec. of ¢ +  5,194.89
IR 29,219,990.34 | 563,620.91
; i y". (=2R sin? -g-) + 6»31‘9-95
1.6 ( for min. of X )_J_LR'_QL-M# y. 969,970.86
i Cor. for sec. of - 28.5353
Q + 71 bo.2ussl ¢ ° 35 58.12
| o Compeatoe | + 430072455 Compoation
; log &' 3.63349325
|-tog & 3.63349325 colog 2 9.69897000 -10 _
1Store 1&.6855’4}‘#1 =10 |is for _g_ 4.68556700 -10
i_tog sin & sin @ 8.31903666 =10 log sin §_}-sin £ 8.01803025 -10
J.log R 7. 46568007 ) R sin £
{-log x" 5.78471673 tog sin? 2L R sin? £ 6.03606050 -10
b R sin + 609,139."5 iog R 7.46568007
2,000,000.00 |l jog 2 0.30103000 _
X 2,609,139.45 |l jog v 3.80277057
| x = 2,000,000.00+ R sin &
|y=y+2R sin? §
'; y'= the value of y on the central meridian for the latitude of the station
i| S = log of ratio for reducing arc expressed in seconds to sine-
l (see log tables) -
R, ¥, and @ are given in special tables
Winton-Gatesville
R 56357086 S92
+ 50,513.01 + 3,343.30 ua{:lﬁg
y, 70&2&0325 4,70340325 hay,533
3 52417535 0. 00094918
1. 17922790 L. 70435203 Z’s%;;g 2 6(2)'1%12
u 16836826 o .3_7_3_°_1__85 -10
-3210 0.7043333
4.,18833616 +5.06
4.1883369.
Griaa 266° 12" 47785 + 1% 11" w0l
+ 1 11 35.19 __;2.3_6
Geodd 267 24 23.04 +1 11 35.19

23.11

F16URE 21.—Computation of coordinates, North Carolina—Continued.
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Plane coordinates on Lambert projection

State_ N, Carolina _Station Parker
9=_36_ 26 33,802 \=___76 52 29,094
Tabutar ditference of R for 17 of ¢ = 101.13676

R (for min. of 9) 29,206,981.15 |y (for min.of¢)__|  976,630.10
_Cor. for sec. of ¢ |~ 3,418.59 | Cor. for sec. of ¢ + 3,418.59
R 29,203,562.56 [ 980,0U48.69
Yo (=2R sin? §) + 6,692.27
6 ( for min. of X) + 1°13 526715 ||y 986,740,96
. Car. for sec. of N = 16.7922 | S
14 —— 1+ 73 35.6703 $ S 36 47.94
Q" computation 4415 " 4793 computation
log 8" 3.64501720
Jlog " 3.64501720 colog 2 9.69€97000-10
S for 6 4.68554169-10 IS for £ 1t.68556657-10
_log sin &{___sin & 8.33055889-20 lllog sin.§_{ sin | 8.02955377=10
1og R 7.4654358Y4 R sin §
_log x" 5.79599473 log sin? §| R sin? & 6.0591075k4-10
X" R sin & +625,165.11 log R 7.46543584
2,000,000.00 |l iog 2 0.30103000_
x 2,625,165.11_ |l 1oq y» 3.82557338

x = 2,000,000.00+ R sin &

y =y + 2R sin? §

y'= the value of y on the central meridian for the latitude of the station
S = log of ratio for reducing arc expressed in seconds to sine

(see log tables) 9%.7‘6;.
R. Y, ;r;irg are gjvenv;r’\. sgecial tables )
er - nton -3,520
g 209 ,139.45 922,938.82 34,599
"'_2‘6?5‘66 21.5..;75_{_ : .638088
4 ;3&;1523 -u ézusé 25 E 238“%} lgé 1
. 0186-10
4.2253362 0.1408 zg% ( .2159232 n
:91:)2' ?1;7113 *i2001583-10 ( -1.64
Grid o 3° 1t 5 . -
o 13 3 %zw?fz'é M
Geod & 55 30.2 53 + .
. 3950
36.24 3. 8493953

F1aURE 21.—Computation of coordinates, North Carolina—Continued.
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Fized positions

COMPUTATION

71

Plane coordinates

Station
z v
Feet Feel
2,663,402.52 | 888,348.34
2,695,423.40 | 890,348.48
2,659,652,46 | 973,314.16
2,609,139.45 | 969, 970. 86
2,625,165.11 | 986, 740.96

Compuiation of azimuths
: Azimuth and : Azimuth and
Line angle Line angle
o ’ ” o ? "
Mavaton-Bull Pond._.._.._.___.... 86 25 32.7 || Newsome-Cannon.____.__.___...... 262 05 24.2
+18 44 26.1 —77 00 13.2
Mavaton-Saunders 105 09 58.8 || Newsome-Mason 185 05 110
Saunders-Mavaton.._....________.._ 285 09 58.8 || Mason—-Newsome 5 05 11.0
—61 32 04.2 +57 48 49.9
Saunders-Cannon ..o cocomamanan 223 37 b4.6 || Mason-Cotton_ . o acmmaeann 62 54 00.9
+60 59 215
Cannon-Saunders.._....._.._.__.__ 43 37 54.6
+38 27 29.6 || Mason-Piland_______ ... .. 123 53 22.4
Cannop-Newsome. . ._____.._....._ 82 05 24.2
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Computation of preliminary coordinates

MAVATON-SAUNDERS
Log sin « plus | Log cos a plus
%og dist. log dist. z v

9. 9846040—10n | 9. 417874410 2, 695, 423. 40 800, 348. 48

4. 5440915 45440015 —33, +9,157. 27

4. 52869551 3. 9617659 2,661, 640. 61 899, 505. 75

SAUNDERS-CANNON

9, 8388628—10 | 0.8596117—10 2, 661, 64.0 61 899, 505. 75

4. 5488447 4. 5488447 +24,417.85 § -+25,612.76

4. 3877075 4. 4084564 2, 686, 058. 46 925, 118. 51

CANNON-NEWSOME

9.9958482—10n | 9. 1386704—10n 2, 686, 058. 46 925,118 51

4. 4521406 4.4521406 —28,053. 61 —3,807.72

4.4479888n 3. 5908110n 2, 658, 004. 85 921, 220. 79

NEWSOME-MASON

8.9477163—10 | 9.9982864—10 2, 658, 004. 85 921, 220. 79

4. 3075877 4. 3075877 +1,800.13 | +420,224.33

-3. 2553040 4, 3058741 2, 859, 804. 98 941, 445.12

MASON-COTTON

9. 9404948—10n | 9. 6585275—10n 2, 659, 804. 98 941, 445.12

4. 0420496 4. 0420496 -9, 9 —5,018. 54

3. 99154440 3.7005771n 2, 649,097. 79 936, 426. 58

MASON-PILAND

9.9191377—10n | 9. 7463180—10 2, 659, 804. 98 041, 445.12

4. 2700754 4. 2700754 —15,460.13 | 10, 384.69

4,1892131n 4. 0163934 2, 644, 344. 85 951, 829. 81

Computations of final coordinates
. Assumed : Adjusted
Station coordinates | COTrection | coordinates

1. Saunders. .- eccecemmmaaa- 2, 661, 640. 61 +40.09 | 2661, 640.70
899, 505. 75 +0.05 899, 505. 80
2. CaNNON. . ciiceecmmmeee—meame——————— 2, 686, 058. 46 +40.05 | 2,6886,058.51
925, 118, 51 —0.37 925, 118. 14
3. NewWsSOme - e cccmmam————aa- 2, 658, 004. 85 +40.06 | 2,658,004.91
921, 220. 79 —0.57 921, 220. 22
4. Mason.__ a-- e mmmmeemmmmm—mmaeeae 2, 659, 804. 98 —0.11 | 2,659, 804.87
941, 445,12 —1.05 941, 444. 07
8. COottOm e 2, 649,997.79 4+0.01 | 2,649,997.80
936, 426. 58 —1.35 936, 425. 23
L 1 Y T U 2, 644, 344. 85, ~0.40 | 2,644,344.35
951, 829. 81 —1.98 951,827.83
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Gomputation of Grid Azimuths

Mavaton-Bull Pond

2,663,402.52 gss, 3483 y) s 890,348
2,695,423, 890,348, Yo = 546,552
ax. ~ - 32,020.88 Ay = -2,000.14 y -y, = 343,796
AY = -667
logd = 4.5054 n :
1054; = 3.3010233:: k2
_ —_—— Sum = 343,129
log tana = 1.2043729 log sum = 2.535
o . R log A x = .505 n
o« = 86° 25' 3217 + 26 = 35.3 105??.%1ﬁv = 0.3730
log correct. term = 0,813 n
Correct, tern = -2,6
Mavaton-~-Saunders
(Azimuth previously computed.)
) 890,348 .540
205° 09’ 5878 + 2'8 = A106 5fesgse 2'529 n
0.373 ~10
343,796 —
+ 3,052 o.442 n
346 648 -2r8
Mavaton-Newsome
2,658,004, 8 921,220.79 890,348
2,695,423.hc5> 890,348.& 5&6,%52
- 37,M8.55 +30,872.31 343,796
+ 10,291
4.5730870 n logdx =4.57309 354,087
4.5895691  log et =9.85725 -10 2.5 9.
0.0835179n log & =H.68584 0:35 %o
129° 31’ 2870 + 371 = 3171 0.495 n
-3

F1GUrE 22.—Computation of grid 8zimuths and corrections.
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Mavaton-Cannon

2,686,058.46 925,118.51
-2,695,ug3.uo 893,3us.ﬁs
- 9,364.9% +34,770.03
3.9 15050 n
5412051

9.4302999 -10,

164° 55' 32'5 + 0’8 = 333

Bull Pond-Saunders
2,661,640.61 899,505,
2.663,102.52 sssigug.gz
TC1,761.91 +11,157. 51

. 2U59838
i.oh?ségu "
9.1984204 -10,

171° 01’ 3477 + 01 = 348

Bull Pond-Cannon

2,686,058.46 925,114.51
2,66%,402.52 888,348.34

+ 22,655.94 + 36,770.17
Y4, 3551821 k. 56550
12;5654956 9.938;2 -10
9. 789686510 4.63538

211° 38'"215 - 179 = 19%6

FIGURE 22.—Computation of grid azimuths and corrections—Continued.
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Bull Pond-Mavaton

888,348 .535
546,552 2.505
0.373 -10
341,796
.+ 667 0.113
ot
266° 25' 3217 - 26 = 3011 342,463 + 2.6
Cannon-Mavston
925,119 5.565
5l46,552 3.972
1o 55" 32"5 - 0'8 = 3107 378,567 9.313 =10
U 55 32.5 - O 3520 9.910 -10
366,977 + 0%
Cannon-Bull Pond
925,119 .564
542»552 E-355 n
[ [ n 0.373 -10
310 38" 2175 + 200 = 23.5 378,567
) -12,257 0.292 n
- 2%
366,310
Cannon-Saunders
2,661,640.61 €99,505.75 925,119
2,686,058.16 925,118.51 545,552
- 24,117.8 -25,612.76 378,567
2 7.85 5 7 [y
4 3877074 n 370,030
. 568
i foghsts n ke
9.9792511 -10 0.373-10
. . " 0.329 n
43° 37" 5416 + 2.1 = 56.7 LM

FIGURE 22.—Computation of grid azimuths and corrections—Continued.
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2,658,004,85
2,686,058.46

-28,053.61

4. 4479888 n
3.5908106 n

0.8571782

Gannon-Newsome

921,220.79
925,118.51

-3,897.72

82° o5' 24’2+ 275 = 2677

2,659,80k.
226261055.

-26,253.48
4,4191869 n
4, 2128960
0.2062909 n

Cannon-Mason

9h1,kus.12
925,118.51

+16,326.61

121° 52' 3675 + 274 = 3879

2,659,652.46
2, 626 ,058.46

«26,%06.00
4,4217026 n
4. 6830078
9.7386948 -10,

Cannon-Gatasville

973,314.16
925,118.51

+148,195.65

4.68301
9.94300 -10

4, 74001

151° 16" 5573 + 274 = 5777

0.391 n
- 2?5 adopt -2.%

FIGURE 22.—~Computation of grid azimuths and corrections—Continued.
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Newsome-Cotton

2,649,997.79 936,426.58
2,658,004.85 921,220.79
~ 8,007.06 + 15,205.79
Z .9034731 n
1820090

9.721461 -10,

1520 13" 4676 + 0.7 = 4773

Newsome-P1land:

2,644,348l 85 951,829.81

2 658 1004 85 921,220.79
-13,660.00 + 30,609.02

4 .,135450 4, 4g58

i i8gatol ® 9196058 -10

9.6496013 -10p, 4. 52529

155° 57" 00'2 + 1.2 = o1.4

Newsome-Mason

2,659,804.98 ol ihs5 .12
2,658,004, 85 921,220.79
+ 1,800.13 - +20,224.33
2.25530 9
.3058742

8.9494297 -10

185° 05' 1170 - o2 = 1078

921,221
546 552

374 669
+ 5,069

921,221
546,552

374,669
+10,203

546,552

FIGURE 22.—Computation of grid azimuths and corrections—Continued.

93324°—35—6
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Newsome-Cannon

921 221
46,552

2620 05' 24"2 - 25 = 21”7 27‘{;2_33

375,968

Newsome-Mavaton:
921 221
.552,

37& 669
-10 » 29}

309° 31" 2870 - 373 z 241y oS%
3 3 3.3 7 36%,378

Newsome-Saunders

2,661,640.61 899,505.75

2,658, »00% . g5 921,220.79
+3,635.76 -21,715.04
3 . 5605952
3367606 n

9. 22383&6 -10,

350° 29" 12°4 - 073 = 42Ty

Cotton-Piland

2,644,344, 85  951,829.81
2,649.997.79 936,426.58
- 5,652.94 + 15,403.23
z 7522744 n
Bl1g76118

9.5646626 -10,

159° 50° 4972 + 075 = 4907

it
0.373 -10

0.396
e 2%5

2.562
513

0.313 -10

o. 5os

+* 3.2 adapt +3.3

921 221
546,552 552

374 669
'7 1238

367 h}l
5.56 5

3 561

0.373 -10

9.1499 -10

¢ 0.3

22

9.722 -10q
- 05

F1GURE 22.—Computation of grid azimuths and corrections—Continued.
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ot ton-Mason

2,659,804.98 911, 445,12 936,427
2,649,997.79 936,426.58 546,552
+ 9,807. +5,018.54 3s§,gg,§
+ )
3.9915446 91,548
3.7005774 g.ggg
0.2909672 32373 -10
- . . 9.958 -10
242° 54" Q0.9 - 0.9 = 00.0 + 079
Cotton-Newsome
936,427 5.585
2222 8?% 10
. 89,875 A
332° 13" 4616 - 0'7 = u5-9 3-5, 69 9.861 -10
384,806 + 0.7
Gatesville~Cannon
16 3,314 5.614
22 0'13% 10
126, 762 c=2le T
3310 16' 55.3 - 2.6 = 5217 -16,365 0-“99
410,697 + 2.6
Gatesville-Mason
2,659,804.98 o41, 445,12 973,31k
2,659,652. 973,314,16 546,552
+ 152.52 ~31,869.04 lfg,gg;
1833268 4.50337 416,139
4.50337689 n 0.00000 g %9
7.6799579 -10, 4.50337 o.37§ -10
8.175 -10
o [} L) o - a
3599 43° 32,9 - 0.0 = 32.9 + 0%

FI1GURE 22.—Computation of grid azimuths and corrections—Continued.
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2,658,00L.85
2,659,652.46

~1,647.61
Z .2168544 n -

8.7167825 n
8.5000719 -10

1°u8" 1’6 + 02 = 18

2,644,304, 85
2,659,652.46

-15,307.61
41849074 n
4,3321222 n
9.8527852 -10

35° 28' 1176 +175 = 1301

2,609,139.
2,659, 6%2 02

~50,513.01
L, 7034033 n
3.52H753 n
1.1792280

86° 12' 4778 + 5% = 5278

Gatesville-Newsome

921,220.79

973, 31u 16

- =52,093.37
4.71678
9.99978 -10
4.71700

Gatesville-Piland

951, 829.81
973,314.16

-21,484.35

4.33212
9.91085 10

h.y2127

Gatesville-Winton

969,970.86
973,314.16

-3,343.30

4. 70340
9.99590 -10

4.70350

U. 8. COAST AND GEODETIC SURVEY

ls 3,314
546,552
426,762
-17,364

409,398
5.612

3.217 n
0.373 =10
9.202 -108

0
- 0.2

973,314
SKéySS2
k26,762

'71161

hg,601

218 n

0.373 -10
0.181 n
-1’5

ls 3,314
516,552
426,762
-1,114
425,648
.629
.703 n
0.373 -10
0.705 n
- 5.1 adopt--5.0

FIGURE 22.—Computation of grid azimuths and corrections—Continued.
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Gateaville-Parker

2,625,165.11 986,740.96

2,659, 652 46 973,314.16
~34,487.35 + 13,426.80
5376598 n
4. 1579725

‘0. 4096873 n

1110 16° 20%0 + 375 = 23)5

Piland-Winton

2,609,139 969,970.86

2, 64 2,644, 3h44. 85 -951,559.31
-35,205. ”0 + 18,1¥41.05

4 5466093 n 4, 54661

4. 258662 9.5U4886-10

0.2879%69 n }.59775

117° 15" 4276 + 3.4 = 45 4

Piland-Parker

2,625,165.11 986,740.96

2. 64L 134885 951,%29,81
-19, 179.7u + 3%,911.1%

L4, 2828427 n 4, 54296

4, 5429642 9.342ge «10

9.7398785 -10, §.6002%

151° 12" 58’2 + 179 = 60°1

Zs 3,314

552

426
76

u31,23s
-635

.538 n
0.373 <10
0.546 n
- 35

1 830
546,552

uo5 218
+ 6,047
13,32
3.613 4

547 n
0.373 -10
0. 5}4 n
- 3.4

951,830
546,552
405,278
+ 11,637

416,915
.620
.283 n

0.373 -10

0.276 n
1°9

FIGURE 22.—Computation of grid azimuths and corrections—Continued.
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215° 28' 1176 - 175 = 1071

2 6 9,801,983

3u4 85

+ 15,h60.13
u 1892132

4.,0163935 n

0.1728197 n

3039 53' 2274 - 1'5

335° 57' 00'2 - 173

339° 50" 492 - 0°6

Pilland-Gatesville

951,830
»552

405,278
+ 7,161

k2,439

Piland-Mason

ol1, 445,12
951,829.81

~10,384.69

Piland-Newsome

951,830
216,552
—p- 105,278
58.9 ‘13’2 5]
395,075

Piland-Cotton

1,830

Sheroee

v W28
48.6 -5,1

400,1411-

26 ,830
546,552
405,278 ,278

'; [ uga

o
7

WO
\JI~J

-10

¢ E;.

+ O
-
em O
(VO

.602
5.752
-373 10

9.737 -10
+ 0.5 adopt +0.6

F1GUuRE 22.—Computation of grid azimuths and corrections—Continued.



MANUAL OF PLANE-COORDINATE COMPUTATION 83

Parker-Gatesville
986,741 2.639
546,552 0?;? 10
2910 16' 2070 - 377 = 1673 '“.*ﬁ:ﬁ?g 0.550
3 + 3.5 adopt +3.7

Parker-Piland

986, 741 .632
546,552 3-233 1
Thn ama -373 -10
440,18
331° 12" 5812 - 178 = 5674 ;-11,533 0.288
428,552 + 1‘-‘9 adopt +1.8
Parker-Winton
2,609,139.45 969,970.86 986,741
2,625,165.11 986, 740.96 546,552
-16,025.66 «16,770.10 440,189
e - 5,590
. 2048159 n
¥ 22u5327 n 53,599
9.9802802 -10 205 n
0.373 -10
43° 41" 587 + 176 = 60°3 0.216 n
-1
Winton-Parker
969,971 .632
546,552 5285 10
. e . . h23,119 313 -
223° 41 58.7 - 2.6 = 57.1 + 5,590 0.210
L
429,009 +1.6

F16URE 22.—Computation of grid azimuths and corrections—Continued.
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Winton-Ggtesville

969,971 5.628
546,552 .703
¥23,49 2213 -10
266° 12" 4778 - 571 = Yol +1.114 0. 70k
| 42k, 533 +5.1
Winton-Piland
969,971 .621
546,552 547
423,419 0.373 -10
297° 15" 42lo - 375 = 3875  -5,0U7 054
n7,372 *3:5

F1GURE 22.—Computation of grid azimuths and corrections—Continued.
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State: ... North Carolina

85

COMPUTATION OF TRIANGLES

STATION OBSERVED ANOLE
23
1 Saunders (65 51 35.0)
2 Mavaton 18 Uh4 26.1
3 Bull Pond  95.23 59.0
1.3
1-2
23 .
1 Cannon 58 42 22,2
2 Mavaton 59 U5 33.9
3 BSaunders (62 32 04.2)
13
1-2
2-3
1 Newsome 83 24 14.3
2 Gannon 38 27 29.6
3 BSaunders (53 08 12.2)
13
1-2
23
1 Mason (63 12 34.6)
2 Cannon 39 47 12.3
3 Newsome 77 00 13.2
33
12

F Sraxx’s, EGruzet  PLANE QLB
CORRN “gua’ sxcame ANDDIMNGB

0.1

0.1
0.1
0.1

0.1

0.1

35.0
26.1

58.9

22.1

33.8
ok

18.2
29.6
12,2

34,6
12.3
13.1

F1GURE 23.—Computation of triangles, North Carolina.

4.5062782
0.0397448
9.5068884

- 9.9980685

4.0529114
4. 5440015

4. 5440015
0.0682806
9.9364726
9.9440403
L. shaghiuy
4,5564124

4. 548847
0.0001683
9.7937511
9.9031276
4.3427641
4.4521406

b, 4521406
0.0493132
9.8061339
9.9887303
1.3075877
b.4001841



86

T. 8. COAST AND GEODETIC SURVEY

DEPARTMENT OF COMMERCR
&, 3. COASY_ AXD GEODETIC SURVEY

Yorm 28

Ed. Jan, 10290

NO.

BTATION

2-3

1 gotton
2 Mason

3 Newsome
13

1-2

23

1 piland-
2 Mason

3 Cotton
13

1-2

FIGURE 23 - Computation of triangles, North Carolina—Continued.

State: __HOrth Carolina

osemavap avaus oo SR TR

89 19 U5.9 (18
(57 48 49.9)

32 51 24,3

35 57 26.8
(60 59 21.5)
83 03 11.7
0.0

PLANE ANGLE
AND DISTANCE

45.8
43.9

24,3

26.8
21.5
1.7

COMPUTATION OF TRIANGLES

LOGARITHM

4.3075877
0.0000297
9.9275357
9.7344322
4.2351531
4. 0420496

4 okool96
0.2312257
9.9417743
9.9968001
4, 2150496
%, 2700754
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vy =

Observation Eguations

87

=1.2 - 1804 A x) - 2.85 Ay1+ 407 & xp - 2.51 DB yp

FIGURE 24.—Observation equations.

dl log cos «; log sin log co3 log sin o
1 A 1 A
dLZ log 5 log 5 log 7 log o5
1 1 1 1
obs £ log oyyr 108 gin 1v log gy 17 198 GinI¥
205° 10' 0176  9.41767 -10  9.98460 -10,
86 25 35.3  5.45591 -10  5.45591 =10
18 Wk 263 2313 531443
18 44 26.1  0.18s01 0.7549% n
+0.2 4+1.54 - 5.69
vy =+0.2 +1.54%4x) +5.69 &y
129° 31' 3171 9.80374 -10  9.88725 -10n  9.41767 -10  9.98460 -10p
105 10 01.6  5.31816 -10  5.31415 -10 5.45321 -10  5.145591 -10
i 2l 9.5 D-31443 5.31443 531443 5.31M43
24 21 25.3  0.43233 0.51584 n 0.18801 0.7549% n
+ 4.2 +2.71 - 3.28 + 1.54 - 5.69
vo = +4.2 - 1.54 Ax) - 5.69 Ay, +2.71 BAx3 +3.28 Ay3
164° 55' 333 9.98479 -10  9.41509 -10,
129 31 31.1  5.44359 -10  5.44359 -10
35 24 o02.2 5.31443 5.31443
35 24 08.6  g.74281 0.17311 n
-6.4 4553 - 1.49 +2.71 -3.28
v3 = - 6.4 +5.5308x+1.89 a5, -2.71 A xg - 3.28 8 y;
211° 38' 1906  9.93012 -10  9.71980 -10 9.99465 -10  9.19307 -10,
171 01 34.8  5.36462 -10  5.36462 -10 5.94709 -10  5.94709 -10
4o 36 hu.g  2-31H43 5.31443 5.31443 5.31443
40 36 4.0 0,60917 0.39885 1.25617 0.45459 n
-1.2  t+4.07 +2.51 +18.04 - 2.85



88 U. 8. COAST AND GEODETIC SURVEY

266° 25' 3072
211 38 19.6
L 47 10.
2 i 1;8

- 2.5 + 8,07 +2.52

vg = - 2.5 - k.07 8 x5 + 2.51 Ay,

a}‘" 38' 23'5  9.93012 -10, 9.71980 -10  9.98479 =10, 9.41509 -10
3 55 31.7 5.36462 =10 5.36462 <10 5.44359 »10  5,L44359 10

4 L2 s51.8 5.31443 5.31443 5.31443 5.31443
b 42 8.7 GTeoo17 n 0.39885 n 0.74261 n  0.17311
P § - 4,07 - 2.51 - 5.53 +1.49

v = +4.1-1.468x2-4.004y7

u{ ;8 5617 9.85961 -10, 9.83886 =10,

3L 38 23.5 5.45116 =10 .45116 10
15 3.2 .5_312 gl_t‘“
11 59 34%.5 0.62520 n 0.60445 n
-1.3 - 4,22 - 402 - h,07 - 2,50

v7z-13-h22Ax% +8028y) +0.15 82, - 251 Ay,

82° 05' 26%7 9.1 a&s7 -10, ;gg -1'8”

9.99
43 37 s6.7 lﬁé -10" 5.5k
38 27 30.0 3.3143 S o
38 27 29.6 0.00096 n o.ssslu n
+ 0.4 - 1.00 - 7.2 - 4,82 - B.02

vg z +0.4 +4.22 83 - 140287 -3.228x, - 3.9 Ay, - 1.00 Axy +7.208%

121° 52°' 38%9  9.72271 -10  9.92900 -1
82 35 3§ 7 5.; 82 -10  5.50982 -J.g"
TR A R 53183
32 47 12.3  0.54696 0.75325 n
-0.1 +3.52 - 5.67 - 1.00 -7.2

vgz - 0.1- L.52 & x, + 1.54 Ay, + 1.00 ij -7.22 Ay3 + 3.52 A’h + 5.674y3,

FIGURE 24.—Observation equations—Continued,
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121° 16' 577
121 52 38,9
29 24 18.8
29 24 a1.b

——e e

-2.6

9.94300 -10
5.25999 ~10

5.31443
0.51742
+3.29

9.68169 -10,
5.25999 =10

5.31443
0.25611 n
- 1.80

+3.52

Vipo = 2.6 +0.23 Axp +3.87 8yp - 3:52 A%, ~5.671Ay),

155° 57° o1th
152 13 47.3
43 141

% 43 09.5
+ 4.6

9.96056° =10
5. 47471 -10
5.31443
0.74970
+5.62

9.61016 -10p, 9.94686 -10
5.47471 -10 5. 76485 ~10
5.31443 5.31443
0.39930 n 1.0261%
- 2.5 +10.62

9.66832 -1
5. 76485 R
5.31443
0.74760 n

- 5.59

89

Va1 = +4.6 +5.00 Ax3 +3.08 Ay3 - 10.624x5 - 5.59475 + 5.62 & x6 + 2.51 87

185° 05' 1078
155 57 OlL.%

29 08 Og.ll»
29 08 1h.8

5.5

Vi = - 5.4 -

262° 05' 2177
185 05 10.8

77 00 10.9
77 00 13.2

-2.3

9.99829 -10
5.69241 -10

5.31443
1.00513
+10.12

8.94712 =10
5.692l) =10
5.31443
9.95456 -10
+ 0.90

+ 5.62

- 2.5

L.50 8 x5 + 3.41 Ay; #10.12 A%, - 0.90 Ay - 5.62 Axg - 2.51ay

9.12867 -10
5.54786 -10
5.31h43
0.00096
+1.00

9.99585 -10
5.54786 -10
5.31443
0.85814
+7.22

+ 10.12

+ 0.90

v13 2«23 +1.0048%; - 7.21 Ayy +9.12 Ax3 +6.31 Ay; - 10.124x, + 0.90 Ay

309° 31" 2477
262 05 21.7

47 26 03.0
4‘7[ 26 03.9

+0.1

9.80374 -10, 9.88725 -10
5.31416 -10 5.31116 -10
5.31443 5.31443
0.43233 n 0.51584%
-2.7 + 3.28

+1.00

Vip = ¢0.1 - 1.00Ax; +7.21 Ay, +3.72 Ax3 - 3.93 Ay3

FI1GURE 24.—Observation equations—Continued.

+7.22



90

§50029 3%
09 31 247
"o 58 17.4
4o 28 1%1r

42.0

v15 s +2.0 -

2420 u 0070
159 159 B0 bg.7
83 03 10.3
8 03 1.7
-1, u
V6= - 1.4+

e 53 330

& 19 U5.9
89 19 5.9

Q.0

V)7 % 0.0 - 10.62 A x5 -

359° u3' 32l
331 16 s2.7

28 26 40.2
28 26 38.0

+2.2

U. 5. COAST AND GEODETIC SURVEY

9.99400 -mn 9.21743 ~10
5.6572l -1 5.6572% -10
5.31443 5.3143
0.96567 n 0.18950
- 9.24 +1.55 - 2,71 3.2

9.2 A% - 1,554y *+6.53 Ax3 - 1.73 Ay'3
9. 6585;‘ <10 9.94949 -10 9.97256 -10  9.53722 -10,
5.95795 <10  5.95795 =10 5.78495 -10  5.7&ho5 -10°
5.31443 5.31443 . 5.31443 5.31443
0.93091 1,22187 1.0719% 0.63660 n
+8.53 + 16.67 +11.80 - 4,33

8.53 Axy - X6.674¥)y + 3.27 o ¥ 2;.‘00Ay5 - 11.som:6 -&33ay;
9.94686 -10n 9 66832 «10
5. 76485 -1 5,7648 5 -10
531043 5.31443
1.02614 n 0. 74760
- 10.62 + 5.59 +8.53 +16.67

0.00000 n
5.49663 -10
5.31443

5.598 ¥3 - 8,53 A xy +16.67 Dyy +19.15 A xg -

0.81106 n
- 6.47

Vg ® t2.2 +3.29 8%, +1.80 4y, - 6.47 Axy - 0,038y,

10 4g' nle
359 43 32.9
2 05 08.9
2 05 1l0.0

-1.1

9,59978 -10,
5.283&0 10
5.31043

0.59721 n
- 3.96

7.67993% =10 9.94300 -10, 9.68169 ~10

g 49663 -10- 5.25999 <10 5.25999 10
5.31443 5.31443

s.u9099 -10 0.51742 n 0.25611

+ 0.03 - 3.29 +1.80

8.49986 -10,

5.28300 =10

5.31543

9.09729 -10y,

- 0.13 - 6.47 +0.03

vigs -1.1- 3.96 ij + 0.13 Ay3 +6.47 A%y +0.034y),

FIGURE 24.—Observation equations—Continued.
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350 28’ 1371
1 kg W.8

3% &2
T fs5a

Voo ©

860 12' 52°8
35 28 131

-50 1&4 Eg
-6.8

Vo1

151 13
117 15

33 57 1b,
33

relEo
FE|FS
[XRY oy

+0.5

Vop 5 +0.5 -

215° 28' 10°1
151 13 00.1

1% hh

+15.6

64
64

v23 = +15.6 - 1,

303° 53'
215 28

88 25
88 25

Vou T thE-6.17Ax - 9.19 Ay +12.55 8 x5 + 4.65 Ay,

9.91085 <10, 9.76363 -10y
5-57&13 -10 5.57873 -10
5.31853 5.31443
0.80401 n 0.65679 n

- 6.37 - k.54

3

+5.1 +3.96 A%, - 0.13 Ay, ~6.3T Ax
3 6

= - 6.8 +6.37 8 x4 - R.SILAy6

9.94272 “10  9.68260 -10y
5.39976 -10  5.39976 -10
5.31443 5.31443
0.65691 0.39679 n
+4.54 ~ 2.4

2,15 4 xg + 2.14 A 5

9.91085 =10 9.76363 -10

5.57873 -10 5.57873 -10

5-31“13 5.31HZ3

0.80401 0.65679

+ 6.37 + 454

83 A xg + 7.03 Ayg

9.74632 -10,  9.51514 -10

5 72992 -10 5. 72992 -10
5.31443 5.3143

0.79067 n 0.96349

- 6,17 +9.19

- 3.96 - 0.13

+ 4,54 Ay6

- 6.37 - 454
9.66092 -10  9.94486 105
5.40025 -10 5. uoaas =10
5.31443 5.31443
0.37760 0.66554 n
+2.39 - 4,63

+ 4.51‘- - 2.9
+6.37 + 4,54

FIGURE 24.—Observation equations—Continued.
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339° 50' 4826
335 56 58.9
R

——re

+ 1.7

Vo6 = t1.7 +5.628x5 + 2.514y; - 11.808%5 - K.334y5 +6.188%¢ + 1.82874

331° 12' 5604
251 16 16.3

“39 56 ho.1
39 56 48.5
-8.4

Vo = - é.’%-

297° 15' 385
266 12 k2.7

%1 02 55.8
1 03 07.5

-11.7

VZB =

U. 8. COAST AND GEODETIC SURVEY

9.96056 <105  9.61016 -10
5.47471 =10  5.47471 -0
5.31443 5.31443
0.74970 n 0.39930
- 5.62 +2.51

5.624x3 - 2.5:|.Ay3 +6.17A%)y +9.1948y)y - 0.554x%g - 6.6845¢

9.97256 -10, 9.53722 -10
5.78495 -10  5.78495 -10
5. 314403 5.31443
1.0719% n 0.63660

- 11.80 + 4.33

9.94272 -10,
5.39976 -10
5.31943

9.68260 -10
5.39976 -10
5.31443

0.65691 n
- 4,54

0.39679
+2.49

B.SU A xg - 2,49 & yg

9.66090 -10, 9.94887 -10

g.hoees -10 5.40225. =10
.31443 5.31443

0.37758 n 0.66555

- 2.39 + 4,63

FI1GURE 24.—Observation equations—Continued.

- 1.7 - 2.39 8 x¢ - 4,63 Ay,

- 6.17

- 5.62

+9.19

+2.51



Table for formation of normal equations

L—ge—,¥cee8

=

11144

| 141
Moo Np.g!"i stk i ad

++1 1+
-k =] [--X- XX X« ) [ S-S O = GO O Ot b O3 (- - -2 LA N

ekl Sd ol o

{4+ (4551 +14+ 1
oRmom

—
—gor

NOILLVILOdIWOD HLVNIQHOOJI-ANVId A0 TVANVI

€6



Normat equations

Azy Ayt Azg Ay Azs Ays AT4 Ay Az Ays Aze Ays 7 ]

Az |-+451.1792 | +49. 3324 | —87,6442 | --38.1908 | —68,7306 | +41.3602 |- . oo |coeooaaoo 3 +427. 8698
Ayt --107, 5980 | +1.9470 | --13.9071 } —21.5214 | —44.9659 | _.________|_ - R 3 -+77.0241
Azg 109, 5406 | —10.8751 | —10.8763 | -+1.4746 | —48.1263 | —26,1312 A —103. 5680
Aya +167, 8332 | —38. 3140 [—112,8209 | +-53.1176 | —19. 7541 . 4-73.8206
Ay 408, 8340 {-+-121. 6312 |—104. 0224 |—210. 8740 | —322.7890 | +65.3850 | 1-65.9874 | 4-89. 5934 |4-106. 5830 -+-80. 8863
Ays +248. 7355 | —21. 6901 |—154. 5190 |—160.3761 | 4-33.8517 | 115, 8658 { --19.9165 | 21, 2300 0. 6935
Azy 534, 9910 | —148. 8966 |—135, 4564 |+273. 6424 |—238,2037 (—132. 2422 | —90. 4170 —57. 3937
Ay 4790, 6096 |-+-264. 7196 |—534.7736 | 4-81.4669 | —29,.6826 | —11. 2600 +0. 9050
Azs --629. 4398 | —33, 05622 (—171.1944 | —62.2913 | —73. 4900 -=73. 4900
Ays --613. 7634 |—305, 9752 |—112.8415 [ —62. 4750 —62. 4750
Azs -+-513.6042 | 4-99.6038 |4-104. 5310 | --165. 5058
Ats --223. 7671 |4-301.7710 | --307. 5942

] 709, 2700 | 4-930. 3090

z +4-1857. 7716

¥6

XATAYAS DILTAOTH ANV ISVOD 'S ‘A



Solution of ha;nal equalions

Az Aty Az Ayy Azy Ays Az¢ Ay Azs Ays Azs Ays n z
+451,1792 | 449.3324 | —87.6442 | +38,1908 | —68.7308 | -+41.3602 -+-4.1820 +427. 8698
Arny —0.109341] -}-0,194256; —0,084647| +40.162335] —0.001671). o eu o fomem | e —0. 009269 —0. 948337,
+107. 5980 +-1.0479' -+-13. 9071 —21.5214 | —44.9659 |.__. I S - —— —29, 2740 +77.0241
Az —b5.3941 -+9.-5831 —4.1758 | 4-7.5151 —4,5224 | el cae-| —0.4573 —48. 7837
-+102.2039 | --11.5310 +9.7313 | —14.0063 | —40.4883 | o comfe e ]acaaae . - —20.7313 -+30. 24043
A —0,112823{ —0.005215] —+0.137043] —+0.484211 oo i 4-0.290902] — 0.205882!
+109. 5406 | --10.8751 —10, 8763 +1.4746 | —48,1263 -26.1312 |ceeeocimeans s —32. 8780 —103. 5680
Az ~17. 0254 +7.4188 | —13.3513 +8.0345 PR S, - - +0.8124 -}-83.1163
Ay —1.3010 ~1.0979 -+1. 5802 45,6834 | immea e e | ame . R +3. 3544 —3.4118
491, 2142 —4.8542 | —22.6474 +15.0025 | —48.1263 | —26.1312 | ooiofeemeeaoo - -] —28.7112 -23. 86386
Az +0.049929 +0.248288( —O0. 165462 +-0.527618] -0.286482|. . ceofocmmmemmmeofem e —--| ++0.314767| -+0. 261622
+167.8332 | —38.3140 |—112.8200 | -+563.1176 | —19.7541 |-..._...._. - —17.4640 +73. 8208
Any -3.2327 | +5.8178 -—3.6010 - -} —0.3540 —36. 2179
At 0. 9266 ~+1, 3336 +4.7120 2. 8309 —2.8793
Azs —0, 2274 -1.1308 -+0. 7538 —2.4029 —1.3047 - —1.4335 —1.1915
+163.4465 | —32.2034 [—110.8563 | -+50.7147 | —21.0588 —16. 4208 +-33. 531921
Ays +40.197578 +0.678242] —0.310283| --0.128842{.. ___.. - 0. 100465 —0. 205156
4-408. 8340 {--121.6312 1—104.0224 |—210.8740 [—322,7800 | --65.3850 | 4-65.0874 | 4-89.5934 | 4-106. 5830 +-80. 8363
Azy —10. 4701 +6.3006 f..--. -0. 6371 -85, 1795
Ay —1.9195 —8.7820 —4,0745 +4.1442
Azy —5. 6231 +3.7473 | —11.9492 —6., 4881 —7.1286 ~5. 9250
Ay —6.3805 | —21.9028 | -410.0201 | —4.1608 —3.2443 46,6252
1-384. 4408 |--102.9943 [—105,9515 ' }=—-221.5229 |~322,7800 | +4-65.3850 | +65.9874 | -I-80. 5034 492, 7727 .1-150. 0102
Az —0.267907| +40.275599] -I-0.576221 --0.830633 ~0.170078] —0.171645] —0.233049{ —0, 241319 ~0. 392545
+248.7355 | —21.6001 |—154.5190 |—169.3761 | --33.8517 | -15.8658 | --19.9165 21, 2300 0. 6935
Ay —3.7815 -0, 3834 -39, 2233
Ath —23. 9628 - - ~14.3962 +14. 6427
Azs —2. 4972 -}-7.9631 4. 3237 - 4, 7508 +-3. 9485
A —75.1874 ) -1-34.3968 | —14.2830 - -] —11,1371 +4-22, 7420
Azs —27.5929 | 428.3851 | +59.34756 { --86.4774 | —17.5171 | —17.6785 | —24.0027 —24, 854 —40, 4299
+115.7037 | +49.0549 [—105.1308 | —82.8987 | 4-16,3346 -1, 8127 —4,0862 —24. 7906 —37. 62568
Ays —0.423970, -+0.908621] -+0,716474] —0.141176] --0.015687) -}-0.035316] --0.214259 -10. 325191

NOLLVILOdWOD ALVNICHOOD-ANVId A0 TVANVI
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Azy Ay Az Ays Azg Ays 7 z
+534.9910 | —148, 8966 |—~135. 4564 +-273. 6424 |—238.2037 [~132.2422 | ~90.4170 —57.3937
Arg | —25.3023 ) —13.7873 | ____.____ | | . - —~15. 1485 —12. 5909
Ay § —15.7359 | +6.5342 .. .. | . 5. 0950 —10. 4044
Azs ] —29.2001 | —61.0515 ] —88.9603 | 4-18.0200 | +18.1861 +24 6919 | 4-25. 5681 +4-41. 5907
Ays | —20.7978 | 4-44.5723 | 4-35.1466 | ~6.9254 +. 7685 +1.7324 | +10.5105 +15.9522
+443.8649 | —172. 6280 |--189. 2701 14-284. 7370 |—219.3391 |-—105.8179 | —64. 3919 —22. 8460
Az | +.388922 | . 426414 —. 641495 - 494157 . 238401 —+. 145071 +. 051470
+790. 6006 |{264. 7196 {—534. 7736 +81 4669 | —29.6826 | —11.2600 =+. 9050
Az . 4861 - . —6. 8365
Ay -+4. 3203
Az, - 8 . . . -+86.9576
Ays —95, 5241 +14. 8420 —3.7128 | —~22.5253 —34. 1876
Ary —67.1302 | —73.6113 --110. 7405 —41.1549 | —25.0434¢ |  —8.8853
+490. 1008 | ~70. 2130 (—371. 5149 { +-32.5373 | —22.9247 [ —15.7120 +42. 2735
Aye{ +.1432620 . 758038  —.066389] +. 046775 4. 032059 —. 086255
4629, 4398 | —33.0522 1—-171.1944 | —62.2913 | —73. 4000 —73. 4900
Azs —271.0243 | +54.8904 | +55.4062 | +75.2256 | +77.8950 | +4126. 7092
Ay —59. 3948 | +11.7033 —1. 2988 -2.9277 | —~17.7618 —26. 9579
Ay —80. 7074 1+121. 4158 | —93.5293 | —45.1222 | —~27.4576 ~9.7419
Ay —10. 0589 | —53. 2240 -+4.6614 —3.2842 —2.2509 -4-6. 0562
++208. 2544 |4-101. 7423 |—-205.9559 | —38.3908 | —43.0653 +22. 5757
Azs —. 488548] . 9889 -+. 184389  +. 20679% —. 108404
+613. 7634 [—305.9752 {~112.8415 | ~62. 4750 —62. 4750
Azs —11.1206 | —11.2230 | —15.2379 | ~15.7786 —25. 6665
Ayz —2. 3061 . 2559 +. 5769 3. 4998 -+5. 3119
Ary —182. 6574 .|4-140. 7040 | 467.8817 | +41.3071 -+14. 6556
Ays —281.6224 | +24.6645 | —17.3778 | -11.9103 +-32. 0449
Azs —49. 7060 |(4100.6193 | 4+18.7601 | +-21.0395 —11.0293
+86.3509 | —50.9536 1| —58.2385 | —24.3175 —47.1587
Ays +.590076] .674440] . 281613 4. 546129
+513.6042 | -+99.6038 |1+104.5310 | --165. 5958
Az —11.3264 | —15.3783 | —15.9240 —25. 9030
Ays —. 0284 —. 0640 —. 3884 —. 5895
ATy ~108.3880 | —52.2007 | —~31.8197 —11. 2895
Ay —2, 1601 -1 5219 1. 0431 —2, 8065
AT —203.6828 | —37.9760 | —42. 5900 +22.3265
Ays —30. 0665 | —34.3651 | —14.3492 —27. 8272
-+157. 9520 | —38.9484 +.5028 | +119. 5064
Azg -+ 246584] . 003183, -
+223.7671 |4-301.7710 | +397. 5042
ATy -20.8797 | —21.6206 —35. 1695
Ay —. 1443 —. 8755 ~1.3288
Azy -25.2271 { —15.3511 ~5. 4465
At —1.0723 —. 7349 +1.9773
AT ~7. 0805 —7. 9408 +4. 1627
Ays —39,2784 | —16.4007 —31. 8057
Azy -9, 6041 +. 1240 -+29. 4684
+120.4807 (1238.9714 ] 4359, 4521
Ay —1.983483) —2. 983483
+-709. 2700 | 4930. 3090
Azy —. 0388 ~3. 9669
Aayy —8. 6489 ~+8. 7970
Ay ~9.0373 ~7.5115
Ays —1.6497 3.
Ars —22.3878 —36. 4175
Ay —5.3116 ~8.0617
Azy -0, 3414 ~3.3143
Ayy —. 5037 ~+-1. 3552
Azg —8. 9056 +-4. 6685
Ayy —6. 8481 —13. 28056
ATy —. 0016 . 3804
Ay —473. 9957 | —712.9671
+162. 5998 | +162. 5996
+1857. 7716
Ay —405. 7648
A ~8, 9476
Ary ~8. 2432
Ays ~6, 8793
Azy —59. 2390
Ays —12. 2356
Azg ~1, 1759
Ayy -3
Arg —2.4473
Ays —25. 7547
Arg —90, 4184
Ays —~1072, 4192
4-162. 6003
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Back solution

Ays Ary Ays Azy Ay Ary

—1.9835 —0. 0032 —+0. 2816 0. 2068 +0. 0321 +0. 1451

—0.4891 —1.3378 ~0. 3657 —0. 0928 —0. 4729
—~0. 2905 —0. 4869 +0. 0327 —0.2433
-0.4923 -+0. 6579 —1. 0208 -+-0. 8639
—1.3467 —~1  +0.0017 +0. 0052
+40.0121 —0. 4072
—1.0471

—0. 1092

Ays Ars Ays Azz Ay Azy

+0.2143 | —0.2413 | +0.1005 +o.3(1)b43 +0.2009 | —0.0093

-0. 0700 +0. 4623 -0, 1349 -0.3 —0.2759 +0. 0522
—0.0077 +0. 0845 —+0. 0339 0. 0576 0. 0087 +0. 0097
+0. 1901 <4-0. 2290 —0. 3864 +0. 0043 —+0. 0356 +0. 0317
+0. 0087 +0. 0102 +0. 0126 0. 01568 ~0. 0055 +0. 0094
—0.9514 —0.6034 {  —0.0187 ~ —0. 0059
+0. 0463 —0. 0301 —0.3743 0. 0538

+0.1526 —4-0.0486 0. 0878
—0. 5697

-+0. 0638

Computation of corrections

1 2 3 4 5 6 7
0. 200 +4.200 —6.400 —1.200 —2.500 +4.100 —1.300
+0. 135 —0.135 +0. 269 —1,584 —-0,198 —0.071 —0.371
0. 306 —0.306 —0. 558 —0.163 | -—0.939 +1.497 0. 216
0. 641 +0.173 —0.173 +0. 108 —3.637 +5.526 —+0.007
+0.6 —1.869 +1. 869 +0. 939 -3.6 +5.5 +0. 565

+2.063 —4.993 —1.800 —0.883
+2.1 ~5.0 —1.8 —0.8

8 9 10 11 12 13 14
~+0. 400 —0.100 —2, 600 +4, 600 —5.400 —2.300 +0. 100
+0.371 —0.220 +0.011 +0.319 —0. 287 +0.049 —0.049
—0.216 —0.576 —1.449 -1.755 —1.943 +2.699 —2,699
—0.156 +40.064 —4-0.384 —0.129 —1,105 +0. 582 40,237
-+1.194 +4.108 +5.937 +7.528 +0.942 —3. 595 +2, 239
—0. 064 —0.384 42.283 —2.767 +2.767 | © +1.105 —0.172
—4.108 —5.937 +2.3 —4.979 +4.979 —0.942 —0.2
—2.579 —3.045 F2-817 —0.047 =2.402
~2.6 -3.1 +2.8 0.0 —-2.4

15 16 17 18 19 20 21
+2. 000 —1.400 0. 000 +2. 200 —1.100 +5.100 —6.800
—0, 811 —0. 931 —0. 678 +0. 160 —0.253 +0. 253 —3.136
—0.083 | +17.455 +3.185 —0.674 —0.074 | -0.074 +9.005
+0. 417 +-0.040 +4-0.931 +0.707 —0.707 +3.136' —0.931
+0. 986 —_g. ggé - _;z gg 1 40.031 —0.031 —9. 005 —0.9

3,500 . T2 au —2.165 —0. 442
iz 4 +8.589 | +14.921 | 4924 ~22 0.4 -
+1. 281 +1.138
+1.3 +1.1
22 23 24 25 26 27 28
+0.500 | -+15.600 +4. 800 —0.800 +1.700 —8.400 | -11,700
+1.058 +4-0. 901 +4-0. 674 —0.359 -H0. 359 +2.235 +1177
—4.245 | —13.944 +9.623 +1,430 —1.430 +4.939 +40.184
—2.687 +2. 557 —~6.173 —0.674 —0.143 ~1.228 —1.330
-2.9 +2.7 -9, 223 —9,623 +5.831 —14 -1.3
—~0.299 | 10.271 —3.042
~03 +13. 250 —3.610
3485 |  —0.335
+3.5 -0.3
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'ARTMENT OF COMMERCR
T ay - COMPUTATION OF TRIANGLES

“Ed. Jan, 1829

NO

445

647
243

7
y

State: . North Garelina. . ..

STATION CORR'N SrEmt Sramy

OBSERVED ANCLE ANOLR  BICESS

23

1 Saunders {65 51 35.0) (+4.9 39.8

2 Mavaton 18 44 26.1 +40.6 26.7

3 Bull Pond 95 23 59.0 +5.4% 53.6 0.1
13 0.1
1-2

23

1 Gannon 46 42 47.7 5.5 53.2 .1
2 Mavaton 78 30 00.0 -2.3 57.7 .1
3 Bull Pond 54 47 13.0 -3.6 09.% .1
13 -0.4

12 00.7 3
23

1 gannon 58 42 22.2 +4.7 26.9 0.1
2 Mavaton 59 45 33.9 -2.9 31.0 0.1
3 Saunders (61 32 O4.2) (-1.8) 02.4 0.1
13 0.3
12

23

1 Gannon 11 59 34.5  -0.8 33.7

2 Bull Pond 40 36 46.0  -1.8 Lh.2

3 gaunders (127 23 39.6) (+2.642.2 .1
13 0.1
12

PL.
AND

ANE ANCLE

Fi1cURE 25.—Final computation of triangles, North Carolina.

DISTANCE LOGARITHM
3.990294

39.8 0.039740 3

26.7 9.506892 6

53.5 9.958069 6
3.536927
4.028104
3.990294

53.1 0.137898 9

57.6 9.991191 7

09.3 9.912223 7
4.119385
4.o4k0417
4. 026104

26.8 0.068274 6

30.9 9.936469 ¢
02.3 9.944038
4,032848
L. o40k417
3.536927

33.7 0.682381 7

ih.2 9.813538 9

k2.1 9,900076 ©
032848
4.219385
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R COMPUTATION OF TRIANGLES
State: __ North Carolina

wo. STATION OBSERVED ANGLE ~ CORR'N STERvt Eramen  FLANE ANOLE LOGARITHM
23 4 ouol17 -
2 1 Newsome 47 26 02.9  ~0.2 02.7 .1 02.6 0.132827 6
7% 2 camon 97 09 51.8  +2.1 53.9 53.9  9.996595 3
3 3 Mavaton 35 24 08,6  ~5.0 03.6 .1 03.5 9.762899 8
13 ~3.1 0.2 4.169840
12 03.3 3.936144
23 k.032848
1%" 1 Newsome g8 24 18.3  42.2 20.5 .1 20.4 0.000168 2
& 2 Cannon 38 27 29.6  -2.6 27.0 27.0 9.793744 3
3 sgunders (53 08 12.2) (+0.4)12.6 12.6 9.903128 3
13 0.1 3.826760
12 3.936144
23 4. 028104
15 1 Newsome 4o 58 15.4k  +2.417.8 .1 17.7 ©.183305 O
2 2 Mavaton 24 21 25.3, +2.127.% .1 27.3 9.615350 &
3 Saunders (114 40 19.5) (~4.5)15.0 15.0 9.958430 5§
13 0.2 3.826759 41
12 k,169840

Fi6URE 25.—Final computation of triangles, North Carolina—Continued.
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3

£4. Jon,, 1020
State: ...Noxrth Carolina
NO. BTATION OBSERVED ANGLE
23
! Mason (63 12 34.6) .
9 2 (Cannon 39 47 12.3
13 3 Newsome 77 00 13.2
13
12
23
18 1 gatesville 28 26 33.0
10 % Cannon 29 24 21.4
3 Mason (122 09 00.8)
13
12
23 -
18* 1 gatesville 30 31 48.0
18* 2 cannon 69 11 33.7
3 Newsome (80 16 38.6)
13
12
23
19 1 Gatesville 2 05 10.0
)
Mason (174 38 24.4)
158* 3 Newsome (3 16 25.6)
13
12

U. 8. COAST AND GEODETIC SURVEY

COMPUTATION OF TRIANGLES

Bruza'y Brexa't
CORB'N “iyia' sxcEss

(+5.5)40.1
-3.1 09.2
-2.4 10.8 0.1

0.1

2.4 30.4 .1

+2.3 23.7 .1
(-4.7)56.1
0.2

0.2 48,2 .1

-0.8 32.9 .1
(+0.6)39.2 .1

0.3

-2.2 07.8

(-0.6)23.8

+2.8 28.4
0

FLANE ANGLE
AND DISTANCE

4o.1
09.2
0.7

48.1
32.8
39.1

OK.S_

23.8
28.4

LOGARITHM

3-936144
0.049307 4
9.806126
9.988729 1
3.791577
3.974181

<]

3.974181

0.322112 &
9.691084
9.927713
3.987378
4.224006

Lo ]

3.936144

0.29414% 9
9.970708
9.993717
4,200998
4,224006

-0

3.791577
1.439008 4
8.970413
8.756793 3
4.200998
3.987379 -1

Q

F1GURE 25.—Final computation of triangles, North Carolina—Continued.
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ARTMENT OF COMMERCE
O, 8, COAST AND GEGDENG SURYEY
Ed. Jao. 1920

NO. STATION

23
16 1 cotton
25+26 2 Piland
3 Mason

1-3

1-2

23
16+17 1 Cotton
26 2 Piland
11. 3 Newsome

13

1.2

23

17 1 Cotton
2 Mason
11412 3 Nowsoms
13

12

COMPUTATION OF TRIANGLES
State: . North Qarolins

Srexa’t PLANE ANGLE LOGARITEM
OBSERVED ANGLE  CORRN SFEY TEEY FLANEANQRR

3.754065
83 03 11.7 +1.3 13.0 13.0 0.003199 6
35 57 26.8 +3.2 30.0 30.0 9.768783 7
(60 59 21.5) (-4.5) 17.0 17.0 9.941769'1

o 3.526048

3.699034

4, 009272
172 22 57.6 +2.% 60.0 60.0 0.877637 6
3 53 4s.0 -0.3 47.7 47.7 8.832226 5
3 43 09.5 +2.8 12.3 12.3 8.812124 8
+h.9 o 3.719136+1

5—5-.—1-, 3‘.699031}

3.191577
8919 45.9 +1.1 bkr.00.1 U469 0.000029 7
(57 48 49.9) (-3.9) k6.0 k6.0 9.927530 5
32 51 24.3 +2.8 27.1 27.1 9.73441 3

3.7119137

3.526048

FIGURE 25.—Final computation of triangles, North Carolina—Continued.



102 U. 8. COAST AND GEODETIC SURVEY

wumncv MMERCE

= COMPUTATION OF TRIANGLES
Bd. Jan, 1929
State: _North Carolina

Brema’s Groen  PLANB ANOLE E
No. BTATION OBSBRVED ANGLE  CORE'N S[E Sromin  ELAME ANQLE LOGARITHNM,

2-3 3.987378
24 1 piiand 88 25 06.0 -0.3 05.7 .1 05.6 0.000165 5
19+20 2 Gatesville 35 44 36.2 -2.6 33.6 33.6 9.766521 2
3 Mason (55 50 17.9) (+2.9) 20.8 20.8 9.917749 1

13 0.1 3.754065

1-2 3.905293

23 4.200998
24+25 1 Piland 120 28 44.8 +3.2 u48.0 4.0 0.064590 3

20 ? Gatesville 33 39 26.2 -0.4 25.8 .1 25.7 9.743684 O
- 3 Newsome ( 25 51 49.2) (-2.8) 6.4 .1 ¥6.3 9.639704 2

13 0.2 4.009272
1-2 3.905293
23 3.791577
25 ! Piland 32 03 38.8 +3.5 42.3 82.3 0.275042 2
2 Mason (118 48 06.5)(-3.5) 03.0 .1 02.9 9.9%2652 7
12 3 Newsome 29 03 14.8 0.0 14.8 4.8 9.687445 &
1-3 0.1 4.009272
1-2 3.754065

FIGURE 25.—Final computation of triangles, North Carolina—Continued.



MANTUAL OF PLANE-COORDINATE COMPUTATION

ARTM
D”&um' p‘:.r.grconum
Ed. Jon., 1920

27
21
23

28
=27

22

28
21
22423

STATION

2-3
1 parker

2 Gatesville
3 piland

1-3

1.2

23
1 Winton
2 parker

3 piland
1-3
12

23

1 ginton
2 Gatesville

3 piland
13

1.2

State:

103

COMPUTATION OF TRIANGLES

Borth Carolina.

OBSERVED ANGLE

39 56 48.5

75 U8 16.9
64 14 544

59.8

73 33 533
72 28 55.5
33 57 142

03.0

31 03 07.5
50 44 46,5
98 12 08.6

02.6

Sruex Ereme’s  FLANE ANOLR
COBR'N “lyein' micess AND DISTANGE

=1.4 47,1 o1
-009 1600

+2.7 §57.1 .1
+0.4 0.2

52.0

56.9 .2

11.3 .1
0.2

1.3
+1.4
.209
.2.8

62 .1
45.6 .1
08,4

0.2

-1.3
.019
«0,2

-2.4

u7.0
16.0
57.0

52.0
56.8
11.2

06.1
45.5
08.4

LOGARITEM

3.905293
0.192417 3
9.986531.9

9.954576 3
L.o8kek2

4.052287

4 o8k2k2
0.018118 6
9.979377 6
9.747034 2
4,081738
3.849395

3.905293
0.287509 3
9,888936 3

9.995534 5
4,081739 -1
4.,188337

F1GURE 25.—Final computation of triangles, North Carolina—Continued.



DEPARTMENT OF COMMERCE
U. 8. COAST AND emngmc SURVEY

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

Ed. April, 1920 ° ‘. ” ° ’ ’”
« |2 8 87 147 110.6 [ « |3 to2 267 | 43 |19.8
24z & +18 144 (p6.7 lasy & -95 1|23 [53.6
« |2 to1 106 |31 [37.3 | « |a to1 172 |19 |26.2
~ |o% [01.7 | e - 110.9
180 00 00.0 : 180 00 00.0
o 11 tog 286 127 _135.6 | « In to3 352 [19 [15.3+1
o , ” FirsT ANaLE o7 TRIANGLE 650 5'1 391; 3 o , ” o , ”
s |36 110 |25.19d2 Mavaton r» | 76 |38 B7.56d » | 36 [10 12.766]5 Buil Pond | » | 76 | 45 D&.551
s |_+|01 38.265 . Ism| +l06 ho.30d | +|o1 fo.701 n + 18 os
¢ 136 112 103.4671  Saunders ¥ | 76 ‘}526-959 ¢ | 36 112 D3.467|1 8aunders v | 76 145 26.959
Logarithms Values in d > ! ” L ith Values in seconda °
. |I.028104 jeten | 36 11 14.3 s |3.536927 jote) 3611 06.1
Cosa9, 450328 Logarithmgy | Vesnend® fCose|9.9960908 Lot | Vil
_B 18.5111382 ; s .02810l B |8.5111385 _ s [3.536927
n [1.9932750] 1stterm hOBUEI Y] sma 19.9816762 n |2, 04416563 1stterme1 10,7022 sina_|9.1257156
o [8.05621 & 8.5092133 & |7.07386 A |8.5092133
8intal9 . 96335 Secy’ 10,0931531 . Sinta| 8. 25143 Bece’ 10.0931531 -
c [1.26892 o _2.61214674400.3990| o {1,26887 a |1.2650090+18. hog1
9, 28848 | 2d term| 40,1943 sin}s+479 . 7711661 6.59416 | 2dterm | +0.U00Msing 441 9. 7711525
m [3.9865 |_—aa [2.383312842M .72 | 4 |14 oga3 —s«_|1.03615154+10 87
D [2.3712 +0.0001 p |2.3712
6.3577 3d term | 40,0002 6. 4595 3dterm | +0.00073]
—86 =08, 2688 —26~10.7015

F16URE 28.—Computation of geodetic positions, North Carolina.
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OEPARTMENT OF COMMERCE
. 8. COAST AND GEODETIC SURVEY
Porm 7

Ed. Apst, 1920

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

- Ia 38 106 | 31137.3] « |a ton 286 | 271 35.6
g4z & 4. 59 | 45| 31.0 g & =61 | 32] 02,4
« |2 tol 166 | 17 108.3 | « |3 o1 224 | 55| 33.2
-1 01 101,86l s« +l o0z ! on M
180 00 00.0 180 00 00.0
PREY tof 346 | 161 06. o 11 to8 i | 58| 33.6
N Y " Fmar Anorn op TRIsNGLE 508 );‘2 2'6,'9 R s - o , "
_s | 36] 10 |25.198s Mavaton x| 76 |38 B7.560] o | 36 |12 03.467s Saunders | » | 76| us P6.959
se | +_05s5.919 m |+ 01 hh.2460 o [+ O4 J07.654 m| <05 l05.1
# | 36| 16 11.117 1 Cannon v | 76 |40 [21.806 o | 36 | 16 11.1171 cannon v | 761 4o [21.806
Logarithms Values {o sooond o " Logarithms . || -Values {z seconds - e "
o [4.obot1y jeten | 36 13 18.2 o [u.0328Yy |_seten]36 24 07.3
Casal9, 9874383 Logarithuggo | Valies I hcosalg  AEOONAD Logartthung y | Viosada:
B [8.5111382 s h.olhohly B |8.5111362] ” e . 1.03284E
b [P.5389935( tstterm 3459349 sma B .3748979 n_|2:3940302] 1ittarml247. 7598 Sne 9. 84802
2 18.08083 A B.5092115 # [8.06570 - A |8,5002115
Sial8 . 74980 S’ {0.0935 N Sin'a| 9.69784 | 8oy [0.093535%
o |1.26892 o |2,0180615m04 2465 o |1.26936 . & |o.4845172 -305.1527
8.00955 | 2d term| 400126 |sinice+40)9 . 7715225 9.03290 2dmm| 303079 _ﬁS_ini(ﬂa') 9.7716636
w | 5.0780 —a_[1.7895840 +61.60{ 1. [4.7881 _—2a_|2.2561804 48038
p | 3.3712 p |2.3713 +0.0002
74492 | 3aterm | 400028 7.1594 [ 34term | 400024
—ae =PY5.9185 —as —PU7 . 6499

FiGURE 26.—Computation of geodetic positions, North Carolina—Continued
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v. P%E;':?“?’“ POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
E4 April, 1020 o , " o , "
a ls 38 yuy 58 33.6 a |3 to 2 224 55 133.2
2¢y & +38 27| 27.0 | 84, & _53 (08 |12.6
« l2 o1 83 26 00.6 | « |a tol 171 [ 47 [20.6
e ) -1.03] 23.2 | aa - |22.7
180 | 00 | 00.0 180 | 00 | 00.0
o |1 tog 263 | 221 37.4| « (1 08 351 |46 [57.9
N , " FirsT ANGLE oF TRIANGLE 8°8 ,2"" 29 . 5 . , " . , "
s |36 | 16 b.l.ll'[ 2 Cannon » 176 | 40121.804 ¢ |36 | 12 03.467|3 Baunders x| 76 145 |26.959
s - 82.166 m |+ 05 |43.5u8 as | +| 03 B5.4aY o +|38.392
¢ 136 1‘5|’£ .951i1 Newsome v 176 | 46 05.35-L¢’ 36 115 38,9511 Newsome v | 76 146 105.251
Logarithms Values in d * ! ” L i Values in d °o r
. [3.936144 je+e) | 36 15 55.0 . |3.826760 tete) | 36 13 51.2
Cwal9.0582602 Logarithmg 7 | Yesoends [ Cosal9 . 9955251 Logarithmas 1| “asconds
B |8.5111312 ~ s 13.936144 B |8.511136 i ¢ |3.826760
1.§0§§1§MM&&&&& Sine  19,9971416 n |2.333421% totterm 21558 71] s |9, 1547400
o |7.87229 A 18.5092117 2 |7.65352 A 18.509211
sin'al9 . 99428 Secs” |0.0Q3UERE| Sinta| 8. 30956 Seos’ 10,0073 -
c [1.27044 a _ [2.53598301343, c |1.26936 a _|1.5842401/+38, 3919
9.13701 2d0erm|-40.1‘571|Sln§(o+¢')0 7719229 7.23244 [ 2dterm| 40, 0017[Sind@+eNQ _7714]
W 13,0111 —2a o 30705591203.22 | 1 |4, 6669 —pa 11 z:t:g:;ﬁvbp 69
D |2.3717 D |2,3713
5.3828 3d term | +0 . 0000 |7.0382 3dterm | +0, 0011
—as #32.1657 —20-815. 4843
IO samas it oo

FIGURE 26.—Computation of geodetic positions, North Carolina—Continued.
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, DEPARYMENT OF COMMERCI
U 8, COAST AND GEODHTIC SURVEY
Ea. Aprti, 1020

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

o ’ " o ’ L 4
a |2 to8 83 | 26 00.6] « |38 to2 263 o2 |37, 4
244 & + 39 |47 | 09,234, & - 771 00 (10,8
a |2 to1 123 |21 09,8 = |3 tol 186_| 22 1 26,6
A -1 03 | 07.0] 4 4 16.3
. 180 00 |..00.0 180 00 00.0
o 11 to2 303 110 | 02.8) » I1 to3 6 | 22 | 42.9
R , " TFireT ANGLB ov’l‘mmomi 6} l‘2 4'?'1 o Y " o , "
¢ | 36 |16 |11.117l2 Cannon » | 76 {40 121.806| o+ | 36 |15 3&.951la Newsome 2 176 1 46 105.350
8¢ + 02 |47.364 M 4+ 05 [16.00W a4 4 03 [9.532 ] -p7.541
o | 36 |18 [58.4831 Mason v | 76 145 |37.81d & | 36| 18 b&.ug3s Mason v 176 | ur 137.809
Logarithms Values in seconds °_r m Logarithms Values in scconds ) o -
2 [3.974181 t6te) [ 36 17 3.8 « 13.791577 jeron | 36 17 18.7
Cosal0 . 7386588] | Logarithms [ “sesends [Cosal9, 9973069 Logarithms | “sasoncs
p |8.5111312 s 974181 B 18.5111319 s [3.791577
n_2.2239710] veerath67. 4831 ] sna b,o225070, n_|2.3000158sttermt199.5335] sima lo.0U53071
» [7.94836 A B.5092104 » |7.58315 A |8.5092104
Sin'al9 , 84501 Secs’ 0,00370U0 . Sintai8 . 09079 Sece’  10,09379U40 .
c [L.2704k o P.U99692k |11 60039 ¢ 11.27030 m_ 1.4399784)| -27 .5409
9.06381 | 24 term| + 0. 11588inite+e)D . 7722501 6.9442l | 2dterm | 40,0009 JSint(s+79 . 7722129
w b 1580 - —sa_P.27195154187.05 | 1. [¥.6001 ° ~ —aa 11.21219131 -16.30
p_[2.3717 +0.0001 p |2.3717
6,8197  [l3derm | 40.0007. 6.9718  sdterm | 40,0009
—ae 4167 .3665 -6 =199 .5317

TI0363 O . Covatame rentee G0N (20

F1eURE 26.—Computation of geodetic positions, North Carolina—Continued,
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DEPARTMENT OF COMMERCE
U, 8. COAST AND GEODETIC SURVEY

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

E4 Aprit, 1029 ° N " ° [ [
als o3 6 22| 42.9| « |3 tog 186_ 122 126.6
24y & +57 48] 46.0 [ 34, & -32 |51 [27.1
PRLE tol 64 11} 28.9) & |3 to1 153 |30 {59.5
- | o1} 11.7) aa - |55.4
180 00 00.0 180 00 00.0
z 1 3 auh | 10l 1720 o a toa 333 (30 | ok.1
R , " Timsr AngLB.or TriaANGLE 8? }9 ll'z .0 ° , " o , "
o | 36| 18 8. ba3ls Mason | » |76 |45 [37.809] & | 36] 15 P38.951]s Newsome x| 76 | 46 |05.350
2o - b7 45 s | +02 [01.156 s | +| 02 52.087] s | |01 [33.615
#1 36| 18 h1.038)1 Cotton v 176 |47 138.965 & | 36| 18 h1.038: Cotton v ] 76 | u7 |38.965
Logarithms Values in seconds °e ! - Logarithms Values in seconds e _r »
. 3.526048 seten | 36 18 34.8 s [3.719137 | 3o+ | 36 16 55.0
Cos219.63 88553 Logarithms Values in lly5,19, 951&536 YLogarithms v:el::: dlan
B |8.5111277 s 526048 B |8.5111319 s .719137
n [1.6760310] 1stterm b7 276 _sma B .95U43646 n_|2.1821225] 1etternrt 152.0976] _sina 9. 6492761
» [7.08213 A 8.5092107 = |7.43827 x__8.5092107
Bial9.90873 Seoo 0.0937207) lsinal9.29855 seogr_{0.0937207
¢ [1.27117 o [2:083344021.1557 ¢ [1.27030 o [1.9713445ho3 . 6148
8.23203 |l2a term| +0.0171fsinte+49/9. 7724311 8.00712 [2dterm | 40.0102kins (644919 - 7721450
w |3.3501 —ta_[1.855775L+71. 74 | 1. (X, 2642 —aa _[1.7TH34E95155. 4O
p |2.3719 b |2.3717
5.7240 3d term | + O . OOON 6.7359 3d term | +0 . 000%
—as [#N47. 4448 —as—L52.0869
O i CovIARRI FATIRD G U

F16URE 26.—Computation of geodetic positions, North Carolina—Continued.
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8—8E—o¥2ELB

OEPARTMINT OF COMMERCE
U. 8. COAST AND GEODEYIC SURVEY
Form 87

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

Ed April, 1829 ° R " ° » "
w |2 8 64 111 [28.9 | « | to2 ouy (10| 17.2
20y & +60_ 159 [17.0 Vs, & -83 |03l 130
« |2 tol 125 {10 [45.9 | « |s to1 161 |07 | ok.1
Ax - |01l [50.2 [ aa | - | 38.4
180 00 00.0 180 00 00.0
Y to2 305 108 | 55.71 « 11 to8 341 |06 | 25.7
o , " Finar Anars or TRriANGLE 350 5’7 3'? -0 o , " ” R "
¢ | 36 |18 B&.hg3a Mason r | 76 |45 B7.809) o [ 36 [18 N1.0385 cotton » | 76| 47 | 38.965
as | +|01 M6.061 s | +|03 D6.055] 4 |  +| 02 33.50 o] + o1 |ok.900
o | 36 | 20 Mh.5%41 p11an v |76 |48 h3.864 o | 36 | 20 |y 543} Prland v | 76| 4a 143,865
Logarithms Values in d °_ - Logari Values in zeconds e ¢+ ©
a L.Jsuoss je+e) | 36 19 5L.5 s_|3.699034 Herten) | 36 19 27.8
Cooal9. 7605271 Logarithms | VAo I8l cosa |9, 9759765 Logarithms | Vlie2 fo
B |8.5111277 . . [3.754%065 B |8.5111287| s [3.699034
b _[2.0257198] 1stterm 1063011 | sina [9.9124090 n_[2.1861392 16t term1153.5109] sne_|9.5100399)
» (7.850813 A’ 18.5092097| 2 |7.39807 A’ |8.509209
8in*al9. goug2 Secs’ [0 -093958)4"I - Sin*a| 9., 02008 Becy’ 0. 093958
c J1.27117 a_[2.269642141 86,0557 ¢ |1.27097 s |1.8122k20+64.8996
8.60112 |24 term| 40, Ol0O2fsini 0409 . 7726508 7.68912 | 2dterm | +0.00UGkin 64409 . 7725829
» |4, 051k -sa_|2.042292%4110.23 ) w |k, 3723 —sa|1.58482U49+38. 4k
D_|2.3719 » p {2.3718
6.4233 3d term | +0.0003 6. 74N lzdterm | +0.0004
~a4=]L06 . 0606 —s8=[153 . 505} .

FIGURE 28.—Computation of geodetic positions, North Carolina—Continued.
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DIPARTMENT OF COMMERCE
U, 8. COAST AND GEODHETIC SURVEY
Form

Ed. Apri), 1920

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

o r ” L] ’ "”
a |2 03 125 | 10| 45.9) « |3 102 305} 08 {55.7
24y & + b5 | 50| 20.8 |34, & - 8825 105.7
o, l2 tol 181 1 01! 06,720 2 |3 tol 216 | 43 150.0 |
A 4+ OU.1| ax + |01 |54.4
180 | 00 | 00.0 180 | 00 | o0o.0
o 11 0@ 1) 01) 10.8) . |y o3 36 |45 julh
o , " Firsr Angup or TriaNGLE 305 f})-l- 3 ?] .6 o R " ° R "
s |36 | 14 |58.4832 Mason r |76 Jus_B7.809] o | 36 |20 hu.shuls priena x| 76 Lus |43.86%
as | 4| 05 15.089 M . =D6.929] s + 03 P9.029 M - 03 112.985
o136 | 24 h3.572 Gatesvillel » | 76 45 30.280 s | 36| 24 13.5731 Gatesville » | 76| 45 | 30.879
Logarithms Values in scconds ° + n Logarithms Values in d AR
s (3.987378 1610y | 36 21 36.0 s 3.905293 heten | 36 22 29.0
CosaD.999931k Logaritumay | Vamses 2 [ICosa . 9038801 Logaritoms, | “eenanda
B B.5111277 s .987378 B |8.5111254 s _[3.005293
n 4984371 tateermB15. 0018 sma B.249g274 h_2.3202985 1at4ert209.0733 _sin« B .776739
2 {7.97476 A 18.5092083 & 17.81059 A _|8,509208
sinal6 . 49965 Secs’ [0,00Logo0 Sinal9 . 55348 Scee’ [0,Q0U0% —
c [1.27117 s 0.084696016.9294 || ¢ [1.27166 a {2.2855231 1 ,0848
5.74558 24 term)| 40..0001 [siny(6+78 . 7729498 8.63573 | 2dtarm | 40.0432 biny(e44719. 7731014
I, 9969 —la é‘l}éut;g =411 | m |4.6406 ~Ac osggalg| Nl lu;_L
p ]2.3719 D P,3721 0,000
7.3688 3d term | 40.0023 7.0127 3dterm | 40.0010
|| —as=315.089k —2s~209.0290
11~—9389 e O GOYERINEDT FAONIDED GITICD. W

F1gure 26.—Computation of geodetic positions, North Carolina—Continued.
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MANUAL OF PLANE-COORDINATE COMPUTATION 111

Geodetic positions from Lambert coordinates

State__Horth Carolina Station ___ 8eunders
x 2,661,640.70 || R,+A 30 183 611.25
| ¢ 2,000,000.00 | 99,505 . 80
__X'{ = x=C) 661,6“-0.70 * Ry+A—y. 29,25“,105.“5
1.0002552085
|_teno 0225938505 R
) {1 17 17" 3975234 ,
I! ugso szl | o #99,505.80
’_;( = al\) 8073.0411 ¥ - 7,473.55
.y 892,032.25
|\ ( central mer. )_|___79°_00__00.0000
= aX 02 14 33.0411 | 4 (pyinterpolation)| 36 "12 “03.h675
RN 76 45 _26.9569

£ = 5772707700

Station Cannon

L x 2,686,058.51_ | R, +A. 30,1%3,611.25
| ¢ 2,000,000.00 v 925,118.14
| x(=x=C) 686,058.51 Rp+A—-y 29,258,493.11
Sec 1.0002748712
| __tan@ .023’“‘5‘1533 R
) { 1’ 20 36.6u4d9 |
A L4835, 6489 v 925,118,114
L 9= a0 &378.1944 v - &,042.32
v 917,075.82
|\ ( central mer.)_|__79°_00"_00.0000
L -ax |02 29 38,1044 | 4 ( byinterpotation )| 36 “16 "11.3169
D N 76__40 21 8056
and . _x- y"=2Rsin=£2’-
Rer Ay Y=y-y
aN = g C is constant added to x’ in computation
of coordinates
A= N(centralmer. ) — AN R, is map radius of lowest parallet
R=(R,+A-y)secé A is value of y* for R, ; in most cases it is zero

¢ is interpolated from table of y*
FIGURE 27.—Computation of geodetic positions from coordinates, North Carolina.



112 U. 8. COAST AND GEODETIC SURVEY

Geodetic positions from Lambert coordinates

State N. Carolina Station Newsome
x 2,658,004.91 Ro+A, 30,183,611.25
| ¢ 2,000,000.00 y 92),,220,22
X' ( =x=C)— 658,004,91 Ry +A - y. 29,262.391.03
pa 1,0002527867
| tano_ | 0224863686  { R
| 6 {__Lll_llf;’»éso
4637.3650 ¥. 921,220.22
_;( = AN) 8034..6498 y - 73971k
v 913,823,08
| N( central mer. )_|__79°_00__00.0000 _
- aX _1 02 13 54,6908} 4 (byinterpolation ) 36°15 38,9514
BN 7646 05,3502
£ = 5111707700 caton._ ason
X 2,659,804.87 I R 4A 30,183,611.25
¢ 2,000,000.00 v ol1.444.07
| _x (=x=C) 659,804.87 Ro+A—vy 29,242 167,18
Beo 1.0002545230
__tano 0225634737 R
e { 1 °17 '33.2610
4653.2610 v 941 4l 07
L G1=a)) 8062.1910 ye - 7,442.80
ye 934,001.27
| %\ ( centralmer )| 79" 00 00.0000
o) 02 14 22,1910 ! ; { py interpolation )]__36 ~_18  58.48%
DY 76 45 37,8090
tan6 - _x-C y" = 2Rsin? &
Ro+ A~y 2
y=y-y°
a\ = _g € 1s constant added to x* in computation
of coardinates
N= AN{centraimer }— a\ R, Is map radius of lowest paralle!
=(Rp+A-y)secod A is value of y* for Ry, , in most cases it is zero

¢ is interpolated from table of y*
FIGURE 27.—Computation of geodetic positions from coordinates, North Carolina—Continued.



MANUAL OF PLANE-COORDINATE COMPUTATION

Geodetic positions from Lambert coordinates

|_"N\{ central mer. )

79° 00 ' 00.0000 .

State N. Carolina Station Cotton
| x 2,649,997.80 Ro+A 30,143,611.25
.~ C 2,000,000.00 y __936,425,23
_x (=x-C) 649,997.80 Ry +A—y '29,247,186.02
Sec.. 1.0002469292
| _fane 0222242851 R
o [ 1°16 2373331
] ! 45833334 936,425.23
ffe=an) 7941.0352 g - 1,221.98
v 929,203.25
_;l( central mer, ) 79° 00' 00".0000
1_~ax =02 12 21.0352 | 4 ( by interpolation ). 36 °14 "11.b388
BN 76 47 38.9648
= 5771707700
£ = 517077 G Piland
X 2,644 344,36 Ry A __30,183,611.25
| ¢ 2,900,000,00 y. 051,827.83
| x'{=x=C) 644 3L, 36 Ry+A—y 29,231,783.42
Sec 1.0002429088
L tan g 0220425949 R
) {1 1°15 45, %754
1 Lsks &75h y 951,827.83
L L(=a)) 7876.1359, g -~ 7.100,66
v ol 727.17

L —aX 02 11 16.1359 | 4 ( by interpolation ) 367 20 bl 5uu2
76 48 43 8641
’_)\
wnde X y" = 2Rsin?§
ot A=y yey-y"
A\ = g C is constant added to x’ in computation

€ Nfcentral mer. ) — AN

Ro(R +A-y)

FIGURE 27.—Computation of geodetic positions from coordinates, North Carolina—Continued.

sec 6

of coordinates

¢ is interpolated from table of y’

Ry, is map radius of fowest parallel
Ais value of y* for Ry, ; in most cases it is zero
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ADJUSTMENT OF A QUADRILATERAL WITH ONE SIDE FIXED
ENTIRELY AND WITH AN OPPOSITE SIDE FIXED IN LENGTH

This condition does not occur very frequently but it was thought
worth while to include this small adjustment to show how such cases
could be handled if they should occur. In order to hold the measured

STANDPIPE

Telfair <1» '

, MASONIC

Union (2)
FIGURE 28.—Quadrilateral with two fixed lengths

length of the line Telfair to Union in Georgia (see fig. 28) it was
necessary to introduce a condition equation between the coordinates
of the two stations Telfair and Union. By means of this equation
it was possible to eliminate one of the unknowns from the equations
wherever it occurred. This is the method to be followed in case an
arc of triangulation should include a measured base. A study of the
adjustment will show the method of procedure in such cases. The
condition equations for the fixed line are determined in the following
way. The proper reduction was applied to the log of the geodetic
length and this resulting grid length was used in the computation of
the assumed coordinates of Union as computed from Telfair. This
means that the grid length of the line is correct and we have only to
hold the length as determined by the coordinates.
We have then
§t= (@~ 2:)*+ (y2—1)*

8As= (2, —11) (A%, — AZy) + (Y2 — 1) (DY — Ayy)

Dividing through by s, we get,
As=(Az,— Az,) sin o+ (Ay,—Ay;) cos a.
But As=0, since the line is already correct in length and we accord-
ingly get, '
Ayy— Ay, = — (Az,— Axy) tan a,
or
Ayo=Ay,— (Az,— Azy) tan «

This is the equation that is to be used 1n eliminating Ay, from the
observation equations.

The grid tables for Georgia are given in figure 29.*

i+ For State map of Georgia showing elements of the two grids covering the State, see fig. 62, p. 263.
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TRANSVERSE MERCATOR PROJEOTION FOR GEORGIA (EAST & WEST)

Table I.
Lat, Tabula Fabulax
* (fget) dif?er:nqe Lat. (fget) difference
for 1 sec. : tgrlttaec.
of lat. [+ .
30° o0t 0 101,01100
0l 6,060.66 | 101.01117 300 360 218,193.#6 101.02033
02 12,121.33 101.01150 37 | 224,250.68] 101.02050
0 18,182.02 | 101.01167 38 | 230,315.91} 101.0208
0 2u,2h2.l§ 101,01200 zg 233,377.16 101,0211
05 30,303, 101.01217 262, h38.43] 101.02133
0° 06° 6,364.17 | 101.01250 oo L1t | 2u4&,499.71] 101.0216
> 07 aeizzu.9g 101.01223 St 25&1522.31 101.02%5;
08 4g,485,69 | 101.01300 i 260,622,321 101,02217
09 | 5U,546.471101.01333 uﬁ 266,683.65] 101.02250
10 60,607.27 | 101.01350 45 | 272,745.00| 101.02267
30° 11*| 66,668,08 | 101.01383 300 46v | 278,806.36] 101.02283
12 72,728.91 | 101.01800 L7 | 284,467.73] 101.02333
1 78,789.75 | 101.01433 Lg 290,929.13 101.02350
1 8l,850.61 | 101.01450 49 | 296,990.5%] 101.02367
15 90,911.48 | 101.01483 50 | 303,051.96] 101.02400
oo 16! | 96,972. 101.0151 0° 51' | 309,113.40| 101.0241
3 17 10318% 2% 101.01237 > 22 %1%;173.85 101.oausg
18 | 109,054,20 | 101.0156 5 321,236.32| 101.02483
19 | 115,155,1k 101.01283 5 327,297.81| 101.02500
20 | 121,216,09 {101.01617 55 { 333,359.31{ 101.02533
0° 21t | 127,277.06 { 101.016 0° 56t 420,83 ] 101.0256
3 ‘22 13;,335.04 101.0162; ’ 27 %EZ:usz.3% 101.02%8;
2 1 9,&99.04 101.01700 58 351,5u3.g§ 101.02600
2 135, 60,06 { 101,01717 59 | 357,605. 101.0262
25 | 151,521.09 | 101.01733 31° 00 | 363,667.06) 101.026 ;
300 26' | 157,582.13 | 101.01767 310 01t | 369,728.661 101.02700
27 163,6ua.19 101.01800 02 | 375,790.28| 101.02717
28 | 169,704.27 | 101.01833 83 381,851.91| 101.02733
29 175,765.37 101.01850 387,913.55| 101.02767
30 | 181,826.48 | 101.01867 05 | 393,975.21] 101,02800
30° 31t | 187,887.60 | 101,01900 310 06% | 400,036.89] 101.02817
32 | 193,948.74 | 101,01933 07 | 406,098.58! 101.02850
3 200,009.90 | 101.01950 o8 | 412,160.29| 101.02883
3 206,071.07 | 101.01983 09 | 418,222.02| 101.02900
35 | 212,132.26 | 101.02000 10 | 424,283.76f 101.02917

FIGURE 29.—Transverse Mercator projection tables for Georgia.
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U. 8. COAST AND GEODETIC SURVEY

TRANSVERSE MERCATOR PROJECTION FOR GEORGIA (EAST & WEST)
Table I (Conttd).

Lat, y Tabular Lat. y Tabular
{feet) difference (feet) difference
for 1 sec. for 1 sec.
of lat. ] of lat.
31% 11v|0430,355.51 | 101.02350 31° 6V | ghe;517.03] 101.03883
12 | 436,L07.28 ] 101.02983 47 ) 648,579.36] 101.03917
1 4h2 469,07 | 101.03017 4a | e54,641.71] 101.03933
1 L4a 530,88 § 101.03033 49 | 660,704.07] 101.03967
15 | 454,592.701 101.03050 50 | 666,766.45] 101.04000
1 164 | 460,654, 101.03083 310 61t | 672,828.85] 101.0L017
3 17 u66:7§6.§g 101.05117 52 | 6781891.26| 101.04050
18 | 472,778.25} 101.03150 5 65&,952.69 101.05067
19 478,840,158 101.03167 5 691,016.13} 101.04100
20 | u8h,902.041 101.03183 55 } 697,078.59 101.04133
1o 21t | 490,963, 101.0321 10 56% | 703,141.07| 101.04150
ol u37:323.22 101.05253 ? 57 09:202.56 101.04183
2i 503,087.83 | 101.032567 58 | 715,265,071 101.04200
2 509,149.73 | 101.03300 59 1 721,328.59{ 101.0423
25 1515,211.77} 101.03333 380 00 | 727,391.13] 101.0426
31° 26! | 521,273.77 ]} 101.03350 20 01t | 733,453,691 10L.04283
27 -227,3%%.7% 101.0%323 3 02 739,512.26 101.04317
28 1533,397.81] 101.03400 ) 7 5,515.55 101.04350
29 525. 59,851 101.03433 o 751, 641,46] 101.04367
30 | 585,521,911 101.03450 05 | 757,704.,08| 101.04383
31° 31¢ 551,583,981 101.0348 320 06% | 763,766.71] 101.04433
gz 357,642.07 101.0351; 07 769:829.3K 101.04450
% | s & | Ay oo
s |272:882:00 f 193:99208 16 788:017.12 101.04533
31° 36% | 581,894,601 101.03617 2¢ 11% | 794%,080.14] 101.04567
7 281:956.77 101.0%633 =5 #00,142.88| 101.04583
38 | 594,018,95 | 101.03683 1 206,205.63| 101.04617
Zg 600,081.16 { 101,03700 1! #12,268.40] 101.04633
606,143,38 | 101,03717 15 | 818,331.138] 101.04667
31° 411 | 612,205.61 | 101.03750 320 160 | g24,393.98] 101.0468
k2 | 618,267.86 101.03733 17 | %30,056.79f 101.0473
:i gau,33o.iz 101.03200 %g g 6’2%2‘32 igi.gﬁggg
92,411 101.03833 . .
is5 6%2:35u.71 101.03867 20 sus:6u5.3l 101.04800

FIGURE 29.—Transverse Mercator projection tables for Georgia—Continued.
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TRANSVERSE MERCATOR PROJECTION FOR GEORGIA (EAST

Table I (Conttd).

& WEST)

117

Lat. y Tabular Lat. 'y Tabular
(feet) difference (feet) difference
for 1 sec. for 1 sec.
of lat. of lat.

320 21t| 854,708,282 | 101.04€17 20 56t 1,066,919.27|101.0578
22 860,771.11 | 101.04850 3 57 1:072,982.7Z 101.02503

2 866,83L,02 101.0&33; 58 11,079,046.22] 101.05833

2 872,856.95 | 101.0491 59 | 1,085,109.72] 101.058567

es 878,959.90 | 101.04933 33° 00 }1,091,173.24 101.05883

320 26%| 885,022.86 | 101.04967 33° 01%1,097,236.77]101.05917

27 891,085.84 | 101.04983 o2 | 1,103,300.32/101.0593

28 897,145.53 101.05017 03 }1,109,363.88] 101.0596

29 903,211.8% | 101.05050 0% { 1,115,427 .46) 101.06000

30 909,274.87 | 101.05067 05 | 1,121,491.06} 101.06033

320 310 915'387'91 101,05100 330 06 1,127,554.68]101,06050
2 921,400.97 | 101.05133 07 11,133,618,31} 101.06083

3 927,&6&.02 101.05150 08 1,139,631.96 101.06100

3 933,527.14 {101.05167 09 {1,145,745.62 101.0613;

35 939,590.24 {101,05217 10 {1,151,809.30] 101.0616

320 36t 9ls5,653.37 |101,05233 33° 11°'1,157,873.00{101.06183
37 951,716.51 {101,05267 12 | 1,163,5356.71{101.06217

38 957,719.6 101.05283 13 11,170,000.44{ 101.06250

zg 963,842.84 |101.05317 1k {1,176,064.19] 101.06267
963,906.03 | 101.05333 15 | 1,182,127.95} 101.06300

320 vl 975,969.23 {101.05367 33° 16'| 1,188,191.73/201.06317
k2 82,032.45 | 101.05500 17 1 1,194, 255.52{ 101.06350

tﬁ 988,095.69 |101.05433 18 | 1,200, 319.33 101.06353
994,158,95 | 101.05450 19 1,206,283.16 101.06417

45 {1,000,222.22 |101.05467 20 {1,212,0447,01]|101.06433

32° 46t11,006,285.50 | 101.05517 ° 211 1,218,510.87|101.06467
47 1:012:Eus.g1 101,05533 ? 22 | 1,224, 574, > 101.06483

4¢ 11,018,012.13 {101.05550 23 11,230,638, 1o1.06g13

49 |1,02%,475.46 |101,.05583 2k 11,2%6,702.55/101.0655

50 [1,030,538.81 |101.05617 25 | 1,2h42,766.48[101.06567

320 5111,036,602.18 | 101.05633 330 26t 1,248,830.42{101.06600
52 |1,062,665.56 [101.05667 27 | 1,254,834.38/101.06633

53 {1,048,728.96 | 101,05700 28 |1,260,958.36 101.06250

5% (1.054.792.38 |101.05733 29 |1,267,022.35 1°1-°g 83
55'11,060,855.82 | 101,05750 30 | 1,273,086.36]101.06717

FIGURE 28, —Transverse Mercator projection tables for Georgia—Continned.
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TRANSVERSE MERCATOR PROJECTION FOR GEORGIA (EAST & WEST)

Table I (Cont?d).

Tabular

Tabular . y
lat, (fget) difference Lat (feet) difference
for 1 sec. for 1 sec,
of lat. of lat,
° 31¢ 11,279,150.39 | 101.067 34 06t | 1,491,401.74} 101.07717
33 32 1,2%5 ag E 101. 0672; 07 |1,497,466.37 101.0772%
37 11,291,278.43 | 101.06783 08 }1,503,531.01{ 101.077
34 11,297,342, 56 101.06833 09 11,509,595, Gl 101.07783
35 [1,303,506.66 | 101.06850 10 |1,515,660.341 101.07817
o 36t |1,309,470.77 | 101.0686 lo 11¢ [1,521,725.03| 101.07850
73 7 1:%15,534.53 101 osgog ot 1:527’783'l§ 101.07867
38 11,321,599.03 1101, 06923 1 1,533,854, 101.07900
zg 1,327,663.19 ] 101.069 1 1,539,919.20 101.07933
1,333,727.37 101.06983 15 |1,545,983.96] 101.07950
° e f1 1.56 | 101,0701 be 16 | 1,552,048.73] 101,0798
3 k2 11%29 142 5 101.03027 > 17 1:558:113.52 101 .0801
tﬁ 1,351, 91 99 101.070 18 11,564,178,33 101.08023
1, 21 101.07100 19 |1,570,243.15] 101.08067
45 1,364,048 101,07133 20 |1,576,307.99| 101.0#100
e L6 | 1,370,112, 101.07150 ho 211 | 1,5482,372.85] 101,08117
3 L7 11376 g gg jo1. 07127 »a 1:588:337. 2 101.08150
bg 11,382 2 101.07217, 2 1,594,502,61] 101.081&3
49 |1,388, 305 9 101.072%3 2 1, 0,567.25 101.08200
50 | 1.,39%,370.03 | 101.07267 25 |1,606,632, 101,08233
e 519 | 1,400,434, 101.0728 4o 26t 11,612,697. 101.08267
% ge 1:u06:ugs.;g 101.0;31 ’ 27 116151722.%& 101.08300
5 1,412,563.12 101.07350 28 |1,624,827.32] 101.08%17
54 |1,418,627.56 { 101,07 7 29 |1,630,892.31] 101. 08320
55 [|1,424,691.98 {101.07 30 1,636 957.32| 101.08367
° 56t | 1,430,756.42 | 101,074 34e 311 §3,643,022,34] 10108400
3 27 11&361§go.ss 101, o§u§8 2 | 116&3;057.35_ 101.08433
58 |1,4l2,885.35 1 101,07483 3 1,655,152,44 1 101.08467
59 1.uus,9u .84 §101,07517 3 1,661,217, 2 101.08483
3% 00 |1,455,01k.35 | 101.07550 35 {1,667,282. 101.08517
340 01t | 1,461,078.82 { 101.07567 340 369 | 1,673,347.72] 101.08533
02 |1,467.143.k2 | 101.07583 37 |1,679,012.84 | 101.08523
() 1,u73.2o7 97 { 101,07633 38 1,685,#17.99 101.08600
o 1 u79 272. 52 101,07650 zg 1,691,543 101.08617
05 u85,337.14 | 101.07667 1,697,608,32 | 101.08650

FI1GURE 29.—Transverse Mercator projection tables for Georgia—Continued.
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TRANSVERSE MEROATOR PROJECTION FOR GEORGIA (EAST & WEST)
Table 1 (Conttd).

Lat, y Tabuler Lat. y Tabular
(feet) difference (feet) difference
for 1 sec. for 1 sec.
of lat. of lat.
4o Liv11,703,673.51 [ 101.0868 ° 16' [ 1,915,965.86 | 101.09667
MR 1,%0317%3.52 101.0571; % 17 11, 922 8%? 66 | 101.09700
ﬁa 1,715,803, 95 101.0572; 18 ,928 >097.48 | 101.09717
31,721,869, 101.087 19 Eg ,163.31 | 101.09750
ks 11,727,93 us 101.08800 20 ,9 +229.16
340 46t | 1,733,999, 101.08817
L7 1:733:065 gg 101,08850 iCentral Meridian [Fast]) = &2° 10! 004000
kg 1,7#6,130.33 101.08883 A(Central Meridian[Wes = 84¢ 10t 002000
k9 [1,752,195.66 | 101.08900
50 11,758,261,00 |101.08933 1log (1/5/%$%g = 4,5817896 - 20
3o 1Y | 1,764,326,36 {101.08967 log (1/6 2ain 1"), = 9.8962147 - 20
2 1,7701391. I | 101.09000 e (/64 &
sz 1,776,5457.1% 1101.09017
54 }1,782,522.55 101.09020 Geod. Az, = Grid Az. =
55 1,7350557 98 |101.09067 R + (yo = y1)(2x; + xg)
340 56t | 1,794,653.42 {101.09100 6 sin 1
R S
89 [1'€12’8k9 46 |101.08185 OB R = KA
350 00 |1,818,915.37 |101.09217
350 01 §1,82 u 9so 30 101.09250
02 11,831 101.09267
0 1,337 112 01 101.09300
ol 1,8 l? .59 [101.09317
05 1,su 243,18 1101.09367
359 06! {1,855, 305 so 101.09383
07 |1,861,374.43 |101.09M17
08 |1,867,440.08 |101.09433
09 11,873,505.74 |101.09467
10 }1,879,571.42 |101.09500
35° 11t }1,885,637.12 |101.09533
12 {1,891,702.8% ]101.09550
13 |1,897,768.57 {101.09583
2 1 903,s3u 32 {101.09600
15 |1,909,900,08 } 101.09633

FIGURE 29.—Transverse Mercator projection tables for Georgia—Continued.
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U. 8. COAST AND GEODETIC SURVEY

TRANSVERSE MERCATOR PROJECTION FOR GEORGIA (EAST & WEST)

Tadble 1I.
x* Scale in | Scale x¢ Scale in | Scale
(feet) | units of | expressed (feet) | units of | expressed
7th place |ag & 7th place| as a
of loge ratio of logs ratio
0 | 43k, 0.9999000 175,000 | -282.0 | 0.9999351
5,000 -u%u.g 0.9399000 1531000 -273.2 o.9999g;1
10,000 | -433.8 | 0.9999001 185,000 | -26L.1 | 0.9999392
15,000 -u;;.z 0.9999003 190,000 =254,8 0.9999%13
20,000 | -432,3 0.9999005 195,000 | ~285.2 | 0.9999435
25,000 =l431,2 0.9999007 200,000 { «235.4 | 0.9999458
30,000 9.8 }0.993%010 205,000 | =225.3 | 0.9993481
zg,ooo ~428,2 0.9999014 210,000 | ~215.0 0.9999505
,000 |- =U26.3 0.9999018 215,000 -204.4 1 0.99995
45,000 | -424.2 | 0.9399023 220,000 | =193.6 | 0.399955
50,000 -li21.9 0.9999029 225,000 -182,5 0.9999580
23,000 -u19.3 0.9993035 230,000 -171.2 0.9999606
,000 | =l16, 0.99990041 235,000 ~159.7 0.9999632
65,000 -u13.g 0,9999048 240,000 | «147.9 | 0.9999659
70,000 | =409, 0.9999056 245,000 | ~135.% 0.9999687
75,000 | -b06.3 | 0.999%064 250,000 | «~123.5 | 0.9999716
80,000 -hoe.z 0.9999073 255,000 { =~110.9 | 0.99997
85,000 | =398. 0.9999083 260,000 | ~ 98.1 1| 0.999977
90,000 -394,0 0.9999093 265,000 -~ 85,1 0.9999804
95,000 | -389.% }0.9999103 270,000 | = 71.8 |°0.9999835
100,000 | =384.6 | 0.999911k4 275,000 | -~ 58.2 | 0. 866
105,000 | -379.5 |0.9999126 280,000 | - En.u 0.3333593
110,000 | ~374.1 0.9999139 285,000 | «~ 30.4 | 0.9393930
115,000 | =-368.5 |0.9999151 290,000 | - 16.1 | 0.9999963
120,000 | =362.7 | 0.9995185 295,060 ¢t = 1.5 | 0.9999997
125,000 | ~356.6 {0.9999179 300,000 { + 13. 1.0000031
130,000 { =350.3 ]0.9999193 205,000 | + 23.% 1.0000065
135,000, | =343.7 0.999920 310,000 + 43,6 1.0000100
140,000 | ~336.8 |0.999922 315,000 | + 53.1 1.0000136
145,000 | =~329.7 0.9999241 220,000 | + 7k.9 | 1.0000172
150,000 | =322.4% | 0.9999258 325,000 | + 91.0 | 1.0000210
155,000 | =314.8 | 0.9999275 330,000 +107.3 | 1.0000247
160,000 | «307.0 | 0.9999293 323,000 +123.8" | 1.000028
165,000 8.9 | 0.9999312 350,000 | +140,6 | 1.000032
170,000 0.6 | 0.9999331 345,000 § +4157.6 } 1.0000363

FIGURE 29.—Transverse Mercator projection tables for Georgia—Continued.
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TRARSVERSE MERCATOR PROJECTION FOR GEORGIA (EAST & WEST)

Table II (Conttd).

x? 8cale in | Scale
(feet) | units of | expressed
7th placel as a
of logs ratio
0,000 +174.E 1.00004%03
% 5,000 +192, 1. ooookuz
360,000 +210,2 1.000048
365,000 +228,2 1.0000525
370, ooo +246.5 1.0000568
375,000 +265.0 1.0000610
0,000 +283.8 1.0000653
385,000 | +302.8 1.0000697
390,000 +322,1 | 1.00007
395 000 +3U41.6 1.0000787
400,000 | +361.4 1.0000832
405,000 +381, 1.0000878
416,000 1, 1.0000925
415,000 22,1 1.0000972
420,000 | +4h2.9 1.0001020
425,000 +163.9 1.0001068
430,000 5.2 | 1.0001117
ﬁag,OOO +506.7 1.0001167
4000 +528.5 1.0001217
Lbus 000 | +550.5 1.0001268
450,000 { +572.7 1.0001319
455,000 95.2 1.0001270
460,000 +618,0 1.0001. 2
465,000 | +641.0 1.00014%7
470,000 +66l,2 1.0001529
475,000 +687. .000158
uss 0,000 +711.l .0001633
338 4000 | +735.% 11, 038{? 3
000 4759, 1.0 9
495,000 +;22Z 1.0001806
500,000 +808.9 1.0001863
505,000 | +833.9 1.0001920
510,000 +sgz.1 1.0001978
515,000 | +884.,6 | 1.000203
520,000 +910.4 | 1.000209

FI1GURE 29.—Transverse Mercator projection tables for Georgia—Continued,
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U. 8. COAST AND GEODETIC SURVEY

TRANSVERSE MERCATOR PROJECTION FOR GEORGIA

Table III.
Lat. Colog A iog c Lat. Colog A Log €
0° 007 [ 1.49064120 | 1.16691k% .
> o1 K 15 720& 30° 36! |1.49065463 | 1.177300
o2 19 FLEhe 37 500 7581
0 231 7784 38 538 787
o 268 807k 3(9) 575 8160
05 305 83 613 ahly
0° 06t | 1.490643U2 | 1.168654% 0° 41t 11.49065651 | 1.178733.
3 07 4 380 89 ? Lo ? ssgs 9833
g Bl 28 2| Bl g
10 4311 1.169812 ks 801 |1 1,179878
0° 11t | 1.49064528 | 1.170101 00 L6t 11.49065839 { 1.180164
’ 12 ¢ 266 7oaso > 47 ’ s?s 0450
1 603 0 Zg 4g 91k 0736
1 640 09 49 952 1022
15 677 1257 50 |1.49065989 1307
0° 16T { 1.49064715] 1.171546 0° 51¢ |1,49066027 | 1.181592
? 17 2 ;52 71535 3 ge 065 1278
18 789 2123 5 103 2163
19 82 212 & 140 20
20 g 2700 55 178 273
30° 21t | 1.49064901 | 1.172988 30° 56 11.49066216 1.153013
22 939 3276 57 a5k 330
2|t £ B #
25 | 0513. 1 310 00 367 3158
00 26t [1.49065088 | 1.17442 10 01t {1.49066405 | 1.1844k
? 27 ? 5126 7471% 3 02 ? uu? u72}/
28 163 5002 0 gl 5012
29 200 5290 0 519 5296
30 238 5517 05 556 5580
300 31% |1.49065275 | 1.,17586% 31° 06' |1.4906659% |1.185864
32 313 6152 07 632 6148
3 350 6439 08 670 6432
3 igs 6726 09 708 6716
35 5 7013 10 746 7000

FIGURE 29.—Transverse Mercator projection tables for Georgia—Continued.



MANUAL OF PLANE-COORDINATE COMPUTATION

TRANSVERSE MERCATOR PROJECTION FOR GEORGIA
Table IIXI {(Oont?d).

123

Lat. Oolog A Log © Lat. Colog A Log C
310 11* | 1.49066784 |'1.187284 310 LG9 | 1.49068119 | 1.197161
12 822 7567 47 152 yues

1 860 7851 Lg 19 7722

Y 898 8134 kg 234 8003
15 936 8118 50 272 8243

31° 16% | 1.49066974 | 1.188701 1° 51% | 1,49068311 | 1.19856
17 1.1;9067?)12 s;su ? 22 ? %ue 952143
18 050 9267 5 228 9124
19 088 9550 5 6 gliols
20 126 | 1.145833 55 465 968k
310 217 | 1.49067164 | 1.190116 10 56t | 1,49068 1.199964
22 202 9o 99 3 27 ¥ ?ﬁ% 1.2882&1&
2 2ko 0081 58 250 o524
2 278 0964 59 18 0803
25 317 1247 320 00 657 1083
31° 26¢ | 1.49067355 | 1.191529 20 01t | 1,45068695 | 1.201362
27 393 1211 3 02 ? 7%3 12&2
28 21 2094 0 772 1920
29 469 2276 0 811 2200
30 507 2658 05 850 2479
310 31t | 1,49067545 | 1.192940 320 06t | 1,49068488 | 1.202758
32 583 3222 07 92 3037
3 G| e o | il 2
35 698 es 10| ol2 1.20;&73
310 36% | 1,49067736 | 1.,1943k49 20 11¢ | 1,49069081 | 1.204152
37 775 4631 3 12 ’ 91ao uhgo
38 813 49i2 1 158 4709
3‘9) &51 519% 1 197 4oag
889 54785 15 236 5266
310 U3v | 1.49067927 | 1.195756 32° 16° | 1.49069274 | 1.205545
b2 | 1.49067966 60;7 1? 313 2823
1,3 1.49068004 63is 18 352 6101
ok2 6599 19 zgo 6380
L5 081 6880 20 9 6658

FIGURE 29.—Transverse Mercator projection tables for Georgia—Continued.
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U. 8. COAST AND GEODETIC SURVEY

TRANSVERSE MERCATOR PROJECTIOE FOR GEORGIA
fable III (Cont'd).

Lat. Colog A Log C Lat. Colog A Log ©
20 21¢ | 1.49069468 | 1.206936 320 56 | 1.49070830] 1.216616
> 22 ¥ 9507 72;‘} 51 829 6892
2 5'&2 7492 58 908 7167
2 28 1769 59 9k U
25 23 8047 33 00 | 1.4907098 7717
20 267 |1.49069662 | 1.208324 ° 01t | 1.49071025 | 1.217992
3 27 " 97oo 5202 % 02 | %07 065 %2%7
23 139 2879 ) 1 gsli2
29 778 9156 o 143 8817
30 817 9k33 05 182 9091
20 31t |1.49069856 | 1.209710 ° 06t {1.49071221 | 1.219366
3 2 x 9634 1.20335 73 o7 4907 261 32'&1
3 {1.500800%2 | *0si % 39| 1:52033
35 |1.45070011 0818 10 3;% " oligh
6t |1.45070050 | 1.2110 o 11% | 1.49071417 1 1.220738
32 7 7 029 1%22 33 12 907 u57 13;3
38 128 1649 1 43 1287
zg 16 1925 1 535 1561
20 2202 15 515 1835
320 41v l1.49070244 | 1.212478 33° 16* {1.49071614 ] 1,222109
2 asg 2755 17 €53 228
Bl B & | & 8
b5 zoo %gsl 20 7% 32(3)3
20 L6t [1, ol39 | 1.213860 o 21t |1.49071810 | 1.223478
s 47 401 lr}(g 136 33 22 %07 850 %ggl
g 51 4uiy 2 889 24
Lo 55 4687 2 929 h298
50 595 4963 25 |1.49071968 s
320 510 {1.49070634 1.215233 33° 26¢ |1.49072007 | 1.224844
52 673 551 27 o7 5117
gz 713 5790 28 086 5390
752 6065 29 125 5662
5 791 63141 30 165 593

FIGURE 29.—Transverse Mercator projection tables for Georgia—Continued.



MANUAL OF PLANE-COORDINATE COMPUTATION

TRANSVERSE MERCATOR PROJEOTION FOR GEORGIA
Table II! (Cont'd).

125

Lat. Colog A Log € Lat. Colog A Log O
© 31t | 1,49072204 | 1.22620 Lo 06t | 1,490 1 [1.235716
33 ia 907 200 o202 9 3 07 9 73231 35;
z 283 6751; 670 6257
3 23 7026 09 710 6528
35 §62 7298 10 750 | 1.236798
330 36¢ | 1.U9072U02] 1.227571 ke 11t | 1,49073790 | 2.237068
3 S 907 ihe Z,gl 3 n 9 73;}0 3; 3
2| 9 o B B R
20 560 sgéo 15 949 SIZS
330 L1t 1.49072599 ] 1.228932 Yo 16¢ | 1,49073989 | 1.23841
42 2 9 9235 ? 17 9o7 929 38683
;3 o477 18 69 8959
718| 1.229749 19 109 9228
45 758 1.230021 20 149 998
330 LGt 1.u907e797 1,23029 o 21t | 1,4907418 976
47 ; % g - %07 eeg 3033'7/
hg 876 0837 2 269
4o 916 1108 2 208 05
50 956 1380 25 348 oshy
33° 51¢ ] 1.49072995) 1.231651 ko 269 f 1.49074388 | 1.241114
52 1.490730;5 3 53 3 27 07 ZSs 1384
5 0 219 28 1%53
5! 11 2466 29 508 1922
55 154 1.232737 30 5hg 2191
33° 56t | 1.49073194} 1.233008 lo 31t | 1,49074588 | 1.2L42460
57 233 3279 3 %2 %07 233 2729
2 1 3 AN
3l4e 00 52 3092 35 748 536
34e 01¢ | 1.49073392] 1.23436 4o 360 | 1.49074789 | 1.2438
B ) g e e
0 ‘;ﬁ e % o1 it
05 551 IS zo 9ug | 1,244880

FIGURE 29.—Transverse Mercator projection tables for Georgia—Continued.

03324°—35——4
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U. 8. COAST AND GEODETIC SURVEY

TRANSVERSE MERCATOR PROJEGTION FOR GEORGIA
Table III (Cont'd).

Lat, Colog A Log C Lat. CGolog A Log ©
Lo I1e | 1,490749491 1.245148 © 16' {1.49076398 |1.254505
3 b2 1.330;2323 "§u17 3 17 355 47731
2 03| 8923 15 3| 2%4
45 149 6e21 20 559 5570
Lo L6t | 1,49075190] 1.246489
3 L7 230 6757
hg 270 7025
4o 310 7293
50 350 7561
ho 510°F 1,490 0| 1.247829
3 ga ? 753%1 §o9z
53 47 826
5 511 8632
55 551 8900
4o 561 | 1.49075591 | 1.249167
? 57 632 9435
56 672 9762
59 712 | 1.245970
359 00 752 | 1.250237
35° 01% | 1.49075793 § 1.25050%
02 83 0771
& B2
05 954 11572
© 06' | 1.490 41 1.251439
3 07 1.h30;23$u 2136
2| k|
10 155 2906
350 11t | 1,49076196] 1.253173
12 23 -3439
A
15 357 a238

FIGURE 29.—Transverse Mercator profection tables for Georgla—Continued,



MANUAL

DEPARTMENT OF COMMERCE
U 8. CORST AND GEODE’HC SURVEY

Rov. April, 1831

OF PLANE-COORDINATE COMPUTATION

& sin (ﬂ+—) &M €08 6 cos b

8 €08 (a-{-?

B

AN
=—A¢. cos

2

~Ba=ANsin ¢n s6C 922+F(M)’

127

INVERSE POSITION COMPUTATION

fn which log A\==log (’=2)—correction for are to sin®; log A¢i=log (¢’ ) —correction for are to sin®; and log s=log ey

correction for arc to sin*.

NAME OF STATION

L. 32 05 15.786| Standpipe l »| 81 o6 14.907
2. ¥ 32 ob 22.492{ masonic v 8 05 bo.sok
8¢ (=¢'=4) - 53.29% AX (=N-N) - 34.303
- 26.647 3 - 171152
"-=(=°s +5) 32 ob 149.139
8 {secs) - 53 294 BN (secs.) - 31;: 303
log 4¢ 1.7266783% log &M 1.5353321
cor. arc—sin - o cor, arc—sin - 0
log Ay 1.7266783 Jog &n 1.5353321
log cos (o] log €OS ¢n 9.9280395
colog B, 1. ’4885688 colog An 1.4906884
togls.cos («+5)} 3 2150U71 (opposite 12 togls, sin («+3 )|l 29540600 n
logls, cos (a+5)ll 3. 2152471
log ax 1.5353321 [3logar los tan (%) |o. 7388129 n
tog s 4o 9.7251824 |iog % |3 16 3.7
log see 5 O_ligb log sin (“*7) 9.6817829
loga 1.2605145 logeos (a+5) | 9.9429702
a - 18.22 log & 3 . 2722769
b ” cor. arc—sin + ]
—Aa (secs.) - 18.2 log s 3.2722769
_ba - 9'.11
= . , .
°+é'£ 331 16 Jl- 7 ® Use the table on the back of this form for correction of
«llito2) 331 16 22.6 oro to sin.
b + 18.2
180
o' @2tol) 151_ 16 _ Y%0.8

Nore.~For log s up to 4.52 and for a¢ or A\ (or both) up to 10, omit all terms below the heavy lino except those
lacea.

printed (io whole or in part) in heavy type or those

d, if using I

to 6 decimal

FIGURE 30.—Inverse position computation.

P
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U. 8. COAST AND GEODETIC SURVEY

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
StateGeorgla (east) Station Standpipe

 (Central meridian)}

82 10 00.000

4 32 05 15.786 2 8106 14.907
AN (Central meridian-\) + 1 03 45.093
an(insec.y + 3825."093
| _log ax 3, 58264200 __log Sn? 10.002856
| _Cor. arc to sine 2kgg log C* 1.202552 -10
_log an 3.58261711 log Ad 1.205;33
| _log cos ¢. 9.92800430 -19
| colog A 1.49068860 ¢ 32 08 15 ,7329
| 10g'S, 5.00131001 aé & 16.046
|_Cor. sine to arc + 1784 ¢ 32 05 31.8289
|_tog S, 5.00132785
log 3937/1200___|  0.51598417 | _Tabular difference 101.04383
of y for 1" of ¢*
| og R - 4343
| _log Sg 5.51726859 y (for min. of ¢") 757.704.08
|_tog S¢° 16,5518058 y (for seconds of ¢") _|+ 3.216.11
log 1/6€2R? 4.5817896 -20 v 760,920.19
|_log (S¢766:%)s 1.133595%
| . + ¢4
| Sg +__329,055,072 '_'::: S;:LTL
__(S!V 66%)s * 13.602 _log aay
¥ +_329,068.67
2,000,000.00 |l log (axy
x 2,329,068.67 tog F
log b
Ay ’
b
Aa "
aa ° ’ :

# Take out C first for o and correct for approximate: ¢"

Fi1aure 31.—Computation of coordinates, Georgla.



MANUAL OF PLANE-COORDINATE COMPUTATION

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION

State Georgia (east) Station

6 32 ok 22.492

A (Central meridian)
by

A (Central meridian-\)

Masonle

82° 10' 05.000
81 05 4o.604

4+ 1 0% 19.296

AA(in sec.) + 3859 ."396
| _log ax 3,58651934 log Su? 10.010522
| Cor. arc to sine - 2534 log C* 1.202305 -10
z
1 _log ax, 3.58649400 log Ag. 1.212
|_log cos ¢. 9.92807464% -10
|_colog A 1.49068826 ¢ 38 ol 23, 11»929
| tog's, 5.00525690 ad . 16.326
- 99
__Cor. sine to arc + 1818 ¢ 32 o4 38.413
_log S 5.00527508
L log 3937/1200_ 0.51598417 _{|_Tabutar difference 101.04367
Wzl of y for 1" of ¢*
| _fog R - 343
|_log Sg 5.52121582 y (for min. of ¢') 751,641, 46
| log Sg* 16.5636475 y (for seconds of ¢')_ |+ 3:922.51
|_log 1/66,2R2: 14.5817896 -20 y 755,563.97
[ _log (8376 € 1.1454371
|_log sin 22¢
| Sg 1+ 332,059.434 |
_log ax
3 2\ + 13.978
—-(SB/ 66%)s |_log aq;
X +332,073.11
2,000,000.00__[log (ax)’
x 2,332,073.11 log F
log b
—Ad
b
Aa "
& ’ -
aa

*Take out C first for ¢ and correct for approximate ¢'.

F1aure 31.—Computation of coordinates, Georgia~Continued.
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2,329,068.67
2,332,073.41

-3 ,OQl}.?u

4778069 n
R

9.7489485 -10,

U. 8. COAST AND GEODETIC SURVEY

Computation of Preliminary Coordinates

Masonic-Standpipe

760,920.19
755,563-97

+5,356.22

150° 42" 3072 + 0'4 = 30.6

-] . o

Masonic-Standpipe 150 42 30.2
- 50 51 .8

Masonic-Telfair

Telfair-Masonisc

Telfair-Union

9.9935543 -10,
%253 596

4.2160139 n

.7252321 ~10
. 883165

3. 8068490

99 50 Ug.b 1og 3331
279 50 49.4 gria reduction
+ ZS o4 06.7

327 S4 56.1

Masonic-Telfalr

.2330437 ~10 2,332,073.41
5220500 23550 o
3.4555033 8,315,629.17

Telfair-Union

9.9280200 ~10, 2,315,629.17
}.0816169 + 6,400.87
4.0096369 n 2,322,039.04

F1aURE 32.—Computation of preliminary coordinates.

log grid length

log geodetic length
Union-Telfalr

664,147
329,069

993,216
5.997

3.729

9.896 -20

9.622 -10
L

+0.%

3.5656256
0.5159842

4,0816098
+ 71

4.0816169

755,563.97

£ 2,85k.32

758,418.29

758,418.29
-30,224.33

748,193.91



MANUAL OF PLANE-COORDINATE COMPUTATION 131

Computation of Grid Azimuths

Standpipe-Masonic

658,137
332,073
990,210
5.996
.729 n
330° 42' 3072 - 0’4 = 2978 3:453 "0
9.621 -10,
- o'y
Standpipe~Union
2,322,039.04 748,193.91 658,1
2,329,068.67 760,920.19 322,0%5
-7,029.63 -12,726.28 980,176
o
8469325 n 4.10470 eo2
‘3047351 A 9.9421& -10 9.89 -20
9.7422304 -10 4,16252 9.992 -10»
- 1.0
28° s4' 5379 ~ 170 = 5279
Standpipe-Telfalir
2,315,629.17 758,418.29 658,137
2.329,068. 67 760,920.19 315,629
-13,439.50 -2,501.90 973,766
o
4.1283832 n : n
3.3982699 n 9.2896 -2¢
o 7301133 9.232 -10,
- 0.2

79° 27" 16”3 - o2 = 16"
FiGURE 33.—Computation of grid azimuths,



132 U. 8. COAST AND GEODETIC SURVEY

Masonic-Unton

2,322,039.04 748,193.91
2,332,073.11 755,563.97
-10,034.37 -7,370.06
4§.0014901 n 4,00149
3.8674710 n 9.90632 ~10
0.134%0191 4.09517

53° k2’ 1272 - 076 = 11.6

Masonic-Telfalr

2,315,629.17 758,418.29

2,332,073.41 755,563.97
=16, 444, 24 + 2,854.32

4.2160138 n

3.4555026

0.7605112 n

99° 50" 49'h + 072 = U9)6

Telfair-Standpipe

2599 27* 16'3 + 0"2 = 1615

Telfair-Masonie

° s n ) "
279° 50 49.4 - 0.2 = W9.2

F16URE 33.—Computation of grid azimuths—Continued.

664,147
322,039
986,186
5.994
3.867 n
9.896 -20
9.757 -10,

- 0%

664,147
315,629

979,116
-991

3.456

9.896 -20

9.343 <10
+ 002

631,258
$25:685

290e2°
3:8% -20
9.276 -10
+0.2

631,258
332,073

963,331
5.98
3.456 n
9.896 -2Q

9.336 -10,
- 02




MANUAL OF PLANE-COORDINATE COMPUTATION 133

Telfair-Union

2,322,039.04 748,193.91 631,258
2,315,629.17 758,418.29 322,039

+ 6,409.87 ~10,224.38 953,297
979

. ggggg% 9.896 -20
- n
9.885 -10,

9.7972123 -10, 0
- 0.8

327° 654’ 56.0 - 0.8 = 552

Union-Telfalir
644,078
v o o » 315,629
147° 54 56.0 + 0.8 = 56.8 959,707
.982
.010
9.896 -20
9.888 -10
+o0'g

Unlon-Standpipe

644,078

. \ . 329,069

208° 54' 53.9 + 1.0 = 54.9 973,147
.988

.105
9.895 -20

9.989 -10
L}
+ 1.0

‘Union-Masonto

644,078
332,073
976,151
5.990
3.867
9.896 ~-20
9.753 -10
+0.6

2330 42' 1272 + 0% = 12"8

F1GURE 33.—Computation of grid azimuths—Continued.



134 U. 8. COAST AND GEODETIC SURVEY

Zming oo comutres
E4. Jan., 1929
State: . Georgla
No. BTATION OBSERVED ANGLE ~ CORR'N fymmsl Sruzmi  FLANE ANQLE

2-3

1 TPelfalr 20 23 29.8+0.3 30.1

2 Standpipe 108 4% U3.5+0.3 48.8
3 Masonic 50 51 L0.8+0.3 .1
13

12 551

FIGURE 34.—Triangle computation, Qeorgia.

COMPUTATION OF TRIANGLES

LOGARITHM

3.788257
0.457876 7
9.976325 9
9.889649 9
4.222459 6
5.135783 6



MANUAL OF PLANE-COORDINATE COMPUTATION

Observation Equations

135

o, log cos o log sin log cos «, log sin a4
: 1 1
fg log —:‘—1- log -—:‘i log —EE log —E
1 1 1 1
Obs.Z log gin v 108 gTnTe 108 ST 1w 108 Fin1”
28° s4' 52l9  9.94218 -10, 9.684 -10,
330 42 29.8 5.s%lﬁs -10 5.s3lﬁs -10
58 12 23.1 5.31443 5.31443
58 12 19.3 1.09409 n 0.83632 n
+3.8 -2k - 6.86
v, = +3.8-124%248x, +6.8647,
79° 27" 1671 9.26249 -10,  9.99260 -10p
28 54 s52.9 5.66!&2 -10 5.861&2 -10
50 32 23.2 @ 20MHB 3:314
50 32 23.2 0.44114 n 1.17125 n
-6.0 - 2.76 - 14.83 - 12.42 - 6.86
Vy = - 6.0 ~-2.76 0 %+ 14.83 Ayl +12.42 A x5 - 6.86 oy,
§9° o' u9‘.'g 9.23303 -10 g.;935 -10n  9.77229 -10g g.ggﬁég -10n
3 L2 211, 5.77754 -10 .7775% -10 5.90483 - . -
_ 5.31523 5.31403 5.31443 5.31443
ke 08 38.0
4 08 49.1 0.32501 1.08552 n 0.99155 n 1.12558 n
~11.1 +2.11 - 12.18 - 9.81 - 13.35
vyE-1lll+201ax ¢ 12,18 83,+9.81 A x, - 13.35 4 ¥,
150° 42' 3076
99 50 ;{9.6
50 51 1.0
50 51 4o.8
+ 0.2 +2.11 - 12.18

vy = +0.2-2.11 4 x - 12.18 & n
. Ficure 35.—Observation equations.
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279° 50" 9’2
259 27 16.5

20 23 32.7
20 23 29.8

+2.9

U. 8. COAST AND GEODETIC SURVEY

75 = +2.9 + ’4.87 Axl- 2.65 A y1

327° 54’ 55°2
279 Bo hd.2

44 o4 o06.0
4& o% 06.7

—_—

Vﬁ-

208° 54" 54ty
147 54 56.8

60 59 58.1
60 59 B7.h4

+0.7

v. =

7°

2330 42' 1278
208 54 549

28 47 17.9
20 up 133

+ 46

s

9.23304 -10, 9.99355 -10 9.26249 ~10
5.77134 -10 5.77 -10 5.86422 -10
5.31443 5.31443 5.31443
0.22501 n 1.08552 0.44114
- 2.1 + 12.18 ¢+ 2.76
Lok 2

. -10 . -
2-31“33 5.31#3}
1.16083 n 0.95804
- 14,48 + 9,08 - 2,11

2 - 0.7 +12.37 8%, - 3.10 Ayl - 14,48 A X, ~ 9.08 Ay2

9.94218 -10 9.68441 -10 9.92802 =10
5.53138 -10 5.83138 -10 5.9lszs =10
5.31443 5.31443 5.31443
1.09409 0,83632 1.16083
+12.42 +6.86 + 14,48

9.77230 -10

+0.7 - 1448 A - 9.08 & vyt 2.06 Axa-f 15.94% & ¥,

9.90632 -10

.90483 -10 5.90483 -10
3.31u43 5.31443
0.99156 1.12558
+9.81 +13.35 +12.k2

s+4.6 +2,61 5 x, + 6.49 Aya

FIGURE 35.—Observation equations—Continued.

9.99260 -10
5.86422 -10
5.31443

1.17125
*+ 14.83

+12.18

9.72523 =10,
5.91838 ~10
5.31443

0.95804 n
- 9.08

*+6.86



MANUAL OF PLANE-COORDINATE COMPUTATION

To hold the length Telfair to Union:

or

Ayo— Ay1=
sz—Azl

—tan a

Ay,=Ay,+0.6269 (Ax,—Ax;)
Making this substitution, the above equations become:

91=-+3.8—4.30 Az,+6.86 Ay, —8.12 Az,
9= —6.0+1.54 Az, +7.97 Ay, +8.12 Az,
vo=—11.14+10.48 Az;—1.17 Ay, +1.44 Az
2=—+02—2.11 Az,—12.18 Ay,

vs=-+2.944.87 Az,—2.65 Ay,

vo=—0.7+18.06 A:cl-—12.18 Ay1_20.17 Azz
v;=+0.7—24.47 Az, +6.86 Ay, +12.05 Az,
T)s=+4.6_4.07 Ax1+6.49 Ay1+6.68 Amz

137

Station Assumed co- : Adjusted co-
ordinates | COTTeCtion | oy dinates
Feet Feet Feet

B V-1 3 PN 2, 315, 629.17 +40.37 | 2,315,629.54

758, 418.29 —0.02 758, 418. 27

2, UBION oo oo e 2,322, 039. 04 +0.39 | 2,322,039.43

748, 193. 91 —~0.01 748, 193. 90

Table for formation of normal equations
Az Ayt A1y 7 z
1 —0.43 +0.69 —0.81 +0.38 —0.17
2 +0.15 +0.80 +0.81 —0.60 +1.16
3 +1.05 —0.12 +0.14 -1 11 =0.04
4 —0.21 -2 | .. +0.02 —1.41
5 +0. 49 —0.27 |SDTTIT +0.29 +0.51
6 +1.81 -1.22 —2.02 —0.07 —1.50
7 —2.45 +0.69 +1.21 +0.07 —0.48
8 —0.41 +0.65 +0.67 +0. 46 +1.37
Normal equations
An Ay Az n z

Ary | 411. 0408 —4. 3440 —6. 2786 —1.7678 ~1. 3406
Ay +5. 0788 -+3.8071 +0. 2454 +4.7873
Az +7. 3252 —0. 4149 +4. 4388
7 +2. 0424 4-0. 1051
2 +7. 9816
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Solution of normal equations

Az An Ars n z
+11.0408{ —4.3440 | —6.2786 | —1.7678 | —1.3406
Az +40.39345 | --0.56867 | +0.16012 | +4-0.12224
+45.0788 | -+3.8071 | -+0.2454 | +4.7873
Az ~1.7091 | —2.4703 | —0.6955 | —0.5310
+3. 3697 +1. 3368 —0. 4501 +4. 25634
Ayt ~0,30671 | +0.13357 | —1.26314
+7.3252 | —0.4149 | +4.4388
Az —3.5705 | —1.0083 | —0.7675
Ay —0. 5303 ~+0. 1786 —1.6886
43.2244 | —1.2416 | 41.98278
Az +0.38506 | —o0.6140¢
+2.042¢ | 40.1051
Azy —0.2831 | —0.2161
Ay —0.0601 | -+0.5685
Az ~0.4781 | 40.7635
+12211 | 41,2210
+7.9816
ATy —0.1650
ap —5.3764
Ary —1.2193
-+1.2209
Back solution Computation of Ay,
(See p. 137)
ATy an An Ayy=—0.0192
0. 6269(Az2—Az)) =+-0. 0085
+0.3851 | +40.1336 | -0.1601 Ayz=—0.0107
—0.1528 | -0.2190
—0.0192 | —0.0076
-+0.3715
Computation of corrections
1 2 3 4 5 6 7 8
+0.380 | —0.600 | —1.110] +0.020| +0.200 | —0.070 | -0.070 | +0.460
—0.160 { +0.056 | +0.350 ] —0.078 | +0.182| +o0.672| —0.910 | —0.152
—0.013 | —0.015 | +0.002| +0.023 | +0.005| +0.023| —0.013 | —0.012
—0.312 | +0.312 | +0.054 —0.778 | +-0.466 | +0.258
—0.035 | +0.477
—0.105 | —0.247 | —0.664 —0.153 | —0.387 | +0.56¢
-10 -~2.5 -6.6 —0.4 +4.8 —15 -3.9 +6.6
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DEPARTMENT OF COMMERCR
GEODITIC

B - i COMPUTATION OF TRIANGLES
State: Georgla
No. STATION OBSERVED ANGLE ~ CORR'N SIEENL Sramyn  FLANE ANGLE LOGARITHIM
2-3 3.272277
5 1 TPeifair 20 23 29.8 +4.8 34.6  0.457851 3
31+2 2 Standpips 108 44 48.5 -3.5 45.0 9.976328 7
4 3 Masonio 50 51 40.8 -0.4 0.4 9.889648 7
13 3.706457
12 59.1 3.619777
23 3.619777
7 1 Union 60 59 57.% -3.9 53.5  0.058188 3
546 2 Telfair 68 27 36.5 +3.3 39.8  9.968561 5
2 3 Standpipe 50 32 29.2 -2.5 26.7  9.887660 5
1-3 3.6u46527
12 03.1 3.565626
2-3 3.706U457
7+8 1 Union 85 47 10.7 +1.6 12.3  0.001175 3
6 2 Telfair 48 ok 06.7 ~-1.5 05.2  9.871537 &
3 3 Masonic U6 08 49.1 -6.6 k2.5  9.857993 8
13 3.579170
12 06.5 3.565626
2-3 3.2712277
g8 1 union 24 47 13.3  +5.5 18.8  0.277505 &
1 2 Standpipe 58 12 19.3 -1.0 18.3  9.929388 0
3+4 3 Masonic 97 00 29.9 ~7.0 22.9  9.996744 &
13 3.579170
12 02.5 3.646527

F1auRE 36.—Final computation of triangles, Georgia.



DZPARTMENT OF COMMERCTZ

U 6. COAIT AND GTOBITIC SURVEY POSITION COMPUTATION, THIRD-ORDER TRIANGULATION
Ed. Apdt], 1529 ° . ' ° . ”
_« i2 t038 331 | 16} 22.6l « |8 tog 151 116 l40.8
24y & 4+ 58 | 12| 18.3 lige,s & -97 |oo i22.9
o |2 tol 29 | 28| 40.91 o |3 o1 54 116 |17.9
Ax =] 44,1 | a0 - lol {02.3
180 00 00.0 180 00 00.0
« 11 to2 209 | 27166.81 ~ 2 to8 234 |15 |15.6
o , " FirsT AvoLp op Tr1aNGLB 2:"' !}7 1,8, -8 ° , " o , "
¢ |32 | 05 N5,7d6l2 Standpipe | » | 81| 06 114.907| s | 32| Ol P2.492|3 Masonic » |81 o5 [ho.604
s f - | 02 b5 oo sl 4+ 01]23.123 s | -] 01 11.956 ‘ | +|01 |57.425
#132 | 03 h0.537(1 Union v1 &1} o7i38.029 « ! 32103 10.5361 Union v | 81 o7 38.029
Logarithms Values in seconds ° 4 ” Logarithms Values in di ° ron
o {3.646527 jeren | 32 O 13.1 . [3.579170 se+en | 32 03 46.5
Cosa|9. 9397907 Logasithms | VENe8 10 1cosa| 9, 7663706 Logarithms | Viues In
B |8.5114307 i e _13.646527 B |8.511431 s __[3.579170
h_|p2.097748 mmmluzr,:auq Sina_|9.6920U43 n {1.8569723% tobterm 71.9U03| _sina_|9. 909461
2 {7.2930 A’ 18.5093122 2 |7.1583 A’ 18.5093122
Sintal9 . 3841 Bece [0,0718305 sima| 9. 8189 . Becs’ [0.0718305)
c |1.2025 a 11.9197140+83.1216 ¢ |1.2023 ) a|2.0697588+117.4245
7.8796 24 term | +0 . 007fsini (4699 - 7250613 8.1795 | 24term| +0.015%im3+40|9. 7249720
w [4.196 —ta_|1.6U47753+U4.23 | 1 13 714 —sa _|{1.7947308+62.33
D [2.346 p | 2.346
6.5u42 3dterm | +0,000 6.060 3d term | 4 O . 0003
-2 4126, 249 ~s¢ H71.95%

T1—3303 e SITINUDN F2OTINS GEOC e

Fieuzs 37,~Computation of geodetic positions, Georgia.
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Brea

ZNT OF COMMERCH

RT!
Y. 8. COAST AND Gmngﬁﬂc BURvVEY

POSITION COMPUTATION, THIRD-ORDER TRIANGULATION

Ed. Apri}, 199 ° » " ° ’ ”
o la 03 29 |28 |40.9 || « |3 to2 209 | 27 |56.8
a4y & +50 |32 |26.7 lia:, & - 60 |59 153.5
« |2 tol 8 |01 |07.6 | « |3 to1 148 | 28 [03.3
a - jo1 j23.1 | ., - |38.9
180 00 00.0 . J 180 00 00.0
o |1 to2 259 9 j4.5 | » |1 038 328 .| 27 | 24.4-1
o s v FiesT ANGLB o TRIANGLR 68° 27 39': 8 R . " . s "
¢ |32 o5 [5.7882 Standpipe » ] 8 |06 [1%.907) 4 | 32| 03 10.536]s Unton >} 81 ]07 138.029
2 - 123 .47% a +102 1364701 se +{ 01 #1.777 a +{01 |13.348
& 132 |04 [52.3131 Telfalr v |8 |og [51.377] &+ | 321 o4 §2.313|1 Pelfair v | & |og |51.377
Logarithms Values in ds ° ! ” L itk Values fn d o 1 u
. [3.619777 yeten 32 05 O4.1 o_[3.565626 16+e) | 32 O4 01,4
Cosa |9, 2388623 Logarithms | Y2lues o {6,.,19.9306151 Logarithms | Viues fn
B 18.5114307 s .619777 . B |8.5114331 P .565626
n [L.3700700] 15t term |+ 23. 4462 sina_[9.9933765 n |2.0076742) 1ot termrt el 7828] sina 9. 7184858
» [7.2395 A 18.5093115 2 [7.1312 A |8.5093115
Binta|9.9868 secsr [0.0719647 _ sima]9. 4370 Secs’ |0.07196W -
c |1.2025 o [2.19842971156 4695 ¢ |1.2020 a__ 1.86538800+73.3479
__|8.4288 24 torm | 40, 0268 bsini@+47/9.. 7252327 7.7702 2d term | 40.0059Kin3 (64499 . 7250220
w | 2,740 —aa [1.919662W+83.11 | 1, |4.015 —ae _|1.5904100+38.94
p [2.346 p |2.346
5.086 3dterm | + 6.361 3d term | $0.0002
—as P23.4729 -24-001.7767
3—0382 T 5 GOVIIIICN FADNT G S

F1ourE 37.—Computation of geodetic positions, Georgia—Continued.

NOILVILAJNOD ULVNIQUOOI-ENVId A0 TVANVIA

154!



142

TWO SHORT TRAVERSE ADJUSTMENTS EACH BEGINNING AND
ENDING ON THE SAME CONTROL LINE

U. 8. COAST AND GEODETIC SURVEY

Two short traverse adjustments in Georgia, each starting from one
end of a fixed line and ending on the other end, have been included as
samples on a transverse Mercator grid. The first is from Manta to
Clark and the second from Brooklyn to Renfroe. The following
table shows the details of the adjustment which in all respects are
similar to what have been described in previous adjustments. There
is no essential difference between these computations and those on a
Lambert grid.

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION

State Ga.. (West) Station Manta . ..
, 320 17' - "532 A (Central r:endlan) ﬁ llq.g gﬁ.ggg
A (Central meridian-) - » "Ol&.’wl
A (in sec.) - 1984.401
|__log ax 3.2976294k n log Sm? 9.430697
| _Cor. arc to sine - 670 log C* 1.20%92% =10
| _iog an, _3.29762274 n log &, 0-635619‘4
|__log cos o 9.92702781 -0 A
| _colog A 14906933k 4 32° 17" 32.532
| _log S, 4.71534389 n a¢ + 4.3320
| Cor. sine to arc. + 478 o' 32 17 36.8640
{_log S 4,71534867 n
L_log 3937/1200______9.- 51598417 __Tabular differer)ce) 101,04717
of y for 1" of ¢
L _log R = 4343
| _log Sg 5.23128941 n y (for min. of ¢") 830,456.79
_log Sg® 15.6938682_ n y (for seconds of ¢")_| + 3,725.00
|_log 1/66,2R? 4.5817896 - 20 v 834,181.79
_log (S5Y/66:) 0.2756578 n
" - 170,329,318 |8 iM%
-log an
._(S,y 86" - L.587 _log aa,
X' - 170,331.20
2,000,000.00 _log (an)?
x 1,829,668. 40 log F
log b
I—aa -
- b
aa !
PURE
aa

*Take out C first for ¢ and corract for epproximate ¢

FIGURE 38.—Computations of coordinates on traverse in Georgia.
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State Ga. (Weat) station Clark

N (Central meridian) 8 10 00,000
S aw 84 43 53,109
¢ 32 18 30.977 b
A (Central meridian-A) - 33" 53.109
AA(in sec.) =2033.109
|_log ax 3.30816066 0| 108 S 9.11-51602
| Cor. arc to sine. - 703 log C* _ 1. 206285 -/0
| log ax 3.30815363 n log ad 0 6:75;&15
|__log cos o 9.92695002 - 10 .
| _colog A 1.49069372 ¢ 33 1& 120.977
[_tog S, 4.72579737.n ad + 4.5485
_Cor. sine to arc + 502 o 32 18 35.5255
|_tog S, 4.72580239.n
| _tog 3937/1200____| 0.51598417 _Tabular difference 101.04750
| g R _ 4343 — of.y for 1" of ¢
_tog Sg 5.28174313 n y (for min. of ¢")___| 836,519.62
L log Sg° 15.7252294% =n y (for seconds of ") _| + 3,589.76
|_log 1/66,2R? 45617896 - 20 | _ 840,109.38
_tog (S¢7/66.%), 0.3070190 n
| s, - 174,478,988 | OB EE
__log ax
—(S5/66:2)s - 2.028 ot 0a,
X - a7h4,481.02
2,000,000.00 - _il_log (any®
X 1,825,518.98 log F
log b
Ay i
b
Aa "
aa °

# Take out C first for ¢ and correct for approximate ¢’
FIGURE 38.~~Computations of coordinates on traverse in Georgia—Continued.

Grid azimuth

MANTA-CLARK

T y
Clark 1,825,518.98 840,109.38
Manta 1,829,668.80 834,181.79
(Z2—21) —4,149.82 (y2—w1) +5,927.59

log (z2—z1) 36180293n
log (y2—1) 3.7728782

log tan @ 9.8451511—10n
Grid a 145°00°16°9



Adjustment of traverse, Mania to Clark, on transverse Mercator projection

Azimuth Geodetic| Grid Ao “obm | Propor-
. zimuth, : eodetic ri men men r
Line unadjusted Bine Cosine length | length z+az correc- vtay correc- ltgontall]
tion tion Dg|
e r o Feet Feet Feet Feet Feet Feet
Manta-Clark mecmme—mma——m——————— 145 00 16.9 1, 829, 668, 80 834, 181. 79
359 57 03.3 —3,030.34 4-4, 320. 65
Manta-Manta A ..o 144 57 20.2 —0. 57421089 +-0. 81870743 5277.7 5277. 4 1,828, 638. 46 +0. 02 838, 502. 44 —0.10 5277. 4
Manta A-Manta. . ..o cce el 324 67 20.2 1,826, 638, 48 838, 502, 34
195 17 10.7 —535. 94 +1,492. 08
Manta A-Manta B. oo emeae 160 14 30.9 —0. 33804950 +-0. 94112833 1585. 5 1585. 4 1, 826, 102. 52 +4-0.03 839, 094. 50 —0.13 6862.8
Manta B-Manta 4. ... _._______.__ 340 14 30.9 1, 826, 102, 55 839, 994, 37
120 54 26.9 ~583. 57 +115. 02
Manta B~Clark. . oo 101 08 §7.8 ~0. 98112635 <0, 19336777 594.8 594. 8 1, 825, 518. 95 +0. 03 840, 109. 52 —0.14 7457.6
Clark-Manta B . e 281 08 657.8 1,825,518, 98 840,109.38
43 51 19.1 —0.03 -+0. 14
Clark-Manta_ . 325 00 16.9
Clark-Manta___ 325 00 16,9

Fixed and final values are shown in bold-faced type in the above table.
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Geodetic positions from transverse Mércator coordinates

145

State__Ga  (Wegt) Station ___Manta A
| & 1,826,638.48 fog Sg 5.23894772 n
o 2,000,000.00 log 11200/3037)__|_9- 48401583 - /0
| %' (=x—C) - 173,361.52 tog (1/R) 4343
:-"'3/(5&:1‘. + 1.99 108 S, 4,72300698 n-
S, = 173,359.53 cor. arc to sine - 495
g s, 4.72300203 n
| tog S.2 9.ukisorh log A 8.50930638 - 10
| tog C 1.206192 - 10 log sec ¢ 0.07302889
|__log ag 0.652206 log A\, 3.30533730 n
cor. sing to arc + 69k
|y, 838,502.34% loga\ 3.3053442k n
| _¢'(by interpolation)} 32 14 14.6216{ A - 2019"36_68
| _ag ~ 4.4896 N\ (central mer.), 84" 10" 00,000
4 32 18 15.1320] A 33 39.9668
A 84 U3 39.9668
Station___Manta B
| x 1,826,102.55 fog Sg 5.24028819 n _
L c 2,000,000.00 log (1200/3937)__ | 9.88401583 =v0"
| X' (=x-C) - 173,897.45 log (l/R) 4343
L Y66 + 2.01 log Su, 4. 72434745 n
LS, - 173,895.44 cor. arc to sine, - . hog
log S, 4. 72434247 n
|_logs,’ | _9.4u8605 | iogaA 8.50930629 - 10
|_log C 1.206261 - 10 log se¢ ¢ 0.07304851
|_log ap 0.654956 fog aX, 3.30669727 n
cor, sine to arc + 698
Ly 839,994.37 loga\ 3.30670425 n
|_¢'(by interpolation) 32 1€ 34,147 aX -202_6,:}le#
ag = .5181 N (central mer.) 84° 10" 002000
| 32 18 29.8692]| a\ 33 u46.3024%

A

84 43 46.3024

F1GurE 30.—Computation of geodetic positions from coordinates, Georgia.



Adjustment of traverse, Brooklyn to Renfroe, on transverse Mercator progection

Asimuth Adjust. Adjust- | P
: : ust- ust- TOpOr~
Line o1 Adiustod Sine Cosine Glggggltllc 1&2& z4Az met cor, y+ay  fmont cor, ltiogai
osure juste rection rection en,
Unadjusted correction|for closure
L Y ” Feet Feet Feet Feet eel Feet

Brooklyn-Renfroe____.._____.__ 170 15 32,4 32.4 1,835,914, 35 796, 057, 91

18 49 310 310 ~+203. 18 -1, 270. 76
Brooklyn-Brooklyn 4______.__ 189 05 03.4 03.4 { --0.15788711 | --0. 98745717 1287.0 1286.9 | 1,836,117.53 —0.01 797, 328. 67 -+0.01 1286.9
Brooklyn A-Brooklyn_________ 9 05 03.4 03.4 1,836, 117,52 797,328, 68

146 42 39.3 39.3 —1,395.31 -+3,104. 01
Brooklyn A-Brooklyn B______. 155 47 42.7 42,7 | —0.40999953 | +-0.91208573 3403.4 | 3403.2 { 1,834,722 22 -0.02 , 432, 68 +0.05 4690. 1
Brooklyn B-Brooklyn 4._.__._. 335 47 42.7 42.7 1,834,722, 20 800, 432,73

183 00 34.2 34.2 —2,422.52 =46, 247. 14
Brooklyn B-Brooklyn C______. 158 48 16.9 16.9 | —0.36154818 | --0. 93235343 6700.9 6700.4 | 1,832, 299. 70 ~0,05 808, 679. 82 ~+0.12 11390. 5
Brooklyn C-Brooklyn B_____.. 338 48 16.9 18.9 1, 832, 299, 65 806, 679, 94

194 556 2.5 215 —115. 50 ~-1, 050. 77
Brooklyn C-Brooklyn D......__ 173 43 38.4 38.4 | —0.10926012 | +0.99401319 1057. 2 1057.1 | 1,832, 184,20 —0.05 807, 730. 59 +0.13 12447.6
Brooklyn D-Brooklyn C........ 353 43 38.4 38.4 1,832,184, 15 807,730, 72

159 50 55.7 55.7 —496. 85 999. 86
Brooklyn D-Brooklyn E____._. 153 34 341 34.1 | —0.44500816 | 0. 89552651 1116.6 1116.5 | 1,831, 687.35 ~0.06 808, 730. 45 —+0. 14 13564. 1
Brooklyn E-Brooklyn D..__... 333 34 34.1 341 1,831, 687. 29 808, 730, 59

236 45 57.4 +0.1 57. 5 : —+1, 586.31 -2, 710. 07
Brooklyn F-Renfroe......_..._ 210 20 31.5 31.6 | +0.50516206 | 0. 86302450 3140.4 3140.2 | 1, 833, 273. 66 —0.07 811, 440. 52 +0.17 16704.3
Renfroe-Brooklyn E.__________ 30 20 315 3.6 1,833, 273.59 811, 440, 69

319 55 00.7 +0.1 00.8 +0.07 -0.17
Renfroe-Brooklyn............_. 350 15 32.2 32.4
Renfroe-Brooklyn_____________. 350 15 35. ; 32.4

Fized and final values are shown in bold-faced type in the above table,
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ADJUSTMENT OF A TRAVERSE THAT LIES PARTLY IN ONE SYSTEM
OF COORDINATES AND PARTLY IN A SECOND SYSTEM

Cases will arise in which a traverse extends beyond the limit of
one system of coordinates into an adjoining system. A considerable
overlap of neighboring systems has been provided in the tables so it is
possible to take care of any such instances as mayarise inpractice.
Unless the traverse is a very long one it can be computed and adjusted
entirely on one grid and then such points as desired can be transferred
to the second grid by first computing the geodetic positions from the
coordinates and then from these positions the coordinates on the
second grid.

As an example of the adjustment of a traverse on two grids, a section
of traverse lying partly in South Carolina and partly in Georgia has
been selected because it furnishes an example not only of passing
from one grid to another but of the more complicated case of passing
from a Lambert grid to a transverse Mercator grid. (For grid table
of South Carolina see fig. 40.)° This traverse is such that it could
be computed and adjusted either entirely on the South Carolina grid
or entirely on that of Georgia. However, for the sake of an example,
it is computed partly on the one grid and partly on the other. It is
only necessary to compute 2 stations in the overlap section on the
first grid and then by passing through the geodetic positions to place
the coordinates of these 2 stations on the second grid together with
the grid azimuth on the new grid. Then the rest of the coordinates
can be computed on the new grid to determine the closing error. Since
the general direction of the traverse is north and south, the corrections
to the geodetic angles were computed and applied to the angles in the
Georgia section which is based on a transverse Mercator projection.
This gave marked improvement in the closure of the traverse. The
corrections were not computed on the part in South Carolina because
a north and south line on the Lambert grid has very small correction
and for our purpose is negligible.

No attempt was made to close the azimuth before distributing the
closure in coordinates because it would entail further complications.
The distribution of the closure in 2 and y coordinates takes care of this
element just as well in the long run. The discrepancy would have
been somewhat reduced by applying the azimuth closure first but it
was not thought advisable to introduce any further complications than
were necessary. A study of the procedure followed in this example
will show clearly how to handle traverses that pass from one grid into
another. The two grids can just as well be of the same class as of
different classes as in this case. This computation can therefore serve
as an example for any such case as may arise in practice.

8 For State map of South Carolina showing elements of the 2 grids covering the State see fig. 63, p. 264
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U. 8. COAST AND GEODETIC SURVEY

Lambert Projection for South Carolina ~ Horth

Table 1.
Lat. " ¢ Tabul ar Scele in | 8cale
£t. Y value on| difference] units of | expressed
central for 1 sec.} 7th place| as &
meridian of lat. of logs ratio
feet feot
° 00| 31,127,724, 0 101.09167 +987.1 1.0002273
3 01 %111211159.%2 6,065.50| 101.09117 | +957.5 | 1.0002205
02 1,115,593.78 12,130.3; 101.09083 +928,3 | 1.0002137
0 31,109,528.331 18,156.421 101.09033 | +899.5 | 1.0002071
ok | 31,103,462.91 1 24,261.84] 101.09000 +SZ§'O 1.0002006
05 §1,09;,397.51 30,327.24| 101.08967 .9 | 1.0001941
° 06| 31,091,332.13 | 36,392.62] 101.089 +15.1 | 1.00018
3 07 3110851226. 2 321327.98 101.088%% +7s;. 3000181
08 %1,079,201. ua,sez.gl 101.08850 | +760. 1.0001751
03 1,0%3,136.13 gg,:ss. 21 101.08833 +732.9 1.0001680
10 | 31,067,070.83 0,553.92 | 101.08783 +707.6 1.0001629
° 11¢ | 31,061,005.56 ] 66,719.19} 101.08750 | +681.6 | 1.000156
T 21:022:943.31 72;783.u3 '101.05223 +656.0 M
1 31,048,875,07 8,849,68].101,08683 +630.7 1.0001452
1 31,0u2,809.86 | 84,914,891 101.08667 | +605. 1.0001395
15 | 31,036,7404.66 | 90,980.09] 101.08633 | +581.3 | 1.0001338
330 16¢ 31,030,673.“8 97,045.27 | 101.08600 +557.1 1.0001283
17 | 31,024,61h,32 { 103,110.43 | 101,08583 +533.3 | 1,0001228
18 31,015,223.11 109,113.53 101.08550 :229.8 1.0001174
19 | 31,012,5486,04 | 215,240.71 | 101.08517 6.7 |1l.0001121
20 | 31,006,418.93 |121,305.82 } 101.08500 +Hi64,0 1.0001068
o 21 | 31,000,353.83 |-127,370.92 | 101.0848 +441,6 | 1.000101
P 5 §o;99u:252. H 133, ;§.01 101.08“58 +419.6 1.0000962
23 | 30,988,223.67 |139,501.08 | 101.08433 +398.0 | 1.0000916
2 30,962,158.61 | 145,566,114 | 101.08400 +376.7 | 1.0000867
25 | 30,976,093.57 | 151,631.18 | 101.08400 +355,8 | 1.0000819
33 269 | 30,970,028.53 |157,696.22 | 101.08367 +335.2 1.0000772
27 | 30,963,963.51 |163,761.24 | 101.08350 +315.0 | 1.0000725
28 | 30,957,898.50 |169,826,25 | 101.08317 +295.2 | 1.0000680
29 {30,951,833.51 |175,891.24 | 101.08317 +275.Z 1.0000635
30 { 30,945,768.52 |181,956.23 | 101.08300 +256. 1.0000591
° 31 | 30,939,703.54 | 188,021.21 | 102.0828 +237.9 1.0000548
» ge %o:3§3:633.§7 194,086.18 101.0826; +219. 1.0000505
3 30,927,573.61 | 200,151.1k | 101.08250 4201, 1,0000
3 30,921,508.66 |206,216.09 | 101.08233 +183.8 1.0000423
35 |30,915,443,72 | 212,2¢1.03 | 101.08233 | +166.5 | 1.0000383

FIGURE 40.—Lambert projection tables for South Carolina.




MANUAL OF PLANE-COORDINATE COMPUTATION

Lambert Projection for South Carolina - Rorth
Table I (Cont'd).

149

Lat. R YY Tabular Soale in [ Soale
e, Y value on] difference] units of |} expregsed

central for 1 sec.| 7th place| as a

Meridian of lat. of logs ratio

feet feet
© 36° | 30,90 8.78 . 101,0821 149.6 | 1.0000344
» 37 30,303,37 75 aau 323.33 101.08203 Ix';‘%.o 1.0000306
8 |30,897,248,93 230 u 101.08200 | +116.8 | 1.0000269
3(9) 30,891,184 ,01 Z 101.08183 | +100. 1.0000232
}0,885,119.10 5 {101.08183 | + &5, 1.0000137
° 419 | 30,879,054.1 zus 670. 101.0816 + 70, 1.0000162
33 k2 3 ig’ 5 3 azg 7;5 36 101. 0516; + és.g 1.0000128
R a 6 00.36 | 101.08150 + 4.1 1.0000095
30, 360 852 20 266, 865.2 101,08150 + 27.1 1.0000062
45 |30, 35'/' 794,61 272,930 1k | 101.,08150 + 13,4 1.0000032
L6t {30, 29,72 | 278,995.03 | 101.081 0.0 1.0000000
% L7 %o,she,le z?;a 2%5,855 92 101.051% - 12.9 0.99999 o
4g 30 836 599. 291,12 101.08150 - 25.5 10.9999941L
49 g 35,05 297,152 70 101.,08133 - @z 0. 9999913
50 | 30,824 70 17 | 303,25 101.08150 | - B9, 0.999988

33° 51t | 30,818 uos.es 309,319.47 | 101.08150 | - 61.1 | 0.999985
3 52 |30,812)340.39 | 315, 3 Z 101.08133 | - 72.3 | 0.999983
gz 30,806,275. 21 321 B-uz 101,081 - 83,1 ]0.9399809
30 soo 210. 327,514.13 | 101.08167 = 93.5 0.9999785
55 |30,79%4,145.72 | $33,579.03 | 101.08150 | -103.5 }0.9959762
o 56t 88,080.8 9,64 .92 101.08167 ~113.2 0.9999739
3 Eg %gf;sa,015.9g 335' 2.35 | 201 0816y | T123:5 |0:999372 12
30,775,951.03 351 773-72 101.08183 | -131.5 }0.9999 97
59 , 769,886, 357 3 101.08183 | -1B0.1 ]0.9993%677
340 00 | 30,763,821.21 363,903 54 | 101.08200 | -148.3 | 0.9999659
4o 01t 7 6.29 | 369,968.46 [101.08217 | =-156.2 |0.99996k0
Al %8’7511 2 zg 376 033. 39 101.08217 | -163.7 |0.9939623
§ |BEets | s ey | 2 | e
05 30:753:396 55 394 22%.20 | 101.08250 Tithis 10:3339276
o6t |30,727,431.60 | 400,293.15 { 101.08267 -~190,0 0.9999563
ool 07 go,.'az; Z 406, 52 11 j101.08283 | -195.7 | 0.9999549
08 30,715,301.67 112,423.08 | 101.08300 | -201.0 |0.999953
09 | 30,709,236.69 1§18, 488,06 | 101.08317 | «205.9 [ 0.999352
10 |{ 30,703,171.70 42k 553.05 | 101.08333 { =210.5 | 0.9399515
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U. 8. COAST AND GEODETIC SURVEY

Lasbert Projection for South Carolina - Rorth
fable I (Cont'd).

Lat. R b4 Tebular 8cale in | Boale
4. Y velus on} difference | units of | expressed
central for 1 sec. 7th place as a
meridian of lat. of logs | ratio
feet feet
Yo 11¢ | 30,697,106.70 | 430,618.05] 101.08350 =21k, 0.9999506
T 30;691:ou1. 9 ﬁ§6:683.06 101.05287 ~218, 0.9999497
13 | %0,684,976.67 |- 4h2,74&.08 | 101.08600 | -222.1 |0.9939489
1 30,678,911.63 | 48,813,121 101.08417 | -225.2 0.9999481
15 | 30,672,846,58 | 454,878,17 | 101.08433 | -227.9 0.3999475
4o 16t | 30,666,781.52 | 460,943.23 | 101.08450 | ~230.3 | 0.9999470
3 17 | 30,660,716 u67;oog.3o 101.08483 | -232.5 0.9999AZ5
18 30,63:,651.36 u73,o73.33 101.08500 | -23L.0 | 0.9999461
19 | 30,648,586.26 2138, 101.08533 | =235.% | 0.9999458
20 | %0,642,521.14 | 485,203,611} 101.08550 ~236.2 0.9999456
ke 210 | 30,636,456.01 | 491,268.74 | 101.08583 | =~236.8 0.999945
22 | 30)630,390.86 | 497,333.89 | 101.08617 | -237.0 0.9999453
2 30,62u,225.69 503,3%99,06 | 101,08633 -236.8 o.9999u52
2 30,618,260,51 | 509,L46%.24 | 101.08667 -236.3 0.999945
25 |30,612,195.31 | 515,529.44 ] 101.08700 | -235. 0.9399458
340 26v | 30,606,130.09 | 521,594,66 | 101.08733 «234,1 0.9999461
27 | 30,600,0864,.85 527’659'98 101.08767 | =-232.5 [ 0.9999u465
28 130,593,999.59 | 533,725.16 | 101.08800 | -230.5 | 0.9930L69
29 | 30,587,934.31 539,790.&# 101.08617 | -228.1 | 0.9939475
30 |30,581,869.02 | 505,855.73 | 101,08867 |-225.4% |0.993948l
34 3% ] 20,575,803.70 | 551,921.05 | 101.08900 | =-222,2 | 0.9999488
32 | 320,569,738.36 551,986.39 101.04933 |-218.9 |0.9939496
33 |3%0,563,673.00 | 56 ,051.73 101.0898%3 | ~215.1 {0.999950
3 30,557,607.61 | 570,117.1% | 101.09000 | -210.9 ]0.999951
35 |30,551,542.21 | 576,122.54 | 101,09050 | -206.3 0.9999525
e 36t | 30,545,476,78 582,247.37 301.09100 | -201.% 0.9999525
37 | 30,539,411.32 | 588,313.43 1101.09133 |-196.1 }0.99995
38 |320,533,345,84 594,178.21 101,09167 | -190.% |0.9999562
zg 30,527,280.3% | 600,044,041 } 101.09217 | -184.4%  ]0.9999575
30,521,214.81 | 606,509.9% | 101.09267 | ~178.0 |0.9999590
ke 413 | 30,515,149,2 612,575.50 | 101.09300 ] ~171.2 }0.9999606
S 201509:053.6? 618,6Z1.08 101.09350 | -164.1 | 0.9999622
ﬁz 30,503,018,06 | 624,706.69 101.o9z53 -156.6 | 0.9999639
20,496,952.43 | 630,772.32 | 101.09450 | -1k&.7 | 0.9999658
45 130)490,886.76 | 636,837.99 | 101.09483 | -1k0.5 0.9999676
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MANUAL OF PLANE-COORDINATE COMPUTATION

Lembert Projection for South Carolina - North
Table I (Cont'd).

151

Lat. R 1! Tabular Scale in | Scale
ft. Y value on) difference | units of expressed

central for 1 sec. | 7th place! as &

meridian of lat. of logs ratio

feet feet
Lo L&t] 30, LSk, 821,07 ) 642,903.68] 101.09533 -~131.2 | 0.9999696
3 47 go w78, 755 25 | Ghe, 63 401} 101, 09680 -132.9 0.9999717
ug { 30, 472 89,59 655 035. 16 101.09633 =113.6 0.9999738
49 | 30,466,623.81 | 661,100.94| 101.03683 | -103.9 | 0.3399761
50 | 30, Y460, 558,00 | 667,166.75 | 101.09733 | = 93.8 | 0.359978k
3he 51t 30 ﬁgg u9a 673,232.59| 101.09800 | = 83.3 | 0.9999808
52 679, 28 ﬁ 101.09850 | - 72.5 | 0.5999833
5 3o S 360 37 685, 26k, 101.09900 | - 61.3 | 0.9999859
5 30,436,291, 691, %30. 12 101,09950 | = 49.8 | 0.9999885
5 | 30.430,228. us 697,456,291 101.18017 | - 37.9 | 0.9999913
b 560 | 30,424,162.45 703.562 30! 101,10067 | ~ 25.6 { 0.9999941
57 | %0,418,096. ul 709, s.au 101.10117 = 13.0 0.9999970
58 30 412 ogo 715,694,021 | 101.10183 0.0 | 1.0000000
59 4,23 | 721,760.52 | 101.10250 + 13.% | 1.0000031
35° 00 30 199 sgs 0F | 727,826.67 | 101.10317 + 27.2 1.0000063
35¢ 01t 93,821 .89 | 733,892.86 | 101,10 6 + 11.3 1.0000095
02 30 387 7 5 67 739,959.08 { 101,1041 + 55.8 1.00001.28
0 3 766.625.33 | 101, 10500 + 70.7 1.0000163
Q ,375, Zg 752,091,563 | 101,10567 | + 85.9 1.0000198
05 G, 5 758,157.97 | 101.10617 4101.5 1.0000234
35° 06t | 30,363,500.41 | 764,224, 34 |.101,10683 | +117.%. | 1.0000270
07 { 30,357,43%.00 | 770.290. ;5 101.10750 +133.8 1.0000308
08 | 30,%51,367.55 | 776,357.20 | 101.10833 +150.5 1.0000347
09 30,3 5,301.05 782,023,76 | 101.10883 +167.6 1.0000386
10 | 30,%39,23k.52 | 748,490.23 | 101.10950 | +185.0 | 1.0Q00%26
350 11% | 30,333,167.95 | 794,556.80 | 101.11033 +202.8 | 1,0000467
12 { 30,327,101.33 | 800,623.42 | 101.11100 | +221.0 1.0000509
1 30,321,034.67 | 806, 690.08 | 101.11163 +239.6 | 1.0000552
1 30, ?1# 967.96 | 812 756 79 | 101.11233 +258.5 1.0000595
15 | 30, 508,901.22 |#18,823.53 | 101.11317 +277.8 1.00006

35¢ 16% | 30,302,834,43 1824,890. 32 101.11400 +297.4 1.0000685
17 | 30, 296,767.59 530 951 101.11467 +317.5 1.0000731
18 | 30,290,700.71 | 837,02 101.11550 +337.9 1.0000778
19 {30, Y28k, 633.78 | 863,090, 91 101.11617 +358,7 1.0000826
20 | 30,278,566.81 |849,157.9% | 101,11700 +379.8 } 1.0000875

FI1GURE 40.—Lambert projection tables for South Carolina—Continued.



152 U. 8. COAST AND GEODETIC SURVEY

Lanmbert Projection for South Carolina « North
Table I (Conttd).

Lat. R byl Fabuler Scale in | 8Bcale
£t. Y value on | difference| units of | expressed

oentral for 1 sec.| 7th place} as a

meridian of lat. of logs ratio

feet feet.

350 211 z 499,79 25 224,96 1 101.11783 +401.g 1.0000924%
22 30 1266 ZZ.ZZ 1,292,03% | 101.,11850 1.0000974
2 20,260, 5. 11 867, 59 14 | 101.11950 4&5.5 1.0001026

2 30 223 298 §73,026.31 | 101.12017 | +468.1 | 1.0001078
25 | 30,208,231.23 | 879,493.52 | 101,12100 | +491.1 } 1.0001131

35° 26t | 30,242, 162 .97 | 885,560.78 [ 101.12183 | +514.4 | 1,0001184
27 | 30, ’236,09 891,628. 09 1101.12267 +525.2 1.0001239
28 | 20,230,029, 30 8597,695.45 | 101.12350 . 1.0001295
29 | 30,223,961.89 | 903,762.86 §101.12450 | +586.8 | 1.0001351
30 | 30,217,&94.42 | 505,830.33 +611.6 | 1.0001408

A = 0.56449738
iog. &= 9.7516619306 - 10
log X = 7.6419678060

s X2~ y2-Y1 ., +0
Geod, A2, = Grid. Az. = = & - 2L =2

2 C;‘\sl ) (Yl Yo + 3 b

Y, = 497,599.22 feet

1o 1 = 0.3731036 = 10

gZQc’zsinl"

F1GURE 40.—~Lambert projection tables for South Carolina—Continued.
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Lambert Projeotion for Bouth Carolina ~ North

153

Table II.
1* of long. = 0956449738 of @
LONg. e Long. 2] Long. [}
78° 20%[+1° 30% 1991748
21 |+1 29 U5.3050 ||78° 56¢{+1° 09¢ 5918605]|79° 31%} +0° ﬁ°' 1414160
22 |+1 29 11.43%2 57 {¥1 09 25.9907 32 |+0 B9 5462
23 |+1 28 37.5653 58 |+1 08 52.1208 33 +0 49 06.6763
2 |+1 28 03.6952 59 |+1 08 18.2510 3G 1+0 k8 32.8062
25 |41 27 25.8256 lj79° 80 {+1 o7 Lbh.3811 35 | <0 47 58.936
78° 261|+1 26 55.9558 ||79° o10f+1 07 10.5113[}79° 36%|+0 47 25,0668
27 {+1 26 22,0859 02 [+1 06 36.6k15 37 |+0 46 51.1970
28 |+1 25 Mg.2161 03 |[+1 06 02.7716 33140 46 17.3271
29 l«1 2 1&.&463 ok [+1 05 28,9018 Bg +0 45 43, 73
30 {41 24 bo.476 05 |+1 of 55.0319 +0 45 09.587
78° 311141 24 06.6066 {|79° 06|41 o4 21,1621 11790 M1tj40 U4 35.7176
%2 41 2 2.726 07 |+1 03 Uuy.2922 4o |40 44 O01.8R[7
a +1 2 8,8669 (| 08 [+1 03 13.422 ﬁz +0 43 27.9779
34 J41 22 24,9970 09 {41 02 39.5526 + U2 54,1081
35 {41 21 6l.1272 10 [+1 02 05.6827 45 |+ L2 20.2382
78° 363041 23 17.25741{79° 111+l 01 31.8129179° 46v+0 h1  u6.368L
37 |+1 20 U43.3875 12-[+1 00 57.9430 47 140 41 12,4985
38 l+1 20 09.5177 13 {+2 00 24,0732 4g |«0 Lo 38,6287
33 +I 19 35.6478 14 |40 59 50.2033 49 |+0 4o Ok.7588
+1 19 01.7780 15 [+0 59 16.3335 50 |+0 39 30.8890
780 L1vi+1 218 21.9081 79° 16t|+0 58 42.4637|79° 511{+0 38 57.0192
42 |41 17 54.0383 17 |+0 58 05.5933 52 |+0 38 Eg.1u93
ﬁa +1 17 20.1 sz 18 |+0 57 34.72 53 140 37 .2793
41 16 46,298 19 |+0 57 00.8541 54 140 37 15.409
b5 |41 16 12.4288 20 |+0 56 26,9843 85 |40 36 U41.5398
78° L6tj+1 15 36.2289 79° 21t}+0 55 53.2144|179° 56'1+0 36 07.6699
47 l+1 15 04,6891 22 |+0 55 13.2 57 {+0 35 33.8001
g |+1 10 30.8192 23 |40 5 37 58 |40 3 59.9303
49 141 13 56.9494 24 {+0 54 11,5049 59 |+0 34 060
50 |+1 13 23.0796 25 [+0 B3 37.6351(|80° 00 [+0 33 52,1906
ge 513[+1 12 149.2097 ||79° 261 |+0 53 03,7652 [1€0° QLt1+0 33 18,3207
! 52 |41 12 15.2;9; ? 27 |+0 52 29.8954 02 {+0 32 Lk,
5z £ 11 41.B7% 28 140 51 56.0255 gﬁ 40 32 10,5810
58 [+1 11 o07.6002 29 |+0 51 22,1557 40 31 36.7112
55 |41 10 33.7304 30 {+0 50 48,2859 05 [+ 51 0d2.641%
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U. 8. COAST AND GEODETIC SURVEY

Lambert Projection for South Carolina = Rorth
Table II (Cont'd).
19 of long. = 0956449738 of ©

Long. o Long. ] Long. (-]
80° 069] +0° go' 2899715 [[g0° L1v|+0° 10% ugﬂ. 270 [[81° 16! <0° 099 0199175
07 |+0 29 55.1017 42 140 10 09.8572 17{-0 09 35.787%¢
08 |+0 29 21.2318 l& %0 09 35.7873 18| =0 10 09.6572
‘09 |40 28 47.3620 40 09 01.9275 19[-0 10 43.5270
10 j+0 28 13.1921 ks 140 08 28.0476 20 -0 11 17.3969
80° 119{+0 27 39.6223||g0e L6 |+0 07 S4.1778(|81° 21 =0 11 61.2667
12 |+ 27 05.7525 L7 140 07 20.3080 221-0 12 25.1363
13 [+0 26 31,8825 4g 140 06 381 2310 12 .006
14 |+0 25 54,0128 4y [+0 06 12.5 sz 2b =0 1 32.3122
15 |+ 25 .1l29 50 [+0 05 38,698 25{-0 1 L7h61
€0° 16t +0 24 50.2731|f80° 5110 05 O4.8286 |{g1° 26% -0 14 40.6159
17 |+0 24 16.40%2 52 |+0 © 0.9587 271 -0 15 1k 4858
18 |40 23 ha.sz;le. 53 40 03 57.0889 281 -0 15 48,3556
19 {+0 23 08.6636 54 |40 03 23,2191 291 -0 156 =22.2254
20 [+0 22 34,7937 55 |+ O 9.3492 30|~0 16 56,0953
80° 21%|+0 22 00.9239 {|800 56%/+0 02 15.4794 |81 31§ <0 17 29.9651
22 |+ 21 27.05 57 |+0 01 41.6095 321 -0 18 03.822
AR AR R

. . 1 .

25 {+0 19 us.amg 81200} 0 o0 3, %5 -0 13 b5, z
#0° 26%|40 19 11.5747[{81° 01t{-0 00 33.8698[(&1° 364 -0 20 19,31k
27 {+0 18 .7048 02 |0 01 07.7397 27 -0 20 53.%5&2
28 |+0 18 03.8350 03 |-0 01 41,609 2l -0 21 27.0540
29 {+0 17 29.9651 ok -0 02 15.479 3‘9) -0 22 00.9239
30 |40 16 56.0953 05 |~0 02 Ug.3lg2 =0 22 34,7937
80° 3140 16 22.2254 ||g1° 06%]=0 03 23.2191{181° 414 -0 23 08.6636
%2 0 15 us.agge 07 |~0 o3 5*3/.0829 ko| -0 23 uazg%u
33 |+0 15 1k.G&bg og {~-0 OhF 30,9587 ﬁz -0 24 16,0032
34 140 1§ ko.6159 09 |~0 05 04.8286 ~0 24 50.2121
35 |+0 14 06.7461 10 |~0 05 38.6984% ksf -0 25 2k.1429
80° 367|400 13 32.8762([81° 11%|=0 06 12.2633 810 U6y -0 25 58.0128
37 {+0 12 59,0064 12 |0 06 46,4381 471 =0 26 31,8826
38 |40 12 25,1365 13 [-0 07 20.3080 kgl -0 27 05.7525
ig 40 11 51.2667 1b.1-0 07 5b,1778 ol -0 27 39.6223
40 11 17.3969 15 |=0 08 28.0476 50l =0 28 13.4921
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Lambert Projection for South Carolina « North

Table II (Cont'd).
14 of long. = 0956449738 of @

155

Long. ] Long. e Long. [
#1° 51t[-00 28t 4793620 ||82° 261]~0° Ugt 3288065 [183° 0Lt} ~1° 08" 1812510
52 |0 29 21.2318 27 |=0 49 06.6163 o2 |~1 08 52,1208
53 |-0 29 55,1017 28 |-0 49 Lo.shed 03 |- 09 25.9907
51 -0 30 28,971 29 |-0 50 1%.h4160 okj-1 09 59,860
55 |-0 31 o02.84) 30 [~0 50 48,2859 05|=1 10 33,730
#1° 66| =0 31 36,7112 [|82° 31V -0 51 22.1557|[83° 064 -1 11 07.6002
57 1-0 32 10.5810 32 1.0 Bl 56.0252 071-1 11 M1.4700
58 |0 32 4. Bs509 33 (-0 52 29.895 08| -1 12 15.3399
59 |-0 33 18.3207 34 1-0 53 03.7652 09 ~1 12 L9,2097
g20 00 |-0 33 52,1906 35 |=0 53 37.6351 10{ -3 13 23,0796
g20 OL'[-0 34 26,0604 l82° 363 -0 54 11,5049 1l&30 119 1 13 56,9494
02 -0 34 59,9303 37 (-0 54 45.3Kﬁs ’ 12{-1 1 ﬁo.g192
%% Rkl B3R umEl B3R Es
05 |~0 36 h1.5398 |5 56 22398“} 15| -1 16 350288
820 06']<0 37 15.4096 {820 L1tl—0 57 00.85U1 [[83° 164 ~1 16 U6.2986
Q7 [~0 37 U49.2795 ka2 |-0 B7 34,7240 171 -1 17 20.1685
08 |-0 38 23,1493 ﬁz -0 58 08.2938 18| -1 17 5%.0383
09 |-0 38 57.0192 -0 58 42,1637 19 ~1 18 27.90€1
10 |-0 39 30.8890 1] k5 1-0 59 16.3335 20| -1 19 01.7780
#2° 11| =0 40 Ok.7588 || 820 46 <0 59 50.20 83¢ 219 ~1 1 6478
12 |-0 40 38.6287 k7 1-1 00 zu.olgg 2 22 -1 28 33.51;7
13 [=0 12.#982 kg 1.1 00 57.9430 231 -1 20 43,387
14 |=0 L1 46,368 k9 -1 01 31.8129 et -1 21 17.257
15 |-0 k2 20.2382 50 |=1 02 05.6827 25]-1 21 .127
82 16'1-0 Y42 54,1081 |[82° 51°f -2 02 39.5526 |[&3° 264 -1 22 24,9970
17 | =0 ﬁz 27.9779 52 {-1 03 13.0h22 27} -1 22 58.8659
18 | -0 01.8577 53 |~1 03 Uu7.2922 281 -1 23 32,7367
19 |-0 U4 35,7176 54 {-1 ol 21.1621 29 -1 20 06.6066
20 |-0 45 03.5874 55 1-1 ok 55,0319 30]-1 24 L7668
820 211 -0 45 43 u573i[82° 56 -1 05 28.9018(183° 311 -1 25 14,346
22 -0 46 17.3271 57 |~1 06 02.7716 ? ga ~1 22 48.3162
23 1-0 U6 s51.i970 58 -1 06 36.6415 331 -1 26 =22.0859
2k |0 47 25,0668 59 | ~1 07 10.5113 344 -1 26 55.9558
25 |=0 47 58.,9366(183° 00 |=~-1 O7 Mhk.3811 35] -1 27 29.8256
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U. 8. COAST AND GEODETIC SURVEY

Lambert Projection for South Caroline - South

Table I.
Lat. R Yt Tabular 8cale in | Soale
ft. Y value on| difference{ units of | expressed
central for 1 sec.| 7th place] as a
meridian of lat, of logs ratio
feet feet
1° 50%| 32,676,887.6 0 101.06367 +600. 1.000138
3 21 %2:6;0152§.s§ 6,063.82 101.06533 +575., 1.0001%23
52 32,66u,zeo.o 12,127.62 | 101.06%17 +550.5 1.0001268
5 32,658,696.2 18,191.41 | 101.06283 +526, 1.0001211
5 32,622,6Z§.u7 2k, 255,18 | 101.06250 +501.8 1.0001155
55 | 32,0k6,568,.72 30,318,93 | 101.06217 78.0 1} 1.0001101
10 56%| 32,640,504, 6,382.66 ( 101.06200 b, 1,0001047
3 27 %2,634:241.2? EQ: .38 | 101.06167 | +471. 1.0000993
54 | %2,624,377.57 48,510,08 | 101.06133 8.7 1.0000941
59 2,622,313.89 2&,573.16 101.0€117 +386,3 1.0000889
32° 00 §2,616,250.22 0,637.43 1 101.061200 +364,3 1.0000839
2° 01'] 32,610,186.56 66,701, 101.06067 +342.6 1,0000789
3 02 %2:eou:122.32 72176#.?5 101 .06050 +§21.2 1.0000740
0 32,596,059.29 73,828.3 101.06033 +300. 1.0000692
0 32,591,995.67 | 84,891.98 { 101.06000 | +279.8 1.0000
05 | 32,585,932.07 | 99,955.58 | 101.05983 +259.6 1.0000598
320 06!} 32,579,868,48 | 97,019.17 | 101,05983 +239,8 1.0000552
07 32,5Z;.804-89 103,082.76 | 101.05550 +220, 1.0000207
08 | 32,5 ,Zul.zz 109,146,33 { 101.05933 +201, 1.0000453
0% 2,561,677.76 |115,209.89 | 101,05917 +182.4 1.0000420
10 %2,555,61 21 |121,273. 101.,05300 +164.0 1.0000378
2° 111} 32,549,550,6 127,336.98 | 101.0588 +146,0 1.0000336
3 12 32:§u§1227.1 133, 30.51 101.0556% +128.3 | 1.0000295
1 3e,537,u423.62 1a 464,03 | 101.05867 +111.0 1.0000256
bt 2,5%1,360.10 (165,527, 101.05850 + 94,0 |1.0000216
15 | 32,525,296.59 |151,591.06 | 101.05833 + 77.4 | 1.0000178
2° 16t | 32,519,233.0 157,654.56 { 101.058 + 61.2 1.0000141
3 17 32,3131123.53 12;:718.86 101.02333 + &5 |]1.0000105
18 | 32,507,106,10 1169,781.55 { 101,05800 + 22.9 1.,000006
19 | 32,501,042.62 |175,845,03 ]| 101.05800 | + 14.8 | 1.000003
20 | 32,0494,979.14 {181,908.51 | 101.05800 0.0 1.0000000
320 21t 32,488,915.66 |187,971.99 | 101.05783 | - 144 | 0.9999967
3 §22u522252.19 19 2035.36 101.05763 | - 23.4 | 0.9999935
gz 32,U476,788.72 200,098.33 101.05783 - b2 0.9999303
32,470,725.25 | 206,162, 101.,05767 - 55,b 0.9999872
25 | 32,u64,661.79 [212,225.86] 101.05783 | - 6.4 | 0.9999842

FIGURE 40.—Lambert projection tables for South Carolina—~Continued.



MANUAL OF PLANE-COORDINATE COMPUTATION

Lambert Projection for South Carolina - South
Table I (Conttd).

157

Lat. R R4 Tabular gcale in | Scale
£t. Y value on | difference | units of | expressed

central for 1 sec. 7th place a8 a

meridian of lat. of logs | ratio

feet feet
320 26! |32,458,598,32 |218,289.33 | 101.05767 - 81,0 C.9999813
27 | 324 2123u.§s 22“:352-73 101.05767 1 - 93.2 |0.9999785
28 |32,4h6,0471.%0 |230,416.25 | 101.05767 ~105.1 0.9999758
29 32,#&0,4&1,2@ 236,479.71 | 102.05767 -116. 0.9999732
30 | 32,43k, 3ub, 2ke,543.17 | 101,05767 ~127.7 0.9999706
20 31t {32, L4og 241,02 |2Lg,606.63 | 101.05783 ~138, 0.9999681
3 32 %22422,21&,55 254:670.18 101.C5783 -], .3 0.9999€5
3—' 32,116,154,08 260,733.81 101.05783 -159,0 0.999963

34 | 32,410,090.61 |266,797.04 | 101.05783 -168,7 0.9999612
35 | 32,404,027,14% |272,860,51 | 101.05783 ~178.0 0.9999590
320 36 132,397,963.67 |278,923.98 | 101.05800 -187.0 0.999956%
%7 %2:%91:908.19 2su:9s%.26 101.05800 -195.6 0.9999550
38 |32,385,836.71 291,050.2& 101.05817 -203.8 0.9999531
zg 32,379,773.22 |297,114.43 1 101.05833. | -211.7 0.9999513
32,373,709.72 }303,177.93 | 101,05833 | ~219.2 | 0.9999496
320 Uy 132,367,646,22 |309,241.%3 | 101.05850 -226.3 0.9999479
ke |32,361,582,71 315,304.2 101.05850 ~233.1 0.9999463
ﬁi 32,325, 19.20 321,368. 5 | 101.05867 -239,5 0.9999449
32,349,hs55,68 1 3227,431.97 | 101.05883 -245.5 0.9999435
4s 132,343,3932,15 |333,435.50 | 101.05900 -251.2 0.9999422
32° Ly |32,337,328.61 29,559.04 | 101.05917 ~256, 0.9999%09
47 %2,%%1,265.06 203222155 | 10107035 | or:k | 0:999939%
bhg 132,%25,201.50 |351,686.15 | 101,05950 ~266.0 0.9999388
49 32,319.13]-93 357,749.72 | 101.05967 -270.2 0.9999378
50 |32,313,074.35 |[363,813.30 | 101.05983 =-274.1 0.9999369
32° 51t |32,307,010.76 |369,875.89 | 101,06000 -277.6 0.9999361
652 132,300,947.16 |375,940.49 | 101.06017 -280.7 o.999933u
5 32,294,223,55 | 382,004.10 { 101.06050 ~283.5 0.9999347
5 32,288,819.92 | 388,067.73 | 101.06067 -285.9 0.99993k42
55 |32,282,756.28 |394,131.37 | 101.06083 -287.9 049999337
32° 56t |32,276,692,63 |100,195.02 | 101,06117 ~289.6 0.9999333
57 |32,270,628.96 |L06,258,69 | 101.06133 -290.9 0.9999330
58 | 32,264,565.2¢ |u412,322,37 | 101.06167 ~201.8 0.9999328
5o 32,258,301.58 412,386.07 | 101.06183 ~92.4 0.9993327
330 00 {32,252,437,87 |42k, bh9,78 | 101.06217 -252,6 0.9999326

FIGURE 40.—Lambert projection tables for S8outh Carolina—Continued.
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U. 8. COAST AND GEODETIC SURVEY

Lambert Projection for South Carolina - South

Table I (Cont'd).

Lat R v Tabulax» | Scale in | Scale
’ £, Y value on| difference| units of | expressed
central for 1 sec,| 7th plate| as a
me;id:an oi I:t. of logs ratio
ee ee’
o OL! | 32,246, 374,14 | 430,513.51 | 101.06250 -292.4 1 0.9999327
3 02 %2:2uo,g1o. 9 .426:51%.26 101.06283 | =291.9 0.9999328
0 32)23k) 246,62 | 4li2,641.03 | 201.06200 { -291.0 | 0.9999330
0 32,208,182.84 | 4be, 704,81 101.06323. ~289,7 0.9999333
05 | 32,222,119.04 | k54,768.61 | 101.06367 -288.1 0.9999337
330 06% | 32,216,055.22 | 460,832.43 | 101.06k00 «286.1 0.9999341
o7 | 32)209)991.38 | 466,836.27 101.06423 -283.8 | 0.9999347
08 | 32,203,927.52 | 472,960.13 | 10L.06467 ~281.1 0.9999323
09 | 32,197,863. 479,021,01 ] 101.06500 | ~278.0 | 0.99993
10 | 3201910799.7% | 485,087.91 | 101.06533 | -274.5 | 0.9995368
° 117 | 32,185,735.82 | 491,151.83 | 101.06583 -270.7 0.999937
3 1 32:173:6;1.37 437,215, 78 | 101.06600 | =-266.5 0,9999352
1 32,173,607.91 503,2Kg.74 101.06650 | =261.9 | 0.9999397
1 32,1 ,2&3.92 509,303.73 101.06700 ~257.0 0.9999408
15 | 32,161,473.90 | 515,%7.75 | 101.06733 | =-25L.7 0.9339420
30 16! | 32,155,415.86 | 521,471.79 | 101.06767 ~246,0 0.9999434
3 17 | 52,149, 351.80 527,535 101.06817 | ~240.0 | 0.9995k7
18 2,143 ,287,71 533,592.9 101.06850 ~233.6 0.9999462
19 {.32,137,223.60 | 533,664.05 | 101.06900 ~226.8 0.9959478
20 | 32,131,159.46 | 5B5,728,19 | 101,06933 -219.7 0.9999494
33° 211 | 32,125,095.30 | 551,792.35{ 101.07000 ~212,2 0.9999511
22 | 520119,031.10 | 557,856.55 | 101.07033 | -20k.4 1 0.9999529
2 32,112,966.88 | £63,920,.77 | 101.07083 ~196.2 0.9999548
2 32,106,902.62 569,985.02 { 101.07117 =187, 0.9399568
25 | 32,100,838.3 576,049,29 | 101.07183 ~178. 0.9999589
330 26t | 32,094, 774.05 | 5e2,113.60| 101.07233 | ~169. 0.9999610
27 | 32.088,709.71 | 588,177.9% | 101.07283 | -1 9.2 0.9999632
28 | 32,082,6u45,34 | 594,242,311} 101.07333 -149,5 0.999965
29 | 32,076'580.94 | 600,306.71 | 101.07367 | -139.1 | 0.9999680
30 | 32,070,516.52 [ 606,371.13 | 101.07433 -~128.3 0.9999705
e 31% | 32,064,452,06 | 612,435,59 | 101,07500 ~117.1 0.9999730
3 %2 %2,058:387.56 618,500.09 | 101.07550 | -105.6 0.999975
3 22.052,323.03 | 624,564.62 | 101.07600 | - 93. 0.99997
3 32,006,258,47 | 630,629.18 ) 101,07650 | - 8l. 0.9399813
35 | 32,040,193.88 | 636,693.77 | 101.07717 - 68,7 0.9999842

F1GURE 40.—Lambert projection tables for South Carolina—Continued.



MANUAL OF PLANE-COORDINATE COMPUTATION

Lambert Projection for South Oarolina - South

Table I (Cont'd).

159

3
b 4

Lat R Tabular Scale in | Socale
¢ 3. Y value on | difference] units of" | expressed
oentral for 1 sec.| 7th plece | as a
meridian of lat. of logs ratio
feet feet
33 367 | 32,034,129.25 | 6l2,756.40 | 101.07767 - 55.7 0.9999872
37 32,028,063.59 64g,823,06 | 101.07833 - 42,3 0.999990
38 | 32,021,999.89 | 654,887.76 | 101.07900 - 28.6 o.99999z
-ag 52,015,935,15 | 650,952.50 | 101.07950 | =~ 1k.5 |0.99999%7
32,009,870.38 | 667,017.27 | 101.08000 0.0 1.0000000
330 L1t | 32,003,805.58 { 673,082.07 { 101,08083 + 14,9 1.0000034
L2 |3%1,997,740.73 | 679,146.92 | 101.08133 + Eo'l 1.0000069
tz ,991,675.85 | 685,211.80 | 101.08217 + s.z 1.0000105
. 31,985,610.92 691,216.&3 101.08267 + 61, 1.0000142
45 | 31,979,545.96 | 657,341,639 | 101.08333 | + 77.9 | 1.0000179
330 bév | 31,973,480.96 | 703,406.69 | 101.08400 + Sk, 6 1.0000218
b7 1%1,967,415.92 | 709,471.73 | 101.08467 +111.7 1.0000257
hg 131,961,350.84 | 715,536.€1 { 101.08550 +129.1 1.0000297
49 31,925,285.71 721,601.9% | 101.08600 +146,9 1.00003328
50 | %1,949,220.55 | 727,667.10 | 101,08683 +165.1 1,0000380
330 51¢ { 71,943,1565,34 | 733,732.31 | 101.08750 +183.6 1.000042
52 |%1,937,090.09 | 729,797.56 | 101.08817 +202.5 1.000046
5 31,931,024.80 | 7%5,862,85 | 101.08900 +221.8 1.0000511
5 31,924,959.46 { 751,928.19 | 101.08967 +241.5 1.,0000556
55 | 21,918,8%4.08 | 757,993.57 { 101.09050 +261.5 1.0000602
330 56¢ | 31,912,828.65 764,053.00 101.09117 +281.9 | 1.00c0649
57 131,9¢5,763.18 | 770,124 .47 | 101,09200 +302,.6 1.0000697
58 1%1,900,697.66 | 776,189.99 | 101,09267 +321,7 1.00007
59 |31,894,632.10 { 782,255.55 | 101,09350 +345,2 1.00007 ?
34e 00 | 31,838,566.49 | 788,321.16 | 1C1.09433 +367.1 1.000c8kL5
34e 010 31,882,?00.&3 79&,286.82 101.09817 1359.3 1.0000896
02 |31,875,"35.12 | 800,K52.53 §101.09583 11.9 1,00009
0 31,870,359.37 806,518 ,28 | 101.09683 +434.9 1.0001G01
o} 31,86L,%03.56 | 812,584,09 |101.C9750 +458,3 1.0001055
5 |31,858,237.71 | 818,549,9% §1201.09833 +482,0 1.0001110
24o 06t | 31,852,171,81 | £24,715.84% [101.09933 +506.1 1.0001165
o7 1{31,846,1C5.85 | 83G,781.80 {101,10000 +530.6 1.0001222
08 |{31,840,039.85 536,847.80 101.10100 +555.4 1.0001279
09 |31,833,972.79 | 8L2,913.86 | 101.10183 +580,6 1.0001337
10 |} 31,827,907.68 | 848,979.97 +606.2 1.00013%6
. = 0.54465157
log b= 9.7361187599 = 10
log K= 7.6521509551
XQ - x1

Geod. Az, = Grid. Az. = - —
a( sin 19

[*]

Yo = 424, 761.35 feot

1 1 = 0.3732337 = 10
0g -2-——02—;—1-;—]?; 373233

{yy; = %

+¥2-91) + 8
3

FIGURE 40.—Lambert projection tables for South Carolina—Continued.



160 U. 5. COAST AND GEODETIC SURVEY

Lambert Projection for South Carolins -~ South
Table II.
1" of long. = 0954465157 of ©

. _bong, e ‘Long. ] ) Long. 2]
78° 51|41 130 1"6 i )
kg +1 3 3 772 79° 21t +0° 531 55“2303 79° 56t +0° 3lu 5174620
47 1«1 12 2193 221+ 53 22,551 57 |+0 34 18,7829
kg 141 31 : 23 +0 52 49.5721 . 58 |40 33 L. 1038
49 {41 11 20 2613-. 2L 40 B2 41'1930 59 |+0 33 13l+._
50 {+1 10 251+0 51 4L.5139]180° 00 |+0 32
780 51¢ |41 10 15. 6022 79° 263 40 51 11.8349)f80° 01t} 40 32 05.0666
52 |1 09 u2.92l1 27 |40 50 39.1558 02140 % 35.3572
53 141 09 10.2i50 28 |+0 5o o6.476g 03 |+0 31 02.7c8
5% {+1 08 BZ 5659 29 140 49 33.797 04 |40 30 30.0293
55 I+ 08 30 [+0 49 01,1185 05 |+ 29 57.3502
780 56141 07 32.2077 ]179° 31t +0 U8 28,4394 |18Q° 06t +0 29 2u4.6711
57 |+1 06 59.5286 32 {40 U7 55K.7603 07 |+0 28 51,9920
5¢ l+1 06 26.8’4—9& 33 1+0 U7 23,0812 08 [+0 28 19.3129
59 {+1 05 54.170! 34140 U6 50.ko22 09 |+ 27 %'635
79° 00 {+1 05 21,4913 35 |+0 k46 17.7230 10 |40 27 13.954%7
79° o1t {41 o4 Lg.81221{79° 36t +0 L5 Ls 0428 80° 114 +0 26 U1.2756
02 |+ o4 16.1331 37 | +0 ﬁz 12 {+0 26 08, 5963
83 ¥1 03 43,45 g | +0 29, ZE 13 {+0- 25 35.917
41 03 10.7749 9 |+0 4k 07.00 15 j+0 25 03%.2383
05 |[+1 02 38.0358 0 |+ 43 3h.3275 35 |+0 2h 30.5592
79° 06t }+r 02 05.1&16g 79° 41|40 43 01.6484||80° 1640 23 67.8801
07 |41 01 32.737 L2 1+0 42 28.9693 17 {+0 23 2s5.2011
08 [+1 01 00.0586 43 |40 1 56.2903 18 140 22 52.5220
09 |+1 00 27.379 i1+ 41 23,6112 19 |+0 22 19.8409
10 [«0 59 54,700 L5 140 50.9321 20 {+0 21 47.1638
79° 11140 59 22,0213 [{79° 46t|+0 LO 18.2530(|80° 21t <0 21 1k.lusk
12 |+0 58 U9,3k22 47 140 39 l+5 )732 22 |+ 20 41.80%
13 [+ 58 16.663(1) kg |40 39 23 |+0 20 09.126
1k [+0 57 k43,98 49 |+0 38 u02157 2k 140 19 36.447
5 {+0 57 11,3049 50 |40 38 07.5366 25 {+0 19 03,7683
79° 16'[+0 56 38.6258 ° 51040 37 34.8575)180° 26'|40 18 31.0892
7 7 {+0 26 85.9 57 7 ga + 3 82 1752 27 |+0 17 s8.h0o
18 |40 55 33,2676 53 |+0 36 29. u993 28 140 17 25.7310
19 [+0 55 00.588 5h i+ 35 56.8202 29 |40 16 53.0519
20 |+0 54 27.909 55 |+0 35 24,1411 30 |40 16 20,3728

F1GURE 40.—Lambert projection tables for South Carolina—Continued.



MANUAL OF PLANE-COORDINATE COMPUTATION

tambert Projection for South Carolina - South

Table II (Cont'd).
1" of long. = OU5HH65157 of ©

161

°

Long. 3] Long. Long. ]
80° 319} 400 15! 7*6937 81° Q6| -0° 03° 16"o7l+6 g1° 414 -o° 22' 19.84%29
32 +0 Z 15.01046 07 |-0 oi 7537 42| -0 22 52,5220
33 |+0 ueg E 08 1-0 328 ﬁﬁ -0 23 25,2011
30 |+0 14 09.856 09 |-0 5l+.111s =0 2z 57.8801
35 {+0 13 36 97Tk 10 {~0 267909 gl -0 2B 30.5592
80° 36|40 13 04,2983 (181° 111}-0 05 59.4700||81° U6Y -0 25 03.238
37 [+ 12 31.6192 12 |0 06 32,191 W7l -0 25 35, 91
38 |40 11 $8.9401 13 |0 07 OF.8282 gt -0 2 os 2
zg 40 11 26,2610 1t {-0 o7 37 505 Wg| -0 26
+0 10 53,5819 15 |-0 08 10, 50] -0 27 13 957
go° 41'}+0 10 20,9028 {lg1e 161{-0 08 M2.86 gle 51 -0 27 U6, 63%8
42 140 09 1%8.227 17 |-0 09 15.5 52] -0 28 19.3129
ﬁa 4 09 1:5 18 |-0 09 48,2237 531 -0 28 51.3920
40 08 ZR 19 {~0 10 20,9028 5k -0 29 24,6712
y5 [+0 08 10 28 20 |-0 10 53.5%19 55| =0 29 57.3502
80° 46|40 07 31 g1° 21t} -0 11 26.2610{|81° 56% -0 30 30.029
47 140 of 8282 22 |~0 11 58.3401 57{-0 31 02 708
Lg 140 06 32,1491 23 [~0 12 31,6192 581 -0 31 3322
59 140 05 B9:k700 2h |-0 13 04.298 59l -0 32 08,06
50 |+0 05 26,7909 25 |=0 13 36.9774||82° GO | -0 32 1&0.7151
goc 511|+0 O 54,1118 {1g1° 26t{-0 14 09.656U||€2° 01 -0 33 12.#247
52 |+0 o4 21.4328 27 (-0 14 .3322 o2 | ~0 33 .1038
£3 140 03 us7537 28 |-0 15 15.01 03|-~0 34 18, 829
5k j+0 0% 16.0786 29 {0 15 47.6937 oh{-0 34 s51,
£5 |+0 02 U43,3955 30 |-0 16 20.372 051=0 35 24, 1&11
g0° 56'{+0 02 10,7164 [[81° 310|-0 16 53.0519([82° 06! ~0 3 56 szoa
57 [+0 01 38.0373 32 |~0 17 25.1310 o7)=0 3 z
58 |+0 01 05.3582 33 |-0 17 58.h4101 o8l -0 37 02.178
59 [+0 00 32,6791 34 |0 18 31.0892 09]-0 37 3k, aszg
81° 60 { 0 00 00.0000 25 |«0 19 03.7683 10|-0 38 07.53
g1° 01'|-0 00 -32.6791 |l81e 36t]-0 19 36.uu7h|lsee 114 ~0 38 Lo.21
02 |=0 01 05.3582 37 |-0 20 09.122 12|-0 39 12.89
03 [-0 0L 38. ozzz 38 |-0 20 lu.soz 13| -0 3{9} 45,5739
ok [0 02 10.71 3(9) -0 21 Juehy 1k -0 18,2530
05 [-0 02 43,3955 =0 21 U7.,1638 151 -0 %0 50,9321

F1GURE 40.—Lambert projection tables for South Carolina—Continued

Spring._ -
Omar.___

OMAR-SPRING

x
1, 927, 066. 27
1, 926, 745. 82

Az = +4-320. 45

Computation of grid azimuth

y
398, 339. 17
381, 328. 82

Ay = +17,010. 35

log Az=2. 50576028
log Ay=4. 23071325

log tan «=8. 27504703—10

Grid @« Omar-Spring=181° 04’ 4573



Adjustment of traverse, South Caroling end

5 . . Adjust- Adjust- | Propor-
Azimuth, un- : : Geodetic| Grid <
Line Pred Sine Cosine z+4-Az ment cor- y+-Ay ment cor-] tional
adjusted length | length rection rection | leagth
°o 7 ° Feet Feet Feet Feet Feet Feet

Omar-Spring .1 181 04 45.3 1, 926, 745, 82 381, 328, 82
180 13 58.4 —446. 60 —19, 497. 62

Omar-Luray - ool 1 18 43.7 -0. 02289914 —0.99973777 | 19503. 98 | 19502. 73 1,926, 209, 22 -—0.80 361, 831. 20 —0.37 | 19503.98
Luray-Omar_ . .o eicaas 181 18 43.7 1,926, 298, 42 361, 830. 83
180 10 11.9 —311. 56 —12,041.74

Luray-Canton... . cecmooocmcmomooeeamaea 1 28 55.6 —0, 02586483 —0. 99966545 | 12046. 52 | 12045.77 1, 925, 987. 66 —1.30 349, 789. 46 —0.50 | 31550. 50
Canton-Luray. ..o o icimmeaan 181 28 55.6 1, 925, 986. 36 349, 788, 87
179 36 62.7 —276. 36 —14, 435. 50

Canton-Estill 1 05 48.3 —0. 01914073 —0. 99981680 | 14439.01 | 14438.15 1, 925, 711. 30 —1.89 335,353, 96 —0.87 | 45989. 51
Estill-Canton 181 05 48.3 1, 925, 709, 41 335, 353, 09
180 28 00.3 —258, 59 —9,473.94

Estill-Ben.. 1 33 48.6 —0. 02728483 —0.99962770 | 9478.01 | 9477.47 1,925, 452.71 —2.29 | 325,880.02 ~1.05] 55467.52
Ben-Estill........ 181 33 48.6 1, 925, 450, 42 325,878, 97
179 29 32.2 —230. 88 —12, 528. 29

Ben-Caroling . -ocaone e occmcmcmacccaeae 1 03 20.8 —0. 01842576 —0. 99983023 | 12531. 10 | 12530. 42 1, 925, 221. 83 —2.80 313,351.73 —1.28 | 67998.62
Carolina-Ben . .« .o i 181 03 20.8 1,925,219, 03 313, 350. 45
180 21 08.5 —345. 62 —14, 060. 21

Carolina-Scotia. . vom oo oomceoeecmi e 1 24 20.3 —0. 02457418 —0. 99969801 | 14065. 18 | 14064. 46 1,924, 876, 21 —3.38 299, 291. 52 ~1.55 | 82063.80
Scotia-Caroling. oo oo oo aecmaccaaea 181 24 29.3 1,924,872,83 299, 289, 97
179 51 22.7 —~433. 07 ~19, 620. 56

Beotin~Garnebt e oo oo oo meeeee 1 15 52.0 —0. 02206693 —0.99975650 | 19626. 25 | 19625. 34 1,924, 443. 14 -4.19 279, 670. 96 —1.92 | 101690. 05
Qarnett-Seotit e ameeoconmceccccceoccecmen 181 15 52.0 1,924, 438. 95 279, 669, 04
185 45 41.6 —2,744. 11 —22, 265. 49

QGarnett-Savannah. .« oo coomooo oo 7 01 33.6 —0. 12231974 —0. 99249075 | 22434.83 | 22433. 95 1, 921, 699. 03 —-5.11 257, 405, 47 ~2.34 | 124124. 88
Bavannah-Garnett. - - -.--ocacacccocccooocomo- 187 01 33.6 1,921,693, 92 257, 403, 13
198 30 32.0 —5, 473. 98 —11,458. 48

Savannah~Garner. .. ..o ocoaoceoaoeoaooo 25 32 05.6 —0. 43106062 —0. 90232297 | 12699.29 | 12698.87 1, 9186, 225. 05 —5.64 245, 946. 99 —2.58 | 136824. 17
1,916, 219. 41 245,944, 41

Fixed and final values are shown in bold-faced type in the above table

a9t

AFAEAS DILAAOHED ANV ISVOD 'S "1



MANUAL OF PLANE-COORDINATE COMPUTATION

Geodetic positions from Lanibert coordinates

163

State_South Garolina (South) Station..Savannah
x 1,921,699.03 Ro+A 32,676,887.65
L ¢ 2,000,000.00 | 4 257 ,405.47
(= - . - 2,419 48218
|_x' (=x=C) §§$ 18, 3&0 97 Ry +A Y. 3 9
. tano 7.38296107 - 10 R 32,419,576.74
o { 0° o8’ 18717893
v 257,405 47
| $¢=aX) - 914.6746 g - 94,86
v 257,310.91

_N\( central mer. )

l__—aX

£° 00" 00.0000
0_15 14,6746

|\

4) 15 14 6746

¢ ( by interpolation ).

32° 32" 2611317

Georgla
South Carolina

{South) Grid

Station__Garner

x 1,916,225.05 Ry +A 32,676,887.65

_C 2,000,000.00 " 245,946.99

' (= X -83,774.95 Re+A— 32,430,940.66
—x (=x-C) T.923i1inE Ay

7.51035955
|_tan@ 7.41215U463 - /0 R 32,431,048,86
) { 0”08 52 #1789

’ y 245,946 .99

L $(=an) - 978,2729 yr 108.20

" 245,838.79

X ( central mer. )

81° 00’ 00,0000

| A +_0 16 18.2729 | 4 ( by interpolation ) 32° 30" 3276113
DY g1 16 18,2729
tan6 - _x-C___ y"=2Rsin2%
Ry +A—y Y =y—y"

AX:-?

A= N(central mer. ) — a\
R=(Ry+A-y)secod

C is constant added to x’ in computation

of coordinates

R, js map radius of lowest parallel
Ais vaiue of y* for R, in most cases it is zero

¢ is interpolated from table of y*
F16URE 41.—Computation of geodetic positions from Lambert coordinates, South Carolina.
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION

s,C. .
State ga.{East)eriq Station Savannah
A (Central meridian) 82 10 00.0000

P 3; 3;, _26”_1-317 N &1 15 14.6746
AN {(Central meridian-A) + 54 45,3254

AN(insec) - 3235.325'1;,
| log ax 4. 3.51657839 _Jog Sa? 9866210
|__Cor. arc to sine ~ 1837 fog C* 1.21C16% - 10
|_tog An, 3.51656002 log a¢. 1. nyszZ?
| __log cos ¢. 9.92583302 - 1 ‘ N
[__colog A 1.49069911 ¢ 32" 32" 26. 1317
| _tog S, 4.93309215 Ad £ 11,92%
|__Cor. sine to arc + 1303 o (32 32 38,0544
| iog S, 4,93310518
|_t0g3937/1200____| _ 0.51598417  _||_Tabular difference} 101.05133
| g R _ Y343 of y for 1" of ¢ . 7
|_tog Sg 5.44904592 y(formin.ofg)___ | 921,4%00,97 ]
_log Sg° 16.3471378 y (for seconds of ¢)._{ + 3,845.45
|_10g1/66.2R2 4.5817896 - 20 v 925,246.42
|_tog (S¢7/66:2), 0.9289274

. Jog sin 244 9.7307148 - 10
| Sg 241,219,419 | tog an i 3.516578k
—(S“VG ) 249 10g Aa 3.2472972
X + 281,228.31 |~ ! J
2,000,000,00 I tog (any __10.550 .
X 2,281,228.31 log F 1Al 20
log b 8.424 - 10",
- aa . ‘ 1767.247

b ) 0.027.

aa + 1767.27

aa ¥ 0° 29 : 91:9?'

%.Yake out C first for ¢ and correct for approximate ¢'.
F1GURE 42.—Computation ofcoordinates on transverse Mercanter projects, Georgia.
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'PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION

State Georgla (East) Station

"

¢ 32° 30 32.6113

A (Central meridian)
b

AN {Central meridian-A)

Garner

8 10 00.0000
81 16 18.2729
v 53 h1.7271

+ 32217271

aA(insec.)
_log ax 3,50808875. tog S [] '_&.LQ%J:
|__Cor. arc to sine - 1766 log C* 1~2095§E - 1o
|_log ax,; 3.50807109 log Ag _LORQ‘IZ%
| fog cos ¢ 9.9259854h 10
_colog A 1.49069838 ¢ 3230132, 6113
| _tog S; k.92475491 ad + 11.4k5g
| Cor. sine to arc + 1254 ' 3230 44,0709
tog S 4,92476745
| 1og 3937/1200____|  0.51598417 __Tabular-difference} 101.05067
of y for 1" of ¢"
|log R = L3lz . )
_tog Sg 5.114070819 y (for min. of ¢)___| __909,571.87
|_log S¢* 16.3221246 y (for seconds of ¢")__| + 4,453,390
L _tog 1/60,2R? 4. 5817896 = o)l 913,7°8.26
[_t0g (57/66.2)s 09039142 _ .
_logsin 24 | 9.730332 - 10
|_Sg 275,872.362
_log an 3.5040884
—(5/66%)s £:015 _log aq _3.2384320
X' + 275 . #80.38
2,000,000.00 _l_log (axny® 20,52
. 2,275,880.38 tog F 7.87% - 20
fog b 8.398
_aa _1731.534
b 0.028
aa + 1731.56
V-4 + 6 2é R; 56

® Take out C first for ¢ and correct for approximate ¢
F16URE 42.—~Computation of coordinates on transverse Mercator projection, Georgia—Continued.
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State_South Carolina {South) .. __ Station Garner

V. 8. COAST AND GEODETIC SURVEY

Geodetic positions from Lambert coordinates

X 1,916,219.41 Re+A 32,676,887.65
L ¢ 2,000,000.00 y oun ol 43
%' (=x=C) - 83,780.59 R, +A -y 32,430,943.24
Tk
| _tani . 7.41218384 - 10 R 32,431,051.46
P {_.___9"_05;_522'&5373
T_ -532.85373_ Il y 245,044, 4]
L $(=aX) -978.3387 | \» 108.22
y! 245,836,119
[\ ( cenfral mer. ) & : . ;
| _—aX +0 16 18.3387] 4 ( by interpolation ) 33 30 33.5856
L\ 41 16 14,3387

F1GURE 43.—Computation of geodetic position from coordinates, South Carolina,
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
state Georgla (East)Station Garner

¢

35 3(') 32:.5856

A (Central meridian}
by

AN (Central meridian=A)

° 3 L

82 10
g1 16 18.3387°

0 53 L1.6613

”

AX(insec.)- + 3221.661%
| log ax _3 .50807988 10g Sm? Q 8_11»9212
|Cor. arc to sine. = 1766 log C* 1 .209523 -/0
[ _tog a) 3.50806222  H og ag 1.059133
| "log cos ¢ 9.92598548 ~ 10
_colog A, 1.49069838 4 4 32 30 x'é.ss-;éL
|_tog S, 4.92474608 ad + 11 Y4532
|_Cor. sine to arc.. + 125k ¢’ 32 -«x_t;u;ﬁg_
| _tog S, 4 9ol75862
|_log 3937/1200._______°~ 51598417 __Tabular difference 101.05067
| g R _ B2y of y for 1" of ¢
Y _log Sg 5. 44069936 y (for min. of ¢") 909,274.87
_log S¢® 163220981 y (for seconds of ¢") {4 4,450,76
_log 1/60,2R? 4, 5217896 ~20 y 913,725.63
108356 €:2)g Q0038877
_log sin -ﬂ%f
|_Sg - 275,866:753 | tog an
_(5:/667), UL D
X' 75,874.77 i
2,000,000.00 _log (ANY
& 25275581 log F
log b
_aq .
b
aa .
aa : .

# Take out C first for ¢ and correct for approximate ¢’
T1GURE 44.—Computation of coordinates from geodetic position, Georgia.

Computation of grid azimuth

GARNER—SAVANNAH

z y
Savannah._ 2,281,228.31 925,246.42
Garner.___  2,275,880.38 913,728.26
Az=+5,347.93 Ay=+11,518.16

log Az=3. 72818572
log Ay=4. 06138311

log tan a=9. 6668026110

Grid a Garner-Savannah=204°54/2073
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Computation of azimuth corrections

169

Garuner to Clyo to QGarner to Berryville Clyo to
Savannah Berryville Clyo to Clyo Garner
b 5 551, 761 555, 166 551, 760 560, 332 555, 166
2 e 1, 280, 166 277, 583 (8 275, 880
832, 989 835, 332 829, 343 837,015 831, 046
log 52:{ 2 [P 5. 92064 5.92186 5.918783 5.92320 5. 91983
log (y2—91)meeeo -2 4. 06138 4, 2443n 4.07028n 4. 24443 4.07028
log constant 9. 89621—20 9. 89621—20 9. 89621 —20 9. 89621—20 9. 89621—20
log azimuth correction_...._. 9. 87823—-10 0. 062500 9. 88522—10n | 0.06384 9. 88612—10
Azimuth correction...._.._.___ +0.76 —1.15 —0.77 +1.16 +40. 77
Berryville | Stillwell to | Stillwelito | Rincon to It{(;’%?:i;l_t
to Stillwell Berryville Cleveland Exley hard
- 5 I 560, 332 565, 710 565, 710 574, 656 584, 668
28 e 282, 855 280, 166 285, 7146 289, 763 295, 513
843, 187 845, 876 851, 456 864, 419 882, 181
log (22:/4x2") 5. 92592 5.92730 5. 930168 5.93672 5. 94556
log (y2—w1)--. 4. 26576m 4. 26576 4.30270n 4.21798n 3.99898n
long constant_____________._. 9. 8962120 9.89621—20 | 9.89621—20 9. 89621—20 9. 89621—20
log azimuth correction._...... 0. 087891 0. 08927 0.12907n 0. 050917 9. 84075—10n
Azimuth correction —1.22 +1.23 -1.35 -1.12 —0.69
Cleveland Exley to Meinhard to | Cleveland to Exley to
to Stillwell Rincon Roosevelt Roosevelt Roosevelt
571, 492 579, 526 595, 026 571,492 579, 526
282, 855 287,328 292, 334 287,328 2,
854, 347 866, 584 887,360 858, 820 871, 860
log (221 424"y < e ccomeee o 5.93163 5.93795 5.94810 5. 93390 5. 94045
log (y2—y1)--- 4.30270 4.21798 3.99898 4.02481n 4.24942n
log constant 9. 89621 —20 9.89621—20 | 9.89621—20 9. 89621—20 9. 89621—20
log azimuth correction.__.____ 0. 13054 0. 05214 9. 84320—10 9.85492—10n | 0. 08608n
Azimuth correction. ... +1.35 +1.13 +0.70 —0.72 —1.22
Meinhard to | Rinconto | Roosevelt to Burke to Burke to
Burke Cleveland xley Meinhard Chatham
- 5 TR 595, 026 574, 656 584, 668 6086, 868 606, 868
2 P, 303,434 285, 746 289, 763 297, 513 309, 633
898, 460 860, 402 874,431 904, 381 916, 501
log (2 +22) oo 5.95350 5.93470 5.04173 5. 95635 5.96213
log (y2—p1) .- 4.05484n 4. 02481 4, 24942 4. 05484 4,07933n
log constant . _______________. 9. 8962120 9.89621—20 | 9.89621—20 9. 8962120 9. 89621—20
log azimuth correction.._____ 9.90455—10n | 9.85572—10 | 0. 08736 9. 60740—10 9.93676—10n
Atzimuth correction...__..... —0.80 -+0.72 +1.22 +-0. 81 —0.87
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ADJUSTMENT OF A SMALL ARC OF TRIANGULATION IN AN OVERLAP
SECTION OF TWO SYSTEMS

To illustrate the similarity of procedure in the Lambert and the
transverse Mercator systems, a small arc was chosen along the Ohio-
Indiana boundary. Then the same adjustment could be made on
each of the grids and a direct comparison of the adjustments could
then be made. It is true that the arc lies in the most unfavorable
section of each of the systems, but this could not be avoided if such a
twofold adjustment was to be made.

In this example the computed corrections to the azimuths were
applied directly to the lists of directions, after they were adopted, to
offset the spherical excess of the triangles. This gives lists of direc-
tions for the plane, and from them the plane angles for the grid
triangles could be taken out directly. This is probably the most
satisfactory way to handle the problem in practice since all the
elements are directly shown in the lists of directions.

The adjustment was made in the same way on both of the grids
but the resulting corrections differ slightly although either of them is a
perfectly satisfactory result. If everything were absolutely rigid,
and if all computations were carried to many decimal places, the
resulting #’s should be the same in both cases. However, for reasons
of economy no attempt is ever made to obtain perfect rigidity in
practical computations. It will be seen that the =¢? is smaller for
the adjustment on the transverse Mercator grid than for that on the
Lambert grid and hence the former is nearer the ideal solution than
the latter, but as a practical adjustment, either one is perfectly
admissible.

DISCUSSION OF THE AZIMUTH CORRECTIONS FOR THE LAMBERT GRID

The azimuth correction term for the Lambert projection depends
entirely upon the distance of the stations from the parallel that has
9’ equal to 7, and on the direction of the line with respect to the
meridian. The R for this parallel is not tabulated but it can be
found by subtracting y, from the R,. In the table for Ohio (South)
(see fig. 45) ¢ denoting the radius for this parallel by E,, we have

R.=26,027,071.12—504,195.32=25,522,875.80.

We know then that the correction should be the same whether the
line is near the central meridian or not. If we limit the correction to
the first term, the value we get will vary as the line is moved farther
and farther from the central meridian. The best value will be found
if we use for 9’s the meridional grid distance of each station from the
parallel of R,, and for z,—, the grid length multiplied by the sine of
the geodetic azimuth. This can be done by computing the R and ¢
from the assumed coordinates and then using for y the value R,—R
and for geodetic azimuth the value grid azimuth}+6. By this means
we can get values that will give a satisfactory correction to use in the
computation.

In the case of this Ohio-Indiana boundary we are at a considerable
distance from the central meridian, and hence the corrections com-
puted with a single term are not satisfactory. However, since the

¢ For State map of Ohio showing elements of the two grids covering the State see Figure 64, p. 265
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arc runs north and south, we can make use of another scheme to
accomplish the same purpose. For use in this computation we do
not need to have the coordinates with any great accuracy. We first
list the assumed coordinates with the central meridian as Y axis and
with its intersection with the parallel of B, as origin. That is,
2,000,000 is subtracted from the z’s and 504,195 from the 9’s, taking
each coordinate to the nearest foot. Then we find that —1°28’ is a
fairly good mean for the 6 angles. Now turn the axes through the
angle —1°28’ which will make the new Y axis parallel to the meridian
having this 6 angle. In addition move the origin down the distance
2R, s1n? 6/2, in which B, and 6 are the quantities already defined.
For this computation 2R, sin? §/2 is found to be 8,362 feet,
If we consider the 4 as a positive angle the transformation formulas
become
2'=2 cos §—y sin §
y'=+48362-+x sin 6+ cos §
sin §=0.02559537
cos §=0.99967238

This transformation was made and resulted in the list of transformed
coordinates tabulated below. From these transformed coordinates
a tabulation was made of 2,’—z;," and 2y,"}+1.” with the correct sign
in each case. With these values the correction can be computed by

the formula
@' —2) 2y’ +y")
6p¢% sin 17

Correction=

From the table on page 185, we find

1
log (W) =0.3726089— 10,

1 — ~10
hence G e 17 —2-3583XX10
and -——1 =(.7861X1071°

6pp2sin 1”7 :

With a calculating machine the correction can readily be computed.
The 10~ factor for the constant can be accounted for by pointing
off 5 places in each of the other factors before the multiplication is
performed. That is, for Oxford-Billings, we have

Cor.=—0.382741.68325X0.7861
=—0.51
It can be seen that approximate values are sufficient, for we get the
same value by using three significant figures in each case
Cor.=—0.383X1.68X0.786
=—0.51
The complete work of the two adjustments is now given to serve as
an example for similar cases.
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Lambert Projection for Ohio « North

173

Table I.
Lat. R b g Tabular Scale in { Bcale
£%. Y value on| difference | units of expregsed
central for 1 sec. | 7th place| as a
meridian of lat. of logs. ratio
feet feet
° Lot} 2k 1584 0 101.206 +1019.6 1.0002348
K 2%:%53:026.0; 6,015.;5 101750633 |+ 989: 110002378
4o | 24, 5047,013.73 | 12 ,144.74 | 201.20567 |+ 959. 1,0002209
ﬁa 24,540,941,39 18,217.08 101.20233 + 929, 1,0002141
24,534 ,869,07 2k, 289,40 | 101,2048%3 | + 900.7 1.0002074
45 | 24,528,796.78 30,361.69 | 101.20450 | + 871.9 1.0002008
e 46t | 24 522,724.5) 6,433,96 | 101.20417 | + 843.4 1,0001942
39 47 24,216:252.26 32:535.21 101.20363 | + 51%.2 1.000127
4g } 24,510,580.03 48,578, 45 | 101.20333 | + 787. 1.000181
4o | 2k, ou,ﬁo7.sz 54,850.64 | 101,20317 | + 76D.2 1.0001750
50 ) 2u,k9s,k35,6 60,722.83 | 101.20267 | + 733.2 1.0001688
© 51t | 24 492, 363,48 66,79%.9 101.20250 | + 706.5 1.000162
39 52 2u,use:g91.33 72.867. ﬁ 101.20217 |+ 680,2 1.000156%
5 24, 480,219.20 78,939.27 | 101..20183 | + 654.3 1.0001507
5 2u, 47k 147,09 85,011.38 101.20150 | + 628.7 1.0001
55 | 24,468,075.00 91,083,047 | 101,20117 |+ 603.5 1.0001390
90 6561 | 24,462,002.93 97,155.54 | 101.,20100 |+ 578.6 1.0001332
3 57 2&,325,930.87 103:227. 101.20067 |+ 554.1 1.00013;6
B8 | 2L, L3 858,83 | 109,299.64 | 101.20050 |+ 529.9 1.0001220
59 | 24,443,786.80 115,211.67 101.20017 |+ 336.1 1.0001165
400 00 | 24,437,714.79 | 121,843.68 | 101.19983 |+ Lg2,7 1.0001111
4oo 01t ] 24, U431, 642,80 | 127,515.67 | 101.19967 |+ U459.6 1.0001058
02 24,&25,370.82 133,587.65 | 101.19950 |+ L436.9 1.0001006
0 24,419,098 .85 | 135,659.62 1101.19917 |+ Wik.5 1.0000954
¢! 24,113,426,90 | 145,731.57 | 101.19900 |+ 392.5 1.0000904
05 | 24,407,354.96 | 151,803.51 | 101.19883 |+ 370.9 1.000085%
Yoo 063 | 24,401,283,03 157,sls.u4 101.19867 |+ 349.6 | 1.0000805
07 |2h4,395,211.311 | 163,947.36 | 101.19850 |+ 328.7 | 1.0000757
08 | 24,389,139,20 { 170,019.2 101.19817 |+ 308.1 1.0000709
09 24,353,067,3; 176,091.1 101.19817 [+ 287.9 1.0000663
10 | 24,376,995, 182,163,05 | 201.19783 |+ 268.1 1.0000617
Yoo11t | 24,370,923.55 | 188,234.92 | 101.19783 |+ 248.6 1,0000572
12 | ek, 36k4,851.68 19#,306.23 101.19750 |+ 229.5 l.ooooggs
1 24,358,779.83 | 200,378, 101.19750 |+ 210,8 1.0000L85
14 | 24,352,707.98 | 206,450.49 |101.19733 |+ 192.4% | 1.0000u43
15 | 2k,346,636.14 | 212;522.33 | 101.19733 |+ 174.4 | 1.0000H02

FI1GURE 45.—Lambert projection tables for Ohio.
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U. 8. COAST AND GEODETIC SURVEY

Lambert Projection for Ohio ~ North
Table I (Conttd).

Lat,. ffé 1t Tabular Scale in | Scale
¢ Y value on] difference | units of | expressed
central for 1 sec. | 7th place} as &
meridian of lat, of logs. | ratio
feet feet
boe 16t | 2L, 340,564.30 | 218,59%.1 101.19717 +156, 1.0000361
17 2&,%3&1392.37 22»1266.0& 301713760 +139.K 1.0000%21
18 | 24, 324, 420, 230,737.82 | 101.19683 +122.5 1.0000282
19 | 24,322, 3U8 .8 2a6,so9.6 101.19683 +105,9 1.000024%
20 |24,3%16,277.03 | 242,881, 101,19683 + 89,7 | 1.0000207
Lge 21v | 24,310,205.22 | 2U4&,953.25 { 101.19667 + 73.8 1.0000170
22. | 2k,304,133.42 { 255,025.05 | 101.19667 + Es.u 1.000013 4
2 24,298, 061,62 | 261,09 .SE 101.13650 | + 3.2 1,0000099
2 24,291,989,8 267,168.6 101.19650 + 28,5 | 1.,0000066
25 |2k,285,918.0 273,24%0.43 | 101,19650 + 14,1 1.0000032
Loe 264 | ob,279,846.25 | 279,312.22 | 101,19650 0.0 ] 1.0000000
27 | 2k,273,774.46 | 285,384,011 | 101.19650 ~ 13,6 0.9999969
28 2&,267,202.67 291,455.80 | 101,19633 - 27.0 0.9999938
29 |24,261,630.89 | 297,527.58 | 101.19650 | - 39.9 0.9999908
30 | 24,255,559,10 | 303,599.37 | 101.19650 | - 52.5 0.9999879
Loo 31v | o4,2L9,487.31 | 309,671.16 | 101.196 - 6, 0.9999851
%2 2412#3:u15.ga 3151732.9# 101.19638 - 76. 0.939582k
3 2L, 237,343, 7 301,814,731 10;.19620 - 88,1 | 0.9993797
3 2k,2%1,271.95 | 327,886,52 | 101.19667 - 99.3 0.9999771
35 |2L,225,200,15 { 333,958.32 | 101,19650 { ~110,1 { 0.99937
ige 361 | 24,219,128.36 | 340,030.11 | 101.19667 | =120.5 | 0.9999723
7 | 2k,213,056.56 | 346,101.91 | 101,19683 =130,5 0.9999700
8 | 24,2064984,7 352,173.72 { 101,19683 ~1040,2 0.999967Z
28 2h,200,912.9 358,245.5 101.19683 | ~149,5 | 0.939965
2k, 19%,841,13 | 364,317.3 101.19700 =158.5 0.9999635
koo Las }24,148,769.31 | 370,389.16 | 101.19700 | =167.1 | 0.999961
42 au,132:697.39 376,560.98 | 101.15717 | -175.4 o.9999592
,ﬁz 24,176,625.66 | 382,532.81 | 101.19733 | «~183.2 | 0.9999578
24,170,553.82 | 388,604,65 | 101.19750 ~190.7 0.9999561
45 |, 164,481.97 | 394,676.50 | 101.19750 | =197.9 | 0.9999544
hoe gt | o4, 158,410.12 | 400,748.35 | 101.19767 | -20%.7 | 0.999952
b7 1ab,152,338.26 | 406,820,213 | 101,19800 | =-211.1 |} 0.999951
bg |2l,146,266,38 | 412,892.09 | 101.19800 | =217.2 | 0,9999500
by |al,14%0,194%.50 § 418,963.97 § 101.19817 | =222.9 | 0.9999487
50 |a4,134,122,61 | 425,035.86 | 101,19833 | =-228.2 | 0.9999475

FIGURE 45.—~Lambert projection tables for Ohio—Continued.




MANUAL OF PLANE-COORDINATE COMPUTATION

Larbert Projection for Ohio « North
Table I {Cont'd).

175

Lat. Re T Tabular B8cale in } Socale
£t. Y value on} difference} units of | expressed
central for 1 seo.] 7th place] as a
meridian of lat, of logd, | ratio
feet feet
Loe 511 | 24,128,050.71 | 431,107.76 | 101.19850 | -233.2 | 0.9999463
ga 24,121,978 .60 4%7’:179.67 }101.19883 | -237.8 | 0.9999u52
5 24,315,906,.8 4043 251.60 | 101.19883 | ~—2l2.0 0.9999k ;{
5% | 24,109,834.9 uug,aaz.ﬁg 101.19915 ~2U5.8 | 0.933943
55 | 24,103,762.99 | 455,395, 101,19950. § -249.3 | 0.3999L426
hoo 563§ 24,097,691,02 | 4e1,467.45 | 101,19950 | -252.4 0.,9999419
57 | 24,091,613.05 | 467,539.42 | 101.19983 | -255.2 | 0.9999u12
58 24,085,247.‘06 473,611.41 }'101,20017. ] -257.6 | 0.9939u07
59 | 24,079,075.05 | 479,683.42 |101.20033 | -259.6 | 0.5995u02
b1e 00 | 24,073,403.03. | 485,755.44 ] 101,20067 { ~261.3 | 0.5393398
4o 011 2&,067,330.93 Lgy,827,48 §101.20083 | ~262.6 | 0.9999395
02 | 24,061,258.9 1#97,899.23 101.20117 | -263.5 { 0.933939%
0 zu,ogs,lsb.sr 503,971, 101.20150 | ~260,1 | 0.9999332
Of4 } 24,009,114,78 | 510,043.69 }101.20167 | -264.3 | 0.9999%291
05 | 2b,0U43,042.68 | £16,115.79 |} 101.20200 } ~264,.1 0.9999392
]
430 06t} 2b,036,970.56 | 522,187.91 1 101,202 ~263.6 } 0.9999
07 au;ogo:s%.ge 2231263.05 101.2022; -263.7 o.9399§3§
08 | 24,024,826,26 53(1);, 282'21 101.20300 | -~261.% | 0,9995358
09 | 24,018,754,08 { Slo, 40k, 39 101.20323 -259,.8 0.9999402
10 | 2h,012,681.88 | GN6,476.59 | 201.20367 | -257.8 | 0.9939406
%10 12| 24,006, 609. 66 552,548.81 | 101.20417 | -255.4 | 0.9999412
12 { 2%,000, 237.41 558,621.06 | 101.20433 | -2 a.z 0.9939418
13 | 23,994,465,15 | 564,693,372 | 101.20483 | ~2k9, 0.9999425
1 23,988,392.86 | 570,765.61 | 101.20517 { -246.2 | 0.9939y
15 | 23,982,320.55 [ 576,837.92 }1201.20550 | -2k2.3 | 0.3959uk2
L1361 23,976, 248,22 582,910,25 | 101.20600 | =-238.2 | 0.9999452
17 | 23,970,175.86 { 588,982,61 | 101,20633 | -233.6 .9999462
18 1 23,964,103.58 | 595,054.99. | 101.20683 ~-228, 0.9999473
19 | 23,958,031.0 601,127, 101,20717 -223, 0.9999486
20 | 23,951,958.64 [ 607,199.83 | 101.20767 { -217.7 { 0.9353499
1o 211{ 23,945, 486,18 . 61},2&.29 101,20817 | ~-211.7 | 0.9999513
22 1 23,939,813.69 619,3 .78 1§ 101.20850 -205.3 0.9999527
23 {23,933,741,18 { 625,017,29 { 101.20900 —198.2 0.9999543
2 23,927, 068,64 | 631,489.83 | 101.20950 | -191. 0.9999559
25 | 23,921,590.07 | 637,562.40 | 101.20983 | -123.9 0.9999577

F1GURE 45.—Lambert projection tables for Ohio—Continued.
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U. 8. COAST AND GEODETIC SURVEY

Lambert Projection for Ohio ~ Nortn
Table I (Cont'd).

Lat. B b4l Tabular Scale in | Scale
I, Y value on| difference | units of | expressed
central for 1 sec. 7th place| as a
meridian of lat. of logs ratio
feet feet
kye 261 {23,915 L8 | 643,634,99 | 101,21050 ~176.0 0.999959
27 2%,909: 3.35 6u3;7o7.6a 101,21100 -167.8 | 0.993561
28 |23%,903,378,13 | 655,780.28 | 101.21133 ~159. 2 0.99996}&
29 |23,897,305.51 6 1,852,96 | 101.21200 -1 0.999965
30 23,591 232,79 7,925.68 101.21233 .9 0.9999676
hye 31! 23,885,160,05 673 998,42 | 101.21300 ~131,2 0.9999698
23,879 OSZ ul 0,071.20 | 101.21350 ~121,1 0.9999721
32 23,87 6 144,01 | 101.21017 -110.7 0.9999745
23,866 gh1,61 | 692, 1216.86 | 101.21450 - 99.9 0.9999770
23,860,808.74 698 289,73 | 101.21533 - 88,7 0.9999796
410 36' 23,3 4,795.82 | 70%, 262 .65 | 101.21567 - 77.1 | 0.9999822
7 ,722.88 { 710, 35 59 { 101.21633 - 65.2 0.9999850
£ e;,sua 649.90 | 716,508.57 | 101.21760 - 33.9 0.9999878
Eg 23,836,576.88 722,551.22 101.21750 - bo,2 0.9993907
23,830,503 83 | 728,654, 101.21800 - 27.2 0.9999937
4o byv §23, 824,430, 734,727.72 | 101.2188 - 13.8 | 0.9999968
42 2%,818,331.22 Eo 7oo 85 101.2193% g.o 1.3008800
ﬁi 23,812,284 46 7&6 874,01 | 101,22000 + 14,1 1.,0000032
23,806,211,26 752,9b7.21 | 101.20067 + 28,6 1.0000066
b5 23,800 138,02 | 759,020.45 | 101.22117 + U35 1.0000100
4y 46 j 23,794,064, ZS 765,093.72 | 101.22200 + 58,8 1.0000135
47 123,787,991, 771,167.04 | 101.22267 + Thl 1.0000171
kg 123, 781 918 07 777, '2lo. 4o 101.22237 + 90.4 1.0000208
49 23,7 5, 783 313,79 | 101.220400 +106.8 1.00002k46
50 {23,769,771. .2k 89,387.23 | 101.22467 +123.5 1.0000284
k1o 5110 23,763,691 .76 | 795,460,711 | 101.22533 +140.6 1.0000324
52 |23,757,624.24 &01, ,53%.23 | 101.22617 +158,1 1. ooooagu
5 23,751,550.67 807,607 80 | 101,22667 +175.9 1.0000
5 23,745,477.07 | 813,68 101.22750 +194.1 1. oooou47
55 [23,735,403.42 | 8139, 755 .05 101.228%3 +212.7 1.0000490
41° 560 {23,733,329.72 | 825,428.75 | 101.22900 +231.7 | 1.0000534
57 23,727 255 98 831 902,49 | 101.22967 +251.0 1.0000578
58 |e23,721,182,20 ,976.27 | 101.23050 +270.7 1.0000623
59 |23,715,108. 37 050 10 | 101.2%133 +290.8 1.0000670
420 00 23,709,034 850 123,98 | 101.23200 +311.2 1.0000717

Fi1GURE 45.—Lambert projection tables for Ohio—Continued.
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Lafibert Projeéction for Ohio -~ Forth
Table I (Conttd).

Lat. R Y Tabular gocale in. Scale
£4. Y value on | difference| units of expressed
central for 1 sec.| 7th place|{ as a
meridian of lat. of logs ratio
feet feet

4o o1v }23,702,960. 856,197.90 | 101.2328 +332.0 1.0000764
02 3 ng 2 20 522 271 7 87 101. 2% 6; .3_?, 2 1.0000813

0 23,690 812 53 E 101.23 +3754.8 1.0000863
,7& 874 12 101. 23533 :296.7 | 1.,0000913

05 23,678 664,39 | 880,49 101.2360 19,0 .0000965

420 061 |23,672,590.23 | 886,568.24 | 101.23700 +, 1.000101
3 6% 596 o:?. 392, 2.46 |101. 2%767 Mu.zf 1 0001073
23, zs 898,716.72 |} 101.23867 +488.1 1.0001124
09 23, Eg $367. 90k, 791,04 | 101.2%950 +511.9 1,000117
3,608,293, 06 910,865.51 +536.1 1.000123

2 = 0.65695032
log.£ = 9.8175325281 = 10
dog ¥ = 7.60U44837793

Geods AZ. = Grid, Aze = = 2 21 (71-r°*u) +0
2(%,Cen 1t 3

To = +510,419.96 feet.

1o --—-21——- 3724381 - 10
seosmr'=°3738 :

F1GURE 45.—Lambert projection tables for Ohio—Continued.
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U. 8. COAST AND GEODETIC SURVEY

Lambert Projection for Ohio ~ North

1 of Long. = 0465695032 of ©
Table II.
Long. -] Long. :] Long. ]
80° 00t | +1° 381 32955288
01 |+ 38 %; 2?556 goe 36 | +1° 14 52*5&019 810 11f |+0° 51! 5339%4 2
02 1+ z 7188k 37 141 14 12317 12 [+ 51 %s
0 +1 3h,30182 38 41 13 ;4 .70615 13 40 Eg g5 110
0 +1 %5 5k . &glg0 Eg 41 12 55,28913 1 +0
05 |+¥1 35 15.u46778 +1 12 15.87211 15 |+ U9 16.27
€0° 06! {41 3% 36.05076 jlgoe u1v |41 11 36.45509) 810161 [+0 U8 36.85942
07 |+ 53 gé 6% ;5 42 141 10 57.03807 17 [+0 47 2 .uzeuo
08 [+1 33 17.21673 ﬁz 4 10 17. 62102 18 |40 tz 18,02538
09 [+1 32 37 79971 +1 09 38.2040 19 [+0 38,60836
10 |1 31 58,38269 45 J+1 08 B8.78702 20 |+0 45 59.19134
80° 11' 41 18.96567 ligoe L6t |41 08 19.37000[l81° 21% }+0 kU5 19.77432
12 (41 %% 39. %uZe k7 t+1 o7 39.55295 22 |+ uﬁ Lo, 37731
1 1 30 oo 13163 48 |41 07 00.53596 2 +0 W 00.9%029
1 +1 29 20.71461 49 )+ 06 21.11894 2 +0 43 21,52327
15 [+ 28 ¥.29759 50 |+1 05 H1,70192 25 [+ 42 42.10825
B0° 16! {41 28 01.88057 |{g0° 51¢ |+1 05 02.284900181° 26t {40 U2 02.68923
17 |+1 27 22.46%5 52 |+1 © 22.86788 27 |+ K 23 27221
18 |41 26 U3.04653 gﬁ +1 03 uz 28 {+0 W0 E 85519
19 j+41 26 03.62952 +1 03 .03224 29 |40 40 o04.43817
20 {+1 25 21250 55 {+1 02 2k.61 30 {+0 39 25. 02115
€0° 21¢ | +1 24 LY 79548 1go° 56t 141 01 45.19980[81° 31t [+0 38 U45.60113.
22 |+ 24 05.37846 57 |¥v1 01 2 78279 32 {+0 38 06.18711
2 +1 23 25,9614k 58+ [ +1 00 36577 3 +0 3 26 77009
24 41 22 .5 59 |+ 59 3 40 36 47.35308,
25 |41 22 07.127%0 {|g1° 00 |+0 B9 07 53173 3 |+0 36 07.93806
80° 26 |41 21 27.71038 [lg1° O01' {40 &8 28. 11u71J51° 361 |40 35 28.51504
27 {+1 20 .29236 02 |+ 57 hL8.69769 37 |+ 34 U49.10202;
gg +i ig 23.57952 8 :8 gz 09. 2506; 33 ‘8 4 09, gg;og
+ + 0. ]
30 f+41 18 50.,04230 05 1+ 55 50.#42 Zo +0 33 30.85036
60° 31t |41 18 10.62528 jlaie 06' |40 55 11.02961f81° ¥1v |40 32 11, uzg 9l
32 (41 17 31,20827 07 |+ & 1,61259 b2 140 51 32.01692
gﬁ +1 16 B, 19123 08 |+ 53 52,19557 '& 40 30 52, 59990
+1 16 12,3742% 09 |40 53 12.77856 +0 30 13.18288
3 |+ 15 32.95721 10 |+0 52 33.36154 5 |+0 29 33.76586

F16URE 46.—Lambert projection tables for Ohio—Continued,
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Lambert Projection for Ohio -~ North
19 of

Long. = 0965695032 of 8
Table II (Conttd).

179

Long. ) Long. 2] Long. 8

810 U6t | 40° 28' 5!+n3hssl+ dgo 21! | +0° 05! 5%75217 820 56! | <0° 17t ouga4250
k7 | +0 i4.93183 22 |40 og 15.33615 57 {10 17 44,2595
kg |40 ag 325 1481 2 4 0 .91913 58 | -0 18 23.67654
b 140 2 .09779 2 +0 50212 59 1 -0 19 03.09356
50 | +0 26 16.68 077 25 | 40 17.08510183° 00 | -0 13 42.510

gl° 51t | +0 25 137, 26 75 ‘820 261 [ +0 02 37.66808|[83° o1t | -0 20 21.92 60
52 140 2 57 s 27 {+0 01 55 25106 02 | -0 21 01.3
5 0 24 Z 28 {+0 01 i 03 | -0 21 ko, 76163

0 23 9 .012 9 29 | +0 00 39 41702 of | -0 22 =20.1786

5 | +0 22 59.59567 30 | 0 00 00.00000 05 | -0 22 59.5956

810 56t | +0 22 20.17865(]820 31t | -0 00 39.M1 830 06'| -0 23 39.012
27 +021bc.715 2 —0013 Kou 3o7 -0 2 ;susz‘g
58 w0 2 g 33 |-0 o1 s58. 25106 08 | -0 24 57, 5u673
59 |+ 20 2760 -0 02 37 66808 09 {0 25 32 .26 375

82000 | +0 19 kz 51058 5 |0 03 17.08510 10 | -0 26

g20 01t | +0 13 03.09356 |[82° 36t [0 O 6.50212 || 83° 11t | -0 26 56 09779
02 | +0, 18 .é g %7 0 0 55.91913 ? 12 { =0 27 ls
Q; 0 17 .2 952 3% =0 05 33615 1 =0 28 .9 18
0 40 17 ok.8l250 zg -0 05 5475317 % | -0 28
05 | 40 16 25.425 -0 Qb 3#.17019 15 | -0 29 }3 ;6586

g20 06t | 40 15 Ub6.008U46} 182 K1t § -0 07 13.58721{83° 16t| ~0 30 13.18288
07 | 40 12 06.59144 42 1-0 07 &3.00423 17 | ~0 30 52.59990
08 | 40 1% 27.17 R -0 08 32,hb2125 18 | -0 31 32,01692
09 | 40 13 U7.75740 -0 09 11.83827 19 | -0 32 11.43394
10 { 40 13 08.30038 k5 [-0 09 51.28529 20 [ -0 32 50.85096

g2° 111 | +0 12 25 92336 82° 46t 1.0 10 30.67231 830 21t ] ~0 33 30.26798
12 | +0 11 gso 35 ¥7 |-0 11 1io. 08933 22 | -0 0968500
b\ +Q 11 10.08933 4g -0 11 19,5 2 -0 34 kg.10202
1 40 10 30.67231 49 10 12 28 923 6 2 =0 35 28.5190%
15 | «0 09 51.25529 56 |-0 13 o08.340%8 25 { -0 36 07.93606

d20 161 | 40 11.83827 |{82° 511 | ~0 13 U47.75 830 26*1 -0 36 47.35308
17 | 0 os 2.h3125 22 0 1 Z K&z ? 2710 37 26, '3{;009
18 | +0 3.00423 53 |-0 15 06.59144 28 | -0 38 06.1sl11
19 | 40 oz 13.58721 54 | -0 1% 46,00846 29 | Q0 38 45.60
20 | +0 «17019 85 |=0 16 2a5.u2548 010 39 25.02115

F1GURE 456.—Lambert projection tables for Ohio—Continued.
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U. 8. COAST AND GEODETIC SURVEY

Lambert Projeotion for Ohio - North
1¢ of Long. = 0%65695032 af ©
Table II {Cont'd).

Long. ) Longé 2] e _'3._0:1_5_.___
330 317 | —0° HO' ONUN3E17 ||84° 06' | -1° 03" Okuo33al lighe har
3 %2 -0 W u;.s§51; 07 |- og 43, 2 6 k2
33 | -0 W 23.,27221 08 |<1 o 22.8 Kgs ﬁa
3% [ -0 42 02,68923 09 |-1 05 02.28490
35 | -0 42 u2,108625 10 | -1 05 h1.70192 45
830 361 | -0 43 21.52327 l|ste 110 [ -1 06 21.1189% figle L
3 %7 -0 ui oo.9ugag 12 {-1 07 00.53596 47
38 | -0 44 u0.35731 1 -1 07 39.95298 43
zg -0 U5 19.77432 1 -1 08 19,37000 49
-Q 45 53.,19134 15 | -1 08 58.78702 50
g30 h1s | <0 L6 38,60836 ||ako 16% | -1 09 .20L04 [t8ko 511
Y2 | 0 W7 18.02533 17 §{=-1 10 17.62105 52
ﬁz 1-q ¥ 52.“42 18 {~1 10 52.03807 5
-0 48 36.85942 19 -1 11 45509 5
45 | -0 k9 16,2764 20 |-1 12 872 55
830 46| -0 49 55,69346 jlale 210 -1 12 55.28913 gho 56t
47 | -0 59 2 ,110 22 | -1 1 ; 70615 57
hg | -0 51 .52750 23 | -1 1 14,1277 58
.49 | -0 51 53.34452 ok |1 1k 53,54019 59
50 | = 52 33.36154 25 |- 15 .95721 1850 00
g30 51t | -0 53 12.77856 ||eke 26t -1 16 12, 7423 |185e 01t
52 | -0 53 52.19557 27 {-1 16 651.79125 02
5 -0 B4 31.61259 28 {-1 17 ;1.20527 0
54 | -0 55 11.02961 29 | -1 18 10.62528 0
55 { <0 B5 50.44663 30 -1 18 50.04230 05
€30 568 | 0 56 29.86365 |lgke 318 | -1 19 . 2 ]850 06¢
? g? -0 g? 03-2886; %2 -1 20 32.2?2§u > 07
58 | -0 B U8.69769 3 -1 20 U8.29336 08
59 | -0 58 28.11471 34 -1 22 27.710 09
glho 00 | -0 59 07.53173 35 { -1 22 o7.127 10
ghe 01t 59 U46.9ug75 |[ake 360 | -1 22 u6.5ulk2isse 11t
02 { «1 00 26.36577 37 |1 23 2s5.36144 12
o3 | -1 01 05.78279 3@ |-1 2 gﬁ.z7su6 1
of { -1 01 145.19980 38 -1 24 79548 1
o5 | -1 02 2h.61682 -1 25 2hk.21250 15

r5° 16¢
17
18

)

-1

-1 27
-1 28
-1 28

-1 51

FIGURE 45.—Lambert projection tablas for Ohio—Continued.
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MANUAL OF PLANE-COORDINATE COMPUTATION

Lambert Projection for Ohio - South
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Table 1
R F'd Tabular Scale in | Scale
Latitude feet Y value on difference} units of | expressed
central for 1 sec.| 7th place|as a
meridian of lat. of logs. | ratio.
feet feet

38° 00! 26,027,071.12 101.17617 +9ZS.6 1.0002246
ol 26,021,000.55 6 070 57 101,17583 +9U5.7 11.,0002178
02 26, 014 ;930,00 12, 141 12 101.17533 +916.2 |1,0002110
[y 26 Q0%&,859,u48 18 211,64 101. 17%20 +887.0 {1,0002042
o} 26 002,788.98 2# 282.14 101,17 +858.1 1.0001976
05 25, 996 718.51 30,352 61 101.17433 +829.7 }1.0001910
38° 06 { 25,990,648.05 Zé ,i23.07 101,17383 +801 6 1.0001846
07 25,934,577.62 2,493.50 101.17350 ﬂ 1.0001782
08 25,978,207.21 Q& ,56 91 101.17317 1.0001719,
09 25,972,436,82 4 63 101.17283 +7l9 u 1.0001636}

10 25,966,366.45 go , 704 .67 101,17250 +692.7 |1.00015
go 11' | 25,960,296, 1o 66,775.02 101.17217 +666.4 | 1.0001534

3 12 22 95k 225 72, sﬂ? 35 101.17200 +640.4 |1, 00012
1 25,9 S 78,915.67 101.17150 +614.8 t1. 0001416

1 25,942, OS 16 4,985 96 101,17133: +589.6 |1,00013 g
15 25,936,01. 91,056.24 101.17100 +564%.7 11.0001300
380 16¢ | 25,929,94k.62 97,126.50 101.17067 +540.2 | 1.0001244
17 25 923, 574 38 | 103,196.74 101.17050 16.0 |1.0001188
18 ,917 804,15 | 109,266,9 101,17033 92,2 11,0001133
19 25 911,733.9 115 37.1 101.16983 +168.8 |1.0001079
20 25,905,663.7 +07.328 101.16983 +Hi45,.7 | 1.0001026
ge 210 | 25,899,593.55 | 127,477 101.16950 +123.,0 |1.000097%
> 22 25, 893 EZ% ?s 133 51 101.16917 +400.6 | 1.0000922
2 25,887,453.23 617 89 101.16900 +378.6 | 1.0000872
2 25,881,383.09 Z5 688.03 101.16883 +357.0 [ 1.0000822
25 25,875,312 96.] 151,758.16 101.16867 +335.7 }1.0000773
38° 26t | 25,869,242.84 | 157,828.28 101.16850 +314.8 | 1,0000725
27 25,86%,172.73 163,898.39 101.16833 +294%,2 | 1.0000677
28 5 857 102,63 { 169,968.49 101,16800 +27%.0 | 1.0000631
29 25, Sgu ,032. 28 176,038.23 101.16783 +254,2 | 1.00v0585
30 ,962. 182,108. 101.16783 +234,7 |1.0000540
38 131° 5 #38.892.41 { 188,178.71 101.16767 +215.6 | 1.,0000496
e .832,822,3% 19h 248.77 101.26750 +196,8 | 1,0000453
'a ,826.,752.30 | 200 318 82 101.16732 +178.4 ] 1.0000411
¢5 820,682.26 | 206,3%88.86 101,16717 +160 & | 1.0000369
;5 25.‘14 612.23 212, 58.89 101,16717 *14247 1.0000329

F1GURE 45.—Lambert projection tables for Ohio—Continued.
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U. 8. COAST AND GEODETIC SURVEY

Lambert Projeotion for Ohio - South
Table I (Cont'd)

R p4Ad Tabular Scale 1in [ Scale
Latitude feet Y value on | differencejunits of | expressed
central for 1 sec,|7th place| as a
meridlan of lat of logs. | ratio.
feet feet

380 361 25,808,242.20 218,528.92 | 101,16700 | +125.4 | 1.0000289
37 25,802,072.18 | 224,598.9% | 101.16683 | +108.5 |1.0000250

38 25,796,402.17 | 230,668.95 | 101,16683 | + 91.9 [1,0000212

gg 25,790,332.16 | 236,738.96 | 101.16667 { + 75.7 {1.000017%
25,784,262,16 | 2h2,208.96 | 101.16667 | + 59.8 |1.0000138

38 41t 25,778,192.16 | 24&,878.96 | 101.16667 | + 44.3 {1.0000102
ip 25,772,122.16 | 254,948.96 | 101.16650 | + 29.2 [1.0000067

tz 25,766,052.17 | 261,018.9° 101.16650 | + 4.4 {1.0000033
25,759,982.18 | 267,088.9 101.16650 0.0 | 21,0000000

45 25,753,912.19 | 273,158.93 | 101.16633 | - 14.0 |0,9999968

38 Let | 25,747,842.21 | 279,228.91 | 101.16633 | - 27.7 }0.9999936
47 25,7“1,772.23 28?,298.89 101,16650 | -~ 41,0 10.9999906

Lg 25,735,702.2 291,366.48 | 101.16633 | - 5L.0 0.9999816

49 25,729,632.26 | 297.438.86 | 101.16633 | - 66.6 |0.9999847

50 25,723,562.28 | 303,508.84% | 101.16633 | - 78.8 |0.9999819

38> g1 25,717,492.30 309,518.82 101.16650 | - 90.7 }0.9999791
52 25,711,422.31 | 315,648.81 | 101.16650 | =102.2 [0.9999765

5 25,705,352.32 | 321,714.80 | 101.16650 | -113.4% |0,999973

5/ 25,699,282.33 327,788.79 | 101.16650 | -12k.1 10.999971
55 25,693,212.3 333,858.78 | 101.16650 | -134.6 |0.9999690

380 561t | 25,687,142.35 [ 329,928.77 | 101,16667 | -144.6 |0,9999667
57 25,681,072.35 | 305,994.77 | 101.16667 | ~-154.3 ]0.9999645

58 25,675,002.32 %52,068.77 101.16683 | =163.6 |0.999962%

59 25,668,932.% 58,138.7 101.16683 | -172.6 |0.9999603

39° 00 25,662,862,32 | 364,208.79 | 101.16700 | -181.2 }0.9999583
39° o1 25,656,792.31 | 370,278.81 | 101.16717 | -189.4 10.9999564
02 25,650,722.28 376,3 8.8 101.16717 | =197.3 | 0.9999546
0 25,64, 652,25 | 382,018.87 | 101.16733 | -204.8 |0.9999528

o 2 ,6%5,582.21 388,488,991 | 101.16750 { =-211.9 |0.9999512

05 2%,6 2,512.16 | 394,558.96 | 101.16750 | -218.7 | 0.9999L96

39° 06! | 25,626,442,11 | 400,629.01 | 101.16767 | =-¢25.1 |0.99994g2
07 25,620,372,05 | 406,699.07 | 101.16800 | -231.2 | 0.0009468

08 25,614,301.97 | ¥412,769.15 | 101.16800 | -236.8 | 0.0995455

09 | 25,608,231.89 | 418,839.25 | 101.16833 | -2h2.1 | Q,0099LL3

10 25,602,161,79 | 424,909.33 | 101.16833 | «247.1 | 0,9999431

F1GURE 45.—Lambert projection tables for Ohio—Continued.




MANUAL OF PLANE-COORDINATE COMPUTATION

Lambert Projection for Ohio = South

Table I (Cont'd)

183

R Y? Tebular Jcale 1n| Scale
Latitude feet Y value on difference| units of| expressed
central for 1 sec.| 7th place as a
meridian of lat. of logs ratlo
feet feet
390 11! |25,596,091.69 | 1430,979.43 | 101.16867 | ~251.7 [0.9999%20
12 25,590,021.31 437,049,.55 | 101,16883 | -255.9 [0.9999411
1 25,583,951, 3,119,68 | 101.16900 | -259.8 {0.9999402
3 25,577,881.30 | 4u49,189.82 | 101.16917 | -263. 0.9999394
15 |25,571,811.15 | 455,259.97 | 101.16950 | -266. 0.9999387
390 16' |25,565,740.98 usl,ago.lu 101.16967 | -269.2 [0.9999380
17 |25,559,670.80 | 467,400.32 | 101.17000 | ~271.6 10.9999375
1o \Eapess | Wi | Bt | s RO
25,547,530.39 9,540, 101. -2{5. 4999
20 22,?#1,260.%7 u85,210595 101.,17067 | -276.6 |0.9999363
39° 21 |25,535,360.93 | LoL,661.18 | 101.17100 | -277.5 [0.999936%
22 |25,529,319.67 | 497,751.45 | 101.17133 | -278.1 10.9999360
2 25,523,245.39 | 503,821.73 | 10L.17150 | -278.3 10.9999359
2! 25,517,179.10 | 509,892.02 | 101.17183 | -278.2 [0.9999359
25 |25,511,108.79 | 515,962.33 | 101.17217 |=-277.6 [0.9999361
39° 26" 125,505,038.46 22,032,66 | 101.17250 | =276.7 0.999936
2 2%1293:925.11 228:133.01 101.17283 | -275.5 0.9999%62
2 25,492,897, 7 532,113.36 101.17337 | =-273.9 10.9999369
29 25,&36,827.32 Slo, 2 2.77 101.17350 |=271.9 [0.999937h
30 125,480,756, 5u6,310.18 | 101.17383 |~269.5 [.9999379
39° 31% |o5,474,686.51 | 552,384.61 | 101.174 ~266.8 0.9999386
%2 2%,468,616.85 5gs: 55.0 101.17423 ~263.7 0.9999333
3 25,u62,au5.5s 564,525 .5 101.17500 |-260.2 P.999940L
25,456, 72.08 570,596.0 101.17533 |-256.4 p.9999410
5 25.450,404.66 | 576,566.56 | 101.17583 |-252.2 D.9999419
390 348 |25,444,334.01 | 582,737.11 | 101.1761 =247.6  D.9999430
%7 25 438,263,k sssisgy.ss 101.17653 —sh2.7 b.9999uk1
38 |25,432,192.85 | 59%,878.27 | 101.17700 |-237. D.9999U453
zg 25,426,122.2% | 600,948.89 | 10L.17750 |-231.7 P.9999466
25.420.051.58 | 607.019.5L | 101.17783 |-225.7 D.9999480
390 31 [25,313,980.91 | 613,090.21 | 102.17833 [-219.3  D.999949
2 |28,4n7,910.21 | 619,160.91 | 101.17867 |=-212. D,999951
tz 25,01 ,879.49 | 625,231.63 | 101,17933 |=~205. D.999952
25.195,758.73 | 631,302.39 | 101.17967 |-197.9 D.99995
us  [25,389,697,95 | 637.373.17 | 101.18017 |[-190.1 F.9999562

P1GURE 45.—Lambert projection tables for Ohio—Continued.
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U. 8. COAST AND GEODETIC SURVEY

Lambert Projection for Ohio - South
Table I (Cont'd)

R Yt Tabular Scale in | Scals
Latitude feet Y value -on. difference | units of | expressed
central for 1 sec. 7th placse| as a
meridisn - of lat. of logs. ratio
feet feet
390 ket | 25,383,627.14 643,&#2.98 101.18067 -181.8 0.9999581
L7 25,377,226;Zo 643,514,82 | 101.18117 -123.2 0.9999601
g | 25,371, E' 31 655,585.69 | 101.18167 -164,2 0.9999622
49 | 25,365,414,53 | 661,656.59 | 101.18217 -12;.9 0.9999643
50 | 25,359,343.60] 667,727.52 | 101,18283 -145.2 0.9999666
39° 51t 25,323,272;63 .. 673,798.49 | 101.18317 -135.1 0.9999689
- 52 | 25,%47,201.64 | " 679,869.48" 101.12383 -12h, 0.9999713
5 25,341,130.61| 685,940.51 ;| 101.18433 ~113.8 0.9999738
5 25,335,059.55 |~ 692,011.57 | 101.18500 =102.7 0.9999764
55. | 25,328,988.45 1! 698,082.67 | 101.18550 - 91,1 0.9999790
39° 5681 25,322,917.32] 704,153,860 | 101.18600 - 79.2 0.9999818
. 57 | 25,316,846.16 ;.710,223.96 101.18667 - 66.9 0.9999846
5 |y aeses e | S 185D
L] 7, K3 3 - . - . - 90
hoo G0 2512981632.16 i 28,335.66 101.18850 | - 27.8 o.9999932
hoe 01!} 25,292,561.15 732,509.97 101,18917 - 14,1 0.9999963
02 | 25,286,489.80f 740,581.32 | 101.18967 = 0.0 1.0000000
0 25,280,418 42} 746,652.70 | 101.19033 +‘14.E 1.0000033
0! 25,274,347.00] 752,72%.12 | 101.19100 + 29, 1.0000068
05 | 25,268,275.54 1. 758,795.58 | 101.19167 + 4,7 1.0000103
hoo 06 | 25,262,204.0L |, 764,867.08 | 101.19233 + 60.3 1.0000139
07 | 25,256,132.50 | ¢ 770,938.62 | 101.19300 + 76.2 1.0000175
08 | 25,250,060.92(, .777,010.20 ‘| 101.19367 + 92,6 1.0000213
09 | 25,243,989,30 ..783,081.82 '| 101.19433 +109. 1.0000252
10 | 25,237,917.64| 3 7%9,153.48 - } 101.19500 +126. 1.0000291
boo 11!} 25,231,845.94} 795,205.18 - |.101.19567 +143.9 1.0000331
2 | 25,225,774.207 801,296.92 | 101.19650 +161.7 1.00003%2
1 25,219,702,411 807 368.71 | 101.19717 +179.9 1.0000041L
1 25,213,630.68|° 813, 'ﬁ“' 101.19800 +198.5 1.0000457
15 | 25,207,558.70| 819,512.42 "} 101.19867 +217.5 1.0000501
Loe 16" | 25,201,486.78] g25,584.34% | 101.1993 +236.8  |1.0000
17 1 25,195,414,821 831,656.30 101.2001; +2§6.5 1.000023?
18 | 25,185,342,.81 8&7,728.31 101.20100 +276.6 1.00006%1
19 | 25,183,270.75] & 3,500.37 101.20167 +297.0 1.00006
20 |} 25,177,198.65]| 849,872.47 | 101.20250 +317.8 1.0000732

FIGURE 45.—Lambert projection tables for Ohio—Continued.
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Lambert Projection for Ohlo = South

Table I (Cont'd)

185

R Y Tabular Scale in | Scale
Latitude feet Y value on difference units of expressed
central for 1 sec. 7th place] as a
meridian of lat. of logs. ratio
feet feet
oo 21' |25,171,126.50 | 855,944.62 | 101.20333 +339.0 1.0000741
22 |25,165,054.30 | 862,016.82 | 101.20417 +360, 1,0000830
2 25,158,982,05 | 868,089.07 | 101.20483 :Ege. 1.0000880
2! 25,122,909. 6 1 874,161,365 | 101.20583 u.l 1.0000932
25 125,146,837.41 | 880,233.71 | 101.20650 +H427, 1,0000984
oo 26 (25,140 ,765.02 | 886,306,120 | 101.20733 +U50.4 1.0001037
27 |25,134,692.58 | 892,378.54 | 201.208%3 +73.8 1.0001031
28 |25,128,620.08 898,351.0u 101.20917 +97.6 1.0001146
29 25,122,34Z.5z 90k4,523,59 | 101.20983 +521.7 1.0001201
30 }25,116,4574.9 910,596.18 | 101,21083 +546.2 1.000125%
Joo 31+ |25,110,402.29 | 916,568.83 | 101.21167 +571.1 1.0001315
32 }25,104,329,59 | 922,741.52 | 101.21267 +596.3 1.0001373
3 25,098,256,83 | 928,814,290 | 101.21350 +622.,0 1.0001432
3 25,092,184%,02 933,887.10 101,21433 +648.0 1.,0001492
35 125,036,111.16 | 940,959.96 | 101.21533 +674 4 1.0C01553
koo 36' |25,040,038.24 | 947,032.44 | 101.21617 +701,1 1.000161%4
37 125,073,965.2 95%,105.85 | 101.21717 +728,2 1.0001677
38 leh,067,892.2 959,178.88 | 101,21817 +755.7 1,00017
zg 25,061,819.15 | 965,251.97 | 101.21900 +783. 1,0001804%
25,055, 746.01 | 971,325.11 +311.8 1.0001869
2 = 0.63151954
log. & = 9.8021450034 = 10
log K = 7.6121307246
g 307 2 -x

Geod. AZs = GTi4, ACe O = ——n
2C° sin 1°

Yo = ¢504,195.32 feet

log _..;15___ = 0. -
——7 = 0.3726089 - 10

2Q°

(yl-yo'tz.?..:}:_’l‘).fg

F1GURE 45.—~Lambert projection tables for Ohio—Continued,
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U. 8. COAST AND GEODETIC SURVEY

Lambert Projection for Ohio = South
1* of Long. = 0463451954 of ©

Table 1I.
Long. (<] Long. © Long. ]
© L § ° LI Te}]

g0 82 I% 3 ;g:gg ?Z g0° 36t |+1° 12v 20111368)j81° 11t | 400 Ep' 07162264
02 | 1 33 B4 53355 37 |2 11 Le.ok2sy 12 {+0 L9 29,55147
[] +1 33 16.46238 38 j+41 11 03.97133 1, +0 48 51,bh3029
o] 4 32 38.39120 Eg +1 10 25.90014 1 +0 48 13.40912
05 |+1 32 00.32003 4 09 U47.82899 15 {40 U7 35.33795

800 06! | + 1 22.24886([80° 41y {41 09 09.75782j|81° 16 |+0 U6 57.26677

07 +§ go uu.17269 42 41 08 31.6826u 17 1+ 46 19,19560
08 |+1 30 06.10651( tﬁ +1 07 53.6&2&7 18 |+0 45 11,12 2
09 [+1 29 25.02 34 +1 0 15.2 30 19 [+0 ﬁﬁ 03.0532
10 |+1 28 u9.9bH17 ks 41 06 37.047313 20 {40 2k, 98208

g0° 11' | 41 28 11.89300]|80° 46t 41 05 59.50195![81° 21 {+0 43 146,91091
12 | +1 27 33.82182 47 j+1 05 21.337078 22 |+0 I3 os.sg97h
1 +1 2 5%.75065 48 141 obF 43,2596 2 +0 42 30.76857
1 +1 26 17.67948 49 |41 ob 05.1884Y 2 +0 41 52.69739
15 {+1 25 39,.60831 50 {41 03 27.11726 25 {40 M1 1k,62622

go° 16' | +1 25 01.53713)}80° 51 |+1 02 U4g9,.04609|&1e 26t |+0 LO 36.5550
17 {41 2 23.3279 ga 4 02 10.97492 27 |+ 39 .gs.aszsg
18 | +1 23 U45.39479 5 <1 01 32.90375 28 |+0 39 20.41270
19 |+1 2% 07.32361 5 +1 00 5&.522&7 29 |40 38 42.34152
20 |+¥1 22 @29.2524k 55 {+1 00 16.761k0 30 |40 38 o0b,270%

80° 21 {+1 21 51.18127]180° 561 |40 59 38.69023ll81° 31v {+0 37 26.19919
22 |+1 21 13.11010 57 {40 59 00.61905 32 140 36 Uug,12801
2 +1 20 35,03892 58 [+0 58 22.2&75& 3 +0 36 10.05684
2 +1 19 56.96775 59 [+0 57 uL, 767ﬂ 3 0 3 31-98337
25 |41 19 18.89658|{81° 00 |+0 57 06.4055 35 }+0 3L 53,5104u9

80° 26 | +1 18 ho.gash1]fs1e 01t |0 56 28.33436ll81° 36 [+0 34 15.84332
27 t+1 18 o2.75823 02 {40 55 50,26319 37 |+ 33 37.77215
28 |+1 17 2k4.68306 03 {40 55 12,19202 38 |+0 32 59,70098
29 |+1 16 U46.61149 s} +0 54 134,12085 Zg +0 32 21.62980
30 |+1 16 08,5472 05 140 53 56,04967 +0 31 U3,55863

80° 31t [4+1 15 30.46954[181° 06! [+0 53 17.97850(181° L1t | +0 31 05.k&7L6
32 l+1 14k B2,39837 07 |+ 52 39.90733 b2 l40 30 27.W1629
3 +1 14 14,32720 08 |+0 K2 01.83616 ﬁz +0 29 49.3u4511
3 +1 13 36.25603 03 {+0 51 23.76498 40 29 11,2739
35 |+1 12 58,18485 10 {+0 50 u5,6938) 45 140 28 33,20277

F1GURE 45.—Lambert projection tables for Ohio—Continued.



MANUAL OF PLANE-COORDINATE COMPUTATION

Lambert Projection for Ohio - South

1% of Long.

= 0163451954 of ©

Table II (Cont'd).

187

Long. [} Long. (] -]

81° U6t | +0° 27 55013160 [{82° 21t | +0° 05' U2e6k055 —0° 16" 29985049
47 1 +0 27 55 360 22 {40 © ou.ags%s -0 17 07.92166
s 140 2 35 95925 2 +0 oh 26.40821 0 17 11,2,99233
b9 | +0 26 00.91808 2 40 03 48.4270 -0 18 ,0610},
50 | +0 25 22.84691 25 |+0 03 10.35586{183° -0 19 02.13518

81° 51t| 40 24 ul& 77 g 820 26% | 40 02 32.28469)1830 -0 19 40.20635
52 | +0 2h 27 |+ 01 5k4.21352 -0 20 18 2 752
5 0 2 25 63339 28 [ 40 01 16.1u423 0 20 3
5 40 2 26221 29 {+0 00 38.07117 -0 21 3!+ 19 oZ-
55 | +0 22 9104 30 0 00 00.00000 -0 22 i2.49

81° 56v{ +0 21 34.41987)i82° 31t | -0 00 38.07117{83° -0 22 50.56221
57 {40 20 26 34870 22 -0 01 3 Ze ? -0 2 5 .63339.
58 | 40 20 18, 27752 3 -0 01 5#.21&2 -0 2 06 70 56
59 | +0 19 40.206 35 3 =0 02 32,28 -0 24 W47 Z

82° 00 | +0 19 02.13518 35 { -0 03 10.35586 -0 25 22.84691

820 01t +0 18 24,06401 |[820 361 | -0 03 Uug.L270{i83° -0 26 00.91808
02 | 0 17 U5.99283 37 | -0 o4k 26.49821 12 | -0 26 35 98925
0 40 17 07.92166 38 -0 05 Oh. 56935 1 -0 27 ,06042
0 +0 16 29.85049 Rg -0 05 L2.6U0k5 1 -0 27 55 13160
05 | +0 15 51.77932 -0 06 20.71173 15 | -0 28 33,20277

820 06} 40 X L70814 |la2e Wil 0 06 58.78290[l83° 16t | -0 11.27394
07 | <0 1 2697 b2 | -0 07 36.8540 3 17 | -0 53 EZ-SQ
08 | +0 213 l& -0 08 1k,9252 18 | =0 30 27 1629
09 | +0 13 -0 08 52.99642 19 { -0 31 05.48746
10 | «0 12 41 u23u5 % -0 09 31.06759 20 | -0 31 U43,55863

82° 119 40 12 03.35228 [|82° L6 | -0 10 09.13876{l83° 210 | -0 32 21.62980
12 | +0 11 25.28111 47 |-0 10 47.20993 22 | -0 32 59.70098
3 %0 10 47.20993 kg | -0 11 25.28111 2 -0 33 37.77215
1 %0 10 09.13876 kg | -0 12 03.35228 2 -0 34 1s5.8 ﬁa
15 | 0 09 31.06759 5 |-0 12 Jd2sus 25 | -0 34 53,9149

820 16%| 40 08 52, 99642 820 G1Y { =0, 13 19.49u63fig3° 261 | -0 35 3. 9556&
17 | +0 08 1%. 9230 52 |~0 13 57.56580 27 | -0 36 10.0568
18 | +0 07 36.85007 5 -0 1 35.63691 28 | =0 36 4g.12801
19 | 40 06 58.78290 5 -0 15 13.7081 29 | -0 37 26.19919
20 | +0 06 20,71173 5 | -0 15 51,77932 3 | -0 38 04,27036

FIGURE 45.—Lambert projection tables for Ohio—Continued.
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U. 8. COAST AND GEODETIC SURVEY

Lambert Projeotion for Ohio - South
18 of Long. = 0763451954 of 8.

Table I (Cont'd).

Long. %) Long., ) }| Long, ]

830 311 Joo 38t 4203l153 [lale 061 [~1° 00V 5hig3257 (Bl kit ] ~10 23! 07932361
? %a -0 §9 20. 12% 07 (-1 01 32.98375 b2 | -1 23 1&5.32&79
212 @ |l 5|3 % Aaldsl W3 gk gt
%5 2 83 3523008 10 {-1 03 27.11726 45 | -1 25 39.20831
830 361 ep L1 52,6 8ho 117 f~1 04 05,18a8hh[8lo UEV| .1 26 17.679L8
3 7 -0 L §0.72;,_9 12 |- o% 23.25961 b7 | -1 26 55.75065
38 |-0 41 08,8297 1a -1 05 21.33074 g | -1 27 33.82182
zg -0 ﬁ 46.91091 3 -1 05 59,00195 b9 1 -1 28 11.49300
-0 2l,58208 15 |<1 06 37.47313 50 | -1 28 49,9617
83° Int 1 .o 03.05326 {840 16% | =3 07 15.54430{ake 511 -1 29 28.03534
3 b2 -0 E 1&2.133#} 17 {~ o; 5%. 12 52; ga -1 30 06.182%1
H -0 19.19560 18 1~1 08 31i.68 5 -1 30 44177569
-0 U6 57.26677 19 |~1 09 09.75782 5% | -1 31 22.24886
b5 1-0 47 35.33795 20- |~ 03 47.82899 55 |} -1 32 00,32003
830 Lot | 0 b 13.80912|lgke 21! [~1 10 25.90016{8U° 561| -1 32 $8.39120
? 47 10 u8 5{.1;8(9)29 22 -1 11 03.91233 57 1-1 33 16.36238
4 -0 49 29'55121 2 ~1 11 04251 B l-1 3 54.53&55
43 -0 50 07.622 2 ~1 12 20.11368 59 | -1 34 32,60472
50 [~0 50 U5.69381 25 [~1 12 58.18ha5)8se 00 | -1 35 10.67589
830 51| -0 51 23.76494)1ehe 26t {1 1 6.25603)1850 01t] -1 48,7470
3 ga -0 22 o;.g3626 27 {~1 Al 13.4.32723 d 02 | -1 % 26.31%21
B3 aRR BlDEEad 8037 nan

-0 . - . = .
;55 -0 Sg 56.81927 30 | -1 1B 08.54072 05 { <1 38 21.0378
830 56t { -0 54 3k.12085(l8ko-31r | o1 16 46.61189(850 o6t| <1 38 59.10293
57 {-0 55 12,19202 32 1 ~1 17 24.68306 07 { -1 Eg 37.17410
58 | -0 55 50,26319 33 -1 18 o2,75023 08 | <2 15.2ks528
59 [ ~0 &6 28.33 36 34 { -1 18 Lo,8254 09 | -1 40 53.31845
84 00 | -0 57 06,40554 35 | -1 19 18.49658 10 ) -1 ¥ 31.38762
84o o1t | -0 57 uhuze71liele z6v) -1 19 66.96775|d50 11t <1 4o 09.45879
02 | -0 58 22.54788 37 | -1 20 35.0389 2] 1 42 47.5299
132 el B3Rl |2 oo

ok | —0 . - . - .
o3 % EERl @3 s B w2 wogm
85° 16t} ~10 U5t 19u81466
171 =1 45 57 gg5g3
181 -1 46 35,95700
31 - Wy .02817
2§ -1 47 52,09935

F1aURE 45.—Lambert projection tables for Ohio—Continued.



MANUAL OF PLANE-COORDINATE COMPUTATION

TRANSVERSE MEROATOR PROJECTION FOR INDIANA (EAST & WEST)

189

Table 1.

. y Tabula " y “Fabular
Lat ) (zeet) diffe ::nce Lat §  (feet) d:tfe:ence
f?lit sec, ::rli.taeo .

) . .

37° 30t 0.00 | 101.14167

él 6,068,50 | 101.14200 38° 06| 218,477.05 | 101.15217

2 12,137.02 101._11»22 07 | 22k4,546.18 | 101.152
3 18,205.5 101.11;2; 08 230,613.33 101.15267

3 2h,274.12 101.1’425; 09 | 236,684,49 |101.15300

35 30,342.69 | 101.1431 10 | 242,753.67 1101.15333
37° 368 6,411,28 | 101,14 ge 11t | 248,822.87 | 101,1536
31 37 *479.28 101.15%% % 1 254.892.03 101.12357
B | ol i || 3| sloen 3 | idd

2 20:68 # 101:1%%; 15 273:099:&1 101.15483

° 1t | 66,754%.49 | 101.1u48 80 16t | 279,169.13 |101.15500
37 42 72,523.12 101.11&51% 3 17 285,238.4% 101.15233
ﬂ 76,891.89 |101.14550 18 | 291,307.75 |101.15567
84,960,62 | 101.14567 19 | 297,377.09 {101.15600

is 91,029.36 | 101.14617 20 | 303,446.45 |101.15617
37° L6t ,098.13 1101.146 ge 21t | 309,515.82 |101.15650
3 47 18;,126.92 101.1&63'3( 3 22 315,55 .21 |101,15683
Lg 109,2}2.71 10114683 2 321,65%.62 {101.15717

49 | 115,3004.52 [101.14717 2 327,724.05 1101.15733

50 | 123,373.35 | 101.14750 25 }333,793.43 {101.15767
370 511 | 127, 442,20 101.14783 380 269 3@,862.25 101.15800
52 | 133,511.07 |101.14817 27 | 305,932.43 1101.15833

5 19,5@.9 101.14833 28 352,001.23 101.15850

5 145,648.86 | 101.14867 29 }zﬁ,o 1. 101.15883

55 }151,717.78 1101.14900 30 | 364,140.97 [101.,15917
‘37° 56% 1 157,786.72 | 101.1491 go 313 { 370,210.52 [101.15950
3 27 12;:853.61 101.1&353 ? 32 %76,280.09 101.15927
58 | 169,92%.64 {101.14983 3 382,349,67 {101.16000

59 175,993.63 101.15017 3 388,419.27 [101.16033
380 00 | 182,062.60 |101.15050 35 | 394,488.89 |101.16067
ge 01 | 188,131.67 | 101.15067 380 36t | 400,558.53 |101.16083
s 02 .191&,20%.71 101.12100 37 | 406,628.18 [101.16117
03 | 200,269.77 | 101.15117 38 “12.6?7-83 101.16150

oﬁ £06,338.84 | 101.15167 ag 418,767.54 | 101.161€3

05 | 212,407.9% | 101.15183 424,837.25 | 101,16217

FIGURE 46.—Transverss Mercator projection tables for Indianas

33324°—35—13
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TU. 8. COAST AND GEODETIC SURVEY

TRANSVERSE MERCATOR PROJECTION POR

Table I (Cont'd).

IEDIAFA (EAST & WEST)

at. fabular y Tabular
Lat (fzet) difference Lat. (feet) difference
for 1 sec, for 1 seo.

_ of lat. lat,
go 41t | 430,906.98 | 101.162 99 167 | 643,358.38 ] 101.17267
3 3 u%sfgzs.zg 101.1622; 3 17 sugj s.;u 101.17300
u3 | bh3 oue, 101.16243 18 | 655,499.12] 101.17%17

45 | 849 116,25 | 101.16333 19 | 661,569,511 101.173
45 | bs5,186.05 | 101.16350 20 | 667,639.92} 101.17367

3ge u6t | 461,255.86 | 101.1638 ge-21¢ | 673,710.34 101.1741
47 u57,325.63 101.1631; P 673;780.;9 101.17u3$
Lg .473,395.30 101.16u23 2 685,851.25| 101.1746

49 1479 465, 101.16467 2 691,921.731 101.17500
50 § 485,535.28 | 101.16500 | 25 | 6397,992.23} 101.17533
38¢ 517 | 491 605,18 | 101.16533 39¢° 26t | 704,062.75] 101.17550
52 | 497,675.10 | 101.16550 . 27 |710,133.28| 101.17583
5 503, 7 2.03 101.16583. 28 716,203.83 101.17617
&k |509,815.98 | 101.16617 29 722,2{».&0 101.17620
55 | 515,884.95 | 101.16650 30 | 728,344,991} 101.17667
38° 56t | 521,954,941 101.16683 390 31¢ 72!3,1&15.59 101.17700
57 |528,024.95 | 101.16700 32 | 760,486.21 101.1772;

58 5ag,o9u.97 1ox.167g3 33 | 746,556.85] 101.177
59 15%0,165.01 { 101.16767 3 752,627.51 | 101.17783
390 00 | 546,235.07 1 101.16783 35 |.758,698.18] 101.17817
39° 01t |552,305.14 | 101.16833 390 36* | 764,764.87] 101.17850
02 553,215.2u 101.16320 37 | 770,839.58 | 101.17883
03 |56k, 045,35 | 101,16857 38 | 776,910.31! 101.17917
ok |570,515.547 ] 101.16917 28 782,521.06 101.1792;

05 ]576,585,62 | 101.16933 - | 789,051.82 | 101.179
9° 06t ]582,655.78 | 101.1696 390 It | 795,122.60| 101.18000
s 07 |588,725.96 101.17303 g 42 | 801,193.40] 101.18017
08 |594,796.16 | 101.17033 33 807,264,211 101.18067
09 | 600,866,38 | 101.17050 813,335.05| 101.18083
10 | 606,936.61 | 101.17083 4s. | 819,005.90| 101.18117
39° 11t | 613,006.86| 101.17117 39e 46t | 825,476.77] 101.18133
12 | 619,077.13] 101.17150 47 |831,547.65] 101.18183
13 | 625,147.42] 101,17167 hg 8E7,618.Eg 101.18200
ib ] 631,217.72| 101.17200 kg 803,689, 101.182%3
15 | 637,288.04 | 101.37233 50 | 849,760.42| 101.18267

FIGURE 46.—Transverse Mercator projection tables for Indiana—Continued.



MANUAL OF PLANE-COORDINATE COMPUTATION 191

TRANSVERAE MERCATOR PROJECTION FOR INDIANA (BAST & WEST)
Table I (Conttd).

t. y Tabular ¥y Tabulay
feet difference . eet ifference
Le (feet) Lat {feet? airs
for 1 sec. fc;r J geo.
of lat. of lat,
396 517 855,831,138 | 101.182383 |l hoe 26*] 1,06¢,326.04] 101.19317
2 { &51,902.35 | 101.18317 27 1,07u,397.63 101.19350
z 567,97?.}& 101.14350 28 | 1,080,669.2 101.19353
2 87k,044h,35 § 101,18382 29 1 1,086,540,87 { 101.19817
55 850,115.38 | 101.18017 30 | 1,09%,5612.52 | 101.19450
390 56? 826,186.43 [ 101.18432 |j40° 31t{ 1,098,684,191 102.19467
87 892,257.49 | 101.18487 32 | 3,104,755.87 | 101.19500
58 898,328.57 | 101.18506 32 | 1,110,827.57 101.1952
&9 90k, 399,567 | 101.1853 36 11,136,899,29 1 101,15 ;
[ 3 Pl ’ »
oo 00 910,5%70.79 1 101.18550 35 1 1,122,971.03 | 101.19500
koo 017 916,541.92 | 101,1858 hoe 36v| 1,129,042.791 101.19617
02 922,613.0” 101.1861 37 1 1,135,11%.56 | 101.19650
0 923, 68 .2ﬁ 101.18650 38 | 1,141,186.35 ] 101.19683
o §3h, 755,43 1101.18667 Bg 1,147,258.16 | 101,19700
05 940,826.63 | 101.18717 1,152,329,98 ) 101,19750

koo o061 946,897.86 | 101.18 Loe 41v| 1,159,401,.83 | 101.19767
07 952,92;.10 201,18 Bg b2 1,12%1&53.63 101.19800

08 959,040,35 | 101,18800 ﬁg 1,171,55.57 | 101.19833
09 §65,111.63 | 101, 14817 1,177,617.57 | 101.19850
10 971,182,982 |101.18850 45 | 1,183,689.32 | 101.19823
boo 110 977,25&.22 101.12883 {lhoe b6t | 1,189,761.31 | 101.19917
12 983,325.55 | 10118917 ¥7 | 1,195,833.26 | 101.19950
1 589,395.91 |101,18350 ve | 1,201,905.23 | 101.19383
1 §95,458.28 |101.18967 49 1,201,917.22 101.20000
15 |1,001,539.66 §101.19000 50 | 1,21k,0b9.22 | 101.20050
boe 161 |1,007,612.06 §101.19033 [{4o° s1t{ 1,220,121.25 | 101.20067
17 }1,013,682.4% {101.19050 52 1,226,193.23 101.20083
18 [1,019,753.91 {101.19083 53 | 1,232,265.34 | 101.20133
19 |1,025,825.36 | 101.19117 5 1'2Eﬁ'287' 2 | 101.20150
20 |1,031,896.83 |101.13150 55 [ 1,25%,509.51 | 101.20183
koo 210 1,021,968.32 101.19183 {ikoe s6% | 1,250,481.62 | 101,20217
22 {1,0h4,039.83 {101.19217 57 |1,256,553.75 | 101.20250
23 {1,050,111.36 | 101.39233 58 | 1,262,625,90 | 101.20267
2 1,056,182.30 101.19267 59 | 1,268,698.06 | 101.20300
25 |1,062,254.56 1101,19300 |l4%1° 00 ] 1,274,770.24 | 101.20333

F1GURE 46.—Transverse Mercator projection tables for Indiana—Continued.



192 U. 8. COAST AND GEODETIC SURVEY

TRANSVERSE MERCATOR PROJECTION FOR INDIANA (EAST & WEST)
fable I (Conttd).

L y Tabular
Las. ( fget) dirge::nco Lat. (feet) dlfge:ence
for 1 seoc. for 1 secC.
of lat. of lat.
410 01t | 1,280,842,4% | 101.20367 hie 36% §1,493,380,67 ) 201.21400
02 | 1,286,914.66 101720006 §7 1:u9g,352.51 101.21433
03 | 1,292,986.90 {101.20417 38 |1,505,52 .%7 101.21467
0 1,299,059.15 ] 101.20450 38 1,511,299. 5 | 101.21500
05 | 1,305,131.42 | 101.20483 1,517,672.15 | 101.21517
410 06t} 1,311,203.71 |101.20517 Yo e §1,523,745.06 | 101.21550
o7 }1,%17,276.02 |101.20533 42 1,529,517.93 101.2158
08 1.323,32 .zu 101.20567 ﬁi 1,5a5,39o.9 101.2181
09 |1,329,020.88 101.2o§oo 1,501,9 2.91 101.21633
10 | 1,335,493.04 ;101.20633 k5 113,548,036, 101.21683
Lie 11t} 1,3%1,565.42 {101.2066 Y10 y6¢ §1,554,109.90 | 101.21700
12 1,%u7,23?.52 101.20687 47 1,260:182.92 101.21733
1 1,353,710.2% 101.2071 yg 11,566,255.96 | 101.21750
1% 11,359,782.66 {101.207%0 49 |1,572,329,01 | 101.21800
15 | 1,3%65.855.11 |101.20743 50 |1.578,002.09 | 101.21817
410 16 | 1,371,927.58 |101.20817 o 51t {1,584 475,18 | 101.21850
17 {1,378,000.07 101.2032; 52 ]1,590,54%8.29 | 101.21883
18 {1,384,072.57 |101.208 5 1,236, 1.42 | 101,21500
19 |1,390,145.09 }101.20900 5 1,602,694.56 | 101.219
20 |1,396,217.63 }101.20917 55 |1,608,767.73 | 101.219567
410 21t | 1,402,290.18 |101.20967 41e 561 {1,614,840,91 | 101.22000
22 ‘| 1,%08,262.76 |101.2098 57 11,620,914,.11 { 101.22033
2 1,414, 6435.35 1101.2101 58 1,626,937.32 101.22050
2 1,4%20,507.96 }101.21050 59 |1,633,060.56 | 101.22100
25 ]1,426,580.59 ]201.21067 koo 00 |1,639,133.82
&4ye gg' i,ﬁsg,ggg.gg igi'giiég‘l(central Meridian [East]) = 85°N0: cogoco
11, . . ai t] ) = 87° 05! CO%000
28 1'&5 +loa 28 101 1167 Aoentrel ":ii sn[Rest]) = £7°05
29 {1,450,871.28 |101.21200 1log R = ~144.8
30 - | 1,456,944.00 {101.21217 N
(1/6,°5) ¢ = b.5610462 = 20
e 310 |1,463,016.73 |101.21250 106 o'e
ga 1:“63:08 . g 101.21283 log (1/6/ﬂf sin 1) = 9.8954713 - 20
3 1,&75,162.22 101.21317
3 1,481,235,004 1101.21350 Geod. Az, = Grid Ag. =
35 |1,487,307.85 |101.21367 o< + (v2 =~ y1)(8x) + x5)
(G/AQf sin 1%)g

F1eurg 46.—Transverss Mercator projection tables for Indiana—Continued



MANUAL OF PLANE-COORDINATE COMPUTATION

TRANSVERSE WERCATOR. PROJECTION FOR INDIANA (EAST & WEST)

193

Table II.
Lat. Colog A Log C lat, Colog A Log ©
° 30t | 1,49081881 |1.289744
3 %1 ? 8192 1.z9ggou 38° 06¢ 1.%033376 1.299076
32 819 026 07 a3h18 9334
3 82005 052 08 43460 9592
820h47 078k 09 83501 | 1.299851
gs 82088 0L 10 83543 | 1,300109
7° 36t | 1.49082130 |1.29130 8° 11' 11,49083585 | 1.30036
A e+ R 18 |90 | 0%k
38 ge2l 182 1 83668 0agh
3(9; 8225 208 1 83710 1143
82296 2342 15 83752 1hoi
7° 1Y 11.,49082337 |1,292601 go 16t |1.k908 1.3016
3 b2 9-&23'3/9 92560 ? 17 ? 5%93 > 19%
ﬂ g2k2o 3121 18 83877 2175
: 2462 3380 19 83918 2433
4s5. §2503 39 20 83960 2691
7o 46t | 1.U4g9082545 |1.293898 o 21% |1,4908k002 | 1,302
3 47 ’ szgsg 157 > 22 7 8403 > 323?(
48 82628 I 2 8liogs
49 82669 | 4676 2l 84127 3783
50 82711 Y935 25 84168 3980
7° 51 | 1.49082752 |1.29519 go 26t |1,49084210 | 1,3042
? 52 4 827311- 95455 ? 27 " gl252 3 u@%
2 sy | 2 5 sz | 501
7
55 82918 230 30 8‘3%7 55269
37° 56 | 1.49082960 |1.296489 &0 31t [1,49084419 | 1.305526
7 83001 6748 3 gz slu&ég 3 ??ss
2 S| B 3 2| a0
3g° 00 83126 7525 35 84586 6557
38° o1v | 1.49083168 [1.297783 38° 36 |1,49084628 | 1.306814
02 83209 gok2 37 84670 7072
0 83251 8300 38 84711 7330
0 8329 8558 Eg 84753 158
05 8333 8817 84795 78

FIGURE 46.—Transverse Mercator projection tables for Indiana— Continued,
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U. 8. COAST AND GEODETIC SURVEY

TRANSVERSE MERCATOR PROJECTION FOR INDIANA (EAST & WEST)
Table II (Conttd).

let. Colog A Log C Lat. Colog A Log ©

go Lys ] 1.45084837 | 1,308102 ae 167 | 1,49086304 | 1.31708
> b2 4908#8;9 ? 8358 3 17 86%% H 73&2
43 84920 8615 18 a63se 7598

his 84562 8873 19 86830 7853

ks 85004 9130 20 géh72 8110

38e L6r| 1,49085046 | 1.30938 90 21t | 1,4908651k | 1.318366
47 &5088 3 96&17; Y 22 86556 3 8621

] £5129 | 1.309901 2 86523 8878

49 85171 | 1.310158 2 66 9134

50 85213 okls 25 86682 9389
38e 51t 1,49085255 | 1.310672 399 269 | 1.4908672k | 1.319645
52 - 85297 ? 0929 27 86766 1.%19901

5 85339 1186 28 86808 | 1,320157

5 85381 1443 29 86850 okl3

55 85423 1699 30 &6892 0668

380 56% | 1.49085464 | 1.311957 390 31t | 1,49086935 | 1.32092%
87 22506 | > 2835 7% g7 | P °his

58 855u8 2469 33 87019 13

59 85590 2727 3 87061 1630

39° 00 85632 2983 35 87103 1946
390 01! | 1.4%9085674 | 1.3132%0 390 36t | 1,49087145 | 1,322200
02 85716 3497 37 87187 257

0 &5758 753 38 87229 2713

[} 85800 05 9 87271 2968

05 g58h2 La6b +0 8731k 3223
390 06¢ | 1.49085884 | 1,314522 390 43¢ | 1,49087356 | L.323478
07 85926 4779 L2 87338 73k

08 85968 5036 lxtﬁ g7bhbo 989

09 86010 5232 g7ha2 u5

10 86052 &5 s a7sel 4500
39° 11t | 1.4908609% | 1,315805 390 L6t } 3, 49087566 | 1.324755
12 86136 6061 Ly 87609 5011

1 86178 6316 Lg 87651 5266

1 86220 €573 49 87693 5521

15 86262 6829 50 87735 5777

FIGURE 46.—Transverse Mercator projection tables for Indiana—Continued.,



MANUAL OF PLANE-COORDINATE COMPUTATION 195

TRANSVERSE MERCATOR PROJECTION FOR INDIANA (EAST & WEST)
Table Il (Cont?d).

Lat. | Colog A Log C Lat. Colog A Log C
° 51t | 1,49087777 | 1.326031 koo 26t |1.490¥9256 | 1.334945
% ga 49 87819 ’ 6236 27 39229 5198
5 81862 6542 28 89341 5453
54 87904 6797 29 69382 5707
55 87946 7051 30 ake 5961
9e 56t | 1,49087988 | 1.327307 Yoo 31t §1,49089468 | 1.336216
? 27 ’ 575830 3 7362 %a €9510 6470
58 88073 7816 3 89553 6723
&g 88115 8071 3 89595 6978
Loe 00 88157 -8327 35 89638 7232
L4o° 01t | 1.490881 1.328581 Loe 367 [1.45089680 | 1.337485
02 ? 55233 > 8236 %7 89722 33771¢o
80 = B B B
05 88368 9600 30 &98kg 8502
4oo 06! | 1.49088411 |1,329855 hoe k1t 11.49049892 | 1.33875%5
07 88h53 |1,330110 42 8993 9009
08 88495 0364 112 89977 9263
09 88537 0820 90019 9517
10 88580 0874 i5 90061 § 1.339770
oo 110 1 1,49088622 {1.331128 hoe L6 {1.49090104 | 1,340024
12 88664 1383 47 90146 0278
1 88706 15638 Lg 90189 0531
1 88749 1832 49 90231 o784
15 86791 2147 50 30273 1038
L4oe 16 | 1,490888 1.332401 Loe 51t {1.49090316 | 1.341292
17 ? sss;g 332655 52 9ozgs 1525
18 &8918 2910 5 90401 1799
19 28560 3165 5 9oul43 2053
20 89002 3419 55 90486 2306.
4oo 21t 11.49089045 {1.333674 Loe 56t |1.49090528 | 1.342560
22 89087 928 57 90571 2814
2 89129 162 58 90613 3067
2 89172 Y437 59 90655 3321
25 89214 4631 41e 00 90698 3574

FIGURE 46.—Transverse Mercator projection tables for Indiana—Continued.
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U. 8. COAST AND GEODETIC SURVEY

TRANSVERSE MERCATOR PROJECTION FOR INDIANA (EAST & WEST)
Table II (Conttd).

Lat. Colog A Log C Lat. Colog A | Log C
B19 o1t |1.89090740 1.31&3327 b1e 367 [ 1.h9092229 | 1.352686
02 9078 80 7 ge271 2938
0 5082 4334 gs 92314 3191
0 90868 L4588 gg 92357 3
05 90910 43l 92399 3698
We 06t |1.49090 1.3450 k1o lat | 1.4909242 1.
o7 |1"1°%03%2 Bl*g%ogg i | 1000 | 2 1%0%
08 91032 5601 ﬁz 9e527 Lhse
09 91080 Hesk I 92569 4709
10 91123 6108 45 92612 4962
410 11t 11,49091165 | 1.346360 410 46 1 1.490926 1.355214%
12 4 31202 > 621& 47 4 3225? 35§u66
1 91250 6867 ks 927 5719
14 91293 7120 49 ga782 2272
15 91335 374 50 92825 2k
hyo 16t 1.%90913;8 1.347627 410 s51% | 1,49092868 |1.356475
17 < 91b20 7880 52 92910 6727
ol aE AN 1N
b4
20 915u8 8639 55 93038 7485
43e 21t |1.43091590 | 1.348892 k1o 56t | 1,45093081 |1.357737
22 918633 9125 51 93124 ? 79
2 91675 9398 58 93166 82
2 91718 9651 59 93209 8kl
25 91761 | 1.349904 420 00 93252 87
41e 26¢ [1.49091803 {1.3501
7 v g1su2 Bsou;g
28 91888 0663
29 91931 0916
30 91973 1168
b1e 310 [1,49092016 | 1.351423
32 92058 1675
3 92101 1927
3 92144 2179
35 92186 2u33

F1GURE 46.—Transverse Mercator projection tables for Indiana—Continued.
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TRANSVERSE MERCATOR PROJECTION FOR INDIAHA (EAST & WEST)

Table IIT.

x! 8cale in | Scale xt Scale in | Seale
(Zeet) [ uaits of | expressed (feet) | units of | expressed

7th place| as a 7th place] as a

of loge ratio of logs ratio
0 ~144 .8 0.9999667 175,000 2 T 1.0000017
5,000 | -144.7 | 0.9939667 180,000 | + 163 1.0000037
10,000 ~1L44,3 0.9999668 185,000 + 23.1 1.0000058
15,000 -143.7 0.6999669 190,000 + iu'" 1.0000079
20,000 -142.8 0.9999671 195,000 + b0 1.0000101
25,000 -141.7 0.9999674 200,000 + 53.8 1.0000124
0,000 ~140.3 0.9999677 205,000 + 63.9 1.0000147
5,000 -138.7 0.9999681 210,000 + 7042 1.0000171
,000 | =136.9 0.5699685 215,000 + 847 1.0000195
45,000 -134.8 0.9999690 220,000 + 95.5 1.0000220
50,000 -132.4 0.999969% 225,000 +106.6 | 1.0000245
55,000 ~129.8 0.9999701 230,000 +117. 1.0000271
60,000 -126.9- | 0.9999708 235,000 +129, 1.0000298
65,00C -123.8 0.9999715 249,000 +141.2 1.0000325
70,000 =-120.5 0.9995723 245,000 +153.2 1.0000353
75,000 -116.9 0.9999733 250,000 +165.5 1.0000381
80,000 -~113.0 0.99997 255,000 +178.0 1.0000410
85,000 =108.9 0.9935749 260,000 +190.8 1.0000439
90,00C -104.6 0.9999759 265,000 +203.9 1.00004869
95,000 -100.0 0.9999770 270,000 +217.2 1.0000500
100,000 - 95.2 0.9999781 275,000 +230.7 1.0000531
105,000 - 90.1 0.9959793 280,000 b5 1.0000563
118,000 -~ 84,7 0.9999805 285,000 +258.5 1.0000595
115,000 - 79.1 0.9999815 290,000 w®72.8 1.0000628
120,000 - 73.3 0.9399831 295,000 +287.3 1.0000662
125,000 - 67.2 0.9999845 300,000 +302.1 1.0000696
130,000 | =~ 60.9 | 0.9999860 305,000 | +317.1 | 1,0000730
135,000 - 34.3 0.9999875 310,000 ¢332.3 1.0000765
150,000 - 7.2 0.93999891 315,000 +347.8 1.0000801
145,000 - 40, 0.9999907 320,000 +363.6 1.0000837
150,000 | - 33.1 0.999992% 325,000 +379.6 | 1.0000874
155,000 | « 25.5 0.9999941 330,000 1395.3 1.0000912
160,000 - 17.7 0.9999959 335,000 12, 1.0000950
165,000 - 9,6 0.9999978 340,000 +h29.2 1,0000988
170,900 | = 1.3 0.9999997 345,000 +46.2 1.0001027
350,000 +463.4 1,0001067

F1aURE 46.—Transverse Mercator projection tables for Indiana—Continued.



198 U. 8. COAST AND GEODETIC SURVEY
ADJUSTMENT ON THE LAMBERT GRID OF OHIO, SOUTH

The following computations are based on the Lambert grid system
for the southern half of Ohio.

MABLE

RICHMOND

"? Eoton (4)
Boston (3) '
Cook (2) %

OXFORD

FIGURE 47.—Arc of first-order triangulation.

Camden (1}

BILLINGS



MANTUAL OF PLANE-COORDINATE COMPUTATION

Plane coordinates on Lambert projection

State_Ohio (south) station

199

Oxford

p.=_39°3147.931

A=

84 °46 '29.612

Tabular difference of R for 1" of ¢ = 101.17433

R { for min. of g ) 25,474,686.51 Uy ( for min. of ) R52,384,61
_Cor. for sec. of ¢ = 4,849.39 || cor. for sec. of ¢ + U4,8ho 39
R__ 25,469,837,12 |y 557,234.00

_ v (=2R sin? §) + 8,082.39
.6 (for min. of X ) - 1°26 17.67944 y 565,316.39
. Cor. for sec. of \___ | — 18.78439
o |- 86 36.4688]) & — °43°18%23
o computation | ~ 5196546887 Competation

log 6' 3.71570833 n
_log 6" 3.71570833 n colog 2 9.69897000-10
Stor o 4.68552893-10 g for & 4.68556338-10
_log sin &1 sin @ 8.40123726-10 100 sin 4L sin 2 8.10024171-10 n
_log R 7.40602616 R sin §
_log ' 5.80726342 n | iog sin® £LR sin? £ 6. 20048342-10
X sin - 641,598.61 log R 7.40602616
_. 2,000,000.00 | iog 2 0. 30103000 -

x 1,358,401.329 log y- 3.90753958

y = y"+ 2R sin? §

(see log tables)

x = 2,000,000.00 + R sin 6

R, ¥*, and 6 are given in special tables

y'= the value of y on the central meridian for the latitude of the station
S = log of ratio for reducing arc expressed in seconds to sine

F1GURE 48.—Computation of coordinates, Ohio.
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U. 8. COAST AND GEODETIC SURVEY

Plane coordinates on Lambert projection

State._Ohlo

(south) station

o= 3933187743 =

Billings

84" 54" 387 240

Tabutar difference of R for 1" of ¢ = 101.17500

R ( for min. of ¢ ) 25,462,545.58 || v ( for min. of ¢ ) 564,525, 54
_Cor. for sec. of ¢ - 1,896.32 |l cor. for sec. of ¢ + 1,896.32
R 25,460,6149.26 | 566,421.86
yi(=2Rsinz §)___|+ 9,072.29
6 ( for min. of N ) - 1°31 ‘222hs8q , 575,494.15
. Cor. for sec. of A - 2U4, 26403
K - 91 46.51289] ¢ ° U5 5%.26
a Computation |_~__ 550651289 computation
. log 6" 3. 74087666 :
.log & 3.74087666 n_ [l colog 2 9.69897000 ~10
S for 6 4.68552328-10 |l for & 4.68556197-10
.log sin @ sin @ 8.42639994 -10 1l o0 sin g _Lsin £ 8.12540863 ~10 n
_log R 7. 40586948 R sin £
-log x. 5.83226942 n log sin? §L R sin? £ 6.25081726-~10
1.3 R sin & - 679,625.12 log R 7. 40586948
2,000,000.00 |l tog 2 0.30103000
x 1,320,374.88 |l 1og v~ 3.9577167%

y=y +2Rsin* §

(see log tables)

x = 2,000,000.00 + R sin 6

R, ¥', and @ are given in special tables

y'= the value of y on the central meridian for the latitude of the station
S = log of ratio for reducing arc expressed in seconds to sine

Fi16UuRrE 48.—Computation of coordinates, Ohio—Continued.
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Plane coordinates on Lambert projection

201

State_Onio (south) station Mable
o=__35 45 00.3M1 %o 84 hu'usT362
Tabular difference of R for 1" of ¢ = 101.18217
R (for min. of ¢ ) 25,365,%14.53 1§ (for min. of ¢ ) 661,656.59
_Cor. for sec. of ¢ - 945.14 | Cor. for sec. of ¢ + 4
_R 25,364.469.39 |, 662,601.73
: yr (=2R sin? §) + _7,845.35
6 (for min. of N )— | = 1°° 25 01753713 , 670,447.08

- Cor. for sec. of N_{ — 28,7830
e - 85 30.3202%‘ g

° 42 4516

@ o eee | - 513032021 For machine
. log 6" 3, 71014447 n
log- 6" 3.72014447 n colog 2 9.69897000 -10
S for 6. 4.68553009-10 iis for £ . 68556367 -10
1og sim'@_|—_sin 8.39567456-10 1l og sin §_| sin £ 8.0046781h <10 n
.log R _7.40422578 R sin
-log x 5.7999003% n _ { jog sin? ¢l R sin? g_| -
R R sin @ - 630,812.57 log R 7. 40422578
2,000,000.80 | tog 2 0.30103000 -
x 1,369,187.43 |l |og v 3.89461206

x = 2,000,000.00 + R sin &

Y=y +2R sin? §

y'= the value of y on the central meridian for the latitude of the station
S = log of ratio for reducing arc expressed in seconds to sine

(see log tables)

R, ¥, and @ are given in special tables

F16URE 48.—Computation of coordinates, Obio—Continued.
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Plane coordinates on Lambert projection

U. 8. COAST AND GEODETIC SURVEY

State_Ohlo (south) siation Richmond
o= 39°47°06.065 5\ . 84°52'07.947
Tabutar difference of R for 1" of ¢ = 101.18117

-R (for min. of ¢ ) 25,377,556-30 | v ( for min. of ¢ ) 649,514, 82
_Cor. for sec. of ¢ = 613.66 | Cor. for sec. of ¢ + 613.66
R 25,376,942.56% i . 650,128 .48

y" (=2R sin* §) + 8,731.99
-6 ( for min. of \) -1°30 0611065 658,860,47
. Cor. for sec. of A = 05-01‘2531
o - 1 30 11.14004 ¢ 0 ° 45 05,57
[ | sm1r1kgon e,

log 6" 3.73328950 n
Jog 6" 3.73328950 n | colog 2 9.69897000 -10 __
S for 6 4.68552505-10 |5 for £ -10
.log sin @ sin & 8.41881455-10n log sin § { sin £ 8.11782191 =10 n
.log R 7. 40443930 R sin §
_log x" 5.82325385 n log sin? %_R sin? £ 6.23564382 -10
X R sin @ - 665,662.13 log R 7. 4okl3930

2,000,000.00 | 10g 2 0.30103000 .

X 1 :33“’.337- 87 log y— 3. 9“‘111312

y=y +2Rsin’ §

(see log tables)

x = 2,000,000.00 + R sin 8

R, ¥', and @ are given in special tables

y'= the value of y on the central meridian for the latitude of the station
S = log of ratio for reducing arc expressed in seconds to sine

F1GURE 48.—Computation of coordinates, Ohio—Continued.
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Computation of grid azimuth and geodetic length

BILLINGS-OXFORD

z
1,358, 401. 39

1, 320, 374. 88
Az=-1-38, 026. 51
log Az=4. 58008646

log Ay=4. 00765221

log tan a=0. 57243425

a=284°50"02.24"

v
565, 316, 39
575,494. 15

Ay= —10,177.76

log Ar=4. 5800865

log sin =9, 9849764

log grid length in fest =4, 5951101
log conv. factor=0. 5159842

log grid length in meters=4. 0791259
Scale factor= -+256

log geodetic length in\_
8 cfoodetio length in } 4.0701515

Computation of azimuths

Lins

Azimuth and

angle
-3 4 [
Billings-Oxford .. o.ooococcaoooo 284 59 02.24
—41 16 59.02
Billings-Camden . _ ... oooeeeae .. 243 42 03.22
Camden-Billings. _ ..o __ 63 42 03.22
-+28 00 08.04
Camden-CooK_ cue o cceccaaanns 91 42 11.26
--38 39 58.82
Camden-Boston..__..._.._____._.._._. 130 22 10.08
Boston-Camden. . _____._____.....o._. 310 22 10.08
—57 05 28.83

Boston-Eaton__......

253 16 41.25

203
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U. 8. COAST AND GEODETIC SURVEY

Computation of coordinates

BILLINGS8-CAMDEN

9. 9525470 0.6464508 | 1,320,374.88 | 57540415
4. 7745494 4. 7745494 53,345.33 | -2, 363, 87
4. 7270064 44210002 | 1,373,720.21 | 601,858.02
CAMDEN-CO0OK
0.0008081n | 84730605 | 1,373,720.21 | 601,858.02
46041103 46041103 | —40,172.36 | +1,194.48
46030274n | 3.0771789 | 1,333,547.85 | 603,052 50
CAMDEN-BOSTON
9.8818887n | 0.8113833 | 1,373,720.21 | 601,858.02
4. 6659692 46650002 | ~35,306.76 | +30,015.98
454785700 | 4.4773525 | 1,338,418.45 | 631,874.00
BOSTON-EATON
9.0812352 0.4580704 | 1,338,413.45 | 631,874.00
4, 5726854 45726854 | +35,803.10 | +10,756.35
4, 5539206 40316648 | 1,374,216.55 | 642,630.35
Fized coordinales
Station Coordinates Station Coordinates
0 574, 88 360, 187,

- 1,320, 374, 1,369, 187. 43
Billings. .o oooemoeoooeoooe { 575,404.15 || MBblee oo { 670, 447. 08
Oxford._ ... { 5 %: g(llé gg Richmond....c.ocemvenanan-. { L 2353: % 2;

Adjusted coordinates
: Assumed Correc- Adjusted

Station coordinates tion coordinates
373,990, 21 -iﬂués 1,378, 430,49

1,373, » 373,
1 Camden. onencoiec oo { Voot asaor | “oz8 | "eonsor.d
1,333,547.85 | 40.19 | 1,333,548.04
2 COOK- oo { 503,062.50 | +0.14 603, 052. 64
1,338,413.45 | 40.42 | 1,388, 413.87
8. BOSEOD. .o { 631,874.00 | +0.11 631, 874, 11
1,374,216.55 | +0.84 | 1,374,217.39
4 Batom oo { 642,630.35 | —0.16 642, 630,19
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Computation of Azimuths

Billings-Cook

1.333,5#£-85 603,052.50
1,320,374.88 575,404, 15

+13,172.97 +27,558.35

1.11968370
4 44025321

9.67943049 -10
205° 32' 52756

Billings-Oxford
284° 59' 02.24

Oxford-Cook
1, ,647.8 603,052.50
132200058 5603063
-2k,853.54 +37,736.11

4, 39538825 n 4.,57676
4,57675713 9.92177 -10

9.81863112 -10, 4.65499

146° 37" 4979

Camden-0xford
22° 14’ 39708

Camden-Cook

1-3;3.547-85 603,052.50
1,373,720.21 601,858.02

-40,172.36 + 1,194.48

4.60392734 n
3.07717888

1.52674846 n
91° h2' 11725

Billings-Camden

1,373,720.21 601,858.02
1,320,374.88 575,494.15

+53,345.33 +26,363.87

la7o96h1
4.42100016

0.30608725

243° 42’ 03'22

Oxford-Billings
104° 59" o22n

Oxford-Camden

,720.21 601,858.02
313 Z01.39 565, 3?6 39

+ 15,318.82 +36,541.63

14.18522532
4, 56278?81

9.62243741 -10

202° 14" 3908

Camden-Billings
63° u2' 03.22

Camden-Boston

1,338,413 4 631,874.00
135 ebuaseioe

-35,306.76 +30,015.98
3u7s5787 n '
B.47735253
0. 0705053u n

130° 22" 10708

FIGURE 49.—Computation of azimuths.

83324°—36—14
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Camden~-Eaton

1,374,216.55 642,630.35

1,373,720.21 601,858.02
+ 496.3%  + 40,772.33

2.69577928

61054253

8.08541375 -10
180° 41' 50783

Cook-Eaton

1,374,216.55 642,630.35
1,333,547.85 603,052.50

+ 40,668.70 + 39,577.85

L. 60926029
4.59745219

0.01180810
225° 46" u3l7h

Cook-Oxford
326° 37' 19791

Boston-Richmond

1,334,337.8 658,860. 4
1,%%8,2%;.4; 6?1,871&.03
-4,075.58 + 26,986.47
3.61018911»2 4. 43114608
.U3114608 9.9951029% -10

9.17904334 -10  4,4360431%4
10° 24" 42’89

U. 8. COAST AND GEODETIC SURVEY

Qook-Boaton
1,338,413.15 631,874.00
1,333,547.85 603,052.50
+ 4,865.60  +28,821.50
68713640
355071688

———————

9.227%198% -10
189° 3%’ s56.08

Cook-Canden
°n° 82' 11025

Cook-Billings
252 32' 52l56

Bogton-Mable

1,369,187. 4 670,447.08
1338,%;1@ 6;1,87 .00

+30,773.98 *38,573.08

444818367 4.58628
458628432 9.89303 -10

9.90189935 =10  k.69325
218° 34' 59.55

FIGURE 49.—Computation of arimuths—Continued.
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Boston-Eaton

4,216.55 642,630.
38,413,545 631,8%&.33

35,803.10 +10,756.35

£5392063
. 03166493

0.52225570
253° 16' Wl23

Boston-Cook

9° 34" 56.04

Eaton-Cook
450 ug' uzl7y

Eaton-Richmond

1,334,337.8 658,860, 4
VRLRLE 85805

-39,878.68  + 16,230.12

L. 60074078
4,.21032173

0.39041905
112° og' ub'53

Richmond-Mable .

1,369,187.43 670,447.08
1,334,337.87 658 ,860.47

+ 34,849.56  +11,586.61

4.54219730 454220
4, 06395638 9.97725 -10
0.47824092 4.56495

251° 36" 33%55

Richmond-Boston

351° 24' 42,89

Mable-Boston

38° 34' 59055

Boston-Camden

(>} 1] "
310° 22’ 10.08

Eaton-Camden
0% u' 5083

Eaton-Boston
73° 16' Ml23

Eaton-Mable

1,369,187.43 670,447.08
1,37’4-,216.55 642,630.35

-5,029.12  +27,816.73

2° 0149200 n L, uhlz)
44430608 9.99300 -10

9.25718592 -10, U4, 45131
169° 45" 06792

Richmond-Eaton
292° 08’ 453

Mable-Eaton

349° 45’ 06792

Mable-Richmond
71° 36" 33'55

FIGURE 49.—Computation of azimuths~Continued.
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W‘*‘m‘“‘ COMPUTATION OF TRIANGLES
B, a0, 1Y
State: ._..Ohlo-Indiana
o, STATION ougneaggffn%iz CORBN Bgﬂ% FLANE ANOLE LOGARITHN
3 (log in ft) 14.5951358
1 Camden 40 57 24,18 -0.278910.12  23.79 0.1834357
2 oxford 97 45 37.97 -0.2737.700.12 37.58 9.9960041
3 Billings ¥l 16 59.02 -0.2758.75 0.12  58.63 9.8193979
13 -0.81 0.36 4.7745756
13 01.17 5.597969%
23 4. 7745756
1 Gook 113 50 40.37 +40.4340200.09 40.71 0.0387474
2 Camden 28 00 08.0% +0.4u0BH80.09 08.39 9.6716426
3 Billings 38 09 10.55 +0.1410.9 0,09  10.90 9.7908225
13 41.31 0.27 &, 4849656
1-2 58.98 ' 4,6041455
23 4,604145
1 Boston 59 12 45.94 +0.1346.07 0.09 U45.98 0.0659694
2 Camden 38 39 58.82 40.1358.90.09 58.86 9.7957300
3 Cook 82 07 15.12 +0. w526 0.10 15.16 9.9958805
13 +0.p 0.28 4 4658449
1-2 ©5.88 4.6659954
23 4.6659954
! Eaton 72 3% 51.29 -0.409.& 0.12  50.77  0.02G3879
2 GCamden 50 19 41.44 -0.4112.03 0.11  40.92  9.8863263
3 Boston 57 05 28.83 -0.412842 0,11  28.31 9 9240395
13 -1.22 0.34 4.5727116
12 01.56 b.6104228
ggggg?’t‘é“.;ﬁgh?%%ﬁ%‘?{ég’;,°§n"3§§p$%1§2°g%:°§,2%3° "&?«u-

F1cure 50.—Computation of triangles.
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L1S? OF- DIRECPIONS

Station: Billings State: Indlamn
Observed Obgerved Adjusted
Geodetic Corroction Planeo Plane
Direction Direction Direction
LI I E— 4 T
Cook 0 00 00.00 +0.21 00,21 00,53
Comden 38 09 10,55 +0.89 11.44 11,75
Dxford 79 26 09,57 +0.,53 10.10 09,47
LIST OF DIRECTIONS
Stations Oxford State: Ohto
Observed Adjusted Adjusted
Geodetic Plane Geodetic
Stati Directi 1
Observed Station i ec; (:.n Di’rect Hon Direoitlon.
Peoria 0 00 00,00 0 00 00,00
Billings 83 16 00,82 00,19 00,71
Cook 123 54 49,16 48,92 49,32
Camden 180 01 38,79 38,93 38.72

F16URE 51.—Lists of directions.
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LIST OF DIRECPIONS

Stations Camden State: Ohlo

Observed Obaerved Adjusted | Adjusted |

Geodetic Correction | Plane Plane Geodetic
Qvserved Station Direction Direction Direction |Direction |
Oxford 0 00 00,00 | =0,37 69,73 69,49 69,76
Billinge 40 57 24,18 | «1,00 23,18 23,03 24,03
Cook 68 57 32.23 | «0.85 .37 31.89 32,74
Boston 107 37 31,03 | =0.85 .19 30,34 3119
Eaton 167 67 12.48 | «0.,02 12,46 12.20 12,22

LI5? OF DIRECTIONS

Statlon: Cook Statet Indiana

Observed Obgerved Adjusted Adjusted

Geodetle Correction]| Flano Plane Geodotic

._Obgeryed Statlon Direction Direction Direction } Direction)

Boston 0 00 00,00 | +0.10 00,10 00,04 59,94
Eaton 36 13 47.38 | 40,97 48,35 48,58 47,58
Camden 82 07 16.12 | 40.85 16,97 15.74 14.89
Oxford 137 02 63.21 | +0.47 63,68 63.33 62,86
Billings 195 57 66,49 | .0.235 65.24 66466 65,91

FIGURE 51.—Lists of directions—Continued.
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Station: Boston

LIS? OF DIRECTIONS

State: Indiana

211

Observed Observed Adjusted Adjusted

Geodotic Correction | Plane Plens Geodetic
Obseryed_Station Direction Direction Direction ] Directior:
Richmond* 0 00 00.00 0,15 59.85 69,93 00,08
Uable 47 10 17,84 +0.93 18,77 18,77 17.84
Baton 81 62 02,78 +1.03 03.81 03.66 02,63
Camden 138 57 31,61 +0,93 32,54 32,10 31,17
Coale 198 10 17.55 -0.10 17,45 17.95 18,05

LIST OF DIRECTIONS

Station: Eaton Btate: Ohio

Observed Obgerved Adjusted Adjusted

Geodetic Correction| Plane Plane Geodetic
Observed Station Direction Direction Direction; Directilon]
Canden 0 00.00.00 | +0.01 00,01 00,75 00,74
Coolc 45 04 54,46 -1.09 53,37 63,25 54,34
Boston 72 34 61.29 =1.06 50423 £0.45 51,51
Richmond 111 26 52,74 =1, 5l.44 50.81 52,11
Uable 169 03 08,58 0,19 08.39 08,16 08,35

q

F16URE 51.—Lists of directions—Continued.
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U. S. COAST AND GEODETIC SURVEY
LIST OF DIRECTIONS
Btationy HMable State: Ohlo
Observed . Obsorved Adjusted | Adjusted
Geodetic Correction Plana Plano Geodetic
L8bserved Station Direction Direction Direction | Direction
Eaton 0 00 00,00 +0.20 00.20 00,36 00,16
Boston 48 49 59,05 -1.02 58,03 57,76 58,78
Richmond 81 51 33,98 - 1.26 32,73 33,82 34,08
LIST OF DIRECTIONS
Station: Richmond States Indiaun
Observed Observed
Gebdetic Correction | Plane
L _Obgerved Statlon Direction Direction
Walting 0 00 00.00
Nable €5 4 523,60 +1.23 £3.83
Eaton 106 14 02,85 + 1,34 04,19
Boston 165 29 59.81 + 0.16 69,97
!
{

F1GURE §1.—Lists of directions—Continued.




MANUAL OF PLANE-COORDINATE COMPUTATION

a,
d&
L

Obs. L

243 42' 032
205 32 &2, 56

38 09 10.66
38 09 11.23

=0.57

Observation Equations

log cos «;
A

log s%

18 3In v

9.64646 ~10
5.22542 -10
5.31443
0.18631

+1.54

213

vI:-O.S?*l,S’&Azl-}.nAy1-6.O9A320 2.91 875,

284° 59" 0272k
243 2 03.22

1 16 59.02
41 16 58.66

+ 0.26

vy = #0.}6-1.515Axl+ }.llAyl

146 37 b49.91
104 59 o02.2%

31 38 U47.6
N 38 uei

-0.78

9.92177 -10
5.34501 -10
5.31443
0.58121
+3.81

‘v3 =-0.78+3.818x, +2.518y,

202° ' 39%08
136 37 19.91

56 06 19.17
56 06 50.25

-1.08

9.96483 -10
5.40203 -10
5.31443

0.68129
+14,8

V- 1.08 + 4,80 Ax) -20L47, - 3.81 Ax, - 2.51 By,

FIGURE 52.—Observation equations.

log sin o4 log cos o, log s:iln a,
log A log i log ===
1 ki 3
legmir  8nm T e Tm T
9.95255 =10 9.95531 «10 9.63475 -10
5. 2231*2 10 Se 5121‘3 =10 5.51503 -1C
5.31343
o.u92uo o.7su77 0.46k21
+ 3.11 + 6.09 + 2.91
+ 1,54 ¢+ 3,11
9.74037 =10y
_5.311501 -10
5.31443
0.39981 n
- 2.51
2(8)734 -10
203 -10
5 3143
0.30380
+ 2.01 + 3.81 - 2,51



214 U. 8. COAST AND GEODETIC SURVEY

63° u2' 03722 9.66U6 -10, 9.95255 -10,  9.96483 -10,  9.58734 -10,
22 44 39,08 5.22542 -10 5.22542 -1o 5. 110203 -1o 5. 40203 10

%o 57 2h.1% 5.31043 5.31%43 5.31443 5.31443
% 57 23.5 o0.18631n 0.l4g240 n 0.68129 n 0.30380 n

+ 0.69 - 1.5% =31 - 4,80 -~ 2.0
V5= $0.69 - 3.26 4x) - 110 Ay,

91° 42’ 11725 &.47306 -10  9.99981 -10,
63 Y2 03.22 5.392&5 -10 5. 393‘&5 -10
Do e —— 5.31543

28 00 08.03
28 00 08.19  9.148334 <10  0.71009 n
-0.16 +0.15 - 5.13 - 1.54 -’31

vg = 0.26 - 1.69 Axl - 2.02 Ayl +0.15 Axy * 5.13 Ay2

1300 22' 10768 9.81138 -lo  9.88189 -10,
91 42 11.25 5.33’4-00 -10 5.33400 ~10
————— 531443 5.31443

& 39 58.83
%s 39 ‘gs.sa 0.45981 0.53032 n
+ 0.01 +2.88 - 3.39 ¢+ 0.15 - 5.13
v, = +0.01 - 2,738 % +1.75 4y, -0.158%,- 51387, ¢ 2.88Ax3 - 3.39Ay3

160° ' 50783  9.99997 <10  #.08538 -10
130 22 10. 08 5.;8%38 «10 5.389 «10
5. 31443 5.31

50 19 40.75 2
80 19 42.27 0.70398 8.78939 <10
“1.52 +5.06 ¢+ 0.06 + 2.88 - 3.39
Vg: - 1.52- 2188 ¢ 34507, - .e.szsA::3 - 3.3987, + 5.064%, - 0.06 4y,

225° y6' 43, 71} 9.84350 =10 9 8 531 =10 9.99390 -10 9.22132 -10

189 34 56,04 5, 24605 «~10 05 =10 5. 53 16 10 5. 53&16 -10
‘_"“—_36 11 47.70 5.31443 53 w3 5.31443 5.31443
36 11 428.25 0,40398 0.41579 0.84249 0.06991
-~0.55 +2.53 + 2.60 + 6.96 +1.17

V9.2 = 0.55 ¢ B.43 A x, ¢ LU3AY, - 6.968%; + L1747, * 2.538x, - 2.6047,

FIGURE 52.—Observation equations~—Continued.



MANUAL OF PLANE-COORDINATE COMPUTATION 215

2n® e’ 11725  8.47306 -10,  9.99981 -10
225 46 M43.7h4 5.392&5 -10 5. 39&‘5 -10
Ur ek o7 g7 D-31443

L5 55 27.51
U5 55 27.62 918334 n 0.71009
-0.11 - 0.15 + 5.13 +2.53 + 2.60
Vo 5= 0.1 - 0.15Ax1 - 5.134y, *+ 2.685x, t 2,538y, - 2.534x, + 2,608y,

326° 37' 49T91  9.92177 -10,  9.74037 -10
271 42 11.25 5.34501 -10 5.34501 -10

S w gEes 23 5l
54 55 37.71 o0.58121 n 0.39981
+0.95 = 3.81 + 2,51 < 0.15 +5.13

Y13 5 #0.95 #0,15 &%) ¢5.13 4y, + 3.66 Axy - 2.62 87,y

250 32° 52 756  9.95531 -10, 9.63475 -10,

36 37 b1 5. 51343 -10  5.51503 -10
58 55 02.65 2:31443
58 55 01.56 o.7sl+77n 0.46421 n
+1.09 - 6.09 - 2.9 - 3.8 + 2,51

T T +1.09 +2.28 A%y - 5.42 8 y,

218° 34 50755 9.89303 -10  9.79496 -10 9.99510 -10  9.17421 -10,
171 24 42.89 5.30675 ~10 5. 30%5 -10 5. 56343 -10 5.56233 -10
3 5.31843

47 10 16.66 251

4 10 18.92 o.51421 o.luslu 0.8734%6 0.05257 n
-2.26 +3.27 + 2.61 + 7.47 - 1.13
3 = - 2,26 +4,2 Ax3 + 3.'{1tAy3

253° 16' 11723  9.u5898 -10  9.9812h4 -10
218 34 59.55 5. u2ﬁ9 -10 5.&2@% -10

34 41 4168 2:3
74 41 b5.04  0.20070 0.72296

-3.3€ *+1.59 + 5.28 +3.27 t2.61
vllt: - 3.36 +1,68 5 x5 + 2.67 Ay3 +1.5 axy -5.2807,

FIGURE 52.—Observation equations—Continued.
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310° 22’ 10008  9.81138 -10,

263 16 M1.23 5.33400 -10

57 05 2.5 5:3tW3

51 05 28.73 o0.45981 n
+ 0.12 - 2.88

Y5

90 34' 56708  9.99390 -10,

310 22 10.08 5.53'&6 -10

59 12 ba.96 2348

99 12 291 0.84249 n
+ 105 - 6.96

U. 8. COAST AND GEODETIC S8URVEY

9.88189 -10
5.33400 -10.
5.31443
0.53032
+3.39

41,59 +5.28

Z +0.12 - 2,884%) -3.39Ay1 01&.167473 - 1.89Ay3 - 1.5948x, OS.ZSAyu_

9.22132 -10
5,53416 10"
5.31443

0.06391 n

- 127 - 2,88 + 3.39

Vi T +1.05 ¢ 2.888x, + 3.394y, - 6.964x, + 1.174y, + 4.08 A;j,- B.56475

450 46" 3174 9.8U350 -10, 9.85531 -10,  9.99997 -10, 8.08538 -10,
0 W1 50.83  5.24605 -10  5.24605 -10 5.38958 -10  5.38958 -10
—_45 0.1&_52-._91 5.31443 5.31443 5.31443 5.31443
45 o4 53.36 5 %0398 n 0.41579 n 0.70398'n  8.78939 -10g
-0.45 - 2.53 - 2,60 - 5.06 « 0.06

iz 3 - 045 4 5.065% = 0.0607, « 25303, ¢ 2.6007, - 2.53Ax, - 25447,

7

73° 16" Wl2s  9.5gos -0,  9.9812% -l0,
45 4 u3.7% 5.&2&59 -10 5.42729 -10
27 2 e 231 5.3443
27 29 €6.8  0.20070 n '0.72296 0
+ 0.63 - 1.59 - 5.28 - 2.53 - 2,60

Vig  +0.63 +2.53 ax, - 2.60Ay2 - 1..59'Ar3 ¢+ 5.284y, = 0.91&Axu - 2.6883,

3

112° 08" Ml53  9.57629 <10 9.96672 -10,
73 16 M.23 5.36235 -10 5.36225 -10
o e 5313 5.31443
38 52 03.30 -
38 52 ol.21 0.25667 0.64710 n
+ 2,09 +1.8 - b4 - 1.59 - 5,28

v -

9 °

+2.09 +1,59 £x5 - 5.28 833 - 3.80 Ax) +0.84 Ay,

FIGURE 52.—Observation equations—Continued.
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169° u5' 06792
112 08 U4.53

6 22.
5 3 i3

+ 5.4%

Von 2 +#5.4% -

20

38° 34" 59055
249 45 06.92

hg 49 52,6
4g 49 27.83

-5.20
v

21 % 5.20 -

72° 36' 33055
38 34 59.55

01 34.00
%3 o1 34 69

T <0.69

Vo = - 0.69 +

292° og' Wh.53
251 36 33.55

4o 32 10.98
4 32 10.36

+ 0.62

Vo3 +0.62 -

351° 24' u2ldo
292 08 44.53
59 15 58.36
59 15 55.78

+ 2.58

vzu= + 2.58 -

9.99300 ~10  9.25053 -10,
5.54869 =10 5 54869 -10
5.31443 5.31443

0.85612 0.11365 n
+7.18 -1.30 +1.8 4.44

5.3T 6% + 3.1h 08 iy

9.89303 -10, 9.79496 -10,  9.99300 -10, 9.25053 -10
5.30675 =10 5.30675 =16 5.54869 -10  5.54869 +10

5.31443 5.31443 5.31443 5.31443
0.51421 n 0.1161% 0 0.85612 n  0.11365
- 3.27 - 2,61 - 7.18 +1.30

3.27 Ax3 + 2.6 A!s +7.18 Axu +1.30 Ayl&

- 3.27 - 2.6)

3.27 4 x3 - 2.61 Ay3

9.57629 -10, 9.96672 -10
.36595 ~10 6! =10
IR W

0.25667 n 0. 64710
- 1.8 + Ly

1.8 4% - b4 Ay

9.99510 -10,  9.17421 -10
5.56393 -10"  5.56393 -10

5.31443 5.31443
0.87346 n 0.05257
- 7.9 +1.13 - 1.8 + 5.4y

7.47 623 = 1.13 Ay3 +1.81 Axu + .4 4l Ayu

FIGURE 52.—Observation equations—Continued.
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Comypulation of corrections lo directions

Approx- Trans- Approx- Trans-
imate formed imate formed
Station coordi- coordi- Station coordi- coordi-
nates, inates, nates, nates,
zandy |z’ andy’ zandy |z and ¢
g:dwg 61;‘;(4% I Feet Feet
—641, —642, 953 —625,783 | —629, 121
OXOrd. oo -ooocooecoeee { oI5 | R 08 || matom oo \ +138, 435 | +130, 736
s —679, 625 | —681, 227 —661, 587 | —664, 638
Billings—-. oo { +71,200 | 462243 || BOSWOD- oo { 127,679 | +110, 085
—626, 280 | —~628, 575 -—630,813 | — 861
Camden...oceeeeomneanees { 97,663 | -+89, 993 || Mable-ee oo { +166,252 | +158, 414
| —666,452 | —668, 764 : —665, 663 | —669, 404
COOK. - e I I { | e
Computation of azimuth corrections
Line o/~ 2u’+ys’ | Correction c%gggfﬁi
Feet Feet " "
Oxford-Billings . . oo oo cicaccbimmenmeaas —38,274 | +168,325 —0.51 —0.52
Billings~Oxford - . - -l o +38,274 | +177,527 +0. 53 +0.53
Oxford-CooK .. . oo e s —25,811 | <196, 211 —0. 40 —90. 40
CoOR-OXIOrd. - e +25,811 | +233,299 -+0.47 -+0.47
Oxford-Camden ... cemmmiaaaa +14,378 § -+196,075 +0.22 +0. 21
Camden—-O0xford. oo omo oo iaeci e —14,378 | 233,027 —0.26 —-0.27
Billings~Co0K- . . ome e +12,463 | 214,615 +0.21 40. 21
Cook-Billings. . - .o co e eim e —12,463 | -+242, 501 ~0.24 -0.25
Billings~Camden. ..o mee o +52,652 | 214,479 +0.89 =+0.89
Camden-Billings_ ...~ e —52,652 | 242,229 —1.00 -1.00
Camden—CooK _ oot —40,180 | 270,115 —0.85 -0.85
Cook-CBMAEN . _ oo cmimacmmeeem s 40,189 | -+270,251 +0.85 +0. 85
Camden~Boston oo oooo o oicae i ~36,063 | -1-299,051 —0.85 —0.85
Boston~Camden __ . ..ot aeivmaaaaaas 36,063 | +328,123 -+0. 93 +0.93
Camden~Eaton . .o cicmenanaas ~546 | 310,721 —0.01 —0.02
Eaton-Camden. . ..ooooiramaiiraaaiememamaaaa +546 | 351,463 +0.02 +0.01
[017) 3 T 1Y WU R, 439,643 | 310,993 +0.97 +0.97
Eaton-Co0K. .« oo cccecemcmcsrmaranm e maam oo rnnae —39,643 | 351,599 —-110 ~1.09
Cook-BOStOn . - .. ecocimicicememameemmeremaeeoaan 44,126 | +209,323 +0.10 40.10
Boston-Co0K. - - oo eeceeiccccrmeeeccreme e ae —4,126 | +328, 249 =0.11 —0.10
Boston~-Eaton. ... oeeoimacmcmmem e ecmcceoaman +35,517 | 368,865 +1.03 +1.03
Eaton-BoStON. ..o oceoecamicmmemamcer e ceacaoaan —35,517 | 380, 535 ~1.06 —1.06
Boston-Mable. . . ..o amcemmcaiemcmero e 429,777 { +306,544 +0.93 +0.93
Mable~BoSton. - - .o meemeiccena —29,777 | -+435,893 ~1.02 ~1.02
Boston-Richmond _ ..o . o.coooio o iiiimmemaiianaas —4,766 | 384,068 —~0.14 —0.15
Richmond-Boston .- -cccccamoamnmco e acmcmaancans +4,766 | +410, 941 +0. 15 +0.16
Eaton-Richmond . o .o i caacaaaas —40,283 | -+407,408 —1.29 —1.30
Richmond-Eaton . .- -ccococamoimaai e cmcmcmaac s +4-40,283 | +422,611 +1. 34 +1.34
Eaton-Mable_ e —5,740 | +-419,884 -~0.19 —0.19
Mable-Eaton.. .. coceocccimmracemmmem e +5,740 | 447, 563 -+0.20 +0.20
Mable-Richmond . ..ol ~34,543 | 462,766 ~1.26 —1.26
Richmond-Mable. ... . oo 434,543 | 450, 290 +1.22 +1.23




Table for formation of normal equations

Arny Agy Azz Aty Azy Afs Azy Ays n =z 2 Adopted »
1 —0. 57 —532 | —0.0118 ~0.01
2 -+0.36 +1.93 | —0.9355 -0.04
3 —0.78 +5.5¢4 | +0.2746 40,28
4 —1.08 —4.61 | —0.2432 —0.24
4 —+0. 69 —3.67 | —40.0935 +4-0.09
6 —0.16 +1.41 | 40.6663 -+0. 67
7 +0. 01 +0.01 | —0.3746 —0.37
8 —1.52 —1.52 | —0.4042 —0.41
9 -0.55 —0.55 | —+0.2635 +-0.26
10 —0.11 —0.11 | —0.4330 —~0.43
1 +0.95 +7.27 0. 1164 —0.12
12 +1.09 —2.05 | +0.7727 +0.77
13 —2.26 +5.68 | —0.0810 —0.08
14 —3.36 —2.70 | —0.1440 —0.15
15 +0.12 40.12 | —0.2945 —~0.29
16 +1.05 +1.05 | +0.9441 40.94
17 —0. 45 —0.45 | —0.8581 —~0.86
18 +0.63 4+0.63 | -0.3368 +0.34
19 +2.09 —4.16 | —0.8527 ~0.85
20 +5.44 +3.21 | +0.3093 +0, 40
21 —5.20 +2.62 | —0.4328 —~0.43
22 —0.69 —0.03 | -40.3752 +0.37
23 .81 +0. 62 —5.63 —0.1718 -~0.17
24 +1.81 +2.58 4+0.23 | +0.1277 +0.13
Normal equations
Az Al Ary Aya ATy Ays Ay Al ] z

arn | 496.7006 —3, 7364 —60. 2102 +13. 5217 —2.7072 —9. 5541 —18,8739 —28. 3180 —4.7485 —18.9170

Ay +-119. 2264 4-7. 6188 —45.9030 —6. 2460 —14,8482 +35.9778 —31. 2018 +4-8.0182 468, 8149

ATy +172.8100 —27. 1874 —63. 6843 +49. 7706 +8. 4502 —4.9042 +3. 2441 +85. 9076

Ay +133. 2776 —15. 8196 —34. 7808 —6.9170 +3.2240 —12.8189 +-8. 5066

ATy -+204. 3630 —20. 8950 —77. 5284 +1. 1790 —4, 2855 +14. 3751

Ay 140, 4932 --22. 7404 —47.1252 ~-40, 2905 445, 5104

Azy 149, 2476 —15. 6156 —83, 8985 +13. 5826

Ay +134, 5068 +39.8438 -+51. 6888

n +94. 0788 -0.8570

z +-266. 6020

NOILLVLAdWOD HLVNIQHOOD-ANVId 40 "TVOANVI

613



Solution of normal equations

Az A Azg Ayg Azy Ays Az Ays L] 2
+-95. 7006 —3. 7364 —60. 2102 +13. 5217 —2.7072 —9. 5541 -18. 8739 —28. 3180 —4, 7485 —18. 8170
Azy +0. 039039 -+0. 629003 —0. 141278 +0. 028286 -+0. 099824 -+0. 197200 +0. 295874 +0.046614 | 4-0. 1076592
-+119. 2264 +7.6188 ~—45. 9030 —86. 2469 —14. 8482 +385. 9778 —31.2918 +8. 0182 +-68. 8149
Az —0. 1459 —2. 3505 +0. 5279 —0. 1057 —0.3730 —0. 7368 —1. 1055 —0.1854 —0. 7385
-4-119. 0805 —+5. 2683 —45, 3751 —6.3528 —15.2212 +35. 2410 —32.3973 -+7.8328 -+68. 0764
At —0. 044242 -4-0. 381046 +0. 053347 +0. 127823 —0. 205943 +0. 272062 ~0.085777 | ~0. 571684
+172. 8100 —27. 1874 -63. 6843 +49. 7706 +8. 4502 —4.9042 -+3. 2441 --85. 9076
Azy -37.8778 +-8. 5064 —1.7031 —6.0104 —11,8734 —17.8147 —2.9872 —11, 9000
A —0. 2331 +2. 0075 0. 2811 +0.6734 -1, 5501 +1.4333 —0.3465 —3.0118
+134. 6991 -18.6735 —65. 10683 +44. 4336 —4.9823 —21. 2856 —0. 0896 +70. 99524
Azy —+0. 123783 0. 483346 —0. 329873 +0. 036988 +0. 168023 ~+0.000665 | —0. 5270678
+133. 2776 —15. 8196 ~34. 7808 —6.9170 --3. 2240 ~12.8189 +4-8. 5966
Az -1.9103 ~+0. 3825 -+1. 3408 -2, 6665 +-4. 0007 0. 6709 +2. 6726
A —17.2000 —2. 4206 —5. 8000 +13. 4284 —12.3449 +2. 9847 -+25. 9402
Az —2. 0639 —8. 0591 -+5. 5001 —0. 6167 —2.6348 —0.0111 +8. 7880
4112, 0134 —25.9168 ~—33. 7300 8. 5612 —~7.7650 —9.1744 +43. 99745
Ays +0. 231372 0. 301133 —0. 076430 +-0. 069233 +-0. 081804 | —0. 392788
+-204. 3630 —20. 8950 —77.5284 +1.1790 —4, 2855 +14.3751
Az —0. 0766 —0. 2702 —0. 5339 —0.8010 —0.1343 ~(0. 5361
Ay —0.3389 —0.8120 1. 8800 —1.7283 +0. 4179 -+4-3. 8317
Azg —31. 4689 +21. 4768 —2. 4082 —10. 2883 —0.0433 -+34. 3163
Ays —5. 9964 —7.8044 +1, 9808 -~1.7943 —2.1227 +10.1798
+4-166. 4822 —8.3048 —78. 6097 —13. 4329 —6.1670 +61. 9669
Azs 0. 049884 -+0. 460168 -+0. 080687 +4-0.037048 | —0.372218
-+140. 4932 +22. 7404 —47.1252 —40, 2005 +45. 5104
A1y —0. 9537 —1.8841 —2. 8268 —0.4740 —1,8884
A --1,9456 4. 5046 —~4, 1411 +1.0012 +-8.7017
A1y —14. 6574 +1. 6435 +7.0215 +0.0296 | —23.4195
Avs —10. 1575 4-2. 5781 -2.3353 —2.7627 -+13. 2491
Azy —0.4143 —3.8216 —0.6701 —0.3077 +3.0912
4-112. 3647 +25. 7609 ~50. 0770 —42. 8041 +45. 2445
Ays ~0. 229262 +0. 445685 -+0.380939 | —0. 402658
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Azy As " z
+149.2476 | —15. 6156 —83. 8985 +13. 5828
an -3.7219 —8. 5843 —0. 9364 —3. 7304
AN —10. 4293 +9, 5878 —2. 3181 —20. 1467
Az -0, 1843 —0. 7873 —0. 0033 +2. 6280
ap —0. 6543 -+0. 5927 +0. 7012 —~3. 3627
an —35. 2533 —6. 1814 —2. 8383 +-28. 5152
an —5.9060 | -+11. 4808 +9. 8134 —10. 3728
-+63. 0985 —6. 5073 —79. 4800 +7.11123
Axy +0. 069897 +0. 853719 —0. 076385
--134. 5068 +-39. 8438 +-51. 5888
Ary —~8. 3786 —1. 4050 —5. 6070
Ay —8. 8141 +2. 1310 +18. 5210
Az, —3. 3636 —0. 0142 +11. 2189
Apy —0. 5369 —0. 6352 -4-3. 0461
Azy —1. 0839 —0.4977 4. 9999
Ay —22.3176 —19. 0763 -+-20. 1639
a7y —0. 4548 —5. 5554 -+0. 4971
--89. 6473 +14, 7010 +104. 43873
Ay —0. 164991 —1.164991
+04. 0788 —0.8570
Azxy -0. 2356 0. 9385
Ay -0. 5152 —4.4779
Ary ~0. 0001 +0. 0472
Ayy —0. 7514 3. 6038
Ary 0. 2285 +2. 2057
Ay ~186. 3058 +17. 2354
Azy —67. 8536 +6. 0711
Ay ~2. 4404 —17. 2314
+5. 7482 +5. 7482
266. 6020
A —3. 7380
AY: —38. 0182
Azy —37.4194
At —17. 2817
Az —23. 0640
An —18. 2181
Ary —0.
At —121. 6697
+85.7478

93324°—35—18
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Back solution

Ays Az Ay Az At -Azy Ayt An
—0.16499 | +0.85372 | -+-0.38094 | 4-0.03705 | +0.08190 | <4-0. 00066 | —0.06578 | 4-0. 04961
—0.16499 | —0.011563 | —0.07353 | —0.01331 | —0.01142 | —0.02607 | —0. 04489 | —0. 04882

40, 84219 | —0.19308 | 0. 38755 | —0. 06437 | +0. 03115 | —0. 24924 | 4-0. 16608
+0.11433 | +0.00570 | 4-0. 03443 | —0.03771 | 40. 01461 | 4-0. 01141
+0. 41699 | +0.09648 | -+0.20155 | +4-0. 02225 | +0. 01179
+0. 13702 | +0.01696 | 4-0. 05221 | —0. 01936
. -+0.18654 | —0. 00825 | 4-0. 11735
0. 77800 |_—0.010%
L -+0.27718
Computation of corrections
- 1 2 3 4 5 6 7 8
—0. 57 +0.36 -0.78 —1.08 -+0. 69 -0.16 +0.01 —1.52
40.4275 | —0.4275 | 40.7107 | 41.3304 | —0.9035 | —0.4684 | —0.7566 | —0.6042
+0.8680 | —0.8680 | 40.3439 ] 40.5610 | +4-0.3070 | --0.5638 | —0.4856 | —O0.9629
—1.1360 | —0.9355 | +0.2746 | —0.7107 | 40.0935 | --0.0280 | —0.0280 | —1. 2009
+0.3987 | —0.94 +0.28 0. 3439 . 09 4-0.7029 | —0.7029 | —0. 3876
—0.0118 : —0. 2432 +40.6663 | +1.2009 | +4.2615
=0.01 -0.24 +0.67 -+0. 3876 | +0. 0099
—0.3718 | —0. 4042
—0.37 —0.41
9 10 1 12 13 14 15 16
—0. 55 -0.11 +0.95 +1.09 —2.26 -~3.36 +0. 12 +1.05
+0.8264 | —0.0416 | 40.0416 { +40.4253 | 41.7514 | 40.7005 | —0.7982 | +4-0. 7982
40.1959 | +1.4317 | —1.4317 | —0.7426 | 40.4276 | 10.3053 | +0.9461 —0. 9461
~2.9023 | 40.4999 | 4+0.6827 | 40.7727 | —0.0810 | +4-1.3391 | +1.8639 | —1.2983
+0.1338 | +0.3467 | —0.3580 | 40.77 —0.08 -40.8711 | —0.2161 | --0.1603
+2.1307 | —2.1307 | ~0.1164 ~0.1440 | —1.3391 | +1.7013
+0.4200 | —0.4290 | —0.12 -0.15 —0.8711 | —0. 5213
+0.2635 | —0.4330 —0.29456 | +-0. 9441
~+0.28 —0.43 —0.29 +0.94
17 18 19 20 21 22 23 24
—0.45 +0. 63 +42.09 +5.44 —8.20 -0. 69 +0.62 +2.58
+1.4024 | 40.4719 | 40.6630 | —4.56226 | —1.3636 | +1.3636 | —1.5244 | —3.1149
+40.0167 | —0.3563 | —0.6037 | —0.5181 | 4-0.2084 | ~—0.298¢4 [ +40.7328 [ —0. 1292
—~0.4719 | —0.6630 | —2.8634 | 40.3993 | +6.0469 | 40.3752 | —0.1718 | 1. 5244
+0.3563 | +0.6037 | —0.1386 | 49,40 —0.2145 | 4¢.37 —0.17 ﬂs
-~2,1307 | —0.7017 | —0.8527 —0.4328 +0. 1277
+0.4101 | 40.4422 | —0.85 —0. 43 <+0.13
—0.8581 | +-0.3368
-0.868 —+0.34

Dot=+5.7404




"MANUAL OF PLANE-COORDINATE COMPUTATION 223

COMPUTATION OF TRIANGLES

B4 Jons 1229
State: . Ohlo = Indlana . .
wo. - fTATIOR -_qmv&m comex SMEDL Grmmvn  FLANZ ANOLE 1GARITEM
23 4.5951101
5 1 Canmden 40 57 23.45 +0.09 23.54 0.1834363 b
344 2 Oxford 97 45 38.70 +0.04 38.74 9.9960037°
2 3 Blllings 41 16 58.66 -0.94 57.72 9.81939572
13 -0.81 L. 7745502
1-2 4.5979k422
23 4.5979422
11 1 Cook 54 55 37.71  -0.12 37.59 o.os7oaass
"546 2 Camden 68 57 31.64 +0.76 32,40 9.97003231
4 3 oxford 56 06 50.25 -0.2h4 50.01 9.9191552
1-3 +0,40 k. 6549974
1.2 4,6041203
23 4. 7745502
11412 3 Gook 113 50 39.27 +40.65 39.92 0.0387467
g 2 Cemden 28 00 08.19 +0.67 08.86 9.6716443% -
1 3 Billings 38 09 11.23 -0.01 11.22 9.7908234°
13 +1.31 L. hahgl1s
© 12 4. 6041203
2.3’ 4.5951101
12 1 Cook 58 55 01.56 +0.77 02.33 0-06731161
3 5 Oxford 41 38 48,45 +0.28 48.73 9.82251967
142 3 Billings 79 26 09.89 <-0.55 08.9% 9.99257565
13 +0.10 4. 4eugly3
12 4.6549974

F1aUuRE 53.—Final computation of triangles, Obio.
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ORI ShSpuEee
l-n‘-ﬁa
NO. GTATION
23
17 1 Eaton
7+8 2 Camden
10 3 Cook
13
12
23
15 1 Boston
17418 2 Eaton
8 3 Camden
13
1-2
23
15416 1 Boston
18 2 Eaton
9 3 Cook
13
1-2
23
16 1 Boston
7 2 Canden
+10 3 Cook
13
12

State: __Qhio = Indiana.

P

U. 8. COAST AND GEODETIC SURVEY

COMPUTKHON OF TRIANGLES

Ermus't BrEm't PLANE ANGLE
mm QOBB'N “[yots xirezss AND DISTANOB

45 Ok 53.36
88 59 41,09
b5 55 27.62

57 05 28.73
72 34 50.22

50 19 42.27

116 18 13.64
27 29 56.86
36 11 ¥8.25

59 12 44,91

38 39 58.82
82 07 15.87

-0.86
-0.78
~0.43
-2.07

=0.29
-0.52
-0.41
-1.22

+0.65
+0.34
+0.26
+1.25

+0.9l
-0.37
-0.17
+0.40

52.50
40.32
27.19

28.44
k9.70
41.86

14,29

57.20
48.51

k5,85
58.45
15.70

Fiaurg 53.—Final computation of trisngles, Ohio—Continued.

4.6041203
0.1499000
9.9999331°
9.856378

k. 7539534
1.6103990

14.6103990
0.07596029
9.97961135
9.8863299
4.6659706
4,5726892

4.7539534
0.04747117
9.66k3942°
9.77126455
4, 4658188
k.5726891"

4.6041203
0.0659695%
9.7957289%
9.9958807"
4. 4658188
4.6659706



21
19420

23424
22

13

13414
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STATION

23
1 Mable
2 Eaton
3 Boston
13
1.2

23
1 Richmond

2 Mable
8 Eaton
13
1-2

23

1 Richmond
2 Mable

8 Boston
13

12

23

1 Richmond
2 Baton
3'Boeton
13

12

PLANE

COMPUTATION OF TRIANGLES '
State: . _OD10 = Indiena . . ..

CESERVED ANGLE  oommn oy GEEG FANRANGLE

k8 U9 57.83
96 28 18.16
34 41 45.04

40 32 10.36
81 51 32.52
57 .36 16.95

99 .48 06.14
33 01 34.69
47 10 18.92

59 15 55.78
38 52 01.21
81 52 03.96

-Q.43
-0.45
-0.15
-1.03

=0.17
-0.06
+0.40
+0.17

-0.04
+0.37
-0.08
+0.25

+0.13
-0.85
-0.23
-0.95

57.40
7.1
44,89

10.29
32.46
17.35

06.10
35.06
18.84%

*55.91
00,36
03.73

F16URE 53.—Final computation of triangles, Ohio—Continued.

4.5726892
0.12332633
9.99722377
9.755279
4.6932393
4, 4512952

4.4512952
0.1871348
9.9956012
9.92653434
4.6340313

15649644

%.6932393
.0.0063861°
9.7364168"
9.8653

4. 4360423
k.56k9643

4.5726892
0.065731%
9.797621F
9.9956106°
5.4360423
4,63%0313
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OYITIRT e
i 12
NO. BTATION
23
5 1 camden
3+4 2 oxford
2 3 Biliings
13
12
23
1! Cook
546 2 Ganden
4 3 oxford
13
1-2
2-3
11+12 ! cook

6 2 Camden

1 3 Billinge
13

1-2

23

12 ! gook
3 2 oxfora

1+2 3 B1llinge
13

1-2

osszSD

Yo 57
97 45
4 16

54 55

68 57
56 06

113 50
28 00
38 09

58 55
41 38

79 26

24,18
37.97
59.02

01.17

38.09

32.22
49.64

N
©
O
W

d

40.37
0g.04
10.55

|

8.9

N

02.28
4e.33

09.57

00.18

O\

U. 8. COAST AND GEODETIC SURVEY

COMPUTATION OF TRIANGLES
State: .Oblo - Inddana ..o

n"’\ﬁ?&c- copnN Srzmn Srmmn

40.09 2427 0.12
+0.04 38010.12
-0.9% 58.080.12
-0.81 0.36

-0.12 3797'0.12 .

40.76 2.8 0.11
-0.24 4k00.12
+0.40 0.35

+0.65 11 020.09
+0.67 08.710.09
-0.01 10.540.09
+1.31 0.27

+0.77 63.50.09
+0.28 48.610.09
-0.95 08.620.10
+0.10 +0.28

DR

24.15
37.89
57.96

37.85
32.47
k9,28

40.93
08.62
10.45

02.96
48.52
08.52

F1GURE §3.—Final computation of triangles, Ohio—Continued.

4.0791519
0.1834348°
9.99600&03
9.8193962
4.2585908
4,0819830

4.0819830
0.08702249
9.97003269
9.91915422
4.1390382

4.0881507

4.2585908
0.03874765
9.67164343
9.79082134
3.9689819
4.0881598

4.,0791519
0.06731081
9.82251913
9.99257551
3.9689818
4.1390382
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DEPARTMENT OF COMMERCE
8 coAS 0 Sooehic sy
4. Jap, 1020

nNo,

17
7+8
10

15
17#18

15416
18

16

9+10

8TATION

2-3

1 Eaton
2 Canden

3 Cook
13

12

23

1 Boston
2 Eaton
3 camden
13

12

23

1 Boston
2 Eaton

3 Cook
13

1.2

23
1 Boston

2 Camden
Cook
1-3

1-2

State:

COMPUTATION OF TRIANGLES

Ohio - Indiana

0535835&%83 corm'N SUEL Sraman  FLANE ANOLE

57
72
50

16
27
36

59
38

ol
59
55

05
34
19

18
29
11

39
o7

54.46-0.86 53600.13
40.26-0.78 P 480.13
27.74-0.43 27.310.13

-2.07 0.39

02.46

28.83-0.29 B.540.11
51.29-0.52 50.770.12
41.44-0.41 12.030.12

-1.22 0.34

01.56

14.77+0.65 15.420.07
56.83+0.34 57.170.08
47.38+0.26 47.640.08

+1.25 0.23

e

8.98

45.54+0.94 U6 .450.09

58.82 -0.3P8.4 0.00
15.12-0.17 %.95 0.10
+0.%0 0.28

59.88

53.47
39.35
27.18

28.43

'50.65

ko.92

15.35
57.09
47.56

46.79

58.36
14,85

Fi1GURE §3.—Final computation of triangles, Ohio—Continued.

LOGABRITHM

4,0881598

0.1498979 7
9.9999330 9
9.85637% 4
4.2379909
4, 09uk36L

4.0554364
0.07596031
9.97961198
9.88632827
A4.1500087
14,0567250

4.2379909
0.04747227
9.6643938>
9.7712618
3.9498570"
4.,0567250

4.0881598
0.0659684°

.9.7957287°

9.995880u7
3.9498569

4.1500087
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NoO. STATION

21 1 Mavle
19420 2 Eaton
14 3 Boston

2-3

23 1 Richmond
21422 2 Mable

20 3 Eaton
1-3
1-2
2-3
23+24 ! Richmona
22 % Mabvle
13 3 Boston
1-3
1.2
23
24 1 Richmona
19 2 Eaton
13414 3 Boston
13
1-2

State:

COMPUTATION OF TRIANGLES

Onio = Indiana

OB%QPDE&QB comaN SrEmmL frmmu

48
96
34

31
51

99
33

Lo
28
41

32
51
36

48
o1
10

59 15

38
81

52
52

59.05-0.4358.62 0.08
17.29-0.45 1684 0.09
44, 94-0.15 ¥.79 0.08

-1.03 0.25

01.28

10.25-0.17 120.08 0,08
33.98-0.06 33.92 0.08

15.84 40,403 2% 0,08
+0.17  0.24

00.07

07.21-0.04 97.270.07
34,93 +0.375-300.08
17.84% -0.087.76 0.08

+6.25 0.23

59.98

56.96 +0.1357.09 0.08
01.45 -0.8500.600.08
02.78 -0.2%2.550.08

-0.95 o.24

01.19

PLANR ANGLE
AND DISTANCE

. 4,0567250
58.54 0. 123321&2
16.75 9.99722m°
44,71 9.7552790

4.1772732
3.9353283

3.5353283
10.00 0.1871353
33.84 9.9956016°
16.16 9.9265327

4.1180653

4. 0489964

4.1772732
07.10 0.0063865°
35.22  9.73641733
17.68 9.8653366°

3.9200771
4.0489964

4.0567250
57.01 0.06573002

00.52 9.7976221

02.47 9.9956102
3.92007727}
4.1180653

F1GURE 83.—Final computation of triangles, Ohio—Continued.
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ADJUSTMENT ON THE TRANSVERSE MERCATOR GRID OF INDIANA, EAST

The following computations are based on the transverse Mercator
grid system for the eastern half of Indiana. (For grid table of Indiana,
see fig. 46.)” They cover the same stations as those used in the pre-
ceding computations which were based on the Lambert grid system
for the southern half of Ohio.

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
StateIndiana (Eagt) Station Oxford

MANUAL OF PLANE-COORDINATE COMPUTATION

. , . A (Central meridian) g° u‘&é g.g.ggg
¢ 39 31 u47.90 p : -
A (Central meridian-2) + 0 53 ., 30.388
AX(in sec.) + 3210.383
|_log ax ___3.50685753 log St 9.769277
|_Cor. arc to sine. - 1754 log C* 1.321158 =10
|_log ax, 3.50653999 log a¢ 1.0904a5
| _log cos ¢. _9S. 88721862«10 51
| _colog A 1,49086969 ¢ 3§ 31 47 9%
_log S, 4 ,88462830 a4 + 12,31
_Cor. sine to arc + 1042 o 39 32 00,2450
|_log S, L, 38463472 66
_log 3937/1200._ L, 0.51598417  _{|_Tabular ditference 201.17733
of y for 1" of ¢*
|_log R - 1hLg
| _log Sg 5.140060843 y (for min, of ¢") 740,486.21
_tog 54 16.2018952 y (for seconds of ¢)_{ + 24,95
|_log 1/5&sz I}, 581046220 y 740,511.16
_log (S¢¥6.6:2)g 0.782871%
|__log sin £4£ 9.8038016 ~ /0
_se 251,540,782 - ML’L P
_.(sgye 6%)e £.066 o5 a,
X' 251,546.85
2,000,000.00 |_log {any 10.519
S— 2,251,546,85 fog 1.870 - 20
log b 8.389 ~/0
aq ol M —_—
b 0024
aa + oo s
sa. £0 34 o345

® Take out Cfirst for ¢ and correct for approximate ¢
F1GURE 54.—Computation of coordinates, Indiana.

7 For State map of Indiana showing the elements of the two grids covering the 8tate, see fig. 65, p. 266.
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U. 8. COABT AND GEODETIC SURVEY

PUANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION

State Indlana (Eagt) Staton Billings
.  (Central meridian) g"a 40 00.000
0 v N st 38,240
39 33 18,743 +0 05 21.760
AN (Central meridian-A)
aA(insec.) 2721': 760
_log A\ 3.434849483 10g S 9.625552
|_Cor. arc to sine - 1260 log C* 1.321131& = 10
| _log.an, 3.43483723 log ad 0.947666
__log cos . . 9.88706077-10
|_colog A 140087032 | 4 39 33 1A U3
| 10g S, 4.81276432 ad + __8.8533
|__Cor. sine to arc + 749 ¢ 39 33 27.5963%
| _tog Sm 4,.41277541
|_tog 3937//1200 0.51598417 _Tabular d'i'fferer’\ce} 101.17767
| 1gr _ ahlia of y for 1" of ¢'
| _log Ss 5.32874550 y (for min. of ¢") 746,556,465,
|_tog Sg° 15.9862365 y (for seconds of ¢")_{+ 2,792.13
|_log 1/6,2R? | _4.sEi0462-20 Il 749,348.98
_log (76 6:%)g 0.5672827
|_togsin£4¢ 1 o.dokooR9 - 10
|_sg 213,179.529 o o T
__(s,y 66")e 2-0%2 tog Aa 32388747
< + 213,183.22 — ! -
2,000,000.00 _log (an)® 10.305
x 2,213,143,22 tog F 7.870 =20
fog b 8.175 =10
aqy + 1733320
b 0,018
Aa + 1733.3%
o 2% A

% Take out C first for ¢ and correct for approximate ¢%

FIGURE 54.—Computation of coordinates, Indiana—Continued.
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION

StateIndlana (East) Station

A (Central meridian)

Mable

81 us.3e

¢ 3; l&9 09" .3!+1‘ b
&\ (Central meridian=\) + 0 55 14.638
AX(in sec.) + 3314:'638
Llo_g ax 3.52043611 log Su? 9, 79'5%}
_Cor. arc to sine = 1869 fog C* 1. 3235% -10
| _fog ax, _3.520417%2 | _tog ag 1.11897
| tog cos . 9.88539983-10
|_cotog A 1.49087700 " 29 40'0o. 3
|—log S; 4 89660U25 [ ad + 13,1531
|_Cor. sine to arc. + 1102 ¢ 39 49 22,4043
|__log S 4,89670527
|__log 3937/1200___0.515981+17 -|[~Tabuler difference) __{__101,18233%
| g R 1448 ofyfor 1" of ¢
|_log §g 5.41067U06 y (for min. of ¢") 843,689.48
| log Sg° 16.2380249 y (for seconds of ¢) |+ 2,276,00 ___
|_tog 1/6e2Re . | _%.5810462~20 y 845,965,149
|_tog (3.75 6% 0.8190711
+¢ 9.8064462 - 10
| s, 258,627.653 :::: :"l *+* S 520K361
_(s’y GQ,'), 53— __log aa, 3.3268823
X, 254,634.25
2,000,000.00 Llog (ax) 10.561
M 2,258,634,25 log F 7.870 - 20
g b 8,431 ~/0
_aa +_ 2122 669
b 0. 027
aa 2124, 70
Aa + 0 35 com

#Take cut C first for ¢ and correct for approximate ¢,
FI6URE 54.—Computation of coordinates, Indiana—Continued.
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State Indlana (East) Station Richmond

. , A (Central meridian) ';g g?.ggg
¢ 39 U7 06.065 P -
A (Central meridian-A) + “7" 52,053
AX(in sec.) + 2872.053
log Ax.. 3.45819245 108 S? 9.669 g i
|__Cor. arc to sine. - 1403 log C* 1. }25%' -10
3 ;
_log an, 3. 45817842 log a¢. 0.99%9_&
|__log cos ¢. 9,88561611-10
|_-colog A 1.49087613 ¢ 33 47 o5
__log S, 4,83467066 | _aé + 9.6@%_
|__Cor. sine to arc + #29 ¢ 39 47 18,9 !ZS
_log S, 4, 83467895
| 10g3937/1200____|_  0.51598417  |_Tabular difference} 101,14183
of y for 1 of ¢
|__log R - 1ubg
__log Sg 5, 35064864 y (for min. of ¢") 831,547.65
|__log 'S¢’ 16.0519459 y (for seconds of ¢") 4 1,612,6)
|_tog 1/60,2R? L £A10LE2.20, ¥ £33,160,26
_log (587’6 G 0.6329921
|_tog sin £3-£.
s, +_ooh,206.727 [ES" T
s3/6032) 4,205 —log ax
'y
— “/ &) _log aqy
' +_ 20l 211,02
-2,000,000,00 Jl-log (an)®
x 2,224,211.02 I logF
log b
AQ; i
b
aa — °
o . .
aa

# Take out C first for ¢ and carrect for approximate ¢’
FIGURE 54.—Computation of coordinates, Indiana—Continued.
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Computation of geodetic azimuth

BILLINGS-OXFORD

2, 251, 546. 85 740, 511. 16 426, 366
2,213,183. 22 749, 348. 68 251, 847

38, 363, 63 —8, 837. 82 677, 013

5. 83117
4. 58391969 4. 5839197 4. 5051484 3. 946360
3. 94634516m 0.0112287 0. 5159842 9. 80547—20
0. 6375674640 4. 5951484 4. 0791642 { 9. 67209—10n
-120 -.47

282 58 22.39

+28 53.34 4, 5951364

- 47 0. 5150842

283 27 15.26 4.0791522

LIST OF DIREGFIONS

Stations BPilliegs Statos  Indfasn
Observed Observed Adjusted [Adjusted
Geodetic Correction | Plane Plene Goeodetis
bs t1 Direction Directio Direction | Direction
Cook 0 00 00,00 ~1,44 68.56 68,85 00,29
Camden 38 09 10,66 «1,54 03,01 09,31 10,85
Oxford 79 26 09,57 +0,47 10,04 09.44 08.97

LIST OF DIRECTIONS

Station; -0xford States Ohlo
Obaerved Observed Adjusted | Adjusted
Geodatic Correctlon | Plane- Plane Geodetic
8 tatio Direction Direction Direction | Direotion
Peorla 0 00 00,00
Pillings 82 16 00.82 0,50 00,32 00,18 00.68
Cockx 123 54 49,15 -2,11 47,02 47.2) 49,33
Candon 180 01 38,79 ~2.3% 36,65 | 36,63 38.77

FIGURE 65.—List of directions.
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L.IST OF DIRECTIONS

Stations Camflen States Ohio

Observed Observed Adjusted Adjusted

Geodgtic Correction | Plane Plane Geodetic
Oboorved Station Dirpction Direction Direction | Direction }
Oxford 0700 00,00 42,38 02,28 02,18 69,84
Billings 40 57 24,18 +1,65 25,83 25,64 23,99
Qoole 68.57 32,22 +0,01 32,23 32,70 32,69
Boston 107 37 31,04 1,72 29,32 29,46 31.18
Eaton 157 57 12,48 =2,55 09,93 09,65 12,20

‘LIST OF DIRECTIONS

Stations Cook States Indiana

Observed Observed Adjusted Adjusted

Geodetic Corraction| Plane Plane Geodetio
Observed Statlon Direction Direction Direction {Direction

— e e tnnm—

Boston 0 00 00,00 =165 58,45 58,40 69,95
Baton 36 11 47,38 =2.30 45,08 45,25 47,85
Camden 82 07 15,13 ~0,01 15,11 14,87 14,88
Oxford 137 02 53,21 +3,04 65.25 64,97 62,93
Billings 195 o7 65,49 +1,46 66,96 67,35 65,89

FIGURE 55.—Lists of directions—Continued.
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LIS? OF DIEECTIONS
Station: Boston Statos Indiam
Observed Observed Adjusted | Adjusted
. Geodetic . Corroction Plans | Plane Geodetio
Obsorved Station Direction Direction Direction 4 Direction
Richihond 0 00 00,00 =1.44 58,56 68,64 00,08
Madble 47 10 17,84 -2,23 15,61 15.60 17.74
Eaton 81 52 02,78 «0,68 02,10 01,94 02,63.
Capden 138 57 31.61 +1.64 33,25 32,88 3.24
Coole 198 10 17.55 +1.56 19.10 19.66 18,10
LIST OF DIRECTIONS
Station: ZEston States Ohlo,
Observed Observed Adjusted Adjusted
Geodetic Correction Plane Plane Geodotic
Obsorved Station Direction . Direction Direction | Direction
Camden 0 00 00.00 +2.55 02,55 03,37 00,82
Cook 45 04 54.46 +2,43 56.89 56,80 64,37
Boaton 72 34 51,29 +0,72 62,01 B2.24 61,53
Bdchaond 111 26 52,74 -0,88 61.86 6.2 62,09
Mabdble 169 03 08,58 =1,71 06,87 06.58 08,29

FIGURE 55.—Lists of directions—Continued.
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DIS? OF DIRECTIONS

Station: Mable State: Oblo
Observed Observed Adjusted Adjusted
Geodetic Correction Plane Plans Geodotic
Observed Station Direction Direction Direction] Directlon
Eaton Q 00 00,00 +1,70 01.70 01.89 00,19
Boston 48 49 69.05 +2,33 61.38 61,12 68,79
Bichmond 8l 51 33,98 +0,75 34,73 34,81 34,06
BIS? OF DIRECTIONS-
8tation: Ricinond State: Indians
Observed Obgerved Adjusted Adjusted
Geodetic Correction Plane Plane Geodotic
Observed Station Direction Direction Direction{ Drection
Walting 0 G0 00,00
Madle 656 41 62,60 -0,70 61.89 61,89 62,60
Eaten 106 14 02,85 +0,83 03,68 03,60 03,77
Boston 165 29 59,81 +1.43 61,24 61,33 59,90

FIGURBE 565.—Lists of directions—Continued.
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Computation of grid azimuths

. Azimuth and
Line anglo

Billings-Oxford. .o 282 58 22.30
—41 16 59.02

Billings—Camden. . .o eacocmmcmnamamaaeoe 241 41 28.37
Camden-Billings._ . eenvmommamacicaaaaa 61 41 23.37
+28 00 08.04

Camden-CooK. .. ..o 89 41 31.41
+38 39 58.82

Camden-Boston . - e e oeee 128 21 30.23
Boston-Camden.. . ceemmoniocienaaos 308 21 30.23
—57 06 28.83

Boston-Eaton. .. _acim . 251 16 01.40

[The lengths are taken from the triangles on page 208 without grid reduction.

Compulation of coordinates

BILLINGS-CAMDEN

9. 9446766~ 10 9. 676002310 2,213, 183.22 749, 348. 68

4.7745756 4.7745756 -+52,390. 46 +28, 221. 36

4, 7192522 4. 4505779 2, 265, 573. 68 771, 570. 34
CAMDEN-COOK

9.9009937~10n | 7.7303438—107 | 2, 285, §73. 68 777, 570. 34

4. 6041455 4. 6041455 —40, 191, 98 ~—216. 02

4,6041392 2. 3344803 n 2,225,381.72 777,354.32

CAMDEN-BOSTON

9.8943960—10n | 9.7927968—10 2, 265, 573, 68 777, 570. 34

4. 6659954 4. 6659954 —36, 340. 54 28, 760. 22

4, 5603914 n 4, 4587922 2,229,233.14 806, 330. 56
BOSTON-EATON

9. 9763618—10 9. 5087182—10 2,229,233. 14 806, 330. 56

4. 5727116 4, 5727116 ~+-35, 405. 72 -+12, 008. 87

4. 5490734 4. 0794208 2, 264, 638. 86 818,337.43

93324°—35—16

237
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Fized coordinates

Station C"z"g%‘g‘;“’s Station C"I"{:};ﬁm
Feet 2 25FS”(§34. 2
2,213,183, 22 , 258,
Billings. { 749, 348, 98 || Mable- { 845, 965, 49
2,251,546, 85 || 1 2,224, 211,02
10310 F . { 740,511, 16 || Richmond oo { 833, 160, 26
Adjusted coordinates
. Assumed Adjusted
Station coordinates | COTFECHoOn [ oo Ginates
2 2F“§73 68 F—f-elt 0| 2 zF“é 5. 17
, 265, 573. . , 265, 575.
1. Camden.... - { 777, 570. 34 +1.17 777, 571. 51
2,225, 381. 72 40.18 | 2, 225,381.90
2. Cook-...... e oo { 777, 354. 32 +0.75 1 777, 385.07
2,229, 233. 14 —0.23 | 2,229,232.91
E N T Y 806, 330, 56 +41.33 | 806,331,890
2, 264, 638. 86 +0.51 | 2 264,639.37
4 BabOn. oo s { 818,337.43 +2.79 818, 340. 22
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Computation of Azimuths

B1llinge-Cook

Billinge~-Camden

2,225,381, 72
2,213,183.22

777,354, 32
7 9,328.98

+12,198.50

4.,08630643
4, J72h085

+ 28,005. 34

426,366
225,382

9.63906558 ~10

203° 32' 1271

651,748

E?SIZOS
RITTy 4208

9.89547 -20

0.15679

+ 1?44

‘Billings-Oxford

- 0?47
0 ] n
282" 58 22.38
Oxford-Cook
2,225,381.72 ,354.32
2225?,%46;%5 ?Z%,§?1.§6
~26,165.13 +36,843.16
4, 41772290 n 4.56636
4 56635687 9.91133 -10
9.85136603 -10,, 4.65503
03,094
222:588
728,476
86242
.5663§
9.89547 -20
0.32425
+ 2011

1449 37" 06775

2,265,573.68 777,570.3%
2,213,183.22 749,348.98
+ 52,390.46 +28,221.36
u.zl925221 426,366
4. 45057794 265,574
0.26867427 691,940
5 &hooy
.45058
9.89547 -20
0.18612
+ 1054

210 u1' 23°37

Oxford-Billings

503,094
213,183
716,277
5.85508

3.9 35
9.89547 -20
9.69690 -10
+ 0.50

102° 58' 22738

Oxford~Camden

2,265,573.68 ,570.34%
L kR
+ 14,026.83 +37,059.18

4,146959
L. 5688852{

9.57806372 ~10

03,094
252,5?4
768,668

g.ss57h
.56890
9.89547 -20

0.35011
+ 252k

200° 43" 53°61

F16URE 56.—Computation of azimuths.
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Camden-0Oxford

531,147
251,547

0.35796 a
- 2.28

20° 13’ 53761

Camden-0ook

2,225,381.72 777,354.32
2,265;573.68 777,570.34

-40,191.96 - 216.02

4.60413919 n 1,147
2. 33&1&3396 n 225,382

2.26964523 756,529

8.10879 -10,
- 001

89° m' 31’40

Camden-Eaton

2,264,638.86 £18,337. 4
2,265,573.68 777,570. 3z

- 934.82 + uo,767.o9/;

2.97072800 n 1,14
R.eldfoom © Bhess
8.36041829 -10, 795,786
.90080

.61031

9.89547

0.50658

+ 2755

-2

178° m' 102

Camden-Billings

6a°m' 23737

Qamden-Boston

2,229,233.14 806,330.56"

2,265,573.68 777,570.34

~36,340.54  + 28,760.22

4,560391 1,1l
§ilegi0s%h & 335.535
0.10159917 n 760,340

128° 21° 30°28

Cook~Boston

2,229,233.14 806,330.56
2,225,381.72 777,354.32

+ 3,851.42 + 28,976.24

2-225620% 450,763
. 46204203 229,233

—

9.12357885 -10 679,996
. 83251
3. i20n
9.89547 -20
0.19002

+1%s5
187° 34' 16723,

F1aure §6.—Computation of azimuths—Continued.
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324° 37° 06°75

Cook-Eaton

2,264,638.86 #18,337.43

2,225,381.72 777,35%.32

+ 39,257.14 +140,983.11

8.59391866 3,61260

4.61260491 9.85863 =10

9.98131375 -10  4.75397
ugu’ZQB
715,02
2.85%5

.61260

9.89547 -20"
0.36262
+2.30

223° u6' 03.92

Cook-0Oxford

450,763
251,547
702 310
2566ﬁ n
9 895 7 -20)
0. 30836 n

- 2003 adopte2, ok

Boston-~Richmond
8,224,211.02 833,160.26
2 229,233.14 806,330.56

-5,022.12 + 26,829.70

e

‘9.27227127 ~10,

169° 23' 51799

458,466
22’!»,212

g s;uaa
42859
9.89547 -

0.15828
' 1?25

Cook-Camden

450, 763
265,574

716,337

242

9 89547 -20

8. 0§508 -10
+0.01

269° 11" 31 0

Oook-Billings

450,763
213,183

663,946

g 8221{
4yyolt n

9.89547 -20

———

0.16484 n

- 1046

23° 32' 1271

Boston-Mable

'2,258,634.2 845,965.49

2,229,233.14
+ 29,401.11

806,330.56
+39,634.93

B 46836372 4. 59808
g, 59807809 9.950480 -10

9.87028563 -10  b.69328

458,466
258,634

9.89547 -20

216° v’ oxlar

FiGURE 56.—Computation of azimuths—Continued.
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Boston-Eaton Boston-Camden

2,264,638.86 813,337. %
513850350k 806.330:55

+ 35,405.72 +12,006 87

4. 5490734 458, 466 458 466
u.g79uegs{ 22&,639 265,574
0. heg6l362 23,10 724,040
? % 25928 2.85976
Q7943 45879 n
9 89547 -20 9.89547 -20
9.83410 -10 0.21402 n
+0 68 - 1.64
251° 16" 01740 308° 21° 3024
Boston-Cook Eaton-Camden
8,466 529,278
225,382 265,574
643,848 794,852
2.83&96 2.90029
46204 n 61031 n
9.89547 -20 9.89547 -20
0.19247 n . 0:40607 n
- 156 adopt -1.55 - 2"s5
7° 3u' 16023 358° 1’ 11702
‘Eaton-Cook Eaton-Bostoh
529,278 529,278
225,382 229,233
754,660 758,511
2.87775 2:87996
61260 n .07943 n
9.89547 -20 9.892&1 -20
0.38582 n. 9.85486 ~10,
- 2%3 -0.72
43° 46’ 03.92 7° 16’ 010k0

F1GURE 56.—Computation of azimuths—Continued.
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Eaton-Richmond

110° 08’ o7°49

2,224,211.02 833,160.26
2, )264 ,638.86 #18,337.43
-4o,427.84 +14,822.83
4.606568054 n
4.17093113
0.43574942 n
529,278
22k 212
753,190
ﬁ.87708
.17088
9. 595u7 -20
9. 9u3u3 -10
+0.88

Richmond~Mable

i pisi
+34,423.23 +12,805.23
VRS S b
0. 42946423 b.56499
4ug, ol
258,634 2634
707 22
o5t
9. s95u7 -20
9.85237 =10
+0.71

249% 35' 42039

Eaton-Mable
2,258,634.25 8l5,965, u9
2,264,638, 86 816,337 43

~6,00%, 61 +27,628.06
2. 84algo n 4, 4y 35
135039 9.98598 -10
9,33713441 -10, 4.45137
29,278
35865
787, 912
E . 896148
uulzs }
9.89547 -20
0.23330 -23330
+1.71

167° ' 17?4#

Richmond-Eaton

290° ¢8' o7°49

F1GURE 56.—Computation of azimuths—Continued.

9.89547 -20
9.91948 -10,

]
« 0.83
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Riohmond~-Boston Mable-Eaton
Lhg, yon 511,268
229,233 264,639
el Ll
42859 n %.inge n
9.89547 -20 9.89547 -20
0.15507 n 0.23998 n
- 1,43 - .70
349° 23' 51799 347° us' 170m4
Mabls-Boston Mable~Richmond
517,268 517,268
229,233 224,212
746,501 741,480
2.87303 2.87010
.59808 n L10744 n
9.89547 -20 9.89547 -20
0.34_5658 n 9.87301 -10y
- 233 - 0.75
36° 34’ oul6i 69° 35" u2)39

FI1GURE 56.—Computation of azimuths—Conuinued.
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a,
dy
£

Obe, 4L

2m® n' 23037
203 32 12.71

gs 38 09 10.66
g 09 10.45

+0.21

Observation Equations

log cos @,
log 2
sJ.

108 graye

9.67600 -10
5.2 -10
5.31043
0.21585
+1.64

245

vy = +0.21 +1.64 A3 - 3.058y, - 6.19 A x, + 2.70 A Y,

2g2° a' 2%

1237

B 16 59.01
4 17 01.03

-2.02

vpz-202-164ax +3:058%

144° 37° 06°75
102 58 22.38

i 3

T 2% 35

9.91133 -10
5.34497 10
9. 31443

0.57073

+3.72

vy = - 2.39 +3.72 0%y * 2.64 By,

200° u; 53. 61
1 37 06.75

*66 06 L6.86
56 06 49.51

-2.65

9.97093 -~10
g hoaog -10
3144
0.68739
+4.87

log sin log cos log sin a,
log -%; log -%-2 log —:'—2-
legm 8Ty e Em
9.94468 -10 9.96228 -10  9.60134 -10
5.22542 -10 5.51503 -10  5.51503 -10
5.31M43 313u 5.31323 5.3121»3
0. lususz 0.79174 0.43080
+ 3.05 +6.19 + 2.70
+1.64 +3.05

9.76269 «10,
5.34497 210"
5.31443
0.42209 n
- 2.64
9.54899 -

?oo -10

3144;
0. 26545
+ .84 +3.72 - 2.6%

vy s - 2.65 ¢ h.87 0% - 1.84 Ay, « 3.72 Dxp = 2.6% Ay,
PF1GURE §7.—Observation equations.
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61° i1" 23737 9.67600 -10, 9.94468 <10,  9.97093 -10, 9.5M899 -10,
20 .83 53.61  5.22542 -0  5.22542 -10 5.40203 -10  5,40203 -10

m 5.31443° 5.31443 5.31443 5.31443
Y 57 23.55 0,21565 n 0.48453 n 0.68739 n 0.26545 o
+6.21 - 1.64 - 3.05 - 4.87 - 1.84%

V5 2 +6.21 - 3.23 ax - 1.21 A'yl

8° 1’ 31700  7.73035 -10,  9.99999 -10,
61 ¥ 23.37  5.39585 -10  5.39585 ~10

28 00 08.03 2:01H3 33145
28 00 06.40 8.44063 -10, 0.71027 n
+ 1,63 -0.03 . -~ -5.13 - 1.6% - 3.05

Ve = +1.63-1.61 Ax) - 2.08 Ay, - 0.03 4%, +5.13 87,

126° 21" 30024  9.79280 -10  9.89440 10,
8 W1 31.40 5.33400 -10 5.33400 -10

38 39 s58.84 2:3143 5.31443
38 39 5709 o.4mz3 0.54283 n
+1.75 +2.76 - 3.9 - 0.03 - 5.13

v, Y175 - 2.798% + 1.611Ay1 +0.038%, - 51387, +2.768x; + 34985,

178° 41' 11702 9.99989 -10  8.36030 -10,
128 21 30.24  5.38008 -0 5.38958 -10
50197 %0.78 2: 31413 2: 34483
50 19 %0.61 0.703%0 9.06431 -10,
+0.17 +5.06 -0.12 +.2.76 - 3.49

Vg = +0.17 - 2.30Axl.+ 3.3]Ay1 - 2.76A:r3 - 3.494y3 + 5.06Axu +0.124y,

223° 46" 03792 9.85863 -10  9.83994 -10 9.99620 -10  9.11978 -10
187 3% 16.23 5.28603 -10,  5.204603 -10 5.53416 -10  5.53416 -10

36 11 47.69 5.31443 5.31443 5.31443 5.31443
36 11 46.63 0.41909 0.kooko 0.841479 9.96837 -10
+1.06 +2.62 + 2,51 +7.00 +0.93

vt 1.06 + 4,38 ax, ¥ 1.58Ay2- 7.()0Ax3 + 0.93 Ay3 + 2.62Axu - 2.51Ayu

FIGURE 57.—Observation equations—Continued.
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269° 1’ 31 Yo 7.73035 -10  9.99999 -10
223 46 92 -5.39235 -10 5.39235 -10
= » %= 5.31443 5.31443

45 55 27&8 —_— —_—
45 55 30.03 g o063 -0  0.70027

-2.55 +0.03 +5.13

+ 2.62

+2.5

V30 3 - 2.55 +0.038x, - 5.1347) + 2.594x, + 2.6247, - 2.624x, + 2.5187,

324° 37' 06775 9.91133 -10,  9.76269 -10
269 41 31.40 5.34467 -10  5.34497 -10
5.31443 5.31443

5‘* 55 5.35 ==
l'30 2 0.57073 0. k2209
T ame . 3.72 +2.64

vy = K79-0.03ax% 451347, +3.75 Ax, - 2.198 3,

23° 32" 12071 9.96228 -10, 9.6013h4 10,
324 37 06.75 5.51503 <10  5.51503 -10°

58 55 05,96 D:31¥3 5.31443
58 55 01.70 079178 n  0.43080 n
+4.26 - 6.19 270

vle z +4.26 +2.47 Ax, - 5.34 Aya

216° 34' obl61  9.90480 -10  9.77508 -10
169 23 51.99 5.30672 -10  5.30672 -10

u; 10 12.62 5.31443 5.31443
b1 10 17.05 Ggoess 0.39%23
<h.43 o+ 3.36 + 2,49

V3 = - b.B3 t8.07 O x5 +3.88 Byy

2§1° 16" 010 ggoé;g -10 9 976 6 -10

216 34 okl 2759 -10 9 -10
3!; mesTs ___lﬁ 2 311“
0. 24844 0.71808
+10.30  +1.77 +5.22

Vi ® +10.30 rlS9ax; v 2738y, +3.774x, - 5.2y,

+0.03

- 3.72

9.99252 -10
5.56393 -10
5.31443

0.87088

+ 7.43

¢ 3.36

FIGURE 57.—Observation equations—Continued.

05.13

+ 2.64

9.26472 -10p
5. 5632‘3 -10

0.14308 n
- 1.39

+2.89
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ggv 21' 30'2h4
1 16 01.40

57 05 28.84

57 05 31.15

2.0

'15 = -2.31 -

7° 34" 1672

308 21 30.2
9 12 .99

29 12 %.SS
+ 0.14

v =

16 +0.14 +

03°92
11.02

2.90
2
L

43° 46’
358 41

S

V9 :

71° 16’ o1'ho
%6 03.92

¥3
27 29 57.h8
29 55.12

27
+2.36

Vig = +2.36 + 2.628%, - 2.5185, - 1.774x; *

U. 8. COART AND GEODETIC SURVEY

9.79280 =10,  9.89440 -10
5.33400 -10"  5.33400 -10
5.31443 5.31443
0.54123 n 0.54283
-2.76 + 3.49

2.7_6Axl - }.¥9Ay1 + h.534x

3

9.99620 ~10,  9.11978 -10p
5.53416 =10 5.53416 -10
5.31443 5.31443
0.84479 n 9.96837 =10,
- 7.00 - 0.93

2.764x) ¢+ 3.494y, - 7.004x%

2

9.85863 -10,  9.8399% -10,
5.24603 =10  5.24603 -10
5.31443 5.31443
0.41909 n 0.400k0 n

- 2.62 - 2.51

- 1l.44 + 5.066:1 o 0.12A31 - 2.620:2 +

9.50672 ~10,  9.97636 -10,
5.42729 -0 5.42729 -10
5.31443 5.31543
0.248%% n 0.71808 n

- .77 - 5.22

110° o' 07149  9.53683 -10,  9.97261 -10y
71 16 OL.4O 5.36595 -10°  5.36595 -10
38 52 06.09 23t 5. 31443
38 51 59.85 o ;1 0.65299 n
+6.28 41,65 - 3.50
V19 = +6.24 + :l..'nAx3 - 5.22Ay} - }.ll»ZAxu

+1.77 ¢ 5.22

- 1.73Ay3 - 1.77Axu + 5'22Ayk

- 2.76 *3.49

* O.93Ay2 + k.ahAaj - M.HeAy3

9.99989 -10, 8.36030 -10

5.38958 -10 5.38958 -10
5.31443 5.31443
0.70390 n 9.06431 -10
- 5.06 +0.12

2.518y, - 2.440x, - 2.634y,

- 2.62 - 2.51

5.22Ay3 - 0.55A1u - 2.716’“

-7

* 0.72Ayu +1.65 Ax5 * “-504’5

- 5.22

FIGURE 57.—OQhservation equations—Continued.



MANUAL OF PLANE-COORDINATE COMPUTATION

167° &' 17714
110 08 07.49
57 36 09.95
57 36 15.01

-5.06

v =2-506-54Ax +295Ay

20

60 34' oWl61
7 34 17,4

4g 49 uyz.17
kg 49 59.68

-12.51

9.98998 -10 9.32711 -10,
5.54863 ~10 5.54863 ~10
5031543 5.31443
0.85304 0.19017 n
+7.13 - 1.55
4 4

9.90k#0 -10,  9.77508 -10,
5.30672 =10 5. 3016&2 ~10
5.31443 5.31443
0.52595 n 0.39623 n

- 3.36 -~ 2,19

249

- b5

+1.65

9.98998 -10, 9.32711 -10
5.54863 10" 5.;&%63 -10

Vpy @ - 1251 - 3.36 sxg * 2.9 Ay3+i.13 ax+1.55 4y,

69° 35' 12239
5% 2% ond

3 01 37.78
3 01 33.35
—  + .53

¥ 003

Vee =

0 ¢ 0
290" 07 07.49
249 35 L2.39

4o 32 25.10
4o %2 1?.79

+13.31

v,‘,’ -3

349° 23° 51799
290 08 07.49

59 15 Al4i50
39 13 57.%6

-13.06

9.53663 -10,

+4.43 +3.36 A xg - 2.% A.v3

9.97261 -10

5.36595 =10  5.36595 -10
5.31443 *5.31443
o.21721 0.65299
- 1.65 + W50

9.99252 -10,

S +13.31 - 1.65 axy - h.50 Ayu

9.26472 -10

8.56393 <10  5.56393 -10
5.31443 5.31443
0.87088 n 0.14308
- 7.3 1.3

5.311}#3 5.31‘&1&3
'0.8.5304 n 0.19017
- 7.13 +1.55
- 3,36 - 2,19
- 1.65 + 4,50

Vay = - 13.96 = 183 8 x5 - 139835 +.2.65 Axy ¥ 150 Ay

F10URE 57.—Observation equations—Continued.



Table for formation of normal equations

Az A Azy Ays Arg Ays Azy Ay z 0 Adopted o
—4. 69 -+0. 0139 +0.01
—0.61 —0. 8996 —0.90
+4.01 ~+0. 3104 +0.31
~5.98 —0.1937 —0.19
+1.77 —0.0271 -0.03
+3.04 0. 6582 40.66
+1.76 —0.3328 —0.33
+0.17 —0. 4222 —0.42
+1.08 +0. 2244 -+0.22
—2. 55 —0.4090 —0.41
+1.57 -0.0374 —0.04
+1.39 +0.6753 -+0.68
+3. 62 —0.1807 —0.18

+11.17 —0. 0658 —0.08
—2.3 —0.2109 —=0.21
+0. 14 +0.9175 +0.92
—1.44 —0. 9059 ~0.91
+2.36 0. 3191 +0.32
-+0. 09 —0.8768 —~0.
—7.59 +0. 3578 -+0. 36
—4.70 —0. 4452 —0.45
—+5.30 +0.3384 +0.34
+7.18 —0.0810 —0.08

-15.73 —+0.1733 -+0.17

‘XFAEAS DIIAAOTD ANV ISVOD

092

'S ‘N



Normal equations

Az, Ay Ars Ays Az Ay Azy At n z
Arn__.} -96.0358 -4.4701 ~—60. 9154 +13. 0463 —2.1528 —~9. 13456 —=19.1778 —27.9157 —37. 6616 —52. 3468
Ayy... -118. 8360 +7.0423 —45. 1284 — 5. 7869 —15. 4258 +36.3773 —31. 0053 —12. 5008 -+47. 9385
ar3... -+174. 7794 —25, 8627 —064. 8946 -+48. 7045 +8. 8556 —4, 7025 —0. 6063 -+82. 4003
Ay -+131. 4046 —186. 8329 -33.6471 —8. 7157 +2.8112 —24. 4019 —5.4176
Ary._ . +-205. 8766 —18. 5745 —78. 2746 +0. 0137 -+1486. 2388 -+165. 6128
Ay -+139. 0908 -+21. 5470 —486. 3344 —23.4727 -+62. 8433
AZy... —+150. 2830 —15. 0302 —92.1731 +-5. 6916
A -+133. 4958 ~—225. 9630 —214. 6304
Naenen -+836. 7994 +-566. 1680
... +-658. 3506

NOILVINAWOD HIVNIFYOOD-ANVId 40 TVANVIR

8414



Solution of normal equations

An At Arg Ays Aty Ays Azy Ax L) p-]
-4-96. 0358 —4,4701 —60. 9154 +13. 0453 —2.1528 —9.1345 —10.1778 —27.9157 —37. 6616 —52. 3468
Az 0. 046546 +0. 634299 —0. 135838 +0. 022417 +0. 005116 | -+0. 199694 +-0. 260680 +0. 392162 | 40, 545076
+118. 8360 +-7.0423 —45,1284 —b5.7869 —15.4258 +36.3773 —31. 0053 —12. 5006 +4-47. 9385
Az —0. 2081 —2.8354 +0. 6072 —0.1002 —0.4252 —0.8926 —1.2094 —1.7530 —2.4365
—+118, 6279 -+4. 2069 —44. 5212 ~b. 8871 —15.8510 +-35. 4847 —~32, 3047 —14. 2536 -+-45. 502919
Ay —0. 035463 0. 375301 +0. 049627 +0. 133619 [ —0.299126 +0. 272320 +0.120154 | —0. 383568
+174. 7794 —25. 8627 —64. 8946 +48. 7945 --8. 8556 —4. 7025 —0. 6063 +82. 4003
ATy —38. 6386 +8. 2746 —1. 3655 —5. 7940 —12. 1645 —17. 7069 —23. 8887 —33. 2035
An —~0. 1492 +1. 5789 40. 2088 0. 5621 —1.2584 +1. 1456 ~+-0. 5055 —1.6136
+135. 9916 —16. 06092 —66. 0513 -4-43. 5626 —4, 5673 —21. 2638 —23.9895 +47. 67321
Ars +40. 117722 -0, 485701 -0.320333 | +0.033585 +0. 156361 +4-0.176404 | —O0. 35055960
4131, 4046 —16.8329 ~33. 6471 —6. 7157 +2. 8112 —24. 4019 —b. 4176
Az —1.7720 +0. 2924 +1. 2408 2. 6051 -+3. 7920 +5. 1159 +7. 1107
Ay | —16.7089 —2. 2004 —5. 9489 +13.3174 —-12. 1240 —b5.3494 +17. 0769
Azs —1.8846 —7.7157 +5.1283 —0. 8377 —2. 5032 —2.8241 +5. 6122
++111. 0391 —26. 5256 —33. 2269 +8. 6691 —8. 0240 —27. 5495 ~-24. 3822
Ay -4-0. 238885 -+0.209236 | —0.078072 0. 072263 +0. 248106 | —0. 219582
+-205. 8766 —18. 5745 —78. 2746 +0.0137 <148, 2388  |-+-165.6128
A7y —0. 0483 —0. 2048 —0.4299 -0. 6258 —0. 8443 ~1.1735
Ath —0. 2922 —0. 7866 +1.7610 —1.6032 —0. 7074 +2. 2681
AT3 —32, 0812 +21. 1584 —2.2183 —10. 3278 —11. 8517 --23. 15649
Aya —86.3366 —7.9374 +2.0709 —1.9168 —6. 65812 +-5. 8245
+167. 1183 —6.3449 ~77.0909 —14. 4509 +126. 4542  |4195. 8768
Ats +0.037967 | +0. 461295 0. 086525 —0.756675 | —1.170888
-4-139. 0908 +21. 5470 —46. 3344 —23.4727 +62. 8433
Any —0. 8688 ~1.8241 —2, 6552 —3. 6822 —4, 9790
At —2.1180 +4. 7414 -4, 3165 —1. 9048 +6. 0769
A7y —13. 9545 +1.4631 +86. 8115 +7. 6846 —15. 2713
Ay —9. 9427 +2. 6941 —2.4011 —8. 2438 7. 2960
Azs —0. 2409 —2. 9269 =0. 5490 ~+4.8011 +7.4293
+4-111.9659 +-25. 5946 —49. 4447 —24.7176 +63. 3682
Ays —0. 228593 -+0. 441605 +0.220760 | —0. 566228

(444
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MANUAL OF PLANE-COORDINATE COMPUTATION 253

Az Ay n z
+150.2830 | —15.0302 ~92.1731 5. 6915
Azy —3.8207 —5. 5746 —7. 5208 —10. 4533
An —10. 6144 +9. 6632 +4. 2636 —13. 6108
Ar3 —0.1534 —0. 7141 —0. 8057 +-1. 6011
Aya —0. 6768 +0. 6264 +2. 1508 —1, 9036
ATs ~35. 5616 —6. 6703 +358.3327 +90. 2647
Aps --5.8507 | -11.3027 +35. 6503 —14. 4924
+93. 5964 —6. 3969 ~30.1022 +57. 09723

Azy -++0.068346 | +0.321617 | ~0. 610037
+133.4958 | —225.9630 | —214.6304
Az —8.1145 —10. 9475 —15. 2162
Ay ~8.7972 —3.8815 +12.3911
ALy —3.3248 ~3. 7510 +-7. 4542
Ay —0. 5798 —1. 9908 1. 7619
Azs —1.2511 +10. 9414 +16. 93069
Ays —21, 8350 —10. 9154 +27. 970
Azg —0.4372 —2.0574 +3. 9024

+89.1562 | —248.5652 | —159. 40810

At +2.787974 | +1.787974
+836.7094 | -+566. 1690
ATy —14. 7694 20, 5284
Ay —1.7126 +85. 4672
Azs —4.2318 +8. 4097
Ays —6. 8352 +6. 0404
Azs —05. 6847 | —148. 0637
Ays —5. 4567 +13. 9958
Az —9. 6814 +18. 3635
Ays —692.9033 | —444.4281
+5.4343 +5.4344
+4-658. 3506
A ~28. 5330
Ay -17. 4531
Az: —16.7123
Ay —5. 3530
Aty —229. 1156
Ays —35.8978
Azy —34.8315
Agy —285, 0191
i | +£. 4343

93324°—365—13
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U. 8. COAST AND GEODETIC SURVEY
Back solution
Ay Az Ays Azy Ay Azg Ay Ay
+42.78797 | +0.32162 | 40.22076 | —0.75668 | 4-0.24811 | +0.17640 | -+0.12015 | 0. 39216
+0.19055 | +1.23118 | 0. 24123 | +0.20147 | 4-0.43593 | +0.75922 { 0. 81041
F0.51217 | —0.11708 | -40.23626 | —0.03999 | +0.01720 | —0.15320 | 0. 10228
F1.33486 | +0.05068 | +0. 39944 [ —0.42760 | -+0.17836 | -+0. 12697
—0.29851 | —0.05450 [ ~0.11099 | —0.01134 | —0. 00512
0. 75444 | +0.08881 | 0. 28314 | —0. 10248
+0.17975 | —0.00637 | +0. 11402
+1.16996 | +0. 05446
1. 49270
Computation of correclions
1 2 3 4 5 6 7 8
40.2100 | —2.0200 | —2.3500 | —2.6500 | +6.2100 | +1.6300 | +1.7500 | ~-0.1700
42.4480 | —2.4480 | 40.6687 | +7.2604 | —4.8214 [ —2.4032 | —4.1646| —3.4332
—~3.5684 | +3.5684 | +1.9917 | —2.1527 | —1.4157 | —2.4335| +1.9187 | -+3.9428
—1.1127 |~ —0.8996 | 40.3104 | —0.6687 | —0.0271 | —0.0054 | -0.0054 | +0.6307
+2. 0370 —1.9917 | - +43.8703 | —3.8703 | —4.6587
40.0139 | —0.90 +0.31 —0.1937 | —0.03 F0.6582 | —0.6307 | -2.5916
+4.6587 | +0. 3346
+6.01 —0.18 40,66 —0.3328 | —0.4222
-0.33 —0.42
9 10 1 12 13 14 15 16
+41.0600 | —2.5500 | —4.7900 | +44.2600 | —4.4300 | +10.3000 | —2.3100 | +0.1400
40.7873 | +0.0448 | —0.0448 | 40.4440 | —0.9300 | —0.3633 | —4.1199 | -44.1199
41,1920 | —6.0019 | +6.0019 | —4.0287 | +5.1793 | +3.6442 | —4.0832 | -+4.0832
+1.5996 | -+0.4656 | -+0.6741 | +0.6753 | —0.1807 | +0.9065 | —1.0352 [ —1.2582
+1.2414 | +1.9766 | —1.8786 —14.5532 | —2.3003 | +40.7016
41.3419 | —1.3419 [ —0.0874 | --0.68 —0.18 0.0658 | —0.9065 | —0.9689
—6.9978 | +6.9978 +14.5532 | —5.9001
0.2244 | —0.4000 | —0.04 —0.06 —0.2109 | +40.9175
+0.22 —0.41 —0.21 -+0.92
v 18 19 20 2 2 23 2
—1.4400 | +2.3600 | +6.2400 | —5.0600 | —12.5100 | -+4.4300 | +13.3100 | —13. 0600
475531 | +0.4709 | —0.4045 | —2.8067 { -0.7678 | —0.7678 | —0.8451 | +1.6978
+0.1404 | —1.8936 | —6.9680 |_+8.2245 | -8.3238 | —3.3238 | —12.5450 | —1.8555
—0.4709 | -0.4045 | —1.7516 | +0.3578 | -+3.6518 [ +0.3384 | —0.0810 | --0.8451
+41.8936 | ~+6.9680 | 42.0073 +4.3214 +12. 5459
—1.2497 | —0.4353 | —0.8768 | ~+0.36 —0.4452 | +0.34 —0.08 J0.1733
—7.3324 | —7.5554
—0.9059 | +0.3191 | ~0.88 ~0.45 +0.17
—0.91 +0.32

Zpt=+4-5.4332




MANUAL OF PLANE-COORDINATE COMPUTATION

DEPARTMENT OF COMMERCE
U & COAST AND GEODETIC SURVEY

orm 25

E4. Jan,, 1929

NO.

12

142

546
4

1

6
1l

STATION

23

1 Cook
2 oxford

3 Billings
13

1-2

23

1 camden
2 oxford
3 Billings
1.3

1.2

2-3

1 Oamden
2 oxford
3 QOook
1-3

1-2

23

! camden
2 Billings’

2142 3 gook

13
12

State: . Ind. & Ohio

lane

OBSER' ANGLE

58 55 01.70
41 38 46,72
79 26 11.48

59.90

o 57 23.55
97 45 36.23
11 17 01.03

00.81

68 57 29.95
56 06 49.51
5% 55 40.14

59.60

28 00 06.40
38 09 10.45
113 50 41.84%

58.69

255

COMPUTATION OF TRIANGLES

Sruza’t, Brumsl  PLANE ANGLE
COBBN “uols’ miczsy AN

+0.68
+0.31
~0.89
+0.10

«0.03
+0.12
=0.90
«0.81

+0.63
-0.19
0,04
+0.40

+0.66
+0.01

40.64
+1.31

D DISTANCE

02.38
47.03

10.59

23.52
36.35
00.13

30.58
49,32
50.10

07.06
10.46

ha.4g

FIGURE 58.—Final computation of triangies, Indiana.

ZOGARITHM

45951484
0.0673115 §
9.8225156 0
9.9925763 2
k.4glg756
k.6550363

595180
0.1834363 9
9.996004k4 6
9.8194015 0
4, 7745892
4.5979863

4,6550363
0.0299691 6
9.9191542 8
9.9129%08 4
4. 6041597
L4.5979863

4,.4849756
0.3283627 5
9.7908213 6
9.9612509 O
4, 6041597
4. 7745892
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DEPARTMENT OF COMMERCE
W % COAST AND GEODENC SURVEY

25
2d.Jan, 109
NO. STATION

2-3

16 1 Boston
7 2 Gamden
9410 3 Cook

1.2

2-3
17 1 Eaton
748 2 Camden
10 3 Cook

1-3

1-2

2-3
17418 ! Eaton
& 2 camden

15 3 Boston
1-3

1-2

2-3
18 1 gaton
9 2 coox
15416 3 poston
1-3
1-2

U. S,

State: Ind. & Ohlo

Plane
OBSERVED ANGLE

59 12 45.85

38 39 57.09
82 07 16.66

59.60

L5 o4 sl 34
88 59 37.70
45 55 30.03

02.07

72 34 49 46
50 19 40.61

57 05 31.15

0l.22°

27 29 55.12
36 11 46.63
116 18 17.00

58.75

Syemm's Bremn  PL.
COREN EIcE8s AN

+0.92
=0.33
-0.19
+0.4%

-0.91
-0.75
-0.41

-2.07

=0.59
~0.l42

-0.21
-1,22

40,32
wae
+0.71
+1.25

ANE ANOLE
DIBTANCE

COAST AND GEODETIC SURVEY

COMPUTATION OF TRIANGLES

4, 6041597
46.77 0.0659684 3
56.76 9.7957245 1

16.47 9.9958809 4
4.4658526 +1

4.6660091

4. 6041597

53.43 0.1498980 6
36.95 9.9999330 O
29.62 9.8563836 1

4.7539908
L. 6104424

4,6660091
Lg.g7 0.0203892 O
40.19 9.8863269 &
30.94 9.9240431 2

4.5727253
4. 610441k

4. 4658527
55.44 0.3356128 &
46.85 9.7712597 8
17.71 9.9525252 9

L.5727253

k.7539908

Ficure 58.—Final computation of triangles, Indiana—Continued.



MANUAL OF PLANE-COORDINATE COMPUTATION

DEPARTMENT OF COMMERCE
b & CONST A0 GEOOETIC SURVEY
)

Ed. Jan,, 1929
N, ETATION
2-3
24 1 Richmond
19 2 Eaton
13+1% 3 Boston
1.3
1-2
2-3
21 1 Msble
19420 2 Eaton
1% 3 Boston
1.3
12
23
21422 ! yable
20 2% peton
23 3 Richmond
1-3
1-2
23
22 1 Mable
13 2 Boston
23+24 3 Richmond
13
12

FIGGRE 58.—Final computation of triangles, Indiana—Continued.

Ind. & Ohio.

State:

257

COMPUTATION OF TRIANGLES

Plane
OBSERVED ANGLE

59 15 57.56

38 51 59.85
g1 52 03.54

00.95

4g 49 59.68
96 28 14.86

34 ¥1 46.h9

01.03

81 51 33.03
57 36 15.01
40 32 11.79

59.83

33 01 33.35
47 10 17.05
99 48 09.35

59.75

Braze'L S
CORE'N “[igis’ zcess, AND DISTANCE

+0.17

=0.88
~0.2b

=0.95

=0.45
-0.52
~0.06
-1.03

-0.11
+0.36
-0.08
+0.17

+0.34
-0.18
+0.09
+0.25

paxa’t,.  PLANE ANGLF

57.73
58.97
03.30

59.23
14,34
46,43

32.92
15.37
1.71

33.69
16.87
09.44

LOGARITHNM

4.5727253
0.0657291 2
9.7976180 9
9.9956105 3
L. 4360725
46340649

k5727253
0.1233229 7
9.9972245 7
9.7552843 0
4, 6932728
44513326 -1

4, 6340649

0.0043986 1
9.9265316 9
9.8128689 1
} 5649952 =1
4, 4513324 +1

4. 4360725
0.2635876 2
9.8653350 2
9.9936126 1
4.56l9951

k. 6932727 +1
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U. 8. COAST AND GEODETIC SURVEY

EPARTMENT OF
L RAR T OF COMMERCE

Ed. Jan,, 1020

No. STATION

12

2-3
1 Cook

3 2 Oxford

12

3 Billings
13
1-2

2-3

5 1 Camden

3+4

2 Oxford

2 3 Billinga

5+6

1.3
1.2

2-3
1 Camden

4 2 oxford

11

6

1
1+

3 Gook
1-3
12

2-3

1 Camden

2 Billings
3 Qook

13

1.2

FiGURE 58.—Final computation of triangles, Indiana—Continued.

State:

COMPUTATION OF TRIANGLES

Indiana and Ohlo

Geodetic
OBSERVED ANGLE

58 55 02.28
41 38 48.33
79 26 09.57

00.18

4o 57 24.18

97 45 37.97
41 16 59.02

01.17

6 57 32,22
56 06 49.64

5% 55 38,09

59.95

d.
«y SrEzm’t Sraxn’t. PLANE ANGLE
CORR'N lyatz ‘sxcmss AND DISTANCE -

+0
+0
-0

+0.

~0.
+0.

-0
-0

-+0.

-0

-0.
+0.

.6802.960.09
.3144640.09

.8908.680.10
10 0.28

0324.150.12
1238.090.12

.9058.12 0.12
.81

0.36

6332.85 0.11
.1949.45 0,12
0438.050.12
Lo 0.35

28 00 08.0% +0.66 08.70 0.09
38 09 10.55 +0.01 10.56 0.09
113 50 40.37 +0.6% 41.01 0.09

5&.96

+1.

21 0.27

02.87
4g.55
08.58

24.03

37.97
58,00

32,74

49.33
37.93

08.61
10.47
40.92

LOGARITHM

4.0791519
0.0673109 3
9.4225192. 0
9.9925755 3
3.9689820
14.139038Y4

4,0791519
0.1834351 5
9.9960040 O
9.8193963 9
4, 2585910
4.0819834

4,1390384
0.0299674 1
9.9191543 0
9.9129776 3
4.,0881601 «1
4.0819834

3.9689820
0.3283566 1
9.7908213 9
9.9612523 5
4,0881600
L4, 2585910



MANUAL OF PLANE-COORDINATE COMPUTATION

DEPARTMENY OF COMMERCE
U & COAST AXD GEODENC SUAVDY

Ed, Iz, 1879

NO. BTATIQN

2-3
16 1 Boston
7 2 Canmden
9+10 3 Cook
1-3
1-2

2-3
17 1 Eaton
7+8 2 Camden
10 3 QCook

13

1-2°

2-3
17418 1 Eaton
g 2 Camden
15 3 Boston

13

1-2

2-3
18 1 Eaton
9 2 (Cook

15+16 3 Boston
13
1-2

259

COMPUTATION OF TRIANGLES

State: _Indiana and or_uo

Geodetic
OBEERVED ANGLE

59 12 45.9%
38 39 58.82
82 07 15.12

5988

L5 ol sh.k46
88 59 h0.26

45 55 27.74

02.46

72 34 51,89
5019 .4k
57 05 28.83

01.56

27 29 56.83
36 11 L47.38
116 18 14.77

E.98

g»eod.s .
) PHER'L PEZR"
CORR'N Altl:l Bxcrn

+0.92146.860.09
~0.3358.490.09
-0.1914.930,10
+0.40 0.28

=0.91 5355 0.13
-0.75 3951 0.13
-0.41 27.33 0.13
2,07 0.39

-0.5950.700.12
-0.h2%41.020.11
-0.2128.620.11

~1.22 0.3%

+0.3257.150.08
+9‘221+7.60 0.08

+0.7115480.07
+1.25 0.23

PLANE ANQLE
AND DISTANCB

46.77
58.40
14,83

53.42
39.38
27,20

50.58
40.91

28.51

57.07
47.52
15.1,

FicurE §3.—Final computation of triangles, Indiana—Continued.

LOGARITHM

4, 0881600
0.0659684 3
9.7957288 3
9.9958804 6
3.9498573
4.1500089

4, 0881600
0.1498980 &
9.9999330 9
9.8563786 &
4,2379912
4. 0944368

4.1500089
0.0203%80 7
9.8863282 3
9.9240398 0
4. 0567252
4. 0944368

3.9498573
0.3356062 §
9.7712617 1
9.9525276 &
14.0567253 =1
h.2379912



260

U. 8. COAST AND GEODETIC SURVEY.

DEPARTMENT OF COMMERCE
G & COAST AXD GEDBEXIC SURVEY

25
Ed. Jan., 192

No,

24
19
13+14

21
19+20
14

21+22
20
23

22
13

STATION

23

1 Richmond

2 Eaton
3 Boston
13

1-2

2-3
1 Mable
2 Eaton
3 Boston
1-3
1.2

2:3
1 Mable
2 Eaton

3 Richmond
1.3

1-2

23
1 Mable
2 Boston

23+24 3 Richmond

1-3
1-2

FIGURE 58.-~Final computation of triangles, Indiana-—Continued.

COMPUTATION OF TRIANGLES

State: .Indlana and Ohio

Geod..s
Sraxa" ¥
CoRRT SrmL Sromwn

Geodetio
OBSERVEL ANGLE

59 15 56.96 +0.1757.13 0.08
38 52 01.45 -0.8800,57 0.08
81 52 02.78 -0.21400.540.08

' -0.95 0.24

01.19

48 49 59,05 -0.4558.60 0.08
96 28 17.29 -0.5216.77 0.09
34 UL 44, 94 -0.06 438 0.08
~1.03 0.25

01.28

g1 51 33.98 -0.1133.870.08
57 36 15.84+0.3616.20 0.08
40 32 10.25 -0.0810,17 0.08
+0.17 0.24

00.07

33 01 34.93+0.34 3527 0.08
47 10 17.84 .0.1817.660.08
99 4g 07.21 +0.0907.300.07
+0.25 0.23

59.98

PLANE ANGLE
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